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Abstract 
____________________________________________________________________________________________________________________________________________________________________________________   
 

This study examines the post-harvest processing and development of value-added 

products from tilapia for potential commercialization of tilapia aquaculture sector in 

Fiji. Four prototypes of tilapia products, cold-smoked tilapia, fish fingers, surimi and 

fish pâté, were developed from a preceding brief market survey. The acceptances of 

these prototypes were evaluated by means of a Consumer Acceptance Test involving a 

sample population of 150 consumer panelists. Cold-smoked tilapia, fish fingers and fish 

pâté received very high acceptance scores (>7, like moderately). Out of the four 

prototypes tested, cold-smoked tilapia was the most preferred product, followed by fish 

fingers, fish pâté and surimi. Ninety-three percent of the sample population indicated 

their willingness-to-pay for these products. The acceptance, preference and willingness-

to-pay for the prototypes tested were not governed by the socio-demographic 

characteristics of the sample population (P > 0.05). 

 

Shelf-lives of these prototypes were evaluated at two storage temperatures; 5°C 

(refrigerated storage) and -18°C (frozen storage); using microbiological, sensory and 

chemical analyses. By combining the results of microbial, sensory and chemical 

analyses, the recommended shelf-life for each of these products were (i) 6 weeks for 

vacuum-packed cold-smoked tilapia stored at 5°C and 20 weeks at -18°C (ii)15 weeks 

for vacuum-packed surimi at -18°C, (iii) 12 weeks for pâté in air-tight jars stored at 5°C 

and 20 weeks at -18°C and (iv) 20 weeks for vacuum-packed fish fingers stored at -

18°C. Storage of surimi in refrigerated condition is not recommended due its low shelf-

life and consumer preference. 

 

A set of preliminary work was undertaken prior to post-harvest processing of tilapia to 

determine the fillet yield of tilapia and bacterial load of tilapia and its respective harvest 

pond. Fillet yield of GIFT tilapia was 34%. Filleting generated a large amount of wastes 

and often considerable amount of meat was retained in the carcass, ribs and skin which 

could cause economic problems for potential processors. Production of tilapia with a 

body weight up to 700g and utilization of filleting wastes in production of tilapia feeds 
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is recommended to avoid financial loss. The microbial load and presence of 

Enterobacteriacea of fish was significantly higher (P > 0.05) in tilapia reared at 

Naduruloulou Aquaculture Research Station than at Navua Prawn Farm. The high 

number of Enterobacteriacea in pond water and fish tissues was attributed to the use of 

poultry faeces for fertilization of ponds.  This has implication for post-harvest quality of 

tilapia as contamination would lead to shorter shelf-life and production of toxins by 

certain pathogens. Development of good manufacturing practices (GMP) guidelines for 

aquaculture is recommended to minimize the likelihood of pathogens being introduced 

to fish and fishery production. 

 

The findings of the current study reveal that development and marketing of value-added 

products from tilapia may be possible given the high acceptance of these products by 

consumers and stable shelf-life. However, further research is recommended to 

determine if such value-added tilapia products can be produced in a commercial setting 

with the application of seafood HACCP regulations and other industry standards, 

accompanied by a cost-benefit analysis to determine financial feasibility. 
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Chapter 1: Purpose and Scope 
__________________________________________________________________________________________________________________________________________________________________________________________________________________   

 
The inadequacy of the wild capture fisheries to support the growing demand for fish has 

deemed aquaculture as the fastest growing animal food sector. Aquaculture accounts for 

46% of total food fish supply and plays a significant role in maintaining food-security 

(FAO, 2010a). This impetus is due to over-exploitation and environmental degradation 

of our marine resources which has led capture fisheries to rapidly reach its inherent 

limit.  Various aquatic plants and animals are now being domesticated. Tilapia is one of 

the high-valued and most widely farmed fish in the world (De Silva et al., 2004). An 

important component of the growing tilapia industry is the proliferation of various 

edible and non-edible product forms. However, domestication of tilapia in the Pacific 

Island Countries (PICs) is done on a much smaller scale compared to its global status. 

Tilapia was introduced to the Pacific primarily to be cultured at a subsistence level to 

meet local protein needs and is often sold live in local markets to supplement income 

needs. 

Fish consumption is remarkably high in PICs as it is a major source of animal protein. 

The average per capita fish consumption of PICs is in stark contrast to world average 

per capita consumption of 16 - 18kg per person per year (Bell et al., 2008). However, 

reefs supporting fisheries of the region’s most populous nations of Papua New Guinea, 

Fiji, Solomon Islands, Samoa, Vanuatu and other island countries, now do not have the 

capacity to produce the fish required to sustain the current fish consumption level and 

for the future (Hoegh-Guldberg et al., 2011). Other sources of protein for a healthy diet 

may not be readily available, compared to fish. Therefore, additional sources of fish are 

required to meet the growing need for high-quality dietary protein in the majority of 

PICs. 

Food-security in PICs has become a problem due to various reasons. The government of 

Fiji and other supporting bodies are now committed to develop and increase food 

production not only from agriculture but also from aquaculture. The availability of 
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freshwater and the widespread acceptance of tilapia as food fish are all advantageous in 

promoting development in the aquaculture sector in most PICs.  

1.1 Statement of Problem: Why value-add farmed tilapia in Fiji? 

In order to meet the increasing demand for fish and fishery products in the future and to 

maintain the seafood consumption rate in the PICs by 2030 and beyond, the expansion 

of aquaculture is imperative. With no information on cultivation of indigenous fish 

available, tilapia is the only available resource for aquaculture (Nandlal, 1991). 

Therefore, production from the tilapia aquaculture sector in Fiji will rise and this 

increasing production cannot be assimilated in the market just as fresh/live fish. 

Problems such as market niche, saturated points of sale and logistical problems in 

keeping fish alive are already problematic in successful marketing of live fish.  

Potential contributions of tilapia aquaculture to local food security and livelihoods are 

highly significant in Fiji. The challenge is to develop approaches to manage responsibly 

capture fisheries and to increase the contribution of aquaculture within the context of 

current social, economic, environmental and political circumstances. De Silva et al 

(2004) highlight that such approaches should not only be oriented towards increasing 

production from aquaculture, but to also focus on producing a product which is 

affordable, acceptable and accessible to all sectors of society. Post-harvest processing 

and production and promotion of value-added fresh and processed fish products could 

fulfill consumers’ demand for seafood (Cortesi et al., 2009) and would also provide 

other marketing options and decrease dependency upon live-fish sales (Teri and 

Pickering, 2008). This approach would also promote Fiji Government’s ‘Fijian Made 

and Buy Fijian’ campaign (Anonymous, 2012). 

Value adding of tilapia is not widely practiced in Fiji or in any other PICs; however, 

whole smoked tilapia is sold occasionally in small quantity by a small company in Suva 

and also by the University of the South Pacific (USP) during its annual Open Day 

(South et al., 2011). Consumption of tilapia has little scope of being consumed in fresh 

form due to its tasteless and/or earthy flavour, however, Fritzsimmons (2006) suggests 

that consumption of tilapia could be increased by more consumer recognition, improved 
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quality and variety of product forms, better marketing and overall increased demand for 

fish products.   

Previous attempts to value-add tilapia were not successful due to several constraints. 

However, with Aquaculture Sector Development Plans’ to increase production of tilapia 

in Fiji (SPC, 2007), value-addition has become very important. Value-addition of tilapia 

would provide various opportunities to develop additional sales outlets to market tilapia, 

increase employment opportunities for local people in various steps of aquaculture and 

post-harvest processing of tilapia and reduce purchase of imported fishery products 

which are rather expensive.     

 

During the course of this project, four value-added products, cold-smoked fish, pâté, 

fish fingers and surimi were developed from GIFT tilapia. The success of marketability 

of value-added products from tilapia is primarily dependent on the consumer acceptance 

and shelf-stability of products. While various publications exist on product development 

and shelf-life testing of tilapia products, two of the four value-added products, cold-

smoked tilapia and pâté, developed in this study are unique. There is no literature 

available that covers the development, shelf-life and consumer acceptance of these 

products. Consumer acceptance of value-added products from tilapia in the Pacific 

context has never been reported in any published literature. The development of value-

added tilapia products, consumer acceptance test and shelf-life testing would, therefore, 

give an important basis for improvement and/or future work of marketing tilapia 

products and development of tilapia aquaculture in Fiji.      

 

This thesis is one of the outcomes of the Pacific-Agribusiness Research and 

Development Initiative’s (PARDI) project on 'Value adding and supply chain 

development for fisheries and aquaculture products in Fiji, Samoa and Tonga.' 
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1.2 Research Objectives 

The overall aim of this study is to develop value-added products from tilapia, using 

locally manufactured items (where possible), that are affordable, unique and appealing 

to local consumers.  The following research questions are addressed by the current 

study: 

i. What types of products should be developed that would suit the domestic 

market? 

ii. Would the local consumers accept value-added products from tilapia? 

iii. What would be the shelf-life of these products? 

These research questions led to the formulation of the following set of objectives: 

i. To undertake a simple market survey to identify the types of seafood products 

sold at major supermarkets in Suva and also to identify the niche for subsequent 

product development from tilapia. 

ii. To develop four value-added products that fill the niche identified in Objective i. 

iii. To conduct a Consumer Acceptance Test on the four value-added products. 

iv. To undertake shelf-life studies of these products in two storage temperatures: 

refrigerated and frozen storage conditions  

 

1.3 Thesis Organization 

This thesis is organized into six chapters. Chapter 1 provides a brief introduction to this 

thesis. Statement of problem is stated as a justification to the current study and a list of 

objectives are presented as conclusion. 

Chapter 2 provides a literature review that gives an overview of the status of global 

fisheries and the significance of the tilapia industry, the development and constraints of 

tilapia aquaculture in Fiji and the rest of the Pacific, value-added products from tilapia 

available in international markets, and a review of the quality indices/parameters 

pertaining to the shelf-life studies of fishery products. This chapter also includes the 
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current methods used for the assay of the different quality indices. Chapter 3 describes 

the materials and methods used to undertake the study. 

 

Chapter 4 presents the results of the various components of this study and Chapter 5 

contains a discussion of all the findings is presented at its conclusion. Chapter 6 which 

is the final chapter states the conclusion of this thesis and also outlines constraints and 

recommendation for further research for future development of tilapia industry in Fiji.  
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Chapter 2: Literature Review 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

2.1 Status of global fishery and aquaculture 

Fisheries (marine and inland capture) and aquaculture are important contributors to food 

security, livelihoods and employment, and export earnings and economic growth across 

the globe (Thorpe et al., 2010). Globally, fish provides more than 4 billion people with 

15-20% of their average per capita of animal protein (FAO, 2010a). 

Capture fisheries and aquaculture supplied the world with about 142 million tonnes of 

fish in 2008 of which over 80% was used as human food. China is the largest fish-

producing country, with production of 47.5 million tonnes in 2008 (FAO, 2010a). 

Oceania provides comparatively little of the global marine catch of less than 2% in 

2004, in which 1.4 million tonnes were produced. However, this figure appears to be an 

underestimate as much of the coastal catch in the region’s small island developing states 

(SIDS) goes unreported. For many SIDS, fishery is a key strategic sector in the quest 

for development as its contribution to local food security, employment and export 

earnings are enormous (Thorpe et al., 2010). 

 

Aquaculture is the fastest growing animal food production sector which accounts for 

46% of total food fish supply, therefore, playing a significant role in maintaining food 

security (FAO, 2010a). It is most likely to overtake capture fisheries as a source of food 

fish due to high demand for fish. Freshwater aquaculture in particular constitutes a 

significant proportion of total world aquaculture production, with a contribution of 

59.9% by quantity and 56% by value (FAO, 2010a). World aquaculture is heavily 

dominated by the Asia– Pacific region, which accounts for 89% of production by 

quantity and 79% by value. China is the world leader in aquaculture with 62% of global 

production (FAO, 2010b). 
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2.1.1 Significance of tilapia production in the global market 

Tilapias are currently known as the ‘aquatic chicken’ due to their high growth rates, 

adaptability to a wide range of environmental conditions and ability to grow and 

reproduce in captivity and feed on low trophic levels (El-Sayed, 2006). It has become 

an excellent candidate for aquaculture, especially in tropical and subtropical 

environments (Josupeit, 2010). Total tilapia production mainly constitutes of Nile 

tilapia (Oreochromis niloticus). All countries recently entering tilapia production 

concentrate on this species. In 2008, about three quarters of world tilapia production 

were Nile tilapia (Josupeit, 2010).  Production of cultured tilapia, (including other 

Cichlid species) has significantly increased over the years (FAO, 2010b) as shown in 

Figure 2.1. The growth has doubled in the last decade with global tilapia landing 

(capture and culture) at 515,000 tonnes in 1984, over 1 million tonnes in 1995 

(Fitzsimmons, 2000) to over 3 million tonnes in 2010(FAO, 2010b). 

 

 
 

Figure 2.1: World production of Tilapias and other Cichlids. 
X-axis indicates years. Source: FAO (2010b) 
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China is the main tilapia producing country (Josupeit, 2010), with growth of 2.3% in 

exports and 10% by value in 2011 compared to 2010. In 2011, frozen fillet exports 

made up 48% of total tilapia exports with whole frozen exports increasing in export 

volume (GLOBEFISH, 2012). 

 

The number and variety of value-added forms of tilapia such as, Individually Quick 

Frozen (IQF) fillets, chilled fillets, frozen tilapia and various ready-to-eat tilapia 

products, have vastly increased in the last decade (Fitzsimmons et al., 2011). Interesting 

by-products such as, leather goods for clothing and accessories, gelatin from skins for 

time-released medicines and flower ornaments made from dried and colored fish scales, 

have also emerged (FAO, 2008b). 

The United States of America (USA) has the largest fillet market and tilapia is its fourth 

favourite seafood (Fitzsimmons, 2000; GLOBEFISH, 2012), China, Ecuador, India and 

the Philippines are the main suppliers of whole frozen tilapia to USA. In 2011, 

Honduras was the largest supplier of fresh/chilled air-flown tilapia fillet, overtaking 

Ecuador (GLOBEFISH, 2012). Imports of all product forms of tilapia by the USA 

slowed down in 2011 due to their economic problems. Pangasius (striped catfish) 

became more favourable in terms of fillet size and price.  

Global supplies from Asia, Latin America and Africa have shown positive growth while 

Chinese production remains stable. The European Union (EU) is gaining importance as 

a market for tilapia with supplies growing from within the EU as well as from Asian 

sources, thus, keeping overall demand for tilapia steady and prices firm. It is predicted 

that African markets for whole tilapia will attract more suppliers globally, due to the 

growing demand and higher prices offered (GLOBEFISH, 2012). 

 

2.2 Fisheries in the Pacific Island Region 

Fish and fishing are culturally and economically significant for most Pacific Island 

Countries and Territories (PICTs) and are a mainstay of food security in the region (Bell 

et al., 2008) . Coastal dwellers heavily rely on fish as their main source of protein thus; 
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a great variety of marine organisms is consumed in the Pacific. The main categories of 

marine fish are Offshore (Oceanic) fishing and Coastal fishing (Gillett, 2009). 

The average annual consumption of fish (including shellfish) by different territories of 

the Pacific is shown in Table 2.1.Fish consumption usually greatly exceeds the global 

average of 16 – 18 kg per person per year, even in urban centers (Bell et al., 2008; FAO, 

2008a; Delgado et al., 2003).  

 

Table 2.1: Fish Consumption in the PICTs 

Territory Rural 

(kg/person) 

Urban 

(kg/person) 

Melanesia 62-115 10-46 

Micronesia 62-115 27-68 

Polynesia 50-146 25-70 

Source: (Bell et al., 2008) 

 

Given the current exploitation rate of fishery resources, projected population rise and 

the change and variability in the climate, Bell et al. (2008) highlighted that only 6 of the 

22 PICs coastal fisheries would be able to meet the recommended per capita fish 

consumption of 34-37 kg/year or to retain the current consumption level until 2030. The 

supply is predicted to be either marginal or insufficient in the remaining 16 PICs, which 

include the region’s most populous nations of Papua New Guinea (PNG), Fiji, Solomon 

Islands, Samoa and Vanuatu. 

 

It has been reported that reefs supporting fisheries do not have the capacity to produce 

the fish required in sustaining the current levels of fish consumption into the future, and 

that other sources of protein for a healthy diet may not be readily available (Bell et al., 

2008; Hoegh-Guldberg et al., 2011).  

 

In order to ensure the sustainability of coastal fisheries, PICs need to improve the 

management to ensure future food security. However, additional sources of fish are still 

required to meet the growing need for high-quality dietary protein in the majority of 
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PICs. Hence, the Vava’u Declaration re-enforces the Pacific Plan and thus, commits 

leaders to “the development and management of coastal/inshore fisheries and 

aquaculture to support food security, sustainable livelihoods and economic growth…” 

and “to maximize sustainable returns from fisheries by developing an ecosystem based 

fisheries management planning framework…”(Pacific Islands Forum Secretariat, 2005). 

In view of this, Bell et al (2008) identified two “vehicles” to increase the supply of fish 

in most of the PICs. These are allocating (i) a relatively small proportion of the rich 

tuna resources of the tropical Pacific for food and (ii) progressive development of small 

pond aquaculture. The latter is particularly significant to Melanesia, where the 

availability of fresh water and widespread acceptance of tilapia as a food fish provide 

the basis for such production systems. Development of small pond aquaculture has 

long-term potential to supply substantial quantities of fish for household nutrition and 

an additional source of income by selling any extra fish to the local neighbourhood 

(Bell et al., 2008). 

 

2.2.1  Aquaculture 

Aquaculture is a relatively new phenomenon in the region. It is being practiced for less 

than 30 years in most Pacific Islands (Adams et al., 2001). Despite the various 

constraints associated with aquaculture in the region, a wide range of aquaculture 

activities are currently underway in 16 of the 22 PICs (Pickering et al., 2011). These 

are: pearls, penaeid shrimp, seaweed, tilapia, carp, milkfish, marine ornamentals, 

marine fish, freshwater prawns, sea cucumbers and trochus. Pearl and shrimp are the 

major aquaculture commodities (Ponia, 2010). 

A number of favourable attributes for development of aquaculture exist in PICs. These 

include the presence of high-value species for culture, proximity to major seafood 

markets in Asia, a relatively inexpensive labour force and a tradition of working with 

marine resources. Despite these advantages, several constraints that still hinder these 

enterprises in the Pacific include limited domestic markets, high added-value export 

markets, transport problems, socio-economic factors, fragile habitats, limited fresh 
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water and cyclones (Adams et al., 2001). These need to be explored and resolved in 

order to expand the industry. 

 

Lack of policy direction and short-term project based approaches to aquaculture 

development have conferred limited opportunity for technology transfer and the 

creation of proper investment climate for the private sector (Ponia, 2010). Such failures 

by government or the private sector (FAO, 1997) have been attributed to poor economic 

and financial planning, which has led to non-profitable investments or reliance on 

subsidies from governments or donors (Gillett, 2009). 

 

Nonetheless, in recent years, PICs appear to be making serious efforts in aquaculture 

and steady progress is being made. The number of PICs with commercial production 

has risen from 10 to 17 in the past decade which has also added diversity to the sector. 

The growth of aquaculture in some PICs is relatively small at the regional scale. 

However, this type of farming is an important way of fostering economic development, 

food security and sustainable livelihoods for the current and the future generations 

(Pickering et al., 2011). 

 

The Aquaculture Development Plan (SPC, 2007) and other Pacific Island governments 

aim to put aquaculture in PICs on a new footing. Two of the main prospects listed as per 

the Aquaculture Development Plan are (a) the establishment of intensive pond 

aquaculture for tilapia in peri-urban areas in Fiji, PNG, Solomon Islands and Vanuatu to 

provide fish for rapidly growing urban populations and (b) forging stronger links 

between tourism and local aquaculture products. These activities would increase tilapia 

production in these island countries in the near future. 

 

While these strategies are paving way for boosting production from the tilapia industry, 

such approaches should not only focus on increasing production; the utilization of 

production in the best possible way should also be addressed. One way to do this is to 

‘produce a product which is affordable, acceptable and accessible to all sectors of 

society’ (De Silva et al., 2004). Post-harvest processing and value-adding of 
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aquacultured tilapia could be an important way to explore new market-driven product 

opportunities for tilapia industry in Fiji. The current project facilitated by PARDI 

(Pacific Agribusiness Research for Development Initiative) is first of its kind to explore 

this possibility. If successful post-harvest processing strategies for tilapia are 

established, then an efficient supply chain could be developed for their entry into the 

commercial marketplace. 

 

2.3 Tilapia farming in Fiji and other South Pacific Island Countries 

2.3.1 Introduction of tilapia in the Pacific 

The first introduction of tilapia into the Pacific islands was accomplished in Hawaii in 

1951 with Mozambique tilapia (Oreochromis mossambicus) brought in from Singapore 

for the control of aquatic vegetation in irrigation ditches and for use as live bait in the 

fishery for skipjack tuna(Nelson and Eldredge, 1989). Other PICs also received this 

species of tilapia in the 1950’s for human consumption, mosquito control, etc as listed 

in Table 2.2; however, after several decades later, it proved to be a pest in most places 

and eradication of tilapia was seen as a priority fisheries project (Gillett, 1989). 

Although it is now readily available in many PICs, Mozambique tilapia has little 

potential for aquaculture because of its propensity for uncontrolled breeding, 

overcrowding and stunting (Mair and Little, 1991; Pullin, 1988). 

