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Executive Summary 

 

The CMFRI-NAIP-ICAR subproject „‟ A Value Chain on High Value Shellfishes from 

Mariculture Systems‟‟ was implemented to develop a sustainable high value shell fishes 

value chain by addressing various issues in the high value shellfish value chain, 

encompassing enhancement of mariculture production through refinement of seed production 

techniques, commercialization of farming techniques, production of value-added products 

like ready –to –serve/cook products with special emphasis on food safely and quality, 

popularization and promotion of farmed products, production of oyster flavor extract and 

commercialization of farmed value-added products. To achieve this, a consortium of partner 

NIFPHATT was formed to work jointly to address various issues in the high value shellfish 

value chain. The support of women Self Help Groups, BFDA, Kollam, Matsyafed Kochi, 

Super markets and High end restaurants were also used in implementation of project 

activities in the coastal villages. World Bank under ICAR-NAIP provided the necessary 

funding support to the consortium in this endeavor.  Efforts were focused by the consortium 

to make this value chain economically viable and sustainable. Some of the new processes and 

products developed under this value chain were very promising. These new development 

were documented through videos and placed in websites (www. Oyster and 

lobster.naip.org.in) and You Tube. The technical achievements and lessons learned in the 

sub-project during February 2009 – March 2014 are briefly presented here under.  

 

 Upon receiving the first grant, an opening meeting was organized at CMFRI and 

workplans were developed for all partners. Moothakunam village cluster in 

Ernakulum district was identified for implementation of project activities. 

 

 A baseline survey was conducted in the target villages and a report submitted.  

 

 Self Help Groups women interested in oyster high-value shellfish were identified and 

trained in oyster farming techniques for achieving higher yield. Oyster seeds in ren 

from the hatchery were supplied to SHGs with farm structured materials such as 

nylon rope, bamboo poles, dinghy etc. Technical guidance all along the crop growth 

and harvested period. Harvested oyster were converted into value added products at 

VAP unit at the village itself and NIFPHATT plant. Two types of value chains were 

developed i.e Fresh live oyster traded directly to high-end restaurants and VAP 

products were sold through the NIFPHATT stall. 

 

 An oyster hatchery with a production capacity of one lakh spat (seed) per annum 

developed in KVK complex in Kerala which is the first unit for training farmers in 

technical protocols of seed production. 

 

 Innovations were made in oyster productivity enhancement, supply chain 

management. The farmed oysters were harvested from May 15
th

 onwards upto 30
th

 

June 2013. The estimated farmed production was 4700 during this season, indicating 
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an increase of 12 % over that of 2012 (4202 kg) and 47 % over that of 2011 (3200 

kg). 

 Innovations were made in cultchless spat production at hatchery and growing them as 

a single oyster at grow out. Cultchless spat of edible oysters were produced in the 

hatchery at Narakkal. Uniform shape and sized cultchless spat were grown at grow 

out to get larger ones which fetched higher price to the farmer. 

 A remote setting unit was developed at Moothakunnam, villagers trained and transfer 

of pedi-veliger larvae for remote setting was also carried out. 

 Techniques for broodstock maturation and breeding in captivity for the sand lobster 

were standardized. Mass larval rearing protocol upto final larval and settlement stage, 

with maximum survival rate of 20% upto final phyllosoma stage was also developed. 

 Farming techniques changed from ren method to tray method for single oyster 

growing.  

 Developed large scale depuration plants and restaurant display unit for high end 

restaurants. 

 A common village facility for depurating oysters in a large scale was developed. The 

unit has facilities for sea water purification, jet washing facilities and specially 

designed tanks where 3000 oysters can be depurated in a single run of 12 hrs 

 An automated heat shucking unit with steam production and promoting fuel efficiency 

and reducing physical labour was developed. The unit can heat shuck 500 oysters per 

6 minutes using steam. 

 A depuration display unit (DDU) for ensuring consumer confidence and for live 

oyster trade in high end restaurants was developed. This has facilities for water 

storage and purification and a transparent display unit where 250 oysters can be 

maintained in live condition 

 VAP for oysters developed with the brand name Muzuris oyster.Eight ready to eat 

oyster products (Oyster pickle, Oyster curry in coconut milk, oyster curry with 

vegetables, battered and breaded oysters, marinated oysters, Cold smoked oyster, 

Frozen oyster soup, Frozen oyster soup ) and one ready-to -cook oyster product, IQF-

oyster were developed from oysters. Large scale production of the most preferred 

product ie. oyster curry and cold smoked oyster was done and market promotion was 

attempted in Ernakulam district under the brand name „‟MUZIRIS‟‟ oysters. 

 Nutrient profile of the processed oysters was estimated, this was used for printing as 

„Oyster Fact Sheet‟ in oyster products and for promoting oyster market.  

 Oyster nectar utilization technology was developed. Based on this, two products were 

also developed viz. frozen oyster rasam and frozen oyster soup. 

 Value of live oysters increased from Rs 1 to Rs 10 per oyster.  Value for depurated 

steam shucked oyster meat goes up from Rs 65 to > Rs. 300. Owing to value addition, 

price of meat is increased from Rs. 65/kg to 200/kg thereby improving the livelihood 

status of the SHGs involved with this unit. 
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 Evaluation of the health status of edible oysters from the different locations such as 

Tuticorin, Kollam and Cochin were made by assessing the general health condition 

through condition index values (CI) and recording the presence of parasite, intensity 

of infection, prevalence and extent of tissue pathology caused by it. 

 Oyster farm ecology was studied in detail. hydrologic parameters like TSS, salinity, 

pH, productivity, ammonia, nitrate, nitrite, phosphate, total suspended solids , 

phytoplankton biomass , microbial load, of the seawater at the farm site and control 

site were monitored 

 

 The Quilon social service society (QSSS), a Kollam based private NGOs,  has 

adopted the oyster processing technologies developed under the NAIP scheme on 

high-value shellfish for processing yellow foot clam (Paphia malabarica). Owing to 

this value chain, price of meat is increased from Rs. 65/kg to 200/kg thereby 

improving the livelihood status of the SHGs involved with this unit. 

 

 

On a whole, the sub project was implemented in letter and spirit to build a successful high 

value shellfish value chain with a range of interventions involving a variety of players. 

Economics of the entire value chain was studied and project proposed to make the value 

chain viable. Here added advantage lies with this value chain is that processing technology 

developed for oyster can be replicated for other high value shellfishes. Oyster farming is 

already included as the model bankable agricultural project of NABARD and the new 

interventions developed under the project would also be communicated to NABARD for 

inclusion. Favourable policy intervention and institutional support will help to scale up the 

farming and the processing of oyster to value added product. At present production is not 

sufficient to meet demand at domestic market. No need to look into the international market.  
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Part-I: General Information of Sub-project 

 

1. Title of the sub-project: A value chain  on high value shellfishes from mariculture  

     systems 

2. Sub-project code: 2000035102 

3. Component: 2 

4. Date of sanction of sub-project: February10, 2009 

5. Date of completion: June 30, 2012 

6. Extension if granted, from  July, 2012 to March, 2014 

7. Duration of the sub project: Four years two month.  

8. Total sanctioned amount for the sub-project: INR 402.62 lakhs 

9. Total expenditure of the sub-project: INR 

10. Consortium leader:  Central Marine Fisheries Research Institute (CMFRI) 

Consortium Principal Investigator and address: Dr. V. Venkatesan 

Scientist 

Central Marine Fisheries Research Institute (CMFRI) 

 Indian Council of Agricultural Research (ICAR), Post Box No. 1603,  

Kochi - 682018,   Kerala.  

Ph:  0091-0484 2394867/2394357;  

Fax: 0091-0484 2394909/2396685; 

E-mail:  venkatcmfri@yahoo.co.in  

 

 

11. List of consortium partners: 

 

S. Consortium  Name of CPI/  Full address with phone, fax  Duration Budget 

No Partners CCPI with  and email (From-To) 

(Rs 

Lakhs) 

    designation       

      Head, FEMD, CMFRI 10Feb.2009- 340.62 

       Post Box No. 1603,  Mar.2014   

CPI1 CMFRI Dr V Kripa   Kochi - 682018, Kerala, Ph:       

    Principal Scientist 0091-0484 2394867/2394357      

      Fax: 0091-0484 2394909/     

      2396685; E-mail:     

      vasantkripa@gmail.com      

      MFD, CMFRI     

       Post Box No. 1603,      

CPI2 CMFRI Dr TS Velayudhan   Kochi - 682018, Kerala, Ph:       

    Principal Scientist  0091-0484 2394867/2394357      

      Fax: 0091-0484 2394909/     

      2396685; E-mail:     

      tsvelyudh@yahoo.com      

      MFD, CMFRI     

mailto:vasantkripa@gmail.com
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   Post Box No. 1603,      

CPI3 CMFRI Dr V Venkatesan   Kochi - 682018, Kerala, Ph:       

  

 
Scientist  0091-0484 2394867/2394357      

  

 
  Fax: 0091-0484 2394909/     

  

 
  2396685; E-mail:     

      venkatcmfri@yahoo.co.in     

      NIFPHATT,Post Box No.  10Feb.2009- 62.00 

CCPI NIFPHATT Dr S Girija 1801, Kochi - 682016, Kerala,  Mar.2014   

    Director Ph:  0091-0484 2352172; Fax:      

      0091-0484 2373516; E-mail:       

      niffatkochi@yahoo.in     
 

CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 

 

 

12. Statement of budget released and utilization partner-wise (` in Lakhs): 

S. Consortium  CPI/ CCPI Name, Total budget  Fund  Fund  

No Partners designation & address sanctioned released utilized 

        (upto closing (upto closing 

        date) date) 

    Dr V Venkatesan  340.62 293.45   

    Scientist, CMFRI, Post    

 

  

CPI3 CMFRI Box No. 1603, Kochi -    

 

  

    682018, Kerala, E-mail:     

 

  

    venkatcmfri@yahoo.co.in       

    Dr S Girija, Director,  62.00 51.35 

 

 

 

 

  

    NIFPHATT,Post Box    

 

  

CCPI1 NIFPHATT No. 1801, Kochi -    

 

  

    682016, Kerala, E-mail:     

 

  

    niffatkochi@yahoo.in   

 

  

Total     402.62 344.79   

 CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 
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Part-II: Technical Details  

 

1. Introduction  

 

Farmed bivalve production in the world has increased continuously and substantially over the 

past century, rising from approximately one million tons in 1950 to 13.9 million tons in 2010.  

China leads in production followed by Korea and Japan. Currently India ranks 13
th

 in 

production of oyster and has shown a steady increase for the past two decades (FAO 2012). 

Growth in mariculture production and employment can play a major role in helping to 

improve food security and increase and diversify economic opportunities (Burbridge et al. 

2001). India has vast areas of suitable coastal waters, lagoons and bays which can be utilized 

for mariculture. 

Edible oysters with high content of proteins and minerals are considered as a health food. 

Though, the farming technology for the Indian species, Crassostrea madrasensis has been 

developed by CMFRI, yet there is considerable variation in productivity owing to the erratic 

supply of seed from natural beds.  The technology for seed production of oysters developed 

by the CMFRI can be refined and effectively used for solving this problem. Farmed oysters 

were then marketed as fresh oysters without any post harvest treatments. Value addition of 

oysters is possible through development of products like canned and smoked oysters, battered 

and breaded oysters and a variety of ready to serve/cook products. The NIFPHATT has 

developed techniques for these. They have not been able to meet the demand due to lack of 

sufficient quantity of oysters. Hence it is envisaged that development of oyster farming will 

solve this problem. Simultaneously, depuration (purification of oysters by removing 

accumulated sand/other food particles) techniques will be developed which will enhance the 

quality of the oysters. This new product “depurated oysters” will be acceptable to those 

consumers who are not confident about the quality of oysters marketed in India.  

 Lobsters  are  among  the  most  priced  seafood  delicacies  enjoying  a  special  

demand  in  international  markets.  Due to intense exploitation for export market, the 

quantity caught and exported has come down drastically. The CMFRI tried to develop the 

seed production technique and the first set of young ones (Nisto) were produced in Kovalam 

hatchery of CMFRI in 2004. Under the NAIP program, the seed production will be scaled up 

and the grow-out techniques in land based ponds will be developed. 

It is essential that more  R &D plans are targeted towards mariculture which can increase the 

production from marine ecosystems and lead to growth of diversified sectors like supply 

chain for inputs like seed,  feed, farm materials, etc, value added production (VAP) units for 

the preparation of frozen/ canned items and new seafood domestic and international market 

chains. Considering the urgent need to develop economically viable mariculture technologies 

the present project entitled “A value chain on high shellfishes from mariculture systems” 

is proposed.  

 Though there are several marine resources which can be cultured, under the present 

project, R &D on mariculture of two main resources the edible oyster Crassostrea 

madrasensis and sand lobster Thenus orientalis will be addressed.  
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2. Overall Sub-project Objectives 

 

a) Production: (i) To enhance mariculture production through refinement  of seed 

production techniques  and commercialization of farming techniques of the edible 

oyster, Crassostrea madrasensis and the sand lobster, Thenus orientalis  

 

b) Processing: To develop and standardize techniques for production of value-added 

products like ready- to- serve/cook products from farmed oysters with special 

emphasis of food safety and quality, and popularization and promotion of farmed 

marine products. 

 

c) By-product development: To develop model processing systems for production of 

„chitin‟ from sand lobster shell and „oyster flavor extract‟ from oysters. 

 

d) Market: Expansion and strengthening of marketing linkages between production 

units, seafood industry and public caterers for commercialization of farmed marine 

live fish trade and value added products in domestic and global markets 

 

 

3. Sub-project Technical Profile 

(Indicate briefly objective-wise work plan, monitoring indicators, expected output and 

expected outcome) 

Table 1. Work plan and monitoring indicators 

  Objective Workplan and  Monitoring  Expected  

Expecte

d  

    activity indicator output 

outcome

s 
1.

1 Increased farmed  Training programs Skilled villagers   Increase     

  oyster production in different coastal  and more in oyster …do… 

  

 

areas for  farms production     

  

 

popularization of  

 

to 5000   

    technology   tonnes   

1.

2 Production of oyster  Establishment of  Full fledged  One lakh   …do… 

  seed in hatchery oyster hatchery at   hatchery with spat per   

  

 

Narakkal, CMFRI  live feed annum   

  
 

  production     

  
 

  unit, larval      

  
 

  rearing section     

  

 

Establishment of  Physical  Production of   …do… 

  

 

remote setting unit  infrastructure 1 lakh spat    

  

 

at Kollam District,  and operation  per annum   

  

 

Kerala of these     

  
 

  facilities by      
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  skilled     

  
 

  coastal villagers     
2.

1 High quality product Protocol for oyster Purification  Depurated  …do… 

  (Consumer safety) depuration plants oyster product   

2.

2 Development of  Method for oyster Automated   High quality  …do… 

  high quality product  shucking heat  product with   

  

 

  shucking unit greater   

  

 

  

 

acceptability    

  

 

    by consumers   

2.

3 Value added  Protocol for  Live depurate   Live oyster   …do… 

  product  production of oyster for  value chain    

  development of cultchless spat consumption   in the city   

  

 

Protocol for single  of High-end      

  

 

oyster culture restaurants     

  

 

Display unit for  Depuration       

  

 

keeping oysters Display unit      

  

 

 live in  for live      

  
 

  oyster trade     

  

 

Protocol for long   Long distance     

  

 

distance/duration /duration live     

  

 

live oyster  oyster      

    transport transport     

2.

4 Value added  Development of  VAP products   At least three    

  product  VAP from oyster such as  products from …do… 

  development meat ready to eat  oyster meat   

  

 

  and ready to  using 100kg   

  

 

  to serve items farmed oyster   

  

 

    for test   

        marketing   

3.

0 Oyster flavour  Development of    Products from   New VAP  …do… 

  extract from oyster oyster nector the liquid  products   

  

 

utilization extract     

    technology       

3.

0 Market chain Popularization of  Production   Publications,   

  

 

value added  on oyster  CDs, …do… 

  

 

products  recipes,  Production of    

  

 

developed from  Training visual  100 kg VAP    

  

 

oysters /Print mass   from farmed   

  
 

   media   oysters by SHGs   

  
 

  product      

  
 

  campaigns     

  

 

Test marketing in VAP products  Market chains …do… 



14 | P a g e  

 

for  

  

 

selected domestic from oysters  oyster products   

  

 

Establishment of Linkages  Established  …do… 

  

 

seafood chains in between markets for    

  

 

the country oyster farmers-  oyster products   

  
 

  processors      

  
 

  / traders     
4.

0 Sand lobster seed Experiments to Increase in  Production of    

  production increase the survival  sand lobster …do… 

  

 

survival in the from seed   

    hatchery 5% to 10%     

 

4. Baseline Analysis  

(Baseline data on the pre-project situation supported by tables, charts, photographs) 

The baseline survey was conducted in Kerala and Goa where oysters are utilized for 

consumption in coastal regions. They are fished (picked) from natural bed and sold locally 

and another group of people farm the oysters and sell farmed oyster meat. The survey 

targeted both these groups to know the production status, average income earned and the 

market status. The survey also covered the common seafood supply chain consisting of 

venders, processers, supermarkets and households.  

 

4.1 Baseline Survey in Kerala 

The study was conducted in three districts (Ernakulam, Alapuzha and Kollam) of the 14 

districts in Kerala state where the component related to oyster farming and value chain under 

the NAIP project on shellfish mariculture is implemented. It was observed that none of the 

oyster farmers were aware that oyster seed can be produced in the hatchery (Fig.1) and had 

no knowledge about Good Management Practices (GMP). Through the project women will 

be trained in hatchery protocols and GMP will be taught to farmers. All the farmers 

marketed the oyster meat directly without any agents or middlemen. None of the 

farmers/fishers depurated oysters scientifically though some farmers in Ernakulam were 

aware of the significance of depuration. 65% of the farmers in Ernakulam district had heard 

about depuration and 10% knew about value added product development. In Alapuzha the 

farmers were not aware about any of these facts. Through the project the technique for 

depuration will be standardized and the farmers will be trained to depurate the oysters 

hygienically. Presently all the farmers marketed the oysters as shell-on oysters or as fresh 

meat. There are no value added products. The NIFPHATT will produce oyster products and 

the best among these will be commercialized. So apart from fresh oyster meat, ready to serve 

oyster products will be made available in the market so that the market chain is widened. 

None of the supermarkets in Kerala sold oyster meat, though they had refrigerators and 

cooling/icing facilities. 48% of the housewives bought the oyster meat from nearby markets 

or oyster fishers. 62% of the households picked oysters from the nearby estuary whenever 

they wanted oysters. In household located 10 to 15 km away from the coastal areas 

awareness about oyster was low, less than 5%. The respondents of the hotels/ 
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households/supermarkets said that they have not heard about oysters but they were willing to 

use oysters provided the quality of the product is ensured. 

 At least two to three supermarkets will be targeted to include oysters as a product for 

sale, concurrently wide educative campaigns through mass media (print as well as visual) will 

be conducted through the project to motivate people to taste oysters and have a permanent 

market for oysters in Ernakulum/Kollam city. 

 The major problem of the oyster farmers was the difficulty in removing the oyster 

meat from the shell. The heat shucking expenses were high. This formed 10 to 17 % of the 

total income. In the project technique for separating the oyster meat hygienically and by a 

economically sound method will be developed and this will be introduced to the farmers 

through training programme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Enumerators collecting data for BSL from oyster farmers 

 

4.2 Baseline Survey in Goa 

The component in Goa is basically related to market. Goa is one of the states in the country 

where oysters are consumed by a wide population which eliminates the need to educate the 

people about the utility of oysters as a food item. The survey was conducted to understand the 

level of utilization, the products, the consumer preference with an idea to develop a market 

link for the oysters farmed in Kerala. Moreover, the oyster utilization methods i.e, the Goan 

recipes can be introduced in Kerala also. Both these states have a good inflow of foreign 

tourist and this can be an added advantage since oysters are of the favorite seafood globally. 

The survey indicated that in Kerala only 3 to 4 types of preparations are common while in 

Goa there are more than 20 different types of products of Goan/Chinese base. Recipe books 

and demonstration by Goan Chefs in Kerala will help to promote the oyster market in Kerala 

 The survey indicated that Goans bought shell-on oysters and the quantity purchased 

for a single preparation ranged from .250 g to 2 kg (Fig.2). The average consumption was 

estimated as 58 gm per person per day and the ranged between 10.4 gm to 125 gm per person 

per day. In South Goa, the average number of persons in a household is 3 and the on an 

average each households prepares oysters dishes at a frequency of 10.5 times a year. The 

minimum frequency was once a year and the maximum was thrice a week. In North Goa, the 
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average number of persons in a household was estimated as 4.7 and each household prepared 

oysters at frequency of 3 times a month (36 times per annum). These consumption levels are 

higher than in Kerala where Oysters are consumed by a very limited population even in 

coastal areas. 

 None of the respondents in Goa knew about the nutritional quality of oysters. In 

South Goa 67% said that they are willing to taste new oyster products but 33% were 

unwilling to do so. Contrary to this all the respondents in North Goa were willing to taste 

new oyster products. 

 In South Goa, 80% of the respondents said that they are usually motivated to buy 

products based on advertisements and they will buy more oysters if advertised while in North 

Goa, 87% respondents said that they are motivated by ads and 100% of the respondents said 

that they will buy more oysters/oysters products. Among the respondents who have not tasted 

oysters till now, 70% were willing to taste oysters if clean oysters are provided. This is a 

good indication that farmed oyster products can be marketed in Goa and efforts will be made 

to promote oyster (frozen/shell-on/Oyster VAP) in Goa 

 In restaurants, 60% of the respondents (owners) said that all the groups of 

customers‟ viz. foreign and domestic tourists and Goans order for oyster products. 40% 

respondents said that foreigner tourist preferred oyster products compared to domestic 

tourists. This information can be used to promote tourism with oyster trade. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Oyster venders in Goa 

 

4.3 Status of sand lobster value chain.  

Currently the production of sand lobster seed through hatchery is low, since only less than 

5% survival only is obtained. Through the NAIP project, the production levels will be 

increased to 10% and this can form the basis for increased production. Since it is only lab 

related work, baseline survey is redundant. 
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Table 2.  Possible impact of oyster farming in Kerala and Goa 

 

S. 

No Variable Baseline  Possible impact 

    value   

                                                              Production (Farming  and seed production )  

1 Number of families gainfully employed 980 2000 

  in oyster farming in Kerala     

2 Number of estuaries where oysters are  3 .+3 

  farmed in Kerala     

3 Farmed oyster production 2000 t 5000 t 

4 Oyster seed production unit in Kerala 0 One main hatchery with a capacity of 

  
 

  1,00,000 spat per annum 

5 Number of spat produced in hatchery 0 50,000 per annum 

  used for farming     

6 Number of people skilled in a hatchery 0 15 nos 

  Production of single oyster 0 10,000 per annum 

7 Number of remote setting units in  0 2 with a production capacity of 50,000 spat 

  coastal villages   per annum 

8 Knowledge on hatchery seed 0 More than 75 % of farmers 

  production and remote setting     

                                                              Production (Value added products )  

1 Number of VAP prepared from farmed  0 At least 6 new products of which 2 to 3 will 

  oysters   be commercialized.  

2 Knowledge on depuration of oysters 0 All farmers 

  among farmers     

3 Awareness about value added production 0 80% 

  techniques     

4 Production of VAP by SHGs 0 100 packets per village per annum 

5 Production of VAP by private seafood  0 One seafood processing unit in  

  processors   Kochi/Kollam 

6 Percentage of farmers using  0 50% of total farmers 

  depuration facility     

                                                                                        Market Chain 

1 Availability of depurated oysters 0 250 to 500g frozen packets in one to two 

      supermarkets 

2 Number of supermarkets selling 0 One to two supermarkets 

  oyster/oyster products     

3 Quality labels on products 0 At least two products with information  

      oyster quality 

4 Product awareness programs 0 One advertisement in popular magazine, 

      Brochures on VAP in Malayalam, Hindi, 

      English, Documentary on oysters 

Source: Baseline survey NAIP 
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5. Research Achievements with Summary 

 

5.1 Research Achievements-CMFRI 

 

5.1.1 Seed production of edible oyster 

Oysters are brackish water species, which are quite, adapt at growing in a wide range of 

salinities available in brackish water regions of the country. The farmers construct wooden 

rack farms in the estuary and place strings of cleaned empty oyster shells (rens) in the rack to 

collect the seed which is called the „spat‟.  These rens are placed during the peak spawning 

period of oysters which is from November to January along the Kerala coast. The larvae of 

the oysters after a brief swimming stage settle on hard substrate. This settling of spat is called 

the „spatfall‟ which shows much variation from year to year and even between locations. The 

production rates in some oyster farms in Kerala have been affected by the low spatfall. The 

number of spat can sometimes become very low (less than 5 per shell) even during the peak 

spawning season. Under these circumstances, the production from a farm becomes low. 

Practical remedy to this problem is by sourcing the spat from hatcheries 

  An oyster hatchery with production capacity of one lakh spat (seed) per annum 

established under this project in the KVK complex at Narakkal (Figure 1) in Kerala which is 

the first unit for seed production and training farmers in technical protocols of seed 

production.  Oyster hatchery has the following important units  

 Algal culture unit 

 Brood stock conditioning room 

 Larval rearing units 

 Small laboratory 

 

 Algal production systems for new phytoflagellates, Isochrisis galbana,  Pavlova 

lutheri and diatoms Chaetoceros sp. were developed and standardized at the oyster hatchery 

and the oyster larvae were fed with these phytoflagellates. Modified algal production systems 

were developed at the oyster hatchery. Modified algal production systems for larval feed 

were developed by the introduction of CO2 gas in the mass culture systems. The production 

of algal cells was increased from 3.4  - 4 million cells/ml to 6- 6.5 million cells/ml. 

 

 At the oyster hatchery, along with seed( avg. 80,000 nos), range of 10,000 -15,000 

numbers of cultchless spat per annum were produced through settlement of spat on  empty 

oyster shells,  polyethylene sheet and clam shell grits provided in the tanks. Cultchless spats 

settled on the polyethylene sheet and clam shell grits provided in the tanks grew uniform 

shape. Fig. 4 shows oyster spat settled in the empty shell and Fig. 5 shows the cultchless spat 

of edible oyster settled on the polythene sheet. These uniform shapes of spats or juveniles 

were transferred to farm to get larger ones of uniform shape which fetched good price to the 

farmer. This uniform shape oyster had very good demand for live consumption in high-end 

restaurants. Both cultch and cultchless spats produced in the hatchery were transferred to the 

farm.  

 



19 | P a g e  

 

 

Fig.3 Oyster spat settled inside the shells          Fig.4. Spat settled on the polyethylene 

sheet. 

 

 Technology for one lakh seed per annum in the hatchery at Narakkal  was developed 

 Technology for the production of cultchless spat and farming technique for growing 

single oyster were developed. 

 A remote setting unit was developed at Moothakunnam, villagers trained and first trail 

of transferring pedi-veliger larvae for remote setting was done. a remote setting unit 

i.e a seed production unit in a village about 25 km from the hatchery and near to farms 

was developed. 

 

  
Figure 5 Larval rearing facility for oyster   Figure 6.Water exchange in larval rearing tank  

 

 
Figure 7. Algal culture  Figure 8. a view of oyster hatchery at Narakkal 
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Effects of acidification on meroplanktonic oyster larval settlement 

 The most common oyster in the estuaries of India is the Indian backwater oyster 

Crassostrea madrasensis.  The fertilized egg of this oyster passes through a veliger, D-larvae, 

umbo, eyed larvae and settles as spat after becoming the pedi-veliger and the entire larval 

cycle is usually completed in 15 to 20 days in tropical conditions
8
.  During this phase, the 

oyster larvae are part of the micro and meso group of merozooplankton.  They feed on 

phytoplankton, and in the food web, become a feed to other macro-plankters. Their survival 

and subsequent recruitment to a benthic ecosystem depends largely on the way the larvae is 

able to overcome the abiotic stress.  In India oyster farming is carried out by women self-help 

groups as a livelihood activity 
9
 and the farmed oyster production in 2011 was 4058 tonnes

10
.  

While studying the hydrology of the marine zone of the northern region of Vembanad Lake, a 

tropical estuarine ecosystem, in relation to oyster spat settlement; significant inter-annual 

changes in the spat settlement pattern and density were observed. To investigate this, the pH 

and temperature of the oyster habitats were studied over a 3-year period and the decadal 

surface water temperatures were taken from global databases to look for occurrence of 

extreme values. Since low values of pH were observed in nature, the effects of extremes of 

these parameters on metamorphosis and survival of oyster larvae were studied experimentally 

in the hatchery. 

 The tropical estuary, Vembanad Lake opens to the Arabian Sea through two 

permanent openings, one of which is located in the northern region where oysters beds occur 

adjacent to the bar mouth (Fig.9).  There is a vast permanent population of the Indian 

backwater oyster Crassostrea madrasensis which is also farmed in the estuary by the local 

villagers. The seed for farming is collected by placing spat collectors in the estuary during 

December-January which is the main spat-fall period. The monthly spat-fall records in 

number of oyster spat per cultch was used for correlating with monthly pH and temperature 

records. 

 The surface water temperature, salinity and pH in the oyster farming areas of north 

Vembanad Lake were recorded using digital meters (V2 multi-parameter probe, YSI, USA) 

every month during the years 2009-11.  The three sampling locations with mean depth below 

2m were the marine zone (ES -1) near the bar mouth, and two other stations to the interior in 

the order ES-2 and ES-3, the last being the upper reaches of the estuary and each separated by 

a distance of 5 to 8 km (see Fig.1 for latitude longitude positions) 
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Figure 9   Map of north Vembanad Lake showing bar-mouth opening into the Arabian Sea 

and the sampling stations (ES-1, ES-2 and ES-3) near oyster beds and farming 

area. 

 

 To examine the long-term fluctuations of surface water temperatures, the records for 

Vembanad Lake from the ICOADS data (provided by the NOAA/OAR/ESRL PSD, Boulder, 

Colorado, USA, from their Web site at http://www.esrl.noaa.gov/psd/database) were 

downloaded, decadal averages estimated and used for comparison with real-time values and 

with extreme values used for testing larvae in the hatchery experiment. 

