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ADDRESSING GAPS IN COASTAL AQUACULTURE MANAGEMENT SYSTEM IN 

THAILAND AND FRANCE: A CASE OF OYSTER FARMING AT BAN DON BAY 

AND THAU LAGOON 
 

Nanakorn A.1,*, Chevakidagarn P.1,2, Danteravanich S.2,3 
 

1Faculty of Environmental Management, Prince of Songkla University, Songkhla campus, Hat Yai, Songkhla, 

Thailand 

2National Excellence Center for Environmental and Hazardous Waste Management-Satellite Center at Prince of 

Songkla University, Thailand 
3Faculty of Science and Industrial Technology, Prince of Songkla University, 

 

Abstract 
This article is reported the observations and comparison results, of 2 case study areas of oyster farming at Ban 

Don Bay, Surat Thani province in Thailand and at the Mediterranean Thau Lagoon in France. The study was 
carried out as the following; conducted a literature review, interviewed farmers/officers and managers from 

related sectors of oyster farming management system, and field survey of oyster farms at Ban Don Bay, 

Thailand and at Thau Lagoon in France. Field work took place during 2012-2013. All data obtained were 

analyzed and identify the gaps/constraints based on sustainable development thinking. The results found that the 

geography characteristic played as the important factor to support ecosystem for oyster farming management 

system. It is noted that oyster culture in France is more mechanized farm than Thailand. In addition, several 

technologies related with best practice and high efficiency production processes were applied for oyster farming 

management system. It is also observed that integration and participation of stakeholders from government, 

academic and research agency, farmers, and consumers in France were fully established that make more 

sustainability of oyster farming management system than Thai oyster. 

Keywords: sustainable, aquaculture technology, socio-economic. 
 

Introduction  
Sustainable manner for the oyster farming management system is concerned and aimed to be achieved, since the 

system is not only a culture technique management, but it is associated closely with coastal environment, 

wisdom, health impact, socio-economic concerns and political setting [1]. France is well known to be the top 

producers and consumers of oysters in Europe. The Mediterranean coast, especially at the Thau Lagoon, is a 

suitable site for oyster farming in France due to high phytoplankton productivity [2,3]. While, Thailand, in 

particular at Ban Don Bay, Surat Thani province, it is known to be a famous site for oyster farming. The 

complex history of each Thai and French oyster culture development is difference, but both of them are 

depended on the environment and the society background. In order to achieve more perspective on sustainable 

oyster farming management system and get a lesson learned among French and Thai oyster farming, this study 

was conducted. The study was carried out by investigation of 2 study areas of oyster farming at Ban Don Bay, 
Surat Thani province in Thailand and at the Mediterranean Thau Lagoon in France. The results obtained from 

this study is aimed to understand the knowledge of this broad range of sustainable management of oyster 

aquaculture, and gives further for a more integrated and in depth information that is needed to fill information 

gap and provide what else might need to be done for Thai oyster farming management system. 

 

Methodology 

This study focused on 2 sites of the oyster farming at Thau Lagoon in France and Ban Don Bay in Thailand. The 

study was carried out during 2012-2013 by using field survey and interview farmers/officers and managers from 

related sectors of oyster farming management system. In addition, secondary data, especially the background 

information of both studied sites obtained from several research reports were reviewed. The data collection 

process was designed to achieve a real information that both investigated sites could indicate to meet the 
objectives of this study. The process of data collection was carried out by starting with literature review, after 

that field survey and interview were conducted at oyster farming at Thau Lagoon and Ban Don Bay. During the 

field survey, information about history and existing oyster aquaculture of 2 studied areas were gathered. Key 

factors related with sustainability of oyster farming management were noted and analyzed based on sustainable 

development thinking to get the gaps/constraints found in the studied areas.  

 

Results and Discussion 

1. General background of studied sites 

1.1 Ban Don Bay  
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Ban Don Bay is located at Surat Thani Province in Southern Thailand. It has 341.85 km of total coastline length 

and a total area of 1,184.02 km2 and the coastline throughout the internal Ban Don Bay is 20 km. The landscape 

around the bay is plain formed by sediment deposition. It is shallow sea and the coast is muddy beach with 1-5 

meters depth [4]. The Bay receives most of the surface freshwater runoff from the Tapi - Phumduang rivers 

watershed [5]. The Bay is influenced by the Southwest monsoon during May to October and the Northeast 

monsoon during November to April [6]. With a U-shaped curve geographic characteristics of Ban Don Bay, 
sediment texture and salinity of the coastal water of the Eastern and Western areas of the Bay are different. The 

East side of the Bay has sediments with high organic matter and is sandy soil with solidity. At this side, salinity 

of coastal water is relatively low compared with the West side of the Bay, which is open bay. Figure 1 presents 

the geographic of the Ban Don Bay. 

1.2 Thau Lagoon 

The Thau Lagoon (Figure 2), a Mediterranean shallow coastal lagoon is located in the South of France. Its total 

surface area is about 75 km2 with a length of 19.5 km and a width of 4.5 km. Its depth varies 4 - 10 m and the 

mean depth is 5 m [7]. This lagoon is connected to the sea through the narrow channels of Se`te and receives 

freshwater mostly from the North shore. The Ve`ne and Pallas rivers are the major streams representing 43% of 

the total watershed [8].The lagoon is a semi-confined ecosystem with two seawater inlets and several riverine 

inputs. The catchment area is about 300 km2 and the average water residence time in the lagoon is 3 months. 

Currents are principally driven by dominant winds from North and Northwest. In the Lagoon, shellfish farming 
areas cover about 20% of the lagoon area and annually produced about 15,000 tons products [7]. Shellfish are 

cultured in three areas of the lagoon (Bouzigues, Me`ze and Marseillan) [9]. Density of shellfish tables strongly 

limits water circulation and shellfish activity generates important biodeposits (about 500 kg/ha/yr) in the lagoon 

[10]. The Lagoon with almost no tidal, but is higher salinity (30–40 ppt), and is warmer water in summer (up to 

27 0C) [2]. 

2. Oyster farming in Ban Don Bay and Thau Lagoon 

In Ban Don Bay: Oyster has been started to culture at Chiya district, Surat Thani province since 1961. In 2009, 

it was reported that there were 847 farmers culturing oyster within the culture area of 9.307 km2, but only 269 

oyster farmers culturing on the area of 0.25 km2 in 2014 [11,12]. The oyster cultured in Ban Don Bay is 

classified to be 1) Crassostrea belcheri which is popular for culturing at Kanchanadit district, the East side of 

the Bay, and 2) Crassostrea lugubris which is popular in Chaiya district, the West side of the Bay. The spat 
used for oyster culture naturally occurred in the Bay [1]. The majority of farmers collected oyster spat from the 

Bay twice a year (February - March and September - October). Only about 1.6% of them bought spat from other 

farmers [5]. After oyster spats are collected via using clutches made of cement tubes/blocks/poles or bamboo 

poles, the young oysters were transferred to cement rod or casing or PVC for growing-out. The average density 

of cement rods or cement blocks used for oyster culture in the Bay was found to be 6,746 and 738 pieces/ha, 

respectively [5,13]. The oyster was cultured until the age of 1 year that having with size of around 8 cm, then it 

was taken for sale. The popular period for oyster harvesting is from January to July, due to no monsoons in this 

period [1]. Oysters were harvested via using manpower, no used any machine. 
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 Figure1. Ban Don Bay and oyster farming.       Figure2. Thau Lagoon and shellfish farming.     

 

   

In Thau Lagoon: Buestel and team in 2009 [2] reported that the history of French oyster culture consists of a 

succession of developmental phases using different species, followed by collapses caused by diseases. Oyster 
culture began in the mid-19th century and has remained traditional in France, the leading producer in Europe. 

The indigenous species Ostrea edulis was replaced first with Crassostrea angulata, then Crassostrea gigas. 

France produced around 120,000 tons of the cupped oyster C. gigas annually, and an additional 1,500 tons of 

the flat oyster O. edulis. Seeding of oyster mainly took place during January-April and in October-November. 

Seeding was avoided in summer when higher temperatures implied stressful conditions. Low seeding rates were 

also observed in December, the Christmas sale season. In Thau Lagoon, shellfish are fixed on ropes, which are 

suspended in the water column from culture tables. Rope length varies between 2 and 6 m depending on water 

depth. Tables are made of railway bars pushed in the sediment. Each table typically supports a total of 1000 

ropes. Oysters are glued on ropes in groups of three individuals using cement. As growth proceeds, oysters end 

up making large reach market size in 12-18 months [9]. The oyster harvest depends on both the individual mass 

and the season. December was a peak period of oyster harvest followed by summer. Other periods of the year 

were slack periods, in particular the beginning of the year [3]. However, it is noted that French used machine for 
oyster harvesting. This is different from Thai case. 

3. Key factors related with sustainability of oyster farming management 

Based on sustainable development thinking, following analysis was conducted to get the gaps/constraints found 

in the studied areas. Table 1 shows gaps comparison of Thai and French oyster farming management systems. 

Those of them are discussed as follows.  

 

Table 1 Gaps comparison of oyster farming management system in Thailand and France. 

Aspects Thailand France Aspects Thailand France 

Best practice of oyster culture O Y Market strategic management X X 

More mechanized/intensive farm O Y Health risk management X X 

Technology application for life 

cycle 

X X More cooperative of 

stakeholders 

O X 

Coastal environmental management O Y High efficiency yield of product X Y 

Social strategic management X X Research need and 

improvement 

O Y 

Note:   Y: had much implemented       X: had middle implemented      O: had small implemented 

 

3.1Technological development and operation knowhow used in oyster farming 
French oyster cultivation is mainly based on hanging technique, but Thai oyster cultivation is mainly inter-tidal 

bottom culture. Consider these culture techniques used, the advantage of French oyster culture is to be easily 

move oyster from the culture area when facing with water quality problem, but the disadvantage is high 

operation cost. It was observed that French oyster cultivation and related process used more mechanized with 

intensive farm. Technologies application for life cycle of French oyster production and the best practice of 

oyster cultivation based on sanitation approach have been implemented, included of harvesting, cleaning, 

packaging, labeling and shipping. The purpose of sanitary control is not only to protect consumers against health 

hazard caused by taking toxic oyster but also to protect the natural oyster stock against toxic microbe brought in 

by imported shellfish, which could destroy the entire stock. Sanitary control measures of cultured oyster can be 

implemented in 1) at oyster culture sites, 2) at oyster shipping establishments, and 3) during marketing. It was 

found that oyster cultured at Thau Lagoon performed with strictly sanitary control and monitoring with above 3 
stages. The process of depuration of oysters was found to use for control. Depuration is conducted by relaying 

of oyster from unsanitary zone in clear water for a minimum period of 30 days. Before the relayed oyster can be 

harvested, a request must be submitted to French Research Institute for Exploration of the Sea (IFREMER) for 

approval. Depuration is also done in specialized plants, in particular using ozone for disinfecting sea water. 

After oysters have been depurated, a special tag is affixed to each package of oysters. This tag displays the 

registration number of the shipping establishment and the date of the shipment. Packaging of oysters is done in 

such a manner as to preserve the good quality of the product. The strict sanitary control of oyster enforced in 

France is the key to achieve the good quality and high demand for oysters among consumers in the country. 

However, in Thailand, the lack or less of sanitary control for oyster processing was always found and 

consequently occurrence of health hazards caused by oysters. Adopting some of the French techniques to 

improve the quality of oyster processing and ensure their sanitary condition could improve the oyster market 

demand in Thailand. The system of sanitary labels would also help to create confidence among consumers of 
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oyster since these labels indicate the origin of the oysters and also prove the processing have been controlled by 

an independent authority [14].  

3.2 Coastal environment quality and health risk management 

Coastal environmental quality is one of the important factor for oyster farming. It is related to health risk 

management for the oyster processing from farm to table. Coastal environment factors/conditions such as 

temperature, salinity variation due to rain season, hypoxic and anoxic conditions, pathogen microbe and toxic 
compound contamination, especially heavy metals, are major drives of either oyster metabolism, growth rate, 

production, massive mortality rate, and quality of oyster. Prohibition of oyster sales is undertaken if enteric 

bacterial contamination in oyster is found or there is a toxic dinoflagellate blooms during the summer [15]. In 

Thau Lagoon, coastal water quality problem caused from industrial and domestic wastewater was reported to 

affect to oyster farming [16]. This is similar in Ban Don Bay [17]. The example of the impact to oyster from 

water quality problem in Thau Lagoon was reported to be from eutrophication problem causing sulfides to 

diffuse from the sediment and inducing high oyster mortality [10]. The eutrophication in Thau Lagoon resulted 

from 1) excessive nutrients inputs from the catchment, 2) very low water renewal, and 3) specific climate 

conditions [7]. Therefore, integrated coastal environmental management and health risk management are needed 

to concern for oyster farming. These could be done by the water quality monitoring as well as treatment 

wastewater before discharged to the coast. In Ban Don Bay, there is no domestic wastewater treatment plant, but 

Thau Lagoon has. In addition, inspection of oyster quality and contamination should be routinely performed and 
uses for consequence health risk management. Based on this concerned, it can be noted that Thai oyster 

cultivation is still weak on these aspects. 

3.3 Socio- economic involvement and related supported institutional concerned 

Not only technical and environmental aspects, socio-economic involvement, and supported institutions focusing 

on research need and improvement for oyster cultivation are important for consideration. For research and 

development included of pathology study, high efficiency yield of product determination, investigation oyster 

resources prevention, and developing diagnostic tools. In France, the REPAMO network (Re`seau de Pathologie 

des Mollusques) was set up by the IFREMER laboratory at La Tremblade. Not only this, the European reference 

laboratory for mollusk pathology and the International Animal Health Organization play role on research and 

development of oyster. The supported institutions play role for preventive measures complemented by research 

on oyster. In addition, oyster genetics research is currently involved, in particular, evaluating new species, brood 
stock from new populations, and hybrids to limit monoculture risks, selecting disease-resistant or tolerant 

strains, and improving breeding lines to increase productivity and limit summer mortality syndrome of oyster. It 

is noted that French research is underway to complete regulations that also take into account pathogen 

concentrations to ensure better oyster consumer protection [2]. Moreover, technical/financial assistance among 

farmers is necessary to help promoting oyster culture by various means. In France, the Interprofessional 

Committee on Shellfish (Conmite Interprofessionel de`la Conchyliculture, CIC) is a group of shellfish farmers, 

shippers and other professionals connected with shellfish culture. Its role is to liaise between the administration 

and professional, especially in respect of the enforcement of public regulations for the development and control 

of shellfish culture, suggest regulatory measures to the public authorities, and seek to promote shellfish 

consumption to the public. The role of the regional sections of CIC is to keep local farmers informed of 

decisions at the national level [14]. The aspects mentioned before have been found for Thai case, but it is not 

fulfilled like French system. 

3.4 Marketing development  

Almost all oyster production is sold fresh and eaten raw straight from the shell. France is marked seasonality in 

sales, with the majority being made during Christmas and New Year. Abundant production and the lack of 

market organization induce strong competition among the production areas, causing prices to fall. Oyster 

farmers have developed strategies of sales promotion and regional quality labeling to overcome this difficulty. 

There are numerous production hazards, including environmental crises (microbiological pollution), 

unexplained mortality, and overstocking, and recent problems with toxic algae have disrupted oyster sales. 

Therefore, oyster marketing strategic management, included of effort to promote products, product specificity 

and quality brands should be considered. In France, national advertising campaigns and each region promotes 

and advertises its products have been observed. In addition, generic brands or geographical brands were 

implemented. For quality brands, certificate of production conformity (CCP) was used [2]. It was observed that 
the market strategic management of French oyster is stronger than Thai oyster.  

 

Conclusion 

It is noted that oyster culture in France is more mechanized farm than Thailand. In addition, several technologies 

related with high efficiency production process and the best practice with sanitary approach was applied for 

oyster farming management system in France. It is also observed that integration and participation of 

stakeholders from government, academic and research agency, farmers, and consumers in France were fully 
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established that make sustainability of oyster farming management system. Therefore, suggestions and 

alternative approaches for better and sustainable oyster farming management system for Thai case is 

recommended to get lesson learn from French oyster cultivation experience. 
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APPROACHES TO THE POST-HARVEST PROCESSING OF DEEP-SEA FISH 

SPECIES 
 

Yoshihiro Ochiai 

 

Tokai University, School of Marine Science & Technology, Japan 

 

Abstract 

 

Fish inhabiting the waters deeper than 200 m are categorized as deep-sea species. A part of them has been 

utilized because of their palatability or commercial values, but more than half of them are being discarded or 

underutilized. In order to maximize the utilization of these species for human consumption, attempts were made 

to characterize their major edible part (white muscle) and to propose some processing and cooking methods. Ten 

species caught off the coast of the Pacific side of Japan were used in this study. The weight ratio of the body 

parts and yield, proximate composition, and color tristimulus values were measured. The meat color of most 

species was found to be whitish with no sign of the presence of muscle pigment. As a result, the muscles of 

deep-sea fish were featured by higher moisture, and in some cases, by higher fat containing some toxic wax 

esters. The yield of meat was around 30 – 40%, clearly lower than the most merchandized species. By reducing 

moisture by heating or drying resulted in the improvement of texture and flavor. It was suggested that the deep-

sea species can be nice processed food, though the freshness adulteration proceeded faster than the shallow-sea 
species. 

 

Keywords: 

Meat quality, moisture, utilization, processing 

 

Introduction 

 

About 70% of the surface of the earth is covered by oceans, and 75% of sea area is deeper than 3000 m [12]. 