Mozambique tilapia, commonly regarded as more invasive and ecologically damaging 

than Nile tilapia (Pickering et al., 2011), has also been reported to have decreased the 

availability of mullet, bonefish and milkfish on Fanning Islands (Gillett, 1989). It was 

also reported to be a major constraint in milkfish production in Kiribati and Nauru 

(Gillett, 1989; De Silva et al., 2004; Nelson and Eldredge, 1989). There have not been 

any reports of tilapia being responsible for the disappearance of any indigenous aquatic 

species in certain places (De Silva et al., 2004).  However, in Fiji, tilapia has greatly 

invaded the freshwater systems and is a cause for loss of many of indigenous fish 

species such as gobies and gudgeons (Jenkins, 2009).  
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More recently, some countries have introduced Nile tilapia, Oreochromis niloticus, to 

grow in ponds because of its suitability for aquaculture and its popularity as a food fish 

(De Silva et al., 2004; Nandlal and Foscarini, 1990). The particular attributes of Nile 

tilapia for farming are its adaptability to a wide variety of pond conditions, ease of 

reproduction, fast growth, and lack of major diseases in semi-intensive production 

systems, tolerance to live transport to markets, availability of selectively-bred varieties, 

good market demand, and potential for export in value-added forms to Pacific-rim 

markets (Dey et al., 2000; Gupta and Acosta, 2004; Pullin, 1988). Nile tilapia is also 

amenable to a variety of production systems, from extensive culture in small household 

ponds for subsistence to intensive industrial farms supplying urban markets (Dey et al., 

2000; Dey and Gupta, 2000).  

 

The Nile tilapia became one of the first species to make the transition to commercial 

aquaculture in Fiji Islands (Pickering and Forbes 2002) and it is helping to ensure food 

security in Fiji and PNG (Pickering et al., 2011). Demand for tilapia is growing in 

several other PICs due to shortages of coastal fish (Pickering et al., 2011). However, 

careful assessments of the costs and benefits of Nile tilapia aquaculture for food 

production are needed to reconcile the important agendas for food security and 

biodiversity in the Pacific region (Pickering, 2009; Rice and Garcia, 2011).  

 

 

 

 

 

 

 

 

 

 

 



14 
 

Table 2.2: Summary of tilapia introduction to the Pacific 

Species Date of first 
introduction 

Introduce
d to 

From Purpose Reference 

Oreochromis 
urolepis urolepis 

Unknown  Fiji Unknown  Unknown  De Silva et 
al (2004) 

Oreochromis 
mossambicus 

Unknown  Tuvalu Unknown  Aquaculture 
1954 Fiji Malaysia Aquaculture  
1954 Papua New 

Guinea 
Malaysia Aquaculture  

1954 Guam Philippines Aquaculture  
1954 New 

Caledonia 
Hawaii Aquaculture  

1955 New 
Caledonia 

Philippines Aquaculture  

1955 Samoa Fiji Aquaculture 
1955 Cook 

Islands 
Fiji Aquaculture 

1956 Vanuatu 
(Efate 
&Tana 
Islands) 

New 
Caledonia 

Fisheries  

1956 Guam Hawaii Weed control 
1957 Solomon 

Is. (Malaita 
and Sta. 
Anna) 

Unknown  Aquaculture  

1957 American 
Samoa 

Western 
Samoa 

Fisheries 

Tilapia zillii 1957 Fiji Hawaii Aquaculture  
1963 Kiribati Unknown  Aquaculture  
1968 Fiji Israel Aquaculture 
1970s Micronesia Unknown  Aquaculture 

Oreochromis 
niloticus 
(different strain) 

1968 Fiji Israel Aquaculture Nandlal and 
Foscarini 
(1990) 

Oreochromis 
aureus 

1974 Fiji Unknown  Aquaculture  De Silva et 
al (2004) 

Oreochromis 
niloticus 
(different strain) 

1979 Fiji Israel Aquaculture Nandlal and 
Foscarini 
(1990) 

Oreochromis 
urolepis hornorum 

1985 Fiji Taiwan 
Province of 
China 

Research De Silva et 
al (2004) 

“Chitralada” 
strain 

1988 Fiji Thailand Aquaculture Nandlal and 
Foscarini 
(1990) 

Red Tilapia 1988 Fiji Thailand Research Jui-Yuan 
and Namotu 
(1988) 
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Tilapia rendalli 1991 Papua New 
Guinea 

United 
Kingdom 

Fisheries De Silva et 
al (2004) 

Oreochromis 
niloticus 

1993 Cook 
Islands 

Fiji Aquaculture  

Genetically 
Improved Farmed 
Tilapia (GIFT) 

1998 Fiji Internation
al Centre 
for Living 
Aquatic 
Resources 
Manageme
nt 
(ICLARM) 

Aquaculture SPC (2011); 
Nandlal and 
Foscarini 
(1990) 

 

2.3.2  Brief history of tilapia introduction to Fiji 

As shown in Table 2.2, Fiji was the first country in the Melanesian group to receive 

tilapia and it is believed that it first took place in 1949. As reported by Nandlal and 

Foscarini (1990) the first stock of Tilapia mossambicus that was brought to Fiji in 1949 

was stocked at the Sigatoka Agriculture Research Station (SARS). However, the first 

reliable date recorded was January 1954 when 54 fingerlings of Oreochromis 

mossambicus were shipped from Malaysia (De Silva et al., 2004; Nandlal and Foscarini, 

1990; Nelson and Eldredge, 1989). Tilapia was primarily introduced to Fiji to provide 

animal protein for pig stocks, whereby piggery effluents provided fertilization to fish 

ponds and the cultured fish were fed to the pigs raised at SARS (Nandlal and Foscarini, 

1990). During this time, the possibility of using tilapia for human consumption in Fiji 

was also examined and tilapia fish was later reported to be well appreciated for its 

flavour and texture (Holmes, 1954).  

From 1956, tilapia was being bred for human consumption with several local ponds in 

some schools and villages. Between late 1950s and early 1960s, O. mossambicus were 

released into natural waters including major rivers of Viti Levu and Vanua Levu to 

increase inland fisheries production and to provide a food base for game fishing 

(Nandlal and Foscarini, 1990).     
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In 1968, O. niloticus, a strain originally brought from Israel was introduced to Fiji. This 

strain was known to exhibit better growth in comparison to O. mossambicus. Several 

strains of O. niloticus were imported at different times to introduce a strain that better 

suited the local conditions. Fast growth and late spawning behavior were the most 

sought qualities and eventually, in 1979, a strain of O. niloticus was brought to Fiji from 

Israel again and later in 1988, another “Chitralada” strain was imported from Thailand 

(Nandlal and Foscarini, 1990). Other tilapia species, Red tilapia and hybrids were also 

introduced to test their suitability for culturing and cross-breeding to produce a higher 

percentage of male hybrids (Jui-Yuan and Namotu, 1988).  In 1998 the GIFT tilapia, a 

genetically improved strain, was introduced. This strain is currently being used for 

aquaculture (SPC, 2011).  

 

2.3.3  Constraints of tilapia farming 

Since 1975, the Fiji Government through its Ministry of Agriculture, Fisheries and 

Forestry, has emphasized the importance of developing rural fish farming for both 

subsistence and commercial purposes. Even though the development of freshwater 

aquaculture was slow initially, the basis for rural farming development was established 

(Nandlal and Foscarini, 1990). As reported by Teri and Pickering (2008) the pace of 

development in freshwater aquaculture in Fiji remains slower than expected. 

 

Constraints such as problems in hatchery management and rural tilapia farming 

contributed to the slow development of this venture (Nandlal and Foscarini, 1990). 

Other problems such as lack of data on source of tilapia, loss of broodstock during 

flooding, unavailability of proper feeds and lack of facilities, infrastructure and 

equipment also hindered the growth of tilapia aquaculture. Fiji does not have the 

tradition of fish farming; hence most farmers lacked basic knowledge on proper fish 

pond management which further acerbated the problems. In addition, there was a lack 

of trained extension government staff and also lack of an efficient data collection which 

further made rural fish farming slow and difficult to monitor. Other problems included 

the traditional land ownership and its tenure system hindered rural fish farming 
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development to some extent, and lack of assistance from financial institutions (Nandlal 

and Foscarini, 1990).  

 

According to Teri and Pickering (2008), a major constraint was the unavailability of 

finance to start and operate farms. Farmers lack purchasing power and often under-feed 

their fish or opt for cheaper feeds (mill mix, scraps of pawpaw, coconut, grass, root crop 

and its leaves) which result in slower growth rates and lower production. It has been 

observed that most farmers still have limited understanding of good pond management 

practice which contributes to low production. Pickering and Forbes (2002) emphasize 

that the technique to produce tilapia fish of marketable size at reasonable cost is not 

easy. Often large numbers of very tiny fish are produced which cannot be sold and 

instead used as manure. 

 

Other constraints include lack of labour and equipment such as, vehicles, nets, holding 

tanks and aerators, for harvesting, and reliance on Department of Fisheries (DoF) to 

harvest. Sale of live tilapia poses further challengers as there are limited outlets and 

restricted volume of live fish sales. As a result, farmers take turns in the sale of their 

live tilapia at Nausori Markets while some farmers take small orders and do partial 

harvests. This implies that wholesale buyers for large volumes of tilapia are non-

existent; hence, farmers are forced to sell fish alive in municipal and rural markets. This 

poses logistical problems in keeping fish alive and sales points getting easily saturated 

(Teri and Pickering, 2008). Other impediments to successful expansion of tilapia 

aquaculture is the high price of commercial feed, delay in supply of frys to farmers, 

especially to commercial farms, and technical and financial inadequacy of farmers. 

 

There has been some significant improvement in tilapia aquaculture sector in Fiji after 

years of research and husbandry experience (Pickering and Forbes, 2002). Supporting 

industries in Fiji including the feed industries, educational institutions (University of the 

South Pacific (USP), Montfort Boys Town, Secretariat of the Pacific Community’s 

(SPC) Community Education Training Centre), government, infrastructure, and other 

support from multilateral partners like Australian Centre for Integrated Agricultural 
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Research (ACIAR), have made the establishment of the freshwater aquaculture sector in 

Fiji possible and helped to raise it to a high level compared to most other PICs (Teri and 

Pickering, 2008).  

 

2.3.4   Current tilapia market structure 

According to Fisheries Department’s Annual Report (2008), tilapia production from 

farms in 2008 was estimated at 172.28 tonnes, valued at FJ$0.9million and production 

from frys released into lakes, rivers, pools etc was around 10 tonnes, valued at $50, 000. 

Hence, the total tilapia production was reported as 192.28 tonnes valued at 

$0.95million. It was also reported that production volume and value increased by 12.5% 

from 2007 by introduction of more farms and a new commercial farm. Interest in tilapia 

farming has grown among the locals and as a results, production of cultured tilapia has 

increased in the last five years (Singh, S., 2012, pers. comm, 12 June).Tilapia markets, 

which are active only on Saturdays, have been established by DoF and are mostly 

concentrated in Viti Levu. Tilapia is being sold live at FJ$6.00/kg by most farms while 

some farmers sell at a price range of FJ$6.50-7.00 since they feel that cost of production 

(feed, fuel and other operating costs) has risen over the years which lower their profit 

(Regigi, M., 2012, pers. comm., 7 April). 

The standard marketable size of cultured tilapia set by DoF is 200-250g. Often smaller 

sizes than this range are sold which needs to be monitored and regulated by DoF. There 

is huge demand for large size tilapia (>350g) by the Chinese and Indian communities in 

Fiji. The native community prefers fish for lunch on Sundays after their church meeting. 

Therefore, fish bought on Saturdays are used on Sundays. They prefer smaller size 

(<180g) to be eaten ‘head and tail’ together by an individual in the family (Nandlal, S., 

2011, pers. comm, 28 March). 
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2.3.5  Attempts of value-adding and commercialization for export. 

In 1966, a collaboration between the Fiji Government and the United States (US) Peace 

Cops developed a farmer to farmer program that evaluated the potential 

commercialization of tilapia cultivation in Fiji (Bart, 1998). According to Bart (1998), 

the temperature, water quality and quantity, land topography, soil structure and socio-

economic conditions of Fiji are well suited for commercial production of tilapia. 

Despite the optimum conditions for culture of tilapia in Fiji, the lack of technical and 

managerial skills and insufficient market information impeded the growth of tilapia 

industry in Fiji (Nandlal and Foscarini, 1990; Bart, 1998).  

Bart (1998) therefore, recommended the following if commercial production of tilapia 

in Fiji is to be successful; (1) present and future markets for fish and fish products be 

evaluated, (2) promotion of middleman, (3) train farmers in long and short-term storage 

and processing of fish, (4) develop a fish processing facility, (5) produce monosex 

tilapia, (6) produce high quality pelletized commercial feed and (7) increasing stocking 

density and level of management. 

A market study by Costa-Pierce (1997) was conducted that determined if domestic 

tilapia markets could be expanded to meet the projected expansion of local needs for 

protein and to generate additional income from new aquaculture sales. This study also 

examined international export markets for Fiji tilapia in the USA, especially in Hawaii 

and southern California. It was recommended that export of high quality, fresh fillets, 

commonly known as “Izumi Dai” (Japanese for “snapper”, but these are Sashimi-grade 

tilapia fillets) to the international markets, especially to Los Angeles and Japan, be 

explored due to the high prices offered to Izumi Dai (Costa-Pierce, 1997). 

Value-added products of tilapia to be marketed to the local Tourism Industry and for 

export to international markets had been recommended. In a study by Costa-Pierce 

(1997), it was stipulated that the local hotel market for fresh, high quality, Fiji-grown 

filleted tilapia is one way to “ease into” the export market. Unfortunately, the 

recommendations made by Bart (1998) and Costa-Pierce (1997) were never 

implemented. 
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The recent rapid chain analysis of tilapia industry in Fiji, conducted in 2011 as part of 

PARDI project on ‘Value-adding and supply chain development for fisheries and 

aquaculture products in Fiji, Samoa and Tonga, revealed that current consumption of 

tilapia in Fiji is limited as most farms do not have sufficient pond capacity and stock to 

regularly meet market demands.  Eating quality is considered acceptable to certain 

groups of consumers and the prices of tilapia presents excellent value compared to 

marine fish when sold fresh or live. The nearby municipal market in Suva is not used to 

sell tilapia and this limits the market development potential that can be created by 

exposing the product and farmers to a large urban population (Simos, 2012).  

 

This study further suggested that intervention by DoF is essential to promote farm sales 

and improve the economic prospects of farmers. It is anticipated that demand for tilapia 

consumption would grow as the supply of traditional marine seafood sources reduces 

and the cost of fish, poultry and pork increase over time. This foresight can now be used 

as the springboard for a much concerted effort to promote commercial farming and 

improve the availability of an alternative protein source for consumers (Simos, 2012) . 

The study by Simos (2012) and the review of literature on tilapia industry in Fiji show 

that recommendations laid out by Bart (1998) are still significant today in order to 

promote commercial farming. The present study is a first step in post-harvest processing 

and product development for tilapia in Fiji. Post-harvest processing of tilapia for human 

consumption would require an understanding of mechanisms involved in processing, 

retaining fish quality and nutrients in order to deliver a product which is not only 

appealing but safe as well. The remaining section of this literature review discusses 

factors involved in processing and shelf-life studies of fish and fishery products. 

 

2.4 Fish spoilage 

Spoilage, as defined by Gram et al. (2002), is a change in fish or fish products that 

renders them less acceptable, unacceptable or unsafe for human consumption from a 

sensory point of view. Fish undergoing spoilage has one or more of the following signs: 

slime formation; discoloration; changes in texture; off-odours; off-flavours and gas 
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production. The development of these spoilage indicators in fish products is due to a 

combination of microbiological, chemical and enzymatic and physical phenomena 

(Huis in't Veld, 1996).The initial stages of spoilage in fish results in production of 

volatile unpleasant – smelling odours and flavours. These are mainly due to microbial 

activity which is mostly influenced by storage temperature (Huss et al., 1995; Simpson 

et al., 2003). Volatile bases result from degradation of proteins and non-protein 

nitrogenous compounds. Freshly caught fish contains low levels of volatile compounds 

which contribute to the fresh like odour, whereas the characteristic sour and rotten 

odour at the end of shelf-life originates from short chain fatty acids, alcohols, sulfur 

compounds and amines generated by microbial activity. Total Volatile Base-

Nitrogen(TVB-N), Trimethylamine (TMA) and other volatile amines are commonly 

used as indicator for fish deterioration in fresh and lightly preserved seafood 

(Ólafsdóttir et al., 2006). The spoilage of some tropical and freshwater fish is 

characterized by fruity, sulphydryl off-odours and off-flavours while marine temperate-

water fish is characterized by development of offensive, fishy, rotten, H2S off-odours 

and off-flavours (Gram and Huss, 1996). 

There is potential for spoilages for all foods at some rate or other following harvest, 

slaughter or manufacture and spoilage may occur at any of the stages between the 

acquisition of raw materials and the eventual consumption of a food product (Gould, 

1996). These stages include processing, packaging, distribution, retail display, transport, 

storage and use by the consumer. Spoilage may be caused by a wide range of reactions 

including some that are essentially physical, some that are chemical, some enzymic and 

some microbiological (Huis in't Veld, 1996). 

 

2.5 Processing and preservation of fish and fish products 

While most preservation techniques aim to control all forms of spoilage that may occur, 

the overriding priority is always to minimize any growth of micro-organisms. The 

various forms of microbial spoilage are preventable by various preservation techniques 

such as chilling, freezing, drying, curing, conserving, vacuum and modified atmosphere 
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packing, acidifying, fermenting and adding preservatives. These techniques act by 

inhibiting the growth of  microbes in food product (Gould, 1996).    

Production of safe food includes scrutinizing materials entering the food chain, 

suppressing microbial growth (e.g. storage at chilling temperature), and reducing or 

eliminating the microbial load by processing and preventing post-processing 

contamination (Lado and Yousef, 2002). 

 

Nowadays, the trend is towards the use of procedures that deliver products that are less 

heavily preserved, have higher quality, are more natural, free from additives and 

nutritionally healthier. The most active market segment is the chilled, ready-to-eat or 

ready-to-heat foods, typically produced in single-serving packages, designed to meet the 

needs of convenience and simplicity (Ohlsson, 1994). 

 

2.5.1  Significance of time/temperature conditions on quality of fish and fishery 

products 

The most crucial factors affecting the quality of fishery products are time and 

temperature tolerance. Temperature control at all stages of the production and in the 

distribution chain is emphasized in guidelines on good manufacturing practices 

(Ólafsdóttir et al., 2006). Both autolytic and microbial spoilages are dependent upon the 

temperature at which the fish are stored. 

Microorganisms proliferate at appropriate ambient temperatures while their activity is 

reduced at temperatures close to 0°C. Storage temperatures below the growth optimum 

of microbes lead to extended generation times and lag times and the growth rate 

decreases. This results in a continued extension of the lag-phase until multiplication 

ceases and the growth of the microbes stop (Doyle et al., 2001). In a temperature range 

of 0 and 10°C, minor changes have a massive effect on microbial growth (Huss, 1995). 

It is well understood that refrigeration cannot kill or completely eliminate spoilage 

bacteria but will limit the spoilage due to psychrotrophic microorganisms, which grow 

in products chilled at a temperature of below 7°C (Huis in't Veld, 1996). 
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This implies that the shelf-life of fish products could be extended by strict temperature 

control whereby rapid short-term storage temperature is reached in order to maintain the 

highest visual quality, flavour, texture, and nutritional content of fresh fish (Lund et al., 

1999). 

 

2.5.2  Heat treatment 

Mild heat treatment methods avoid excessive temperatures that result in thermally 

induced quality losses (Ohlsson, 1994). Mild heat treatment of 70 - 110°C core 

temperature is beneficial, because it fosters the sensory and nutritional properties of the 

products and also inactivates the vegetative microbial flora (Leistner, 1992). Mild-

heated food has to be combined with well-controlled chill storage, particularly for 

catering and retail where foods may be stored for longer period of time. Psychrotrophic 

bacteria that grow at low chill temperatures are generally more heat-sensitive than 

mesophiles and thermophiles which cannot grow at low temperatures. Shelf-lives of 

food products treated with mild heat, when stored at temperature below 3°C can be very 

long, i.e, in excess of 3 weeks, with eventual spoilage resulting from the slow growth of 

psychrotrophic strains of Bacillus and Clostridium. In order to ensure safety, heat 

processes equivalent to about 90°C for 10 min are generally regarded as sufficient to 

ensure inactivation of spores of the coldest-growing pathogenic spore formers such as 

psychrotrophic strains of Clostridium botulinum (Peck et al., 2008). For lower heat 

treatments, strict limitation of shelf-life and efficient control of storage temperature 

below 3.3°C are necessary (ACMSF, 1992). 

 

2.5.3 Salting 

Salt is an oldest form of preservative. In addition to its preservation effect, salting is 

applied as a pre-smoking treatment in order to provide flavour, to prevent discoloration 

and to firm the fish flesh (Deng et al., 2006). The most effective salt for brining is 

sodium chloride (NaCl) which is added in two different ways; dry salting (kench 
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salting) and wet salting (brining). In dry salting, the fish is covered with an amount of 

salt corresponding to 5-10% of the weight of the fish and the brine formed is allowed to 

drain away. In brining, the product is immersed in a prepared salt solution of a 

particular degree of salt saturation (Horner, 1992). Besides the age and type of the brine 

and curing duration, the effect of salt on bacterial activity is concentration dependent 

(Leroi et al., 2000a) For example, to minimize the risk of botulism, water-phase salt in 

finished fish product should be 20% or more (FDA, 2011). The salt denatures the 

surface protein and with drying, the denatured protein forms a skin-like layer on the 

product surface, known as pellicle. This pellicle takes up most of the anti-oxidant and 

bacteriostatic substances from the smoke. After hardening, it represents a barrier against 

invasion of bacteria (Himelbloom et al., 2007). Brine concentration and brining time 

also affect the texture of smoked fish (Jittinandana et al., 2002). 

 

2.5.4 Smoking of fish 

Smoking is an ancient form of preservation of fish and other meat and is still being 

practiced in fish processing industries today. Smoking process combines the effects of 

salting, drying, heating and smoke. The smoke is produced by smouldering wood and 

shavings or sawdust in the oven, directly below the hanging fish or fillets or laid out on 

mesh trays (Stolyhwo and Sikorski, 2005). The smoke contains a wide variety of 

organic constituents such as phenolic and carbonyl compounds and organic acids 

(Horner, 1992). The bacteriostatic and bactericidal compounds, together with concerted 

action of low water activity, the applied heat and enzymatic protein and lipid changes, 

inactivate autolytic enzymes and retard spoilage microorganisms (Ashie et al., 1996). 