 Oyster spats were usually collected on shell clutches during the spawning period of 

the oyster.  The clutches (5 shells in a string) were vertically hung from horizontal trestles 

erected in the estuary.  Monthly visual counts of oyster spats on 50 random shell cultches 

were taken during 2009-2011 and represented as average number of spat per cultch for use as 

an index of successful reproduction events of the oysters. 

 Oyster broodstock were collected from the oyster reefs near Sathar Island in 

Vembanad Lake during September 2010 and induced to spawn by thermal stimulation in the 

oyster hatchery of Central Marine Fisheries Research Institute at Narakkal in Vypin Island. 

The seawater for rearing larvae was pumped from the Arabian Sea for a couple of days, then 

passed through a series of cartridge filters (10 to 0.3µ) to remove physical impurities and 
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finally passed through a UV filter to remove microorganisms. Active velar movements 

indicated the health status condition of the larvae.   

 The veliger larvae were exposed to treatment temperatures of 20, 25, 30 and 35
o
C and 

the ambient temperature of 27
o
C was taken as control. The temperatures were set and 

maintained in rearing containers using auto-thermostats. They were stocked in glass 

containers at the rate of 5000 larvae l
-1

 and the salinity was maintained at 28.  Larvae were 

fed with freshly cultured diatom Isochrysis galbana at the rate of 10,000 cells larvae
-1

. Each 

treatment was maintained in triplicate and seawater was changed on every alternate day. The 

larvae were collected with specially designed sieves of mesh sizes 30 to 250 µm depending 

on the larval stage.  The percentage survival was noted in each treatment by making counts 

using a haemocytometer. For assessing the influence of the particular experimental treatment 

on the metamorphosis of the oyster larvae, a grading system was used. Complete 

metamorphosis into spat from the initial veliger stage was considered as 100%. The 

development of the intermediate larval stages namely, D-larvae, umbo, eyed were graded as 

25, 50 and 75% respectively and if most of the larvae metamorphosed into a particular stage, 

it was presumed that the development had progressed to the assigned percentage. In case two 

larval stages were observed in a particular treatment, then the average of the percentages 

assigned to the particular larval stage was taken. 

 Larvae were exposed to pH 6.5, 7.0, 7.5, 8.0, 8.2 and 8.5 with 8.2 taken as control pH.  

For pH manipulation the approach outlined in method 4 of Gattuso and Lavigne
11

 was used 

with the modification of using weak acid (Citric Acid) and base (Tris buffer)
12

.  Seawater 

with desired pH level was prepared just prior to water exchange, and invariably, pH could be 

maintained at ± 0.1.  The useful buffer range for Tris (7-9) coincides with the physiological 

pH typical of most living organisms.  The stocking density, feeding, water change and larval 

observations were the same as in the experiment on temperature. 

 The percentage survival of oyster larvae in various treatments was compared for 

significant differences using ANOVA (SPSS, ver.16.0). The monthly oyster spat density per 

cultch was also tested against pH, surface water temperature and salinity using Pearson 

Correlation.  
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 In general, in the lake system, average monthly temperature during the period 2009-

11 ranged between 25 and 33.9
o
C with an average of 29.8

o
C (Fig. 10). A temperature peak 

was observed during April (pre-monsoon) and the minimum was observed in October (post-

monsoon).  The average salinity in the study area was 14.7 with a maximum of 33.3. The 

salinity was nil during the monsoon period (Fig2).  The average pH of the estuarine region 

was 7.6 with a minimum of 6.2 and maximum of 8.7 (Fig. 2). Low values (less than 7.0) were 

observed in the upper reaches during August and September 2009 while at the same time in 

the marine regions the values were higher at 8.2 and 7.6 respectively. However, during the 

year 2011, pH values were consistently low from June to November in all the three stations. 

 

Figure 10. Variations in surface water temperature, salinity and pH in the oyster farming area 

of north Vembanad Lake during 2009-2011.  Values are averages from 3 sampling stations 

and vertical bars indicate standard deviations. 
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 The monthly variations in surface water temperature during the period 1960-2009 

were analyzed and it was observed that lowest temperature recorded was 25
o
C (June of 1990-

99 decade) and maximum was 31.02
o
C (April of 1970-79 decade) (Fig. 11). The decadal 

average temperature during 1960-69 was 28.4
o
C which increased to 28.7

o
C in the following 

decade. In the next two decades the average temperature declined to 28.5
o
C and 28.03

o
C 

respectively. However, during 2000-09, the average temperature was high at29.03
o
C 

indicating a temperature difference (∆T) of 0.79
o
Cbetween 1960-69 and 2000-09. Real time 

observations of the surface water temperature during the three year period showed that the 

surface water values were slightly higher at 29.39, 29.65 and 30.23
o
C respectively.  

Figure 11. Variations in mean monthly surface water temperatures on a decadal scale in 

northern Vembanad Lake.  Data from ICOADS database.   

 

In Vembanad Lake oyster spawning and spat occurred throughout the year with peaks in pre 

and post-monsoon. The mean annual pH, surface water temperature, salinity and oyster spat 

density are shown in Table 3.  While temperature and salinity values together showed an 

increasing trend from 2009 to 2011, the mean pH values increased in 2010 and then declined 

in 2011 to levels lower than in 2009.  The monthly spat density was strongly correlated with 

the pH values (Pearson correlation coefficient=0.583; P=0.002).  The spat settlement density 

was very poor (4.5/cultch) in 2011, being nearly half of the value (7.8/cultch) in 2009.  In 

2010, the monthly spat density was uniformly high (data not shown), when the monthly pH 

values did not show much fluctuation (Fig. 10). 

 

Table 3. Annual mean values of pH, surface water temperature, salinity and annual mean 

oyster  
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spat density in the oyster beds of northern Vembanad Lake during 2009-2011.  SD=standard  

deviation.   

 

Year Annual Means 

pH ± SD Temperature 

°C ± SD 

Salinity 

± SD 

Spat Density 

no/cultch ± SD 

2009 7.49 ± 0.36 29.39 ± 1.98 11.67 ± 6.25 7.83 ± 2.25 

2010 7.82 ± 0.29 29.65 ± 2.07 13.04 ± 12.31 10.90 ± 3.78 

2011 7.31 ± 0.66 30.23 ± 1.69 15.29 ± 11.95 4.50 ± 3.18 

 

Initially by Day-2survival of the veliger larvae in all treatment temperatures was 100% and 

thereafter there was progressive decrease in all the treatments (Fig.12). The survival was high 

and above 80% in the lower temperatures of 25 and 20
o
C upto Day-5 but decreased 

thereafter. None of the larvae survived in temperatures above 30
o
C after Day-5. The survival 

was highest (81%) in the control and less than 50% in 25 and 20
o
C.  Treatment-wise 

differences in survival on different sampling days (except Day-2) were significant (P<0.01). 

 

Figure 12. Mean percentage survival of oyster larvae from Day-2 to Day-20 in experimental 

treatments for temperature and pH.  Vertical bars indicate standard deviations 

The larvae metamorphosed and completed all the intermediate stages before settling as spat 

on the Day-15 in the control (27
o
C) and 30

o
C treatment with a survival of 93 and 64% 

respectively (Fig. 13).  In lower temperatures of 25 and 20
o
C there was no proper 
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development after Day-5. At 25
o
C the Umbo stage was prolonged with survival of 85% on 

Day-8 which was reduced to 32% on Day-20.  However, even at the end of 20 days, the 

larvae did not metamorphose to the next stage though they were active. 

 

 

Figure 13. Mean metamorphic stage of oyster larvae in percentage from Day-2 to Day-20 in 

experimental treatments for temperature and pH.   

In lower pH of 6.5, the larvae did not survive beyond the first day, and in pH 7.0, only 12% 

larvae developed to D-larvae. There was 100% mortality in this treatment on Day-5 (Fig. 12). 

There was a gradual decline in survival percentage in pH 7.5 reaching 45% by Day-15 when 

the larvae became spat. In this stage there was further mortality and only 24% survived by 

Day-20.  All treatment-wise differences in survival were significant (P<0.01).   
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 The larvae were active in pH 8.2 (control) and in treatments 7.5, 8.0 and 8.5. In all 

these treatments the metamorphosis of the veliger larvae to D-larvae and then to umbo and 

eyed stage progressed as in the control (Fig. 13). In pH6.5 there was complete dissolution of 

dead shells, whereas, dead shells of larvae in all other treatments were intact. Dead shells of 

larvae in lower pH were also comparatively thin and fragile than the dead shells obtained in 

other treatments (Fig.14). 

 

 

Figure 14. Photomicrograph of healthy D-larvae in pH 8.2 (left pane) and dead shells in pH 6.5 (right 

pane). Arrow shows dissolution of shell.    

 

The cyclic variations in surface water temperature, salinity and pH observed in the present 

study were typical of a tropical estuary influenced by seasonal monsoonal rains. The only 

variation from the normal was observed in the case of pH when low values were observed 

during the post monsoon period of 2011. The surface water temperature and salinity values 

showed a dynamic pattern influenced by the heavy seasonal rainfall (data not shown). The 

salinity reaches near seawater levels during the summer (March-May) and is close to fresh 

water condition during the monsoon. Normally, the pH is lowered due to the monsoon 

rainfall during June – August and this returns to low alkaline values during the post- 

monsoon. In 2010, the decline in pH values during post monsoon period was not substantial. 

The monthly mean oyster spat density was strongly correlated with the lowering of pH with 

low spat densities during occurrence of low pH as during the post-monsoon of 2011. The 

highest spat densities were observed during 2010 when the pH values did not show much 

fluctuation and were close to alkaline conditions. In the Ashtamudi Lake ecosystem, south of 

the Vembanad Lake, the oyster populations have peak spawning period during post-monsoon 

period with corresponding increase in temperature, salinity and pH
13

.The success of the 

reproductive effort is indicated by the high spat density (24 numbers/cultch) during 

December. Quite clearly, this pattern has been affected in Vembanad Lake during 2011 when 

the pH values showed a rising trend only by December. Therefore, the low pH values were 

detrimental in the eventual spat settlement. In a recent study conducted to understand the 

impacts of elevated pCO2 and temperature on Sydney rock oysters, Saccostrea glomerata, it 
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was observed that synergistically these had a negative impact on larvae causing reduction in 

growth, rate of development and abnormalities
14

.  

It has been reported that organisms that incorporate calcium (Ca) and carbonate (CO3) into 

their shells and tissues will be more affected by ocean acidification
3
. Normally, ocean waters 

are saturated with calcium and carbonate, allowing organisms to easily absorb calcium 

carbonate (CaCO3) into their shells and bodily structures
1
 making their shells hard and 

effective defense barriers. With elevated levels of CO2 lowering the pH, there is less 

carbonate available in the water, making it difficult for organisms to form new structures
15

. 

Furthermore, at low levels of pH the carbonate in already formed shells starts to dissolve, 

causing shells to disintegrate. This phenomenon has already been observed in some plankton 

species
4
 and in the oyster larvae in the present study. 

The present experimental study also indicated that temperature between 27 and 30
o
C was 

congenial for the growth and survival of oyster larvae.   Low and high temperatures, which 

were found to prolong the larval development and reduce the survival rate, were rarely 

observed (only in July 2009 when the temperature dropped to 25
o
C) in the natural bed 

indicating that the temperature variations in the estuarine region were well within the 

tolerable limits of the oyster larvae. Similarly, the range of temperatures observed during the 

analysis of decadal variations of surface water temperature in the study area indicated that the 

temperature fluctuations in the estuarine region were within the tolerable limits for the oyster 

larvae. In the temperate waters of Australia, 26
o
C was found to be the optimum temperature 

for fertilization of S.glomerata, and at 30
o
C there was no embryonic development. Whereas, 

in the tropical conditions of Vembanad Lake, 30
o
Cwas found to be congenial for growth and 

survival of C.madrasensis larvae, while at 35
o
C metamorphosis was affected and larvae did 

not survive beyond Day-5. Climate change impacts are known to affect seasons and it can be 

presumed that if the post- monsoon period in the tropics becomes cooler (<25
o
C) or if the 

pre-monsoon period becomes warmer (>30
o
C), crossing the limits for congenial larval 

growth, the oyster populations would be affected. 

Based on the pH and salinity fluctuations observed in the oyster bed, we feel that the 

variations in pH in a tropical estuarine region where monsoon is strong, leading to drastic 

decline in salinities are detrimental to bivalve larvae. Though the pH values were normally 

above 7.5, there were instances when the pHs were low during the three year period. Very 

low pH values (less than 7) were observed during the monsoon and post-monsoon period of 

2011. This can be attributed to themixing of fresh rain water or land runoff from the coastal 

areas which are thickly populated.It has been indicated that seasonal discharges of acidic 

riverine water will further exacerbate acidification in estuaries, suggesting thepossibility of 

negative impacts to shellfish fisheries
16

.  Similarly,it is reported that in estuaries, the 

saturation state of water (Ω) naturally decreases with decreasing salinity due to gradients in 

pH, calcium and carbonate ion concentration produced by the dilution of seawater with river 

water
17

. 
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From the high mortality rates and dissolution of larval shell in low pH treatments, it can be 

inferred that, if the pH drops below 7.0 during the spawning and meroplanktonic phase of 

oyster, the recruitment to spat and adult stages will be affected. It has been indicated that 

bivalve larvae are more vulnerable than adults to increased CO2 because larvae bio-

mineralize aragonite, the more soluble form of CaCO3 than calcite, the predominant material 

used in adult shell and that as atmospheric CO2 concentrations increase, the proportion of 

estuarine habitat under-saturated for aragonite will increase
6
. In the present study it was 

observed that the larval shell completely disintegrates and the veliger larvae does not 

metamorphosein pHbelow 7.0indicating that with acidification shelled larvae will be 

impacted. Moreover, under these stressed conditions, the metamorphosis of larvae was found 

to be prolonged. Such delay would increase the residence time of larvae in the plankton 

community as meroplankton, which can increase pre-settlement mortality especially due to 

predation and disease
18

. In a recent study on effects of ocean acidification on the metabolic 

rates of adult pearl oysters, mussels and scallops. It is reported that respiration and excretion 

rates were significantly lowered at lower pH. It is likely that the larvae are also similarly 

affected although it is difficult to gather similar proof for larvae
19

. In S.glomerata, adults 

exposed to elevated pCO2 spawned larvae which were larger and had faster development
20

. 

This is an important adaptation of the oyster to acidification which however was not checked 

in the present study.   

 

Summary 

This study indicated that oyster larvae which form an important component of meroplankton 

and oyster spat densities might be used as an indicator for acidification and climate change in 

tropical estuaries. We show that the impact of acidification is substantial because as 

meroplankter the larvae of C. madrasensis are susceptible to changes in pH.  If global 

acidification were to increase, oyster populations in tropical estuaries might be affected 

negatively leading to the loss of a critical habitat for many biota.  Other tropical estuaries and 

oyster species need to be studied similarly in view of the serious threat of increasing 

acidification of waters.   

5.1.2 Farming of edible oyster 

 

Edible oyster farming is an environment friendly aquaculture practice and easy to adopt. A 

team of scientists from CMFRI conducted surveys for selecting the suitable sites for oyster 

farming.  Based on the findings from surveys, various regions of estuarine of three districts 

namely Ernakulam, Allapuzha and Kollam were selected for oyster farming (Table1). 

Through a strong collaboration between the CMFRI and the Fisheries Department of Kerala 

it was possible to develop oyster farming as a group farming involving women SHGs in 

central Kerala. The profitability of oyster culture has been increased through scientific 

farming resulted in increase in production per unit area. The farmed oysters are harvested 

during May to June month every year. The number of villagers involved in farming increased 

and the farmed oyster production increased from 1500tonnes in 2009 to 4700 t in 2013 (Table 

), indicating an increase of 12 % over that of 2012 (4202 t),  47 % over that of 2011 (3200 t). 
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40.4 % over that of 2010 (2800 t), and 68 % over that of 2009 (1500 t). Farming extended to 

new areas such as Pavumba in Kollam district and Chettuva in Trissur district. Farmed oyster 

production increased (>100%) from 2000  

 

Table 4. District wise production details of oyster during 2013 

 

Place Per string 
No of 

strings/farm 
No.of farms 

Production 

Kg Tonnes 

Chettuva 5.5 420 188 434280 434.28 

Moothakunnam 4.8 470 108 243648 243.648 

Puthenvelikkara 8.1 585 196 928746 928.746 

Cherai 4.4 365 65 104390 104.39 

Dalavapuram 5.2 550 132 377520 377.52 

Pavumba 6.2 620 261 1003284 1003.284 

Kollam 6.2 540 182 609336 609.336 

Alappuzha 4.1 440 50 90200 90.2 

Others (non 
NAIP) 5.1 480 371 908208 908.208 

Other states       0 0 

  1553 4699612 4700 

 

tonnes (Baseline Survey, 2009) to more than 4500 tonnes. Farming technique changed from 

ren method to tray method for single oyster growing for live consumption in High end 

restaurants. All the farmers utilized the common facility ie. Value-Added Product (VAP) Unit 

developed under the NAIP project for increasing their product quality through post-harvest 

processes. The following important facilities were developed under the VAP unit located at 

Moothakunnam in the central Kerala.  

 Oyster Depuration Unit 

 Oyster steamer 

 

 
Figure 15.Farmers preparing seed collection unit  Figure 16. Farmer harvesting oysters  
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Integrated Farming Trail: Oyster-Fish-Seaweeds 

 Study on integrated farming on oyster cum fish cum seaweeds was carried out at 

Mothakunnam in Ernakulam District.  The experimental setup consisted of four cages which 

were laid in the direction of the current and the distance between cages being 50m. Each cage 

was a triplicate. The area of the cage was 1m
2 

and the depth being 1m.The organisms cultured 

include Etroplus suratensis, Crassostrea madrasensis and Ulva lactuca. The details about the 

stocking density of the organisms in four cages differed are given in Table 5. The research 

was carried out for a period of 270 days from Feb 2012- Nov 2012. 

 

Table 5.  Stocking density of different organisms in four cages 

 

Organisms used for  Treatment I Treatment II Treatment III Treatment IV 

poly culture         

  Fish 100 Nos (3- g) 

100 Nos (3-

5g) 

100 Nos (3-

5g) 

100 Nos (3-

5g) 

SD Fish : Oyster 1:0.33(by wt) 1:0.5 (by wt) 1:0.7 (by wt)   

  Fish: Seaweed 1:1 (by wt) 1:1 (by wt) 1:1 (by wt)   

Note:  SD: stocking density; Fish: E. suratensis; Oyster: C. madrasensis; Seaweed: U. lactuca 

 

 Research involved the collection (monthly) and analysis of various water quality data, 

fish and oyster data. The water quality parameters evaluated included rainfall, temperature, 

pH, salinity, DO, BOD, COD, turbidity, TDS, TSS, TN, ammonia, nitrite, nitrate, TN, 

orthophosphate, TDP, TP, and silicate. The fish were analysed for the length-weight data and 

the oysters were analysed for condition index, % meat obtained and the meat yield. Water 

temperature, salinity and pH remained stable for the four treatments. The seaweeds though 

used for the culture were unable to survive in the culture condition. 

 A two-way ANOVA carried out showed that a significant variation was observed 

between cages and months for the water quality parameters such as DO, BOD, COD, 

Figure 17 Farmers bringing harvested 

oyster to VAP unit 

Figure 18. A view of VAP unit at 

Moothakunam 
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turbidity, TDS, TSS, ammonia and silicate. Nitrite and nitrate showed no significant variation 

between different cages, however variation was observed for months. DO was found to be 

higher in treatment II (1:0.5- fish:oysters) and lower in treatment IV (fish alone).The other 

water quality parameters(BOD, COD, turbidity, TDS, TSS, ammonia and silicate) were found 

to be higher in treatment IV and lower in II. The lower values of DO in IV and the higher 

values of other water parameters in IV could be attributed to the filtration efficiency of 

oysters in treatments I, II and III. 

 Statistical analysis of fish length and fish weight using a two-way ANOVA showed 

that treatment II recorded the highest mean length(12.95 ± 0.36 cm) and mean weight (69.62 

± 6.70 gm).  The mean length and mean weight for the treatments I, III and IV were12.19 ± 

0.34 cm; 59.14 ± 4.57gm,11.74 ± 0.30 cm; 50.77 ±  6.21gm and 11.75 ± 0.315 cm; 54.14 ± 

5.21gm respectively. The shell length and width of the oysters when analyzed statistically 

using a two-way ANOVA revealed that treatment II had the greatest mean shell length (92.11 

± 2.94 mm) and width(51.39 ± 1.61mm). Treatment I and III recorded shell length as 72.73 ± 

2.72mm and 68.143 ± 1.50 mm respectively and width as 49.68 ± 1.72 and 48.91 ± 1.37mm 

respectively. The condition index (14.26), % meat (8.46 %) and meat yield (2.31 kg) of 

treatment II recorded was also higher. The condition index, % meat and meat yield recorded 

for treatment I was11.07, 7.39% and 1.61kg respectively and that for treatment III was 14.05, 

7.08%, 0.72 kg. 

The results thus obtained shows that the treatments I, II and III outperformed treatment IV 

regarding the various water quality parameters and  growth of fish. This points to the fact that 

the presence of oysters in the treatments I, II and III provides a better environmental 

condition for the organisms thereby enhancing their growth and maintaining the water 

quality. The more better results in treatment II could be attributed to the reason that fish and 

oysters in the ratio of 1:0.5 by weight would be the optimum stocking rate in an integrated 

aquaculture using fish and oysters. 

  
 

 

 

 

   

 

Figure 19. Harvested fish E. suratensis 

  

Figure 20. Modified farm-oyster cum 

fish farm 
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5.1.3 Oyster Depuration Unit (ODU) establishment 

ODU is the major innovation in the project as it increases the consumer confidence about the 

quality of the product. Since oysters are filter feeders, they can accumulate pollutants and 

microbes in the water. Therefore before consumption it is very necessary to purify 

(depuration) the oyster thoroughly through a simple process that is termed as depuration 

process. The bacteria of concern are Vibrio, Salmonella and Escherichia coli. Member of 

Salmonella group cause typhoid fever, while coliforms and vibrios cause gastroenteritis, 

dysentery and cholera. By depuration the bacterial load is brought down to permissible levels, 

also faeces, sand particles and silt are removed from the alimentary canal of oysters. What 

happens during depuration? When we place the fresh live oysters, straight from the farm, into 

our depuration tanks, they will start taking in or filtering the purified seawater. Biologically, 

the oyster which is still alive will start producing faeces i.e. removing all that is present in its 

gut and secondly, the purified water will remove the traces of microbes/or other contaminants 

(if any) in the oyster. Depuration is not an established practice in India; it is used in many 

other developed countries like UK, France, Italy, USA and others depending on the microbial 

quality of shellfish growing waters and load of microbes in tissues. A depuration unit of 

oyster in fill-draw method with a capacity of 3000 oysters per run was developed in a village 

under the project. The unit has facilities for sea water purification, jet washing facilities and 

specially designed tanks where 3000 oysters can be depurated in a single run of 12 hrs. The 

oysters are placed for 24 hours in cleaning tanks under a flow of filtered seawater. About 10-

20% of the seawater is continuously replaced. At the end of 12 hours the water in the tank is 

drained and oysters are cleaned by a strong jet of water to remove the accumulated faeces. 

The tanks are again filled with filtered seawater and the flow is maintained for another 12 

hours. Then the tanks are drained  and flushed with a jet of filtered sea water. The oysters are 

held for about one hour in 3 ppm chlorinated seawater, and then washed once again in filtered 

seawater before marketing.   

 All the farmed oysters were depurated before marketing thereby ensuring quality of farmed 

oysters. Farmers followed the protocols developed for hygienic oyster production by 

depurating the oysters in the common depuration unit set up in the village under the NAIP.  

 

  

 Figure 21. Harvested oyster   Figure 22. Depurated oyster 
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Figure 23. Oyster Depuration system 

Observations of the stakeholders/ beneficiary about the innovation 

There was no depuration plant in the village. Farmers were not aware about the significance 

of depuration.  A village based oyster depuration unit with scientific purification methods 

was developed. Oysters are purified by standard depuration protocols prior to marketing. 

More farmers aware about the need to depurate oysters.  

 The industry has appreciated the technological development and scientific 

information regarding the quality of oysters. 

 Consumer confidence has increased  

 Now oyster have become a part of the menu of high end restaurants in Kochi city 

which is frequented by more than 10,000 international tourists each year. 

 New value chain ie. live oyster trade has developed and price per single depurated  

oyster  increased from Rs. 1 to Rs.10. 

. The following two important experiments related to oyster depuration were carried out. 

A) Determination of optimum duration for depuration of farmed oyster 

 The optimum duration of depuration for farmed oysters was determined.  Tissues were 

analyzed for total coliforms, faecal coliforms and harmful pathogens such as Salmonella spp. 

and Vibrio spp. All the microbes were found to be totally absent after 16 h of depuration.  

B) Evaluation of the efficiency of depuration of oyster with high-loading density 
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Crasosstrea madrasensis (Preston, 1916) is the main farmed species, which occurs 

extensively in brackish water of both East and West coasts of India. This environment, 

however, is also congenial for the growth of coliforms and pathogenic bacteria that pose a 

problem for human health. Molluscan shellfish, particularly oysters, concentrate 

microorganisms in their tissue from surrounding water during their filter feeding process and 

are recognized as a reservoir for various microbial pathogens (Panicker et al., 2004). The 

naturally occurring pathogenic microorganisms such as Vibrio spp. and faecal pathogens 

Salmonella spp. inhabit marine and estuarine environments (Lee et al. 2003). Infections arise 

due to the consumption of raw, undercooked or improperly processed oysters and frequently 

cause outbreaks of gastroenteritis and septicemia (Sobsey and Jaykus 1991, Lees 2000, 

Koopmans et al. 2002, Le Guyader et al. 2003).  

 Since 1970s, the Food and Drug Administration (FDA) of the USA has required the 

shellfish industry to use faecal coliforms as indicators of contamination in harvesting waters 

and oysters (Brands et al. 2005). The FDA requires each US state test harvesting waters six 

times per year for the presence of faecal coliforms. If the faecal coliforms are detected above 

the most probable number (MPN) of 230/g of oyster or 230/ml of water sample, then the 

waters are closed for harvesting (NSSP 2009). According to EU regulation, for molluscs, in 

addition to the absence of Vibrio spp.and Salmonella spp., a maximum tolerable cell 

concentration was required both for faecal coliforms (FC) (300 MPN/g meat) and 

Escherichia coli (230 MPN/g meat) (EC 2005,Maffei et al. 2009).  Washing and surface 

disinfection of shellfish may be effective in reducing post harvest contamination, but most of 

the microorganism outbreaks associated with shellfish are from pre-harvest source of 

contamination when the microorganisms are bioaccumulated (Richards et al. 2010). 

Depuration is a process in which shellfish are held in tanks with clean seawater and 

allowed to resume their natural filter feeding activity purging themselves of contaminants 

(Blogoslawski and Stewart 1983, Jackson and Ogburn 1999). This process was initially 

developed in response to a number of outbreaks of shellfish-associated typhoid illness 

(Richards, 1988, Jones et al, 1991). While depuration is not yet an established practice in 

India, it is used in many other developed countries like UK, France, Italy, USA and others 

depending on the microbial quality of shellfish growing waters and load of microbes in 

tissues. In India, there are no reports on such a classification for oyster growing areas and 

also very limited scientific information is available regarding bivalve depuration. This is 

probably due to low commercial production of bivalves and poor demand in markets until 

recently. Moreover the live oyster (C. madrasensis) supply to high-end restaurants has been 

initiated lately and a new value chain has been created (Mohamed & Kripa 2013).  

 The technology of oyster depuration has been well studied in temperate waters (Kelly 

1961, Love et al. 2010) and reviewed (Oliveira et al. 2011). Most of the studies focused on 

testing depuration in different types of water (Vasconcelos and Lee 1972, Kasai et al. 2011, 

Ramos et al. 2012), temperature (Chae et al. 2009, Love et al. 2010, Lopez-Joven et al. 2001) 

salinity (Rowse & Fleet 1984, Power & Collins 1990, Love et al. 2010) and density (Lee 

2010). However, there is little information on tropical oysters (Pillai and Selvan, 1987) and 

no information on the effect of high density stocking on depuration of tropical bivalves. 
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 The efficiency of depuration of oyster in fill-draw method (static method) with 

high-loading density was evaluated. The reduction over time of bacterial loads in farm grown 

oyster C. madrasensis, during depuration specifically for total coliforms (TC), faecal 

coliforms (FC), E. coli, faecal Streptococci, Vibrio spp. and Salmonella spp. was 

investigated. The efficiency of depuration of oysters placed in trays on the surface and on the 

bottom of the depuration tanks were compared.  

 The edible oysters Crassostrea madrasensis were harvested from a commercial oyster 

farm in Ashtamudi lake (Dalavapuram) Kollam, Kerala, a brackishwater lake located on the 

southwest coast of India (N 08º 56.910‟, E 076º 33.525‟). For experiments, approximately 

1,000 two year old oysters were collected during the winter monsoon season of November 

and December. The average length, width, depth, total weight and meat weight of oysters, 

which are used in the study was 86.70± 25.71mm, 57.21±10.02 mm, 29.60±6.67 mm, 

99.2±46.97g and 9.2±1.14g, respectively. After harvesting, an initial sample of oyster and 

surface water were taken from the oyster farm. At the laboratory, oyster and water samples 

were processed for the detection of total coliforms, faecal coliforms, E. coli, Faecal 

Streptococci, Salmonella spp.,Vibriospp. and total plate counts (Lalitha and Surendran, 

2004). The remaining organisms were transported to the depuration unit for further 

experiments. Hydrographic parameters like salinity, temperature and pH of the water at the 

farm site and in the hatchery were checked.  The fill and draw (static method) depuration 

method was followed (Lee et al. 2008). Depuration was conducted in 250 l fibreglass tanks 

(1.25×0.75×0.75 m, 200 l seawater). The seawater was settled and then serially cartridge 

filtered (10, 5, 2, 0.2 µm R.A-Mumbai) and UV (MOC: SS-313, UV intensity 900 µw / min 

/cm
2
) treated.  