The deep sea is a source of so many species of organisms. The organisms inhabiting 200 m in depth below the 

sea level, either permanently or temporarily, are categorized as deep-sea species. Through the adaptation to the 

unique environment such as darkness, high hydraulic pressure and low temperature, the organisms have come to 
possess peculiar organs and biochemical compositions [17]. So far, not much is known about the life and 

ecosystem of deep-sea species. However, it is also true that part of the fish species have been provided for 

human consumption. Regrettably, most of the species are underutilized or are even thrown from fishing boats 

without landing. Against the global population explosion anticipated in the future, the approaches to utilize these 

species would be highly appreciated. Especially, deep-sea fishes are characterized by their unique lipid and fatty 

acid composition in their oil from liver and muscle [1,24] as well as the pigments they use in the darkness [12]. 

This is also true for the fatty acid composition of their biomembranes [4]. They also differ from shallow species 

at the protein level [10]. Their organs including muscle and circulatory systems have adapted to facilitate the life 

under high pressure [2]. Part of the deep-sea species is distributed in the market, and the lipid squalene rich in 

the liver of deep-sea sharks has been utilized for industrial purposes. However, not a few species are being 

discarded after catching and before landing. In the present study, four species of deep-sea fish were examined 
and their muscles were characterized in order to search for the possibility of higher effective utilization.  

 

Materials and Methods 

 

The specimens of four species captured by a trawler in the Suruga Bay (the deepest part ~ 2500 m), on the 

Pacific side of Japan (at the depth around 200 – 300 m) were examined in the study, namely, Amami grenadier 

Coryphaenoides marginatus (Macrourinae), sea toad Chaunax abei (Chaunacidae), shortfin neoscopelid 

Neoschopelus microchir (Neoscopelidae), blackedged conger Japonoconger sivicolus (Congrinae) (Fig. 1). The 

common names may be abbreviated as grenadier, sea toad, neoscopelid and conger, respectively. All the 

specimens were transported to the laboratory on ice and were immediately frozen stored at -60℃ until used. 

After partial thawing in vinyl bags with tap water, the specimens were examined for their sizes (Table 1). After 

filleting, each part of the body was weighed, and the color of the muscle was measured with a colorimeter 

(Nippon Denshoku Model NF333). The moisture was measured at 105℃ by a conventional method. 
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Results and Discussion 

 

Due to the unique body structures, the yield of muscle was found to be as low as around 40%, clearly lower 

than the values of shallow species (generally in the range of 45-65%) (Table 1). This fact seems to make it 
difficult to utilize these species, because automatic filleting is not easy. In addition, the muscles of these fish 

species were found to be so soft and fragile that, when the fish is cut with a knife, the fillet collapsed and did not 

retain its original appearance. The moisture of deep-sea fish muscles was found to be relatively higher (80.3 – 

87.9%) than the shallow species (Table 2). The value for sea toad was unexpectedly high among the deep-sea 

species. Blaxter et al. [2] reported that the mesopelagic species without swim bladders, found in depths from 

100 to 1000 m, have soft bodies with a very high water content (88-95%). They were also low in hematocrits 

and dark muscle proportion and had small hearts. In contrast, the fish with swim bladders have lower water 

content (70-83%). 

Table 3 shows the nutrient composition of the edible part (mostly muscles) of commercially available deep-

sea fishes in Japan. Most of them are quite palatable and are distributed at relatively higher commercial values. 

The moisture ranges from 61.6 to 85.4%. Lower moisture species, such as rockfish and sablefish, tend to have 

higher fat content. Many species have very lean muscle, with the fat content being in the range of 0.2 to 1.3%. 
In this connection, Økland et al. [14] reported that the muscles of most species examined contained less than 1% 

fat. The contents of polyunsaturated fatty acids (PUFA) were in the range of 0 (anglerfish) and 4.1g/100g 

(kichiji rockfish). Incidentally, n-3/n-6 ratio of fatty acids was in the range of 3.0 and 17.0. Most species seem to 

have high amount of PUFA, such as docosahexaenoic acid (DHA), as Økland et al. [14] reported. Higher PUFA 

content favors the homeoviscous adaptation of organisms under high pressure and low temperature by reducing 

the rigidness of biomembranes [4]. As shown in Table 4, the color of the muscles from deep-sea fish species is 

featured by white meat low in myoglobin content. Some of the species had a trace amount of dark muscle, but 

most of musculature was found to be occupied by white muscle (ordinary muscle). In relation with this, Smith 

[15] reported low respiration rate for the deep-sea species, Coryphaenoides armatus, probably due to a result of 

adaptation to a food-limited environment. 

   Deep-sea species have acquired not a few physiological and biochemical tune-ups which favor for the severe 
environment [8]. This fact may or may not be the advantage when utilized for human consumption. Janssens et 

al. [9] reported that the enzymatic antioxidative defense of deep-sea fish is weaker than that of shallow species. 

The environment of the deep sea seems to be stable, and the composition of muscle should be very similar 

throughout the year. However, as Drazen [5] reported, significant changes have been observed in those of 

macrouid species.  

  The important thing when the deep-sea fish are processed for human consumption is that the safety should be 

guaranteed. For example, they could accumulate heavy metals and other toxic substances through the food web. 

Actually, the deep-sea species have been reported to contain organotin [3] and organochloride [16]. Some 

species are known to naturally contain hazardous wax ester in muscles, which causes keriorrhea, reminiscent to 

diarrhea [6]. It is established that the wax ester contents are enhanced in the species such as escolar 

Lepidocybium flavobrunneum, oil fish Ruvettus pretiosus, orange roughy Hoplostethus atlanticus and rudderfish 

Centrolophus niger [6,12]. In Japan, commercial distribution of escolar and oil fish are prohibited by law to 
avoid the poisoning by ingestion.  

The best way to preserve and cook the deep-sea species to taste is to reduce moisture so that the muscle 

becomes harder giving texture like that of shallow species. Dried products are firstly recommended. Thermal 

dehydration is another recommended way to improve the taste of the deep-sea species muscle. The freshness of 

deep-sea species empirically seems to deteriorate much faster than that of shallow species, though careful 

investigation is needed regarding this matter. 
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Fig. 1. The pictures of the fish species examined in the present study. (a) Amami grenadier Coryphaenoides 

marginatus, (b) sea toad Chaunax abei, (c) shortfin neoscopelid Neoschopelus microchir, and (d) blackedged 

conger Japonoconger sivicolus. 
 

 

  

Table 1. Profiles of the fish species examined in this study

Body

length

Body

weight
Muscle Head Viscera

Yield of

muscle

(cm) (g) (g) (g) (g) (%)

Grenadier (3) 42 220 81 63 22 37

Neoscopelid (4) 17 48 19 11 5 40

Sea toad (5) 16 60 23 12 7 38

Conger (2) 47 166 119 9 15 72

Species (n )

The average values are given. The numbers in parentheses stand for those of the

specimens examined.

Species Moisture (%)

Grenadier 80.3

Neoscopelid 83.1

Sea toad 87.9

Conger 84.2

Table 2. Moisture of the muscle from

the deep-sea species
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Species Moisture Protein Lipid Ash PUFA n-3/n-6

Red rockfish 79.8 16.8 2.3 1.0 0.3 5.8

Tile fish 76.5 18.8 3.6 1.1 0.8 5.2

Anglerfish 85.4 13.0 0.2 1.1 0 3.0

Pacific halibut 77.0 19.9 1.7 1.3 0.4 8.8

Kichiji rockfish 63.9 13.6 21.7 0.8 4.1 7.3

Sablefish 68.6 13.0 17.5 0.9 1.4 5.1

Afonsino 72.1 17.8 9.0 1.0 1.6 6.2

Dogfish 72.4 16.8 9.4 1.4 1.8 4.8

Hairtail 61.6 16.5 20.9 1.0 3.9 7.5

Alaska pollack 80.4 18.1 0.2 1.2 0.1 6.0

Cod 80.9 17.6 0.2 1.2 0.1 7.0

Japanese argentine 78.5 18.7 1.2 1.2 0.4 8.0

Sandfish 78.8 14.1 5.7 1.4 1.5 9.0

Gurnard 74.9 19.6 4.2 1.3 0.9 6.1

Hoki 80.4 17.0 1.3 1.3 0.3 8.7

Japanese bluefish 69.7 16.7 12.6 1.0 0.8 6.3

Hake 81.1 17.0 0.6 1.3 0.2 17.0

Table 3. Composition of the edible part (muscle) of commercially important fish species

in Japan (per 100 g)

*Cited from the Standard Tables of Food Composition in Japan (Fifth Revised and

Enlarged Edition). High values are boldfaced.

Species L* a* b*

Grenadier 43.9 -3.9 -2.4

Neoscopelid 41.9 -1.5 -4.6

Sea toad 52.7 -1.1 -2.0

Conger 49.2 -1.4 -1.6

Table 4. Color tristimulus values of the muscles

from deep-sea species
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ABSTRACT 

 The socioeconomic status of artisanal fishers in Catubig and Pambujan Rivers was studied. These two 

major rivers are important to the local economy of at least five municipalities in Northern Samar, Philippines. 

Data were gathered from 342 fishers in 28 barangays through structured questionnaire and interviews and were 

subjected to descriptive statistical analysis. The data revealed that 22.52% fishers in Catubig and 20.20% in 

Pambujan belong to the working group bracket between 37-44 and 43-49 years old, respectively. The majority 

of the fishers are married, only a few are single. Their educational status reveals that most of them have only 
elementary education. However, as to the age distribution of household members it indicates that the majority 

are children and teenagers living with their parents and were between 0-8 and 9-17 years old. The average 

number of children per family size is 5 and the average family size is 6 among the fishing household. The 

majority of the houses of the fishers made of light materials. House furnishing is low in Catubig, in Pambujan, 

mostly are minimal. The average monthly income from fishing is Php 3,488.00, indicating that fishers are still 

largely in the subsistence level and their living condition appeared to be poor. The majority of the fisher-

respondents perceive that their catch has declined due to overfishing, illegal fishing activities, pollution, 

pesticide contamination from the ricelands and siltation. Intervention from concerned agencies and development 

of strategic plan for development and sustainable utilization of the riverine resources are recommended. 

Keywords:subsistence, fishing household, development and sustainable utilization 

 

INTRODUCTION 

The Philippines is the 11th top fishing nation in the world, accounting to over 2.53% of the global 

capture production (FAO, 2011). The country has a long coastline of 36,289 kms with an Exclusive Economic 

Zone (EEZ) extending to2.2 million sq.kms. It is endowed with 231,000 ha of inland waters and is composed of 

over 421 rivers(BFAR 2011, Trujan, 1997). However, inland waters have insignificant contribution to the 

overall fish production efforts and the aquatic products harvested from these waters supply only a very minimal 

fractionof the people’s ever growing demand for food.  

In Northern Samar, Catubig and Pambujan Riversare important rivers because of their use in irrigating 

farmlands. For trade and commerce, they served as navigational routes connecting the upland communities with 

the rest of the world. They also serve as the source of food and livelihood to many people. Infact, these rivers 

are well-known for the collection of indigenous freshwater bivalve, Batissasp or locally known as bibi. 

Artisanal fisheries in Catubig and Pambujan Rivers may be described as small-scale fisheries, using 
traditional fishing gears and methods, with very small boats; others have no boats, fishing near the edge of the 

rivers; others in the deeper portion depending on the gears used, with short fishing trips, sometimes assisted by 

the household members, and mainly their catch is used for local consumption.     

Depletion of the riverine resources has been reported and the condition has direct effect especially on 

artisanal fisheriesandthe volume of catch and income. Baseline data on socioeconomic status and the condition 

of the artisanal fisheries is nil, hence this study.  

 

MATERIALS AND METHODS 

Study area: Northern Samar is located in 

theeast central Philippines.Catubig river is 

located between 12o18’N 125o00’E; 12o29’N 
125o02’E. It is more than 46 km long.Pambujan 

river is located between 12o15’N 124o60’E; 

12o35’N 124o55’E (Fig. 1). It is more than 50 

km long.The climate falls under the immediate 

type, which has no distinct dry and wet seasons. 

The rainiest months are October to January, and 

the driest is the month of May. 

Sampling Procedures 
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Reconnaissance surveys were conducted. A preliminary step was carried out with the assistance of the Local 

Government Units to have easy access in gathering the respondents and to choose appropriate and accessible 

routes to the very far barangays. A focus group discussion (FGD) and meetings with the fisherfolk and 

household members was done wherein the problems, issues, and concerns on artisanal fisheries were brought 

up. The data were collected through primary sources with the 5-sheet structured questionnaires both with open- 

and close-ended questions to assess their socioeconomic status and know their perceptions of the impacts of the 
fishing practices on environment. The responses of the respondents were verified through observation during 

actual fishing operation and test fishing.     

Data Analyses 

A descriptive research was used to determine the socioeconomic status of artisanal fisherfolk in the area. The 

data on age, gender, marital status, educational attainment number of household members, their occupation, type 

of housing, basic amenities, and income were analyzed using percentages and averages  

 

Results and Discussions 

 Table 1-6 and Figure 2-7 below describe the frequency distribution on the socioeconomic status of the 

artisanal fisherfolk in Catubig and Pambujan Rivers, Northern Samar, Philippines. These include the age, 

educational attainment, marital status, household size, occupation, types of house structure, fishing experience 

and income. Tables I and 2 show that 22.52% or more in Catubig and 20.20% or more in Pambujan belong to 
the working group bracket between 37-44 and 43-49 years old, respectively. The present study agrees with the 

study ofOlatunje and Olah, 2012 who  reported that 35.8% of the respondents fall between the ages of 20-30, 

42.50% fall within 31-40 and 20% fall within 41-50 years old. This study indicates that fishers within the age of 

21-60 years of age were mature and able to withstand stresses in fishing operations within the area. However, as 

to the age distribution of household members it indicates that the majority are children and teenagers living with 

their parents and were between 0-8 and 9-17 years old. These figures indicate that there are more dependents in 

the current population whose food, education, clothing, and other basic needs have to be satisfied by the 

household heads (Ahmed, 1998). According to Olatunji and Olah in their findings that there is a high 

dependency ratio of household size of the fishers, the large household size offers free and cheap labor for the 

fishing households. 

Catubig Pambujan

Age of 
Fishers 
(yrs)

Freque
ncy

Percent Age of 
Fishers

Frequen
cy

Percent

77-84 2 .82 71-77 1 1.01

69-76 5 2.06 64-70 3 3.03

61-68 13 5.35 57-63 17 17.17

53-60 45 18.52 50-55 17 17.17

45-52 52 21.40 43-49 20 20.20

37-44 55 22.63 36-42 16 16.16

29-36 44 18.11 29-35 17 17.17

21-28 25 10.29 22-28 8 8.08

13-20 2 .82

Total 243 100 Total 99 100

Mean =44.11 ; Std dev=12.50  Mean=45.29; Std Ddv= 11.91

Catubig Pambujan

Age of 
Household 
members (yrs)

Frequ
ency

Percen
t

Age of 
House
hold 

Frequency Percent

81-90 2 .17 72-80 1 .20

72-80 7 .60 63-71 4 .78

63-73 14 1.21 54-62 13 2.54

54-62 36 3.11 45-53 22 4.30

45-53 59 5.09 36-44 32 6.25

36-44 83 7.16 27-35 37 7.23

27-35 103 8.89 18-26 87 16.99

18-26 234 20.19 9-17 165 32.23

9-17 329 28.39 0-8 151 29.49

0-8 292

Total 1,159 100 Total 512 100

Mean=20.17; Std Dev =15.83 Mean=18.10; Std Dev= 14.79

97.98%

2.02%

Married 

Single93.53%

5.67% 0.4%

Married

Single

Separated

Widowed

Table 1. Age distribution of Riverine Fishermen 

Figure 2. Distribution of Marital status in Catubig Figure 3. Distribution of Marital status in Pambujan

Table 2. Age distribution of Household members

Catubig Pambujan

No. of 
Children

Frequen
cy

% No. of 
Children

Freque
ncy

%

15-16 1 .48 10-11 4 4.04

13-14 1 .48 8-9 9 9.09

11-12 8 3.83 6-7 21 21.21

9-10 14 6.22 4-5 24 24.24

7-8 41 18.18 2-3 27 27.27

5-6 49 22.49 0-1 14 14.14

3-4 48 20.09

0-2 81 28.23

Total 209 100 Total 99 100

Mean=5.0; Std Dev.= Mean=4.0; Std Dev=

Catubig Pambujan

Household 
Size

Frequen
cy

% Househol
d Size

Freque
ncy

%

13-14 4 1.65 14-15 1 1.01

11-12 9 3.71 12-13 0 0

9-10 38 15.54 10-11 6 6.06

7-8 54 28.22 8-9 20 20.20

5-6 48 19.75 6-7 23 23.23

3-4 72 29.63 4-5 33 33.33

1-2 18 7.40 2-3 14 14.14

0-1 2 2.02

Total 243 100 Total 99 100

Mean=6.0; Std Dev.=3.74 Mean=6.0; Std Dev=3.41

75.2%

23.55%

1.24%

Elem level/grad

High school 
level/grad

College level

82.83%

11.11%
6.26%

Elem level/grad

HS level/grad

College level/grad

Table 3 Number of Children of the Respondents Table 4 Household size of the Respondents

Figure 4. Educational attainment of riverine
fishermen in Catubig

Figure 5 Educational attainment of riverine
fishermen in pambujan  

 
 Figures 2 and 3 show that the majority of the fishers are married. Only a few are single supporting their 

parents. However, the educational attainment of the fisher-respondents is shown in Figures 4 and 5 and reveal 

that 70%-83% had only elementary education, only very few reached college level. This implies thatthe majority 

of the fishers had some form of education which enabled themto read and write. This further indicates that if 

extension and production services offered to them they can understand and gain better skills on the fishing 

technologies introduce. Tables 3 and 4 describe the number of children and household size. It indicates that the 
average number of children per family size is 5, while the majority has a household of 3-4 and 4-5 members. 