The composition of the smoke and the conditions of processing affect the sensory 

quality, shelf life, and wholesomeness of the product. Usually the smoke compounds 

adhere to the surface of smoked fish and accumulate not deeper than 1mm under the 

skin during storage (Marc et al., 1998). The suitability of smoke for treating fish and 

meat depends primarily on the contents of phenols, since they are mainly responsible 

for imparting the desirable sensory properties to the products and are valuable as 

antioxidants (Stolyhwo and Sikorski, 2005). 
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It has been shown that smoking effects a change from Gram-negative to Gram-positive 

microflora, due to the greater sensitivity of the Gram-negative bacteria to the 

antimicrobial compounds of the smoke (Hansen et al., 1996). On the other hand, Leroi 

et al (2000b) observed that the total viable count in cold-smoked salmon is not inhibited 

much by the phenolic content but mainly by the salt concentration.   

In industrialized countries, smoking is primarily required to produce a lightly salted, 

lightly smoked product of attractive appearance, odour and flavour. Seafood producers 

use two types of smoking processes, hot-smoking and cold-smoking (Stolyhwo and 

Sikorski, 2005). 

 

2.5.4.1  Cold-smoking 

Cold-smoked fish is processed at smoking temperatures not higher than 35°C. During 

the process, a brine soluble protein pellicle is formed on the surface as discussed in 

section 2.5.3. The products are preserved by a salt-level of 2% to 3% NaCl (w/w) and 

are often vacuum packed. Detailed vacuum packaging is discussed in section 2.5.5.1. 

Vacuum packed cold-smoked salmon is a common product of considerable economic 

importance worldwide, particularly in Europe, New Zealand and Australia and has been 

subjected to various studies on shelf-life and spoilage flora (Leroi et al., 1998; Joffraud 

et al., 2001; Joffraud et al., 2006; Leroi et al., 2000a; Leroi et al., 2001; Stohr et al., 

2001; Cornu et al., 2006; Gimenez and Dalgaard, 2004) Cold-smoked fish product is 

usually stored at chilled temperature and is very sensitive to deterioration and based on 

sensory evaluation, has a limited shelf-life ranging from 3 to 6 weeks at 5°C (Joffraud et 

al., 2006). Studies demonstrated that the microflora present on smoked salmon reaches 

106-108 cfu/g after 3 weeks storage under vacuum at refrigeration temperature (Leroi et 

al., 1998); 60% of microflora is represented by Lactic-acid producing bacteria (LAB) 

genera as Carnobacterium spp. and Lactobacillus spp., while the remaining 40% are 

Gram negative microorganisms such as Enterobacteriacea, Shewanella putrefaciens, 

Photobacterium phosphoreum and Aeromonas spp. which are characterized by a high 

spoiling potential and are responsible for unpleasant smell and taste (Stohr et al., 2001). 



26 
 

Species of Staphylococcus may also be present (Gram and Huss, 1996) which may be 

contracted from food handlers. The off-odours and flavours that develop in vacuum-

packed cold-smoked salmon have previously been described as sour, acid, pungent and 

occasionally fecal (Leroi et al., 1998).  

While several studies are available on keeping quality of cold-smoked salmon, no 

research has been found in the literature on cold-smoking of tilapia and/or its consumer 

acceptance. Fiji has a tradition of smoking fish and given the widespread acceptance of 

tilapia in Fiji, cold-smoked tilapia could be a lucrative product for domestic 

commercialization and even for export in the future. Hence, the importance of this 

research. 

2.5.4.2  Hot Smoking 

Hot-smoking is a process in which the fish is exposed to a temperature of at least 70°C 

in order to cook the flesh in addition to smoking. During the process, a brine-soluble 

protein pellicle is formed on the surface as discussed in section 2.5.3. After the hot-

smoking process, most of the competitive bacteria present in the raw material are 

eliminated. Hot-smoked fish products are susceptible to contamination by pathogens 

because, unlike cold-smoked fish, there is no competitive background flora in hot-

smoked fish and post-processing contamination might easily lead to the multiplication 

of pathogens during storage. Thus, proper packaging and storage in accordance with 

HACCP is required for hot-smoked fish products (Horner, 1992). 

 

2.5.5  Packaging 

In view of the increasing demand for fresh fish and fishery products, there is need of 

shelf-life extension through a combination of methods in order to minimally expose the 

product to adverse conditions (Sivertsvik et al., 2002). The packaging material plays an 

important role in extending shelf-life. The barrier properties of packaging materials, 

such as the control of mass transfer between the food, the packaging material itself and 

the environment, are important for food safety and quality preservation.  Different 
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polymers, polymer blends and composites are currently the most widely used barrier 

materials (Rodionova et al., 2011).  Various forms of packaging together with these 

emerging barrier properties are used to extend the shelf-life and to keep the microbial 

level of fresh and processed fish as low as possible (Özogul et al., 2004). The two types 

of packaging, Modified Atmosphere Packaging (MAP) and Vacuum Packaging (VP), 

along with refrigeration, have become increasingly popular preservation techniques, 

which have brought major changes in storage, distribution, and marketing of raw and 

processed products to meet consumer demands.   

In recent years, consumer demands have shifted to fresh, refrigerated foods with 

extended shelf life which has led to the popularity of MAP as a method of food 

preservation. MAP and VP systems enhance seafood shelf-life, organoleptic quality and 

product range (Özogul et al., 2004). During MAP and VP, storage results in a shift from 

an initial Gram-negative aerobic microflora to a predominately Gram-positive 

facultative anaerobic spoilage microflora and usually psychrotrophic Lactic Acid-

producing Bacteria (LAB) become the dominating spoilage flora (Phillips, 2003). As a 

result of the inhibition of spoilage microorganisms, levels of chemical compounds, for 

example, TMA and TVB-N, which are chemical indicators of microbial spoilage of 

fish, are also reduced (Farber, 1991). The LAB selection is generally recognized as 

beneficial for shelf-life because their growth can inhibit more potent spoilers due to 

antagonistic activities such as the production of organic acids, hydrogen peroxide and 

CO2, and the synthesis of antibiotics and bacteriocins (Jeppesen and Huss, 1993). 

 

2.5.5.1  Vacuum packaging 

Vacuum packaging is used extensively to extend the shelf life and keeping quality of 

fresh and processed fish (Ashie et al., 1996). The product is placed in a film of low-

oxygen permeability, air is removed under vacuum, and the package sealed. Vacuum 

packaging is considered as a form of MAP since the removal of air is, in itself, a 

modification of the atmosphere (Soccol and Oetterer, 2003). Under conditions of a good 

vacuum headspace, O2 is reduced to less than 1%. This amount is absorbed through 
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chemical reactions with compounds in the product, through any residual respiratory 

activity in the product and microbial activity (Adams and Moss, 2000) while CO2 

produced from tissue and microbial respiration eventually increases to 10 to 20% within 

the package headspace (Ashie et al., 1996). These conditions, that is, low O2 and 

elevated CO2 levels, extend the shelf life of fresh fish by inhibiting the growth of 

aerobic fish spoilage microorganisms, particularly Pseudomonas and Aeromonas 

species (Phillips, 2003). For processed fish, smoked and cured, the packaging 

conditions prevent oxidative rancidity and discoloration problems. Aside from the gases 

in the package, the initial quality of the fish and proper temperature control throughout 

storage are important for the success of vacuum packaging (Fraser and Sumar, 1998). 

 

2.5.5.2   Effect of CO2 on the microflora in vacuum packed products 

CO2 has a strong antimicrobial action, which varies between different microorganisms 

(Lund et al., 1999). It is both bacteriostatic and fungistatic and is responsible for 

extending different lag phase, however, the bacteriostatic effect of CO2 depends on the 

gas concentration, the initial bacterial count and the type of fish products (Church and 

Parsons, 2006). CO2 is highly soluble in water, forming carbonic aid that may lower the 

pH resulting in slight flavor changes in fish, and its absorption by the product may also 

cause package collapse (Smith et al., 1990). The antimicrobial effect of CO2 is greatly 

enhanced as the storage temperature of the product is reduced due to its increasing 

solubility with decreasing temperature (Lund et al., 1999). Thus, to guarantee maximum 

antimicrobial efficacy, the storage temperature should always be kept as low as possible 

(Farber, 1991).  

Aerobic spoilage bacteria such as Gram-negative bacteria like Pseudomonas and 

Flavobacterium, Gram-negative bacteria like Micrococcus as well as moulds and yeasts 

are very sensitive, whereas facultative anaerobes, such as Enterobacteriacea, are less 

sensitive. Gram-positive, including LAB and Brochothrix thermosphacta and obligatory 

anaerobic bacteria are usually resistant to CO2 (Adams and Moss, 2000). However, 

chilled, vacuum-packed products have risk of psychrotrophic Clostridium botulinum 
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occurrence. While storage of vacuum packed fresh and smoked fish at chilled 

temperature delay the onset of spoilage, they also permit toxic production by C. 

botulinum type E because of anaerobic condition and potential to grow at temperatures 

down to about 3°C (Adams and Moss, 2000). 

 

2.6 Post-harvest processing and value-addition of tilapia 

Post-harvest processing with respect to fish or fishery products as defined by FAO 

(2008) is handling, storing, preparing, heading, eviscerating, shucking, freezing, 

changing into different market forms, manufacturing, preserving, packing, labeling, 

dockside unloading or holding. 

Value addition or enhancing food processing can be defined as adding “extra features” 

on the item of interest that go beyond the standard expectations and provide something 

“more” while adding little or nothing to its cost (Venugopal et al., 1995). Better 

processing and preservation techniques can reduce post-harvest handling wastage by 

keeping the produce cool to avoid moisture loss, slowing down undesirable chemical 

changes and avoiding physical damages. Post-harvest processing can also add value and 

varieties to the natural form of the raw material. Value-adding of tilapia can be done 

using whole fish or fillets. The flesh of tilapia is white in colour, has low fat content, a 

mild, non-fishy taste and no pronounced odour (Korel et al., 2001) making it an ideal 

raw material for the preparation of value-added products. However, filleting yield of 

Nile tilapia, Oreochromis niloticus, is low; 30% as reported by Oliveira Filho et al 

(2010) and 25.4% reported by Clement and Lovell (1994). As such, filleting generates 

large amount of wastes that may turn into environmental and economic problem 

(Oliveira Filho et al., 2010). 

 

There are different types of value-added products that could be developed from tilapia 

as listed in table 2.3 below with some major ones. The keeping quality of the products 

formed from tilapia primarily depends on the quality of the raw material, the type of 
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preservation technique used, the type of packing and the method of storage, which are 

also presented in the table below: 

 

Table 2.3: Value-added products from tilapia 

Raw 
material Product 

Storage 
Temperature Packaging type Shelf-life References 

Whole 
tilapia fish 

Fresh tilapia 
fillets 

4°C 
 
 
 
 
 

100% air in high 
barrier film. 
Modified-

Atmosphere 
Packaging 

75%CO2:25%N2 

9 days 
 

30 days 
 
 
 

Reddy et al. 
(1994) 

Whole fish 
Fresh tilapia 

fillets 
-1°C 

100% air in high 
barrier film 

20 days Odoli (2009) 

Minced 
tilapia 

Chilly fish 
Fish cutlet 
Fish Ball 

-20°C 
Sealed 

coextruded 
pouches 

21 weeks 
18 weeks 
18 weeks 

Ninan et al. 
(2010) 

Filleting 
wastes from 

tilapia 
Sausages 0°C Vacuum packed 40 days 

Filho et al. 
(2010) 

Brined, 
whole tilapia 

fish 

Hot smoked 
Tilapia fish 

4°C Not stated 
Over 35 

days 
Yanar et al. 

(2006) 

Kench salted 
tilapia fish 

Hot smoked 
tilapia fish 

Ambient 
temperature 

Placed in plastic 
container 

covered with 
mosquito 
netting 

28 days 
Abolagba and 
Melle (2008) 

Minced 
tilapia 

Fish Burger -18°C Vacuum packed 8 months 
Tokur et al. 

(2004) 
Tilapia 
fillets 

Surimi -18°C Not stated 24 weeks 
Wiratchkul et 

al, (2000) 
 

 

2.7 Shelf-life of tilapia and tilapia products 

The high levels of moisture, the initial microbial load, rich nutrients, including free 

amino acids, other non-protein nitrogenous compounds and digestible proteins render 

seafood easily perishable (Fraser and Sumar, 1998). The readily available non-protein 

nitrogenous compounds support the post-mortem bacterial growth (Koutsoumanis and 
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Nychas, 2000) while, the post-mortem metabolism results in formation of amines, 

sulfides, alcohols, aldehydes, ketones, and organic acids with unpleasant and 

unacceptable off-flavours (Gram and Dalgaard, 2002). The factors that influence the 

microbial contamination and growth include fish species and size, method of catch, on-

board handling, fishing vessel sanitation, processing, and storage condition (Ward and 

Baj, 1988). When these conditions are inadequate, rate of spoilage accelerates. 

The shelf-life of fish and fishery products, usually determined sensorially, depend on 

various factors, such as initial quality of raw material, packaging methods, handling and 

storage methods and time (Kilcast and Subramaniam, 2000; Ólafsdóttir et al., 2006). 

Tilapia, as whole ungutted fish, is found to have a storage life stored under refrigeration 

(5 ± 1°C) can be expected to be 12 days, while whole gutted and filleted tilapia under 

similar storage conditions can be expected to be 10, and 6 days, respectively (Rong et 

al., 2009).  Tilapia stored in ice kept in insulated ice box has been reported to have a 

shelf life of 15 days while shelf-life of tilapia stored in a basket at ambient temperature 

was found to be 12 hour (Adoga et al., 2010).  

According to Ou et al (2002), shelf-life of tilapia fillets under refrigeration conditions 

can be increased by covering fillets with a gelatin coat containing benzoic acid as an 

antimicrobial agent; while fish stored in crushed ice with additives, such as, ascorbic 

acid, citric acid and potassium sorbate have longer shelf life with markedly lower 

changes in TMA and hypoxanthine with storage compared to iced controls 

(Waliszewski and Avalos, 2001). 

 

Various parameters are used for prediction of shelf-life of tilapia and tilapia products 

which are discussed in section 2.7.1. 

 

2.7.1 Prediction of the shelf-life of tilapia value-added products 

During storage of fish and fishery products, a number of inter-related systems take place 

that produce a number of spoilage metabolites as described in section 2.4. As a 
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consequence of these changes, deterioration in sensory quality, a loss of nutritional 

value and negative modifications of physical properties of fish muscle has been reported 

(Ólafsdóttir et al., 2006).  

The cumulative effect of these changes reaches a point at which the consumer rejects 

the product. Rejection is based on the sensory expectations and perceptions of the 

consumer. These may be visual or may be influenced by the sense of taste and smell 

which detect levels of spoilage metabolites (McMeekin and Ross, 1996).  

Some spoilage metabolites can be used as quality indices (QI) and are categorized under 

microbial, organoleptic and chemical changes. The combined knowledge of these 

changes enables estimates to be made of the likely shelf life of the product under 

specific storage conditions. Predicting the remaining shelf-life (RSL) accurately 

minimizes the unwarranted disposal of wholesome food and also minimizes the risk of 

consumers buying a product that has already spoiled (McMeekin and Ross, 1996). 

 

2.7.1.1  Microbial assays 

The major cause of food spoilage is microbial growth and metabolites resulting in the 

formation of amines, sulfides, alcohols, aldehydes, ketones, organic acids with 

unpleasant and unacceptable off-flavours. Microbial spoilage may also be detectable as 

a discolouration or slime, or might be identified by the appearance of colonies (Gram 

and Dalgaard, 2002). Determination of bacterial numbers in food is widely used as 

indicator of hygiene and most agar media and rapid methods focus on this 

determination (Gram, 1992). One such rapid method includes PetrifilmsTM. PetrifilmTM 

is a ready-to-use alternative to traditional microbial enumeration methods. Petrifilm 

methods have been shown to be practical and accurate alternatives to standard 

enumeration methods in a wide range of foods, with benefits of saving time, labour and 

incubator space (Blackburn et al., 1996; Griffiths, 1995) and thus used in this study. 

Total plate count is the most common method for determination of the bacteriological 

quality of seafood which aims to quantify the hygienic quality of fish, including 
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temperature abuse and the possible presence of pathogenic microorganisms in the fish 

(Amos et al., 2007). However, in many seafood products, the numbers of specific 

spoilage organisms (SSO) can be used to predict remaining product shelf-life (Gram 

and Dalgaard, 2002). Certain SSOs can be enumerated on selective agar/PetrifilmsTM 

(Gram, 1992) using appropriate culture techniques for example, LAB on Man de 

Rogosa (MRS) agar, Enterobacteriacea on PetrifilmTM Enterobacteriacea Count Plate 

and Staphlycoccus aureus on PetrifilmTM Staph Express Count Plate; which were 

selected for microbial analysis for this study.   

 

2.7.1.2  Sensory evaluation 

Sensory evaluation, also known as organoleptic assessment, has been defined as a 

scientific method used to evoke, measure, analyse and interpret those responses to 

products as perceived through the sense of sight, touch, taste, and hearing (Lawless and 

Heymann, 1998). The science of sensory evaluation is the most important method today 

for freshness evaluation in the fish sector, because the consumer is the ultimate judge of 

quality (Huss, 1998). According to Lawless and Haymann (1998), there are three 

classes of tests methods in sensory evaluation; discrimination, descriptive and affective; 

of which the first two are analytic while the latter is hedonic. 

2.7.1.2.1 Discrimination 

Discrimination tests are used by sensory specialists to determine whether two samples 

are perceptibly different (Lawless, 1993). When two samples are chemically different in 

formulation, human beings may not always be able to perceive this difference. Product 

developers exploit this possibility when they reformulate a product by using different 

ingredients or when a processing change is made while simultaneously not wanting the 

consumer to detect any difference. Discrimination tests can also be used when a 

company reformulates a product to make a new improved version to indicate that the 

two formulations are perceived to be different (Lawless and Heymann, 1998).   
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Triangle tests, duo-trio tests and paired comparison tests are among many different 

types of discrimination tests available.  

2.7.1.2.2 Descriptive 

Descriptive sensory analyses allow sensory scientists to obtain complete sensory 

descriptions of products, help identify underlying ingredients and process variables, 

and/or to determine which sensory attributes are important for acceptance (Moskowitz 

et al., 2006). Descriptive analysis techniques require trained panelists for consistent and 

reproducible results. The training phase of most descriptive analysis techniques 

involves teaching the panel or to have the panel create their own scientific language for 

the product or product category of interest (Lawless, 1993). This method was used in 

the current study to develop and create terminologies and appropriate attributes of the 

final products prior to affective test. 

2.7.1.2.3 Affective 

Affective tests, also known as hedonic tests, attempt to quantify the degree of liking or 

disliking of a product (Resurreccion, 1998). A 9-point hedonic scale is the most 

common types of scale used for affective tests. This scale has ruler like properties 

whose equal intervals would be amenable to statistical analysis (Lawless and Heymann, 

1998). These types of tests are not very informative about the magnitude of liking or 

disliking from respondents (Resurreccion, 1998). An example of affective test is the 

consumer sensory test. 

 

2.7.1.2.3.1 Consumer Sensory Tests 

Acceptance and preference tests are two approaches to consumer sensory tests 

(Resurreccion, 1998). The consumer acceptance test measures consumer acceptance or 

liking of a product based on the product’s sensory properties (Moskowitz et al., 2006); 

whereas, a preference test measures the appeal of one food or food product over another 

(Sidel and Stone, 1993). 
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Acceptance measurements can be made on single products and do not require 

comparison to another product (Resurreccion, 1998). Preference is achieved by 

determining which product is rated significantly higher (more liked) than another 

product in a multi-product test, or which product is rated higher than another by 

significantly more people (Moskowitz et al., 2006). Sidel and Stone (1993) stipulated a 

direct relationship between measuring product liking/acceptance and preference.  

The consumer sensory test is a small panel test involving only fifty to a hundred 

consumer panelists which act as a measuring instrument assigning numbers or words 

from a given scale (Moskowitz et al., 2006). Consumers can be intercepted through a 

central location test (CLT). A central public location is an important venue as it is 

accessible to a large number of consumers who can be intercepted to participate in the 

test as consumer panelists. A major advantage of using CLT is its capability to recruit a 

large number of naïve consumer participants and thus obtain a large number of 

responses, which allows for stronger statistical analyses (Moskowitz et al., 2006). 

This test was used in the current study to assess the degree of acceptance of the four 

value-added products developed from tilapia. 

 

2.7.1.3  Chemical parameters 

Compared with microbiological methods, which are slow, chemical analyses may be 

significantly faster, however, for some compounds measurable concentrations are not 

present until close to spoilage (Gram and Dalgaard, 2002). The following compounds have 

commonly been used as QI for predicting shelf-life of fish and fishery products. 

 

2.7.1.3.1  Total Volatile Base-Nitrogen (TVB-N) 

TVB-N (sometimes also referred as VBN or TVB) which is mainly composed of TMA 

(trimethylamine), DMA (dimethylamine), ammonia and other volatile basic nitrogen 

compounds, results from the degradation of proteins and non-protein nitrogenous 
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compounds, chiefly as a result of microbial activity (Howgate, 2010; Huss, 1995). A 

level of 35–40 mg TVB-N/100 g of fish muscle is usually regarded as an indication of 

spoilage (Rong et al., 2009; Connell, 1995). However, different species of fish have 

different acceptability levels. For example, Ababouch et al. (1996) reported a TVB-N 

acceptability level of 25–35 mg/100 g for sardines. 

While TVB-N has been reported to be a reliable QI for freshwater fishes (Howgate, 

2010), Rong et al. (2009) reported that TVB-N should be considered a rather poor 

indicator of whole or gutted tilapia freshness quality, owing to the lack of significant  

change during the early storage period. 

 

2.7.1.3.2  Trimethylamine (TMA) 

Though a small amount may be derived from the intrinsic enzymes of fish, TMA is 

mainly derived from bacterial breakdown of trimethylamine oxide, a natural compound 

of marine fish (Waliszewski and Avalos, 2001). TMA concentrations in fish vary with 

fish species, season and type of fish (marine or fresh water). A wide range of TMA 

concentrations has been reported for various spoiled fish species and content of 

>26mg/100 g for tilapia and many other fish species indicate that the fish are unfit for 

processing and human consumption (Connell, 1995). TMA is considered by many 

scientists as the most promising index of spoilage for fresh marine fish. However, it can 

be found also in cultured fresh water fish if the fish was fed with marine fishmeal 

(Waliszewski and Avalos, 2001). 