Depuration experiments 

For the experiment, 400 oysters were loaded in four perforated plastic rectangular trays 

(50×30×15 cm) at the rate of 100 oysters per tray. Roughly three layers of oysters were kept 

in a tray. The density in the tank was two oysters per litre of seawater. The oysters in trays 

were elevated (by 5 cm) from the bottom of the tank to restrict recontamination with faeces 

and pseudofaeces. It has been established that the density of animals in the depuration tank 

influences the depuration process (Lee, 2010) and therefore, an alternate depuration tank was 

also kept in the same condition with same number of oysters for depuration. For every 

sampling, 10 oysters were taken for microbial analysis from tank 1. And the same numbers of 

the oysters were replaced from the alternate tank for maintaining the density of oysters in 

depuration tank 1. The seawater of the depuration tank was completely changed and replaced 

with fresh seawater at 8, 16, 24, 36 and 48 hours and the depuration tank and trays were also 

cleaned with seawater to remove all the wastes expelled by the oysters. Before every water 

change, water samples were drawn from the depuration tank and oyster samples were taken 

from the surface and bottom layer of the tray for microbial analysis. The experiment was 

closed after 48 hours. 

Enumeration of coliforms and E. coli 
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Bacterial contamination in oysters were determined at the before and during depuration at 8, 

16, 24, 36 and 48 hours. Oysters were aseptically opened in a laminar flow cabinet with 

flame blades. As per the method given by Almeida and Soares (2012), soft tissues and 

intervalver liquids (25g) were weighed and placed in sterile bags containing enough saline 

solution to make 1:10 dilution and blended for 2 min in a stomacher. The concentration of 

total coliforms (TC), faecal coliforms (FC) and E. coli were determined by MPN procedure 

using five tubes per dilution of 10 ml, 1 ml and 0.1 ml (Almeida and Soares, 2012). The TC, 

FC and E. coli were enumerated by lauryl tryptose broth (Himedia, India). The presence of 

total coliform was confirmed by gas production in Brilliant green bilebroth (Himedia, India) 

culture within 48±3 hours at 35±0.5ºC. Gas production and growth in E.coli broth (EC broth, 

Himedia, India) culture within 24±2 hours was considered a positive of faecal coliforms. E. 

coli was confirmed positive in EC-MUG tubes and indole production in Tryptone broth 

(Himedia, India) (Lalitha and Surendran, 2004; APHA, 2012).
 

Enumeration of total plate count (TPC) and faecal Streptococci and qualitative analysis 

of Salmonella and Vibrio 

Total plate count was determined by using plate count agar (PCA Himedia, India). Sample 

dilution of 10
-1

, 10
-2

 and 10
-3

 with buffered peptone water were taken. After inoculation, the 

plates were incubated for 24 hours at 36±1ºC. Colonies were counted and data reported as 

colony forming units per gram (CFU/g) (Sengor et al., 2004; Obadai et al., 2010). Faecal 

Streptococci were determined by using KF Streptococcus agar (Himedia, India). The plates 

were incub C for 48 hours and dark red colonies and colonies with red and pink 

centre were counted as faecal streptococci colonies. The results are expressed as the number 

of colony forming units per ml or g (APHA, 1970).  

The presence of Salmonella spp. was determined by USFDA, Bacteriological 

Analytical Method using RV medium and TT broth (Himedia, India) (Andrews and 

Hammack, 2001). Isolation of Vibriospp. was performed by USFDA, BAM method (Elliot et 

al., 2001). Enriched peptone water after incubation was streaked onto TCBS agar (Himedia, 

India) plate and incubated for 18-24 h at 35-37°C. The typical green and yellow colonies 

present in the TCBS agar were confirmed as recommended by the USFDA, BAM method. 

 All MPN values for TC, FC, E. coli, TPC (CFU/g), and FS (CFU/g) were converted 

to log10 values before analysis with two-way ANOVA using SPSS version 16.0. Since the 

interaction between type and time were significant, the interaction means were compared 

using student‟st test. Differences between treatment means were considered significant at p< 

0.05. Standard deviations of the 3 replicates of each sample were reported as bars in figures.  

 The salinity, temperature and pH of the farm site were 30.5‰, 29.5°C and 8.3, 

respectively. In the hatchery, salinity, temperature and pH were 32.5‰, 30.3°C and 8.1, 

respectively.   

Occurrence of microorganisms in oysters collected from farm 

 

In the oyster samples prior to depuration, the log10 MPN of TC and FC was 4.16, 4.06 MPN/ 

100g and E. coli was 3.88 MPN/ 100g. The log10 total plate count was 4.23CFU/g and 

FaecalStreptococci was 1.46 CFU/g. Prior to start of depuration process, the oyster MPN 
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value for TC, FC were more than 18000 MPN/100g and E. coli was 9100 MPN/100g. 

According to the US-FDA (NSSP) regulations, the MPN value of Ashtamudi Lake oyster and 

oyster growing water comes under restricted area where the waters are subject to limited 

amounts of pollution such that shellfish must be depurated or relayed prior to sale. 

 

Changes in coliform levels in surface and bottom oysters at different time intervals 

 

The total and faecal coliform levels in surface held oysters decreased from log10 4.16 MPN/ 

100g to log103.45MPN/ 100g within 8 h of depuration (Figs. 24, 25), but the bottom held 

oysters showed no reduction in the coliforms counts until after 8 h of depuration. Similarly 

the E. coli level in the surface oyster decreased from log10 3.88 MPN/ 100g to log10 3.22 

MPN/ 100g (Fig. 26) but there  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1. Depuration of Total coliforms (TC) in 

oysters located in trays on the surface and  

bottom at different time intervals 

 

Figure. 2. Depuration of Faecal coliforms 

(FC) in oysters located in trays on the surface 

and bottom at different time intervals 
 

 

Figure 24. Depuration of Total coliforms (TC) 

in oysters located in trays on the surface and  

bottom at different time intervals 

 

Figure 25. Depuration of Faecal coliforms 

(FC) in oysters located in trays on the surface 

and bottom at different time intervals 

 

 

Figure 26. Depuration of E. coli in oysters 

located in trays on the surface and bottom 

at different time intervals 

 

Figure 27. Depuration of Total Plate Count 

(TPC) in oysters located in trays on the 

surface and bottom at different time intervals 
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was no change in the bottom held oyster within 8 h of depuration.  The surface held oysters 

had FC and E. coli counts below the limit after 24 h depuration and the bottom held oysters 

took 48 h of depuration to reduce the coliforms levels below the limit. After 48 h of 

depuration, the coliforms counts were below 20 MPN/100g in both the surface and bottom 

held oysters. Results (Table: 1)revealed that, in case of oysters held at surface the TC, FC and 

E.coli reduced significantly (p<0.05) after 8, 16, and 24 h of depuration but further reductions 

at 36 and 48 h were not significant (p>0.05). In the case of bottom held oysters significant (p 

< 0.05) reduction in TC and FC was observed only after 24 h of depuration and further 

significant reduction was  

 

 

 

 

 

 

 

 

 

 

 

 

TC and FC was observed only after 24 h of depuration and further significant reduction was 

seen only at 48 h of depuration. In the case of E. coli of bottom held oysters the counts were 

significantly (p<0.05) reduced at 24 h and further reduced at 48 h of deputation (Table: 1). 

Changes in TPC and FS counts of oysters during depuration 

Total plate counts (TPC) of the non-depurated oyster were log104.23 CFU/g and it was 

reduced log103.87CFU/g in 8 h of depuration in surface held oysters. After 8 h of depuration, 

the total plate counts were rapidly decreased from log103.87CFU/g to log103.22 CFU/g in 16 h 

of depuration. At the end of the depuration experiment (48 h depuration) the total plate count 

 

Figure 28.  Depuration of Faecal Streptococci (FS) in oysters 

located in trays on the surface and bottom at different time 

intervals 
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was log102.27CFU/g. However, after 8 h of depuration, bottom held oysters showed a slower 

depuration rate. The TPC was reduced from log104.23CFU/g tolog103.16CFU/g (Table: 6, 

Fig: 27) after 48 h of depuration. ANOVA showed significant (p<0.05) difference in TPC 

counts between the surface and bottom oysters and there were no significant interaction 

differences (t test, p=0.426). The FS reduced tolog10 0.99 CFU/g in surface oyster 

andlog101.36CFU/g in bottom oysters from log101.46CFU/g at the end of 8 h depuration. 

Further, after 16 h of depuration the FS in surface oysters reduced tolog10 0.81CFU/g and in 

the bottom oysters it reduced to log101.30 CFU/g. No FS was detected after 24 h of 

depuration in surface oysters, but in bottom oysters it was present (log100.36 CFU/g) (Fig: 28) 

till the end of 48 h depuration. Results showed that, in case of oysters held at surface the FS 

reduced significantly (p<0.05) at 24 h and there were no significant (p>0.05) reductions at 36 

and 48 h. In the case of bottom held oysters there were no significant (p>0.05) reduction after 

8, 16, 24 and 36 h of depuration and significant  (p<0.05) reduction was seen only at 48 h of 

depuration (Table: 6). 

 Salmonella spp. was not detected in analyzed oysters or in water samples. Vibrio spp. 

was found in the oyster as well as in the water sample before depuration and it was 

completely 

Table 6. Levels of Total coliform (TC), Faecal coliform (FC), E. coli and Total plate 

count (TPC) and Faecal Streptococci (FS) for surface layer and bottom held oysters at 

different depuration times. All values are log10mean ± standard deviation. Non-identical 

superscripts column wise indicates significant difference at (p>0.05) level. The TPC 

counts between the surface and bottom oysters were not significantly different (t test= 

0.426) 

 

Sample  Time(h) 

TC 

 (MPN/ g) 

FC  

(MPN/g) 

E. coli 

(MPN/ g) 

TPC 

 (CFU/ g) 

   FS 

 (CFU/ g) 

 

Surface 0 4.16±0.17
a
 4.06±0.17

a
    3.88±0.13

a
 4.23±0.12 

    

1.46±0.30
a
 

 8 3.45±0.23
b
 3.29±0.04

b
 3.22±0.02

b
 3.87±0.21 0.99±0.26

b
 

 16 2.97±0.30
c
 2.85±0.41

c
 2.25±0.24

c
 3.22±0.63 0.81±0.14

b
 

 24 2.18±0.03
d
 1.84±0.10

d
 1.60±0.20

d
 3.00±0.10 0.001±0

c
 

 36 2.18±0.03
d
 1.81±0.23

d
 1.30±0.30

d
 2.76±0.11 0.001±0

c
 

 48 1.88±0.05
d
 1.32±0.26

e
 1.26±0.17

d
 2.27±0.34 0.001±0

c
 

 

Bottom 0 4.16±0.17
a
 4.06±0.17

a
 3.88±0.13

a
 4.23±0.12 1.46±0.30

a
 

 8 4.16±0.17
a
 4.06±0.17

a
 3.88±0.13

a
 4.12±0.03 1.36±0.02

a
 

 16 4.06±0.17
a
 3.88±0.13

a
 3.34±0.17

b
 3.70±0.62 1.30±0.21

a
 

 24 3.59±0.23
b
 3.34±0.03

b
 2.84±0.25

c
 3.47±0.49 1.07±0.19

a
 

 36 3.49±0.20
b
 3.34±0.03

b
 2.71±0.60

c
 3.33±0.56 0.93±0.05

a
 

 48 2.05±0.09
c
 1.58±0.03

c
 1.58±0.03

d
 3.16±0.18 0.36±0.30

b
 

 

 

eliminated in 8 hours of depuration. 
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 The oyster samples used in this experiment were from a commercial oyster farming 

area. In oysters, the level of faecal bacteria (E. coli and faecal coliforms), were above 

safelimits as per the NSSP and EU regulation. The oysters were sampled during the winter 

monsoon when harvest from oysters bed is more, and the high level of FC could be due to the 

feral wastes brought by the river run-off. Similar results were reported for mussels along the 

west coast of India, where high levels of FC were present only during the monsoon season in 

the Arabian Sea (Sasikumar & Krishnamoorthy 2010). They suggested depuration of mussels 

before consumption during the monsoon season.  

It is considered that the period of depuration is one of the limiting factors which is 

effective to reduce the bacterial loads (Son & Fleet 1980, Yang 2008, Lopez-Joven et al. 

2011). Another important factor in the depuration process is the placement (surface or 

bottom) of the oysters within the depuration tank, for which there are no previous reports. In 

the present study using static method,within 24 h, oysters placed in trays near the surface of 

the depuration tank  reduced the FC to under 300 MPN/100 g and E. coli to less than 230 

MPN/100 g which are the threshold levels of NSSP and EC respectively (EC 2005, NSSP 

2009). Vasconcelos and Lee (1972) showed that depuration with UV treated seawater could 

reduce the FC and E. coli counts below the limit after 24 h depuration in Pacific oysters. 

However, the present study shows that 24 h depuration was insufficient for oysters placed in 

bottom of the trays. It took 48 h to reduce the FC to under 300 MPN/100 g and E. coli to less 

than 230 MPN/g. Oysters held in surface showed a two-phase depuration dynamics, with 

faster depuration rates during the first 24 h and a slower phase during the last24 h for FC, E. 

coli and total plate count. The bottom held oysters also showed a two-phase depuration rate 

exceptfor E. coli, where the curve appeared smooth from 0to 48h. Many researchers (Power 

& Collins 1990,Doré& Lee 1995, Mcghee et al. 2008, Love et al. 2010) who used flow-

through systems have reported that a two-phase depuration is a result of differential 

lysozomal digestion.There are very clear indications that FC, more specifically E. coli, are 

not selectively retained in the gut and are readily eliminated with the oyster faeces during the 

depuration of the temperate oyster species such as C. virginica, C. gigas, C. commercialis 

and Ostrea edulis (Souness & Fleet 1979, Son & Fleet 1980, Doré& Lee 1995, Love et al. 

2010, Kasai et al. 2011). The present study also shows that, in the case of a tropical oyster 

species C. madrasensis, theE. coli are rapidly eliminated from the oyster gut. 

 The time required for the purification of polluted oysters depends upon the initial 

level of contamination (Son & Fleet 1980). Generally, bacteria are rapidly reduced to non-

detectable levelswithin 48 h of depuration (Doré&Lees 1995). Son and Fleet (1980) who 

studied depuration ofC. commercialis in Australia reported that the reduction of E. 

colinumbers from100 cells/g to undetectable levels took place in 48 h. Similarly, Rowse and 

Fleet (1984) showed that Salmonella charity and E. coli were virtually undetectable after 38 h 

of depuration in C. commercialis. Correa et al. (2007) reported,that the combination of UV 

irradiation and chlorine treatments for 12 h eliminated all bacteria in C. gigasin Brazil  and 

Kasai et al. (2011) reported that in the Japanese oyster C. gigas, the naturally occurringE. coli 

counts were significantly reduced to below the detection limit (30 E. coli MPN/100g) after 

depuration with UV treated seawater for 24 h. Similarly, the present study shows that, the 

surface held oysters required only 24 h for complete depuration. But in the case of bottom 

held oysters it needed 48 h for reducing the FS and E. coli below the threshold. Earlier 
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studies have not examined the depuration time with respect to density of animals in the tank 

(Chae et al. 2009, Love et al. 2010, Kasai et al. 2011, Phuvasate et al. 2012). The siphoning 

activity and filtration capacity of oyster is size dependant and this two can affect the time 

taken for depuration (Jones et al. 1991, Oliveira, 2011). In the present study, 2 year old 

oysters (60-110 mm length) were used, and these are the normal sizes at which oysters are 

harvested. Any change in size of oysters used for depuration can affect the results obtained in 

the present study.  

The natural occurrence of Vibrio spp. in non-depurated oysters, although at low 

concentration, might be due to the prevailing water temperatures. Several studies have 

demonstrated a positive correlation between water temperature and occurrence of Vibriospp. 

(Deepanjali et al. 2005,Chae et al. 2009, Ramos et al. 2012). The present study shows that, 

the depuration of oyster not only reduces the level of FC and E. coli but it also eliminates the 

human pathogens such as Vibriospp. and Salmonella spp. below the detectable levels. 

Therefore, these faecal bacteria are good indicators of the bacteriological quality of depurated 

oysters.The present study showed that depuration significantly reduced bacterial loads in the 

oysters. The elimination of bacterial loads in the oysters was faster in the surface held oysters 

compared with bottom held oysters. It was obvious that the bottom oysters did not function 

with the same filtration efficiency as surface kept oysters. 

Summary 

The result obtained from the present experiment shows that the application of 

depuration on oyster Crassostrea madrasensis can reduce the microbial load considerably 

and it varies significantly between the oysters located in trays on the surface and bottom. The 

depuration rate was higher in the surface held oysters when compared to the bottom held 

oysters. As per the current protocol, 24 h of depuration is needed for the surface held oyster 

to reduce the FC and E. colicount to 300/ MPN/ 100g and 230 MPN/ 100g which are the 

NSSP and EU standards. The bottom held oysters require 48 hours of depuration to reduce 

FC and E. coli to acceptable level. The study recommends a loading density two oyster per 

litre of water stacked in one layer as the optimum loading density for commercial depuration. 

5.1.4. Oyster steamer (OS) establishment 

Although in most other countries oysters are consumed live, in India, their meat is extracted 

from the shell and then used to make different dishes by consumers.  Therefore, oyster is 

marketed as meat rather than live oysters with shells. The oyster is a bivalve (two-shelled) 

animal that has a laterally compressed soft body enclosed by a shell in two hinged parts.  The 

shells are held together by powerful adductor muscles which makes difficult to open the shell 

to get to the meat, physically demanding and sometimes damaging to the hands.  Doing so is 

a time-consuming process, where a skilled person can shuck
1
 only about 25-30 oysters in an 

hour.  Additionally, the process most often results in shell grit getting into the oyster meat 

which is almost impossible to remove in down processing resulting in poor quality meat. 

                                                 
1
 Shucking is the technical term used to describe separation of meat from oyster shell. 
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 Currently, oyster farmers in India, harvest their oysters and immerse them in boiling 

water for about 15-20 minutes to get their shells open so that the meat can be extracted (Fig 

29A  

 

 

 

 

 

and B).  Apart from being an unhygienic practice, the process also most often results in 

overcooking of the meat, whereby the farmers experience considerable weight loss in oysters 

(60-70%), ultimately leading to income loss (Fig.29B).  The nectar (mantle fluid) of the 

oysters, which has substantial economic value for preparation of oyster sauce, is also lost 

during the process.  

 An automated heat shucking unit or Oyster steamer was designed, fabricated and 

tested where uniform spread of steam ensured.  It is device and process to separate oyster 

meat from shell using pressurized steam from a steam generator (Figure).  

 

Figure 29. Women oyster farmers heat shucking (A) farmed oysters 

and manually extracting (B) their meat near Ashtamudi Lake, Kerala 
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Figure 30. Oyster steamer unit with steam generator 

This is a hygienic method for extracting the meat from the oyster shell which can be further 

processed for preparation of value added products for the market. The unit can heat shuck 

(Removal of meat from shell) up to 500 oysters per 3-5 minutes using steam (Fig.30). The 

nectar of the oyster which is lost during the traditional method can also be preserved. This 

design helps to speed up the oyster opening without loss of moisture. 

Impact of Technology 

More than 80% farmers had indicated that removing oyster meat from oysters was a major 

problem (Baseline survey2008). Fuel consumption was high for heating the meat in 

traditional method.  Heat shucking by conventional method was laborious. Pieces of shell 

grits in the oyster used to be a problem. An automated heat shucking unit was developed. 

Now, the farmers can easily remove oyster meat. It reduces the physical drudgery faced by 

women during post harvest processing. It removes the chances of occurrence of shell grits in 

the meat  

5.1.5 Oyster depuration unit for High-end restaurants 

Considerable interest has been generated recently on consumption of live oysters in high-end 

restaurants in cities such as Kochi. A major lacuna in this lucrative and emerging enterprise is 

the lack of consumer confidence on quality of live oysters, particularly purity of oysters with 

respect of microorganisms. In a meeting with a large number of chefs of star hotels in Kochi 

at David Hall on 9
th

 of June 2010 organized by the CGH Earth group, scientists of CMFRI 

gave an exposition on farming of oysters and method of its purification. A consensus that 

emerged during the meeting was that oyster purification should be done in a manner which is 

visible to the restaurant clients. Accordingly ultra-pure depuration display unit (DDU) (100 x 

50 x 50 cm LxBx H equaling 0.5 m
2
) was developed. The details of design and fabrication 

are given in innovation section. A depuration display unit which could be placed in main hall 

of the restaurants and thereby attracted foreign tourists and high income group and thus live 

oyster value chain started.  The live oyster value chain has developed in the city of Kochi on 

a small- scale because of this innovation and there is a great scope to expand to other metro 

cities in the country.  
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Live oysters–A growing value chain  

 The CMFRI has a scheme for direct marketing of live oysters in high-end restaurants 

and tourists where the income enhancement can be as much as 5-6 times. After depuration the 

oysters can be sold as live to consumers. The Self Help Groups also sold live oysters to High 

end restaurants. First consignment of live oysters airlifted to Taj Mumbai.  The details of live 

oyster supplied to high-end restaurants during 2012 -14 are given in Table 7. 

  Table 7. Live oyster supply by SHGs 

High end restaurants Live oyster supplied 

  (Nos) 

Taj Malabar 1110 

Casino Hotel 1430 

Brunton Hotel 150 

Old Harbour 120 

Trident Hotel 133 

National Seafood Company 1300 

 

Before the intervention of NAIP-project, SHgroups were getting Rs 1/oyster but after 

intervention, now they are getting Rs 10/oyster.  So they got the profit of 10 times more. 

during this year. 

 

 Figure 31. A tourist consuming live oyster  

5.1.6 Protocols for long distance/durations transport of live oyster established. 

 Oyster is very rich in protein and minerals and is generally sold with shell-on and consumed 

fresh throughout the world. Eating oyster in raw form is good for health because cooking 

reduces the quantity of amino acids. Most oysters produced in the UK are distributed live and 

are frequently eaten raw or sometimes lightly cooked (Stroud, 1981). In India, edible oyster, 

Crassostrea madrasensis farming is being practiced by several farmers, especially women 

Self-Help Groups in central Kerala employing the rack and ren method in the estuaries and 

backwaters. However, farmed oysters do not find ready market acceptability and good price.  

After introduction of depuration system for high-end restaurants through the National 
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Agriculture Innovative Project (Mohamed et al., 2011), consumer confidence in the product 

has increased and thereby, rate per live oyster has increased from Rs. 1 to Rs. 7.5.  Thus, the 

live oyster value chain has been developed in the city of Kochi and has great scope to expand 

to other metro cities (Mohamed and Kripa, 2013). It is generally understood that to maintain 

a high survival rate and good meat quality throughout storage, one must pay careful attention 

to many factors including condition of the oysters, packaging, humidity and temperature. If 

the live value chain has to expand in other cities, there is a need for long distance 

transportation of live oysters and for its survival in a display unit or tank. Although few 

relevant studies have been carried out (Rajapandian and Muthiah, 1987; Samuel et al., 1987), 

no information about the storage condition and survival of edible oysters in the transport box 

during long distance transportation are available. The effect of low temperature on the 

survival of the live oyster during long distance transportation and there after its recovery 

period in tank was studied and thereby evolves an effective live oyster transport protocol. 

 

 For the experiment, a total of 100 two year old farmed depurated oysters were used. 

The oysters were collected from a Sathar Island oyster farm Ernakulum, brushed clean of all 

epibionts, kept moist and used for the experiment within 6 hours. Experiments were 

undertaken at the Edible Oyster Hatchery of Central Marine Fisheries Research Institute, at 

Narakkal, Kochi, India. The mean length, width, depth and weight of the oysters were 69.96 

mm, 54.95 mm, 28.17 mm, and 61g respectively. Oysters were kept in a rectangular 

thermocol box 50x30x35cm, with total volume of 30litre. 100 oysters were placed in four 

vertical layers (i.e., 25 oysters in each) and covered with a wet gunny (jute) bag (Fig. 32) at 

the top and bottom. The box was packed with ice at the top and bottom at a thickness of 5cm 

and perforated thermocol sheets were placed at both ends in order to avoid direct contact of 

oysters with ice (Fig. 33).  

 

 
 

Figure 32. Oysters placed on wet gunny bag arranged in the thermocol box. 
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 The ice packs used in the experiment were prepared by using freshwater, which was 

packed in polythene zip-lock covers and placed in deep freezer. The polythene cover was 

used to curtail the leaking of melted water. Two thermometers were placed at both ends of 

the box for measuring temperature at the surface and bottom of the oyster layers respectively 

at an interval of two hours. Two oysters were taken from the box at every two hours and 

placed in a tank containing filtered seawater for monitoring continually their recovery. This 

experiment was continued up to 48 hours after which all the oysters were returned to a tank 

with filtered seawater, and provided with cultured diatom as feed and monitored daily (upto 8 

days) for survival. 

 
Figure 33. Cross section of rectangular thermacol-transport box with oysters. 

 

 Table 8 shows the surface and bottom temperature of the experimental box containing 

oysters and their recovery (at every two hours) and the time taken for it. The patterns of 

temperature at surface and bottom of the box containing oysters were different. Surface 

temperature gradually decreased from the inception (15.8˚C; 00h) onwards and reached the 

minimum at 10h (9.7˚C). Thereafter, it increased steadily and reached the maximum at the 

conclusion of experiment (25.2˚C; 48h).  Bottom temperature of the box ranged between 9.7 

to 28.4˚C with the minimum seen in 14h and maximum observed at the beginning of the 
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experiment. Bottom temperature decreased steadily from 28.4˚C at the beginning and reached 

the minimum at 14 h (9.7˚C). Thereafter, it increased gradually to the termination of the 

experiment (25.7˚C; 48h).  The Table  

temperature fluctuations were within the optimal range and sufficient for the survival of 

oysters with a minimal stress. Different storage temperature and conditions are required for 

the different species and the protocol of one species of oyster may not apply to another. For 

instance, 

 

Table 8.Temperature recordings in the experimental box containing oysters and their 

recovery percentage 

 

Time Temperature   

 

(h) 

Surface            

(˚C) 

Bottom 

(˚C)      

Recovery  

(%) 

Time taken for 

recovery(mins) 

00 15.8 28.4 - - 

02 15.5 28.0 100   2 

04 14.7 21.3 100   2 

06 13.5 16.7 100   2 

08 11.1 13.5 100   2 

10 09.7 10.9 100   2 

12 13.4 09.9 100   3 

14 13.9 09.7 100   3 

16 14.0 10.0 100   3 

18 15.6 10.8 100   3 

20 17.0 12.1 100   3 

22 17.8 13.7 100   5 

24 19.2 16.1 100   5 

26 19.4 17.9 100   5 

28 20.8 19.3 100   5 

30 21.3 19.6 100   5 

32 21.9 20.1 100   5 

34 22.7 21.7 100   6 

36 23.0 23.2 100   6 

38 23.6 24.0 100   8 

40 23.6 24.8 100   8 

42 23.9 25.1 100   8 

44 24.0 25.3 100 9 

46 24.6 25.5 100 11 

48 25.2 25.7 100 11 

 

Pacific oysters are transported and stored under refrigeration (5˚C) for maximum shelf life, 

while Sydney rock oysters are stored at temperatures below about 8˚C (Bird et al., 1995). In 

the present study, animals were allowed to recover at every two hours (Table 8) during the 
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entire course of the experiment. Surprisingly, all animals were found to recover well even 

after 48 h. the time taken for recovery of oyster ranged from 2 minutes at the start of the 

experiment to 11 minutes after 48 h. Keeping oysters in moist and cool conditions has 

probably aided their recovery as also observed by Stroud (1981) in European oyster Ostrea 

edulis and Pacific oyster Crassostrea gigas. Stroud, (1981) based on his studies in the 

handling and processing oysters in Aberdeen, Scotland stated that oysters can survive out of 

water for weeks, if carefully handled and kept cool and moist by covering with a damp cloth. 

He further stated that oysters should be carried with 

the cupped half of the shell downwards and the edge of the shells should not be damaged 

since they will rapidly lose liquid from within.   

Oyster can survive at water temperatures as low as -2˚C and as high as 49˚C; Survival 

at either temperature extreme increases when the oysters are covered with waters (Harding et 

al., 1999). Temperature is the most important exogenous factor regulating the metabolism of 

exothermic organisms and its influence on the rates of oxygen consumption, feeding and 

nitrogen excretion in temperate species of bivalves has been studied extensively (Newell and 

Bayne, 1980; Bayne and Newell, 1983). Because oyster metabolism is directly correlated 

with water temperatures, temperatures affect every aspect of oyster biology including 

reproduction, larval success, settlement, feeding, growth and development. At very low and 

very high temperatures, oyster metabolic rates decrease to maintenance levels. At 

intermediate or „‟normal‟‟ temperatures, oyster metabolic rates increase seasonally enabling 

growth and reproduction.  

  Survival of the oysters of the box was monitored visually in a tank after the 

experiment for 8 days (Table 9). No mortality was observed in animals (52 numbers) upto 4 

days. Thereafter, 5 animals were found dead during 5
th

 and 6
th

 days (nearly 10% mortality).  

It can be concluded that live oysters can be safely transported for a period of 48 h with 90% 

survival.  Pacific oysters (Crassostrea gigas) stored in air with water sprinkling at 7°C had 

52-80% of survival after 20 weeks storage (Seaman, 1991).  Samuel et al., (1987) have 

reported a mortality rate of 0.45% when live oysters were transported and stored without 

seawater upto 24h at ambient temperature. Similar observations were made by Rajapandian 

and Muthiah (1987) when live oysters were transported from Tuticorin. The percentage of 

mortality (10%) observed in the present study is more compared to that observed earlier. This 

may be because the earlier observations were limited to recovery of oysters after 

transportation not the survival upto 8 days as observed in the present study and also the 

duration of transportation is half compared to the present experiment. They had also 

moistened the gunny bag containing oysters with seawater frequently throughout the journey 

by road and also drained the excess water at frequent intervals.  However, the present 

protocol is recommended since the oysters have high survival even after 8 days. These 

oysters can also be used in high-end restaurants where depuration facilities are available.   