The average family size is 6 among the fishing household.  
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Figure 6. Primary (above) and secondary 

(below) occupation of artisanal fishermen

40%

42.11%

15.79%

2.10%
Pambujan

Made up of light materials    

Made up of light materials 

mixed w/ wood and lumber 

made up of combined 

lumber & concrete 
materails    materials 

made up of concrete 7  & 

well-finished structure w/ 
galva roof

33.80%

38.80%

26.85%

0.46%Catubig

38.36%

53%

22.37%

2.74%

44.44%

38.38%

15.15%

2.03%

No chairs & 

tables, only bench

Presence of few 

chairs & tables

W/ sala set & radio

Presence adequate 

furniture & fixtures
14%

17%

35%

44%

25%

7%

50%

18%

Pambujan

jetmatic pump

Deep well

Creeks

Local water facilites

A

B

C

Figure 7. Types of house structure; B. House 
furnishing; C. Source of drinking water

Catubig Pambujan

No. of yrs. 
In fishing

Frequ
ency

% No. of 
yrs. In 
fishing

Freque
ncy

%

45-53 4 1.97 54-62 1 1.14

36-44 16 7.88 45-53 0 0

27-35 18 8.87 36-44 5 5.68

18-26 42 20.69 27-35 7 7.95

9-17 59 29.06 18-26 16 18.18

0-8 64 31.53 9-17 25 28.41

- - 0-8 34 38.64

Total 203 100 Total 88 100

Mean= 16.46 Mean= 14.64

Income /month
Php

Frequency %

7,950-8949 1 1.0

6950-7949 5 4.85

5950-6949 4 3.88

4950-5949 12 11.65

3950-4949 15

2950-4949 15 14.56

1950-2949 19 18.45

950-1049 25 24.27

Total 103 100

Mean= Php 3,488.00 (US $79.27) (1US$=44 Php) 

Table 5. Number of years in fishing experience of 
fishermen

Table 6. Monthly income of Artisanal Fishermen

 
Figure 6 describes the primary and secondary occupation of the fishers in the 2 rivers. The primary 

source of income of the majority (61%) inCatubig is fishing, 29% rice farming, 8% copra making, and 2 % for 

other occupations which include fish vending, motorboat operation. In Pambujan, most of the respondents are 

land-based, hence, are involved primarily in copra making (47%), 32% rice farming, and only 18% in fishing. 
On the otherhand, house furnishing is identified as low in Catubig, which means that most of them have a few 

chairs and tables while in Pambujan most of them have minimal (no chairs and tables) house furnishing. Most of 

the families by the Catubigriverget their source of drinking water from the local facilities because of the water 

project of some non-government organizations while in Pambujanthe majority still drink from creeks. 

Table 5 also reveals that the average fishing experience in terms of number of years is 16.46 in 

Catubig, and 14.64 years in Pambujan. The results of this study are similar with that of Udoh and Nyienakuma 

(2008) which found out that the majority (43.2%) have 15 or more years of fishing experience. As a result, the 

respondents with the highest number of years of experience have good skill and better approaches to fishing 

operations. 

From among the 342 fishers only 103 respondents were able to estimate their income.  Table 6 shows 

the income of artisanal fishers derived from fishing. The majority have income which ranges between Php 950-

1949. However, the average monthly income is Php 3,488.00 (US $79.27; 1USD=Php 44). Based on 2012 
family income and expenditure survey (FEIS) undertaken by the Philippine National Statistics Office (NSO) 

families in poorest deciles earned an average annual income of Php 69,000 or about Php 6,000 per month 

(www.nso.gov.ph). This indicates that fishers are generally subsistence in scale they appeared to be poor.  

During the interview proper, the respondents were asked to give their views on the condition of their 

riverine resources, 82% answered that their catch are declining. According to them, the major threats that affect 

the catch are overfishing,destructive fishingsuch as electrofishing and using fine mesh net, indiscriminate 

throwing of waste in the river, pesticide application in creeks in catching shrimps (Macrobrachiumspp), and 

siltation due to cutting of tress.It is suggested that provision on extension and production services, education and 

training, and alternative livelihood in the area will help increase income. Intervention from the LGU’s BFAR, 

the communities, academe and other agency is needed to come up with strategic planning for the 

developmentand utilization of the riverine resources. 
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ABSTRACT 

Seafood has been a popular food item and the main source of animal protein around the globe from time 

immemorial. The economic growth leads to the extensive demand of “ready-to-cook” or ready-to-serve 

products, which results in the development of ‘convenience’ products to meet out the need of the people. The 

diversified products using vegetables, egg, meat and few seafood are having good consumer perception and are 

now adopted by many entrepreneurs.  Keeping this in mind, the underutilized gastropod meat of marine 

gastropod Pleuroplaca trapezium was used for the preparation of few value - added products and shelf life was 

assessed for the proper utilization of the resource.  P. trapezium meat pickles were prepared and organic acids 

such as Acetic, Lactic and citric acids were added individually as preservative and their storage life was 

analyzed. Along with that, a control pickle was kept without any preservative.  The shelf life of the pickle with 

lactic acid was high with 6 months than that of other pickles. 

 
Keywords: Marine Mollusc, pickles, entrepreneurship 

 

INTRODUCTION 

Coastal environment has consistent wide supplies of chemicals and nutrients, the diverse array of food 

and pharmacology industry which have been helpful to mankind. Marine organisms comprise approximately a 

half of the total biodiversity, thus offering a vast source to discover useful nutrients and therapeutics (Prem 

Anand et al., 2013a, 2013b; Chellaram et al., 2013). A number of molluscan species such as clams (Vijayan et 

al., 1982) green mussel (Gopal et al., 1985) and the gastropods Chicoreus ramosus (Patterson et al., 1995) and 

Babylonia spirata (Patterson and Ayyakkannu, 1997) have been used for the preparation of pickles. Pickle made 

from clam and mussel meat is already marketed to some extent on a commercial scale (Samuel, 1988).  

The Horse Conch, Pleuroploca trapezium though consumed in South East Asian countries is not 
familiar seafood in India, and till today, very little work has been done to utilize this gastropod as food.  Pickling 

has been found to be a comparatively cheaper method of preservation and so production of ready to serve 

pickled products from gastropods appears to be the best method for its economic utilization. Thus different 

pickled products were prepared out of P. trapezium meat and their storage life was analyzed. 

 

 

MATERIALS AND METHODS 

a) Processing of Raw Meat 

The cleaned meat was softened by cooking under pressure at 15 lbs / sq. inch for 20 minutes.  The 

softened meat was used for the preparation of pickle using the ingredients listed in Table 1. 

c)  Method of Preparation 
 Commercially available spices, food grade organic acids and other materials (Table 1) were purchased 

locally.  Glass bottle (500g capacity) with plastic screw caps were sterilized in boiling water for 30 minutes and 

dried at 100o C in a hot air oven. The pickles were prepared in four batches with the same ingredients except for 

the organic acids.  The first batch was prepared by adding 1.5 % Acetic acid, second batch using 1.5 % lactic 

acid, third batch with 1.5 % citric acid and the last batch without the addition of any acid and kept as control. 

Table 1. Ingredients for Plueuroploca trapezium pickle 

S.No Ingredients Quantity (grams) 

1 Cooked meat 1000 

2 Garlic 500 

3 Ginger 200 

4 Chilli powder 100 

5 Coriander powder 100 

6 Mustard seeds 20 

7 Turmeric powder 10 

8 Asafoetidea 20 

9 Gingili oil 100 
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10 1.5 % Organic acid 200ml 

11 Salt To taste 

 

The softened meat was thoroughly mixed in a mixture of 4g of turmeric powder, 20g of salt and 40g of 

chilly powder and kept for 30 minutes.  Ginger and garlic were fried in oil until it became golden brown in 

colour and removed from the fire. Then the meat was fried in gingili oil until it turns into golden brown and 

cooled. In another big pan, mustard seeds were fried in gingili oil until bursting and all the other ingredients 
were heated under low flame.  The fried meat, ginger and garlic were added to this and stirred thoroughly for 10 

minutes.  The content was cooled sufficiently and divided into four batches and 200 ml of the respective organic 

acids were added to each batch and mixed thoroughly. 

 d)  Packaging of Pickle for storage 

The gastropod pickle was then packed in the sterilized glass bottles, covered with caps, sealed and 

stored at ambient temperature (30±2oC).  While packing care was taken not to trap any air bubbles inside the 

content and before sealing, a layer of heated gingerly oil was ensured at the top to cover the solids to act as an 

air seal protection against entry of moulds and bacteria from air. 

e)  Shelf life studies 

The biochemical analysis and shelf life studies were carried out following the methods given in AOAC 

(1990).  

RESULTS 
 The pickles looked like the other seafood pickles and had good flavour and taste. The protein and lipid 

content of the pickle without organic acids were 25.3 and 16.9 % respectively. The changes in pH of 

Pleuroploca meat pickle during storage are presented in Table 2.  The pH increased in the control pickle from 

5.5 to 5.72 and in the pickles containing acetic acid, lactic acid and citric acid there was reduction in the pH 

values from 5.49 to 5.25, 5.11 and 5.27 respectively. 

Table.2. Changes in pH of Pleuroploca meat pickles 

Storage (Months) Control Acetic acid Lactic acid Citric acid 

1 5.54 5.42 5.35 5.48 

2 5.6 5.33 5.21 5.48 

3 5.63 5.31 5.19 5.43 

4 5.66 5.3 5.17 5.38 

5 5.69 5.28 5.14 5.32 

6 5.72 5.25 5.11 5.27 

 
The changes in Free Fatty Acid (FFA) during storage of pickles prepared with different organic acids 

are presented in Fig. 1.  FFA content (% Oleic acid) was low and it steadily increased during storage in all the 

samples.  In the control sample it increased from 0.004 to 0.162 after 6 months of storage at ambient 

temperature.  In the treated samples, the increase was 0.012 and 0.014 in pickles with acetic acid and citric acid 

respectively from the initial value of 0.0057.  In the pickle with lactic acid, the increase was high and it was 

0.0068 to 0.035 after 6 months of storage. 

 

Fig. 1. FFA content in Pleuroplaca meat pickle during storage 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Initial 0.004 0.0057 0.0068 0.0057

1 month 0.024 0.0069 0.011 0.0085

2 months 0.038 0.008 0.018 0.011

3 months 0.056 0.0086 0.021 0.0112

4 months 0.077 0.0092 0.022 0.0113

5 months 0.102 0.01 0.027 0.0128

6 months 0.162 0.012 0.035 0.014
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Fig. 1. FFA content of Pleuroploca meat pickles during storage. 
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The TMA-N content in the control sample the TMA-N content increased from 2.8 to 22.25 after 6 

months of storage whereas in organic acid treated pickles the increase was comparatively lower than that of the 

control (Fig. 2). 

Fig. 2: TMA-N content in Plueroplaca meat pickle during storage 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

The TVB-N analysis of pickle at different stages at room temperature is presented in Fig. 3.  TVB-N 

values were found to increase steadily during the 6 months of storage.  In the control samples, the value 

increased from 5.3 to 55.64 after 6 months of storage.  In acetic acid and lactic acid treated pickles the TVB-N 

content increased from 5.2 to 37.57 and 14.32 respectively after 6 months of storage, whereas in citric acid 

treated pickle the increase was from 5.15 to 20.67 mg / 100g. 
 

Fig. 3. TVB-N content in Plueroplaca pickle during storage 

 

 

 

 

 

        

  

  

 

 
 

 

 

 

 

 

 

 

 

 

Table 3.  Total Plate Counts in Pleuroploca meat pickle  
 

Parameter 
Storage Period 

(Months) 
Control Acetic acid Lactic acid Citric acid 

Total Plate Count 
(CFU / g) 

Initial 97103 95103 45103 70102 

1 85103 78103 36103 41103 

2 130103 60103 19102 50103 

3 148103 117103 41103 47103 

control acetic acid lactic acid citric acid

Initial 2.8 2.6 2.6 2.6

1 month 4.66 3.82 3.26 3.12

2 months 6.46 5.13 4.89 4.06

3 months 8.68 6.72 6.15 5.12

4 months 14.54 10.12 7 6.16

5 months 18.56 13.24 9.26 8.78

6 months 22.25 15.35 12.52 10.86
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Fig. 2. TMA-N content of Pleuroploca meat pickles during storage. 

Control Acetic acid Lactic acid Citric acid 

control acetic acid lactic acid citric acid

Initial 5.3 5.2 5.2 5.15

1 month 12.79 9.12 5.54 6.83

2 months 22.68 15.87 7.56 9.73

3 months 27.89 21 8.21 11.75

4 months 40.6 26.51 9.24 14

5 months 55.64 32.26 11.71 17.25

6 months 37.57 14.32 20.67
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Fig. 3. TVB-N contents of Pleuroploca meat pickles during storage. 
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4 32104 126103 58103 51103 

5 49104 32103 67103 54103 

6 57104 42104 38104 66103 

The Total Plate Count in the control pickle decreased slightly during the first month but in the 

subsequent months it gradually increased and after 6 months of storage it reached from 97103  to  57104 

CFU/g.  In the pickles containing acetic acid and lactic acid, the TPC decreased from 95103 to 60103 and 

45103 to 19102 CFU/g   respectively in the first two months and then increased to 42104 and 38104 CFU/g 
after six months of storage.  The TPC showed an increasing trend in the pickle containing citric acid and the 

increase was from 70102 to 66103 after six months of storage. Mold growth was observed in control pickles 
after four months of storage (Table. 3).  The pathogenic bacteria such as E.coli, Salmonella and Vibrio sp. were 

not observed during processing and storing of the pickles. 

 

DISCUSSION 

 In the present study, FFA content was initially low in control but increased steadily during storage and 

this may be due to lipid hydrolysis.  But in the pickles with organic acids the increase was slow and gradual. 

Same increasing trend in FFA content was also reported earlier in other seafood pickles (Chandrashekar et 

al.,1978,  Yellappa and Chandrasekhar,1989). 

 The TMA-N values of Pleuroploca meat pickle increased in all the samples, and in the control sample 
the increase was at a faster rate.  The values reached the lowest limit of acceptability after four months in 

control, five months in acetic acid treated pickle, but in lactic acid and citric acid added pickles, the values did 

not fall to the acceptably limit of 15mg / 100g even beyond six months of storage.  The values of TMA-N in the 

present study were found to increase with the decrease in sensory scores but Chandrasekhar et al., (1978) have 

reported that the TMA-N values in fish pickles do not correlate well with the sensory scores.   

 The TVB-N values in the present study were found to have a similar trend as the TMA-N values.  The 

lowest limit of acceptability of 30mg / 100g (Tanikawa, 1935) was reached after four months in control samples 

and five months in pickles with acetic acid.  The TVB-N values in pickles with lactic acid and citric acid were 

found to be well within the acceptability level even after 6 months of storage.  The increase in TVB-N values 

was reflected in the sensory scores and this might be because of the production of off-odours by volatile bases 

by bacterial activity during spoilage. It has been reported that a significant increase in TVB-N in fish and shell 
fish coincides with bacterial spoilage.  

The purpose of microbiological examination is to detect for pathogenic bacteria (Salmonella sp., Vibrio 

sp.), and for organisms that are possible indications of fecal contamination (E.coli) and other types of general 

contamination (Total plate count).  In the present study the pathogenic bacteria such as Salmonella sp., Vibrio sp 

and E.coli were found to be absent.  The Total Plate Count values were found to be low initially but increased 

during storage, and throughout the storage the TPC was in the range of 102 to 104 g-1. Chandrasekhar, (1979) 

and Abraham et al. (1996) have reported a Total Viable Count in prawn pickle in the range of 103 to 105 g-1 and 

103 to 105 g-1 respectively.  In the present study, mould growth was observed after 4 months of storage in control 

pickles and after six months of storage in organic acid treated pickles. The relatively lower level of bacterial 

load in the P. trapezium meat pickles may be due to the presence of spices and other ingredients and the addition 

of organic acids. Jarvis (1950) reported that the spices are light preservatives and retard bacterial spoilage. In the 

present study also mustard, turmeric powder, garlic and ginger were used for the preparation of pickles and they 
may have a role in arresting the growth of microorganisms.  

Chattopadhyay et al. (1985) reported that there is a need to investigate the possibility of replacing 

acetic acid with other acid bearing ingredients that may help to suit the taste of the people of different regions. 

In the traditional type of pickles prepared from fresh lemon and mangoes, the organic acids are provided by the 

fruit itself, and since the gastropod meat does not contribute any organic acid, it becomes necessary to add the 

acids to provide the necessary texture and flavour and to bring down the pH level.  In the present study, pickles 

with conventional vinegar (acetic acid) and other organic acids like lactic acid and citric acid have also been 

used as preservative and flavouring agent.  