Both TVB-N and TMA can be assayed using simple, rapid and inexpensive methods of 

steam distillation, Conway micro-diffusion method and colorimetric methods (Malle 

and Poumeyrol, 1989; Malle and Tao, 1987).  

 

2.7.1.3.3 Thiobarbituric Acid Reactive Substances (TBARS) 

Lipid oxidation is one of the most important changes that occur during food production 

and storage (Sun et al., 2001) and is dependent on the content of fatty acids in meat or 
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fish. The fatty acid composition of freshwater fish is characterized by high contents of 

n-6 PUFA and mainly of linoleic and arachidonic (AA, C20:4n6) acids (Justi et al., 

2002). The presence of TBARS arises from a series of secondary reactions, which 

follow the primary auto-oxidation process and lead to the decomposition of lipid 

hydroperoxides to aldehydes and ketones which causes the quality deterioration in raw 

and cooked meat products during refrigerated or frozen storage (Connell, 1995). 

Oxidation can give rise to “rancidity” resulting in undesirable odours and flavours 

(Wang et al., 1997). Rancidity problems are not associated with microbial growth (Huis 

in't Veld, 1996).  

A study by Rong et al. (2009) reported relatively lipid peroxidation in whole tilapia 

samples while higher TBA values were recorded for gutted or filleted fish samples 

throughout the storage period. Generally, tilapia is a non-fatty fish hence, lipid 

peroxidation remains relatively low. However, processes involved in meat product 

processing such as cutting, filleting grinding, mixing, and cooking can enhance lipid 

peroxidation (Raharjo and Sofos, 1993). Incorporating antioxidants such as rosemary 

extracts during processing can aid in preventing lipid peroxidation (Da Silva Afonso 

and Sant'ana, 2008). 

 

Thiobarbituric acid (TBA) value is widely used as an indicator of lipid oxidation in 

meat (Sun et al., 2001). Malonaldehyde (MDA), a secondary decomposition product of 

polyunsaturated fatty acids with three or more double bonds, reacts with TBA to form a 

stable pink chromophore with maximal absorbance at 532 nm (TBARS532); results are 

expressed as TBARS values, defined as mg malonaldehyde/kg sample (Wang et al., 

1997).  

 

The content of TBARS in meat has been determined by the following methods: (1) meat 

samples are heated in the presence of TBA, followed by separation of the red pigment 

with centrifugation; (2) meat samples are distilled and the distilled MDA is reacted with 

TBA; (3) meat samples are homogenized and extracted with trichloroacetic acid 

solution and the extract is reacted with TBA (Guillen-Sans and Guzman-Chozas, 

1998).Each of these methods has weaknesses. A major weakness is the consistent 
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production of a yellow pigment (λmax = 450nm, TBARS450) (Raharjo et al., 1992). The 

formation of yellow pigment could be due to other TBA reactive substances including 

sugars and other aldehydes that interfere with MDA-TBA reaction (Raharjo et al., 

1992). Raharjo et al. (1992) suggested that the use of a solid phase extraction C18 in the 

aqueous acid extraction TBA-C18 method can improve its specificity and limit of 

determination as compared to existing TBA methods. However, Wang et al. (2002) 

reported a more simple and cost-effective method to measure MDA in the presence of 

interfering sucrose or other similar interfering agents. The specificity of the reaction 

between TBA and MDA can be increased by reducing the incubation temperature to 

40°C and increasing the concentration of TBA from 20mM to 80mM (Wang et al., 

2002). The method reported by Wang et al. (2002) was used in the current study to 

avoid the production of yellow pigment during analysis of TBARS. 

 

2.7.1.3.4  Phenolic content in smoked fish 

Phenols are considered to be one of the general sources of antioxidants (Ronald et al., 

2005). As stated in section 2.5.4, phenolics in smoked fish are important as 

antioxidants. The Folin–Ciocalteu (F-C) assay has for many years been used as a 

measure of total phenolics in food products and dietary supplements (Ronald et al., 

2005). It is based on the reaction of phenolic compounds with a colorimetric reagent, 

which allows measurement in the visible portion of the spectrum (Ainsworth and 

Gillespie, 2007). The F–C assay relies on the transfer of electrons in alkaline medium 

from phenolic compounds to phosphomolybdic/ phosphotungstic acid complexes to 

form blue complexes that are determined spectroscopically at approximately 760 nm 

(Ainsworth and Gillespie, 2007). 

 

2.8  Conclusion 

The review of literature has re-affirmed that the ailing capture fisheries are threatening 

sustainable seafood and production from aquaculture is imperative in fostering food 

security. Tilapia, due to its popularity in Fiji, is a good option for commercialization 
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through post-harvest processing. This chapter has provided an overview of the tilapia 

industry in Fiji and the obstacles faced by this industry in getting to its present state. 

The literature on the different types of edible and non-edible forms of value-added 

tilapia in international market show the vast options possible with tilapia due its 

characteristics such as white meat and no pronounced order which are ideal for product 

development. The different quality index and methods used for predicting shelf-life of 

fish and fishery products have been reviewed and latest and effective methods for 

predicting shelf-life has been adopted in this study. 
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Chapter 3: Methodology 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

This chapter discusses the various methodologies that were used in the current study 

aimed at achieving the objectives outlined in Chapter 1. The methodologies presented in 

this chapter are divided in four sections; a brief market survey and selection of value-

added products, post-harvest processing and value-addition of tilapia, consumer 

acceptance test and shelf-life tests. 

 

3.1 Brief market survey and selection of value-addition of tilapia 

A brief market survey was conducted to get an overview of different types, price range, 

shelf-life, use of preservatives and brand name of value-added seafood sold in the local 

markets. Three, high-end supermarkets in the capital city, Suva, were selected for 

market survey. These were Morris Hedstrom (MH) Supermarket at Morris Hedstrom 

City Centre (MHCC) in Suva City, Cost-U-Less in Laucala Bay Road and Kundan 

Singh Supermarket at Princess Road in Tamavua. On-site visits were made to each of 

these supermarkets and details of each type of processed, value-added fishery products 

were recorded on a market survey form (Appendix A). Information surveyed included 

brand name, product type and type of packaging, shelf-life and country of origin, type 

of preservation used, weight and price of the products were recorded. 

Based on the results of the market survey, cold-smoked tilapia fish, surimi, fish fingers 

and pâté were chosen for subsequent work for this project. Formulations for cold-

smoked tilapia, surimi, fish fingers and pâté were selected and adjusted using sensory 

evaluation by a group of trained panelist of food science background.  

 

3.2 Preliminary activities 

This section outlines the various preliminary activities preceding the post-harvest 

processing of value-added tilapia products.   
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3.2.1  Microbial testing of fish, pond water and processing room 

Prior to processing of tilapia, microbial analysis of tilapia fish and the pond water it was 

reared in was conducted to ensure safe raw materials were obtained for post-harvest 

processing. The smokehouse in the processing room was also analyzed for microbial 

safety to ensure that all smoking of fish was carried out in hygienic conditions. 

 

3.2.1.1  Selection of tilapia farms 

Tilapia used for processing of value-added products and shelf-life studies were procured 

from Navua Prawn Farm (NPF) in Navua and Naduruloulou Research Station (NRS) in 

Nausori, Fiji. These farms were selected due to their popularity nationally. NRS is a 

government-owned research station that provides aquaculture technical support to fish 

farmers, whereas, Navua Prawn Farm is Fiji’s largest commercial aquaculture farm 

specializing in freshwater prawn and tilapia farming. Tilapias are reared in slightly 

different pond conditions in these two farms. The guidelines practiced by NRS are 

usually what the local subsistence and semi-subsistence tilapia farmers follow, while 

NPF represents a typical commercial farm in Fiji. Use of chicken manure for 

fertilization and for plankton bloom in tilapia ponds is common in Fiji. Sometimes, 

integrated farming system using livestock is also employed. This system of farming 

introduces enteric bacteria into the water system which may cause contamination of fish 

resulting in faster spoilage upon harvest. 

 

3.2.1.2  Preparation, sampling and microbial analysis of pond water 

Sterile media and diluents were prepared according to the manufacturers’ descriptions 

provided on media bottles. Templates of 25cm² in size were prepared by cutting squares 

off a cardboard and sterilized at 121ºC for 15 minutes in an autoclave. Clean empty 

Duran bottles (250mL) to be used for collection of pond water were also autoclaved. 

Clean cooler chests were wiped with 75% ethyl alcohol before filling it with clean ice. 

Test samples were processed within 2 hours upon arrival at the laboratory. Sampling 
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was done between 8.30 to 10.30am. Pond water parameters such as, pH, temperature, 

dissolved oxygen (DO) and turbidity were measured alongside and middle of the 

selected pond. Readings for each parameter were taken in triplicates from each 

sampling site. 

Figure 3.1: Schematic diagram showing positions at which pond water parameters were 

collected 

 

 

 

 
Each star represents sampling sites. n = 4 

 A total of 24 readings were recorded for each parameter. Four pond water samples 

were collected using a Long-arm from the same sites as sampling for pond water 

parameters. A total of 24 samples were collected in sterile 250mL, pre-labeled Duran 

bottles. Pond water samples were stored in ice in a cooler chest with an internal 

temperature of 3°C prior to analysis. For quality control purposes, a field blank 

(prepared by autoclaving a 250mL bottle of distilled water) was kept under similar 

conditions. The temperature of the field blank was measured using a thermometer as 

soon as the samples reached the laboratory to check that the samples were maintained at 

the specified temperature. According to APHA (2005), water samples should remain 

below 10°C during a maximum transport time of 6 hours. Aseptic procedures were 

strictly followed during collection, transportation and analysis of pond water samples to 

ensure no cross-contamination occurred. 

The content of each bottle was poured into separate sterile bigger container for 

composite sampling and was mixed thoroughly by shaking at least 10 times. After 

mixing, five-fold dilutions were prepared using 0.1% peptone water and 1ml from each 

dilution was transferred to petri dishes and Petrifilm™ Enterobacteriacea films. Plates 

were poured using tempered Plate Count Agar (PCA) maintained at 46°C. The content 

of the plates were mixed thoroughly and allowed to set. The field-blank was analyzed in 
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the same manner. After medium had set, plates were inverted and were incubated at the 

following temperatures as outlined by APHA (2005): 

a) 30 ± 0.5°C for 72 ± 3h for Total Aerobic Count 

b) 35 ± 0.5°C for 48 ± 3h for Total Heterotrophic Count 

c) 35 ± 0.5°C for 24 ± 3h for Total Enterobacteriacea Count 

Water samples were also sent to Institute of Applied Science (IAS) microbiology 

laboratory for detection of Salmonella and Vibrio spp. where procedures outlined by 

APHA (2005) were used. 

Microbial counts were expressed as log10 colony forming units (cfu) per mL of sample. 

 

3.2.1.3  Preparation, sampling and microbial analysis of fish 

Twenty tilapias were randomly harvested from the study farms and were placed 

individually in UV pre-sterilized bags before being placed in cooler chests containing 

ice. The temperature inside the cooler chests was 3°C.Direct contact of the fish samples 

with the ice was avoided to ensure maximal survival and recovery of bacteria. All 

samples were analyzed within two hours of sample collection. Aseptic procedures were 

strictly followed during collection, transportation and analysis of fish samples. 

In the laboratory, each fish sample was placed in a sterile tray disinfected with 75% 

ethyl alcohol. Different regions of the fish were used to test for bacterial contamination 

and these included the skin surface, gills and the gastro-intestinal region. These regions 

were swabbed separately with sterile 3M™ (Thermofisher, NZ) environmental quick 

swabs as illustrated in Figures 3.2(a) - (c). For swabbing of the skin surface, a sterile 

template was used to swab an area of 25 cm2 [Figure 3.2(a)] whereas the gills (opened 

aseptically using sterile forceps) were swabbed from both sides [Figure 3.2(b)]. The gut 

region was swabbed [Figure 3.2(c)] by making an insertion in the abdomen using a 

sterile scalpel. 
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The swab was placed in 100mL Peptone Saline Water (PSW) and mixed thoroughly by 

rotating the bottle on the table in circular motion for at least a minute. Five-fold 

dilutions were prepared after 30 minutes of resuscitation at room temperature and 

samples were inoculated on Petrifilms for the following: 

a. 35 ± 0.5°C for 48 ± 3h for Aerobic Mesophilic Count 

b. 35 ± 0.5°C for 24 ± 3h for Total Enterobacteriacea Count 

Fish samples were also sent to IAS microbiology lab for confirmation of Salmonella 

and Vibrio spp. where procedures outlined by APHA (2005) were used. 

Figure 3.2: Swabbing of (a) gills, (b) skin and (c) gastro-intestinal regions of fish. 

 

3.2.1.4   Sanitization and microbial analysis of processing room 

The Post-Harvest Fisheries (PHF) Laboratory at USP’s Marine Campus was used for 

processing of tilapia. In order to maintain safety and quality of tilapia and tilapia 

products during processing, Good Manufacturing Practices (GMP), Sanitation Standard 

Operating Procedures (SSOPs) and Good Hygienic Practices (GHP) were followed.  

The PHF lab was thoroughly sanitized a day prior to processing. All knives, cutting 

boards, utensils and the smokehouse were thoroughly washed using Gilmours® 

cleaner/sanitizer, suitable for use in food processing areas, and dried. The lab floor, 

processing counters and other food contact surfaces; including the smokehouse shelves 

(a) (b) (c) 
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and walls, were thoroughly cleaned using Pine O Clean® detergent. These surfaces 

were left to soak for 15 minutes before scrubbing. The lab was left to dry overnight. 

The bacterial population of the smokehouse was sampled by wet swabbing of surfaces 

of side walls and floor. For swabbing of the surfaces, a sterile template was used to 

swab an area of 25 cm2. Three spots on each of the four walls and the floor were 

swabbed; a total of 15 samples were collected. The samples were immediately analyzed 

for Total Mesophilic Count and Total Enterobacteriacea Count as described above. 

 

3.3  Post-harvest processing 

Required number of tilapia was reared by NPF in Navua and NRS in Nausori to a 

bigger size than the standard market size on request. 

Approximately 280 fish, with a mean length of 29 ± 1.0cm and a mean weight of 350 ± 

0.10g in pre-rigor condition were obtained from Navua Prawn Farm; while 

approximately 80 fish, with a mean length and weight of 32 ± 1.0cm and 450 ± 0.10g 

respectively, were obtained in pre-rigor condition from NRS.    

Fish were harvested using seine nets and killed with a blow on the head. Dead fish were 

immediately placed in cooler chests containing block ice. It was ensured that fish were 

handled gently to avoid injuries and contamination from the environment. Since USP is 

only 1 hour’s drive from Navua and 45 minutes from NRS, a fish:ice (kg) ratio of 1:1 

was used. Fish and ice were placed in alternate layers.     

Upon arrival at the PHF Laboratory at USP, Laucala Campus, internal temperature of 5 

representative fish samples from each cooler chest was immediately taken. 

Thermometer probe was inserted into the gill operculum, mid-body and at the tail 

region on both sides of each fish. The same representative fish were inspected for 

freshness using Quality Index Method (QIM) (Appendix B) and also used for other 

chemical and microbial analysis. Temperatures inside the cooler chest and the 

processing room were also measured. 
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3.3.1   Preparation and cleaning 

Scales and viscera were removed from the fish. Chopping boards, knives and hands 

(with gloves on) were rinsed with tap water after each fish was cleaned. Fish were also 

rinsed thoroughly with tap water to wash off remains of viscera and blood. Wastes 

generated from processing were collected in bins provided near the processing bench. 

Wastes were kept away from raw material. All fish were scaled and eviscerated within 3 

hours after arrival. Melted purge were drained from chest coolers and topped with fresh, 

clean ice to maintain the cold-chain and hygiene of the environment inside the cooler 

chests.  

Out of the total batch fish, fish harvested from NPF were used as whole fish while fish 

from NRS were processed manually into skinless, boneless fillets. Cleaned whole fish 

and fillets were placed in separate basins filled with block ice for not more than 30 

minutes before being transferred to frozen storage. 

Whole fish were packed in polythene bags in 10s while fillets were packed as 2kg bags. 

All bags were stored in freezer at a temperature of -24°C until they were processed.  

After each day’s work, the whole lab was cleaned and sanitized ready for the following 

day’s work as described in section 3.2.1.4. 

 

3.3.2  Processing of value-added tilapia products 

Processing into different product forms was done as shown in the process flow-chart 

(Fig. 3.3). Required quantity of fish was thawed at 4°C for 24 hours in the lab chiller 

prior to processing. 
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3.3.2.1   Processing of Cold-smoked tilapia 

For cold-smoking, 40% of the raw material was used as eviscerated, whole fish. 

Thawed, whole fish were soaked in a large container containing 9% (w/v) iodized table 

salt for 60 minutes at an ambient temperature of 26.6°C. A fish-to-brine ratio of 1 fish 

(350 ± 10g) to 1.3L of brine was used. Following brining, fish were skewered on 

stainless-steel rods and were rinsed quickly under running tap water to wash off excess 

salt. The skewed fish were hung vertically in deep containers. They were then drained 

for 24 hours at 3°C in the lab chiller overnight to allow brine equilibrium and pellicle 

formation during smoking. 

Skewered brined fish were cold-smoked in an Ikeden Smokehouse (DISH-100-DX), 

using Cherry wood sawdust, to an internal temperature of 35°C for 4 h. The smoked 

fish were cooled at ambient temperature for 30 minutes and placed in deep containers 

and covered with a clean cotton cloth for further drying overnight at 3°C. Continuous 

smoking for longer period was avoided to prevent case-hardening. All fish were again 

smoked the next day for 4 h. Smoked fish were then cooled to ambient temperature 

using an electrical fan and were then individually placed in polytetrafluroethylene 

vacuum bags and vacuum sealed. The net weight of the final product was measured and 

recorded on the packaging. 

 

3.3.2.2   Processing of surimi, pâté and fish fingers 

For processing of surimi, pâté and fish fingers, which were meat derived products, 

remaining 60% of the raw material was filleted. Fillet yield was calculated as described 

in section 3.3.3.2.1.   

3.3.2.2.1  Fillet yield 

Out of the total fish filleted, 30% of fish of various sizes were randomly selected and 

filleted in order to determine the fillet yield. Fish were filleted using a rounded tip knife. 

A long incision was made along the dorsal fin and all the way to the tail region. The 
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incision was deepened with the knife and the skinned fillet was separated from the fish 

by cutting along the operculum. The skin was removed by moving the knife from side 

to side between the skin and fillet.   

Fillet yield from tilapia was calculated using the formula provided below: 

 

 

 

 

 

3.3.2.2.2  Surimi 

Tilapia fillets, obtained from section 3.3.2.2.1 above, were finely chopped into a fine 

paste using a food processor. Salt and baking powder were added and finely chopped. 

Seasoning, sugar, starch and water were then added and the mixture was further 

processed. The mixture was transferred to a baking tray and steamed for 25 minutes. 

The final product was cooled at ambient temperature for 30 minutes and cooled at 4°C 

for another hour. The final cooled product was then cut into 200g pieces and placed in 

polytetrafluroethylene vacuum bags. They were then quick-frozen to -24°C for 

90minutes before vacuum sealing. 

3.3.2.2.3 Fish Pâté 

Tilapia fillets were diced and seared in hot oil with chopped garlic and star anise. 

Chicken powder and salt were added followed by cream. Gelatin was mixed with 30mL 

of warm water and added to the mixture. The content was heated on low flame for 5-10 

minutes to allow gelatinization. Lemon juice was added and the preparation was 

blended in a food processor. The mixture was reheated to boiling and added to airtight 

borosilicate glass bottles while hot. Fish pâté was cooled at ambient temperature for 30 

Fillet Yield (%) =  

Where: 

 x = weight of fillets obtained from the fish 

y= weight of eviscerated fish with head  
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minutes using an electrical fan and at 4°C for another hour before storage in freezer at -

24°C. 

3.3.3.2.4  Fish Fingers 

Tilapia fillets were cut into strips, marinated with fresh lemon juice and placed in the 

lab chiller. Breadcrumbs were placed in a bowl and seasoned with some pepper, 

coriander, finely grated cheese, ground garlic, chili powder and salt. The content of the 

bowl was mixed thoroughly. In a separate bowl, eggs and some water were beaten 

together. Marinated fillets were lightly dusted in pancake mix, dipped into egg mixture 

and coated with breadcrumb mixture. The coated fish fingers were packed in 100g 

packs in polytetrafluroethylene vacuum bags. Unsealed bags were placed in quick 

freezer at -24°C for 90 minutes before vacuum sealing.  

3.3.3  Storage 

All the four value-added products were frozen at -24°C for 7 days before distributing 

them to their respected storage temperatures: -18°C and 5°C. This was conducted as a 

control strategy in compliance to USFDA (2011) regulation for frozen fishery products. 

 

3.4  Consumer Acceptance Test 

A consumer acceptance test was conducted to measure the degree of acceptance of the 

tilapia value-added products developed in section 3.3.2; based on their sensory 

properties. The purpose of the consumer sensory test was also to determine which 

products are rated significantly higher than another by the consumers and to determine 

consumers’ willingness-to-pay for these products if they were introduced to markets. 

The major tools used to assess the degree of acceptance were the questionnaire which 

contained the ballot form accompanied by the four value-added products. 
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3.4.1  Questionnaire design and validation 

A self-administered questionnaire in English language was designed. The questionnaire 

(Appendix C) included multiple filler item in order to limit common method error 

during administration of questionnaires by consumer panelists. The questionnaires were 

piloted through seventy consumers during a consumer acceptance pre-test of value-

added tilapia products in Samoa and ten Fijian consumers in Fiji to ensure validity and 

clarity. Assistants speaking in English, Hindustani and iTaukei languages were trained 

to assist consumers in sensory evaluation of the products, translation and filling of 

questionnaires. The questionnaire comprised of three sections as follows:  

Section A: Socio-Demographic information 

This section contained questions regarding gender, highest level of education, ethnic 

background, employment status and income level. Each piece of information obtained 

in this section was used to investigate background of participants. 

Section B: Consumption characters of fish consumers 

This section contained questions relating to history and frequency of consumption of 

fish including tilapia and consumers’ perception of aquacultured tilapia and wild-caught 

fish for consumption. This section provided important information on consumers’ 

confidence in consuming tilapia in comparison with marine fish.   