 

Summary 

 

The survival of the tropical edible oyster (Crassostrea madrasensis) was examined under the 

condition of ice-storage in a rectangular thermocol-transport box for a period of 48 h. A total 

of 100 two-year old farmed oysters were used for the experimental transportation. Inside the 
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Table 9. Survival of the oysters after the experimentation 

Number of  Number of Mortality 

days oysters (%) 

1 52 Nil 

2 52 Nil 

3 52 Nil 

4 52 Nil 

5 50 3.8 

6 47 6.0 

7 47 Nil 

8 47 Nil 

 

   

box, all oysters were arranged in four layers covered with wet-gunny bags and lined on the 

top and bottom with ice. Surface and bottom temperature of the transport box varied from 9.7 

to 25.2˚ C and 9.7 to 28.4˚ C respectively during the 48 h exposure. The patterns of changing 

temperature at the both surface and bottom were found to be different. Recoveries of the 

oysters at every two hours till 48h were monitored by taking random samples from the box. 

All the oysters recovered within 1 h of being placed back into seawater and there was close to 

100% recovery within 2 hours.  Survival was more than 90% after 8 days of the experiment. 

 

Table 10. Proximate composition of oyster products 

Proximate composition (%)               

Product DM Moisture CP EE CF NFE Ash AIA Energy 

                  Kcal /100g 

FOC 29.91 70.09 5.02 11.08 2.59 8.98 2.24 0.07 169.89 

FOS 6.13 93.87 0.56 0.54 0.02 4.42 0.59 0.02 26.39 

FOP 40.05 59.95 6.90 20.77 3.04 6.57 2.77 0.10 262.20 

FOPV 37.41 62.59 5.26 18.11 2.05 9.94 2.05 0.28 241.61 

FOCV 21.01 78.99 2.97 8.36 1.24 6.82 1.62 0.05 123.74 

FOC 29.67 70.33 5.73 13.83 1.40 6.58 2.13 0.02 190.05 

FOM 15.92 84.08 7.28 3.71 0.33 3.95 0.65 0.03 92.39 

OC 30.07 69.63 4.53 12.31 4.68 6.62 2.23 0.06 169.07 

B-IQF 20.19 79.81 9.34 3.31 0.04 6.94 0.56 0.01 112.50 

 

Notes: Products – FOC= frozen oyster curry; FOS=frozen oyster soup; FOP=frozen oyster 

pickle; FOPV=frozen oyster pickle with vegetable; FOCV= frozen oyster curry with 

vegetable; FOC=frozen oyster curry; FOM=frozen oyster meat; OC=oyster curry; B-IQF= 

Blanched individual quick frozen oyster. Composition – DM = dry matter; CP = crude 

protein; EE = ether extract or crude fat; CF = crude fibre; NFE = nitrogen free extract or 

soluble carbohydrate; AIA = acid insoluble ash 
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5.1.7 Biochemical composition of oyster and oyster products 

Different oyster-based products were analyzed for nutraceutical and nutritional properties. 

Nutritional and medicinal information for labeling oyster products were generated in this 

sponsored project. The products analyzed for proximate composition and fatty acids were 

fresh oyster, frozen oyster, frozen oyster soup, frozen oyster curry, blanched oyster, oyster pickle, oyster 

pickle with vegetable. Proximate composition and fatty acid composition of the various 

oyster products developed under this project are given in Table 10 and Table 12 respectively. 

Analyzed proximate composition of various oyster products is comparable with other oysters 

as shown in the Table 11.  

 

Table 11. Proximate composition of other oyster and oyster products 

 

Proximate composition (%)           

Product DM Moisture CP EE CF NFE Source 

                

Farmed eastern 13.76 86.24 5.17 1.53 na 5.53 www. nutrition 

oyster raw 
      

data. Com 

Pacific oyster 18.00 82.00 9.40 2.20 na 5.00 www. nutrition 

raw 
      

data. Com 

Wild eastern  na na 7.05 2.45 na 3.90 Netzer T. C.  

oyster 
      

1997 

Farmed eastern na na 6.93 2.12 na 7.41 Netzer T. C.  

oyster 
      

1997 

Pacific oyster na na 11.84 3.05 na 6.58 Netzer T. C.  

raw 
      

1997 

Wild eastern 14.80 85.20 7.10 2.46 0.00 3.90 www. health  

oyster raw 
      

aliciousness. 

       
com 

Wild eastern 29.70 70.30 14.10 4.91 0.00 7.80 www. health  

oyster cooked 
      

aliciousness. 

       
com 

Pacific oyster 17.90 82.10 9.50 2.30 0.00 5.00 www. health  

raw 
      

aliciousness. 

       
com 

Oyster curry na na 7.05 2.46 na 3.91 www.ars.usda. 

              gov/foodsearch 

  Note: na= not available 

 

The fresh oyster was found to possess 7.24-7.86% DHA, and 10.96-10.62% EPA.  Among 

saturated fatty acids, 16: 0 was the major fatty acid (22.84-21.45%), followed by 18:0. The 

total monounsaturated fatty acids contributed 14.41-16.34% of the total fatty acids, 16:1n7 

and 18:1n9  

http://www.ars.usda./


52 | P a g e  

 

Table 12. Percentage of total fatty acid composition of various oyster products vis-à-vis 

fresh  oyster                               

 

Fatty acids (% total fatty acids)           

  Fresh Fresh Frozen Frozen Frozen Frozen Frozen Frozen 

  oyster oyster oyster oyster oyster oyster oyster oyster 

          soup soup curry curry 

Saturated fatty acids             

6.0 ND ND 0.13 0.15 ND ND 0.3 0.27 

8.0 ND ND 2.27 2.33 ND 0.01 4.8 4.69 

10.0 ND ND 1.79 1.24 ND 0.02 3.61 3.42 

12.0 0.25 0.28 12.48 12.19 1.45 1.52 16.65 15.83 

13.0 0.04 0.02 0.01 0.02 0.06 0.03 0.07 0.05 

14.0 3.58 3.63 6.73 5.48 1.00 1.06 12.43 12.8 

15.0 1.44 1.59 0.01 0.02 0.07 0.15 0.17 0.13 

16.0 22.84 21.45 9.2 8.79 8.71 8.42 11.43 11.59 

17.0 5.33 5.39 0.03 0.02 0.06 0.05 0.47 0.41 

18.0 5.12 6.09 4.4 4.92 4.86 5.07 4.35 3.86 

20.0 2.21 2.17 0.22 0.29 0.34 0.28 0.21 0.25 

24.0 0.99 0.85 0.54 0.58 0.35 0.39 0.17 0.13 

∑ SFA 41.79 41.47 33.64 36.03 16.90 17.00 45.97 53.43 

Mono unsaturated fatty acids                             

14:1 0.12 0.16 0.07 0.05 0.13 0.15 0.17 0.13 

16.1n7 5.14 5.38 0.31 0.41 0.24 0.28 0.71 0.64 

18:1n9 8.11 8.52 23 22.49 29.32 28.60 16.40 15.39 

17:1 0.16 0.29 0.03 0.02 0.04 0.02 0.07 0.05 

20:1n11 0.88 1.17 0.11 0.18 0.24 0.28 0.20 0.28 

24:1 0.94 0.82 0.49 0.56 0.41 0.37 0.15 0.11 

∑ MUFA 14.41 16.34 23.52 23.71 29.97 29.70 17.56 16.60 

Polyunsaturated fatty acids             

18:2n6 2.71 2.59 33.05 31.74 46.09 45.18 23.15 24.27 

18:3n6 4.24 4.33 0.27 0.21 0.27 0.29 0.27 0.23 

18:3n3 1.62 1.68 0.59 0.62 0.94 1.12 0.35 0.28 

18:4n3 0.93 0.79 0.02 0.02 0.10 0.13 0.04 0.02 

20:2n6 0.79 0.58 0.06 0.05 0.10 0.08 0.04 0.07 

20:3n6 3.03 3.15 0.2 0.23 0.13 0.19 0.44 0.59 

20:4n6 3.37 3.46 0.23 0.18 0.07 0.11 0.37 0.28 

20:5n3 10.96 10.62 0.71 0.79 0.42 0.48 1.48 1.51 

22:5n3 1.00 0.86 0.32 0.33 0.39 0.35 0.11 0.09 

22:6n3 7.86 7.24 0.98 0.95 0.59 0.61 1.07 1.12 

∑ PUFA 36.51 35.3 49.11 35.12 49.10 48.54 27.32 28.46 

 

Table 12. Percentage of total fatty acid composition of various oyster products vis-à-vis 

fresh oyster (Contd.)                               
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Fatty acids (% total fatty acids)       

  Blanched Blanched Oyster Oyster Oyster Oyster 

  oyster oyster pickle pickle Pickle with Pickle with 

          vegetable vegetable 

Saturated fatty acids         

6.0 0.07 0.03 0.05 0.03 0.04 0.05 

8.0 0.01 0.02 0.04 0.02 0.08 0.07 

10.0 0.05 0.06 0.05 0.04 0.02 0.04 

12.0 0.03 0.04 0.10 0.08 0.02 0.05 

13.0 0.00 0.00 0.00 0.00 0.00 0.00 

14.0 4.02 4.15 0.41 0.36 0.28 0.32 

15.0 1.15 1.09 0.04 0.03 0.02 0.05 

16.0 21.66 20.32 8.51 8.72 9.16 8.84 

17.0 4.53 4.61 0.35 0.44 0.13 0.21 

18.0 5.31 4.86 4.08 4.15 4.91 5.06 

20.0 2.03 2.19 0.34 0.48 0.44 0.48 

24.0 0.41 0.33 0.33 0.86 0.36 0.39 

∑ SFA 39.27 37.70 14.30 15.21 15.46 15.56 

Mono unsaturated fatty acids                         

14:1 0.18 0.15 0.08 0.04 0.07 0.05 

16.1n7 5.93 5.88 0.38 0.32 0.30 0.38 

18:1n9 8.64 9.11 25.83 23.6 29.99 28.07 

17:1 0.42 0.39 0.08 0.05 0.04 0.06 

20:1n11 0.21 0.32 0.26 0.29 0.20 0.25 

24:1 0.8 0.83 0.23 0.15 0.26 0.18 

∑ MUFA 16.18 16.68 26.86 24.45 30.86 28.99 

Polyunsaturated fatty acids         

18:2n6 2.42 2.18 51.6 52.03 45.65 43.71 

18:3n6 3.71 3.63 1.03 1.29 1.01 0.98 

18:3n3 0.70 0.76 0.11 0.08 0.15 0.21 

18:4n3 0.09 0.11 0.15 0.21 0.03 0.05 

20:2n6 0.02 0.01 0.71 0.59 0.91 0.88 

20:3n6 0.20 0.23 1.84 1.63 2.39 2.16 

20:4n6 2.95 2.56 0.13 0.2 0.10 0.18 

20:5n3 12.55 12.06 0.57 0.67 0.44 0.41 

22:5n3 1.04 0.98 0.07 0.05 0.09 0.14 

22:6n3 9.71 9.64 0.38 0.37 0.25 0.17 

∑ PUFA 33.39 32.16 56.59 57.12 51.02 48.89 

 

 

being the prominent ones (5-8%).  The total n-6 fatty acids were found to be less in fresh 

oyster samples. Interestingly, frozen oyster samples were found to contain very less highly 

unsaturated fatty acids (0.98-0.95% DHA, and 0.71-0.79% EPA). However, the n-6 fatty 

acids viz., 18:2n6 was recorded to be significantly high (31.74-33.05%) among other fatty 

acids. Among monounsaturated fatty acids, 18:1n9 was recorded to be very high (22.49-
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23.00%), whereas the share of 16:1n7 was found to be significantly reduced (0.31-0.41%) as 

compared to the fresh oyster samples (5.14-5.38%). Frozen oyster soup was found to possess 

higher PUFA (48-49%) than that in frozen oyster curry (27-28%).  The higher PUFA in the 

former was mainly contributed by 18:2n6 (45-46%). Interestingly the content of EPA and 

DHA in both the preparations was less than 2%. Saturated fatty acids were found to be more 

in f rozen oyster curry (45.97-53.43%), mainly contributed by 12:0 (16.65-15.83%), 14:0 

(12.43-12.80%), and 16:0 (11.43-11.59%). However frozen oyster soup was found to contain 

lower content of saturated fatty acids (~17%), and short chain fatty acids (C6-14) were 

recorded below 2%, unlike oyster curry. It is apparent that cooking at high temperature 

degraded the long chain fatty acids to their short chain forms 

The blanched oyster was found to possess higher DHA (9.64-9.71%) and EPA (12.55-

12.06%), whereas 18:2n6 was found to be significantly lower (2.42-2.18%). Interestingly in 

oyster pickle and oyster pickle with vegetable the contents of EPA and DHA were found to 

be significantly low (<1%), and the high content of PUFA (>50%) in these two preparations 

was mainly contributed by the presence of 18:2n6 (51.60- 52.03% in oyster pickle, and 

45.65- 43.71% in oyster pickle with vegetable).  No significant differences are apparent in the 

contents of saturated fatty acids (14-15%) and monounsaturated fatty acids (26.86- 24.45% in 

oyster pickle and 28.99- 30.86% in oyster pickle with vegetable, oleic acid being the major 

monounsaturated fatty acid.   

The proximate composition and the profile of polyunsaturated fatty acids in fresh and 

processed oysters were estimated. This was used for developing as OYSTER FACT 

SHEET‟‟ in oyster products and for promoting oyster market. 

 

 

Experience with private partners/NGOs 

 

5-stars hotels who marketed live oysters to their customers expressed satisfactory in the 

process and quality of the product. Because of this, value of live oysters increased from Rs. 1 

to Rs 10 per oyster.  A Kollam based NGO took up the post harvest technologies developed 

for oysters for replication in the clam processing sector with remarkable success (Fig. 34). 

Domestic market for the new value added products is well established at Kollam. Owing to 

value addition, price of meat is increased from Rs. 65/kg to 200/kg thereby improving the 

livelihood status of the SHGs involved with this unit. Women Self Help Groups involved in 

the project expressed their happiness about the project because of the above mentioned 

interventions made throughout the value chain. Now SHGs are getting more profit of their 

produce than what they got before the interventions through the project. 
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Figure 34. A new shell fish value added production unit at Kollam 

 

 

Health status of oyster 

 

During the period under report, routine sampling of Crassostrea madrasensis was 

done from the proposed locations at Tuticorin, Kollam and Cochin to address the oyster 

health and diseases.  

The collected animals were either fixed or brought to the laboratory in live condition 

& maintained for further studies. Samples were shucked and examined for gross macroscopic 

abnormalities. Parameters like general appearance, fouling, shell damage, gaping, retraction 

of mantle, wateriness of the tissues, abnormal coloration, presence of abscess, lesions, 

pustules, tissue discoloration etc. were considered while assessing the condition of the 

oysters. Samples were dissected under a stereomicroscope. Tissue squash preparations were 

taken from mantle, gonads, digestive tubules and gills and were examined using a compound 

microscope.  Evaluation of the health status of oysters was made by assessing the general 

health condition through condition index values (CI) and recording the presence of parasite, 

intensity of infection, prevalence and extent of tissue pathology caused by it (Table 14). 

Disease diagnosis was made using qualitative methods and screening techniques like 

RFTM culture assay, histopathology, and PCR. Pathological conditions recognized by shell 

condition including ligament degradation and periostracal abnormalities and presence of 

ectoparasites were also recorded according to their presence. 

The results showed 100% prevalence for Perkinsus sp. as per PCR (nested) screening 

which has high sensitivity, while RFTM assay showed only 0-16% prevalence, indicating the 

relatively less sensitivity of this method compared to the PCR screening. Though, earlier 

studies indicated similarity of the parasite to P. olseni, further studies was carried out to 

reveal the exact taxonomic status of the parasite.  Earlier studies using the OIE recommended 

RFTM  technique have clearly showed the presence of the protozoan parasite Perkinsus sp. in 
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C. madrasensis samples collected from all the three locations. Confirmatory diagnosis using 

PCR technique also indicated the presence of Perkinsus sp.(Table 13). 

Histopathology: Histology screening showed positive results with trophozoite stages of 

Perkinsus sp. The parasite stages were mostly observed in the connective tissue, especially 

adjacent to the epithelial lining of the stomach, among the digestive tubules and in the 

muscles (Fig.35). Though, no apparent lesions were observed in the tissues, destruction of 

digestive tubules was evident in the samples examined. Irrespective of the status of infection, 

damage to digestive tubules was observed in 90.91% of the samples from Tuticorin while it 

was 50% in samples from Kollam which could be an indication of pollution in the Tuticorin 

waters. 

 

 

 

 

 

 

 

 

 

Figure 35. Perkinsus sp trophozoites in the connective tissue 

Molecular Taxonomy: Cloning and Sequencing: 

The results for ITS region showed 98-100% identity to Perkinsus sp. including P. beihaiensis 

and the Brazilian Perkinsus sp. with 96-100% query coverage (E value = 0). In the case of the 

actin sequence, the similarity observed was 99-100% with P. beihaiensis. The sequence 

information generated was submitted to NCBI database (Table 13). 

Phylogenetic analysis: The pairwise genetic distance values and phylogenetic analysis 

confirmed that two of the sequenced samples belonged to the P. beihaiensis clade while the 

other four showed close affinities with the Brazilian Perkinsus sp. clade. The study reports 

the presence of P. beihaiensis and another slightly different variant of P. beihaiensis for the 

first time in C. madrasensis populations from the Indian sub-continent and south Asia.  

 

Pathogens observed during the study: A 100 % prevalence was obtained for Perkinsus 

infection for all the three locations.  The other endo parasites found infecting C. madrasensis 
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included the protozoan, Nematopsis sp., gill and gut ciliates and larval trematode (Bucephalus 

sp.) infection of gonads (Figure 36A). Ecto parasites includes polychete worm, P.cliata, 

boring sponge, Cliona spp., pea crab, limy tube worm, barnacles, Cirolana fluviatilis, nereis 

etc.  The polychaete worm P.cliata and boring sponge, Cliona spp. clearly showed adverse 

effects on the condition index of the oyster.  

Table 13. Sampling details and prevalence of Perkinsus spp. in Crassostrea madrasensis 

based on Ray‟s fluid thioglycollate medium (RFTM) and PCR screening techniques. Prev.: 

prevalence 

 

Place Station RFTM  PCR  Sequencing    

    No. Prev. No. Prev. No. Gen Bank AN  

    examined (%) examined (%) Sequenced ITS  

    (+ ve)   (+ ve)   (Sampled ID)     

VL 8⁰ 57‟ N 47(15) 32 44(13) 30 1(CmPb Ttn 1) JN054741 JN807331 

 78⁰ 12‟ E        

TB 8⁰ 46‟ N 20(1) 5 13(10) 77 -- -- -- 

 78⁰ 09‟ E        

KC 8⁰ 45‟ N 20(6) 30 5(1) 20 1(CmPb Ttn 4) JN054744 JN807333 

 78⁰ 09‟ E        

PK 8⁰ 37‟ N 15(2) 13 17(2) 12 2(CmPb Ttn 2) JN054742 -- 

 78⁰ 07‟ E     CmPb Ttn 3) JN054743 JN807332 

KL 8⁰ 56‟ N 60(9) 15 57(1) 2 1(CmPb Klm 1) JN054740 -- 

 76⁰ 33‟ E        

EK 10⁰ 11‟ N 60(5) 8 51(3) 6 1(CmPb Ekm 1) JN054739 JN807334 

 76⁰ 11‟ E        

Note: VL = Veppalodai; TB = Tuticorin Bay; KC = Korampallam Creek; PK =Punnkayal; 

KL=Kollam; EK= Ernakulum; AN = Accession Number 

Larval Bucephalus infection 

Larval trematodes of the genus Bucephalus use bivalves as their primary intermediate host. 

Larval Bucephalus infections were observed in samples collected from Tuticorin and the 

prevalence of infection was 3.3 %. The infected animal did not exhibit any apparent external 

manifestations but the squash preparation of gonadal tissues indicated the presence of 

developmental stages of trematode infection. Histopathological evaluation of the infected 

specimen showed severe tissue level changes compared to unparasitized specimen and the 

intensity of infection was rated as 2 on the semi-quantitative scale. In infected C. 

madrasensis, intramolluscan larval stages have invaded the gonadal tissues (Fig.36 A) which 

were totally replaced by the developmental stages of the parasite and the region between the 

mantle and digestive tubules were found packed with slender, branching sporocyst (Fig 36 

B). In infected C. madrasensis, the characteristic acinar architecture was altered when 

compared to unparasitised oysters. The number and area of gametogenic acini has been 
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reduced drastically and the remnants of the gonads were represented by small, irregular 

patches of gonadal tissues lying along the edges or interspersed within the developing 

sporocyst mass. Immune response of C.  

 

 

 

 

 

 

 

 

 

Figure 36. A. Developing sporocyst mass in the gonadal region; B. Detailed view of 

sporocyst with developing germballs 

Table 14. Sampling details, Condition index and Endoparasites in Crassostrea madrasensis 

Sampling No. Condition index  Endoparasites 

code samples (Average)   

Tuticorin       

Cm tt 39 30 0.050 Trematode - Bucephalus 

  
  

sp., gill ciliate 

Cm tt 42 23 0.040 ciliates (in digestive 

      tubules) 

Kollam       

Cm 43 28 0.037 ciliates (in digestive 

      tubules) 

Ernakulam       

Cm 37 18 0.040 Nematopsis Oocyst 

Cm 40 10 0.037 ciliates (in digestive 

  
  

tubules), Nematopsis  

      Oocyst 

 

madrasensis against the larval forms was almost absent except for very low levels of 

hemocytic infiltration observed in the connective tissues adjacent to sporocysts in some 

regions. The infection is in an active stage which after invading the entire gonadal mass has 
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started spreading over to the digestive gland and gills. But the altered tissue architecture as 

evidenced by the absence of typical acinar lumen and gonoducts and the drastic reduction in 

the number and volume of the gonadal acini appears to be insufficient to support any gametic 

release, thus leading to functional parasitic castration of the host. 

 Sporocyst of the gregarine Nematopsis sp. were found in the connective tissue of 

mantle and digestive tubules of oyster collected from Kollam with a prevalence of 28% (Fig. 

37). Gregarines of genus Nematopsis use bivalves as their intermediate host but are not 

known to cause any serious damage to their hosts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37. Nematopsis spores in connective tissue between digestive tubules of C. 

madrasensis from Kollam 

 

Quality assessment of oyster meat and environmental impact assessment of oyster farms 

The work on quality assessment of oyster meat and the environmental impact assessment of 

oyster farms with special reference to sediment quality were carried out during 2009-2013. 

During 2009-10, works was initiated for collecting water and sediment samples for 

estimating hydrological parameters, organic carbon, and soil texture of oyster farms at 

Moothakunnam based on discussion in NAIP workshop and CAC meetings.  

 Top sediment samples upto 5 cm depth were collected using a PVC corer from two 

farms (Farm 1 and Farm 2) which were stocked with edible oyster and from two locations 

outside the farm; one from the channel side and the other from the inter space between Farm 

1 and Farm 2 for Environmental Impact Assessment studies.  The space between farms was  

2 m.  Soil texture (percentage sand, silt and clay) were analyzed by the International Pipette 

method and percentage organic carbon by the Walkely and Black method. 
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               In 2010-11,  sampling  and analysis of oyster meat for quality assesment for 

pesticides (organo chlorines and organophosphorus) content as per the decisions based on 

discussions in NAIP CAC meetings. The results of pesticide  analysis showed below 

detectable levels of pesticides   (pp-DDT, pp-DDD,   op-DDD, op-DDT, pp-DDE, op-DDE, 

Lindane α, β,r,δ, Endosulfan, Endosulfan Sulfate, Aldrin, Dieldrin, Endrin, Monochrotophos, 

Phorate,     Malathion)  in oyster meat both small and big size  groups of farmed oyster. The 

oyster from natural beds also did not detect any of these pesticides.  

The results of Environmntal Impact Assessment of oyster farms at Moothakunnam are as 

follows: 

   The impact of oyster farming on the organic carbon content and texture of sediment 

was studied for F1 (1 year old farm), F2 (2 year old farm) and F3 (3 year old farm). 

The impact assessment was repeated after six months.   

 The percentage of organic carbon was high at F1 and F2, but decreased in the F3 farm 

as shown in figures below. This indicates that there is no long term negative impacts 

organic accumulation till 3
rd

 year. (Fig. 38 and Fig. 39 ) 

 

Figure 38. Sediment texture and organic carbon in oyster farms at Moothakunnam (0-

5cm) 



61 | P a g e  

 

 

Figure 39.  Sediment texture and organic carbon in oyster farms at Moothakunnam (5-10cm) 

 

 The inter-space between  F1 and F3, was found to be impacted by both the farms. 

This was seen in the sediment sample analysis before six months also (Fig 3 and Fig 4 

) 

 The space near to F2 was also found affected by farming as seen from the increased  

silt content in this site. The organic carbon content did not vary significantly in the 

near-by sites of farming locations (Fig 40 and 41). 

 

 
 

Figure 40. Sediment texture and organic carbon content at oyster farms of Moothakunnam (top 0-
5 cm)  
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Figure 41. Sediment texture and organic carbon at oyster farms of Moothakunnam (5-10cm deep) 

 

 The inter-space between Farm 1 and Farm 2 was found to be impacted by oyster 

farming.   The sediment from this site showed 20% increase in silt than that of Farm 1 

and 15% increase in silt than that of Farm 2 (Fig. 42).  However, in the sediment from 

the channels site there was no significant difference in silt content. 

 

 

Figure 42. Soil texture and organic carbon in the top sediment of oyster farms and impact 

sites 

 

 It is inferred that when the farms are very near, the inter space between the two farms 

is impacted by the both the farms.  When oyster rens are suspended from the racks, the fecal 
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and pseudo fecal matter fall from the column to the sediment with the tidal water flow.  From 

the rens bordering the farm, the fecal matter can fall outside the farm also due to tidal flows.  

If farms are closely spaced, the water flow will be reduced and this can increase 

sedimentation rates within the farm and in the inter space region.  Also, when the spacing is 

less, the inter space will be impacted by both the farms and this can change soil texture.  In 

the channel area, percentage of silt is similar to the farm area since there is no obstruction. 

Even though there is slight increase in organic carbon in the inter space region from that of 

farm 2, it was less than that of Farm 1.  Significant change in organic carbon was not 

observed. 

Accordingly a management advisory is put forth based on sediment characteristics for 

sustained development of oyster farming and for reducing impacts on benthos. Since the 

benthic faunal assemblages can change depending on the sediment texture and organic 

carbon, it is recommended that the interspacing between two oyster farms should be made 

mandatory and can be kept at a minimum 10 m (please see Fig 43 graphic representation).  

 

Figure 43. Interspacing between two farms 

 

 



64 | P a g e  

 

Sediment changes can lead to variation in benthic biota which can cause imbalance in the 

food wed.  Hence, scientific advisories which can reduce the negative impacts of mariculture 

are essential for sustained farming. 

 In order to develop on hydrographic conditions of commercial oyster farms in Kerala.  

Oyster farm ecology was studied in detail. Hydrologic parameters like TSS, salinity, pH, 

productivity, ammonia, nitrate, nitrite, phosphate, total suspended solids, phytoplankton 

biomass, microbial load, of the seawater at the farm site and control site were monitored and 

it was found that there is no negative impact on the water characteristics due to oyster 

farming.  

 The oysters were also analyzed for assessing the levels of heavy metals (Cu, Zn, Cd, 

Mn, Fe, Hg, and As) and pesticide residues. All the results indicated high quality of farmed 

oysters 

 

Seed production in Sand Lobster 

 A lobster hatchery facility was established in the New Mariculture Complex at 

Kovalam   Chennai which is the first unit for seed production and training farmers in 

technical protocols of seed production.  

Lobster hatchery facility has the following important units  

 Broodstock maturation facility (8x3 t), 

 Spawning facility (1 x12 t), 

 Quarantine facility (300liter x 5), 

 LRT facility (5x 800 litres) 

The new facility if run with the required stock and sea water requirements could support 

nearly 5 runs of Scyllarid phyllosomal larvae at each time. Broodstock tanks run on closed 

recirculatory system . Nearly 400 adult sand lobsters can be held in the maturation facility. 

The juveniles raised to adult stock have thus far developed into nearly two hundred adult 

stock and successful mating and egg laying has been noticed in 50 numbers. Incubation and 

other variable impact trials are on in the facility. The brooders were held in sandy substrates 

and fed daily with live clams. The light intensity and temperature parameters are the two 

variables which under control yield maturation results in the sand lobsters. Lowering of 

rearing temperature to 26˚ C and continuously reducing the day light intensity (10hours), 

using screens and dark shades of tank surfaces induces the maturity. The onset of maturity 

starts in November; the breeding and male responses are active during December-January.  

 About 18 animals spawned second time after completing one successful spawning and 

incubation. The fecundity and efficiency of larval hatching have been recorded. The hatchery 

raised brooders however showed reduced fecundity. Two successive batches of sand lobster 

Thenus unimaculatus phyllosomal larval rearing during September 2012 produced final 

phyllosoma, Nistos and seed. The trials were conducted on wild spawners. The seed produced 
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were settled and transferred to the nursery facility of the complex. The survival rates are 

higher when the salinity exceeds 35 ppt and the temperature remains 28˚C. The seed sized 

sand lobsters are being grown at higher densities and formulated diets are being tested. Long 

shallow-basin raceways with circulating water connected to filtration assembly, with low 

sedimentation rate, designed for mass larval rearing, with capacity to hold entire hatchling 

from single brooder. Larval hatchery chamber has light controlled and temperature controlled 

(using air-conditioners and humidifiers) chamber housing the larval and nursery raceway 

system.  