It has been found in the present study that the organic acids such as citric acid and lactic acid are better 

than acetic acid for the preservation and flavouring of Pleuroploca meat pickles.  The control pickle had a shelf 

life of 4 months under room temperature whereas in pickle with acetic acid the shelf life was 5 months and the 
pickle with lactic and citric acid had 6 months of storage life. Pickles prepared using seafood like prawns and 

fishes have attained commercial status like other vegetable pickles, likewise this P. trapezium pickle can also be 

popularized to utilize this underutilized protein rich gastropod meat.    
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Abstract. 

Barrier Layer (BL) is the layer between bottom of the mixed Layer (ML) and the isothermal layer (IL). ML and 

IL not equal due to the impact of fresh water. As Bay of Bengal is enriched with high fresh water load 
seasonally, BL formation shows a distinct pattern with fresh water input.  CTD data of the R/V Fridtjof Nansen 

collected during 22nd September to 02nd November-2013, were used to describe the behavior of the Barrier 

Layer Thickness (BLT) at the central BoB (6.5N-10.5N and 85E-88.5E). Sea Surface Salinity (SSS) distribution 

shows a high saline water cell (34-34.6 PSU) is surrounded by low saline water (33.2- 33.8 PSU). The T-S 

diagram expressed the distribution of Bay of Bengal Water (BBW) and Arabian Sea Water (ASW) over South 

Indian Coastal Water (SICW). The BLT in this area is varying from 10-60m. Distribution of the BLT shows a 

distinct pattern as lower BLT (10-30m) is in the north of the area and higher (30-60m) in the south of the area. 

Calculated correlation value (0.198, p=0.228) between BLT and the SSS doesn’t show a good relationship. Sea - 

level anomalies from satellite altimeter show eddies in BoB during the sampling period. Prevailed inter 

monsoon in BoB during this time changed the wind and then Ekman drift, Ekman pumping or geostrophic 

moments in BoB.  This study suggests that the impact of SSS to the formation of BLT can be altered by 

geostrophic currents, Ekman drift, Ekman pumping or eddies during the inter monsoons in BoB.  
Key Words- Barrier Layer Thickness, Mixed layer, Isothermal layer. 

 

Introduction. 

Ocean is vertically stratified, thus physical properties of the water column, including temperature and salinity 

vary with depth. Based on the temperature gradient, Pickard and Emery (1982) categorized the ocean water 

column into uniform upper zone (50 - 200 m), strong temperature gradient or rapidly decreasing temperature 

zone (200 -1000 m) and a deep zone with weak temperature gradient.  The upper zone or surface layer with 

uniform density is named as the surface mixed layer (Tomzack and Godfrey, 1994, Chu and Chenwu, 2011), 

while the surface layer with uniform temperature is called isothermal layer (IL). The isothermal layer depth, 

determined by upper ocean processes such as surface heat fluxes, advection and mixing is not necessarily 

identical to the mixed layer depth (MLD) due to salinity stratification. Salinity is a decisive parameter to 
determine the depth of the mixed layer in the ocean (Godfrey et al. 1998). Bay of Bengal receives a large 

quantity of freshwater from both rainfall and river runoff  (Shetye et al., 1996). The freshwater influx into the 

Bay of Bengal maintains ‘a barrier layer’ (the layer between the base of the mixed layer and the top of the 

thermocline (Sprintall and Tomczak, 1992).The layer difference between ILD and MLD, defined as the barrier 

layer (BL), has strong salinity stratification and weak (or neutral) temperature stratification (Chu and Chenwu, 

2011).BL have strong consequences on air-sea interactions as it thermodynamically insulates the deep cold 

ocean from the surface layer interacting with the atmosphere. 

 Different scientists use different methods of calculating ILD, MLD or thermocline depth. But most of these 

methods can be classified in to three major categories as difference method, gradient method and curvature 

method (Chu and Chenwu, 2011). All these methods are subjected to their own precisions, but generally final 

result of these methods may vary in small differences to large differences.  The difference criterion requires the 
deviation of T (or ρ) from its near surface (i.e., reference level) value to be smaller than a certain fixed value 

(Chu and Chenwu, 2011). In this difference criterion, value of deviation is         0.01 0C- 1.0 0C and 0.01kgm-3 -

0.03 kgm-3 and the reference level is 0m to 10m (Richard and Isaac, 2003).  

       Bay of Bengal (BoB), the eastern ocean part of the Indian Ocean is significant due to the annual 

large fresh water input. BoB is forced locally by seasonally reversing monsoon winds and remotely by the winds 

in the equatorial Indian Ocean [McCreary et al., 1993]. BoB receives a large quantity of freshwater from both 

rainfall and river runoff from the bordering countries. Annually, the major rivers Irrawaddy, Brahmaputra, 

Ganga and Godavari discharge about 1.5*1012 m3 of fresh water into the Bay of Bengal and rainfall ranges 

between 1 m and 3 m (Shetye et al., 1996). This freshwater influx into the Bay of Bengal maintains the BL 

which has a thickness of 25 m during the summer monsoon (Sprintall and Tomczak, 1992). Bay of Bengal being 

into the monsoonal regime, experiences seasonally varying wind driven surface currents, converging and 

diverging zones or meso scale eddies. The dynamically opposing these seasonal external forces exert varying 
impact on the formation and establishment of BL. In turn, the BL determine the surface heat fluxes, thus exert 

propound impact on the climate changes. Seasonal, inter and intra seasonal climatology of the BLT is studied in 

all the major oceans. In Indian Ocean, Pankajakshan et al, (2007) established that the East Indian Coastal 

Current exert a positive impact on the formation of BLT.  
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Inter and intra seasonal climatology of the BLT is studied by various scientists all over the world. The impact of 

East Indian Coastal Current to the formation of BLT is described well as the positive correlation of the Sea 

Surface Salinity (SSS) with the BLT by Pankajakshan et al, 2007.  Even seasonal climatology of BLT with SSS 

is described well; the relationship of spatial distribution of the SSS and the formation of BLT is not well studied. 

It is useful to identify the relationship between the SSS and BLT in a particular area in a short period of time to 

state about the speed of response of BLT formation to SSS. BoB affect by two monsoons and two inter 
monsoons, there is lot of forcing of wind driven surface currents, converging and diverging zones or meso scale 

eddies. So, the impact of these external forces to the formation and establishment of BL will be quite important 

to understand the remote relationship between BLT formation and climate changes in BoB. 

Object of this study is mostly concerned to find out whether there is a relationship between the spatial 

distribution of the BLT and the SSS in a specific area of BoB. In this study we use a SeaBird 19+ CTD data set 

available from the R/V Dr. Fridtjof Nansen cruise in BoB during the second inter monsoon in 2013. The outline 

of this paper is as section 2 shows the materials and methods including the survey area used in this study, 

section 3 shows the results of this study, and section 4 shows the discussion.  

 

2. Materials and Methods. 

In this study the data of SeaBird 19+ CTD of R/V Dr. Fridtjof Nansen cruise were used. This ship is sailing 

under the FAO flag and on the curtsey of bilateral agreement between NORAD and Sri Lanka, 8 scientists of 
National Aquatic Resource Research and Development Agency (NARA) were able to join with a cruise from 

22nd October to 02nd November-2013, at the central BoB (6.5N-10.5N and 85E-88.5E) (Fig 2). 39 CTD casts 

were done along the cruise track. 

Data manipulation and interpretation was done by MATLAB 7.7.0 version and the statistical analysis was done 

by SPSS v.16. In-situ temperature and salinity values are converted to potential temperature and salinity values 

by using Gibbs Sea Water (GSW) v.3.03 package and potential density values are calculated by the same GSW 

package. AVISO data were used for the interpretation of Sea Surface Height (SSH) anomalies and zonal and 

meridional components of the geostrophic velocities. Analysis and visualization of SSH and surface geostrophic 

currents was done by freely downloadable Intergrated Data Viewer (IDV) v. 4.1. Surface wind regime during 

the survey period was checked by the NOAA, NOMAD data supply service and The Special Sensor Microwave 

Imager (SSM/I). 
MLD was calculated by the difference criterion as 

                                      
Where z=depth; T=Temperature; Ts= Surface temperature,   ∆T = Difference of the temperature; 

   ρ =Density; ρs =Surface Density;   ∆ρ = Difference of the density. 

   ρ = 0.5 0C (Chaudry et al, 2002)   and   ∆ρ =0.01 kgm-3 (Wijesekera and Gregg , 1996).  

BLD= ILD-MLD 

SSS data and BLD data were checked for their parametric behavior by SPSS and as they showed a parametric 

nature both data sets were treated in parametric Pearson correlation test.  

3. Results.  

Contoured SSS and BLT maps are shown in figure 3 and 4 respectively. Color bars express the values regarding 

to each color. SSS is varying from 33.4 ppt to 34.6 ppt and BLT is varying from 5m to 60m. High saline water 
cell can be seen at the center (8 -8.5 N and 86-86.5E) of the SSS map (34.4 ppt). BLT shows an increasing 

pattern of BLT from north to south of the area giving its maximum value (60m) at the 7.5N and 87.5E area. 

Figure 5 shows the characteristic T-S diagram for the study area. It shows the Bay of Bengal water (BBW) and 

Arabian Sea Water (ASW) are floating on South Indian Coastal Water (SICW) and Indian Equatorial 

Water(IEW). Wind regime in figure 6 is showing the unidirectional wind flow in the inter monsoon period. Blue 

color patch shows relatively slow winds in BoB than yellow color high winds in equator belt. SSH anomalies 

and geostrophic currents are expressed in figure 7. Blue patches are the negative SSH and orange color patches 

indicate the positive SSH.  

Calculated correlation value of 0.198 with a probability value 0.228 (p>0.05) means there is not a significant 

correlation between the SSS and BLT. 

Discussion.  
 Earlier studies have shown that BLT is governed mostly by the fresh water input in the BoB. Pankajakshan et al 

in 2007 say that along the east coast of India the BL formation and its variability are controlled by the EICC. 

Also Girishkumar et al in 2011 stated that observed intraseasonal variability in BLT is mainly controlled by the 

vertical movement of isothermal layer depth (ILD) in the presence of a shallow mixed layer. These authors 

express how the BL forms with the inflow of fresh water. Low saline fresh water flows on the high saline sea 

water making a huge barrier to the mixing of Upper Ocean by the dominant mixing agent in the BoB, the wind. 

The kinetic Turbulent Energy require to mix the upper ocean exceed the wind energy due to the fresh water 

intrusion (Ravichandran et al, 2007). So, a shallow surface mixed layer forms making a large gap between ILD 
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forming a large BLD. This formation is seasonal as stated by Girishkumar et al 2011, as BLT shows strong 

seasonality with climatological minima during both March–May and August–September and maxima during 

December–February.   

But in this study we didn’t observe such a relationship between SSS and BLT. Recorded high BLT value (60m) 

in this study has recorded by earlier scientists during the high fresh water intrusions. Pankajakshan et al in 2007 

expressed how the EICC which carry fresh water, control the BLT in the BoB.  In this study we observe a high 
BLT in the study area, but no such fresh water intrusion. It is supported by the calculated very low correlation 

between BLT and SSS. As per the early scientists, BLT is an evidence for the fresh water intrusion, recorded 

high BLT in this survey area must be an evidence of fresh water intrusion. But the SSS is not as less salty as 

fresh water in this area, an assumption for this status can be developed as the sea surface is disturbed heavily by 

external factors such as currents, which carries the fresh water away from the sample points. So, fresh water 

agitation which creates a thick BL has washed away from Ekman drift, or surface geostrophic currents. Figure 6 

and 7 shows the unidirectional flow of wind and the surface geostrophic currents in the BoB. This wind can 

create Ekman drift or SSH anomalies rising geostrophic currents. Also the well known eddies in BoB during the 

inter monsoon in BoB can hinder the relationship between SSS and BLT. T-S diagram (Figure 5) shows several 

water masses are encountered in this area during the study period. Fronts between these water masses may form 

eddies and geostrophic currents which can carry water parcels away from their origin. Such an eddy is expressed 

by the SSS contour map in figure 3.   
Lots of papers refer the characteristics of upper ocean circulation in BoB during the inter monsoons. There are 

lots of water masses rubbing each other during this season (Figure 5). So, there is a complex nature of upper 

ocean circulation seen in BoB during this period (Jayu and Prasanna, N.D).  

Calculation of MLD, ILD or BLD is subjected to different methods. Different scientists explain several methods 

for calculation of these parameters. All these methods are subjected to their own accuracy (Richardson and 

Isaac, 2003). Method which used in this study is rather easy than other methods to do calculations.  

So, in this paper, we discus about the factors which can affect the formation of BLT with SSS.  Turbulent nature 

in Air Sea coupling in BoB during the inter monsoons can create unidirectional  Ekman drifts, geostrophic 

currents, diverging and converging zones or meso scale eddies. So, it can disturb the sea surface and the 

relationship between SSS and BLT can be hindered by these factors. So, the predictability of  formation of BLT 

with the SSS in BoB during the inter monsoons must be treated carefully.  
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          Annex 

                                                                                                     
 Figure 1. Structure of the BL.                                             Figure 2. Locations of the CTD casts  

         during the cruise. 

           

 
       Figure3.SSS distribution of the survey area.                      Figure 4. BLT distribution of the survey  

         area. 
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          Figure 5. T-S diagram for the area.                                 Figure 6. Wind regime during the sampling  

        period in BoB 

      
     Figure 7. SSH and geostrophic currents during the sampling period                                                                                          
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Abstract 

Four weeks feeding trial was carried out to evaluate the effect of alternative protein sources to partially replace 

Fishmeal (FM) in diets for Guppy (Poeciliana reticulata) fry. Four experimental diets were prepared as CD 

(Control Diet; 30% FM), PD (22% FM  8% Papaw meal), MD (22% FM  8% Manioc meal) and JD (22% FM 

 8% Jack seed powder meal). Twenty one days old Poeciliana reticulata fry( 0.68  0.01 g ; 1.76  0.03 cm) 
were stocked in 12 glass tanks (60 cm × 30 cm × 30 cm ; 54 L) at a stocking density of 8 fry per tank. Fish were 

fed to satiation thrice a day for 4 weeks and growth performance (Length/Weight/Specific Growth Rate 

(SGR)/Feed Conversion Ratio (FCR) was recorded. Fish fed on CD had significantly higher growth (0.2  0.01 

g; 2.56  0.04 cm) and SGR (4.02  0.27) compared to the fish fed on other three diets. Total length of fish from 

other treatments were 2.39  0.29 cm, 2.26  0.26 cm, and 2.42  0.30 cm for PD, MD and JD respectively. 

Total weight of fish were 0.16  0.04 g, 0.15  0.04 g and 0.17  0.05 g for PD, MD and JD respectively. 
Second highest growth was recorded from the fish fed with the JD. FCR did not significantly different among 

treatments. Percentage survival was ranged from 87.5% to 100%. 

Key words: Manioc meal, Growth performance, Alternative feed ingredients 

Introduction 

Fishmeal is the conventional protein source use in fish feeds due to its well balanced amino acid profile, 
palatability, vitamin content and mineral contents [12]. However, increasing costs and limitations in supply of 

fishmeal is a constant problem in fish feed industry, and therefore many experiments are carrying out to find 

alternative protein sources to replace fishmeal component in fish feeds. FAO (2012) stated that Average fish 

meal inclusion level in commercial diets is reduced from 32% in the 90s to 8% in 2020. Consequently, finding 

low cost and nutritionally balanced alternative protein sources has become a major research area in feed 

development in aquaculture industry. Many research focused on using plant protein sources which are 

nutritious, readily available in bulk amounts and which have less competition for human consumption, for 

partial and complete replacement of fishmeal in aqua feeds [4, 12] However, presence of various anti nutritional 

factors, lack of one or more essential amino acids are the major problems needed to be consider when using 

plant based alternatives.  

 The present study was carried out to evaluate the use of papaw leaf meal (PD), Manioc leaf meal (MD) and 
Jack seed powder meal (JD) to prepare low cost diets for Guppy (Poeciliana reticulata) by partially replacing 

fishmeal component and assessing their growth performance. 

Materials and Methods 

Guppy (Poeciliana reticulata) fry obtained from a commercial farm were acclimatized to aquarium conditions 

prior to start the growth trial. The initial weight and total length of the larvae were 0.68  0.01 g and 1.76  0.03 
cm respectively.  Trials were carried out for 28 days in 12 glass tanks (60×30×30 cm3) each having 36 L 

capacity of de chlorinated water. Continuous artificial aeration was provided and 20 % of the water was 

exchanged daily to maintain the quality of water. 

Four experimental diets were formulated as CD (Control Diet; 30% FM), PD (22% FM  8% Papaw meal), MD 

(22% FM  8% Manioc meal) and JD (22% FM  8% Jack seed powder meal) (Table 1). Fish were fed ad 
libitum twice a day and each treatment had three replications.  Proximate composition of formulated diets and 

feed ingredients were analyzed following AOAC (1990). At the end of the experiment, total length, weight, and 

the number of surviving fish in each experimental tank were recorded. Water quality parameters, viz. 

temperature (daily) and pH (weekly) were monitored. 

Growth performance and feed utilization parameters were evaluated as follows; 

Specific Growth Rate (SGR) = (lnW2 –lnW1) ×100/ (t2-t1) 
(Where W2andW1are the initial and final weights at time t1 and t2) 

Feed Conversion Ratio (FCR) = feed intake/weight gain 

% Survival = (initial number stocked- number of dead) × 100/ initial numbers stocked 

Data were subjected to one way analysis of variance (ANOVA) followed by Duncan’s multiple range tests to 

test the difference between treatment means and Standard Deviation ( SD) was calculated to identify the range 
of means. 
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Results 

Table 1. Proximate composition, in alternative plant based ingredients used to replace fish meal (% dry matter 

basis).  