Section C: Ballot form - Acceptance of Nile tilapia products 

Consumers were asked to evaluate the degree of liking of each of the four value-added 

products based on the following sensory attribute: appearance, aroma, flavour, 

texture/mouth feel and overall acceptance. Samples were rated in the order in which 

they were presented using a 9-point Hedonic scale (9 = like extremely, 5 = neither like 

nor dislike and 1 = dislike extremely). This section provided critical information on the 

degree of liking of each product by the consumers. Consumers were also asked to rank 

the four products from 1 – 4, where 1 was the highest while 4 was the lowest. 

Consumers were also asked to indicate their acceptance, in statement form, and the 
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price range they would like to spend on buying such value-added tilapia products if 

such products were sold in local markets.  

 

3.4.2  Consumer Acceptance Testing Event 

Consumers were intercepted using the Central Location Intercept Test (CLT).  This 

event was held on a Saturday at Government Referral Centre located in central Suva 

City.  Wider consultations and public invitations were made through the local media; 

newspaper and radio and email notifications to staff and students of USP. Live 

broadcast of the event was also conducted to intercept passing by consumers.  

 

3.4.2.1  Preparation prior to sensory evaluation 

Fish Fingers were fried prior to packaging. Cold-smoked tilapia were steamed for 15-20 

minutes and cooled to room temperature prior to packaging. About 20-25g of each 

product was then placed in small, sterile portion containers with lids suitable for each 

consumer test sample size. The containers were labeled according to its content. Packed 

containers were placed in a freezer maintained at -18°C until a day before the event. 

These containers were removed from the freezer and placed in a chiller at 4°C overnight 

for thawing.  Containers were placed in an upright position in cooler chests containing 

ice and delivered to the testing location. These samples remained in ice until sensory 

evaluation by consumer panelists. 

Product samples were taken out of cooler chests and steamed lightly for approx. 2 

minutes in a rice cooker before presenting to consumer panelists. The small portion 

containers were placed on a small serving plate. 

At the event site, a long table with chairs on each side of the table was placed in the 

sensory evaluation room. Hand sanitizers, drinking water, disposable cups, plates, 

cutlery and serviettes were provided for use by the consumer panelists.  
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3.4.2.2.3 Sensory evaluation protocol 

Consumers intercepted for sensory evaluation were escorted to the table and seated by 

the assistants. Consumers were selected on the criteria of being 15 years or older and 

also consumed fish on a regular basis. Consumer panelists were given the 

questionnaires and were asked to fill in the Sections A and B of the questionnaire before 

evaluating the tilapia product samples and fill in section C of the questionnaire. Each 

consumer panelist took approximately 20-30 minutes to evaluate all the samples. 

Consumer panelists were instructed to rinse their mouth for 4-5 seconds with water 

provided before tasting each sample. Samples were evaluated in the following 

sequence: surimi, fish fingers, pâté and then smoked tilapia. Plain breakfast crackers 

were provided to be used as carriers for evaluation of pâté samples.    

 

3.4.3  Data Analysis 

Microsoft Excel 2007 was used for data processing and calculating means and standard 

deviations of all multiple measurements and generation of graphs. 

Data were analyzed at α = 0.05, unless stated otherwise, using version 18.0 of SPSS, 

compatible with Windows. The distribution of all data collected was tested for 

normality using the Shapiro-Wilk Test. Due to the nature of the data collected, non-

parametric tests were used as described by Lawless and Heymann (1998). The Kruskal-

Wallis H Test was used to analyze consumption characteristics of consumers. G-test 

was used as post-hoc tests wherever required. Friedman Test was conducted to test for 

significant difference among the attributes of each product. Post-hoc analysis was 

conducted with Wilcoxon Signed-Rank Tests by applying Bonferroni’s correction. The 

effect of demographics on acceptability, preference and purchase intent was determined 

using MANOVA. Student t-test was used to determine if samples were different with 

regards to sensory attributes and consumer evaluation. Pearson’s correlation was used to 

study correlation between attributes evaluated by consumers. Friedman Test was also 
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used to test for significant difference between the overall preferences for the four tilapia 

value-added products. 

 

3.5  Shelf-life prediction 

Shelf-life of food products can be estimated by an assessment of the microbial, 

organoleptic and chemical changes that take place with the product. The shelf-life of 

any food product is directly dependent on the initial quality of the raw material. Hence, 

cold-chain and good handling practices were maintained to ensure that raw material 

remains of high quality. The shelf-life of the four value-added products were predicted 

at the two storage temperatures 5°C and -18°C as discussed in section 3.3.4. In the 

current study, the end of shelf-life was determined based on high levels of microbes,  

50% of the trained panelist rated the level of spoilage as 2 on a pre-defined scale ad 

changes in chemical compositions of products including pH, moisture, TVB-N, TMA 

and TBARS, as explained in details below. 

 

3.5.1  Microbial Analysis 

Psychrophilic counts, Enterobacteriacea, Staphylococcus aureus, and Lactic-acid 

producing bacteria were enumerated to assess the hygienic status of food. Bacillus spp. 

and psychrotrophic Clostridia spp. were enumerated to assess the presence of 

pathogenic microorganisms. 

Microbial analyses were conducted using Petrifilm™ (ThermoFisher, New Zealand) 

and conventional agar method. Samples were studied microbiologically after 1, 3, 6, 8, 

12, 15 and 20 weeks of storage. Three representative samples of all the 4 products were 

randomly selected from each storage temperature for analysis. 

Sterile media and diluents were prepared according to the manufacturers’ descriptions 

provided on media bottles. Tools such as tweezers, forceps and blades, for cutting 

sample were heat sterilized at 180°C (Harrigan, 1998). 
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A 25g portion of each sample was aseptically weighed in 225mL sterile Peptone Saline 

Water (0.9% NaCl and 0.1% peptone) in a stomacher bag and then blended in a 

stomacher for 1 minute. The three representative samples were combined to form a 

mother solution. During the initial stages of storage, five-fold serial dilutions were used 

for microbiological analyses. As microbial level increased, ten-fold serial dilutions were 

used. Serial dilutions were prepared after 30 minutes of resuscitation period at room 

temperature of 22°C. 

The aerobic mesophilic counts (AMC) and psychrotrophic counts (PC) were determined 

on 3M Petrifilm™ aerobic count films which were incubated  at 35°C for 48 hours and 

at 20°C for 3 days respectively. Total Enterobacteriacea were counted on 3M 

Petriflm™ Enterobacteriacea count plates after 24 hours incubation at 35°C. Counts of 

Staphylococcus aureus were determined on Petrifilm™ Staph express count plates 

following incubation at 35°C for 24 hours. Colonies appearing in colours other than red-

violet were re-incubated for another 1-3 hours with Petrifilm™ staph express disk 

inserted under the top film. Pink zones were counted as S. aureus. LAB was enumerated 

on DE MAN, ROGOSA and SHARPE (MRS) agar (Merck, New Zealand) using pour 

plate method. Petri dishes were enclosed with Anaerocult C (Merck, New Zealand) in 

vacuum jars and incubated anerobically at 20°C for 5-7 days. LAB confirmation was 

done by assessing presence of catalase-negative colonies using 3% H202. For Bacillus 

spp. and Clostridia spp., samples were sent to Institute of Applied Science (IAS), a New 

Zealand accredited, microbiology laboratory. Counts of Bacillus spp. and Clostridia 

spp. were determined using methods provided by American Public Health Association 

(APHA, 2005).   

Microbial counts were expressed as log10 colony forming units (cfu) per g of sample. 

 

3.5.2  Organoleptic Assessment 

An affective test was used to assess the organolpetic changes in the samples of value-

added tilapia products stored at the two storage temperatures. Organoleptic assessment 

was used to detect the end of shelf-life for all the four products. 
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3.5.2.1  Training of panelist 

A total of 7 panelists with good sensory etiquettes and who were also frequent fish 

eaters, including tilapia, were trained for organoleptic assessment. They were trained 

over a 3 week period using freshly prepared tilapia products. Each day, a 30-minute 

session was organized whereby one product was analyzed. Each panelist was provided a 

ballot (Appendix 5) to fill. They evaluated the appearance, odour, texture and flavour 

using a predefined 7-point scale: 6 = Excellent, 5 = Very good, 4 = Good, 3 = 

Moderately good, 2 = Poor, 1 = Very Poor, 0 = Putrid. Water was provided at room 

temperature to rinse their palate in between evaluations. 

Panelists were trained together, but evaluated the samples 1 at a time, and the evaluation 

of all samples at each time interval took about 15 minutes for each panelist. The 

performance of the panelists was analyzed using one-way ANOVA at a significance 

level of 5%. 

3.5.2.2  Organoleptic assessment protocol 

Sensory attributes covered by the taste panel (n=7) were odour, appearance, flavour, 

texture and level of spoilage (LOS) using the pre-defined scale described above. The 

sample condition was regarded as unacceptable when at least 50% of the panelists rated 

it as 2 = poor.   

 

3.5.3  Chemical Analysis 

Chemical analyses were performed to assess the quality deterioration in the food 

products at the two storage temperatures. Three representative samples for all the 4 

products were randomly selected from each storage temperature. Each representative 

sample was then analyzed in duplicates for all the parameters stated below. All 

chemical reagents used for analytical work were of Analytical Grade (AR) and were 

procured from Sigma Aldrich® in Australia. Analyses were carried out on every second 

week of storage until products were deemed spoilt sensorially.    
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3.5.3.1  pH 

For pH determination, the sample was homogenized in distilled water in the ratio 1:10 

(w/v) and the pH of the sample homogenate was measured immediately at room 

temperature using a pH meter (HANNA Instruments, USA). The pH meter was 

calibrated with standard solution of pH 7 and 4 prior to use. 

 

3.5.3.2  Moisture Content 

The moisture content of samples was determined gravimetrically at 105°C until 

constant weights were obtained. 

Calculation and expression of the results was as follows: 

 

Where: 

x = the moisture content in the sample 

m1= the mass of moisture can with sample (g) 

m2= the mass of moisture with dried sample (g) 

m3= the mass of moisture can 

 

3.5.3.3  Total Volatile Base-Nitrogen (TVB-N) 

Both Trimethylamine (TMA) and TVB-N analyses were conducted on a single 

trichloroacetic acid (TCA) extraction. TVB-N concentrations were determined by 

distillation and titration, as specified by Malle and Poumeyrol (1989) and Malle and 

Tao (1987). 

Briefly, 100g of chopped fish was blended in 200mL of 7.5% (w/v) TCA solution at 

high speed for 2 minutes. The homogenate was centrifuged at 400 x g for 5 minutes and 
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the supernatant liquid was filtered through a Büchner funnel using a Whatman No. 3 

filter paper. A 25mL aliquot of the TCA extract was pipetted into a distilling tube in the 

Kjeldahl-type distillation unit and 5mL of 10% NaOH was added. Steam distillation 

lasted until 40mL of distillate was collected in a 125-mL Erlenmeyer flask containing 

10mL Kjeldahl indicator solution (4g Boric Acid in distilled water containing 0.7mL 

0.1% alcoholic solution of Methyl Red and 1.0mL 0.1% alcoholic solution of 

Bromocresol Green diluted to 100mL in distilled water).  

The boric acid solution turned green when alkalinized by the distilled TVB-N. This 

green alkaline distillate was back-titrated with 0.1 N sulfuric acid to its original red 

color. The quantity of TVB-N in mg was determined from the volume of sulfuric acid 

(n mL) added using the formula given below: 

 

 

 

 

 

3.5.3.4  Trimethylamine 

To determine TMA, the assay of TVB-N was used but 20mL of formaldehyde was 

added to the distillation tube to block the primary and secondary amines. The TMA was 

calculated using the same formula for TVB-N.  

 

3.5.3.5  Thiobarbituric Acid Reactive Substance (TBARS) 

The TBARS analysis was based on the methods used by Wang et al (2002) as briefly 

stated below. 

Where: 

a = ml of sulphuric acid; b = normality of sulphuric acid 
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TBARS extracting solution was prepared which contained 7.5% Trichloroacetic acid 

(TCA), 0.1% propyl gallate (PG) and 0.1% EDTA. The solution was mixed using a 

magnetic stirrer to completely dissolve PG. A 10g portion of each product sample was 

homogenized in 80mL extract solution using a Philips blender at a speed 3 for 1 minute. 

The homogenate was diluted to 100mL with the extract solution and centrifuged at 6000 

g for 5 minutes. An aliquot of 2.0mL supernatant was mixed with 2.0mL of 80mM 

Thiobarbituric Acid (TBA) solution. The mixture was incubated at 40°C in a water bath 

for 90 minutes. The absorbance was read at 532 nm. 

For TBARS calculation, a standard curve (Figure 3.4) was constructed by incubating 

different volumes (0, 0.4, 0.8, 1.2, 1.6 and 2.0 mL) of 20nmole/mL Malonaldehyde 

(MDA) with 2.0mL 80mM TBA, with the final volume diluted to 4.0mL with 7.5% 

TCA solution. The mixture was read at 532nm and a standard curve was plotted. This 

step was repeated in duplicates on all days of TBARS analysis. A total of 20 sets were 

completed during the shelf-life prediction period.  

The equation y = 0.158x – 0.1623 obtained from the standard curve was used to 

calculate the TBARS development in food product; with r2 = 0.9887 which indicated 

good quality control.  

Figure 3.4: Malonaldehyde Standard Curve 
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3.5.3.7  Other tests 

3.5.3.7.1 Salt content 

Salt (Chlorine as NaCl) was determined by Volumetric Method as described in AOAC 

(2005) Official Method 937.09. 

A 10g portion of each test sample was placed in a 250mL beaker. 50mL of 0.1M Silver 

Nitrate (AgNO3) solution was added to precipitate all chlorine as Silver Chloride 

(AgCl) and then 20mL of Nitric Acid (HNO3 (1+1)) was added. The beaker was placed 

on a hot plate and boiled gently until all solids except AgCl had been dissolved. The 

contents of the beaker were cooled and 50mL de-ionised, distilled (dd) water and 5mL 

of Ferric Indicator (a saturated solution of FeNH4(SO4).12H2O) were added. This was 

titrated with 0.1N Ammonium Thiocyanate (NH4SCN) solution until solution in the 

beaker became permanent light brown in colour. The amount of NaCl in a test product 

was calculated as the difference between the volume of 0.1M NH4SCN used and 0.1N 

AgNO3 added. With 10g test portion each mL of 0.1N AgNO3 = 0.058% NaCl. 

 

3.5.3.7.2 Water phase salt 

Water phase salt is the concentration of salt in the water portion of fish and fishery 

products (FDA, 2011) and was calculated as follows: 

 

 

 

3.5.3.7.3  Total Phenolic Compounds Assay for Cold-smoked fish 

Phenolic compounds in smoked fish muscles and skin were assayed by following the 

procedure used by Marc et al. (1998) and Ainsworth et al. (2007) with the following 

modifications. Briefly, 2g of flesh and 2g of skin sample were homogenized separately 
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with 80mL of 95% ethanol and were incubated at room temperature for 30 minutes in 

the dark. The final volume was adjusted to 100mL with 95% ethanol. The homogenate 

was then centrifuged at 6000 g for 5 minutes. 1 mL of this supernatant liquid was mixed 

with 10mL of dd water and 1mL of 10% Folic-Ciocalteu reagent (FCR). The mixture 

was mixed well using a vortex and left to stand for 20 minutes before adding 8mL of 

700mM sodium carbonate (Na2CO3) to avoid air-oxidation of phenols. Absorbance was 

read at 765nm against ethanol blank with PerkinElmer’s Lamda 25 UV/VIS 

Spectrophotometer (Illinois, USA). 

For total phenolics calculation, a 2.5mM gallic acid (GA) standard in 95% (vol/vol) 

ethanol was prepared. Volumes of 0, 0.4, 0.8, 1.2, 1.6 and 2.0mL of GA standard were 

taken and final volume was adjusted to 5mL with 95% ethanol. The GA standards were 

read at 765nm and a standard curve was plotted as shown below. This step was repeated 

in duplicates on all days of total phenolics assay. A total of 20 sets were completed 

during the shelf-life test period. Total phenolics as gallic acid equivalents/g were 

calculated from the standard curve using the formula y = 0.011x + 0.0051, with r2 = 

0.9859 indicating good quality control.     

 

Figure 3.5: Gallic acid standard curve 
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3.5.4  Quality Control 

3.5.4.1  Raw material and finished products 

Prior to processing, 3 representative samples of the whole, eviscerated fish and fillets 

were randomly drawn and were subjected to the following chemical and microbial 

analysis to determine the quality of raw material. The same analyses were performed on 

finished products to determine the safety of food products for consumer acceptance test. 

A. Microbial Analyses 

� Total Viable Psychrotrophic Count 

� Total Enterobacteriacea Count 

B. Chemical Analyses 

� Total Volatile Base-Nitrogen and Trimethylamine 

� pH 

For food samples stored at -18°C and 5°C for shelf-life prediction, the temperature of 

the freezer and refrigerator was monitored and recorded twice daily. 

3.5.4.2   Microbial analyses 

A procedural blank (prepared at the laboratory for detection of any contamination of 

reagents or equipment used) was analyzed along with the samples. A plate of media was 

kept as a blank from each bottle of media prepared and incubated at required 

temperature. This step was seen as critical to check the sterility of media. To test the 

sterility of petrifilms and diluents, films inoculated with blank peptone water were used 

for incubation. 

 

3.5.4.3   Chemical analyses 

Pre-tested and validated methods were used for chemical analysis. Samples were tested 

in triplicates whereby each replicate was further analyzed in duplicates. 
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3.5.5  Data analysis 

Microbial, organoleptic and chemical assessment data were analyzed using multi-

factorial analysis of variance with repeated measures analysis using version 18 of SPSS, 

compatible with Windows. The experimental main effects were storage temperature and 

storage time. The significance of the main effects and their interaction on sensory 

scores, chemical changes and microbial load were determined using Duncan’s Multiple-

Comparison Test at a significant level of 5% (p < 0.05). Correlations of different indices 

studied were determined using Multiple Linear Regression at 95% confidence level. 
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Chapter 4: Results 
__________________________________________________________________________________________________________________________________________________________________________________________________________________   

This section presents the results of all the methods used in the current study. These 

include the mini market survey which resulted in the selection of value-added tilapia 

products, post-harvest processing of tilapia, consumer acceptance test and shelf-life 

prediction of the four value-added tilapia products; cold-smoked tilapia, surimi, fish 

fingers and pâté. The results are discussed at a greater length in Chapter 5. 

 

4.1  Brief market survey and selection of value-added products 

A brief market survey was conducted on 3 local supermarket chains situated in greater 

Suva area to identify the most relevant attributes and levels for the tilapia prototype 

products available in the local market. Information was collected pertaining to the 

characteristics of existing seafood products similar in design to the prototype products. 

These included product form, product size, package type, shelf-life and product price. 

Results presented in Table 4.1 show the common types of value-added products sold at 

Morris Hedstrom (MH) Supermarkets, Cost-U-Less and Kundan Singh supermarkets, 

the three high-end supermarkets in Suva. A wide range of breaded and battered fish 

fillets, fish fingers, fish balls, and burger patties. Package sizes varied from 100g to 1kg 

packs and the shelf-life ranged from 3 to 18 months. Almost 96% of all the products are 

imported from overseas, especially from New Zealand and only one product originated 

from Australia. It is interesting to note that smoked marlin is the only locally 

manufactured value-added seafood product sold in one of three supermarkets under 

study. These value-added products fetch a very high price which made them 

unaffordable to many medium to low income earners in Fiji. 

Based on these results, it was decided that the four value-added products ideal for 

tilapia that could be appealing to the local consumers would be: fish fingers, cold-

smoked tilapia, surimi and fish pâté. 
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Table 4.1: Various types of commercially processed seafood sold at three major supermarkets in Suva area 

Supermarket Location Brand 
name 

Country 
of origin Product type Type of 

packaging 

Expiry 
date/ 

shelf-life 

Weight 
(grams) 

Price 
(FJ$) 

Morris 
Hedstrom City 
Centre 
(MHCC) 
 

Thompson 
Street, 
Suva City 

Independent NZ Tempura fish cocktail in crispy 
tempura batter 

Vacuum 
packed 

 19 
September, 
2013 

1000 27.99 

Independent NZ Fish fingers in crispy golden crumbs Wrapped in 
plastic and 
placed in 
carton 

30 March, 
2013 

425 10.69 

Independent NZ Lemon Pepper fish fillet Wrapped in 
plastic and 
placed in 
carton 

23 March, 
2013 

1000 21.39 

Independent NZ Fish fillet in crispy golden crumbs Wrapped in 
plastic and 
placed in 
carton 

31 March, 
2013 

425 15.99 

Independent NZ Herbs and garlic fish fillet in golden 
crumbs 

Wrapped in 
plastic and 
placed in 
carton 

31 March, 
2013 

425 15.49 

Independent NZ Fish cake Wrapped in 
plastic and 
placed in 
carton 

27 August, 
2013 

1000 18.49 

Independent NZ Fish fillet in crispy potato crumbs Wrapped in 
plastic and 
placed in 
carton 

12 May, 
2013 

425 10.69 

Independent NZ Vegetable fish balls 
 

Wrapped in 
plastic and 
placed in 
carton 

15 April, 
2013 

425 15.99 
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Cost-U-Less Laucala 
Bay Road, 
Suva 

Shore 
Mariners 

NZ Fish balls Vacuum 
packed 

18 months 500 13.45 

Shore 
Mariners 

NZ Crumbled fish fillets Wrapped in 
plastic and 
placed in 
carton 

22 
September, 
2013 

1000 17.95 

Independent NZ Fish fingers crispy golden crumbs Wrapped in 
plastic and 
placed in 
carton 

23 July, 
2013 

1000 19.95 

Prime-Food NZ Smoked salmon Vacuum 
Packed 

15 March, 
2013 

200 
100 

24.95 
14.95 

Independent NZ Fish burgers in crispy golden crumbs Wrapped in 
plastic and 
placed in 
carton 

23 July, 
2013 

1000 19.95 

Shore 
Mariners 

NZ Thai fish cakes Wrapped in 
plastic and 
placed in 
carton 

10 
January, 
2013 

500 12.95 

Kundan Singh Princess 
Rd, 
Tamavua 

Big Eyes Australia Fish fingers with crispy crumbs Wrapped in 
plastic and 
placed in 
carton 

9 January, 
2013 

375 14.95 

Kundan 
Singh 

Fiji Smoked Marlin Vacuum 
packed 

3 months 872 52.28 
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4.2  Preliminary Activities 

This section presents the results of microbial testing of fish, pond water and 

smokehouse undertaken as preliminary activities preceding the post-harvest processing 

of value-added tilapia products. 