Maturation & Breeding 

The maturation and breeding facility developed at Kovalam Field Laboratory has successfully 

yielded more than 80% broodstock active in maturation cycles, with nearly 30% successful mating 

and spawning in captivity. The activities were recorded and viability of hatching and larval rearing is 

being studied. 

Larval Rearing 

A modification in the LRT and the water flow management has been carried out with 

different stocking densities of phyllosoma. Phage therapy has been attempted to develop 

autoimmunity in the larval mass against luminescent bacterial invasions. Tests of larval efficiency 

against low salinity (27 – 32 ppt) showed that larval survival was poor at salinities less than 30 ppt. 

While the larvae survived well beyond 30 ppt, the moulting phase got prolonged at PI and PII 

conversion stages. Starvation during these periods resulted in death due to low energy conversion. 

Molecular Taxonomy 

Molecular taxonomic works have been undertaken to confirm the identity of the species and 

to remove ambiguities in identification. Nearly 16 sequences tested (16S, 18S & COI) from samples 

of sand lobsters held in Kovalam Laboratory and deposited in NCBI. The accession codes and details 

are given in the Annexure. Another sample was given to a reputed agency to corroborate the 

findings. 

The sequence of sand lobsters from the Chennai coast is found to match the sequence 

deposited (Palero et al., 2009
1
) for Thenus unimaculatus, one of the five species into which the 

earlier known single species Thenus orientalis has now been categorized (Burten and Davie, 2007
2
) 

Pathology 

The incidence of Vibrio harveyii at low salinities and low temperatures (25-26
0
C) was very 

low. Bacteriophages developed against LB forms in shrimp hatcheries were tested against the 

broodstock and the larvae with control trials. However, the initial results are encouraging. 

The Vibrio sp. Cultured from the infected larvae is being studied for establishing the 

metagenomic position of the pathogen in the larval flora and surrounding media, its abundance, 

activity and inhibiting properties. The population of microbes in the system will be magnified to 

derive the beneficial ones and to understand the harmful effects of the pathogen.  

Larval Biochemistry 

Biochemical analysis of larval stages at starvation / feeding/ moulting / infection etc., were 

carried out to to study variations in lipid profile. Lipid and amino acid profiles of the eggs in 

different stages of development are also being analysed. Embryonic development in the egg is 

studied on a daily basis and the impact of temperature and salinity is being critically examined. A 
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significant finding is that temperature appears to be directly influencing the egg diameter, incubation 

period and larval size. 

Larval Nutrition 

While the role of live feed components and raw animal tissue remains vital for lobster larval 

rearing the development of a new generation sophisticated inert co-feed and replacement 

diets has enabled intensification of the larval rearing process. Extensive research carried out 

in the laboratory on larval rearing in Thenus unimaculatus has identified substitute diets such 

as the clam, Meretrix casta. A soft gel pellet bound with micronized ingredients and shaped 

to the required diameter and texture is being developed for co-feeding the phyllosoma with 

the identified raw and live feeds. 

 The maturation and breeding programmes were continued in the new facility. The 

seed sized juveniles were tested for moult rates under different light and substrate schedules 

to ascertain the efficiency of grow out systems in open sunlight and reduced light intensity in 

green houses. The study showed that the 12h L:12h D is optimal for good moult rates; while 

darker schedules induced more feeding and higher moult frequency, shell thickening and 

pigmentation were affected in the consecutive moults. The number of blue shelled lobsters 

was high in dark phase grown lobsters and substrate free tank bottoms while sandy substrates 

produced more of golden brown colour in their shells. The systems with daily water exchange 

and no substrates gave very low survival and hence the intensive animal holding facility has 

to necessarily have sufficient aerobic coarse-sand substrate bed filters.   

The new larval facility was upgraded with charcoal loaded pressure filters and cartridge 

filters and an additional ozoniser. The rearing water when loaded with 2 ppm ozone needs 

half hour vigorous aeration or active charcoal immersion to neutralize toxicity and saturate 

with dissolved oxygen again. Two cycles of larval rearing was carried out with good 

conversion rates till final phyllosoma.  

Protocols developed  

1. Techniques for broodstock maturation and breeding in captivity for the sand lobster 

Thenus unimaculatus (earlier identified as Thenus orientalis).  

2. Mass larval rearing upto final larval stages and settlement stage, with maximum 

survival rate of 20% upto final phyllosoma stage. 

3.  Grow-out of juvenile and seed-sized sand lobsters in closed recirculatory system at 

high densities, with final production rate of 3-5 kg/sq.m.  

4. Nutrition and Health protocols being developed.  

5. Protocols for long distance transport of live lobster  

High density juvenile in cement tank 

An experiment was carried out to know the optimum high stocking density of juvenile in 

cement tank which give maximum yield.  High density juveniles grow out in cement  tanks at 
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35 and 40 nos/m
2
 (40g size) indicated flow-through system without substratum were 

optimum. The lobsters reached 100 – 200 g size (58-65 mm CL) in 5 months.  

Optimum stocking density for larvae 

An experiment was carried out to know the optimum stocking density per litre of water for 

lobster. Stocking densities at 3.5, 4.5, 6, 7, 8,9,10, larvae per litre were attempted. Faster 

growth and molting was seen at 3.5-4.5 larvae per litre in running water raceways. 

 Protocols for long distance transport of live lobster established. 

Commercial sizes of 150 gms and above were tested for holding capacity in various densities 

and duration. The selected post molt sand lobsters were initially cleaned of sand and foulers 

and kept in sterile sea water for two hours and starved for nearly 24 hours prior to packaging 

trials. 

The standardised method developed indicates that the lobster is to be kept in chilled sea water 

for nearly 3 minutes (5˚ C reduced from the ambient). The lobsters can be anaesthetized by 

treating them with clove oil extract. The lobsters are to be rolled in wetted paper and packed 

in thermocole boxes at 5kg per box. The system holds good at 26˚C for nearly ten hours with 

100% survival and recovery to next 24 hours. The viability of transporting them live is 

therefore being discussed with the traders in Chennai  

 
 

 

 

 

 
  

 

 

 

Figure 44. Final phyllosoma stage                          

Brood stock facilities in the lobster 

hatchery 

 

Figure 45. Brood stock facilities in 

the lobster hatchery 

 

Figure 46. Raceways facility for larval 

rearing 

Figure 47. Juvenile lobster in tank 
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Constraints 

 

Scaling up of larval rearing for mass seed production is being hindered by nutrition and health issues 

which were not foreseen in the original project proposal and need to be addressed. 

Measures being taken: Nutritional information being assessed for different larval stages and 

available natural feeds for tackling nutritional requirements. Health issues have to be circumvented 

through trials with probiotics, useful bacteria and bacteriophage therapy for addressing specific 

pathogenic bacteria that infect the larvae at different stages of the cycle. These activities need to be 

incorporated into the technical programme to achieve successful seed production. Open pond rearing 

trials for grow-out of juvenile sand lobsters did not prove successful. Measures being taken: 

Unsuitable soil profile proved to be a major drawback. New areas with favourable soil profile need 

to be identified and trials have to be repeated. 

 

Research Achievements-NIFPHATT 

Oysters were obtained from the farm of CMFRI located at Muthakunnam. The collected 

oysters were depurated in settling tank for 24 hrs, after steamed at 100
0
C . Then shuck the 

meat using a sharp edged knife by manually. The shucked oyster meats was brought to the 

VAP unit of NIFPHATT and were processed for the different diversified products such as 

IQF Oyster, Oyster Curry (Frozen, in Cans, in Retortable Pouch), Smoked Oyster meat in 

Oil, Battered and Breaded Oyster etc. The method of preparation of different products is 

detailed below. 

 Two different types of products were developed from oysters viz. 1) Ready to cook, 

2) Ready to serve under NAIP program.  Under ready to eat category, ten products (Oyster 

pickle, Oyster curry in coconut milk, oyster curry with vegetables, battered and breaded 

oysters, marinated oysters, oyster soup, smoked canned oyster in vegetable oil, cold smoked 

oyster, Frozen oyster soup and Frozen oyster rasam) and  under  ready-to -cook category  one 

oyster product, (IQF-oyster ) were developed from oysters. Large scale production of the 

most preferred product ie. Oyster curry was done and market promotion was attempted in 

Ernakulum district under the brand name „‟MUZIRIS‟‟ oysters. 

Production of Individually Quick Frozen (IQF) 

A study was undertaken to prepare the ready to cook product i.e. IQF product. This 

innovative study describes a new method to produce clarified oyster meat. Each individual 

piece of oyster meat is frozen separately from all the others.  The way foods are frozen in the 

IQF method involves sending the individual food items on a sort of conveyor belt into a blast-

freezer that freezes the item very quickly. Because the food items are separate when they go 

in, they stay separate after they've been frozen. Very cold air (minus 25° to minus 40° F) is 

circulated over a product that has been placed in trays or on racks in an enclosed space. Often 

the product is carried on conveyor belts through a horizontal tunnel or vertically in an 

ascending spiral. Tunnel belt speed varies with product size. rThe IQF processing of oysters 

provides a safer oyster product for the consumer. IQF marine products fetch better price than 

conventional block frozen materials in the western markets. However, for the production of 
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IQF products, high quality raw material need to be used and also the processing has to be 

carried out under strict hygienic conditions. The products have to be packed in attractive 

moisture proof packaging and stored at -30
0
C or below without fluctuations in storage 

temperature. 

 

Method of preparation 

 

The depurated oyster meat treated with 3% NaCl containing 0.3% Citric acid for 10 min, then 

blanched in 3% brine at 100
0
C for 3 min. Allow to cool. Drained and arranged in plastic or 

stainless steel trays for IQF at -40
0
C. After freezing, the materials are subjected to glazing. 

Glazing is the application of a layer of ice to the oyster as a surface coat. It is done by dipping 

the oysters in chilled water having a temperature of below +2
0
Cfor 3 seconds. The glaze 

percentage can be increased by giving additional glazing at each freezing. After glazing, the 

oyster meat again arranged in trays for IQF at -40
0
C for glaze hardening. After hardening, 

pack in Polythene bags. Final Packing in Master Carton & Store at below -18
0
C. 150 gm of 

oyster meat is packed in poly bag (material: polyethylene, size: 19 cm length x 13.5 cm 

breadth).  Polythene bag is then sealed and labelled. Finally it is packed in laminated 

attractive packet with the brand name MUZIRIS.  Packets are placed in the cardboard 

boxes/master carton and stored at below - 18
0
C . The price per packet of 150 g was fixed at 

Rs. 50/-.  Flow chart of detail processing of IQF - oyster in given in Fig. . 

 

 

  

 

  

Figure 48. Oyster glazing using 

chilled water    
Figure 49.Packing in polythene bags 
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Figure 50. IQF-Oyster 
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Figure 51. Flow Chart for IQF (Individual Quick Frozen Oyster) meat 

 

Advantages in product development 

 

 Individually quick-frozen oyster meat packed loosely in a polyethylene-lined box. 

These size-graded products retain their natural shape and are very easy for the end 

user to handle. 

 The texture and taste of quickly frozen fresh seafood is nearly the same as fresh. 

 When seafood is frozen and stored at appropriately low temperatures (at least minus 

10° F), bacterial growth is arrested, preserving the product and dramatically extending 

shelf life. 

 In addition to providing a safer product for the raw oyster consumer, the IQF process 

results in an extremely long shelf life (well over one year). 

 

SMOKED OYSTER  

Smoking is one the oldest method of fish preservation. By reducing water activity, thereby 

retarding microbial growth. The preservative process that combines smoking with salting, 

drying, and heating that imparts the product a characteristic and desirable flavor. Today 

smoked products are often treated as delicacies in many countries. 

Method of preparation 

The shucked oyster meat is washed well in chilled water (+2
o
C) and blanched in 5% brine for 

2 minutes. The treated meats are allowed to drain the water and spread on trays. Then the 

meat was smoked in smoking chamber at 30
0
C for 4 hours (Cold smoking). Finally, smoked 

oyster meat filled in cans/retortable pouch with vegetable oil in proper combination (Table ). 

The flow chart of the detail processing methods is given below (Fig). 

 

  Table 15. Standard recipe for Smoked Oyster in Oil 

Glaze Hardening (Freezing at -40
0
C) 

 

Packing in Poly bag (200gm) 

 

Sealing 

 

Labeling and Storing 
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Ingredients Quantity  

Oyster meat 1.000 kg 

Salt 30 g 

Vegetable oil 200 ml 

 

Canned Smoked oyster in Oil 

Smoked oysters filled in 307 X 109 TFS cans in hot condition with a net weight of 185 gm 

with   hot refined oil as a filling medium and all the cans were sterilized at  118
o
C for F0 

value 8. Then cans are allowed to cool. Then wiping, labeling and packing are done.  

 

Smoked Oyster in Oil in Retortable Pouch 

Smoked Oysters filled in retortable pouch (material – CCP/NY/Al/PP; size – 15 cm length x 

12 cm breadth) with a net weight of 100 gm, with hot refined oil as a filling medium and all 

the pouches were sterilized at  118
o
C for F0 value 8. Then pouches are allowed to cool. Then 

wiping, labeling and packing are done. 

  

Smoked Oyster – chilled/frozen 

Smoked oyster is packed in multilayered pouch (material- casted poly propylene; size – 16 

cm length X 9.5 cm breadth; gauge – 250 µm) in hot condition. After chilling freeze at below 

- 40
o
C  and finally stored at below -18

 o
C. Then pouches are allowed to cool. Then wiping, 

labeling and packing are done.  

 
Figure 52. Depurated and shucked oyster   Figure 53. Oyster ready for smoking 
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Figure 54. Smoked oyster      

 

 

   

 

Figure 56.Filling in retortable pouch Figure 57. Filling vegetable oil  

   

 

Figure 58 . (A) Smoked oyster in oil  (B) Opened can showing cold smoked oyster  

Figure 55 Arranging oyster in tray for 

smoking 
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Oyster 

 

Washing 

Depuration over night 

Steaming  

Cooling 

Meat Shucking 

Washing in Chilled water +2
0
C 

Blanching 

 

Cooling to room temperature 

 

Pre-drying at 30
0
C for 40 min 

 

Cold Smoking for 2 hrs at 30
0
 C 

 

Cooling to room temperature 

 

Filling in Retortable Pouch/TFS Cans  

 

Filling vegetable oil  

 

Packing in polythene bag 

 

Sealing  

 

Storing in chilled (+4
0
C) or 

frozen temperature (
-
20

0
 C) 

 

Sterilization 

 

Cooling and Wiping 
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Figure 59. Flow chart for Smoked oyster in oil 

 

Production of Cold Smoked Oyster Shell-on 

 For preparing hot smoked oyster, the depurated oysters were heated at 90
0
C for 10 min in 

Smoking/Drying chamber which resulted in hard texture and shrinkage in meat. When we 

tried innovative method of cold smoked at  30
0
 C for 2 hrs, texture was soft and integrity was 

maintained with better organoleptic attributes.  Then remove the flat shell using pointed 

knife. Smoked meat was also detached and wrapped with shrink film. But cold smoked 

products have to be further preserved by other methods such as chilling, freezing and canning 

etc .  Value of cold smoked oyster in the  Ernakulam market   is 1800/kg.  

 

Table 16. Ingredients for cold smoked oyster in can (TFS) 

 

Ingredients Quantity per can (g)  

Oyster meat-cold 

smoked 

 130 g 

Salt 2 g 

Vegetable oil 55 ml 

 

 

 

 

 

 

   

 

 

Labelling and Packing 

 

Oyster 

 

Figure 60. Half shelled oyster ready for 

smoking 

Figure 61.Smoked oyster wrapped with 

shrink film 
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Figure 62. Flow chart of Cold smoked oyster shell-on 

 

Cold smoked oyster given to Taj Hotel = 2.3 kg @ Rs. 1800/kg (total Rs. 4140/-) 

 

 

OYSTER CURRY  

 Ingredients for Oyster Curry  

 

1 kg oyster meat 25g curry leaves 

30 g salt 20g coriander leaves   

¼ litre vegetable oil  ½ kg tomato  

100g garlic 50g chilly powder(Kashmiri) 

100g ginger 20g turmeric powder 

100g green chilly 5g pepper powder 

¼ kg big onion  Two coconut 

¼ kg small onion  3 litres (approx.) water 

 

Method of preparation 

Washing 

Depuration over night 

Heating at 90
0
C for 10 min. 

Remove flat shell & detaching the meat 

 

Cold Smoking for 2 hrs at 30
0
 C 

 

Cooling to room temperature 

 

Shrink Packing 

 

Storing in chilled (+4
0
C) or frozen 

temperature (- 20
0
 C) 
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 The shucked oysters were washed well in running water and kept aside. All green 

spices viz., garlic, ginger, onion (both), green chilly and tomato are sliced. Except tomato 

others semi fried in oil separately to a brownish tint under medium flame. Then make a paste 

of the spices i.e., chilli powder, turmeric powder, pepper powder etc with water and salt. The 

paste fried in oil for 15 min till its colour turns bright red, with continuous stirring. To it add 

sliced tomato, stir well until it completely mashed. Pour 1/3
rd

 of one coconut milk into it and 

allow to boil, after add the remaining coconut milk and allow to boil for few seconds. After 

add fried ingredients, coriander leaf and allow to boil. While boiling, transfer the oyster meat, 

salt and allow to boil for 20 minutes until the oyster is cooked well. After add the coconut 

milk of another, boil until the gravy becomes thick.  Then cool to room temperature. The 

flow chart of the detail processing methods is given below (Fig). 

The prepared curry is filled in multilayered pouches, retortable pouches and TFS cans in 

order to make the following three types of products. 

 

1. Frozen oyster curry in pouch  

 150 gm of above made oyster curry is filled in multilayered poly ethylene pouches 

(material- casted poly propylene; size-16cm length X 9.5cm breadth; guage-250µm) in hot 

condition. This pouch is then sealed without air and labeled. It is cooled with chilled water 

(+2
o
C) and then quick freezed at -40

0
C . Finally, it is packed in laminated master carton with 

the brand name MUZIRIS and stored at - 20
0
C . The price per packet of 150 g was fixed at 

Rs. 40/- 

 

1. Canned oyster curry 

 The above made oyster curry is packed in TFS cans (size - 307 X 109) in hot 

condition with a standard weight of 185 gm. This can is exhausted and seamed using 

semiautomatic seaming machine.  Sterlization is done at 118
0
C for F0Value 8 followed by 

cooling and wiping with soft cloth. This can is then labeled and is packed in laminated master 

carton with the brand name MUZIRIS. The price per packet of 150 g was fixed at Rs. 60/- 

 

Figure 63. Frozen oyster curry in pouch   Figure 64. Canned oyster curry 

Oyster curry in retortable pouch 
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 The above made oyster curry is filled in transparent retortable pouch ( size-20 cm 

length x 15 cm breadth; material –CPP/NY/SiO2/PP) in hot condition with a standard weight 

of 250 gm. This pouch is then sealed with mechanical sealer. Sterlization is done at 118
0
C for 

F0Value 8 followed by cooling and wiping with soft cloth. This can is then labeled and 

packed in laminated master carton with the brand name MUZIRIS. The price per packet of 

150 g was fixed at Rs. 60/- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oyster 

 

Washing 

Depuration over night 

Blanching at 100
0
C 

Cooling 

Meat Shucking 

Washing in Chilled water +2
0
C 

Made into curry with other 

ingredients 

 

Packing 

 

TFS Cans 

 

Exhausting 

 

Seaming  

 

Sterilization 

 

Cooling and Wiping  

 

Multilayered Pouch  

Sealing 

 

Cooling  

 

Freezing 

 

Retort Pouch 

 

Sealing  

 



79 | P a g e  

 

 

 

 

Figure 65:  Flow chart of oyster curry 

Production of Oyster Roast 

Ingredients 

 

 

1 kg oyster meat  20g coriander leaves   

30 g salt   20g turmeric powder  

1/2 litre vegetable oil  2 tsp chilly powder(Kashmiri)  

100g garlic   ½ tsp cinnamon  powder  

100g green chilly  1 tsp pepper powder  

100g ginger   1 ½ tsp Fennel    

¼ kg   Big onion  120 g coriander Powder  

¼ kg small onion  One Coconut   

100g curry leaves  Water     

½ kg tomato   

 

 

Method of preparation 

 

All green spices viz., garlic, ginger, onion (small), onion(big), coriander leaf(half of total) 

and tomato are sliced. Except tomato others should be semi fried in oil separately under 

medium flame. Then make a paste of all spices except turmeric powder with water and salt. 

The paste transferred to the remaining oil and fried for 15 minutes till its colour turns bright 

red with continuous stirring. To it add sliced tomato, stir well until it completely mashed and 

will form a maroon colour. After can add fried ingredients and coriander leaves and allow to 

heat. After add the oyster meat and heat for 10 minutes. Also add salt to taste.  Then cool to 

room temperature. The curry is weighed as 150 gm and packs in poly ethylene pouches, and 

keeps in chilled water for cooling.  After chilling freeze at below -40
0
C and finally stored at 

below -18
0
C. 

 

 

Labeling and Packing in Master Cartons 
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Figure 66. Battered and breaded products 

 

Production of Oyster Pickle 

 

Ingredients 

 

1 kg oyster meat 20g broken mustard 

40 g salt 50g  chilli powder 

200 ml vegetable oil  20g turmeric powder 

100g garlic 5g pepper powder  

100g ginger  10g fenugreek  

100g curry leaves 700 ml vinegar 

100g green chilly  

 

Method of preparation 

Mix the depurated oyster meat with salt (3% on the basis of weight of oysters) and turmeric 

powder and keep for 1-2 hours. Then it is fried in vegetable oil (refined sunflower oil). In the 

remaining oil the ground spices (by grinding green chilly, ginger, curry leaves and garlic) and 

fried. When it is semi fried conditions add the chilly powder and broken mustard. Once it is 

fried it is mixed with vinegar and heat. When it boils add the fried oyster and boil for 10 

minutes. Cool to room temperature or allow curing for 1-2 days and packing in poly ethylene 

pouches or glass bottles and stored at room temperature. 
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 Figure 67. Oyster pickle and Oyster soup 

 

Production of Oyster Finger 

 

Ingredients 

 

 

1 kg oyster meat 

200g bread powder 

40 g salt 200 ml vegetable oil 

20g big onion 2 nos. lemon 

10g ginger 2 nos. egg 

10g garlic water 

10g pepper powder Bamboo stick/coconut leaf stick 

100g wheat flour  

 

Method of preparation 

                The depurated oyster meat treated with 3% NaCl containing 0.3% Citric acid for 10 

min, then blanched in 3% brine at 100
0
C for 3 min. Allow to cool. Marinated with lemon and 

salt, kept for 90 minutes. The sticks allow to pierce into the meat. For batter preparation, 

onion, ginger, garlic etc. grind well and mix with beaten eggs, salt and pepper powder in 

water. 

           Dip the marinated oysters in batter and fried in vegetable oil at 100
0
C for 10 minutes. 

Or the marinated oysters can be arranged in metallic/plastic trays for IQF at -40
0
C and for 

further storage at below at -18
0
C. 

 

Production of Oyster Thoran 

 

Ingredients 

 

½ kg oyster meat  ¼ kg big onion  

30 g salt  25g small onion  

100 ml vegetable oil 10g coriander leaves 

75g garlic 1 tsp mustard seed 
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100g ginger 10g turmeric powder 

50g green chilly 1 cup grated coconut 

10g curry leaves  

 

Method of Preparation 

Blanched the oyster meat with salt and turmeric powder at 100
0
C for 5 minutes. Cut the green 

spices into very small pieces. Heat oil in a pan and fried all green spices by one by one. Add 

mustard seeds and when they splutter, add ground coconut, followed by fried ingredients, 

oyster meat, salt and mix well. Keep the pan covered and cook on a low flame for 5 minutes. 

Stir well 

 

Production of Oyster Fry 

 

Ingredients 

 

 

½ kg oyster meat  ¼ kg big onion  

30 g salt  25g small onion  

100 ml vegetable oil 10g coriander leaves 

10g garlic 10g turmeric powder 

75g ginger 30g chilly powder(Kaskmiri) 

50g green chilly 1 tsp pepper powder 

10g curry leaves  

 

Method of Preparation 

Blanched the oyster meat with salt and turmeric powder at 100
0
C for 5 minutes. Cut the green 

spices into very small pieces. Heat oil in a pan and fried all green spices by one by one. To 

the remaining oil add fried ingredients, oyster meat, salt and mix well. Keep the pan covered 

and cook on a low flame for 5 minutes. Stir well. 

 

Sensory Evaluation 

 

 The developed products were subjected to sensory evaluation by different taste panel 

and experts based on the sensory evaluation form (Table ). Further, a feedback survey 

was conducted at the outlet counter of NIFPHATT based on the similar form. Based 

on their suggestions, improvements in the products were made. More than 95% of the 

consumers have appreciated the oyster products developed and marketed under the 

project. Different organoleptic, biochemical analyses were carried out and feedbacks 

from the consumers were taken.  

 

Table 17.Sensory evaluation form for value added products from shell fish 

 

Variety/ Smoked oyster  Smoked mussels Smoked Yellow- 

Characteristics in oil in oil foot clam in oil 

Appearance       
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Colour       

Texture       

Flavor       

Taste       

Overall quality       

Remarks       

Score: Excellent - 5; V. good - 4;Good - 3; Average - 2; Poor - 1 

Name & Designation :  
 

  

Age: 
  

  

Sex :  
  

  

Occupation/Designation: 
 

  

Suggestion for improvement:      

 

Nector utilization technology 

 The nectar (mantle fluid) utilisation technology was developed. Based upon this 

technology, two ready- to- eat oyster products were developed from Oyster Nectar viz. 

Frozen Oyster Soup and Frozen Oyster Rasam. Oyster Nectar which is lost in traditional 

method of heat shucking has high in nutritive value and constitutes 30 % of its weight. It also 

gives a secondary source of earning to the fisher man. 

 

Production of Frozen Oyster Soup 

 

Ingredients 

 

200g oyster meat 50 g butter  

20 g salt  100g small onion  

200 ml milk 35g coriander leaves 

100g corn flour 4 litres oyster nectar 

3g ginger 1 litre (approx) water 

 20g white pepper powder 

 

 

 

 

 

 

 

 

 

 

Boiling the nectar with 

salt, ginger and oyster 

meat 

Small onion fried in 

butter till brown colour 

Add milk, pepper powder, corn 

flour, nectar, water & coriander 

leaves 
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Figure 68:  Flow chart of Frozen oyster soup 

 

  

Figure 69. Frozen oyster rasam    Figure 70. Frozen oyster soup  

Production of Frozen Oyster Rasam 

Ingredients 

 

50g chilly powder 200 g garlic  

15g salt  300g small onion  

25g turmeric powder 25g coriander leaves 

100g green chilly 15g fenugreek 

200g ginger 250g tamarind 

30g curry leaves 75g pepper powder 

500g tomato 20g mustard 

200ml refined oil 20g Asafoetida 

4 litres oyster nectar 4 litres (approx) water 

 

Packing and Sealing 

Cooling 

Freezing at - 40
0
C 
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Summary 

Oyster farming technology has been standardized and extended to the fish farmers. But their 

efforts and inputs were not matching with the returns they earned. In order to improve that 

oyster need to be made more acceptable to the consumers especially at the higher end. The 

scientific purification and innovative processing technologies have very much improved the 

demand for the oysters and thereby multiplying the primary producers‟ earnings many folds 

compared to conventional products.  

 Before the NAIP project, there were no VAP from oysters in the local markets. All 

the farmed oysters were sold as heat shucked meat within the village itself.  When value 

added products developed from farmed oysters under this project, farmer are getting more 

profit. It has widened the market; oyster products have reached urban market. It has 

developed new value chains 

6. Innovations 

(Describe about the innovations and their impacts, one page each, please be clear about 

innovation concept and describe only innovation(s) in brief) 

 

Designing and development of Oyster depuration unit 

 

Molluscan shellfish, particularly oysters, concentrate microorganisms in their tissue from 

surrounding water during their filter feeding process and are recognized as a reservoir for 

various microbial pathogens. By depuration the bacterial load is brought down to permissible 

levels, also faeces, sand particles and silt are removed from the alimentary canal of oysters. 

Though technology of oyster depuration is used in many temperate countries like UK, 

France, Italy, USA and others depending on the microbial quality of shellfish growing waters, 

it is not an established practice in India before this project. Three different models depuration 

unit were tested to find out their efficacy at field level.  Finally a depuration unit of oyster in 

fill-draw method with a capacity of 3000 oysters per run was developed and standardized in a 

Moothakunam village. Material required for setting up of small depuration unit were 10,000 

L FRP storage tank (1 no), 5000 L storage tank (1 no), pressure pump (1 no), Cartridge filter 

(1 no), UV filtration unit (1 no), depuration tank (1x6 nos), diesel engine pump set (1 no), jet 

wash pump (Electrical).  Oyster farmers from other villages also started depurating oysters in 

the common VAP unit. All the oysters were depurated before marketing thereby ensuring 

quality of farmed oysters.  The unit operated by farmers has been supplying depurated oyster 

and depurated meat to local super markets and high end restaurants. The bivalve depuration 

unit developed by CMFRI should be taken as a model for replication in all major bivalve 

production centres (both wild and culture harvests). Such depuration units should be 

accessible to the bivalve farmers of the region and must be sited near the farming/ wild 

harvest areas. 