 Papaw leaves Manioc leaves Jack seed powder 

Proximate composition (g/ 100 g) 

Moisture (% wet basis) 

 

83.452.02 

 

73.750.35 

 

46.311.28 

Protein 30.111.12 28.850.05 28.010.27 

Lipid  0.760.06 4.260.24 11.660.08 

Fiber 14.070.13 5.390.30 2.20.08 

Ash 10.300.21 5.210.15 3.200.06 

 

Table 2. Formulation and proximate composition of the experimental diets (% dry matter basis). 
 

 CD PD MD JD 

Ingredients (g/ 100 g) 

 

 

 

 

 

 

 

Fish meal1 

 

30 

 

22 

 

22 

 

22 
Fish meal  30 

30 

22 

22 

22 

22 

22 

22 
Soybean meal 14.5 14.5 14.5 14.5 

Coconut meal 25 25 25 25 

Rice bran 10 10 10 10 

Wheat flour 14.5 14.5 14.5 14.5 

MineralVitamin Mixturea 3 3 3 3 

Vegetable Oil 3 3 3 3 

Papaw leaf meal 0 8 0 0 

Manioc leaf meal 0 0 8 0 

Jack seed powder 0 0 0 8 

Proximate composition of test diets:     

Crude Protein 37.21 34.25 33.94 31.03 

Crude fat/Lipid 6.70 6.85 6.15 6.25 

Crude fiber 0.71 1.23 1.03 0.77 

Ash 10.30 8.69 10.10 9.13 

NFE1 45.08 48.98 48.78 52.82 

GE (K cal/ kg)2 3894.60 3945.75 3862.35 3916.54 

P/GE3 95.54 86.80 87.88 79.23 

a Supervit vitamin mineral mixture 
1NFE = Nitrogen Free Extractives, calculated as 100- (% Protein  % Lipid  % Ash  % Fiber) 
2GE = Gross Energy content 
3P/GE ratio = Protein to energy ratio in mg protein Kcal GE 

Table 3. Growth Performance, feed utilization and Survival of Guppy (Poeciliana reticulata) fry fed on 

experimental diet for 28 days. 

Parameters CD PD MD JD 

% length gain 0.80b 0.09 0.63a 0.06 0.63a 0.08 0.63a 0.10 

% weight gain 0.13b 0.01 0.09a 0.01 0.08a 0.01 0.10a 0.02 
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SGR 4.02b 0.27 3.12a 0.22 2.96a 0.28 3.36a 0.37 

FCR 3.23a 0.24 4.32b 0.54 4.14b 0.39 3.88ab 0.57 

%Survival 95.837.22 95.837.22 91.677.22 95.837.22 

NB: Values are means  SD of three replications. Figures in the same row having different superscript are 
significantly different (P<0.05). 

 
 

 

Table 4. Feed costs (Rs.) of experimental diets  

Diet Cost (Rs.)/ Kg Relative to control % Decrease in feed cost (%) 

CD 206 100 0 

PD 182 88.35 11.65 

MD 182 88.35 11.65 

JD 182 88.35 11.65 

 

Discussion 

 

In formulated diets, the cost and nutritional quality of the feeds are determined to a large extent by the protein 

source [9]. Readily available and low cost plant-derived materials used to prepare diets in the present study 

contained protein and other nutrients in appreciable amounts. Manioc and papaya leaves were used as fish feed 

ingredients for Nile tilapia (Oreochromis niloticus) [10]. Literature on the utilization of Papaya (C. papaya) leaf 

meals in fish feeds is scarce [10].  Studies have not done for Jack seed powder as fish feed ingredients yet to 

evaluate the potential in fish feed preparation. The limited available information indicates that papaya leaf meal 

could be a good protein source because of its amino acid profile [7, 10]. The papaya leaf and the unripe papaya 

fruit contain papain, which degrades protein into amino acids [2]. However, no plant protein can on its own 
support good growth of fish due to deficiency in at least one essential amino acid [8]. The results clearly showed 

that, the fish fed on CD had significantly higher growth (0.2  0.01 g; 2.56  0.04 cm) and SGR (4.02  0.27) 
compared to the fish fed on other three diets. Among the other three diets highest growth performance and SGR 

was recorded for fish fed on diets with Jack seed powder. FCR did not significantly different among treatments 

and the highest FCR was obtained from fish fed with Papaw lea meal (4.32  0.54). It has been reported that 
papain promotes proteolytic digestion and thereby increases the protein digestibility of papaya leaf meal [1]. 

The high crude fiber content, presence of various anti-nutritional factors and poor palatability of plant proteins 

might reduce growth performances of fish fed with Plant based diets. Especially fish fed with Manioc leaf meal 

showed the least weight gain, SGR and % survival among other diets. Manioc leaves contain Cyanides which 

derive from hydrolysis of cyanogens that suppress natural respiration and cause cardiac arrest [3]. More studies 

are required to determine the cyanide level of tolerance for fish [6]. These plant based ingredients used are free 

of cost and also readily available sources and no any detrimental matter has been recorded. Therefore, those 

ingredients can be used to replace fishmeal and further research is required to find the suitable replacement 

levels of fishmeal with plant based ingredients and to improve the nutritional quality of diets to gain proper 

growth performance.  
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Abstract  
The tropical oyster, Crassostrea belcheri, is one of the most commercially important bivalves in Thailand. A 

large number of oyster seed from the conserved natural oyster beds of Trang province, southern Thailand, are 

collected and supplied to grow-out farms. These natural oyster beds face a number of threats, including 

overharvesting and water quality problems. These significantly reduce the number of natural oyster seed. To 

solve these problems, the water quality, growth and mortality of oyster spat in this area were investigated. The 

results revealed that certain aspects of water quality, including dissolved oxygen, salinity and nitrate 

concentration, were influenced by seasons. The role of the season and sampling station and the interaction 

between them were affected by the variation of pH, ammonia-N and nitrite concentration. However, the water 

temperature and orthophosphate concentration did not vary between seasons and sampling stations. For oyster 

growth and mortality testing in this area, the size of hatchery-reared oyster spat larger than 0.75 cm in length 

was significantly increased in daily yield in comparison with the size below 0.75 cm (p < 0.05). Higher 
mortality increased with decreasing size of oyster spat. Zero mortality was found in the oyster spat size larger 

than 1.2 cm in length.  

 

Keywords: Crassostrea belcheri, daily yield, mortality 

 

Introduction 

Oysters are benthic marine species inhabiting nearshore areas, shallow waters, bays, and estuaries widely 

distributed throughout tropical and subtropical regions (Hedgecock, 1995).  Thailand has abundant oyster 

resources from natural beds located in the shallow coastal waters of the intertidal mangrove areas. Among 

indigenous oysters in Thailand, Crassostrea belcheri, C. iredalei, and Saccostrea cucullata are economically 

important species widely cultured (Jarayabhand et al., 1985, 1994; Yoosukh, 1988). The majority of oyster seed 

for grow-out are collected in the wild. Recently, the decrease of the water quality and increase in pollution are 
greatly influenced the depletion of the oyster population through its hindrance of larvae development. Impacts 

of water pollution on depletion of natural oyster seed was reported by Choopunth andTanyaros (2002).  The 

oyster growth and mortality of oyster are greatest when seawater temperatures are high (Burge et al. 2007; 

Dégremont et al., 2010.), changing salinities (Hand and Stickle, 1977; Dean and Paparo, 1983; Tanyaros et al., 

2008) and nutrients are abundant (Lipovsky and Chew, 1972).  In this context, this paper focuses on the study of 

water quality in the conserved natural oyster beds of Trang province, southern Thailand. The water quality 

parameters were used to assess the environmental impact on depletion of the natural oyster population in this 

area. The hatchery-reared oyster spat with various sizes was grown in the conserved natural oyster beds in order 

to assess the impact of water quality on growth and mortality.  The results will serve as tools to indicate base-

line conditions for assessment of future management on both natural oyster beds conservation and oyster 

cultivation.    
   

Materials and Methods 

 

Description of study site 

The study was conducted in the estuary of the Palian River, located on the coast of the Andaman Sea between 

7°15'- 7°45'N and 99°15'- 99°45'E, Kantang District, Trang Province, southern Thailand (Figure 1). The climate 

of the area is influenced by seasonal displacements of the southwest monsoon and the northeast monsoon. The 

dry season extends from December to April, and the rainy season from May to November.  The estuary receives 

major freshwater discharges during the rainy season. The tidal range is about 3 m during spring tides, and 1 m 

during neap tides (Tanyaros and Tongnunui, 2010). The tropical oyster (C. belcheri) is naturally distributed 

along the estuary for about 4 kilometers and has been fished by local fishermen for a century. 

 

Sampling stations 
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The study was conducted at four stations in the conserved natural oyster beds along the estuary (Figure 1). Data 

were collected in both the rainy season (July to September 2013) and the dry season (January to March 2014). 

The stations were reached by boat and positions were checked using a GPS unit. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Map of the study site in the conserved natural oyster beds, Palian River, Kantang District, Trang 

Province, Thailand. 

Water sampling and analytical methods 

Dissolved oxygen (DO) concentrations, water temperatures and salinity were measured in situ at 30 cm below 

the surface using a DO meter (YSI model 85). Water pH was measured in situ at 30 cm below surface using a 

pH meter (YSI model 60).  Three replicate samples of water were collected from 30 cm below the water surface 

in polyethylene bottles. Samples were kept on ice inside coolers and analyzed upon return to the laboratory. 

Before determination of ammonia-N (NH3), nitrite (NO2
-), nitrate (NO3

-2) and orthophosphate (PO4
-3) 

concentrations, the water samples were filtered through pre-washed GF/C filters. Ammonia-N of water samples 
was analyzed with the phenolhypochlorite method (Koroleff, 1983).  The nitrite levels of the water samples 

were analyzed using the diazotization method (Strickland and Persons, 1972). Nitrate was analyzed with the 

cadmium reduction method. The nitrate in water samples was reduced to nitrite and the original nitrite and 

nitrite from reduction were analyzed using the same diazotization method (Strickland and Persons, 1972).  The 

orthophosphate was analyzed with the ascorbic acid method (Strickland and Persons, 1972).  

 

Growth and mortality experiments 

Oyster spat were produced from the hatchery of the Marine Shellfish Breeding Research Unit of the Faculty of 

Science and Fisheries Technology in Rajamangala University of Technology Srivijaya, Trang Campus, 

Thailand. The spats were graded by size to prevent growth retardation.  Five sizes of oyster spat, at <0.2, 0.2-

0.45, 0.45-0.75, 0.75-1.2 and >1.2 cm, were assigned to stock in plastic mesh trays (30 × 30 × 5 cm) at densities 

of 2,700, 1,500, 1,000, 560 and 250 spats per tray, respectively. The plastic trays were tied to rectangular PVC 
frames (40 × 40 cm) using plastic ropes. The frames were suspended from a raft to a depth of 30 cm in the 

conserved natural oyster beds.  The plastic tray was cleaned at 2-day intervals by manually scrubbing the 

outside tray surfaces in situ with brushes, and washing them with sea water.  The total final weight of oysters 

from each plastic tray was measured and the number of surviving animals was ascertained at the end of the 

experiment. The daily yield was then calculated using the method of Dégremont et al., (2010).   Mortality was 

calculated and expressed as percentages.   

Data analysis 

Two-factor ANOVA, with season and station as factors was applied to the various water quality parameters. If 

significant effects were present, the data was then subjected to Games-Howell to determine difference among 

treatment means. One-way ANOVA, with the size of stocking as a factor, was applied to the growth parameters 

(daily yield). If significant effects were present, then data were subjected to Hochberg’s GT2 to analyze 
differences among treatment means. Statistical significance was tested at the 0.05 level. 

Results and Discussion 

3.1 Water quality parameters 

       Water temperature: Water temperatures did not vary greatly, and followed a typical  

seasonal pattern. Mean water temperature values over the study period varied from 29.1- 

29.7°C (Figure 2a).  

St1 

St2 

St3 

St4 

Km 
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        DO: The mean of DO concentrations between the seasons and among the sampling  stations varied from 

4.9 to 6.7 mg/l. DO concentration in the dry season was higher than the  rainy season (Figure 2b). That value is 

higher than the criteria (<4 mg/l) recommended by the Pollution Control Department (1994) for the 

conservation of natural habitats, such as mangrove, nursery areas, and the reproduction and nutrition zones of 

marine organisms.  

        Salinity: The fluctuation of water salinity was greatly influenced by seasonal pattern. High salinity was 
found in the dry season and low salinity in the rainy. The maximum was recorded in surface water on the dry 

season (30.2 psu), and the minimum in the rainy season (5.8 psu). Mean salinity values over the study period 

varied from 12.3-28.5 psu (Figure 2c). Rainfall had an overall effect on changing water salinity.   

         pH: The variation of pH values is shown in Figure 2d. Mean pH values ranged from 6.9 to 7.9. The 

variation of pH was influenced by the season and sampling station and the interaction between them.  Low pH 

in the rainy season and upward of the estuary was found in comparison with the dry season and downward to the 

sea because of the low pH of freshwater run-off.  The mean pH values in this survey were lower than the range 

of normal seawater, which is 7.5 to 8.4 (Zeebe and Wolf-Gladrow, 2001).  

        Ammonia-N: The variation of ammonia-N concentrations is represented in Figure 2e. High value (0.51 

mg/l) was recorded in the sampling station upward of the estuary and gradually reduced downward to the sea in 

the rainy season. The mean concentration was ranged 0.12-0.19 mg/l during the rainy season. The variation of 

ammonia-N concentration was influenced by the season and sampling station and the interaction between them.  
         Nitrite: The role of season and sampling station and the interaction between them were affected on the 

variation of nitrite concentration. High nitrite concentration was observed in the sampling stations located on the 

center of natural oyster beds during rainy season (Figure 2f).   

         Nitrate: The variation of nitrate concentration was greatly influenced by the season (Figure 2g). High 

concentration (0.066-0.087 mg/l) was found in the rainy season, while the mean value in the dry season was 

ranged 0.012-0.017 mg/l. The concentrations of ammonia-N, nitrite and nitrate are in an acceptable range 

recommended by the Pollution Control Department (1994).  

         Orthophosphate: The variation in orthophosphate is represented in Figure 2h. The mean of 

concentrations between the seasons and among all stations varied from 0.016 to 0.053 mg/l. The concentrations 

were not influenced by season and sampling station.  Lower orthophosphate concentrations were observed 

during the rainy season. This suggests that some orthophosphate may be taken up by marine phytoplankton. 
Phosphate uptake by natural phytoplankton in coastal regions has been reported (Aubriot et al., 2004).  
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Figure 2. Mean (±SD) values of water temperature (a), dissolved oxygen (b), salinity (c), pH (d), ammonia-N 

(e), nitrite (f), nitrate (g) and orthophosphate (g) in each station (St) during rainy (R) and dry seasons (D) in the 

conserved natural oyster beds. Data labeled with different alphabets are significantly different (p < 0.05). 

 

3.2 Oyster growth and mortality 

 

Hatchery-reared oyster spat of various sizes was grown in the conserved natural oyster beds for growth and 

mortality testing. The results indicated that an oyster spat size larger than 0.75 cm in length increased 

significantly in daily yield in comparison with a spat size below 0.75 cm (p < 0.05) (Figure 3a). Higher 

mortality (65%) was found in oyster spat sizes below 0.2 cm in length.  Mean mortality 39.3% and 52.7% were 

found in spat sizes 0.2-0.45 and 0.45-0.75 cm, respectively. Zero mortality was found in spat sizes larger than 
1.2 cm in length (Figure 3b). The changing salinities during the rainy season had a high impacted on growth and 

mortality of oyster spat. Adult oysters (C. belcheri) are capable of tolerating a wide range of salinities (10 to 35 

ppt) (Titikulrattana and Wongviwattanavoot, 1984). During the experiment, heavy rainfall occurred, and the 

water salinity dropped to 5.8 psu, which to high mortality of the small spat. Similar problem was found in the 

nursing of the same species in intertidal mangrove (Tanyaros et al., 2008).   Nevertheless, cultured oysters in the 

intertidal mangrove areas, where fluctuations of salinity during the rainy season, spat are often subjected to 

significant physiological impacts (Tirard et al., 1997). The response of the oysters to changes in the 

environmental salinity has been investigated by Hand and Stickle (1977). However, the tolerant oysters were 

shown to have a high growth rate and no mortality during the dry season 
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Figure 3. Mean (±SD) daily yield (a) and mortality (b) of oyster spat at different sizes cultured in the conserved 

natural oyster beds. Bars labeled with different alphabets are significantly different (p < 0.05). 
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Abstract 

 The objective of this study was to evaluate the oxidative stability in muscles of Cyprinus carpio and 

Cirrhinus mrigala fed with Limonia acidissima L. fruit (LF) as dietary supplement.  The oxidative stability was 

analyzed on 0, 5, 10, 15 and 20 days of storage, respectively. The results showed that LF supplementation 

enhanced the oxidative stability of lipids and protein of the experimental fish muscles as compared to the 

control. Significant (p < 0.001) decrease in lipid oxidation of fish muscle during the refrigerated storage 

condition was observed in 3 % LF fed fishes as compared to control. Decreased malondialdehyde and 

conjugated dienes levels indicated the antioxidant effect of LF in fish muscle. Protein oxidation was increased 

and protein carbonyl content of C. carpio and C. mrigala, decreased in all test groups significantly (p < 0.001) 

in 3% LF supplemented group compared to control, which contributed for the quality fish muscle. Our study 

revealed that, dietary supplementation of Limonia acidissima L. fruit at an appropriate concentration protected 
and maintained the quality fish muscle stored at refrigerated conditions. 