 

4.2.1 Physicochemical parameters of pond water at Naduruloulou Research Station 

(NRS) and Navua Prawn Farm (NPF) 

The water temperature, dissolved oxygen (DO), pH and turbidity of the two pond sites 

at the time of sampling are shown in Table 4.2. Higher DO, temperature and turbidity 

was recorded at NPF than at NRS while pH was higher at NRS; however, no significant 

variation was observed in the parameters between the two farms under study.  

 

Table 4.2: Mean physicochemical parameters of pond culture water at Naduruloulou 

Research Station and Navua Prawn Farm 

Pond Site Dissolved 
Oxygen (mg/L) 

Temperature 
(°C) 

pH Turbidity 
(cm) 

Navua Prawn Farm 3.88±2.25a 26.00±0.47b 6.60±0.03c 13.25±1.98d 

Naduruloulou Research 
Station 

2.01±1.16a 25.5±0.35b 7.89±0.06c 9.54±0.87d 

Subscripts in the same column show no significant difference with Independent T-test (p≥0.05). 
n = 18 
 

4.2.2   Microbial load of pond water and fish 

Table 4.3 shows the Aerobic Mesophilic Count (AMC), Heterophic Count (HC) and 

Total Enterobacteriacea Count (TEC) of tilapia pond water at Naduruloulou Research 

Station (NRS) and Navua Prawn Farm (NPF). Significant difference (P<0.05) were 

recorded in AMC and TEC of pond water of the two farms. Salmonella and Vibrio spp. 

were not detected.   Slightly higher counts of Heterophic microorganisms than Aerobic 

Mesophilic counts were recorded at NPF. Generally, AMC, HC and TEC were higher in 
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tilapia pond water from NRS compared to pond water from NPF. These results indicate 

that tilapia at NRS farms are being raised in unhygienic conditions. 

 

Table 4.3: Microbial load of pond culture water from Naduruloulou Research Station and 

Navua Prawn Farm 

Type of Count Navua Prawn Farm   
(cfu/mL) 

Naduruloulou Research Station 
(cfu/mL) 

Aerobic Mesophilic Count a6.70 x 103 b2.98 x 105 
Heterophic Count b6.97 x 103 b7.00 x 104 

Total Enterobacteriacea Count c6.40 x 102 c1.33 x 104 
Salmonella ND ND 
Vibrio spp ND ND 

ND = Not detected 
Subscripts in the same row indicate significant difference using Independent T-test (p≥0.05) 
Microbial analysis was performed on composite sample from the two farms under study. 

 

 

Table 4.4 shows the mean Aerobic Mesophilic Count and Total Enterobacteriacea 

Count of gills, gastro-intestinal tract and skin of tilapia obtained from NPF, NRS and 

purged fish. Generally, higher counts of AMC and TEC were observed on gills and skin 

of tilapia fish from the two farms. Slightly lower counts were observed in the gastro-

intestinal tract of fish from both farms. 

 

Table 4.4 Microbial load of gills, gastro-intestinal tract and skin of tilapia sampled at 

Naduruloulou Research Station and Navua Prawn Farm 

Type of Count 
Navua Prawn 

Farm    
(cfu/cm2) 

Naduruloulou 
Research Station 

(cfu/cm2) 

Purged Fish* 
(cfu/cm2) 

Gills 
Aerobic Mesophilic Count 9.77 x 103 1.64 x 108 1.64 x 102 

Total Enterobactericea 
Count 

2.84 x 102 2.30 x 108 5.91 x 101 

 
Gastro-intestinal tract    

Aerobic Mesophilic Count 2.22 x 103 1.58 x 108 8.05 x 102 
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Total Enterobactericea 
Count 

2.36 x 102 2.03 x 108 2.75 x 102 

 
Skin    

Aerobic Mesophilic Count 6.09 x 103 7.20 x 108 1.30 x 102 
Total Enterobactericea 

Count 
1.68 x 102 2.49 x 108 ND 

 
Inner Flesh    

Aerobic Mesophilic Count ND ND ND 
Total Enterobacteriacea 

Count 
ND ND ND 

ND = Not detected. *Results for purged fish could not be obtained from NPF due to time constraints. 
Results displayed are for purged fish obtained from NRS only.  

 

For fish samples brought from NPF, highest AMC were recorded on gills followed by 

skin and gastro-intestinal tracts regions. Similar trend was also noted for TEC for these 

samples. Fish samples obtained from NRS showed high counts of AMC and TEC on 

skin followed by gills and gastro-intestinal tract. Marked difference in AMC and TEC 

was observed between the samples obtained from NRS and NPF. Significantly higher 

(P ≤ 0; α = 0.05) counts of aerobic mesophilic colonies and total Enterobacteriaceae 

colonies were recorded for samples obtained from NRS.  

Purged samples showed lower counts of AMC and TEC than samples from NRS and 

NPF. The gastro-intestinal tract of purged samples had higher counts of AMC and TEC 

than gills and skin.  No Enterobacterial colony formations were observed on skin 

samples of purged fish. However, purged fish could not be used for post-harvest 

processing for this study due to unavailability of purging facilities at the time of 

procurement.   

 

 

 

 



70 
 

4.2.3  Post-harvest processing of value-added tilapia products 

4.2.3.1   Fillet Yield 

The mean fillet yield (FY) from sample population of tilapia used for processing is 

shown in Table 4.5. The mass of eviscerated fish used to manual filleting ranged from 

0.240kg to 0.465kg. The mass of fillet recovered was quite low which ranged from 

0.075kg to 0.160kg. This resulted in low FY in the range of 31.25kg to 34.41kg.  

 

Table 4.5: Fillet yield of Genetically Improved Farmed Tilapia (GIFT) used for processing 

of meat- derived products 

 Mass of eviscerated fish 
(Kg) 

Mass of fillet recovered 
(Kg) 

Fillet Yield 
(%) 

Average 0.365 ± 0.061 
 

0.124 ± 0.22 
 

34.01 ± 2.78 
 

n = 35. Mean values are represented with standard deviation. 

 

The manual filleting process generated a large amount of wastes in the form of carcass, 

rib bones and skin. Upon manual removal of fillet, a considerable amount of meat was 

still found attached to carcass, rib bones and skin (Refer to Fig.4.1). 
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Figure 4.1: Tilapia carcass after manual removal of skinned fillet 

 
Considerable amount meat is still attached to carcass along the spine and rib bones and in the head region. 

 

Due to the small size of fish, fillets obtained were small in size and had an unattractive 

appearance. While trimming of fillets enhanced the appearances of fillet to some extent, 

the size and mass of the fillets were further reduced.  

 

4.2.3.2  Microbiological quality of the smokehouse 

Table 4.6 shows the microbiological quality of the smokehouse which was used in the 

cold-smoking of tilapia in the current study. Very low counts of aerobic mesophilic 

colonies were observed on floor samples of the smokehouse. No bacterial colony 

formation was observed at the sidewalls. The results indicate that lab smokehouse was 

in hygienic conditions. 

Retention of meat in 
the head region after 
removal of fillet Retention of meat along the 

spine and rib region 
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Table 4.6: Microbial levels in smokehouse 

 Floor 

(cfu/cm2) 

Sidewalls 

(cfu/cm2) 

Aerobic Mesophilic Count 6.8 x 101 ND 

ND = Not detected; n = 15 

 

4.2.3.3  Quality of raw material and finished product 

The raw material, eviscerated whole fish used for cold-smoking, and fillets used for 

processing of fish fingers, surimi and fish pâté, were subjected to the following assays 

in Table 4.7 to ensure that raw materials were of highest quality prior to processing. 

TMA was not detected in eviscerated whole fish and fillets, while no colonies were 

detected for Total Enterobacteriacea Counts. The values for TVB-N, pH and Total 

Psychrophilic Count were slightly higher in fillets than in eviscerated whole fish. 

Overall, the raw material was of high quality prior to processing indicating compliance 

of good manufacturing practices. 

Finished products used for consumer acceptance test were only tested for microbial 

levels. Colony formations were not detected in samples which indicated that samples 

were safe for consumption.   

Table 4.7: Quality parameters of raw material and finished product 

Quality parameter Eviscerated whole 
fish Fillets Product samples 

TVB-N (mg N/100g) 3.24 4.78 - 
TMA (mg N/100g) ND ND - 

pH 7.35 7.65 - 
Total Plate Count 

(log cfu/g) 1.5 1.8 ND 

Total Enterobacteriacea 
Count 
(cfu/g) 

ND ND ND 

ND = not detected; n = 5 
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4.3  Consumer Acceptance Test 

A total of 150 consumers participated in the consumer acceptance test that was 

organized in Suva, Fiji. The consumer panelists were intercepted using the central 

location test method to measure the degree of liking of the four value-added tilapia 

products. The results to the three sections of the questionnaire are presented in the 

following sub-sections. 

 

4.3.1 Socio-Demographic characteristics of consumer panelists 

Table 4.8 displays the demographic and social characteristics of consumer panelists for 

the Consumer Acceptance Test. The consumer panelist group (n=150) was largely 

dominated by males (79%). Majority of the consumer panelist belonged to the two 

major ethnic division in Fiji: iTaukei (54.7%) and Fiji Indian (22%). Tertiary graduates 

(50%), full time workers (56.3%) and people belonging to the age groups 35-44 (22%) 

and 45-54 (20%) were dominant as consumer panelists.  

Table 4.8: Demographic and sociological characteristics of consumer panelists 

Characteristics Category Number of Consumers Percentage 
% 

Gender Male 79 52.7 
Female 71 47.3 

Age Group 15-17 5 3.3 
18-25 15 10.0 
25-34 46 30.7 
35-44 33 22.0 
45-54 30 20.0 
55-64 16 10.7 

Over 64 5 3.3 
Level of Education No education 3 2.0 

Some Primary 1 0.7 
Comp. Prim 7 4.7 
Some Sec. 21 14.0 
Comp. Sec 22 14.7 
Incomplete. 

Tertiary 
21 14.0 
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Graduate 75 50.0 
Ethnic background iTaukei 82 54.7 

Fiji Indian 33 22.0 
Rotuman 4 2.7 
European 5 3.3 

Pacific Islander 5 3.3 
Asian 9 6.0 

Part European 9 6.0 
Other 3 2.0 

Employment type* Disabled 0 0.0 
Full time 85 56.3 

Home maker 3 2.0 
Part-time 16 10.6 
Retired 8 5.3 
Student 27 17.9 

Unemployed 12 7.9 
Household or Individual 

annual income 
>$8,999 28 18.7 
9-19000 24 16.0 

20-29 15 10.0 
30-39 11 7.3 
40-49 7 4.7 
50-59 7 4.7 
60-69 10 6.7 
70 + 13 8.7 

Don't know 35 23.3 
* Consumers were allowed to choose more than one category so category percentages do not add up to 
100. n=150 

 

4.3.2 Fish consumption characteristics of consumer panelists 

The consumption characteristics of consumer panelists are displayed in Table 4.9, 

which generally show very low levels of tilapia consumption by the sample population. 

Majority of the consumer panelists (46.7%) consume tilapia only few times of the year 

while 30% have never consumed tilapia at all. In contrast, consumption of marine fish 

was quite high with majority of the consumer panelist consuming marine fish at least 

once a week. Consumption of processed fish was slightly higher than consumption of 

fresh marine fish. Consumer panelists indicated that fish is eaten mostly at home and 

restaurants. A variety of marine fish are consumed by consumer panelists but 
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consumption of Tuna is more common. Consumers generally agreed to statements: 

"Farm-raised (aquacultured) tilapia tastes good" and "Fresh wild-caught fish tastes 

good" and there was so significant difference (P > 0.05) in the response to these 

statements. When asked about what type of processed tilapia product they would prefer 

to buy, majority of the consumers indicated live tilapia as their preference.  

Table 4.9: Consumption characteristics of consumer panelists 

Characteristics Category Number of Consumers Percentage % 

Tilapia consumption 

Few times/yr 70 46.7 
once a month 10 6.7 

2-3times/month 16 10.7 
≥ 2 times/wk 8 5.3 
Once a week 1 0.7 

Never 45 30.0 

Marine fish 
consumption 

Few times/yr 16 10.7 
once a week 43 28.7 

Once a month 13 8.7 
≥ 2 times/wk 33 22.0 

2-3times/month 40 26.7 
Seasonally 5 3.3 

Processed fish 
consumption 

Few times/yr 15 10.0 
once a week 51 34.0 

Once a month 15 10.0 
≥ 2 times/wk 44 29.3 

2-3times/month 25 16.7 

Place fish eaten 

Home 81 54.0 
Party/gathering 3 2.0 

Restaurant 5 3.3 
Both home and restaurant 57 38.0 

Other 0 0.0 

Types of fish 
commonly 
consumed* 

Barracuda 43 28.7 

Coral Trout 37 24.7 
Emperor fish 42 28.0 

Goatfish 19 12.7 
Grouper 73 48.7 
Mackerel 51 34.0 

Mullet 51 34.0 
Parrotfish 49 32.7 
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Ponyfish 20 13.3 
Trevally 55 36.7 

Rabbitfish 46 30.7 
Snapper 59 39.3 
Sweetlip 26 17.3 
Tilapia 37 24.7 
Tuna 74 49.3 
Other 7 4.7 

"Farm-raised 
(aquacultured) 

tilapia tastes good" 

Strongly agree 53 35.3 
Agree 52 34.7 

Neither agree or disagree 37 24.7 
Disagree 8 5.3 

Strongly disagree 0 0.0 

"Fresh wild-caught 
fish tastes good" 

Strongly agree 79 52.7 
Agree 55 36.7 

Neither agree or disagree 9 6.0 
Disagree 6 4.0 

Strongly disagree 1 0.7 

Type of tilapia 
product preferred 

for purchase 

Live 94 62.7 
On ice (gutted) 22 14.7 
Frozen (gutted) 12 8.0 
Frozen-salted 1 0.7 

Brined and smoked 19 12.7 
Ready-to-eat products 24 16.0 

* Consumers were allowed to choose more than one category so category percentages do not add up to 

100; n=150 

The factors that drive the choice and purchase of fresh fish are displayed in fig. 4.2, 

which revealed that appearance is the major factor that influences the purchase of fresh 

fish. 
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Figure 4.2: Factors influencing the purchase of fresh fish 

 
The rating of the factors influencing the purchase of fresh fish is based on a scale of 1-7, where 1 = most 
important, 7 = least important. n = 150 
 
 

A repeated measures ANOVA with sphericity assumed, showed significant difference 

between the attributes considered important when purchasing fresh fish (df = 6, F = 

16.323, P = 0). Post hoc tests using the Bonferroni correction revealed significant 

difference between the pairs showing in table 4.10 below: 

Table 4.10: Summary of pairwise comparison of attributes for fresh fish 

Pair 
i j Mean 

difference 

(i-j) 

P-value 
Attribute Mean Attribute Mean 

1 Freshness 

8.827 

Appearance 8.641 0.186 0.002 

2 Freshness Flavour 8.577 0.250 0.000 

3 Freshness Cost 8.547 0.280 0.000 

4 Freshness Species type 8.562 0.265 0.000 
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5 Freshness Texture 8.413 0.414 0.000 

6 Freshness Size 8.49 0.337 0.000 

7 Appearance  
8.641 

Texture 8.413 0.228 0.000 

8 Appearance Size 8.49 0.151 0.019 

9 Flavour 8.577 Texture 8.413 0.164 0.001 

10 Cost  8.547 Texture 8.413 0.134 0.046 

 

It is, therefore, concluded that freshness, appearance, flavour, cost, species type, size 

and texture are considered important (in decreasing order) when purchasing fresh fish. 

Consumers were asked to rate appearance, flavour, cost, freshness, texture, size, species 

type and brand name from 1 to 7 with 1 = most important and 7 =  least important. The 

response by consumers to factors driving the purchase of commercially processed fish is 

represented by fig 4.3. It shows that cost and brand name appear to be the main factors 

that drive the purchase of commercially processed fish. 
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Figure 4.3: Factors influencing the purchase of commercially processed fish 

 
The rating of the factors influencing the purchase of processed fish is based on a scale of 1-8, where 1 = 

most important, 8 = least important. n = 150 
 

A repeated measures ANOVA with sphericity assumed, shows significant difference 

between the factors considered important when purchasing commercially processed fish 

(df = 7, F = 7.655, P = 0). Post hoc tests using the Bonferroni correction revealed 

significant difference between the pairs shown in table 4.11: 

 

Table 4.11: Summary of pairwise comparison for attributes of commercially processed 

fish 

Pair I j Mean 
difference 

(i-j) 
P-value Attribute Mean Attribute Mean 

1 Flavour 8.584 
 

Texture 8.415 
 

0.169 0.000 
2 Flavour 8.584 Size 8.431 0.169 0.026 
3 Cost 8.616 Texture 8.415 0.153 0.003 
4 Cost Size 8.431 0.201 0.003 
5 Freshness 8.614 Texture 8.415 0.185 0.000 
6 Freshness Size 8.431 0.200 0.001 
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7 Freshness Species type 8.467 
 

0.183 0.041 
8 Texture 8.415 Brand name 

8.628 
-0.146 0.004 

9 Size 8.431 Brand name -0.213 0.006 
10 Species type 8.467 Brand name -0.161 0.006 

 

This may conclude that brand name, cost and freshness play significant roles in 

influencing the purchase of commercially processed fish. Other attributes such as 

flavour, appearance and texture are also considered important (in decreasing order) 

during purchase.  

 

4.3.3 Consumer acceptance of value-added tilapia products 

The descriptive data of appearance, aroma, flavour, texture and overall acceptability 

(OA) of the four test products are displayed by table 4.12.  

Table 4.12: Descriptive data of sensory attributes as rated by the consumer panelists 

Product Attribute Mean 
Score 

Minimum 
score 

Median 
score 

Maximum 
score 

Standard 
deviation 

Surimi Appearancea 6.3 
 

2 2 9 1.686 
Aromab 5.77 1 3 9 1.873 
Flavoura 6.26 1 2 9 1.923 
Texturea 6.21 1 2 9 1.964 
Overall 

Acceptabilitya 
6.2 1 2 9 1.932 

Fish 
Fingers 

Appearanceb 7.21 4 1 9 1.057 
Aromab 6.93 2 2 9 1.319 
Flavoura 6.94 2 2 9 1.367 
Textureb 6.86 2 2 9 1.479 
Overall 

Acceptabilitya 
6.94 2 2 9 1.406 

Pâté Appearancea 6.61 6 2 9 1.678 
Aromaa 6.43 1 2 9 1.884 
Flavoura 6.62 1 2 9 1.992 
Texturea 6.51 1 2 9 1.920 
Overall 

Acceptabilitya 
6.65 1 2 9 1.847 

Cold-
smoked 
tilapia 

Appearanceb 7.29 5 2 9 0.83 
Aromaa 7.35 5 1 9 0.867 
Flavoura 7.49 5 1 9 0.757 
Texturea 7.35 1 1 9 1.043 
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Overall 
Acceptabilityb 

7.51 6 1 9 0.693 

Subscripts in the same row are significantly different (P > 0.05); n = 150 

Consumer response to sensory attributes of surimi is shown in Fig. 4.4. Flavour 

received high acceptability score by majority of the consumers. A one-way ANOVA 

with repeated measures of sensory attributes of surimi elicited a significantly lower 

mean for aroma (P ≤ 0.05). There was no significant difference between other sensory 

attributes. It may, therefore, be concluded that out of all the sensory attributes, 

appearance was most preferred while aroma was least preferred. Correlation of 

attributes using Spearman Rank Correlation at α = 0.01 (2-tailed) showed significant, 

strong correlation between appearance and flavour (r = 0.715), aroma and OA (r = 

0.703), flavour and OA (r = 0.828) and texture and OA (r = 0.798). Strongest 

correlation was seen between flavour and OA (r = 0.828).   

Figure 4.4: Consumer response to sensory attributes of Surimi 

 
 

Consumer response is based on hedonic scale rating: Like extremely (9), Like very much (8), Like 
moderately (7), Like slightly (6), Neither like or dislike (5), Dislike slightly (4) Dislike moderately (3), 
Dislike very much (2), Dislike extremely (1). n = 150 

 

Consumer response to sensory attributes of fish fingers is shown in fig. 4.5. A one-way 

ANOVA with repeated measures for sensory attributes of fish fingers as evaluated by 

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9

Co
ns

um
er

 re
sp

on
se

 (%
) 

Hedonic Score 

Appearance Aroma Flavour Texture OA



82 
 

consumers elicited a significant difference between the hedonic ratings of appearance, 

aroma and texture (P ≤ 0.05). Appearance of fish fingers was most preferred with a 

mean rating of 7.21 while texture was least preferred with a mean rating of 6.86. 

Correlation of attributes using Spearman Rank Correlation at α = 0.01 (2-tailed) showed 

significant, strong correlation between appearance and OA (r = 0.703), aroma and 

flavour (r = 0.719), flavour and texture (r = 0.832), OA and flavour (r = 0.829) with the 

strongest correlation seen between OA and flavour (r = 0.829).  

Figure 4.5: Consumer response to sensory attributes of Fish Fingers 

 

Consumer response is based on hedonic scale rating: Like extremely (9), Like very much (8), Like 
moderately (7), Like slightly (6), Neither like or dislike (5), Dislike slightly (4) Dislike moderately (3), 
Dislike very much (2), Dislike extremely (1). n = 150 

 

Consumer response to sensory attributes of pâté is displayed in fig. 4.6.  While OA of 

pâté was given the highest mean rating (6.65), aroma was rated at the least preferred 

attribute with a mean rating of (6.43). A one-way ANOVA with repeated measures 

showed no significant difference between the sensory attributes of pâté (P > 0.05). 