 

Impact of technology 

Technology Impact Situation which  

Developed   existed 
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A village based oyster oysters are purified by  There was no depuration 

depuration unit with  standard depuration  plant in the village 

scientific purification  protocols prior to marketing   

methods More farmers aware about Farmers not aware about  

  the need to depurate  the significance of  

  oysters depuration 

  This has enhanced the    

  consumer confidence about    

  the quality of product   

  
The industry has 

appreciated    

  
the technological 

development    

  and scientific information   

  about the quality of oyster   

  Now oyster have become a    

  part of the menu of high end   

  restaurants in koch city   

  
Two value chains-live 

oyster    

  
trade and VAP were 

perfected   

  because of this innovation   

  Rate per oyster increased    

  from Rs. 1 to Rs. 10 in case    

   of live oyster and value of     

  depurated oyster meat    

  increased from Rs. 65 to >     

  Rs. 300 because of this    

  methods   

 

 

 

Production of cultchless spat and farming technique for growing single oyster 

 

Depurated live oyster has a great demand in high-end restaurants in cities such as Kochi. In a 

meeting with a large number of chefs of star hotels in Kochi at David Hall on 9
th

 of June 

2010 organized by the CGH Earth group, scientists of CMFRI gave an exposition on farming 

of oysters and method of its purification. One of the points that emerged during the meeting 

was that apart from oyster purification, larger sized oysters are needed for restaurant clients. 

Repeated experiments in the hatchery at Narakkal were carried out in order to produce 

cultchless spat. Cultchless spat of edible oysters were also produced in the hatchery at 

Narakkal through spat settled on the polyethylene sheet and the clam shell grits provided in 

the tanks. Cultchless spat cannot be grown in ren method meant for cultch spat. Hence, 
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oysters farming technique changed from ren method to tray method for single oyster growing. 

Cultchless spat reared in tray method grow in larger and uniform size which fetch good prize 

to the farmers. This new innovation leads to the development of live oyster trade. Rate per 

oyster increased from Rs. 1 to Rs. 10.  Live oyster value chain has developed in the city of 

Kochi on a small scale & has great scope to expand to other metro cities in the country. 

Impact of technology 

 

Technology Impact Situation which  

Developed   existed 

Production of cultchless Cultch less spat production  There was no oyster hatchery 

spat and farming technique at the hatchery for producing cultchless spat 

  Oyster farming technique There was no cultchless spat 

  changed from ren method to   collection from natural water 

  tray method for single  body 

  oyster growing   

  Farmers get better price for  Farmers aware about the ren 

  single oyster method only 

  Marketing of live oyster Farmers not aware about the 

  in high-end restaurants and   the significance of growing  

  thus Live oyster value chain   single oyster. 

   has developed   

    Marketing of live oyster not  

    existed 

 

 

Designing and development of an automated heat shucking device /Steamer 

 

The removal of the meat from the oyster is called shucking. A stainless steel knife (oyster 

knife) is used for the purpose. To render shucking easy, oysters are subjected to a wide range 

of treatments such as exposure to week hydrochloric acid, heat cold, vacuum, microwaves and 

lasers. Freezing the oysters or immersing them in hot water are the two methods commonly 

followed.  However in India steaming the oyster for 5 to 8 minutes has been found to be ideal 

to make the oysters open the valves. Now under the NAIP project, the Molluscan Fisheries 

Division of CMFRI has developed a steamer for meat shucking of oysters. Depurated oysters 

were placed in the trays of steamer and pressurized steam may pass over them. This will 

enable the valves to open. Earlier prototype I unit was developed which can heat shuck 100 

oysters per 6 minutes using steam (Fig. ). This unit has few disadvantages such as less loading 

capacity, un even distribution of steam and other operational problem.  Prototype II was 

developed where uniform spread of steam was ensured. This unit can heat shuck 500 oysters 

per 5 min. This new method has added advantages which are listed below. Uniform spread of 

steam is ensured by this technology thereby we can save time, fuel energy and preserve 

quality which otherwise occurred in traditional methods.  

Impact of technology 
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Technology Impact Situation which  

Developed   existed 

An automated heat shucking The farmers can easily remove Fuel and time consumption was  

unit  oyster meat high 

(Ref: Baseline survey: more  Reduces the physical drudgery Heat shucking by conventional 

than 80 % farmers had  faced by women during post method was laborious 

indicated that removing   harvest processing   

oyster meat from oysters was Removes the chances of  Pieces of shell grits in the oyster 

a major problem ) occurrence of shell grits in the  used to be a problem during  

  meat VAP development 

  Oyster nectar which is lost in    

  
traditional method (30 % 

weight)   

  can also be preserved by this    

  method   

   It  maintain the Quality of the    

  meat which otherwise lost in    

  conventional method   

 

 
 

 Figure 71. Oyster Steamer - (A) Prototype-I and (B) Prototype II 

 

Designing and development of a depuration display unit (DDU) 

 

A depuration display unit (DDU) was developed which can be placed in the main hall of the 

restaurant. This unit has increased the live oyster trade in high end restaurant of central 

Kerala and there is a great scope to expand to other metro cities in the country.  

 The tank designed for this purpose is rectangular (100 x 50 x 50 cm LxBx H equaling 

0.5 m
2
) made either with FRP or acrylic having one of the longest side transparent for clear 

viewing of oyster (Fig). The tank has a conical bottom (height 30 cm) through which the 

faeces produced produced by the oyster can be easily removed. From the base of the 

rectangular portion at 10cm height, a 5cm wide ledge is provided to place two oyster loading 

A B 
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trays. These trays are perforated with 1 cm diameter holes and are provided with handles for 

easy lifting.  

 For recycling of seawater in the DDU, an outlet is provided just below the perforated 

tray. Water is drawn from this outlet and passed through a mini EHEM filter, and then 

through the UV disinfection unit for reuse. This ensures purified recycled water for 3 runs. 

The entire unit is placed on a wooden stand as shown in Fig. 

 

 Design and layout of DDU-Front view Design and layout of DDU-rear view 

 

DDU partially loaded with oyster   DDU developed under NAIP 

Figure 72. Depuration display unit (DDU) 

 

Operational Management 

 The oyster used for depuration should not have silt on the shell surface. They should 

be washed (using jet pumps) well and scrubbed with a wire brush before placing in the 

tanks.  
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 Oysters have to be checked before loading for broken/punctured shell as these oysters 

would die easily and then the water will be contaminated due to leak of decaying 

oyster meat. Therefore don‟t use such oysters. 

 The number of oysters that can be loaded into the DDU is limited by the utilization of 

dissolved oxygen by the oysters in confined un-aerated water. The safe loading density 

has been determined by FAO as 300 oysters/m
2
. For the present DDU (0.5 m

2
) 

150oysters can be loaded per run of 18- 24 hours.  

 A maximum of two layers (one on top of another) of oysters is permitted. If too many 

oysters are placed in the tank, they will use up all the oxygen present in the water and 

they will be stressed. Moreover, the self cleaning process will not be effective because 

of overcrowding. The present loading density will give each oyster about 750 ml of 

water which is good enough for self cleaning.  

 Oysters are loaded into perforated trays so that whatever is let out by the oyster does 

not go into the oyster again or in another words, faecal matter is removed by draining. 

Faecal matter present in the tank should be siphoned off once every day.   

 With initial water storage of 2 tonnes, theoretically 2700 oysters can be depurated. The 

storage tank (T3) can also be converted into a depuration tank for meeting extra 

requirements in the kitchen.  

Salient features of the technology 

 

Technology Impact Situation which  

Developed   existed 

A depuration display unit  Increased trade of fresh live  Oysters were not used in hotels 

(DDU) which can be placed oysters in high-end restaurants (Ref: Baseline survey) 

in main hall of the  Caters to the need of  Consumers were not confident 

restaurants international tourists and high about the purity/quality of  

  income consumers oysters which are available in   

    the country 

  A new value chain has  There was no market for single  

  has developed oyster 

  Farmers get Rs 1 to Rs 10 per    

  oysters    

 

 

Cold Smoked Oyster –on shell 

 

 Generally two types of smoking methods are used cold and hot smoking. From a 

market study, it was noticed that only a few smoked products are available which were 
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developed by hot smoking methods. Such products have some disadvantages on product 

yield, texture, juiciness, shape etc. In order to overcome these and to avoid the bad effects of 

hot smoking, cold smoking is an alternative. But cold smoked products have to be further 

preserved by other methods such as chilling, freezing and canning etc. Under NAIP project, 

this cold smoked oyster was developed which were not prevalent in our markets, its sensory 

evaluation, product packaging, and storage and shelf life and acceptability studies were also 

carried out. Sensory evaluation of the developed products were carried out using a 10 point  

scale by 8-10 trained taste panelists. A comparative study was also carried out with hot 

smoked oyster products by sensory evaluation for consumer acceptability and shelf life.  

 Adoption of cold smoking procedure retains the characteristic appearance and colours 

and improves aroma and texture of oyster meat. However hot smoked products have very 

poor yield from raw material compare to the cold smoked ones. More over hot smoked 

products are crumbled and mangled and the texture becomes brittle. The cold smoked oyster 

in shell with nectar, assures zero percentage nutrient loss by retaining the nectar within the 

cup shell. The canned and retort pouched oyster meat will have a shelf life of  up to two 

years, making it available through out the year, whereas smoked and chilled oyster meat have 

a shelf life comparable to any chilled fish. The cold smoked oyster in shell with nectar has a 

ready and great demand from high-end restaurants and customers.   

 

Table 18. Yield comparison between hot and cold smoked oyster 

 

Process Yield (%) for  Yield (%) for   

  cold smoked  hot smoked 

Blanching 65.90 65.10 

Smoking 40.40 25.10 

 

Impact of technology 

 

Technology Impact Situation which  

Developed   existed 

A cold smoked oyster  It retains the characteristic There was  no cold smoked 

product developed  appearance and colour oyster products  in the   

    market. 

  It improves aroma and texture   

  of oyster meat. Texure is soft   

   and intact with better    

  organoleptic attributes   

  Cold smoked oyster have a    

  better yield compared to hot   

  smoked ones.    

  The cold smoked oyster in    

  shell with nectar assures zero   

  percentage nutrient loss   

  The cold smoked oyster in    
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  shell with nectar has a great    

  demand in high-end    

  restaurants   

 

 

7. Process/ Product/Technology/ Value Chain/ Rural Industry Developed  

(List partner-wise major Process/ Product/Technology developed and their outcome in 

quantifiable terms)  

Pro-forma 1 

Production Technologies / Innovations 

(Page limit: 3 pages/ technology) 

 

1) Title of the sub-project: A value chain on high value shellfishes from mariculture systems 

 

2) Name of CPI/ CCPI: Dr. K.S. Mohamed , Dr. V. Kripa & Dr. V. Venkatesan 

 

3) Title of the technology: Scientific oyster farming technologies 

 

4) Information on existing farming systems, practices, productivity levels and income in the 

target area:  As per avg. baseline, net income in 5x5 meter farm was Rs. 3500 /farm/year. 

Average productivity was 3.8 kg per string (5x5 farm)( For details , please see Annexure) 

 

5) Key Intervention(s) introduced:  

 

Farmers have been trained scientific protocols related to oyster farming; oyster post-

harvest processing and they are involved in all new market chains to understand 

marketing processes and consumer attitudes to product and quality. 
 

 

6) Results  ( Pl. see annexure ) 

Status of dissemination/ commercialization; and, extent of adoption and success, if 

applicable; with supporting data (with tables and photographs as annexure): 

 

7) Brief description of technology for release: 

 

8) Expected Outcome/ Impact of the technology: 

8.1. Expected increase in area, production and net income 

8.2. Others 

Total number of beneficiaries reached under the project ≥ 3000 Nos. 

Net income in 5x5 meter farm was Rs. 19955 /farm/year. 

 ( For detail, Pl. see annexure) 

9) Whether findings have been published? If so, give the citation and enclose copy of the 

publication. 

10) Any other information. 
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Note: Use separate pro-forma for each technology 

          Attach photograph(s) relevant to the technology 

 

 

Pro-forma 2 

Details of Technologies/ Innovations Commercialized 

(Page limit: 3 pages/ technology) 

 

1) Title of the sub-project: A value chain on high value shellfishes from mariculture systems 

 

2) Name of CPI/ CCPI: Dr. K.S. Mohamed, Dr. V. Kripa & Dr. V.Venkatesan 

 

3) Title of the technology: automated heat shucking device /Steamer  

 

4) Commercialization status with date of licensing/ MOU:  it is in process. This technology 

is taken by Kollam based NGO  for processing the yellow foot clam  

 

5) Brief description of intervention/ innovation: The removal of meat from bivalves 

(oyster/mussel/clam) is called shucking. An automated heat shucking device /steamer was 

developed for meat shucking of oysters/mussel/clam. Depurated oysters/mussel/clams 

were placed in the trays of the steamer and pressurized steam may pass over them. This 

will enable the valves to open.  Nectar (mantle fluids) which is generally lost (30% wt) in 

the convention method of heat shucking can also be preserved by using the steamer.  

 

6) Name and address of the firm(s) which has commercialized it: 

 

Quilon Social Service Society, Kollam 

 

7) Area (state(s)/ district(s)) covered: 

 

8) Volume/ quantity of Annual production and approximate sale value: 

 

9) Benchmark (existing similar product) and Consumer acceptance, particularly in case of 

food products: 

 

10) Status of patenting, if patentable, trademark or any other IPR title, if applicable: patent 

filed 

 

11) Status of publication and publicity: 

 

 

Note: Use separate pro-forma for each technology 
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          Attach photograph(s) relevant to the technology 

 

 

Pro-forma3 

 

 

 

Details of Technologies/ Innovations Commercialized 

(Page limit: 3 pages/ technology) 

 

12) Title of the sub-project: A value chain on high value shellfishes from mariculture systems 

 

13) Name of CPI/ CCPI:  Dr. S. Girija, Dr. K.S. Mohamed, Dr. V. Kripa & Dr. V.Venkatesan 

 

14) Title of the technology: Value added products- Oyster curry and Smoked oyster in oil 

 

15) Commercialization status with date of licensing/ MOU:   

As part of technology transfer, developed Smoked Oyster in Oil in TFS can and retortable 

pouch to  M/s. Britto Seafoods Exports Pvt. Ltd., Chennai with a consultancy charge of 

Rs.15,000 during  2011 

 

16) Brief description of intervention/ innovation:  

 

17) Name and address of the firm(s) which has commercialized it: 

 

 

18) Area (state(s)/ district(s)) covered: 

 

19) Volume/ quantity of Annual production and approximate sale value: 

 

20) Benchmark (existing similar product) and Consumer acceptance, particularly in case of 

food products: 

 

21) Status of patenting, if patentable, trademark or any other IPR title, if applicable:  

22) Status of publication and publicity: 

 

 

Note: Use separate pro-forma for each technology 

          Attach photograph(s) relevant to the technology 

 

 

 

 

Pro-forma 4 
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Details on Rural Entrepreneurships/ Rural Industries Developed 

(Page limit: 3 pages/ rural industry) 

 

1) Title of the sub-project: A value chain on high value shellfishes from mariculture systems 

 

2) Name of CPI: Dr. S. Girija, Dr. K.S. Mohamed, Dr. V. Kripa & Dr. V.Venkatesan 

 

3) Name of rural industry with address:  Muthakunnam rural industry 

 

4) Contact: Phone and E-mail of rural industry: 

 

5) Investment (Rs): NAIP Funds 

          Industry/ Entrepreneur 

 

6) Product(s) produced and marked: 

 

7) Annual Production (kg or litre): 

 

8) Raw Material(s) and Quantity used/ year (kg or litre):  

 

9) Cost of raw material (per kg or litre): 

 

10) Price of Product: In Whole Sale 

          In Retail 

 

11) Type of Beneficiaries: 

 

12) Number of Beneficiaries: 

 

13) How the Industry is beneficial to primary producers: 

 

14) Estimate Employment Generation/ Year (person days): 

 

15) CPI to explain whether the industry is approved by FPO/BIS or any other statutory body 

and how the food safety and quality assurance of end product are being ensured? 

 

 

Note: Use separate pro-forma for each entrepreneurship/ rural industry 

          Attach photograph(s) relevant to the industry/ entrepreneurship 
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8. Patents (Filed/Granted) 

 

S. 

No. 

Title of Patent  Inventor(s) (Name & 

Address) 

Filed/Published/

Granted 

(No./Date)  

Responsible 

Partner 

1. 

A device and 

process to separate 

oyster meat from 

shell using 

pressurized steam 

K. S. Mohamed 

V. Kripa 

Rakesh Sharma 

Jenni Sharma 

P.S. Alloycious 

Mathew Joseph 

V. Venkatesan 

 

 CMFRI 

9. Linkages and Collaborations  

 

S. No. Linkages developed 

(Name & Address of 

Organization) 

Date/Period From-To Responsible Partner 

 Moothakunnam, Panchayat  CMFRI 

 Shri Sajith, private 

entrepreneur for VAP unit 

 CMFRI 

 CGH group of Hotels-for 

live oyster value chain 

 CMFRI 

 Taj group of Hotels- for 

oyster value chain 

 CMFRI/NIFPHATT 

 National Seafood Company, 

Thopambadi, Kochi 

 CMFRI 

 Trident Hotel, Willington 

Island, Kochi 

 CMFRI 

 Brunton Boat Yard Hotel, 

Fort Kochi 

 CMFRI 

    

    

 

 

10. Status on Environmental and Social Safeguard Aspects 

 (Please see NAIP website for clarity on the subject) 



97 | P a g e  

 

A number of environmental and social benefits and issues arising from implementation of 

the sub-project have been identified and appropriate measures have been proposed to counter 

negative impacts. 

Environmental safeguard: Activities, issues, impact and mitigation measures 

  
ACTIVITY 

 

  ISSUES 

 

  Anticipated level of 

 

  Mitigation 

 

 
  Impacts 

 

measures 

  Positive 

 
  Negative 

 
 (Negative) 

 Oyster farming 

 

Increased production 

 

4 

 

  

 

 

 

 

Larviculture and 

nursery sand lobster 

 

More seed for farming 

 

4 

 

 

 

  

 

 

 

 

Disease /Feed studies 

 

 

Specific disease 

diagnostic 

techniques 

 

3 

 

 

 

 

 

 

 

 

 

 

 

Development of land 

based grow out 

systems for sand 

lobster 

 

More production 

 

4 

 

  

Popularization of 

sand lobster farming 

 

New 

mariculture 

technology 

 

3 

 

  

Establishment of a 

oyster hatchery 

 

Oyster seed 

for farmers 

 

4 

 

  

Protocol for 

oyster depuration 

 

Clean and safe oysters 

 

4 

 

  

Development of 

VAP from oyster 

meat 

 

New oyster 

products in markets 

 

5 

 

  

Popularization of value 

added products 

developed from oysters 

 

More awareness 

about nutritional 

quality of oysters 

 

4 

 

  

Production of Chitin 

from sand lobster shell 

 

New product-

effective utilization 

of waste 

 

3 

 

  

 

Social safeguard: Activities, issues, impact and mitigation measures 
 

ACTIVITY 

 

  ISSUES 

 

  Anticipated level of 

 

  Mitigation 

 

 
  Impacts 

 

measures 

  Positive 
 

  Negative 
 

 (Negative) 

 Disease /Feed studies 

 

Diseases outbreaks 

will be prevented 

 

4 

 

  

Production of sand lobster 

seed 

 

Increased production 

and improvement in 

lobster export 

 

   

Popularization of oyster/ 

sand lobster farming 

 

Alternate employment 

Opportunities 

 

4 

 

  

Establishment of a low-

cost oyster 

hatchery 

 

More production and 

jobs 

 

4 
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Development of VAP 

from oyster meat 

 

More seafood value 

chains 

 

4 

 

  

Popularization of oyster 

VAP 

 

Availability of 

nutritious farmed 

shellfish 

 

4 

 

  

 

 

Potential indirect and /or long term impacts  

 

 Oyster farming is a resource saving aquaculture as it does not require supplementary 

feed and therefore saves on use of fish oils and other fish feed ingredients. Non-fed 

aquaculture is an environment friendly industry and oyster is  globally considered as 

the most promising species for such aquaculture 

 

 Oyster shell is also an important natural resource. Oyster shells contain high density 

calcium carbonate. Ca
2+

 ion is useful as an additive in health food products and for its 

bactericidal activity. This can provide for additional source of income for farmers. 

 

 As an external shells of oysters is similar to the rocky substratum, so oysters provide 

habitat for many marine species. Most oysters inhabit the intertidal and sub-tidal 

zones. The hard surfaces of oyster shells and the nooks and corners between the shells 

provide places where a host of small animals can live. Hundreds of animals, such as 

sea anemones, barnacles and mussels inhabit oyster reefs.  Many of these animals are 

prey to larger animals, including fish. An oyster reef can increase the surface area of a 

flat bottom 50-fold. 

 As filter feeders, oysters remove plankton and organic particles from the water 

column. Many studies have shown individual oysters are capable of filtering up to 10 

litres of water per hour, and thus oyster reefs can significantly improve water quality 

and clarity. 

 

 Oysters consume nitrogen containing compounds (nitrates and ammonia), phosphates, 

plankton, detritus, bacteria, and dissolved organic matter, removing them from the 

water. What is not used for animal growth is then expelled as solid waste pellets, 

which eventually decompose into the atmosphere as nitrogen. It is estimated that 

19,000 tonnes of nitrogen is removed from seawater by oysters every year, equivalent 

to the purification capacity of 109,000 km
2
 forest. 
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 Oysters also contribute to absorb the dissolved CO2 from seawater. The amount of 

CO2 used by oysters was roughly estimated as 1.2 million tonnes. Thus, oysters 

contribute to alleviate greenhouse effect. 

 

 

11. Constraints, if any and Remedial Measures Taken 

 

Constraints of oyster harvesters diverse but could be grouped to fall under their different 

livelihoods assets: those related to the natural assets (resource based), physical assets 

(infrastructure related), financial assets, human (personal well being and technical) and social 

assets related constraints and include the following that were identified by the study  

 

S. No Constraints Remedial measures 

1  Non-availability of community land for 

establishing the value added product ( 

VAP ) unit 

A community meeting of farmers in 

Moothakunam village was organized and 

as per its recommendation, private 

building was rented out to establish the 

VAP and the annual rental amount was 

paid by the participating Self Help Groups 

in the project  

2. Adoption of post harvest practices by 

following HACCP protocol 

A larger number of training programs was 

organized to educate the farmers about the 

post harvest practices for VAP 

development by following good hygienic 

practices. Appropriate handing equipment 

and facilities were provided by the project 

enabled the farmers to maintain the 

recommended protocol.    

3 Low capacity and less efficiency of 

automated heat shucking unit /Oyster 

steamer. 

Farmer used the prototype I oyster steamer 

which could heat shuck 100 oyster per 5 

minutes and more over circulation of 

steam was not uniform. In order to handle 

large quantity of oyster and saving time, 

Prototype II was developed which could 

shuck 500 oysters/5min and also the nectar 

which cannot be preserved in earlier type 

can also be preserved. 

4. Difficulty in transportation of harvested 

oysters to the processing site  

Farmers used common VAP unit for 

depurating their produce. Farmers of 

surrounding villages also started using this 

facility. But transportation of their produce 
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was a major problem. In order to facilitate 

this, canoes from the project was provided.  

6.  In adequate off-season livelihood 

opportunities 

VAP was meant commonly for depurating 

oyster and other post harvest practices.  a 

larger number of training programme was 

organized to educate the farmers about the 

handling and post harvest practices for 

other bivalves  to be collected from the 

landing centres during off-season.  

7.  Need for increased awareness and basic 

training in food handling and safety 

control  

A large number of training provided to 

SHGs in food handling and safety control 

8.  Need for increased awareness about the 

nutritive health benefits and  

consumption.  

Various awareness programmes has been 

created through media, leaflet, AV aids,  

oyster fact sheet on  packet, food festival 

such as ShellCon  2014 conducted 

recently.  

9.  Lack of appropriate protective clothing 

for various post harvest operation 

A large number of training programs was 

organized to educate  the various operation 

(harvesting, processing and marketing of 

products) including appropriate protective 

shoes , gloves, lifejackets over alls etc.  

10.  Inadequate training on oyster culture 

methods and practices. 

A large number of training was provided 

to the SHGs on oyster culture method and 

post harvest practices. 

 

 

 

 

12. Publications (As per format of citation in Indian Journal of Agricultural Sciences) 

A. Research papers in peer reviewed journals. Details as per the guidelines for citation of 

publications (Annexure I) 

S. 

No. 

Authors, Title of the paper,   

Name of Journal, Year, Vol. & Page No. 

NAAS 

Ratings  

Responsible 

Partner 

1 Sanil NK, Suja G, Lijo J and Vijayan KK. 2011. First 

report of Perkinsus beihaiensis in Crassostrea 

madrasensis from the Indian subcontinent. Disease of  

Aquatic Organism  98: 209 -220 

 CMFRI 

2 Kizhakudan JK and Patel SK. 2011. Effect of diet on 

growth of the mud spiny lobster Panulirus 

Polyphagus (Herbst, 1973) and the sand lobster Thenus 

 Orientalis (Lund, 1793) held in captivity. Journal of 

 The  Marine Biological Association of India 53 (2): 

 CMFRI 
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 167- 171. 

    

    

 Accepted for Publication   

 Kizhakudan JK. Reproductive biology of the female 

shovel-nosed lobster Thenus unimaculatus (Burton and 

Davie, 2007) from north-west coast of India. Indian 

Journal of Geo-Marine Sciences  

 CMFRI 

 
Suja G, Sanil NK, Chinnadurai, S and Vijayan KK.    

Histopathology of larval bucephalid trematode 

infection leading to parasitic castration in the edible 

oyster, Crassostrea madrasensis (Preston 1916) 

(Bivalvia: Ostreidae) 

 CMFRI 

 

 

B. Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc. 

 

S. No. Authors, Title of the papers   

Name of Book/ Seminar/ Proceedings/Journal, Publisher, Year, Page 

No. 

Responsible  

Partner 

 Kizhakudan JK, 2009. Seed production of the Sand lobster Thenus 

orientalis (Lund 1973). In Summer School on Recent Advances in Seed 

Production and Grow out Techniques for Marine Finfish and Shellfish 

held during 

CMFRI 

 Kizhakudan JK, 2009. Broodstock development and captive breeding of 

the Sand lobster Thenus orientalis (Lund 1973). In Winter School on 

Recent Advances in Breeding and Larviculture of Marine Finfish and 

Shellfish held during 

CMFRI 

 Kizhakudan JK, 2009. Larval and juvenile rearing of the Sand lobster 

Thenus orientalis (Lund 1973). In Winter School on Recent Advances in 

Breeding and Larviculture of Marine Finfish and Shellfish held during 

CMFRI 

 Kizhakudan JK, Jayasankar V and Margaret MR. 2009.  

Matsyagandha- 2009, 

102 . pp. 54-58. 

CMFRI 

 Mohamed KS and Kripa V. 2010. Framework for mariculture water lease 

policy in India. Paper presented in the International Symposium “Recent 

Advances in Lobster Biology and Management (RALBAM)”organized by 

National Institute of Ocean Technology, 5-8 January 2010 at Chennai. 

CMFRI 

 Kizhakudan JK and Margaret MR. 2010.  Juvenile rearing and fattening 

techniques in sand lobster aquaculture. Paper presented in the 

International Symposium “Recent Advances in Lobster Biology and 

Management (RALBAM)”organized by National Institute of Ocean 

Technology, 5-8 January 2010 at Chennai. 

CMFRI 
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 Kizhakudan JK, Vidya J and Krishnamurthy S. 2010. Spermatophore 

structures in Indian spiny and scyllarid lobsters. Paper presented in the 

International Symposium “Recent Advances in Lobster Biology and 

Management (RALBAM)”organized by National Institute of Ocean 

Technology, 5-8 January 2010 at Chennai. 

CMFRI 

 Kizhakudan JK and Patel SK. 2010.  Reproductive biology of the sand 

lobster Thenus orientalis. Paper presented in the International 

Symposium “Recent Advances in Lobster Biology and Management 

(RALBAM)”organized by National Institute of Ocean Technology, 5-8 

January 2010 at Chennai. 

CMFRI 

 Kizhakudan JK. 2010. Aboratory rearing of the scyllarid lobster 

Petrarctus rugosus (H. Milne Edwards, 1837) to post-nisto stage. Paper 

presented in the International Symposium “Recent Advances in Lobster 

Biology and Management (RALBAM)”organized by National Institute of 

Ocean Technology, 5-8 January 2010 at Chennai. 

CMFRI 

 Jacob A. 2011. CMFRI Spearheads oyster farming in Kerala. Enterprise 

and Economic update, (Kerala), p.1 (4). 

CMFRI 

 Kizhakudan  JK, Kripa V, Margaret MR, Manibal C, Ganapathi  V,

 Gandhi AD,  Lasili VA and Ganesan S. 2011. 

   (Hindi) (Possibilility of polyculture  of prawns 

with sand lobsters in Hindi) In: Advancement in Mariculture, CIBA Spl. 

Publ. No. 56, May 2011, p. 31-32 

CMFRI 

 Kizhakudan  JK, Kripa V, Margaret MR, Manibal C, Ganapathi  V, Gandhi 

AD,  Lasili VA and Ganesan S. 2011.  

  (Hindi) (High density culture system of sand lobster in 

Hindi). In: Advancement in Mariculture, CIBA Spl. Publ. No. 56, May 

2011, p. 33-35.  

CMFRI 

 Durai, C, Padmanadan, Aathipandian and Kripa V. 2011. Comparison of 

growth of cultchless oyster spat settled at ren in hatchery and estuarine 

systems along  East coast of India.  Paper presented in the International 

conference-Asia pacific Aquaculture organized by World Aquaculture 

Society, 16 - 18 January 2011 at Kochi.  

CMFRI 

 Kripa V, Mohamed KS, Velayudhan TS, Mathew Joseph, Alloycious, 

PS, Sharma J,  Rakesh Sharma and Suja G. 2011. Baseline information 

on the status of edible oyster farming and utilization in Kerala, India. 

Presented paper in the International conference-Asia pacific  Aquaculture, 

organized by World Aquaculture Society, 16 - 18 January  2011at 

Kochi.  

CMFRI 

 Kripa V, Mohamed KS, Velayudhan TS, Chinna Durai, Rakesh Sharma, 

Sharma J, Mathew Joseph, Alloycious PS. 2011. Development of edible 

oyster hatchery and village based remote setting unit along the west coast 

for promoting increased production  of farmed oysters in India. 

CMFRI 
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Presented paper in the International conference-Asia pacific Aquaculture, 

organized by World Aquaculture Society, 16 - 18 January 2011at Kochi. 