Keywords:  Antioxidant, Cyprinus carpio, Cirrhinus mrigala, Oxidative stability, L. acidissima L. fruit. 

 

Introduction 

Fishes are perishable food commodities, which generally spoil faster than foods (10). One among the 

reasons for such spoilage is attributed to high degree of polyunsaturation that accelerates oxidative processes 

leading to deterioration in meat flavour, colour, texture and nutritional value (2). Mild ambient conditions lead 

to oxidation of polyunsaturated fatty acids, resulting in the formation of free radicals and lipid hydro peroxides 

(9). Compounds such as malondialdehyde, cholesterol oxidation products are toxic and cause rancid taste, 

unpleasant odour, and discoloration (24). More over breakdown of phospholipids by phosphor lipases has been 

observed to cause perceptible changes in meat quality at different storage temperatures and periods. Muscle 
proteins are modified by reactive oxygen species (ROS), H2O2 and lipid hydropderoxides which lead to free 

radical formation, protein degradation and polymerization. Muscle protein oxidation has a negative impact on 

the functional properties of meat products leading to modification of aminoacid side chains, formation of protein 

polymers, loss of solubility, increase in carbonyl groups, variations in amino acid composition and increase in 

proteolytic susceptibility (15, 27). Free radicals react with protein side chains to produce protein free radicals, 

which react with molecular oxygen to form peroxy radicals. Moreover, the protein hydro peroxides decompose 

the carbonyl derivatives. Oxidation of sulphydryl groups may lead to the formation of either intra or inter-

protein disulphide cross linkages or lead to the formation of mixed disulphide conjugates with glutathione, 

cysteine or other low molecular weight mercaptans (7). Protein oxidation can be monitored by measuring the 

formation of carbonyl groups and the decrease in sulphydryl groups (25). Animal nutrition plays a significant 

role in the regulatory effect on biological processes in muscle that are reflected in the quality of meat (1). 

Nutritional strategies involving animal and food science are followed to improve meat quality. Supplementation 
of diets with vitamin E has shown to be effective in reducing lipid oxidation, improving meat colour, and the 

consequent obtaining of meat products with extended shelf-life. Moreover, grass-feeding provides natural 

antioxidants that are efficiently incorporated into the muscle. Preserving meat from oxidative damage is more 

efficient when antioxidants incorporated within cell membranes than adding in the post mortem to preserve 

meat. In addition, studies have indicated that some dietary antioxidants may be absorbed and help prevent lipid 

and colour deterioration in meat to a limited extent (19). In this study we evaluated the antioxidant effects of 

Limonia acidissima L. fruit, as feed supplement at varying concentrations rather than by the addition of 

antioxidants after slaughter. The final quality of Carp muscle kept frozen at 4 °C were analyzed on  0, 5, 10,15 

and 20 days of storage, respectively. 

MATERIALS AND METHOD 

Fish and experimental conditions — Common carp (Cyprinus carpio) and Mrigal (Cirrhinus mrigala) 
fingerlings (average weight 3.50 ± 1.50 g and 5.3 ± 0.03, respectively) were procured from Fish seed farm 

induced carp spawning centre, Tamil Nadu Fisheries Development Corporation Limited (TNFDC) at Aliyar 

(Tamil Nadu, India). All fishes were acclimatized to the rearing system for about 15 days and a total of 100 

fingerlings were randomly assigned into 4 individual tanks at a stocking density of 25 fishes per tank. Fishes 

were fed at 5% body weight during the feeding trial. 

Preparation of experimental diets — The fruits of Limonia acidissima L. (LF) were collected from Vellingiri 

foot hills (Tamil Nadu, India). The fruit was taxonomically identified and a voucher specimen was deposited 



Second International Conference on fisheries Sciences 2014 
ICFS 2014 

41 

 

(Voucher No. BSI/SC/5/23/09-10/Tech-319) at Botanical Survey of India, Southern Circle, Tamil Nadu 

Agricultural University (Govt. of India), Coimbatore, Tamil Nadu, India. Fruit pulp was scooped, shade dried, 

powdered and stored. Basal diet was used as control feed. The experimental diet was prepared according to 

Teepica et al. (26) by supplementing the basal diet with varying concentration of LF (15, 30, and 60 g/Kg) and 

were mixed thoroughly with deionized water, pelletized and stored.  

Experimental Design — C. carpio and C. mrigala (n=100 each) fingerlings were selected for the study using 
completely randomized block design. Common carp (CTC, CT1, CT2, CT3) and Mrigal (MTC, MT1, MT2, MT3) 

were divided into four groups based on the varying concentration of LF supplementation such as 0%, 1.5%, 3%, 

and 6% respectively and each group consisted of 25 fishes.  All groups were subjected to experimental trial for 

30 days. Fish muscle were harvested and stored at 2 °C for different treatment days (5- 20 days). 

Determination of Lipid oxidation — Lipid oxidation was determined by estimating the concentration of 

conjugated dienes (CD) and thiobarbituric acid reactive substances (TBARS) present in the test samples 

compared to control. Estimation of CD was performed according to the method of Buege and Aust (5) and the 

estimation of TBARS was done according to McDonald and Hultin (18). 

Determination of Protein oxidation — Protein oxidation was determined by estimating the concentration of 

sulphydryl groups (SH) and carbonyl content according to Ellman (8) and Levine et al. (16) respectively. 

Statistical analysis — Data were represented as mean ± Standard error (S.E). Statistical analysis of data was 

determined by one-way analysis of variance (ANOVA) followed by Tukey’s pair wise comparison test using 
INSTAT software (version 3.0, Sandiego, USA). Differences were considered statistically significant                    

when p ≤ 0.05. 

Results and discuissions 

 The potential health hazards of synthetic antioxidants have prompted researchers to search for natural 

antioxidants occurring in plants (14). Natural plant derived products such as wild marjoram, caraway, basil 

extract, ginger, plum concentrates, aloe vera, mustard, tea catechins, and  rosemary extract had been well 

documented for their efficient antioxidant properties over synthetic antioxidants (20). Dietary supplementation 

of vitamin E in Atlantic salmon Salmo salar (Hamre et al., 2004), sea bass Dicentrarchus labrax (12) and tilapia 

(23) had reduced oxidation rate and promoted preservation during storage. According to Ortiz et al. (21) 

rosemary and tocopherol supplementation reduced the Conjugated Diene (CD) concentration during the frozen 

storage of farmed coho salmon (Oncorhynchus kisutch). In our study, the concentration of CD in C. carpio and 
C. mrigala muscle samples were significantly (p ≤ 0.05) less in test groups when compared to control during the 

treatment days (0-20 days) (Fig.1 and Fig. 2). The reduction in concentration of CD was dose dependent and 

varied with the LF percentage. Mean CD concentration was found to be high in control groups (CTC and MTC) 

of both fish muscle while CT2 and MT2 (3%)  fish muscles samples significantly (p ≤ 0.001) showed lowest CD 

concentration during the treatment days as compared to other experimental groups (p ≤ 0.05). The CD 

concentration increased with storage duration in control groups, whereas it was significantly low in the 

experimental groups indicating that LF supplementation had effectively reduced the oxidation process during 

refrigerated storage. The decrease in conjugated diene might be due to the conversion of primary oxidation 

derivative into secondary lipid oxidation derivative such as aldehydes and ketones (6). The extent of lipid 

oxidation in stored muscles was further determined by estimating the malonaldehyde (MDA) concentration in 

the samples by using TBARS as an indicator. Highest MDA concentration was observed in control groups were 

as the MDA concentration was significantly (p ≤ 0.05) low in all the experimental groups as compared to 
control groups of both fishes on all treatment days. Among the experimental groups CT2, CT3, MT2, and MT3 

supplemented with 3%, 6% LF respectively was observed with lowest (p ≤ 0.001) MA concentration. Fig 3 and 

Fig 4 indicated that the MDA concentration of C. carpio and C. mrigala significantly (p ≤ 0.001) decreased in 

all experimental groups as compared to control during 0-20 days of refrigerated storage. Our results corroborate 

with Fogac and Sant’Ana, (11) that lipid peroxidation decreased in muscle tissues upon dietary tocopherol 

supplementation in a dose dependent manner. Higher TBARS value in CTC and MTC may be attributed to the 

partial dehydration of fish and to the increased oxidation of unsaturated fatty acids. Our observations correlated 

with results of Yanar and Fenercioglu, (28) who reported reduced MDA levels in C. carpio fish balls. 

 In the present study significant (p ≤ 0.001) reduction in sulphydryl (SH) content was observed 

experimental groups of both the fishes as compared to control during 0-20 days storage period. Significant                 

(p ≤ 0.001) reduction in SH content was observed in CT2 and MT2 as compared to other experimental groups. 
Rapid loss in the SH content of CTC and MTC groups may be attributed to the higher protein oxidation level,  

and accelerated denaturation of myosin molecules, in which the reactive sulphydryl groups were oxidized, 

resulting in increased disulfide bond formation (Fig.5 and Fig.6). According to Xiong (27), several proteins 

contain amino acids that are highly susceptible to oxidation. Amino acids such as cysteine, histidine, 

methionine, lysine, and tryptophan showed substantial changes in sulphydryls and disulfide bonds. Benjakul et 

al. (4) reported that the difference in sulphydryl content among species during frozen storage might be due to 

differences in susceptibility to sulphydryl oxidation of myofibrillar proteins. A decrease in sulphydryl content 
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has been reported previously in minced fish during refrigerated storage (9). Mahmoud et al., (17) reported that 

extended  shelf-life of  product from 4 to 12 days at 5° C was obtained by dip treating C. carpio fillets with 1 % 

carvacrol and thymol. The carbonyl content of C. carpio and C. mrigala was low in all the experimental groups 

as compared to their respective control groups. Significantly low (p ≤ 0.001) carbonyl content was observed in 

CT2 and MT2 groups among other experimental groups. Fig.7 and Fig.8 revealed that the LF supplemented 

groups had significantly (p ≤ 0.001) low carbonyl content concentration s as compared to control which may be 
correlated to the antioxidant property of LF supplement diet. Our results are in accordance with Baron et al. (3), 

who reported reduction in the protein carbonyl content of rainbow trout under frozen condition. Passi et al. (22) 

reported an increase in the carbonyl content of refrigerated fish due to antioxidant properties of the dietary 

supplementation. 

Conclusion 

 The potential health hazards of synthetic antioxidants have prompted researchers to search for natural 

antioxidants occurring in plants. Research has shown that natural antioxidants could play a vital role in fighting 

diseases caused by oxidative damage. The active components of natural plant-derived antioxidants act as 

reducing agents, free radical terminators, metal chelators, or singlet oxygen quenchers. Our study revealed that 

dietary LF supplementation enhanced the oxidative stability of lipids and proteins in C. carpio and C. mrigala  

fish muscles during the storage days. To our knowledge this is the first report on the antioxidant effect of 

Limonia acidissima L. fruit on fresh water fish muscles. Thus, dietary supplementation of LF at appropriate 
concentration protected and maintained the quality of fish muscle stored at refrigerated conditions. 
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GROWTH AND NUTRIENTS UTILIZATION OF Heterotis niloticus (Cuvier, 1829) 

USING MILLET BRAN AS MAJOR SOURCE OF ENERGY 
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Abstract 

The research was carried out for a period of eight weeks to evaluate millet bran as energy source on the growth 
and nutrients utilization of Heterotis niloticus juveniles (Cuvier, 1829). The experimental fish were reared in six 

earthen ponds 2m x 2m x 1.5m depth containing 3000liters of water each which were refilled fortnightly. The 

ponds contain 10 experimental fish each. Millet bran based diets were formulated and compounded and 

pelletized using the manual pelleting machine. The diets contain millet bran at different percentage according to 

the treatments as 76%, 66%, 56% and 45% as Treatments A, B, C and D fed at 3% of average body weight 

respectively. Proximate composition of the diet was determined using A.O.A.C 2000 method. Treatment F fed 

commercial feed and treatment E (control) was fertilized with cow dung and left unfed. According to result 

obtained, the mean weight, SGR, feed and energy efficiency ratios were determined to assess growth and 

nutrients utilization of the fish. The millet bran included at varying rate influenced the mean weight gain, FCR 

and EER significantly (p <0.05). Treatment C fed 56% millet bran inclusions gave the best growth and weight 

gain with higher survival rate. The protein, moisture, lipid and Ash content of fish were affected significantly (p 

<0.05) by the diets. Treatment F (commercial diet) recorded the highest CP with corresponding highest lipid and 
highest Ash was observed in treatment D.   

 

Key words: Heterotis niloticus, Millet bran, weight gain, feed conversion ratio, protein efficiency ratio, 

proximate composition. 

 

Introduction 

 

Agriculture is generally used to describe the science or the practice of cultivating plants, animals and other life 

forms for the utilization of food and other products by humans to sustain life, aquaculture is the control 

production from water. Aquaculture includes the husbandry, management, nutrition and multiplication or 

breeding of all useful aquatic organisms. Aquaculture is mainly concern with fish crustaceans, mollusks and 
algae. The production system is based on all if not ancient practices, especially in Asia.  

Aquaculture involves   culture of fresh water and salt water population under control condition. The report 

output from global aquaculture operations would supply one half of the fish and shellfish that is directly 

consumed by humans. The farming of fish is the most common form of aquaculture. It involves raising of fish 

commercially in tanks, ponds, or ocean, enclosures, usually for food (ASAP, (2009). 

Heterotis niloticus is a pelagic species. It occurs in shallow water where 

it feeds on invertebrates, copepods and chironomids (Reed 1967). Young are found in swampy places 

among aquatic vegetation (Moreau 1982, Dankwa et al. 1999); adults live in the open water of rivers and lakes , 

where they can be found in the pelagic zone as well as the littoral zone (Moreau 1982). 

Heterotis niloticus is an important fish in Nigeria and it constitutes an important food source within the region, 

comprises a portion of the inland fish due to its brooding habit. It is widely known but not widely use in 
research and production probably due to its in ability to easily adapt to environmental changes. Although under 

suitable condition and proper feeding, Heterotis niloticus grow reasonably fast to 1m in 11 month's culture 

(Bake and Sadiku 2005) 

Millet bran is a byproduct of millet gotten from the processing of millet. It is made up of 13.0% moisture, 8.0% 

protein, 72.0% carbohydrate, 1.3% fat, 3.0% fibre, 2.70 minerals, 0.3% calcium, 0.3% phosphorus, 332g 

calorific value in food value (Ponnuthurai, 1981) and 8.0% CP, 31.6 CF, 1.8% EE, 37.6% NFE, and 8.9% Ash 

chemical composition (crampton and Harris, 1969). 

 

Materials and methods 

The study was conducted in Animal Science Department, Faculty of Agriculture, Bayero University Kano. 

Kano is located at 481metres (or about 1580feet) above sea level. The region features savannah vegetation and 

873mm of precipitation per annum the bulk of which falls from June through September. Kano is typically very 
hot throughout the year with low temperature of 110 – 140F from December through February. Kano state lies 

partly in the Sudan and Northern guinea vegetation zone at latitude 90 30’ and 80 40’ east (Olofin 1985; 

KNARDA, 2001). 

Equipments and machines 

http://zipcodezoo.com/glossary/pelagic.asp
http://zipcodezoo.com/glossary/species.asp
http://zipcodezoo.com/glossary/zone.asp
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Black and white Seccchi disc, pelleting machine, conductivity metre, ph metre, spatula, measuring cylinder, 

digital weighing scale, bowls, trays, bags, nylon bags, oven, milling machine, hot plate, jar and petri dish. 

Experimental fish and management 

Juveniles of Heterotis niloticus were collected from Department of fisheries, Ministry of Agriculture Kano state 

Nigeria in a jar. The juveniles were acclimatized for a period of 24hrs before the commencement of the 

experiment. 

Methodology 

 

Six experimental ponds (earthen) of 1m x 1m containing about 3000litres of water capacity were dug on the 

farm and each was identified as treatment (TRT A, TRT B, TRT C, TRTD, TRTE and TRT F) using bamboo 

sticks, the ponds are refilled after every two weeks. The pond is made up of strong dike which prevent the fish 

from jumping out of the pond. The first pond was fertilized with suspension of cow dung for two weeks in order 

to stimulate the growth and development of planktons. Four types of diet were formulated and used in the 

experiment. The diet were prepared using millet bran as the energy source, soybean bran and blood meal are the 

protein sources, bone meal, chili and vitamin C are used as the premix and starch was used as binder. The 

soybean bran was dried under shade and grinded into powder. The feed was formulated in varying percentage of 

millet bran (76%, 66%, 56% and 46%) while the blood meal is held at same amount 10% for all the diet, bone 

meal, vitamin C, and binder at1% for all diets and chili account for 0.5%. Small ingredients were measured 
using the digital weighing scale while the larger ones were measured with the top loading scale. The ingredients 

were mixed in a plastic container and the binder was prepared with hot water boiled with boiling ring and adds 

to the mixed ingredient and then mixed up the ingredients together again. The feed was pelletized using 

manually operated pelleting machine, after which the feed was shade dried on empty sack and packed in nylon 

bags. 