Correlation of attributes using Spearman Rank Correlation at α = 0.01 (2-tailed) showed 

significant, strong correlation between appearance and aroma (r = 0.775), flavour and 

OA (r = 0.877), texture and OA (r = 0.882). 
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Figure 4.6: Consumer response to sensory attributes of Pâté 

 

Consumer response is based on hedonic scale rating: Like extremely (9), Like very much (8), Like 
moderately (7), Like slightly (6), Neither like or dislike (5), Dislike slightly (4) Dislike moderately (3), 
Dislike very much (2), Dislike extremely (1). n = 150 

 

Consumer response to sensory attributes of smoked tilapia is displayed in fig. 4.7.OA of 

smoked tilapia was given the highest mean rating of 7.51 while appearance was the 

least rated with a mean of 7.29. A one-way ANOVA with repeated measures elicited a 

significant difference between appearance and OA (P ≤ 0.05). Correlation of attributes 

using Spearman Rank Correlation at α = 0.01 (2-tailed) showed significant, strong 

correlation between appearance and OA (r = 0.538), aroma and OA (r = 0.653), Flavour 

and OA (r = 0.770) and texture and OA (r = 0.804). 
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Figure 4.7: Consumer response to sensory attributes of smoked tilapia 

 

Consumer response is based on hedonic scale rating: Like extremely (9), Like very much (8), Like 
moderately (7), Like slightly (6), Neither like or dislike (5), Dislike slightly (4) Dislike moderately (3), 
Dislike very much (2), Dislike extremely (1). n = 150  

 

One-way ANOVA with repeated measures for overall acceptability of all the four 

products showed that significant difference exists between them (df = 3, F = 26.261, P 

= 0.000). Overall acceptability for smoked tilapia was significantly higher while overall 

acceptability of surimi was significantly lowest. Therefore, out of the four value-added 

tilapia products tested, smoked tilapia appealed to the consumers the most. 

 

4.3.4  Overall preference 

The overall preference of value-added tilapia products is displayed in fig. 4.8. One-way 

ANOVA with repeated measures revealed a significant difference between smoked 

tilapia and surimi (P ≤ 0.05).  Smoked tilapia was rated as the most preferred product 

and surimi as the least preferred product by the consumers.  
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Figure 4.8: Overall preference rating of value-added tilapia products by consumers. 

 
Preference rating is based on 1 = most preferred, 4 = least preferred. n =150  

 

4.3.5   Willingness-to-purchase for the value-added tilapia products 

Out of 150 consumer panelists, 93% indicated their willingness-to purchase such value-

added products from tilapia if these are introduced to the local markets. The remaining 

7% of the total consumer panelists were not willing to purchase.   

Figure 4.9: Consumer willingness-to-purchase for value-added tilapia products 
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4.3.6 Effect of socio-demographics on the overall acceptability, preference and 

willingness-to-purchase 

The effect of socio-demographic characteristics on the overall acceptability, preference 

and willingness-to-purchase is displayed in Table 4.13. Using multivariate analysis of 

variance, no significant effect (P > 0.05) of gender, age group, education, ethnicity and 

occupation was found on overall acceptability and preference of any of the four value-

added tilapia products. The socio-demographics did not have any significant effect (P > 

0.05; univariate analysis of variance) on willingness-of-purchase either. This implies 

that overall acceptability and preference of value-added tilapia products and consumers’ 

willingness-to-purchase these products are not influenced by any of the socio-

demographic characteristics of the sample population.  

Table 4.13: Effect of socio-demographic characteristic on overall acceptability, preference 

and willingness-of-purchase of value-added tilapia products 

Socio-demographic 
characteristic 

P-value 

Overall acceptability Preference Willingness-to-
purchase 

Gender 0.291 0.731 0.651 

Age group 0.455 0.455 0.362 

Education 0.645 0.285 0.385 

Ethnicity 0.386 0.425 0.374 

Occupation 0.362 0.385 0/482 

 

 

4.4   Shelf-life prediction 

This section of Chapter 4 provides the results of microbial, organoleptic and chemical 

analyses of the four value-added products during the 20 weeks of shelf-life study at 

refrigerated and frozen storage conditions. The sensory rejection time (SRT) was 

determined through organoleptic assessment. The results of the microbial, chemical and 
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organoleptic assessment were used to estimate the shelf-life of the products when stored 

at -18°C and 5°C. 

 

4.4.1  Microbial Analyses 

The growth patterns of the different microbes assayed for microbiological quality of the 

test products at refrigerated and frozen storage are displayed in Figures 4.10 to 4.13. 

The microbial growth in refrigerated samples was significantly higher (P ≤ 0.05) than 

frozen samples. Variation in the composition of microflora between refrigerated and 

frozen products was clearly distinguished which strongly re-affirm that storage 

temperatures influence the microbial load and subsequent shelf-life of food products. 

The initial psychrophilic total viable count (TVC) ranged from 1.8 to 2.5 log cfu/g in 

the test products and presence of Enterobacteriacea and Staphylococcus aureus were 

not detected in any of the product samples in the initial storage period. 

The initial microbial load of refrigerated cold-smoked tilapia (CST) was ca. 1 log cfu/g 

as shown in fig. 4.10a. Other microbes such as Lactic-acid producing bacteria (LAB), 

yeasts and mould (YM), Enterobacteriacea, S. aureus and psychrophilic Clostridia spp. 

were undetected which suggest that CST was processed in hygienic conditions. Since 

cold-smoking was done at 35°C, the smoking and drying process was not sufficient to 

entirely eliminate the initial microflora. Psychrophilic Clostridia spp. was detected from 

week 3 of storage. Colonies selected from YM films for microscopic examination 

revealed growth of yeasts in refrigerated CSTs. Low counts of yeasts were detected 

from week 6. The maximum acceptable limit of Enterobacteriacea (not more than ≥104 

cfu/g as per NSW Food Authority, 2009) was detected in week 3 of storage with no 

indication of spoilage. Growth of LAB colonies were observed from week 1 of storage 

period. A maximum count of ca. 6 log cfu/g for Enterobacteriacea was recorded in 

week 8. The SRT of refrigerated CST was identified at week 8 of storage period. The 

microflora at SRT was dominated by LAB (ca. 6 log cfu/g), followed by 

Enterobacteriacea (ca. 5 log cfu/g), psychrophilic Clostridia spp. (ca. 4 log cfu/g) and 

yeasts (ca. 3 log cfu/g). 
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Although maximum acceptable limit for Enterobacteriacea was reached in week 3, the 

results suggest that it did not lead to spoilage of refrigerated CST. The microflora at 

SRT of refrigerated CST implies that spoilage may have been caused by combination of 

LAB, Enterobacteriaceae, psychrophilic Clostrodia spp. and yeasts.  

 

Figure 4.10a: Microbial growth in refrigerated cold-smoked tilapia 

 

 

          Line indicates sensory rejection time. 

 

In frozen CST (Fig. 4.10b), the microbial load remained very low. No colonies of 

psychrophilic Clostridia spp, Enterobacteriacea, LAB and YM were detected 

throughout the storage period. Freezing slowed the growth of psychrophilic bacteria. 

The SRT was not detected throughout the frozen storage period. Week 8 is the sensory 

rejection time and is discussed further in Chapter 5: Discussions. 
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Figure 4.10b: Microbial growth in frozen cold-smoked tilapia 

 

            Arrow indicates sensory rejection time was not detected during the 20 week storage trial period. 

 

In refrigerated surimi (Fig. 4.11a), the counts of psychrophilic Clostridia spp. remained 

undetectable throughout the storage period. The initial psychrophilic bacteria count of 

ca. 2 log cfu/g implies that either the cooking process may have been inadequate to 

entirely eliminate the microflora or possibility of post-processing contamination. The 

maximum acceptable limit of 7 log cfu/g for psychrophilic TVC was reached around 

week 3 of the storage period which also corresponded to its SRT. The growth of LAB 

was very slow. The growth rate of Bacillus spp. was slightly higher than LAB and as 

counts of LAB increased, the Bacillus spp. counts decreased. The microflora at SRT 

was characterized by Bacillus spp. (ca. 1 log cfu/g) LAB (ca. 1 log cfu/g) and other 

psychrophilic bacteria; however, the specific spoilage organism for refrigerated surimi 

could not be identified as counts of Bacillus spp. and LAB were too low to cause 

spoilage.  
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Figure 4.11a: Microbial growth in refrigerated Surimi 

 

    Line indicates sensory rejection time. 

 

On the other hand, the microbial growth patterns in frozen surimi (Fig. 4.11b) remained 

at low levels than refrigerated surimi (Fig. 11a). YM, LAB, psychrophilic Clostridia 

spp., Enterobactericea and Bacillus spp. were not detected during the frozen storage. 

While the SRT of frozen surimi was identified in week 15, the results suggests that 

sensory rejection was not caused by microbial load as the microbial load was well 

below the maximum acceptable limit of 7 log cfu/g.  
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Figure 4.11b: Microbial growth in frozen Surimi 

 

        Line indicates sensory rejection time. 

 

The initial psychrophilic TVC of refrigerated fish fingers (Fig. 4.12a) was 2 log cfu/g. 

Since fish fingers was a raw product, the initial microbial load multiplied rapidly at 

refrigerated state making it unacceptable for consumption after 6 weeks of storage. The 

microflora at SRT was dominated by Enterobacteriaceae (ca. 7 log cfu/g) followed by 

LAB (ca. 5 log cfu/g), Bacillus spp. (ca. 4 log cfu/g), psychrophilic Clostridia spp. (ca. 

2 log cfu/g) and yeast (ca. 2 log cfu/g).  
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Figure 4.12a: Microbial growth in refrigerated fish fingers 

 
        Line indicates sensory rejection time. 

 

Frozen fish fingers (fig. 4.12b), on the other hand, showed low counts of microbial 

growth. Only growth of psychrophilic bacteria, Enterobacteriacea and LAB were 

detected during the frozen storage.   

 

Figure 4.12b: Microbial growth in frozen fish fingers 

 
             Arrow indicates sensory rejection time was not detected during the 20 week storage trial period 
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Figure 4.13a: Microbial growth in refrigerated Fish Pâté 

 
           Line indicated sensory rejection time. 

 

Out of the four products, fish pâté was the only product which was sterile at its initial 

storage. No microbial growth was detected in test samples until week 3.The microbial 

flora at SRT in refrigerated fish pâté (Fig. 4.13a) was characterized by presence of 

mould. A high incidence of mould was recorded in week 8 of the storage period.  

However, not all the replicates showed growth of YM in week 8 and beyond which 

suggests inadequate cooling of pâté during packaging. 
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Figure 4.13b: Microbial growth in frozen Fish Pâté 

 
               Arrow indicates sensory rejection time was not detected during the 20 week storage trial period 

 

Psychrophilic count remained very low in frozen fish pâté (Fig. 4.11b) throughout the 

storage period. 

 

4.4.2  Organoleptic Assessment 

Organoleptic assessment was performed to determine the sensory rejection of the four 

value-added tilapia products under study. The changes in the sensory attributes such as 

odour, appearance, flavour, succulence, firmness and level of spoilage of the test 

products are shown in figures 14 to 17. Overall, the sensory score of the test samples 

increased during the 20-week storage period. Multivariate tests with repeated measures 

(using Greenhouse-Geisser) showed significant difference (P < 0.05) between the 

sensory scores of products throughout the storage period.  Significant differences were 

also reported for scores of sensory attributes during the storage period (P < 0.05) and 

for the two storage conditions; refrigerated and frozen (Refer to table 4.13).       
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Table 4.13: Statistics for organoleptic assessment of value-added tilapia products 

Source 
F Sig. 

Partial Eta 
Squared 

Week Sphericity Assumed 1966.420 .000 .804 
Greenhouse-Geisser 1966.420 .000 .804 
Huynh-Feldt 1966.420 .000 .804 
Lower-bound 1966.420 .000 .804 

Week * 
Sensory_Attribute 

Sphericity Assumed 18.350 .000 .161 
Greenhouse-Geisser 18.350 .000 .161 
Huynh-Feldt 18.350 .000 .161 
Lower-bound 18.350 .000 .161 

Week * 
Storage_Condition 

Sphericity Assumed 281.411 .000 .371 
Greenhouse-Geisser 281.411 .000 .371 
Huynh-Feldt 281.411 .000 .371 
Lower-bound 281.411 .000 .371 

Week * 
Sensory_Attribute  *  
Storage_Condition 

Sphericity Assumed 14.841 .000 .134 
Greenhouse-Geisser 14.841 .000 .134 
Huynh-Feldt 14.841 .000 .134 
Lower-bound 14.841 .000 .134 

Within subjects effect as generated by SPSS 18. Sensory attributes refers to the different attributes 
assessed by sensory panelists; storage condition refers to the two storage temperatures studied. 

 

No significant difference (P > 0.05) was reported in sensory scores of all the products in 

weeks 0 and 3 which imply that all products had fresh like characteristics in its initial 

storage period; significant differences in sensory scores of refrigerated products were 

reported from week 3 and onwards. This suggests that deterioration in sensory quality 

of refrigerated products became evident from week 3. Sensory scores of refrigerated 

samples and their frozen counterparts were reported to be significantly different (P < 

0.05) from week 1 of storage. 
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Figure 4.14a: Changes in sensory score of refrigerated cold-smoked tilapia during storage 

period. 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 

The sensory changes in cold-smoked tilapia at refrigerated storage are shown in fig. 

14a. The sample was considered unfit for consumption when 50% of the panelist rated 

the level of spoilage (LOS) as 2 and below. The shelf-life of refrigerated cold-smoked 

fish as determined by panelist was 8 weeks. The average score given for LOS was 2 at 

week 8. Marked change in the score for all the sensory attributes was noted between 

weeks 3 and 8. Spoilage odour was not apparent by week 8 as the malodour was 

masked by the strong smoky odour. Spoilage was detected from the appearance of the 

inner flesh and slight slimy texture. The colour of the inner flesh changed slightly from 

its characteristic fresh, light golden to brown in colour. The texture of the flesh in terms 

of firmness also changed as storage length increased. The flesh of refrigerated cold-

smoked tilapia became more soft and clammy.    
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Figure 4.14b: Changes in sensory scores of frozen cold-smoked tilapia during storage 

period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 

The frozen stored cold-smoked tilapia had fresh-like characteristics during the first 8 

weeks of storage as shown by fig. 4.14b. Changes in the sensory attributes were 

observed from week 8; however, these changes were not significant to be deemed 

spoilt. Frozen cold-smoked tilapia remained within the acceptable limit throughout the 

20-week storage period. 

The sensory changes in odour, appearance, flavour, succulence, firmness and level of 

spoilage (LOS) of surimi stored at refrigerated and frozen storage are shown in fig. 

4.15a and 4.15b. Rapid changes in all the sensory attributes were observed in 

refrigerated surimi from the first week of storage rendering it unacceptable for 

consumption in week 3 of storage. There was no major change in appearance. Sensory 

scores increased gradually for flavour, firmness, odour and succulence as texture 

became clammy, foul odour and taste was detected.       
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Figure 4.15a: Changes in sensory scores if refrigerated surimi during the storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 

 

Frozen surimi, on the other hand, showed slow changes in the sensory scores for 

different attributes tested. The texture (in terms of firmness and succulence) was 

reported to be rubbery and dry as storage progressed. Slight changes in flavour were 

recorded. Marked change in the LOS was observed between weeks 12 and 15, rendering 

frozen surimi unacceptable in week 15. The score for LOS was considerably lower than 

the scores for the rest of the sensory attributes.      
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Figure 4.15b: Changes in sensory scores of frozen surimi during storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 

The sensory changes in refrigerated fish fingers and frozen fish fingers are shown in fig. 

4.16a and 4.16b. The change in sensory scores was slow in the first three weeks of 

refrigerated storage. Rapid changes in all the sensory attributes and LOS was observed 

in weeks 3 and 8. Fish fingers softened and became clammy and discoloured. Sour 

odour was dominant. Refrigerated fish fingers were rendered unacceptable for 

consumption approximately in week 5 by the sensory panelists.   
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Figure 4.16a: Changes in sensory scores of refrigerated Fish Fingers during storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 
 

Changes in sensory scores of frozen fish fingers were quite slow as shown in fig. 4.16b 

below. Marked changes in the sensory scores were observed from week 6 of frozen 

storage. Fish fingers remained within the acceptable range throughout the frozen storage 

period, rendering a shelf-life of more than 20 weeks in frozen storage.   
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Figure 4.16b: Changes in sensory scores of frozen Fish Fingers during storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 

The sensory scores of pâté at refrigerated and frozen storage are shown in fig. 4.17a and 

4.17b below. The sensory scores of refrigerated pâté changed very slowly in the first 6 

weeks of storage. Marked changes in odour, flavour, succulence, firmness and LOS 

were observed from week 6. Changes in sensory scores for appearance remained 

minimal until week 12. Marked rise in sensory scores for appearance were observed 

between weeks 12 and 20 as discoloration and growth of mould was observed. Mouldy 

and sour flavour and softening were also reported by the sensory panelists. Refrigerated 

pâté was rendered unacceptable for consumption in between around week 15.       
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Figure 4.17a: Changes in sensory scores of refrigerated Fish Pâté during storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 

 

Changes in sensory score of frozen pâté were minimal till week 8. Considerable 

changes in sensory scores were observed for flavour, succulence, firmness and odour. 

The scores for the sensory attributes and LOS remained within the acceptable limit 

throughout the 20-week storage period.  
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Figure 4.17b: Changes in sensory scores of frozen Fish Pâté during storage period 

 
Attributes were evaluated using a 7-point pre-defined quality scale: 6 = Excellent, 5 = Very good, 4 = 
Good, 3 = Moderately good, 2 = Poor, 1 = Very poor, 0 = Putrid. Error bars represent the standard error 
of the mean for each attribute. Line drawn at sensory score of 2 indicates sensory rejection time. n = 7 
 

4.4.3  Chemical Analyses 

A multi-factorial analysis of variance study of the chemical analysis showed significant 

difference between the storage period [F (9, 302.00) = 751.375); (P < 0.05)] during the 

20-weeks of shelf-life study using Pillai’s Trace. Significant difference between 

products stored at the two different storage temperatures also differed in terms of the 

different chemical parameters assayed over the 20-week period [F (10.235, 2156); P < 

0.05). There is significant difference (P < 0.05) between the values for different 

chemical parameters over the 20-week storage period and week 0 of the storage period. 

Week 0 was used as the baseline. 

4.4.3.1  pH 

Evolution of pH of food products indicates the deterioration of freshness.  Figure 4.18a 

below shows the trend in pH change during the refrigerated storage of the four test 

product during the 20 weeks of shelf-life study. Between week 0 and week 20, the pH 

of all the four products at refrigerated temperature changed to some extent.  

0

1

2

3

4

5

6

7

0 1 3 6 8 12 15 20

Se
ns

oy
 S

co
re

 

Storage period (weeks) 

Odour Appearance Flavour Succulence Firmness LOS



104 
 

The initial pH of Surimi was 7.65 which remained almost stable until week 5. The 

general evolution of pH of surimi shows slight acidification, however; no major change 

in pH could be seen at its SRT in week 3. Cold-smoked tilapia had an initial pH of 7.60 

which remained almost stable till week 3 which suggests that no major deterioration of 

quality in this period. The trend in pH change of refrigerated CST showed slight 

acidification at SRT in week 8. Similar trend was observed for pâté, except that the pH 

remained stable for a longer time. As with CST and surimi, pâté, too, acidified slightly 

at the time it was deemed spoilt by sensory panelists. Fish fingers with an initial pH of 

5.26 showed a slight rise in pH from week 0 until its SRT. Overall, fig. 4.18a has shown 

that the pH of all the four products at refrigerated condition, except fish fingers, 

decreased during the shelf-life study period. 

Figure 4.18a: Change in pH of test products during refrigerated storage period 

 
 
The SRT for refrigerated products are (i) CST: 8weeks (ii) surimi: 3weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 

Figure 4.18b shows the changes in pH of the four test products at frozen storage 

condition. The changes in pH at frozen storage condition are in stark contrast with 

changes in pH of the products stored at refrigerated conditions. Changes in pH of test 

products stored at refrigerated conditions (fig. 4.18a) showed greater fluctuations than 
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products stored in frozen storage condition. The change in pH of frozen products as 

shown in fig. 4.18b is much less dramatic than refrigerated products as shown in fig.4 

18a. 

Overall, the pH values of frozen samples remained stable throughout the storage period, 

but fluctuation in pH values were recorded for fish fingers in week 5 and for cold-

smoked fish in week 7. 

Figure 4.18b: Change in pH of test products during frozen storage period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 
 

4.4.3.2   Moisture Content 

Figures 4.19a and 4.19b display the changes in the mean moisture content of the test 

samples stored in refrigerated and frozen storage conditions respectively. While, 

moisture content of samples stored in refrigerated and frozen storage conditions show a 

general increase in their values, the change in moisture content (MC) values of frozen 

samples have been significantly lower than refrigerated samples (P ≤ 0). 
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Figure 4.19a shows a general increase in MC of all refrigerated test samples. Only a 

slight increase in MC was recorded at the time of sensory rejection of refrigerated 

samples.   

Figure 4.19a: Change in Moisture Content of test products during refrigerated storage 

period 

 
 
The SRT for refrigerated products are (i) CST: 8 weeks (ii) surimi: 3 weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 

Figure 4.19b below shows the trend in MC of samples stored in frozen condition. Slight 

fluctuations in MC were recorded in all the four samples stored at frozen condition, 

however, no significant difference (P > 0.5) between the moisture content throughout 

the storage period was seen in any frozen sample.    
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Figure 4.19b: Change in Moisture Content of test products during frozen storage period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 

4.4.3.3  Total Volatile Base-Nitrogen (TVB-N) 

Fig 4.20a and 4.20b shows the trend in TVB-N values of the test samples stored in 

refrigerated and frozen storage condition. The overall trend portrayed by refrigerated 

and frozen samples show an increase in TVB-N values. As seen from graphs 4.20a and 

4.20b, TVB-N values of refrigerated samples are significantly higher (P < 0.5) than 

frozen products. 

The refrigerated samples (Fig. 4.20a) had TVB-N values between the range of 3.5 and 5 

mgN/100g. The TVB-N values of all the four refrigerated products remained well 

below the maximum acceptable limit of 35 mgN/100g during their respective shelf-life 

predicted through organoleptic assessment.   