 Suja G, Sanil NK, Kripa V, Mohamed KS, and Vijayan KK. 2011. 

Health status of Crassostrea madrasensis a candidate species for 

aquaculture along the Southern Indian Coast. Presented paper in the 

International conference-Asia pacific Aquaculture,  organized by World 

Aquaculture Society, 16 - 18 January 2011at Kochi. 

CMFRI 

 Kizhakudan JK, Margaret MR, Vijaygopal P, George RM, Jayasankar V 

and Krishnamoorthi S. 2011. Research progress towards Lobster culture-

understanding and formulating phyllosomal diets. Presented paper in the 

National Forum-9
th

 Indian Fisheries Forum, organized by Asian 

Fisheries Society Indian branch  and CMFRI, 19-23 December, 2011 at 

Chennai 

CMFRI 

 Sanil NK, Suja G, Lijo J,Asokan PK and Vijayan KK. 2011. Emerging 

Disease Problems in Indian Bivalve Mariculture. Presented poster in the 

in the International  Symposium - Eighth Symposium on Disease in Asian 

Aquaculture, organized by the College of Fisheries, Manglore and Fish 

Health Section of Asian Fisheries Society, 21-25 November, 2011at 

College of Fisheries , Mangalore.  

CMFRI 

 Suja G, Sanil NK, Lijo J, Asokan PK and Vijayan KK. 2011. 

Investigations on Perkinsus spp. Infections in Bivalve populations along 

the Indian Coast. Presented poster in the in the International  Symposium 

- Eighth Symposium on Disease in Asian Aquaculture, organized by the 

College of Fisheries, Manglore and Fish Health Section of Asian 

Fisheries Society, 21-25 November, 2011at College of Fisheries , 

Mangalore. 

CMFRI 

 Kizhakudan JK, Krishnamoorthi S and Manibal C. 2012. Lobster holding 

system designs for improved domestication programs. Presented paper in 

the national conference on New Vistas in Indian Aquaculture, organized 

by………, 23-24 February, 2012 at CIBA, Chennai.  

CMFRI 

 Libeesh PK and Saburaj PR. 2013.  Cold smoked oyster products- an 

innovative method for value addition of high value shellfishes. Presented 

paper in the 3
rd

 International Conference on food technology-„’Food 

Processing Technologies: Challenges and Solution for Sustainable Food 

Security’‟ held during 4-5 January 2013 at Indian Institute of Crop 

Processing Technology (IICPT), Thanjavur, Tamil Nadu.  

NIFPHATT 

 Mohamed KS and Kripa V. 2013. Oyster farming: new hope for 

increasing mariculture production in India. MPEDA news letter, p. 55-

57. 

CMFRI 

 Prema D, Valsala KK, Mohamed KS, Mathew Joseph, Alloycious PS, 

Sharma J,  Mohan A, Bose J, Anilkumar PS,SajiKumar KK, Rajesh N, 

Venkatesan V and Kripa V. 2013. Assessment of mercury and physic-

chemical parameters in clam beds of Ashtamudi Lake ecosystem, Kerala. 

Presented paper in the International Symposium on Greening Fisheries:  

held during 21-23May 2013 at Central Institute of Fisheries Technology, 

Cochin 

CMFRI 

 Kizhakudan JK, Krishnamurthy S and Thiagu R. 2013. First record of the CMFRI 
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Scyllarid lobster Scyllarides tridacnophaga from Chennai coast. 

 Marine Fisheries Information Service (T&E Ser.) 211 pp.13 

 Kizhakudan JK, Krishnamurthy S and Thiagu R. 2013. Unusual landing 

 of deep sea lobster Palinustus waguenisis at Cuddalore. Marine 

 Fisheries  Information  Serv. (T&E Ser.) 211 pp.19 

CMFRI 

 

13.  Media Products Developed/Disseminated 

 

S. 

No. 

CD, Bulletins, Brochures, etc. (Year 

wise) 

No. of 

Copies 

Distribution Responsible 

Partner 

 2009. Brochure on oyster farming 500 Distributed to 

entrepreneurs 

CMFRI 

 2010. CD, Documentary on Oyster 

farming (20 minutes duration, English 

and Hindi) 

50 Department of 

Fisheries, ATIC 

CMFRI 

 2010. CD, Oyster cookery show (2sets 

of 20 min duration) with traditional and 

continental products/cuisine; English, 

Hindi, Malayalam  

50 Distributed to 

chefs, catering 

institutes etc. 

CMFRI 

 2010. CD, Advertisement on promotion 

of oyster consumption ( 20 seconds 

duration) 

25 Distributed to 

entrepreneurs 

CMFRI 

 2011. Technical Guide; Depuration 

Display Unit (DDU) 

500 High-end 

restaurants and 

researchers 

CMFRI 

 

 

14. Meetings/Seminars/Trainings/Kisan Mela, etc. organized 

 

S. 

No. 

Details of 

Meetings/Seminars/Tr

ainings, etc. 

Duration 

(From-To) 

No. of 

Personnel 

Trained 

Budget 

(Rs) 

Organizer  

(Name & Address) 

 Awareness program on 

oysters-Nutritional 

qualities of oysters, 

farming and publications 

17 June 2010 35  CMFRI, Kochi and 

CGH group of 

Hotels    

 Refresher training 

program for oyster 

farmers – 

Moothakunnam, Kerala 

at H.M.Y Sabha School, 

Kottuvallikadu 

Moothakunnam 

27 November 

2010 

250 150 per 

person 

CMFRI 
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 Training on VAP 

development at the 

NAIP-VAP unit at 

Moothakunnam 

30
 
November 

2010 

25 150 per 

person 

CMFRI  and 

NIFPHATT 

 Training on oyster 

depuration 

27 October 

2010 

25 150 per 

person 

CMFRI 

 Training on hatchery 

seed production 

12-22, 

October 2010 

   

 Training on Remote 

Settings and oyster spat 

rearing  at NAIP-RS unit 

at Moothakunnam 

24 January 

2011 

25 150 per 

person 

CMFRI 

 Training on oyster 

farming  at Chettuva 

7 February 

2011 

100 100 per 

person 

CMFRI 

 Business opportunities 

in oyster cuisine  

23 February 

2011 

250  CMFRI and CGH 

 Oyster product 

development 

25 February 

2011 

12 6200 NIFPHATT 

      

      

 

15. Participation in Conference/ Meetings/Trainings/ Radio talks, etc.  

 

S. 

No. 

Details of 

Meetings/Seminars/ 

Trainings/Radio talk, 

etc.(Name &Address) 

Duration 

(From-To) 

Budget 

(`) 

Participant  

(Name & Address) 

 Awareness programme 

on consumption of 

oyster promoted by the 

National best actor 

awardee , Shri Salim 

Kumar, Malayalam film 

actor on the World‟s 

Environment Day (6
th

 

June 2011) was telecast 

in TVs news channels. 

6
th

 June 2011  Dr. K.S. Mohamed 

Head, Molluscan 

Fisheries Division(MFD), 

ICAR-CMFRI, Kochi 

Dr. V. Kripa 

Head, Fisheries 

Environment and 

Management Division, 

ICAR-CMFRI, Kochi 

2 Participated in the Asia 

Pacific Aquaculture 

conference organized 

by World Aquaculture 

16 - 18  January 

2011 

 Dr. K.S. Mohamed 

Head, Molluscan 

Fisheries Division(MFD), 

ICAR-CMFRI, Kochi 
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Society at Kochi, 

Kerala 

 

Dr. V. Kripa 

Head, Fisheries 

Environment and 

Management Division, 

ICAR-CMFRI, Kochi 

T. S. Velayudhan 

Principal Scientist,  

MFD, ICAR-CMFRI, 

Kochi 

Mr. Chinnadurai 

Senior Research Fellow, 

NAIP-CMFRI, MFD, 

Kochi 

Ms. Suja Gangadharan 

Senior Research Fellow, 

NAIP-CMFRI, Marine 

Biotechnology Division 

(MBTD), Kochi 

 Participated in the 3
rd

 

International 

Conference on food 

technology organized 

by Indian Institute of 

Crop Processing 

Technology (IICPT) at 

Thanjavur, Tamil Nadu  

4-5 January 2013 

 

 Libeesh P.K, Senior 

Research Fellow, NAIP-

NIFPHATT, Kochi 

Saburaj  PR, Senior 

Research Fellow, NAIP-

NIFPHATT, Kochi 

 Participated in the 

International 

Symposium - Eighth 

Symposium on Disease 

in Asian Aquaculture, 

organized by the 

College of Fisheries, 

Manglore and Fish 

Health Section of Asian 

Fisheries Society, 21-25 

November, 2011at 

College of Fisheries, 

Mangalore. 

21-25 November, 

2011 

 Ms. Suja Gangadharan 

Sh. Sanil NK, Scientist, 

CMFRI, Kochi 

Asokan PK, Prinicpal 

Scientist, CMFRI 

Vijayan KK, Head, 

MBTD, CMFRI 

 Participated in the 

National Forum-9
th

 

Indian Fisheries 

19 – 23 December, 

2011 

 Dr. K.S. Mohamed, 
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Forum, organized by 

Asian Fisheries Society 

Indian branch  and 

CMFRI, 19-23 

December, 2011 at 

Chennai 

     

 Participated in the 3
rd

 

International 

Conference on food 

technology organized 

by Indian Institute of 

Crop Processing 

Technology (IICPT) at 

Thanjavur, Tamil Nadu 

4-5 January 2013 

 

 Libeesh P.K, Senior 

Research Fellow, NAIP-

NIFPHATT, Kochi 

Saburaj  PR, Senior 

Research Fellow, NAIP-

NIFPHATT, Kochi 

 Presented paper in the 

International 

Symposium on 

Greening 

Fisheries:Towards 

green technology in 

fisheries  held during 

21-23May 2013 

21-23May 2013  Dr. D. Prema, Sr. 

Scientist, KK Vasala, 

Techinical staff, KS 

Mohamed, Mathew 

Joshep, Techinical staff 

etc., CMFRI, Kochi 

     

 

 

16. Foreign Trainings/ Undertaken (National/ International) 

 

S. 

No 

Name, 

Designation and Address 

of the Person 

Place of Training  Time and 

Duration 

Total Cost 

(Rs) 

1 Dr. Joe Kizhakudan 

Senior Scientist 

Madras Research Centre of 

CMFRI, 75, Santhome High 

Road, Raja 

Annamalaipuram 

Chennai-600 028 

Phone: 044-24513360 

Fax : 044-24617290 

Email :jkizhakudan @ 

rediffmail.com 

Tropical Aquaculture Division of 

the Australian Institute of Marine 

Science (AIMS), Townsville 

 

31
st
 March 

to16
th

 

April 2010 

 

Rs. 3 lakhs 

 



108 | P a g e  

 

 Jkkizhakudan @ gmail.com 

 

 

17. Performance Indicators (from inception to completion) 

 

S. 

No. 
Indicator Total No. 

1.  No. of production technologies released and/or adopted  4 

2.  No. of processing technologies released and/or adopted  13 

3.  
Number of technologies/products commercialized based on NAIP 

research  
3 

4.  No. of new rural industries/enterprises established/ upgraded  1 

5.  No. of product groups for which quality grades developed and agreed  0 

6.  
Total no. of private sector organizations (including  NGOs) 

participating in consortium  
6 

7.  No. of farmers involved in consortia activities  1500 

8.  
Total number of farmers‟ group developed for marketing and 

processing  
300 

9.  
Number of patent/intellectual property protection applications filed 

based on NAIP research  
1 

10.  
Number of patents/intellectual property protections granted/published 

based on NAIP research 
0 

11.  Number of scientists trained overseas in the frontier areas of science   0 

12.  
Number of scientists trained overseas in consortium-based subject 

areas 
1 

13.  No. of scientists participated in conference/seminar etc. abroad 0 

14.  No. of training organized/ farmers trained 
Traini

ng No. 

Farmers 

No. 

15.  Success stories  1 

16.  Incremental employment generated (person days/year/HH)  
Baseline Final 

0 32  

17.  Increase in income of participating households (` per annum) 
Baseline Final 

0  

18.  Number of novel tools/protocols/methodologies developed 0 

19.  Publications   

 Articles in NAAS rated journals 3 

 Articles in other journals 0 

 Book(s) 0 

 Book chapter(s) 1 

 Thesis 2 

 Popular article(s) (English)  5 

 Newspaper article(s) 13 

 Seminar/Symposium/Conference/Workshop Proceedings 12 

 Technical bulletin(s) 1 

 Manual(s) 0 

 CDs/Videos 4 

 Popular article(s) in other language 3 
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 Folder/Leaflet/Handout 1 

 Report(s)  

 

18. Employment Generation (man-days/year) 

 

S. No. Type of Employment Generation Employment 

Generation 

up to End of 

Sub-project 

Responsible 

Partner 

1 

Oyster farming and post harvesting 

30- 35 man 

days/yr/farm 

CMFRI 

Total= 48750 

mandays 

(total farm= 

1500) 
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19.  Assets Generated 

(Details to be given on equipments and works undertaken in the sub-project, costing more 

than ` 10,000/- in each case) 

 

(i) Equipment/ Vehicles/ Research Facilities 

 

S. No. Name of the Equipment with 

Manufacturers Name, Model and 

Sr. No. 

Year of 

Purchase 

Quantity 

(Nos.) 

Total cost 

(`Rs) 

Responsible 

Partner 

1. ’Hercules’’ Electronic weighing 

scale(one) 

Manufacturer:  model: HH3, Cap. 

1g -10 kg, Sr. No. :091769 

2009     1 8410.0 CMFRI 

 Pocket weighing scale (one) 

Manufacturer:  model: , Cap. 

100mg -1 kg, Sr. No. : 

2009 1 11982.0 CMFRI 

 ’Mettler Toledo’’ Analytical 

balance(one) 

Manufacturer:  model: , Cap. 320g, 

Sr. No. : 

2009 1 71,900.0 CMFRI 

 ’Mitutoyo’’ Digital Vernier 

Caliper (6 Nos) 

Manufacturer:  model: , Resolution: 

0.01 mm,  Sr. No. : 

2009 6 53,790.0 CMFRI 

 Computer (2nos) 

Manufacturer:  ,  Sr. No. : 

2009 2 1,00,086.0 CMFRI 

 Refrigerator (1 no) 

Manufacturer: Samsung model: , 

Cap. 290 L, Sr. No. : 

2009 1 18,900.0 CMFRI 

 Autoclave (2nos) 

Manufacturer: Samsung model: , 

Cap. 290 L, Sr. No. : 

2009 2 50,030.0 CMFRI 

 Modified vehicle 2009 1 7,56,109 NIFPHATT 

 Diesel Engine Pumpset (One) 

Manufacturer:  model: , Cap. , Sr. 

No. : 

2010 1 18,030.0 CMFRI 

 Air Blower (5 nos) 

Manufacturer: model: HAP-100, 

Power: 80w, Sr. No. : 

2010  30,000.0 CMFRI 

 Submersible Pump (5 nos) 

Manufacturer: model:AT-106, 

Power: , Sr. No. : 

2010 5 10,000.0 CMFRI 

 LCD projector (one) 

Manufacturer: model: CP-X417, 

Power: , Sr. No. : 

2010 1 98,885.0 CMFRI 
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 Split A/C (4 nos) 

Manufacturer: model: , Cap:2ton, 

Sr. No. : 

2010 4 1,72,342.0 CMFRI 

 BOD incubator (one) 

Manufacturer: model: , Cap:2ton, 

Sr. No. : 

2010 1 56,400.0 CMFRI 

 Eheim External Filter (4nos) 

Manufacturer: model:2227, Cap:, 

Sr. No. : 

2010 4 91,200.0 CMFRI 

 Electronic weighing scale(5nos) 

Manufacturer: model:HT-16, 

Cap:1g -10kg, Sr. No. : 

2010 5 38,854.0 CMFRI 

 ’Mettler Toledo’’ Analytical 

balance(one) 
Manufacturer:  model: , Cap. 320g, 

Sr. No. : 

2010 1 71,900.0 CMFRI 

 Gilma Chairs () 

Manufacturer:  model: Comfy, Cap. 

, Sr. No. : 

2010  13,225.0 CMFRI 

 Office table (one) 

Size: 4
‟‟
x2

‟‟
, steel body with 

moopan top 

2010 1 16,600.0 CMFRI 

 Steel office almirah (one) 

5
1/2

 ft height with 3 shelves  

2010 1 21,600 CMFRI 

 Wooden stool() 

2ft height 

2010  5,200 CMFRI 

 Laboratory chairs () 2010  12,600.0 CMFRI 

 Temperature controlled systems 

(one) 

model: TC-602D 

2010 1 1,75,205.0 CMFRI 

 Digital temperature bath(one) 

model: TC-602D 

2010 1 7008.2 CMFRI 

  Electrical Motor pump (one) 

Power: 1.5 Hp 

2010 1 7800.0 CMFRI 

 Petrol motor pump (2nos) 

Manufacturer: Hitachi, Power: 1.5 

Hp 

2010 2 39800.0 CMFRI 

 Oyster steamer-Prototype I (one) 2010 1 94830.0 CMFRI 

 Deep Freezer (one) 

Make: Blue star, Model: CHF 500 

2010 1 28,500.0 CMFRI 

 Kitchen articles for VAP unit 

(Utensils, spoons, plastic buckets, 

bowl, spatula, trays, stove, basins 

etc.) 

2010  2,34,260.0 CMFRI 

 Safety cabinet ( one) 

Model: BSL-3,  

2010 1 1,45,000.0 CMFRI 

 Diesel generator(one) 

Kirloskar green diesel set, 

Ker30ws2, Model: RB33 SR II, 

2010 1 3,21,318.0 CMFRI 
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Power: 25kva, Sr. No 1899 

 UV Spectrophotometer(one) 

Sr. No 10100401 TS, UV 

171103,UVQ10AL 

2010 1 3,60,000.0 CMFRI 

 Muffle furnace(one) 

Inside dimension: 

230x170x130mm, outside : 

430x445x425mm,  

2010 1 2,95,796.8 CMFRI 

 Hot air oven(one) 

Make:Equitron, Capacity: 

600x600x700/250L 

2010 1 1,42,816 CMFRI 

 UV Filtration (3 nos) 

Capacity: 10,000 L/hr, Model: GF-

10, Sr. No: 2069,2070&2071 

2010 3 2,79,294.0 CMFRI 

 Cartridge Filter(2nos) 

 

2010 2 66,206.0 CMFRI 

 Jet washer pump() 2010  1,46,694.0 CMFRI 

 Rigid inflatable Dinghy with 

OBM(one) 

2010 1 2,75,625.0 CMFRI 

 Acrylic Clear Tank (5nos) 

Shape: Cylindrical, 

2010 5 78,177.0 CMFRI 

 FRP Tank (4 nos) 

Shape: Cylindrical, 

2010 4 86,793.0 CMFRI 

 FRP Tank (8 nos) 

Capacity: 1000 L 

FRP Tank 

Capacity: 250 L 

2010 8 3,21,657.0 CMFRI 

 Purification tank (10+2+8=20 nos) 

FRP Tank, Capacity: 500 L (10 

nos) 

FRP Tank, Capacity: 250 L(2 nos) 

FRP Tank, Capacity: 1000 L (8 

nos) 

2010 20 4,11,307.0 CMFRI 

 Water storage tanks (4+4+1=9 nos) 

Syntex tank(2000L): 4 nos, Syntex 

tank(1000L): 4 nos, Syntex 

tank(5000L): 1 nos, 

2010 9 1,06,656.0 CMFRI 

 Documentary film 2010 3 3,98,000 CMFRI 

 Software 2010  78,088 CMFRI 

 Split A/C  

Manufacturer: model: , Cap:2ton, 

Sr. No. 

2010  1,43960 CMFRI, 

Chennai 

 Deep Freezer 2010  93086 CMFRI, 

Chennai 

 Refrigerator 2010  42750 CMFRI, 

Chennai 

 Air Blower 2010  43578 CMFRI, 
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Chennai 

 Multiparameter kit 2010  243000 CMFRI, 

Chennai 

 Spectrophotometer 2010  108000 CMFRI, 

Chennai 

 Oxygen cylinder and assembly 2010  10,660 CMFRI, 

Chennai 

 Cartridge filter 2010  47,250 CMFRI, 

Chennai 

 UV filter 2010  1,63,125 CMFRI, 

Chennai 

 Canister filter 2010  1,09,200 CMFRI, 

Chennai 

 Monoblock pump 

Cap:3Hp 

2010  60,188 CMFRI, 

Chennai 

 Submersible pump 2010  75,656 CMFRI, 

Chennai 

 Self priming centrifugal diesel 

engine pump 

2010  30,160 CMFRI, 

Chennai 

 Humidifier 2010  96,357 CMFRI, 

Chennai 

 FRP/LRT tanks 2010  7,89,400 CMFRI, 

Chennai 

 Hot Air Oven 2010  1,26,900 CMFRI, 

Chennai 

 BOD Incubator 2010  1,31,560 CMFRI, 

Chennai 

 Vertical Autoclave 2010  29,848 CMFRI, 

Chennai 

 Laptop with printer 2010  74,975 NIFPHATT 

 Digital Camera 2010  28,150 NIFPHATT 

 Trays, Tables 2010  3,40,365 NIFPHATT 

 Map Machine 2010  1,86,003 NIFPHATT 

 Deep Freezer 2010  21,000 NIFPHATT 

 Display Deep Freezer 2010  84,469 NIFPHATT 

 Walk-in Cooler 2010  5,16,386 NIFPHATT 

 Moisture balance 2010  1,03,113 NIFPHATT 

 Blender/Silent cutter 2010  3,97,800 NIFPHATT 

 

(ii) Works 
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S. No. Particulars of the Work,  

Name and Address of 

Agency Awarded the 

Work 

Year of 

Work Done 

Quantity 

(Nos.) 

Total 

Cost 

(lakhs) 

Responsible 

Partner 

 Oyster hatchery cum 

training centre 

2010-11 one 13 CMFRI 

 VAP unit at 

Moothakunnam 

(Depuration plant: 3000 

oysters/run) 

2010-11 one 10 CMFRI and oyster 

farmers 

      

      

      

 

(iii)Livestock 

(Details of livestock procured/produced in the sub-project) 

 

S. No. Details of 

Livestock 

(Breed, etc.) 

Year of 

Procurement/Production 

Nos. Total 

Cost (`) 

Responsible 

Partner 
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(iv)  Revenue Generated 

(Details may be given on revenue generated in the sub-project viz., sale of seeds, farm 

produce, products, patents, commercialization, training, etc.) 

 

S. No. Source of Revenue Year Total amount 

(Rs) 

Responsible 

Partner 

1 Consultancy  15, 000 CMFRI 

2 Sales of products  98,375.00 NIFPHATT 

3 Smoked oyster to Taj hotels  4,140.00 NIFPHATT 

4 Sales of products  3,300.00 NIFPHATT 

Total  1,20,815.00  

 

 

20.  Awards and Recognitions 

 

S. No. Name, 

Designation, 

Address of 

the Person 

Award/ 

Recognition 

(with Date) 

Institution/ Society 

Facilitating (Name 

& Address) 

Responsible Partner 

1 Dr. K. Sunil 

Mohamed, Head, 

MFD, Dr. TS 

Velayudhan, 

Principal 

Scientist, Dr. V. 

Kripa, Head, 

FEMD,  Mr. 

Mathew Joseph, 

Technical Officer, 

Ms. Jenni 

Sharma, 

Technical officer 

and Mr. P. S. 

Alloycious, 

Technician  

Pillay 

Aquaculture 

award 2011 (19
th 

December, 

2011) 

Indian Fisheries 

Forum 

CMFRI, Kochi-18 

2 Smt. Jaya Rajeev 

& team (Keerthi 

Self HelpGroup) 

District award 

for best oyster 

farmer group 

2010. 

State Fisheries 

Department 

CMFRI 
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3 Suja G, Sanil NK, 

Lijo J, Asokan 

PK and Vijayan 

KK.  

Best Poster 

Award (25 

Nov.2011) 

International  

Symposium - Eighth 

Symposium on 

Disease in Asian 

Aquaculture, 

organized by the 

College of Fisheries, 

Manglore and Fish 

Health Section of 

Asian Fisheries 

Society, 21-25 

November, 2011at 

College of Fisheries 

, Mangalore. 

CMFRI 

4 Short film on 

oyster farming 

(DVD) 

Certificate of Merit was received from 

the Director, Vigyan Prasar in a 

function of Rashtriya Vigyan 

Chalachitra Mela and Competition 2013 

CMFRI 

 

 
 

 

 

 

 

 

 

 

 

Figure. Dr. K.S. Mohamed, Head-MFD 

receiving the Pillay Aquaculture Award, 

2011 from Dr Meenakumari, DDG 

(Fisheries), ICAR 

 

Smt. Jaya Rajeev, Keerthi SHG, Moothakunnam, 

Ernakulam Dist. receiving the district award for 

best oyster farmer group 2010 from Sh. Dominic 

Presentation, MLA on September 6th, 2011. 
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21.  Steps Undertaken for Post NAIP Sustainability 

 

The VAP unit operated by farmers has been supplying depurated live oysters to high end 

restaurants in Kochi city. This unit is now itself self reliant. The SHGs are paying electricity, 

water, and other charges etc. to VAP owner. Hence project activities will continue even after 

the closure of this project. The oyster hatchery that is the first unit for training farmers in 

technical protocols of seed production developed under this project will continue at the KVK 

complex in Kochi even after the closure of the project.  

Though complete value chain has been developed under the project especially in the central 

Kerala. This value chain has to be promoted in other coastal belt for sustainability. 

Sustainability of the entire value chain can be achieved through addressing the following 

issues. 

  

Sustainability in the area of production and farming 

 Sustainability in the area of production and farming can be achieved by addressing the 

following issues. 

 It is important that the quality of spat received by the farmers is in the best possible 

condition for grow-out, as it is a major factor deciding the profitability of farming 

operations. A quality testing protocol to assess the viability of spat before 

procurement/ as it reaches the farming site should be developed. A Code of Practice 

for the handling of mussel spat from the natural bed to the farming site with scientific 

advice on collection, packaging, transportation and seeding processes should be 

developed. 

 To scale-up bivalve farming activities in open-water bodies, it is necessary to frame 

and implement water leasing policies. 

 Small producers in the aquaculture may experience difficulties in accessing working 

capital and financing for expansion and trade activities. Bivalve farming has achieved 

only a fraction of the true potential in India. Development agencies should take a lead 

in promoting bivalve farming in the States of Karnataka, Goa and Maharashtra. 

Ongoing schemes for aquaculture activities (shrimp farming) may be made available 

for bivalve farming as well for the promotion of aquaculture.  The development of 

mussel and oyster farming in the State of Kerala may be taken as a model by all 

maritime states in India. 
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 Considering the threat of diseases with intensification of farming, it is necessary to 

develop a referral diagnostic centre for OIE listed pathogens of bivalves at CMFRI. 

 To diversify aquaculture practices and encourage environment friendly farming 

operations, standardisation of integrated multi-trophic aquaculture (IMTA) protocols 

need to be developed.   

 Strengthening the participation of women in bivalve farming, post-harvest processing 

and marketing activities 

Sustainability in the area of Post-harvest technology and hygiene 

 

 Monitoring, Evaluation and Classification (as approved, restricted and prohibited) of 

bivalve growing/ harvesting areas may be carried out broadly based on: 

o Growing/ harvesting water test results (eg: National Shellfish Sanitation 

Program, (NSSP) of USA and Canada; Australian Shellfish Quality Assurance 

Program, ASQAP of Australia) or 

o Bivalve tissue test results (Council Directive 91/492/EEC of Europe).  

 

 Competent authorities/ Local shellfish authorities/ „bivalve safety committee‟ need to 

be constituted for collecting and testing bivalve tissue and water samples for 

monitoring and evaluation. Regulatory agencies should appropriately classify the 

bivalve areas based on the test results and may recommend closure of bivalve fishery/ 

farming when contamination is detected. 

 The bivalve depuration unit developed by CMFRI should be taken as a model for 

replication in all major bivalve production centres (both wild and culture harvests). 

Such depuration units should be accessible to the bivalve farmers of the region and 

must be sited near the farming/ wild harvest areas. 

 Current practice of heat shucking of bivalve meat should be replaced with the more 

efficient steam shucking protocol developed and patented by CMFRI.  This can result 

in increased meat yield and a product with more hygiene and taste.  Moreover, this 

practice can also yield high quality nectar from clams and oysters which is a high 

value product in high-end restaurants. 

Sustainability in terms of marketing and export strategy 

 The high-quality bivalves produced in an environmentally sustainable manner can 

demand a premium in many international markets. Certification and high-quality 

standards will play a more important role in accessing higher-value international 

markets. It is necessary to enable farmers to achieve sustainability and sustainability/ 

organic certifications that will add value to their products and improve access to 

international markets. 

 MPEDA should encourage international commerce opportunities in bivalve fishery/ 

aquaculture products through seminars, trade missions, market intelligence and 

market development activities.  This would help the bivalve industry to identify new 

market opportunities and develop specialized products in response to international 

demand.   

Consumption-Consumer acceptance 
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 Bivalve molluscs being filter feeding tends to accumulate microorganisms/ toxic 

algae, some of which can be a risk to consumers. Strict regulations may be 

implemented by the FSSAI for protecting consumers by ensuring that bivalves 

entering into the domestic and international supply chain meet strict food safety 

standards (health and hygiene).   

 Promote demand in bivalves by increasing awareness on the benefits of consuming 

bivalves (low cholesterol, high micronutrients) thereby enhancing the demand in the 

marketplace, and increasing product value.  The current ShellCon 2014 exhibition 

was a huge success among the public, and therefore, it needs to be replicated at 

regular intervals at different locations. 

 Awareness of the health benefits of bivalve shellfish should be inculcated to students 

in schools, and it could even form part of the mid-day meal scheme for school 

children wherever available. 

 

22. Possible Future Line of Work  

(Comments/suggestions of CPI regarding possible future line of work that may be taken up 

arising out of this sub-project) 

The possible future line of work is listed below 

 Oyster farming is already included as the model bankable agricultural project of 

NABARD and the new interventions developed under the project would also be 

communicated to NABARD for inclusion.  