Experiment Treatments, Stocking and Feeding 
10 fishes of almost equal sizes except those in pond three that are little bit bigger were stocked in each pond and 

fed according to the treatments, pond 5 was left without feed (natural feeding) while first, second, third and forth 

pond were fed 76%, 66%, 56% and 46% of the feed respectively and the sixth pond were fed with commercial 

feed. The fishes were fed 3% of average body weight; the feed was given once per day at between 8:00am to 

9:00am. The fish were weighed fortnightly and water qualities were tested prior to the commencement of the 
experiment and at the end of the experiment.  

Proximate analysis 

Proximate composition was determined based on the Weedney proximate principle, where protein, crude fibre, 

ash, nitrogen free extract and ether extract of the feed, the fish before and after the experiment were determined 

by .A.O.A.C 2001. 

Analysis of Data 
The collected data were subjected to analysis of variance (ANOVA) and the differences in means were tested 

for significance using Duncan’s Multiple Range Test using SAS software. 

 

Results 

Parameter 

 

Treatment 

   

 

TRT A TRT B TRT C TRT D TRT E  TRT F 

mean initial weight (g) 41.00c 26.33d 117.66a 38.33c 47.66b 47.33b 

mean final weight (g) 72.00d 66.50d 187.00a 87.83c 76.33d 105.00b 

mean weight gain (g) 36.33e 39.00d 69.00a 52.83c 26.33f 58.33b 

mean initial length (cm) 16.82c 13.80e 22.33a 15.67c 18.36b 15.87d 

mean final length (cm) 17.80c 14.73e 23.80a 16.53d 20.60b 17.74c 

total feed intake (g) 318.00d 265.57e 778.63a 355.03c *** 435.53b 

total feed cost (N) 23.63d 21.31e 66.76a 32.32b *** 30.62c 
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SGR 0.62d 0.69d 1.13a 0.81c 0.49e 1.03b 

FCR 1.64d 1.30e 4.12a 2.85b *** 2.26b 

EER 0.11d 0.22b 0.27b 0.31a *** 0.17c 

EWG (N/g) 0.68b 0.55d 0.90a 0.64c *** 0.53e 

Survival rate (%) 80 90 100 80 100 100 

 

a, b, c, d means on the same row carrying different letters vary significantly 

The table above indicates the mean value for the weight gain, total feed intake, total feed cost, specific growth 

rate, feed conversion ratio, protein efficiency ratio, economics of weight gain and survival percentage of 

experimental fishes and are all in the ranges of 26.33-69.00, 265.73-778.63, 21.31-66.76, 0.49-0.1.13, 1.30-4.12, 

0.11-0.31, 0.53-0.90 and 80%-100% respectively. These are according to the six treatments and the mean 

separation significantly differ (P<0.05) between the treatments.  

 

Table 2: Water quality parameters of ponds under different treatments 

 

Parameter 

 

TRT A TRT B TRT C TRT D TRT E TRT F 

Temperature(0C) 

 

26.00ab 24.66b 27.00a 25.66ab 26.00ab 24.66b 

PH 

 

6.93a 7.00a 2.17a 7.23a 3.63c 5.00b 

AVP(ppm) 

 

8.83f 27.94c 12.57e 26.54d 40.75a 39.38b 

Nitrogen 

 

0.1c 0.04e 0.19a 0.16b 0.06d 0.04e 

Conductivity 

 

68.00b 71.67b 76.00a 78.33a 77.00a 69.33b 

Transparency 

 

3.13c 3.83b 2.57d 2.90cd 2.60d 4.40a 

 

a, b, c, d Means on the same row carrying different letters vary significantly 

The table shows the mean value for water quality parameter, the result indicates that, the value for Nitrogen, 

Available P and temperature are within the range suitable for Heterotis growth but the PH , transparency and EC 

are within the range unsuitable for fish growth. 

Table 3:Whole body proximate composition of H. niloticus fed varying level of millet bran as energy source 
 

Prox. Comp. TRT A TRT B TRT C TRT D TRT E TRT F 

CP (%) 

 

33.54d 33.64d 32.46d 36.88c 44.84B 48.14A 

ASH(%) 

 

8.87ab 8.99ab 8.77b 9.16a 5.79d 6.28c 

Moisture (%) 7.70c 7.03d 10.03a 8.30b 6.27e 9.81a 

EE (%) 
 

7.58c 8.80b 8.97b 7.70b 7.57c 12.33a 

 
CP=Crude protein, EE=Ether extract. The a, b, c, d Means on the same row carrying different  

Vary significantly (<0.05) using Duncan’s Multiple Range Test at 5% level of probability 

Table above indicates proximate composition of experimental fish after eight weeks of experiment, it indicate 

the crude protein, ether extract, ash and moisture and are in the ranges of 32.46-48.14, 7.57-12.33, 5.79-9.16, 

6.27-10.01 respectively. 
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Discussion 

 

The result of this research revealed that   Heterotis niloticus fed at 56% millet bran inclusion grow bigger and 

with better performance as in Table 1. The mean final weight of fish between treatments are significantly 

different (p<0.05). The mean weight gain between the treatment varies significantly (p<0.05) with the highest 
recorded in TRT C 69g, this agrees with the work of Agumnobi, 2009, that the increase in weight gain of the 

fish may be associated with better utilization of nutrients which resulted into better nutritional value and 

digestibility for H. niloticus juveniles. This result shows that Heterotis niloticus performed best at 56% millet 

bran inclusion rate, commercial feed is the second, followed by 46% millet bran inclusion level, then 66% and 

the control, TRT E gave the least performance. The SGR in this research varies significantly (p<0.05) and the 

values ranges from 0.49-1.13 with highest observed in 56% inclusion which doesn’t agree with the result of 

Aderolu and Zaid, 2009 which ranges from 0.29 – 0.60. The FCR is significantly different (p<0.05) between the 

treatments with 56% inclusion rate recorded the highest 4.12 and there is no significant difference between 

treatment D and the commercial feed while TRT B recorded the lowest FCR with higher millet bran inclusion. 

This result is similar with the work of Ofejekwu et al, 2003 and Omorgie et al, 2009. Who in there result the 

FCR recorded lowest in the diet with highest inclusion rate. The lower feed conversion ratio indicates better 

utilization of the feed by the fish fed this diet. The differences in the feed conversion between the fish are due to 
the feed quality rather than feed intake as the feed used was not the same. EER is significantly difference 

(p<0.05) between the fish. The EER is higher at 46% inclusion of millet bran and significantly (p<0.05) lower in 

76% inclusion 1.11 (ofejekwu et al, 2003 and Omorgie et al, 2009). The EER is the measure of efficient the 

source of energy provide the essential requirement of the fish. The higher EER in treatment D is an indication of 

diet that produces required carbohydrate in fish. EWG is significantly difference (p<0.05) between the fish, the 

EWG values ranges from 0.53 – 0.90 with treatment C of lowest inclusion recorded the highest. This is similar 

to the findings of Arinjeniwa et al (2005), that the economic indices showed decrease in the price of feed with 

the inclusion of millet bran, especially at higher inclusion level of the test ingredient. 

Table 2 shows the hydro biological condition of the ponds used in the experiment. There is great 

significant difference (p <0.05) in the water quality between the treatments. For temperature the results differs 

significantly (p <0.05) and ranges between 24.66-27.00 which shows it suitability for growth and health, but 
there is no difference between treatments B and F, but the condition fall within the normal range for growth of 

Heterotis niloticus specie. There is no significant difference in PH between the treatments except between 

treatment E and F, TRT B, and C were slightly acidic. The phosphorus level varies significantly (p <0.05) 

between the treatments. There is significant difference (p<0.05) in the nitrogen content of the water between the 

treatments with no significant difference between the treatments B and F. The temperature, nitrogen, EC and 

AVP fall within tolerable range as reported by Boyd (1982). there is no significant difference in the electrical 

conductivity between treatments A, B and F so also between treatments E, F and G. the transparency measured 

using secchi disc, of the water between treatments also varies significantly (p <0.05) and ranges between 2.50 – 

4.50. 

Table 3 shows the chemical composition heterotis niloticus carcass fed experimental diets. The whole body CP, 

Ash, Moisture and the EE (lipid) varies significantly (p<0.05) among the treatments. The crude protein are 

significantly different (p <0.05) with no significant difference between treatments A, B and C, treatment E 
(control) and F (commercial feed) recorded the highest 44.8 and 48.14 CP unlike as in the case of Futuroti and 

Obasa 2003 who recorded lowest in control. Proximate composition of Heterotis niloticus differ among different 

treatments for a rearing period of 8 weeks. On the other hand, Satoh et al (1984) reported that, whole body 

protein level of fasted Nile tilapia, Oreochromise niloticus were similar after 60 days of fasting compared with 

fish before fasting. There is significant difference between the Ash percentage of fish in the treatments with no 

significant difference between treatments A, B and C and D recorded the highest of 9.16. The moisture content 

of fish varies significantly (p <0.05) between treatment A and F, and no significant difference in the remaining. 

The percentage of EE in fish also varies significantly between the treatments with no significant difference 

between treatments A and E. the EE values ranges between 7.57 – 12.33 commercial feed recorded the highest. 
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Abstract 

 Studies were conducted to assess the physico-chemical parameters of water and soil of a freshwater 
village pond of Vesu, Surat District of Gujarat in India in relation to their potential for aquaculture. Water 

samples were collected and analyzed for temperature, pH,  total dissolved solids (TDS), total hardness (TH), 

calcium hardness, magnesium hardness, total alkalinity, dissolved oxygen (DO), biological oxygen demand 

(BOD), chloride, phosphate, silicate, nitrate, nitrite and ammonical nitrogen.  Similarly soil sample were also 

analyzed for moister content, pH, organic matter, nitrate and available phosphorous. The data was statistically 

analyzed using SPSS software. The average value of physico-chemical parameters of water during the study  

period  were  observed for temperature (26.5±0.857°C),  pH (8.27±0.089), total dissolved solid (569±31.188 

mg/l), total hardness (134.5±6.959 mg/l), calcium hardness (58.32±2.358 mg/l), magnesium hardness 

(18.58±1.486 mg/l ), total alkalinity (225.66±14.743 mg/l), dissolved oxygen (3.54± 0.676 mg/l), biochemical 

oxygen demand (2.41±0.258 mg/l), chloride (165.58±24.56 mg/l), phosphate (0.165±0.026 mg/l), silicate 

(0.176±0.017 mg/l),  nitrate (3.313±0.574 mg/l), nitrite (0.009±0.001 mg/l), and ammonical nitrogen 
(0.021±0.006 mg/l). Average values for soil sample were as moister content (32.14± 1.406 %), pH 

(8.62±0.047), organic matter (1.92±0.212), nitrate (5.45±1.899 mg/100g) and available phosphorous 

(14.23±2.465 mg/100g). Results obtained from the study suggested that village pond could be used for 

aquaculture. 

Keywords- Water quality, aquaculture, village pond. 

Introduction 

Aquaculture activity is one of the important and fastest growing food sectors around the globe. Fresh water 

ponds provide excellent source of water for various domestic purposes and it may also used for aquaculture 

development. Water and soil quality plays an important role in increasing the productivity of pond. However, in 

India, not much attempts have been made to assess the role of these parameters in productivity of ponds. Water 
quality management is important in aquaculture.  

Water quality provides current information about the concentration of various solutes at a given place and time 

(Lloyd, 1992). Temperature, turbidity, dissolved oxygen, pH, chloride, and total alkalinity are significant 

parameters used to study the water quality (Shaikh & Yegari, 2003 and Patil et al., 2009). 

Various fish groups required different acceptable water quality has been variously defined (Boyd, 1989) to 

ensure optimum production. According to (Nikolosky, 1963), fishes are mostly dependent on water quality 

parameters viz., temperature, pH, dissolved oxygen, free carbon dioxide, alkalinity and some other salts for their 

growth and development.  Changes in these parameters may affect the growth, development and maturity of fish 

(Jhingram, 1985). 

The physical and chemical characteristics of pond water are very much influenced by the properties of bottom 

soil. The bottom soil provides food and shelter for the benthic organisms and also acts as the reservoir of 

nutrients for the growth of benthic algae which constitute food for aquatic organisms. It serves as biological 
filter through the adsorption of organic residues of food, excretory products and algal metabolites. The soil 

holds high bacterial load which helps in the decomposition and mineralization of organic deposits at the bottom. 

The nature and composition of pond soil play important role in the fertility of culture ponds and consequently on 

the growth of aquatic organisms (Kumar et al., 2012).  

This paper aims in assessing the physico-chemical properties of water and soil of a freshwater village pond of 

Vesu, Surat District of Gujarat in India in relation to aquaculture uses. 

 

 Materials and methods 

  Water and soil samples were collected for one year from December, 2011 to November, 2012. Water 

samples were collected in acid washed polythene bottles. Simultaneously, soil samples were collected in 

polythene bags during morning hours between 7.00 a.m. to 9.00 a.m.  
For Dissolved Oxygen samples were collected and fixed at the site. Water temperature and pH were 

recorded at the sampling locations. Samples were brought immediately to laboratory of Department of Aquatic 
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Biology, Veer Narmad South Gujarat University and analyzed for important physico-chemical parameter for 

aquaculture (color, air temp., water temp., turbidity, total solids, total dissolved solids, total suspended solids, 

pH, total hardness, calcium hardness, magnesium hardness, total alkalinity, dissolved oxygen, biological oxygen 

demand, chloride, phosphate, silicate, nitrate, nitrite and ammonical nitrogen etc. following standard methods of 

APHA, (2005), Trivedi and Goel, (1986), and Gupta, (1999). Similarly significant physico-chemical parameters 

of soil viz., pH, moister content, carbon, organic matter, available phosphorous and available nitrogen were also 
analyzed as per as APHA, (2005) and Trivedi and Goel, (1986).  

 

Results 

Values of water and soil parameters recorded during the study period are represented in table 1 and table 2 

respectively. The average values of physicochemical parameters of water during the study  period  were  

observed for temperature (26.5±0.857°C),  pH (8.27±0.089), total dissolved solid (569±31.188 mg/l), total 

hardness (134.5±6.959 mg/l), calcium hardness (58.32±2.358 mg/l), magnesium hardness (18.58±1.486 mg/l ), 

total alkalinity (225.66±14.743 mg/l), dissolved oxygen (3.54± 0.676 mg/l), biochemical oxygen demand 

(2.41±0.258 mg/l), chloride (165.58±24.56 mg/l), phosphate (0.165±0.026 mg/l), silicate (0.176±0.017 mg/l),  

nitrate (3.313±0.574 mg/l), nitrite (0.009±0.001 mg/l), and ammonical nitrogen (0.021±0.006 mg/l). Average 

values for soil sample were as moister content (32.14± 1.406 %), pH (8.62±0.047), organic matter (1.92±0.212), 

nitrate (5.45±1.899 mg/100g) and available phosphorous (14.23±2.465 mg/100g). 

Table 1. Water quality of Vesu village pond 

S.N. Parameter Min. value Max. value AV SD SE 

1  Temperature (˚C) 20 30 26.5 2.969 0.857 

2 pH 7.7 8.6 8.2 0.310 0.089 

3 TDS (mg/l) 391 700 569 108.04 31.188 

4 TH (mg/l) 104 196 134.5 24.108 6.959 

5 Calcium hardness (mg/l) 47.97 79.99 58.32 8.170 2.358 

6 Magnesium (mg/l) 12.20 32.70 18.58 5.150 1.486 

7 TA (mg/l) 164 304 225.66 51.074 14.743 

8 DO (mg/l) 0.81 9.72 3.54 2.343 0.676 

9 BOD (mg/l) 0.81 4.05 2.41 0.895 0.258 

10 Chloride (mg/l) 63.9 404.7 165.58 85.104 24.56 

11 Phosphate (mg/l) 0.032 0.286 0.165 0.090 0.026 

12 Silicate (mg/l) 0.046 0.275 0.176 0.060 0.017 

13 Nitrate (mg/l) 0.915 8.68 3.313 1.991 0.574 

14 Nitrite  (mg/l) 0.004 0.016 0.009 0.003 0.001 

15 Ammonical nitrogen (mg/l) 0.001 0.061 0.021 0.021 0.006 

TDS-Total dissolved solids, TH-Total hardness, TA-Total alkalinity, DO-Dissolved oxygen, BOD- Biological 

oxygen demand  

Table 2. Soil quality of Vesu village pond 

S.N. Parameter Min. value Max. value AV SD SE 

1  Moister content (%) 22.83 42.04 32.14 4.872 1.406 

2 pH 8.3 8.8 8.62 0.165 0.047 

3 Organic matter (%) 0.84 3.37 1.92 0.736 0.212 

4 Nitrate (mg/100gm) 0.94 22.82 5.45 6.580 1.899 

5 Available phosphorous  (mg/100gm) 2.96 27.78 14.23 8.541 2.465 

 

 

Discussion 

 

In India the temperature observed is quite high during the dry seasons but with the advent of the southwest 

monsoon (June-September) water temperature reaches its lowest value (Dwivedi et al., 1974). The mean 
temperature was (26.5 ˚C) during the study period. According to Adeniji and Ovie (1982) and Madu (1989) the 

best temperature for optimum production of Clarias species was 25-31˚C. As per Boyd (1998) the temperature 

for fish culture was 25-32˚C. 
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Pandey and Shukla, (2005), suggested the best water quality for fish culture with water neutral to 

slightly alkaline pH between 7.0 – 7.5. The EU prescribed the limit of pH from 6 to 9 for fisheries and aquatic 

life (Chapman, 1996). Therefore the water of study area may be used for aquaculture.  