 

 Development of oyster based products further such as  Intelligent and Smart 

packaging, Nutrient Labelling, Recipe formulations, Ecolabelling, Integration of GHP 

(Good Hygienic Practices) and GAqP (Good Aquaculture Practices), Eco-tourism, 

Tie-up with retail-chains, super-markets, compliance with  international norms for 

export sector, Building consumer confidence through HACCP implementation, ISO 

22000 FSMS certification, third-party accreditation. 

 

 More villagers have to be motivated for initiating oyster farming 

 

 Good link has to be established between the farmers and the industry 

 

 By creating awareness among consumers about the quality of oysters, market for 

oyster can be developed. More villagers have to be motivated for initiating oyster 

farming 

 

 There is a growing demand for oysters and production of farmed oysters can be 

increased    
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23. Personnel 

(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and Duration) 

 

 From – To (DD/MM/YYYY) 

Research Management (CL)  

1. Dr. Syda Rao 10.2. 2009 – 31.7.2013 

2. Dr. G. Gopalakrishnan 1.8.2013 – 31.3.2014 

Scientific (CPI, CCPI, others)  

3. Dr. V. Kripa (CMFRI) 

Head, FEM Division, CMFRI and CPI 

10.2.2009  -  

4. Dr. T. S. Velayudhan 

Principal Scientist(MFD),CMFRI and 

CPI 

- 30.11.2011 

5. Dr. V.Venkatesan 

Scientist (MFD), CMFRI and CPI 

1.12.2011 -  31.3.2014 

6. Dr. S. Girija 

Director, NIFPHATT and CCPI 

10.2. 2009 - 31.3.2014 

7. Dr. K. Sunil Mohamed 

Head, MFD, CMFRI and Co-CPI 

10.2. 2009 - 31.3.2014 

8. Dr. KK. Vijayan 

Head, MBTD, CMFRI and Co-CPI 

10.2. 2009 - 31.3.2014 

9. Dr. R. Narayanakumar 

Head, SEETTD, CMFRI and Co-CPI 

10.2. 2009 - 31.3.2014 

10. Dr. P. Vijaygopal 

Principal Scientist, MBTD, CMFRI 

and Co-CPI 

10.2. 2009 - 31.3.2014 

11. Dr. N.K.Sanil 

Senior Scientist, MBTD, CMFRI and 

Co-CPI 

10.2. 2009 - 31.3.2014 

12. Dr. K. Joe Kizhakudan 

Senior Scientist, CMFRI, and Co-CPI 

10.2. 2009 - 31.3.2014 

13. Dr. Margaret Muthu Rathinam 

Senior Scientist 

CMFRI and Co-CPI 

10.2. 2009 - 31.3.2014 

14. Dr. D. Prema 

Senior Scientist, FEMD, CMFRI and 

Co-CPI 

10.2. 2009 - 31.3.2014 

15. Dr. Kajal Chakraborthy 10.2. 2009 - 31.3.2014 
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Senior Scientist, MBTD, CMFRI and 

Co-CPI 

Technical (CPI, CCPI, others)  

16. Mr. Mathew Joseph (CMFRI) 10.2. 2009 - 30.11.2013 

17. Mr. P. S. Alloycious (CMFRI) 10.2. 2009 - 31.3.2014 

18. Ms. Jenny Sharma (CMFRI) 10.2. 2009 - 31.3.2014 

19. Mr. KK. Surendran (CMFRI) 10.2. 2009 - 31.3.2014 

20. Mr. Nandakumar (CMFRI) 10.2. 2009 - 31.3.2014 

21. Mr. LR. Khambadkar (CMFRI) 10.2. 2009 - 31.3.2014 

22. Ms. Valsala (CMFRI) 10.2. 2009 - 31.3.2014 

23. Mr. MK  Venu (NIFPHATT) 10.2. 2009 - 31.3.2014 

24. Mr. Varghese (NIFPHATT) 10.2. 2009 - 31.3.2014 

Contractual (CPI, CCPI, others)  

25.  Mr. Chinna Durai (CMFRI) 10.2. 2009 - 31.3.2014 

26. Mr. Rakesh Sharma (CMFRI) 10.2. 2009 - 31.3.2014 

27. Ms. N. Suja (CMFRI) 10.2. 2009 - 31.3.2014 

28. Mr. Krishnamoorthy (CMFRI) 10.2. 2009 - 31.3.2014 

29. Mr. Libeesh (NIFPHATT) 10.2. 2009 - 31.3.2014 

30.  Mr. N. Sabu (NIFPHATT) 10.2. 2009 - 31.3.2014 

 

 

24. Governance, Management, Implementation and Coordination 

A. Composition of the various committees (CIC, CAC, CMU, etc.) 

S. No. Committee Name Chairman/Members 

(From-To) 

 (From-To) 

1. CIC   

2. CAC Dr. K. Devadasan, Chairman 

Dr. K.K. Appukuttan, Member 

Shri P. Radhakrishnan, Member 

Mrs. Seena Pushpan, Member 

20
th

 February, 2009 to 31
st
 

March, 2014 

3. CMU   
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B. List of Meetings organized (CIC, CAC, CMU, etc.) 

S. No. Details of the meeting  Date Place & Address (Where meeting 

was organized) 

1. CIC    

2. CAC 26
th

 Mar., 2009 CMFRI, Kochi-18 

  29
th

 Sep., 2009 CMFRI, Kochi-18 

  26
th

 Mar.,2010 CMFRI, Kochi-18 

  1
st
 Oct.,2010 CMFRI, Kochi-18 

  11
th

 Jul., 2011 CMFRI, Kochi-18 

  16
th

 Mar., 2012 CMFRI, Kochi-18 

  3
rd

 March, 2014 CMFRI, Kochi-18 

3. CMU   
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Part-III: Budget and its Utilization 

STATEMENT OF EXPENDITURE (Final) 

(Period from ______________to___________________) 
               (Date of start)                 (Date of completion) 

Sanction Letter No. __________________ 
Total Sub-project Cost `_______________ 

Sanctioned/Revised Sub-project cost (if applicable) `_______________ 

Date of Commencement of Sub-project ___________________ 

Duration: From  __________________to ___________________ (DD/MM/YYYY) 

Funds Received in each year 
I Year `___________________ 

II Year `__________________ 

III Year ` _________________ 

Bank Interest received on fund (if any) ` _________________ 

Total amount received ` _________________ 

Total expenditure ` _________________ 

Expenditure Head-wise: 

Sanctioned Heads Funds 

Alloca

ted (*) 

Funds Released Expenditure Incurred Total 

Expend

iture 

Balance 

as on 

date 

Requirement 

of additional 

funds 

Remarks 

1
st
 

Year 

2
nd

 

Year 

3
rd

 

Year 

1
st
 

Year 

2
nd

 

Year 

3
rd

 

Year 

A. Recurring 

Contingencies 

           

(1) TA            

(2) Workshops            

(3) Contractual 

Services/RA/SRF 

           

Sub-Total of A (1-4)            

B. HRD Component            

(5) Training            

(6) Consultancy            

Sub-Total of B (5-6)            

C. Non-Recurring            

(7) Equipment            

(8) Furniture            

(9) Works (new 

renovation) 

           

(10) Others (Animals, 

Books, etc.) 

           

Sub-Total of C (7-10)            

D. Institutional 

Charges* 

           

Grand Total 

(A+B+C+D) 

           

* Institutional charges will be 10% of the recurring contingencies for the Lead Consortium and 5% for Consortia 

Partners. 

Name & Signature of CPI : Name & Signature of Competent Financial 

authority: 

  

Date:__________ Date:_________ 

Date:__________ Signature, name and designation of Consortia 

Leader 
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PART-IV: DECLARATION 

 

This is to certify that the final report of the Sub-project has been submitted in full 

consultation with the consortium partners in accordance with the approved objectives and 

technical programme and the relevant records, note books; materials are available for the 

same. 

 

 

 

Place:_________  

Date:_________ Signature of Consortium Principal Investigator 

 

 

  

 

 

 

Signature & Date 

Consortium Co-Principal Investigator 

 

 

Signature & Date 

Consortium Co-Principal Investigator 

 

 

Signature & Date  

Consortium Co-Principal Investigator 

 

 

Signature & Date 

Consortium Co-Principal Investigator 

 

 

 

 

 

 

 

Comments & Signature of Consortium Leader 

                                                                                    

                 Date: 
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Annexure 1 

Guidelines for Citation of Publications from NAIP sub-projects 

(Note: Give only those publications (under different categories) which are published 

during the project term) 

1. Research Article: 

Dubey P K, Selvakumar M, Kathiravan P, Yadav N, Mishra B P and Kataria R S. 2010. 

Detection of Polymorphism in Exon 2 of Toll-like Receptor 4 Gene of Indian Buffaloes 

using 

PCR –SSCP. Journal of Applied Animal Research 37: 265-268. (NAAS rating 6.6) 

2. Book 

Kathiresan R M. 2010. Components Integration in Small Holder Farms, p 119 Lambert 

Academic Publishing AG & Co. Koln, Germany. 

3. Book Chapter 

Bhargava A, Jain N and Panwar J. 2011. Synthesis and Application of Magnetic 

Nanoparticles: A Biological Perspective. (in) Current Topics in Biotechnology and 

Microbiology, p 117-155, Dhingra H K, Jha P N and Bajpai P. (Eds), LAP Lambert 

Academic Publishing AG & Co. KG, Dudweller Landstr, Germany. 

4. Thesis: 

Kumbar Shivanand. 2010. „Rural Community Organization for Strengthening the 

Livelihood 

Security of Buffalo Rearers through Strategic Supplementation of Mineral Mixture and 

Urea 

Molasses Mineral Blocks.‟ M Sc thesis, Karnataka Veterinary Animal and Fisheries 

Sciences 

University, Bidar Karnataka, p 110.  

5. Popular Article:  

Pandey M M and Tiwari P S. 2009. Precision Farming-A New Concept for Present and 

Future Agriculture. Indian Farming 59(6): 3-9. 

6. Newspaper Article: 

Dharajothi B and Gopalakrishnan N. 2009. Mealybug - A New Threat to Cotton 

Cultivation. 

The Hindu, 1.1.09. 

7. Seminar/ Symposium/Conference/Workshop Proceedings 

Chattopadhyay S K, Dey S K and Sreenivasan S. 2009. Composite Yarns from Natural 
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Fibres for Production of Technical Textiles. (in) Proceedings of International Conference 

on 

Emerging Trends in Production, Processing and Utilization of Natural Fibres, held 

during 

16-18 April 2009 at Worli, Mumbai, India, pp. 338-346. 

 

8. Technical Bulletin: 

Singh M and Sharma A. 2011. Precision Farming and its Potential in Punjab Agriculture. 

Tech. Bull. No. 04, 42 p Department of Farm Machinery and Power Engineering, Punjab 

Agricultural University, Ludhiana. 

9. Manual  

Balachandar D, Karthikeyan S and Kumar K. 2011. Current Perspectives in Molecular 

Microbial Diversity. Tamil Nadu Agricultural University, Coimbatore, p. 107. 

10. Seminar/ Symposium/Conference/Workshop Presentation 

Adhikari T, Goswami A, Biswas A K, Kundu S, Tarafdar J C and Subba Rao A. 2010. 

Synthesis of Rock Phosphate Nano Particle and Its Effect on Seed Germination of 

Selected 

Crops. (in) International Conference on Nanoscience and Nanotechnology (ICONN 

2010), 

held during 24-24 February 2010 at SRM University, Kattankulathur, Chennai, Tamil 

Nadu, 

India. 

11. CDs/Videos: 

Atreja S K. 2011. In vitro Capacitation of Cryopreserved Buffalo Spermatozoa in Egg 

Yolk 

Extender. National Dairy Research Institute, Karnal. 

12. Popular article in other Language 

Behera B. 2008. Odissare Gramina Jibika O Khadya Nirapatta (Oriya) (Rural Livelihood  

and Food Security in Orissa). Krishi Sambada, Directorate of Agriculture and Food 

Production, Govt. of Orissa, October-December, 2008, p 21-24. 

13. Folder/Leaflet/Handout: 

Adhya T K and Bhattacharyya P. 2008. Soil Organic Carbon Dynamics vis a vis 

Anticipatory 

Climatic Changes and Crop Adaptation Strategies. CRRI, Cuttack. 

14. Report:  

Murthy G R K, Reddy K M, Nanda S K, Rao Rama D and Rao Bhasker E. 2009. 

Identification and Integration of Decision Support Tools through Content Management 



127 | P a g e  

 

Models for Effective Knowledge Transfer. Research Report, National Academy of 

Agricultural Research Management, Hyderabad, p. 33. 

…………………………………………………………………………………………………

… 

Note: 

Name of CPIs and CCPIs to be given in italics 

Journal name to be given in full  
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Annexure 2 

General Guidelines for Developing Final Reports 

 

1) The CPI will send the consolidated report to PIU-NAIP after compiling the progress 

reports received from all the consortium partners. The report should also list the 

constraints (if any) being faced by consortia partners. 

2) The Final Report should not be a mere repetition of Annual Reports. The purpose of the 

final report is to link all findings from the sub-project so that the overall achievements 

are discussed in terms of scientific accomplishments, contributions to scientific, human 

capital development, the relevance of findings to development, and how the technology 

is to be disseminated. 

3) The Executive Summary should review and summarize the entire Sub-project. The 

Executive Summary should clearly place sub-project accomplishments in the overall 

context of agricultural development. 

4) Steps undertaken for post project sustainability. Plan should be developed in respect of 

1) packaging of location specific technologies, 2) conservation of natural resources – 

water, soil, forest and bio-diversity, 3) formation of SHGs and VLCs, 4) creation of 

rural technology center/ community center, 5) access to market and credit, 6) 

establishment of rural industries and farm fresh outlets, 7) generation of sustainability 

funds and development of an institutional mechanism to internalize and sustain the 

gains once the project closes. 

5) Summary in Hindi must be included. 

6) Final Report should be of A-4 size and the total number of pages must not exceed 50-60 

in any case.  

7) The text of the Final Report should be in the following format: 

 MS Word document 

 Line spacing: 1.15 

 Font: Times New Roman 

 Main headings: 12 point bold 

 Running text: 12 point normal 

8) Light pink       color should be used for cover page (front & back) of the 

report. 

9) Ten hard bound printed copies of Final Report should be submitted. Also, soft copy of 

the Final Report in MS Word document (2003) should be sent in the CD in duplicate.   

10) The details of performance indicators claimed in the listing should be submitted as soft 

copy in CD in MS Word Format. A copy of each publication, film, knowledge products, 

patent application to be attached in a separate folder. 

11) CPIs must strictly follow the guidelines while composing and printing the sub-project 

Final Report.   

12) The draft of Final Report in soft copy be sent 15 days before sub-project closing date to 

concerned National Coordinator. Final printing be done after getting 

comments/suggestions on draft report. 

 

 

#FF99CC 
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SPECIES 
ACCESSI

ON LOCUS 

ORGANELLE 
MOL 
TYPE 

SPEC 
VOUCH

ER DB-XREF TISSUE 
LOCA

T 
COLLC

TD 
PRODU

CT 
 LINUPARUS 

SOMNIOSU
S 

JQ22984
0 

576bpD
NA INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
LS2 

TAXON:754
775 

ANTEN
NA AND 

HM/JN
S 

12SRIB 
RNA 1 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
1 

607bpD
NA 
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MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-
CH1 

TAXON:150
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ANTEN
NA 

KOLL
AM 

JNS/JK
K 

12SRIB 
RNA 2 
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HOMARUS 
HOMARUS 

JQ22984
2 
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RION 

GENO
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DNA 

NBFGR-
CHN-
PHH-
CH2 

TAXON:150
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NA CHEN 

JNS/JK
K 

12SRIB 
RNA 3 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
3 

607bpD
NA LIN 
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MITOCHOND
RION 

GENO
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DNA 

NBFGR-
CHN-
PHH-KL1 

TAXON:150
426 

ANTEN
NA 

KOLL
AM JNS 

12SRIB 
RNA 4 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
4 

607bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-KL2 

TAXON:150
426 

ANTEN
NA 

KOLL
AM JNS 

12SRIB 
RNA 5 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
5 

607bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-KL3 

TAXON:150
426 

ANTEN
NA 

KOLL
AM JNS 

12SRIB 
RNA 6 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
6 

607bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-
Vzg1 

TAXON:150
426 

ANTEN
NA VIZAG JNS 

12SRIB 
RNA 7 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
7 

607bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-
Vzg2 

TAXON:150
426 

ANTEN
NA VIZAG JNS 

12SRIB 
RNA 8 

PANULIRUS 
HOMARUS 
HOMARUS 

JQ22984
8 

607bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PHH-
Vzg3 

TAXON:150
426 

ANTEN
NA VIZAG JNS 

12SRIB 
RNA 9 

PANULIRUS 
LONGIPES 
LONGIPES 

JQ22984
9 

590bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PLL2 

TAXON:150
437 

ANTEN
NA 

NAGE
R JNS 

12SRIB 
RNA 

1
0 

PANULIRUS 
ORNATUS 

JQ22985
0 

590bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PO1 

TAXON:150
431 

ANTEN
NA CHN JNS 

12SRIB 
RNA 

1
1 

PANULIRUS 
ORNATUS 

JQ22985
1 

590bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PO2 

TAXON:150
431 

ANTEN
NA CHN JNS 

12SRIB 
RNA 

1
2 

PANULIRUS 
POLYPHAG
US 

JQ22985
2 

591bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PPhgs1 

TAXON:150
434 

ANTEN
NA VRL JNS 

12SRIB 
RNA 

1
3 

PANULIRUS 
POLYPHAG
US 

JQ22985
3 

591bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PPhgs2 

TAXON:150
434 

ANTEN
NA VRL JNS 

12SRIB 
RNA 

1
4 

PANULIRUS 
PENICILLAT
US 

JQ22985
4 

608bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PPncl 

TAXON:150
433 

ANTEN
NA 

LAKS
H MKOY 

12SRIB 
RNA 

1
5 

PETRARCT
US 
RUGOSUS 

JQ22985
5 

596bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
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TAXON:586
289 

MUSCL
E CHN JKK 

12SRIB 
RNA 

1
6 

PETRARCT
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JQ22985
6 
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NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
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TAXON:586
289 

MUSCL
E CHN JKK 

12SRIB 
RNA 

1
7 
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SEWELLI 

JQ22985
7 

591bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
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TAXON:754
776 

MUSCL
E 

KOLL
AM JNS 

12SRIB 
RNA 

1
8 

PANULIRUS 
VERSICOLO
R 

JQ22985
8 

603bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-
PV1 

TAXON:150
436 

ANTEN
NA CHN JNS 

12SRIB 
RNA 

1
9 

PANULIRUS 
VERSICOLO
R 

JQ22985
9 
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NA LIN 
INV 
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DNA 
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TAXON:150
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12SRIB 
RNA 

2
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JQ22986
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RNA 

2
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THENUS 
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JQ22986
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NA LIN 
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MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-TI2 

TAXON:762
110 

MUSCL
E VIZAG JNS 

12SRIB 
RNA 

2
2 

ANNEXURE-1 
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THENUS 
UNIMACULA
TUS 
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2
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228 
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2
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RNA 

2
7 

THENUS 
UNIMACULA
TUS 

JQ22990
6 

563bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-TU-
Ve1 

TAXON:586
228 

MUSCL
E VRL JNS 

16SRIB 
RNA 

2
8 

THENUS 
UNIMACULA
TUS 

JQ22990
7 

563bpD
NA LIN 
INV 

MITOCHOND
RION 

GENO
MIC 
DNA 

NBFGR-
CHN-TU-
Ve2 

TAXON:586
228 

MUSCL
E VRL JNS 

16SRIB 
RNA 

2
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ANNEXURE -2 

Economics for a model oyster farm (with NAIP) 

Farming method  - Rack& Ren  Oyster farm - 5 x 5 m            

Water body        - Brackish water  estuary No. of ren  - 300                      

  

Duration       - 7 months (Nov. to Jun) 

     Sl. Item Quantity  Rate Total amount 

No   (Kg / nos (Rs) (Rs) 

I. Fixed cost ( Raw material )       

1 Bamboo poles (16 poles + 14 horizontal poles) 30 260 7800 

2 Rope (farm construction) 3mm 2 220 440 

3 Rope (ren making) 3mm 6 220 1320 

  Total 

 

  9560 

II. Recurring cost 

 

    

1 Shell 1500 0.25 375 

2 Ren making 300 1 300 

3 Farm construction 2 850 1700 

4 Installation of spat settler 300 1 300 

5 Harvesting 5 500 2500 

6 Cannoe hire charge 5 150 750 

7 Depuration charge 1440 7 10080 

8 Shell on (Single oyster) 3000 0.5 1500 

  Total 

 

  17505 

III. Marketing expense (shucked meat) 

 

    

1 Shucking charge 115 30 3450 

2 Marketing of shucked meat 115 6 690 

3 Fuel charge 1 2000 2000 

  Total     6140 

Total input cost = I + II+ III = 9560 + 17505 + 6140 = 33205 

 

  

Sl. Type of harvest Quantity  

Tota

l Total yield 

no.     ren   

1 Shell on 4.8 kg / ren 300 1440 kg 

2 Single oyster 8 nos/ren 300 2400 no/300 kg 

3 Meat  

8% of 

1140
* 

  91 kg 

     Sl. Gross revenue per farm Quantity  Rate  Total amount 

No

.     Rs Rs 

1 Shell - on  2400 Nos 10 24000 

2 Heat  shucked meat 91kg 320 29120 

  Total     53120 

Net profit (Gross revenue - input cost) = 19915 

   

 

*
After deducing single oyster weight from shell on = 1440kg -300 kg  [2400 No x 125g (avg 

wt. 125g/oyster) =300kg] 



133 | P a g e  

 

ANNEXURE-3 
 

Economics of oyster farm (without NAIP) 
 

S. 
No Investment 

Before 
NAIP 

  Items   

1 Farm size 5 X 5 m 

2 No.of strings 450 

3 Bamboo (20 nos) 2500 

4 Rope (10m) 100 

5 Labour (farm construction) 500 

6 Labour (harvest) 750 

7 Cannoe 450 

8 Total 4300 

  Income   

  Production   

1  oyster Per string (kg) 3.8 

2 Total production (kg) 1710 

3 Meat price/kg (Rs) 80 

4 Meat  (kg) 102 

5 Total income (Rs) 8160 

  Net Income (Rs) 3860 
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ANNEXURE-4 

 
 

 

Seed from 
Nature

Production per 
ren: avg. 20 no.s 
of oyster

Sold  fresh  meat 
No VAP, No 
depuration

Local market at 
Rs 60 - 80 /kg

Raw shucking 
using knife Heat shucking

Traditional 
methods

-Poor quality of meat
-Physical drudgery to women
-More time and fuel consumption
-Weight loss (30%) and nectar loss
-Low consumer confidence

Production-2000 t

Existing 
value chain

Settling density
unpredictable

 
 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

Without NAIP-Value chain model 
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ANNEXURE 5 

 
 

 
 

Hatchery 
produced seed

Popularization

Productivity 
50 to 60 

oysters / ren

Avg. price Rs 
330 /kg

More 
Farms
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Oyster

High quality 
depurated 

oysters

Live single 
oysters (Rs. 
10/piece)

High- end 
restaurants Price Rs 460 to Rs 

660 per kg of oyster

Local market

Two value 
chains Processing

VAP
Ready to 
eat/cook 
products

 
 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

With NAIP- Value chain model 
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ANNEXTURE 6 
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ESTABLISHMENT OF A CLAM/OYSTER 

POST-HARVEST PROCESSING FACILITY IN 
ASHTAMUDI LAKE 
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Background 

Among the exploited bivalve resources of India, clams are undoubtedly the most widely 

distributed and abundant.  The clams of the estuarine and backwater regions provide 

livelihood for the fishers who exploit them for their meat and shells. Clam meat is rich in 

protein and is also cheap when compared to other seafood.  Ashtamudi Lake (Lat. 8°45'-

9°28'N and Long. 76°28'-77°17'E) is the second largest Lake estuary of Kerala. It lies 145 km 

south of Kochi and has an area of 32 lakh km
2
.  It remains connected with the Arabian Sea 

throughout the year and the Kallada River which empties into the lake is the main source of 

fresh water. Clam fishery forms the livelihood of more than 500 families in and around the 

estuary. Clams are fished throughout the year except during unfavourable environmental 

conditions or during the ban periods. Initiation of frozen clam meat export, particularly short- 

neck clam, Paphia malabarica in 1981 led to increased fishing effort for clam exploitation, 

especially from the estuarine part of the lake.  Clams are also consumed by the local 

population and in the city of Kollam, although quality standards are not strictly followed.   

Bivalve farming of mussels, edible oysters and clams are also becoming popular among 

mariculture entrepreneurs in Kerala. The main drawback to increased production is lack of 

quality standards, appropriate price structure and assured market for the produce. The product 

is exportable if it meets basic quality and sanitation standards. Through export to western 

markets the farmers can get better price for their produce, thereby, increasing their profit 

margins. However, European Union markets are very stringent about the quality of bivalve 

products that they import from Asian markets.  A higher quality clam and oyster product can 

also be sold in local markets at premium prices.  To ascertain and maintain the quality of 

bivalve products depuration is essential. 

Depuration 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oysters, mussels and clams are filter feeders and accumulate pathogenic organisms in their 

body. The bacteria of concern are Vibrio, Salmonella and Escherichia coli (Coliform sp.).  

Members of the Salmonella group cause typhoid fever, while coliforms and vibrios cause 

gastroenteritis, dysentery and cholera. By depuration the bacterial load is brought down to 

permissible levels, also faeces, sand particles and silt are removed from the alimentary canal 

of oysters and clams.  

 Simple depuration can be achieved by starving the bivalves in clean and filtered seawater/ 

brackishwater for a certain period of time. More effective depuration can be achieved by 

using disinfected water in the depuration process. 

Depuration 

Bivalves are filter feeders in their feeding habit. During 

this process they accumulate all the suspended particles 

from the filtering water including harmful 

microorganisms. Before the product reaches   the 

market, these materials have to be removed from their 

gut. The process of such purification is called 

depuration. 
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The oysters/mussels/clams are placed for 24 hours in cleaning tanks under a flow of filtered seawater. 

About 10-20% of the seawater is continuously replaced. At the end of 12 hours the water in the tank is 

drained and oysters are cleaned by a strong jet of water to remove the accumulated faeces. The tanks 

are again filled with filtered seawater and the flow is maintained for another 12 hours. Then the tanks 

are drained and flushed with a jet of filtered sea water. The oysters/mussels/clams are held for about 

one hour in 3 ppm chlorinated seawater, and then washed once again in filtered seawater before 

marketing. 

Shucking or Meat Removal  

The removal of the meat from the oyster/clam is called shucking. A stainless steel knife (oyster knife) 

is used for the purpose. To render shucking easy, oysters are subjected to a wide range of treatments 

such as exposure to week hydrochloric acid, heat cold, vacuum, microwaves and lasers. Freezing the 

oysters/clams or immersing them in hot water are the two methods commonly followed.  

However in India steaming the oysters for 5 to 8 minutes has been found to be ideal to make the 

oysters open the valves. Now the Molluscan Fisheries Division of CMFRI has developed a steamer 

for meat shucking of oysters/ mussel/ clam. Depurated oysters/ mussel and clams were placed in the 

trays of the steamer and pressurized steam may pass over them. This will enable the valves to open. 

This new method is an added advantage in the quality aspects of the meat and also can reduce the fuel 

efficiency and physical labour. 

 

Packaging & Marketing 

The hygienic clam and oyster products produced as above can be attractively packaged in appropriate 

pouches and marketed locally at premium prices.  This will ensure that the consumers get a quality 

product and furthermore, the produces get a higher value for their harvests.   

 

There is great scope to increase the incomes (by up to 50%) of the small-scale clam/oyster fishers and 

processors through the implementation of this project.   

 

Live Marketing of Oysters 
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The CMFRI also has a scheme for direct marketing of live oysters in high-end restaurants and 

tourists where the income enhancement can be as much as 5-6 times.  After depuration the 

oysters can be sold as live to consumers.  The details of this is this available in technical 

bulletin.
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Appendix 2 
MATERIALS REQUIRED FOR SETTING UP OF SMALL DEPURATION UNIT 

 

S.No ITEM  QUANTITY Unit 

RATE 

AMOUNT SUPPLIER Tel Nos REMARKS 

1 10000 LITRE FRP STORAGE TANK  1   ART INDIA ,KOCHIN 0484-3918106  

2 STORAGE TANK 5000 LITRE 

(SYNTEX) 

1 31000 31000 ART INDIA ,KOCHIN   

3 PRESSURE PUMP 1 5000 5000 KIRLOSKAR PUMP DEALERS 

,VALANJAMBALAM 

  

4 CARTRIDGE FILTER 1 34000 34000 RAHULS AQUARIUM 

CENTRE,MAHARASHTRA 

09224657973; 022-27220343  

5 UV FILTRATION UNIT 1 81000 81000 GODAVARI FLUID 

SYSTEMS,SECUNDERABAD 

040-27111687 CMFRI can give this 

6 DEPURATION TANKS  1x6 27000 162000 ART INDIA ,KOCHIN  CMFRI can give 3 nos 

7 DIESEL ENGINE PUMP SET  1 20000 20000 CENTRAL AGENCIES ,KADAVANTHRA 0484-2207367  

8 JET WASH PUMP ( ELECTRICAL) 1 20000 20000 ANJIPARAMBIL 

AGENCIES,KADAVANTHRA 

0484-23017341; 9388602995  

9 STEAMER FOR CLAMS AND 

OYSTERS 

1 100000 100000 Queen engg works Aroor 09847211922  

10 Miscellaneous (TRAYS GAS ETC)   25000    

 TOTAL    478000    

        

 Making of shed to house these are not included in the cost     

 Item#2 needs to be placed at higher level than #1 and shed     

        

 
 
 

 
 

 

 
 

 