In the present study, it was found that pond had higher average value of total dissolved solid than the 

prescribed for fish culture. Total dissolved solid was more in ponds may be due to human interference. 

The total hardness value ranged between 104.0 and 196.0mg/l with mean value of 134.5mg/l. According to 
Swingle (1967), pond water having total hardness of 15mg/l or above was satisfactory for growth of fish. Boyd 

and Walley (1975) suggested that desirable concentrations of total hardness for fish culture generally in the 

range of 20-300mg/l. Total hardness found mainly due the presence of ions like calcium (Ca++) and magnesium 

(Mg++).  

The average value of calcium and magnesium content in pond water was appropriate for fish culture. The 

alkalinity value ranged from 164.0 - 304.0 mg/l with mean value of 225.66mg/l. Alikunhi (1957) suggested that 

in highly productive waters, the alkalinity ought to be over 100mg/l.  

Dissolved oxygen (DO) is one of the most important physic-chemical parameters influencing the life in 

the aquatic environment. Generally high dissolved oxygen found in unpolluted area while at polluted areas 

levels of DO decrease drastically. Usually, the water quality for any fish culture, DO concentration must not be 

less than 3mg/l (Robert, 1979; 2007). In the present work the concentration of DO was more than 3mg/l.  

Low dissolved oxygen in pond may be due to high concentration of biodegradable organic matter (and thus 
BOD) in water. The BOD values ranged from 0.81 - 64.05mg/l with mean value of 2.41mg/l. Abohweyere 

(1990) and Curtis (1988) suggested that water quality is commonly impacted by the introduction of organic 

matter.  

Chloride in ponds is important to know the quality of water and sources include fertilizers from surrounding 

areas and animal wastes. The average value of chloride content in the ponds was 165.58 mg/l. The chloride 

content was below than the maximum permissible limit prescribed by the WHO standards.  

The most important nutrients in aquatic ecosystems are phosphate and nitrate. These nutrients are critical to 

the growth of plants and animals in aquatic systems. Phosphate has been identified as the limiting factor for 

algal growth in most ponds and the largest contributor to aquatic plant growth. According to Boyd (1998), 

phosphate in aquaculture ponds should within 0.005-0.2 mg/l.  The average value of phosphate in present study 

followed the same trend.  
Nitrogen occurs in water bodies as nitrate, nitrite and ammonical nitrogen. Ammonical nitrogen is a key 

limiting water quality parameters in aquaculture. The maximum allowalable levels of ammonical nitrogen are < 

1.0 mg/l. The average values of ammonical nitrogen were found within the prescribed limit as laid by Sharma, 

(2008). Sharma (2008) stated the optimum range for nitrate and nitrite as 0.1-3.0 mg/l and 0-0.5 mg/l 

respectively for aquaculture. Plankton, the basic food for fish utilizes nitrate. In present work the average value 

of nitrate was little higher while nitrite was well below the prescribed limit. Higher values of nitrate may be 

reduced by dilution of water, use of ion exchange materials, increasing plant density and by using denitrifying 

biological filtration (Devi and Bhatnagar, 2013). 

Pond soil plays an important role in regulating the concentration of various nutrients in the pond water. The 

pH of soil is one of the most significant factors for maintaining pond aquatic life since it controls most of the 

chemical reactions in the pond. Neutral to slightly alkaline soil pH (7 and a little above) is considered to be 

suitable for fish culture. Too low (strongly acidic) can reduce the availability of key nutrients in the water and 
lowers pond fertility. The most important nutrient for the maintenance of pond productivity is nitrate and 

available phosphorus of pond soil. According to Nath (1986), values between 50 to 65 mg/100gm for nitrate and 

9-19 mg/100gm for available phosphorus were found highly productive for fish culture. In present study the 

values of nitrate were found lower while available phosphorus in appropriate amount. In fish pond nitrogen 

content could be maintain by fertilization. 

Fluctuations in physico-chemical parameters of water and soil exist but these would not impair the 

suitability of the ponds for aquaculture. The village pond of Vesu may be used for aquaculture, with continuous 

monitoring of physico-chemical parameters of water and soil which would give information to villagers to make 

strategies to develop aquaculture and production. Furthermore it would help the village people to produce more 

healthy fishes for human consumption and increase their nutritional level. 
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Abstract 

Assurance of microbiological safety of food plays a vital role in quality assurance programs in all food 

industries including fisheries. Present investigation was conducted to evaluate the microbiological quality of fish 

sold at fish retail outlets in Kalutara district of Sri Lanka. Total of forty samples were analyzed for Total 

Bacterial Counts (TBC), Total Coliforms, Escherichea coli, Salmonella and Staphylococcus aureus. Thirty eight 

percent of analyzed  fish samples demonstrated higher levels of TBC ranging from 1.3 ×105- 9.0 ×107cfu / g 

while  63%  (Panadura, Horana, Wadduwa, Kalutara , Darga Town) carried higher Total Coliform counts 
(>1100 MPN/g). Fish from Panadura outlet recorded E. coli levels of 100 MPN/g while the samples from 

Mathugama, Baduraliya, Darga town, and Wadduwa were negative for E. coli. Of the total fish samples 

examined, only two samples taken from Wadduwa and Darga town were found to be positive for Salmonella. 

All the fish samples collected during the survey were negative for Staphyloccocus aureus. The results of the 

present study indicates the prevalence of unhygienic conditions and insanitary practices and barely acceptable 

quality of fish in the tested retail outlets placing a great emphasis on  implementing a quality improvement 

program to ensure food safety for  seafood consumers. 

 

 Key words: Food safety, Microbiological quality, Seafood 

 

Introduction 
Food quality, in particular food safety is one of the major concerns today in all food industries including the 

fisheries sector. A number of surveys have shown that consumer awareness about the quality of their food is 

currently increasing in an unprecedented manner. Unlike other food commodities, fish is considered to be highly 

perishable in nature and therefore, the general public is often demanding the quality assurance of fish and 

fishery products. Consumption of contaminated or spoiled fish may cause illnesses due to the infection or 

intoxication by bacteria or bacterial toxins or biochemical produced by bacterial actions. The particular 

contamination can occur in the aquatic environment or the place where it is processed / retailed or during 

handling at numerous points (Boyd, 1984, Das, 2007).  The number and the nature of the bacteria on fish are 

affected by many factors such as sea water pollution, temperature, method of capture, preservation, and 

processing method adopted and handling practices (Jayasinghe & Rajakaruna, 2005).   

Therefore, the present study was under taken to assess the microbiological quality and safety of fish distributed 

by the fish retail outlets in Kalutara district with a view to giving recommendations to the officials to improve 
the sanitary conditions of the stalls and the hygienic practices of the personnel involved, in case the study 

reveals contamination of fish by pathogenic bacteria. 

 

Methodology 

Samples were collected from fish retail outlets located at Panadura, Horana, Kalutara, Wadduwa, Darga Town, 

Dodangoda, Mathugama, Baduraliya in Kalutara district over a period of three months (May-August 2013). The 

Samples were taken into sterile bags and were maintained in chilled conditions until subjected to the 

microbiological analysis. During the present study, fish samples were examined for microbiological parameters 

and they included Total Bacterial Counts (TBC), Coliforms, Feacal Coliforms, Escherichia coli, Salmonella and 

Staphylococcus aureus. 

To determine TBC, method established by the Sri Lanka Standards Institute (SLS) 516: PART 1:1991, was 
employed. Total coliforms, Fecal coliforms and E. coil count of the fish samples were analyzed according to the 

SLS 516: PART 3:1982. The final calculation was made by using the MPN table. Salmonella; was determined 

based on SLS 516: PART5:1992 while Staphyloccocus aureus; was determined based on SLS 516 Part 6, 1982.  

 

Results 

During the present investigation, the recorded values for mean TBC of fish in all suburbs ranged from 1.3 ×10
5
- 

9.0 ×107cfu / g. The highest TBC was detected in samples collected from Wadduwa (9.0×107cfu / g) sales 

outlets while the lowest TBC was observed from fish sampled from Darga Town (1.3 ×105cfu /g). 
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 Mean total coliform counts recorded from the analyzed fish samples of the present study ranged from 200 - 

>1100 MPN/g. The lowest number of total coliforms  was recorded by samples taken from Mathugama (200 

MPN / g) and Baduraliya (210 MPN / g) while the highest value (>1100 MPN/g) was found in Panadura, 

Horana, Kalutara, Wadduwa and Darga Town. Of all outlets, 75% of samples indicated higher values of total 

coliforms (>1100 MPN / g) while 10% of samples showed comparatively lower level (200 MPN / g) of total 

coliforms during the present investigation. The mean E. coli counts ranged from 7-100 MPN / g. The highest 
counts of E. coli were found from Panadura (100 MPN / g) sales outlets while the lowest  recorded  from those 

in Kalutara suburb (7 MPN / g) . The sales outlets in Mathugama, Baduraliya, Wadduwa and Darga Town did 

not indicate the presence of E. coli. Of the fish samples taken from sales outlets from the eight suburbs, only two 

samples taken from the outlet of Wadduwa and Darga Town were found to be positive for Salmonella. None of 

the samples collected during the current survey showed the presence of Staphyloccocus aureus. 

 

Discussion 

The current investigation evaluated the microbiological quality of fish retailed at the outlets of eight suburbs in 

Kalutara district. Except for the outlets of Darga town, rest of the suburbs demonstrated the presence of 

relatively higher total plate counts (>107 cfu / g) indicating the prevalence of insanitary conditions. According to 

the standards for TBC stipulated by International Commission on Microbiological Specifications for Food 

(ICMSF), all the samples taken from eight suburbs were found to fall into the unsatisfactory category. In 
consistence with the results of the present study, a previous investigation carried out in the same district 

covering two distribution channels (multiday boats up to retailed stage ) of Mathugama & Horana suburbs 

showed TBC of 10 7 and 106 respectively in fish taken from retail outlets (Ganegama Arachchi et al. 2004). The 

higher TBC counts recorded from fish during the present study may be attributed to abuse of temperature during 

transport, lack of sufficient cold rooms and chilled showcases for demonstrating the fish for sale. Jayasinghe & 

Rajakaruna (2005) showed that the higher TBC (>106cfu /g) recorded for the samples taken from higher 

temperature zone (17 0C – 25 0C) indicating a considerable influence of the ambient   temperature on the 

proliferation of bacteria. In addition to the temperature abuse, the recoded higher counts for TBC may be 

attributed to the insanitary conditions of the contact surfaces (e.g. Knives, cutting boards, regifoam boxes, floor 

etc.) at the particular sales outlets. In a study carried out to investigate the formation of biofilms of the contact 

surfaces in a fish processing factory in Sri Lanka, Kariyawasam and Jayasooriya (2006) demonstrated higher 
TBC (>106 cfu /g ) on the knives, cutting boards and water buckets used in the factory. 

Presence of Coliform bacteria is used as an indication of feacal contamination of foods. During the present 

investigation, almost all the samples taken from the fish retail outlets recorded > 200 MPN/g indicating 

unsatisfactory sanitary conditions and the unhygienic quality of the fish at the sales outlets. Even though, the 

fish taken from the outlets of some suburbs (Mathugama, Baduraliya, Wadduwa, Darga Town)  were negative 

for E coli, rest of the suburbs (Panadura, Horana, Dodangoda, & Kaluthara) were positive for E. coli  bacteria 

indicating a high risk for the health of seafood consumers. These undesirable levels of E coli may be attributed 

to the exposure of fish to the contaminated contact surfaces, water and ice and the unhygienic practices of the 

fish handlers which could be attributed to boats, pier, and transport vehicles and in the fish stalls. A previous 

study conducted  to assess the microbiological quality of Skipjack tuna along the distribution channels of 

Mathugama & Horana in the same district recorded E. coli in each stage of sampling (Boat, Pier, Vehicle, Stall 

& retailed) recording a maximum value of 100 MPN /g  at retailed stage.  
Staphyloccocus aureus is considered to be absence in the normal micro flora of fish and the natural habitat for 

this organism is the skin and mucus membranes of animal and man.  Therefore, the presence of Staphyloccocus 

aureus on fish is an indication of post-harvest contamination due to poor personal hygiene, Non-recovery of 

Staphyloccocus aureus from any of the sample analyzed during the present study revealed that there is no threat 

from Staphyloccocus aureus for the fish consumers of the Kalutara district.  

 

Salmonella should be nil in any material meant for food as stipulated in all food standards (EU, SLSI). Due to 

virulent pathogenic nature, all species of Salmonella are considered to be unacceptable in food including fish. 

Nevertheless, the presence of Salmonella from the two samples from the two suburbs (Wadduwa and Darga 

Town) indicates cross-contamination with Salmonella during the course of handling and processing by the 

personnel with poor hygienic conditions. This raises a concern about the prevailing sanitary conditions of the 
particular fish retail outlets and microbiological safety of fish retailed in the particular sales outlets. 
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The present study was undertaken to understand the status of catch abundance of sea cucumbers in Jaffna 
district. The data were collected from two registered processing centers namely Annai Sea Food and Suganth 

Processing Center at Navanthurai and Jaffna town, respectively. Weekly visits were made to the processing 

centers and data on purchased sea cucumbers were collected from October 2013 to March 2014. As fresh sea 

cucumbers are not consumed by people in Sri Lanka the data collected from the processing centers represent the 

actual production of the district. Six species of sea cucumbers, Holothuria scabra, H. spinifera, H. atra, H. 

lucospilota, Actinopyga  miliaris and Stichopus nano under family Stichopodidae and Holothuriidae were 

observed. Production of H. spinifera significantly increased from October (32572 individual) to November 2013 

(89960 individual) and then gradually decreased. Similarly S. naso increased from October (15981 individual) 

to December (38389 individual) and decreased thereafter wheras production of H. scabra, H. atra, H. 

lucospilota and Actinopya miliaris declined dramatically from October 2013 to March 2014. It is evident that 

the sea cucumber resources are severely depleted and therefore it is the time to impose effective control 

measures to sustain the sea cucumber resources in Jaffna district.  
Key words: Processing center, production, sea cucumber, Holothuria scabra 
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Assessment of swimming crab (Charybdis feriatus) fisheries in San Miguel Bay was undertaken from 

November 2011 to January 2013.   Three hundred specimens was measured monthly for carapace 

width and length, body weight, sex ratio and  length-frequency was carried out from landings and 

market measurements.  Gear inventory was done alongside in estimating production.    

Descriptive statistics and analysis of 7,679 length frequencies were examined using commercial 

spreadsheet program.  Food and Agriculture Organization (FAO) International Center for Living 

Aquatic Resources Management (ICLARM) Stock Assessment Tools (version 1.2.2) was used. Length-

weight relationship was estimated using the equation of Pauly (1983).  Gonado-somatic index was 

calculated as gonad weight/total weight)*100 and the size at first maturity determined by examining 

ovigerous female. 

Findings showed an overfished crab fishery.  The mean CW of C. feriata is 12.50 cm is higher than the 
reported maturity size of 8.30 cm for the  species. Population parameters showed exploitation rate 

(E) for P. pelagicus and C. feriata exceeded the optimum exploitation (E0.5) implying excessive fishing 

effort and heavily exploited stocks.  LC50 reveals  9.62cm and .  maturity size at 8.3 cm.  Resource 

management strategies supported by LGU’s and Integrated Fisheries and Aquatic Resource 

Management Council such as size and stock regulation were explored.  

Keywords: Stock assessment, exploitation rate, size at first maturity and length-frequency relationship 
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Galectins play vital role in the regulation of innate and adaptive immune responses by the ability to identify 

pathogens by recognizing the pathogen associated molecular patterns. The present study was carried out to 

understand the molecular and biological characteristics of a galectin from rock bream Oplegnathus fasciatus. 

The cDNA of a rock bream galectin like protein-B (RbGal like-B) of 517 nucleotides were identified from the 

cDNA library which comprised of 435 bp in the coding sequence. The genomic structure of RbGal like-B 

consisted of 4 exons and 3 introns.  Molecular mass of this 145 amino acid putative peptide was 16.14 kDa. A 

characteristic conserved galactose binding domain was located from 12 to 145 amino acids. The rock bream 
RbGal like-B shared highest similarity (95.9 %) and identity (91 %) with Takifugu rubripes galectin related 

protein-B and significantly lower similarity (55.5 %) and identity (32.4 %) with Homo sapiens galectin related 

protein. Multiple sequence alignment revealed that RbGal like-B was highly conserved among vertebrates. 

Phylogenetic studies revealed that RbGal like-B clustered together with fish clade and showed a closer 

evolutionary link with Takifugu rubripes.The recombinant RbGal like–B protein agglutinatedStreptococcus 

iniae, Listeria monocytogenesand Escherichia coli. In addition, it showed no sugar binding activity with D-

galactose or α-lactose. Among all tested tissues, RbGal like-BmRNA level of expression was significantly high 

in gill tissue followed by kidney, intestine, heart and spleen. Upon immune challenges, it showed an up-

regulated pattern of expression uponEdwardsiella tarda, rock bream Irido virus and poly I:C up to 6 h post-

injection(s) and up to 24 h with LPS, respectively. However, in the presence of S.iniae RbGal like-B showed an 

up and down pattern of expression with the peak at 6 - 12 h. Results from the present study collectively revealed 
the phylogenetic position and role of RbGal like-B in response to microbial infection in rock bream. 

Key words: Rock bream, recombinant protein, immune response 