40.0
45.0
50.0
55.0
60.0
65.0
70.0
75.0
80.0
85.0
90.0

0 1 3 5 7 9 11 13 15 20

M
oi

st
ur

e 
Co

nt
en

t (
%

) 

Storage period (weeks) 

Cold-smoked Tilapia Surimi Fish Fingers Fish Pâté



108 
 

Figure 4.20a: Change in TVB-N of test products during refrigerated storage period 

 
 
The SRT for refrigerated products are (i) CST: 8 weeks (ii) surimi: 3 weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 

 
Similar trends were also recorded for frozen samples as can be seen in Fig. 4.20b below, 

however, the change in TVB-N values have been significantly lower (P < 0.5) than 

refrigerated samples. The maximum acceptable limit of 35 mgN/100g for TVB-N was 

never reached in the frozen condition. 
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Figure 4.20b: Change in TVB-N of test products during frozen storage period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 
 

4.4.3.4  Trimethylamine (TMA) 

TMA formation was only detected in refrigerated cold-smoked tilapia (Fig. 4.21). An 

initial 5-week lag phase was recorded in refrigerated cold-smoked tilapia. 

Approximately 4 mg/100g of TMA formation was recorded at termination of its shelf-

life. The results suggest that microflora responsible for production of TMA was present 

only on refrigerated CST.  
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Figure 4.21: Change in TMA of test products during refrigerated storage period 

 
 
The SRT for refrigerated CST: 8 weeks. Error bars represent the standard error of the mean for each 
product. n = 6 

 
 

4.4.3.5  Thiobarbituric Acid Reactive Substances (TBARS) 

The objective rancidity development in the test products stored at refrigerated and 

frozen conditions are shown in Figs. 4.22a and 4.22b respectively. Overall, 

development of rancidity has been very low for all the products at both the storage 

temperatures. For refrigerated samples (refer to fig. 4.22a), development of 

Malonaldehyde (MDA) has been gradual throughout the storage period. In cold-smoked 

tilapia flesh, the development of MDA was almost zero in the first three weeks of 

storage and then gradually increased from week 5 until the sensory termination of shelf-

life. Almost similar trends were seen in development of MDA for fish pâté and fish 

fingers. TBARS values were the greatest in surimi at sensory termination of shelf-life of 

3 weeks. Development of rancidity in skin of cold-smoked tilapia fish showed slightly 

higher values than flesh of cold-smoked tilapia fish throughout the storage period which 

implies that skin may act as a barrier to oxidation. Overall, development of MDA was 

very low in all the refrigerated products 
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Figure 4.22a: Change in TBARS values of test products during refrigerated storage period 

 
 
The SRT for refrigerated products are (i) CST: 8 weeks (ii) surimi: 3 weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 

There was no significant difference (P> 0.5) in the development of rancidity for any of 

the products throughout the storage period.  

Rancidity development in frozen samples (refer to Fig. 4.22b) showed similar trends as 

refrigerated samples. While formation of MDA has been lower in frozen samples, there 

was no significant difference (P > 0.5) in rancidity development between the 

refrigerated and frozen samples. 

The figure below shows that content of MDA in all the four samples stored at frozen 

storage condition increased to some extent but marked change in development of 

rancidity is shown in fish pâté and surimi from weeks 9 and 11. Rancidity in frozen 

cold-smoked tilapia flesh was slightly higher than in refrigerated cold-smoked tilapia 

flesh from weeks 15 and 20. On the other hand, rancidity levels in cold-smoked tilapia 

skin remained lower than flesh of cold-smoked fish. No significant difference (P > 0.5) 

in rancidity levels of the frozen samples were found throughout the storage period.        
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Figure 4.22b: Change in TBARS values of test products during frozen storage period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks. Error bars represent the standard error of the mean for each product. n = 6 
 

4.4.3.6  Other tests 

 

4.4.3.6.1 Salt Content 

Fig 4.21a and 4.21b displays the trend in salt content of test samples stored in 

refrigerated and frozen storage conditions in the 20 week storage period.  
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Figure 4.23a: Change in Salt Content of test products during refrigerated storage period 

 
 
The SRT for refrigerated products are (i) CST: 8 weeks (ii) surimi: 3 weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 

 

The salt content was relatively low in the four test samples and remained almost stable 

throughout the storage period. There was no significant difference (P > 0.5) between the 

salt content of the four test samples stored at refrigerated and frozen storage 

temperatures.     
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Figure 4.23b: Change in Salt Content of test products during frozen storage period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks. Error bars represent the standard error of the mean for each product. n = 6 

 
 

4.4.3.6.2  Water-Phase Salt 

The water-phase-salt (WPS) content in the test samples are shown in figures 4.24a and 

4.24b for refrigerated and frozen storage conditions respectively. 
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Figure 4.24a: Change in Water-phase Salt content of test products during refrigerated 

storage period 

 
 
The SRT for refrigerated products are (i) CST: 8 weeks (ii) surimi: 3 weeks (iii) fish fingers: 6 weeks (iv) 
fish pâté: 15 weeks. Error bars represent the standard error of the mean for each product. n = 6 

 

The WPS remained almost stable until the SRTs of each refrigerated and frozen product 

was reached.  
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Figure 4.24b: Change in Water-phase Salt content of test products during frozen storage 

period 

 
 
The SRT for frozen products are (i) CST: ≥ 20 weeks (ii) surimi: 15 weeks (iii) fish fingers: ≥ 20 weeks 
(iv) fish pâté: ≥ 20 weeks Error bars represent the standard error of the mean for each product. n = 6 
 

4.4.3.6.3 Total phenolic content of smoked fish 

The change in phenolic content of cold-smoked tilapia skin and flesh stored in 

refrigerated and frozen storage condition is shown in figures 4.25a and 4.25b 

respectively. The total phenolic content decreased to some extent in both the storage 

conditions; however, there was so significant difference (P > 0.5) in change in total 

phenolic content of cold-smoked tilapia skin and flesh at refrigerated and frozen storage 

condition during the storage 20-week storage period. 

The initial total phenolic content in skin and flesh of cold-smoked tilapia flesh was 0.39 

mg gallic acid equivalents/g. The total phenolic content remained almost stable after 3 

weeks of storage at refrigerated condition as seen in fig. 4.25a below. There was a slight 

fall in phenolic content after week 3. The fall in phenolic content of inner flesh was 

slightly greater than flesh of smoked fish from week 5. A slight increase in phenolic 

content of inner flesh was recorded from week 9, while phenolic content of smoked skin 

decreased gradually. 
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Figure 4.25a: Change in Phenolic content of cold-smoked fish during refrigerated storage 

period 

 
 
The SRT for refrigerated CST is 8 weeks. Error bars represent the standard error of the mean phenolic 
content of skin and flesh of CST. n = 6 
 

Phenolic content of frozen cold-smoked flesh and skin sample (Fig. 4.23b) remained 

unchanged until week 5. A slight rise in phenolic content of skin was recorded between 

weeks 5 and 7 after which it dropped gradually. Just like in refrigerated cold-smoked 

sample, the phenolic content was higher in skin of smoked fish in the first 7 weeks of 

storage then phenolic content decreased in both skin and flesh but marked fall in 

phenolic content was seen in skin of smoked fish. There was no significant difference 

(P > 0.5) in phenolic content of flesh and skin of cold-smoked fish.  
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Figure 4.25b: Change in Phenolic content of cold-smoked fish during frozen storage 

period 

 
The SRT for frozen CST is ≥ 20 weeks. Error bars represent the standard error of the mean for phenolic 
content of skin and flesh of CST. n = 6 

 

4.4.4    Estimated shelf-life of value-added tilapia products 
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in week 6 but the product was not deemed spoilt. Since CST is classified as a ‘ready-to-
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eliminate the microflora. 
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CST; surimi is also a ‘ready-to-eat’ product. Heating of surimi before consumption is 

recommended to eliminate the microbial flora. 

The SRT of refrigerated fish fingers was 6 weeks but a shelf-life of 3 weeks is 

recommended as deterioration in sensory and microbial quality was recorded from week 

4 and onwards.   

Pâté had the longest shelf-life in refrigerated stated. Microbial and sensory quality 

remained optimal until week 13 but growth of mould rendered in unacceptable from 

week 15. The acidification caused the flavour to become sour as pH decreased during 

the storage period. Hence, a shelf-life of 12 weeks is suggested for refrigerated pâté. 

The values for TVB-N were below the maximum acceptable limit at sensory rejection. 

None of the products were deemed rancid as TBARS values were very low. The pH at 

sensory termination of refrigerated products was higher than the baseline while WPS 

were lower than the baseline. 

 In frozen products, there was no significant change in the different chemical indices 

studied. Microbial flora also remained at low levels throughout the 20-week storage 

period. Hence, shelf-lives of fish fingers, pâté and CST were estimated to be greater 

than 20 weeks. The shelf-life of surimi was estimated to be 15 weeks as texture and 

flavour deteriorated to some extent after 15 weeks of storage, 
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Table 4.14: Estimated shelf-life of refrigerated (5°C) products, spoilage flora and values for chemical indices atsensory rejection* 

Product Estimated 
shelf-life 

Spoilage Flora** 
 

pH 
 

WPS 
(%) 

TVB-N 
(mgN/100g) 

TMA 
(mgN/100g) 

TBARS 
(mg 

MDA/kg) 

Total Phenolic 
Content 

(mg Gallic Acid 
equivalent/g) 

i f i f i f i f i f i f 

Cold-
smoked 
tilapia 

6 weeks 

Enterobacteriacea
, Psychrophilic 
bacteria, LAB, 
Psychrophilic 
Clostridia spp, 

Yeasts 

7.60 7.42 4.24 3.85 3.3 > 25 ND ca. 
4 

Flesh
: 
0.00
1 
Skin: 
0.00
2 

Flesh: 
ca. 

0.01 
Skin: 
ca. 

0.01 

Flesh: 
0.39 
Skin: 
0.39 

Flesh: 
0.28 
Skin: 
0.36 

Surimi 2 weeks 

Psychrophilic 
bacteria, Bacillus 

spp, 
Enterobacteriacea 

and LAB 

7.65 7.43 1.39 1.37 5.0 14 ND ND 0.00
2 

ca. 
0.018 NA 

Pâté 12 weeks Yeasts and mould 6.30 4.20 3.00 2.62 5.0 24 ND ND 0.00
3 0.05 NA 

Fish 
Fingers 3  weeks 

Psychrophilic 
bacteria, 

Enterobacteriacea
, Bacillus spp., 

LAB, and Yeasts 

5.26 ca. 
6 5.24 5.01 3.6 14 ND ND 0.00

4 0.01 NA 

 
*The shelf-life of value-added tilapia products stored at 5°C was estimated by combining the results of organoleptic assessment, microbial and 
chemical analysis. i denotes initial values at start of storage period and f denotes values at sensory rejection time.  
** The spoilage flora at sensory rejection is listed in descending order.  
NA = Not applicable; ND = Not detected
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Table 4.15: Estimated shelf-life of frozen products (-18°C) and values for chemical parameters at sensory rejection* 

Product Estimated 
shelf-life 

Spoilage Flora** 
pH WPS 

(%) 
TVB-N 

(mgN/100g) 
TMA 

(mgN/100g) 
TBARS 

(mg MDA/kg) 

Total Phenolic 
Content 

(mg gallic acid 
equivalent/g) 

i f i f i f i f i f i f 

Cold-
smoked 
tilapia 

≥ 20 
weeks 

Psychrophilic 
bacteria 

7.67 7.35 4.24 4.19 3.3 25 ND ND 

Flesh: 
0.001 
Skin: 
0.002 

Flesh: 
0.03 
Skin: 
0.03 

Flesh: 
0.39 
Skin: 
0.37 

Flesh: 
0.3 

Skin: 
0.2 

Surimi 15 weeks 
Psychrophilic 
bacteria 

7.65 6.36 2.42 2.45 5.0 17 ND ND 0.002 0.05 NA 

Pâté 
≥ 20 

weeks 
Not detected 6.32 6.36 3.00 3.14 5.0 15 ND ND 0.003 0.06 NA 

Fish 
Fingers 

≥  20 
weeks 

Psychrophilic 
bacteria and LAB 

5.26 5.61 4.14 4.32 3.6 16 ND ND 0.004 0.03 NA 

 
*The shelf-life of value-added tilapia products stored at -18°C was estimated by combining the results of organoleptic assessment, chemical and microbial 
analyses. i denotes initial values at start of storage period and f denotes values at sensory rejection time. 
** The spoilage flora at sensory rejection is listed in descending order.  
NA = Not applicable 
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4.4.5  Correlations between the different indices studied 

The correlation or the degree of linear association between the different indices 

studied is displayed by table 4.16. The strongest correlation was observed between 

(i) pH and TVB-N and (ii) Phenolic content and TBARS in CST. This implies that 

increase in production of TVB-N cause an increase in pH while increase in phenolic 

content slows down TBARS (rancidity) development. pH influenced the 

development of TBARS, level of spoilage (LOS) and psychrophilic growth to some 

extent. A weak correlation was observed between the following: (i) LOS and 

psychrophilic growth, (ii) TVB-N and LOS, (iii) TVB-N and TBARS, (iv) TVB-N 

and psychrophilic count and (v) WPS and psychrophilic count. The development of 

TVB-N, TBARS and the level of spoilage were influenced by phenolic content in 

CST and by WPS in all the products.  

Table 4.16: Correlation between the different indices studied 

 TVB-N TBARS 
Level of 

spoilage 

Psychrophilic 

Count 

pH 0.97 0.85 0.87 0.87 

TVB-N - 0.67 0.68 0.76 

Level of 

spoilage 
- - - 0.64 

Phenolic 

content* 
0.85 -0.9 0.86 0.67 

WPS 0.75 0.72 0.76 0.63 

The correlation coefficients between chemical indices were determined using linear regression. 
 * Results specifically for cold-smoked fish.
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Chapter 5: Discussion 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

The current research was undertaken to develop value-added products from tilapia, 

measure the degree of liking and acceptance by consumers and predict the shelf-life 

of these products. This research is of high significance as discussed in Chapters 1 

and 2. Various methods were employed as presented in Chapter 3 to achieve the 

objectives outlined in chapter 1. This chapter provides discussion to the results 

outlined in Chapter 4. A general concluding statement and limitations of the research 

are also provided. 

 

5.1 Preliminary activities and post-harvest processing of tilapia 

The significance and impact of bacterial load of pond environment and fish and 

issues with size of tilapia and subsequent fillet yield are discussed in the following 

sub-sections. 

5.1.1 Pond water quality and bacterial load of tilapia 

The consumption of fresh tilapia is on the increase in Fiji and consumption is slowly 

moving towards commercialization. However, there is dearth of information on the 

bacterial load in tilapia cultured in Fiji. Fertilization of tilapia ponds with chicken 

and/or duck feaces is a common practice in Fiji. Sometimes integrated farming with 

livestock is also employed with tilapia farming. It was suspected that feacal matter 

from these sources contaminates the ponds which would affect the post-harvest 

quality of fish.  Thus, the present study was designed to investigate the total 

bacterial and total Enterobacteriacea count in pond water, skin, gills and gastro-

intestinal tract of cultured tilapia from two major farms in Fiji; Navua Prawn Farm 

(NPF) in Navua and Naduruloulou Aquaculture Research Station (NRS) in Nausori 

and to clarify the relationship between the bacterial and enterobacterial load of 

tilapia and that of the pond culture environment of these two farms. The 

Enterobacteriaceae is a large family of Gram-negative bacteria that includes many 

harmless symbionts and pathogens such as Salmonella, Escherichia coli (E. coli), 

Yersinia pestis, Klebsiella, Shigella, Proteus, Enterobacter, Serratia, and 

Citrobacter (Harrigan, 1998). While these bacteria are not normal inhabitant of fish 
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flora, they have been isolated from the stomach and intestines of fish (Guzmán et al., 

2004).  

The physiochemical parameters of the two tilapia farms studied were not within the 

suitable range for tilapia culture in the Pacific as per the guidelines provided by 

Nandlal and Pickering (2004). The dissolved oxygen (DO) was lower at NRS than 

the recommended level of >3mg/L. The turbidity levels of both farms were also 

much lower than the recommended levels of 30-35cm (secchi reading) provided by 

Nandlal and Pickering (2004). The turbidity of pond water and low DO may be 

attributed to high density of algal and plankton growth, especially at NRS which 

would have created higher biological demand for oxygen (BOD). 

This is the first study on the total bacterial load of tilapia in Fiji. The results showed 

high bacterial load in pond water at both the farms; 6.7 x 103 cfu/mL at NPF and 

2.98 x 105 cfu/mL at NRS. Similar results were obtained by Al-Harbi and Uddin 

(2005; 2003) in brackish water ponds for tilapia in Saudi Arabia. Al-Harbi and 

Uddin (2005) found total viable count (TVC) as 1.4 ± 1.5 x 103 to 8.6 ± 2.7 x 103 

cfu/mL in brackish water ponds for tilapia in Saudi Arabia, while Al-Harbi and 

Uddin (2003; 2003) reported a TVC in earthen tilapia ponds of 5.6 ± 0.8 x 103 to 2.4 

± 1.2 x 104 cfu/mL at temperatures 27–28 °C. The current study also showed similar 

results for NPF but not for NRS. The microbial load reported for NRS in the present 

study is relatively high than as reported by literature. The high bacterial load may be 

attributed to the high ambient temperature of the pond water which was close to 

optimum for many mesophilic bacteria in natural systems (Newaj-Fyzul et al., 2008) 

and also due to pond water not being changed frequently.  

The Total Enterobactericea count in pond water was the highest for NRS as a cage 

for rearing ducks was housed just above the sampling tilapia pond. The fecal matter 

was washed daily into the ponds for fertilization purpose. The nutrients (from feacal 

matter) supports the growth of plankton and other micro-organisms which are 

consumed by the fish with little additional feeding taking place (Balasubramanian et 

al., 1992). The pond water change is not frequent at NRS. Partial water change is 

done once every month or during raining days, when pond water is allowed to drain 

partially to prevent overflowing in the ponds. Whereas, at NPF, chicken feaces is 

packed in 25kg cotton bags and placed in ponds each month for fertilization. Water 
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change of ca. 50% is done every afternoon at NPF, resulting in low turbidity and 

high DO content than NRS. Sources of Enterobacteriacea into tilapia ponds could 

be varied; however, poultry fecaes used for fertilization purpose appears to be the 

most obvious contaminant. Normally, to determine the sanitation and hygiene of 

aquaculture ponds, counts of feacal coliforms and/or E. coli are used. The World 

Health Organization’s guideline is that the fishpond water should have a faecal 

coliform count of ≤1000 per 100 ml (WHO, 1989). Based on the Total 

Enterobactericea count of the two farms, the present study indicates that tilapia 

ponds at NRS are of low microbiological quality. Pullela et al. (2000) demonstrated 

lower faecal coliform count in tilapia reared in a re-circulating system than tilapia 

cultured in a non-circulating system. The results of the present study re-affirms the 

preceding findings of Pullela et al. (2000) as bacterial load of pond water and fish 

tissues were significantly lower in tilapia reared in re-circulating system at NPF than 

pond water and tilapia reared in a non-circulating system at NRS. 
 

NPF had lower bacterial load in the pond water than NRS; similar trends were seen 

in fish caught from two farms. Al-Harbi and Uddin (2004) reported the intestinal 

bacterial load of fresh water tilapia in Saudi Arabia as 6.8 x 106 to 7.5 x 107 cfu/g. 

Al-Harbi and Uddin (2005) reported 8.7 x 105 to 2.1 x 106 in gills of tilapia reared in 

brackish water and 7.1 x 105 8.7 x 106 cfu/g in gills of hybrid tilapia reared in earthen 

ponds in Saudi Arabia was reported by Al-Harbi and Uddin (2003). All these 

authors reported higher microbial load in gills and intestine than the corresponding 

pond environment. Intestinal microflora of fish or contamination of fish as a result 

of enteric bacteria of human or animal origin have been responsible for various food 

spoilages (Cahill, 1990). 

 The presence of a high bacterial load in gills and intestine of fish might be due to 

high metabolic activity of fish associated with increased feeding rates at higher 

temperatures (Al-Harbi and Naim Uddin, 2004). On the contrary, results of the 

current show that bacterial load of pond water and on fish tissues to be almost 

similar at a temperature of 25-26°C.  

Intestinal microflora of fish has also been shown to be influenced by the microflora 

of the ingested feeds (Savas et al., 2005).  It has also been mentioned that the 

intestinal flora composition of fish is related to the degree of bacteriological 
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contamination of the food consumed (Pal and Gupta, 1992; Savas et al., 2005). 

Tilapia is a voracious feeder and mainly feeds on the detritus organic matter. Both 

free-living and particle bound bacteria are usually associated with particulate 

organic matter and are consumed by fishes such as carp and tilapia (Savas et al., 

2005). The microflora of pelletized feed was not investigated due to time and budget 

constraints; however, it would be worthwhile to investigate the microbial load of 

pelletized feed used for feeding tilapia. 

Purged fish from NRS, on the other hand, showed considerable reduction in Aerobic 

Mesophilic Count and Total Enterobacteriacea Count in gills, gastro-intestinal tract 

and on the skin of tilapia. It was in depurated fish, that higher bacterial and 

enterobacterial load was found than in gills and on skin. The higher count of 

bacterial load in the gastro-intestinal tract could be due to fish being purged for only 

two hours. Balasubramanium (1992) reported that the bacterial reduction in the gut 

content of different species ranged between 63 and 78% after 20 days of depuration. 

Longer hours of purging may be required to further decrease the bacterial load in 

fish. 

Studies on the microbiological quality of fish raised in wastewater-fed fishponds  

have indicated that faecal bacteria may penetrate the fish flesh when fish is grown in 

highly polluted water whereas other studies found no or little penetration of micro-

organisms in aquaculture environments in which the fish were not stressed (Cam et 

al., 2007). The present study showed no penetration of micro-organisms into the fish 

flesh which indicates that the aquatic environment may not be highly polluted as 

may occur in wastewater-fed ponds.  

The present study has re-affirmed that bacterial flora of fish reveals the 

bacteriological conditions of the water where fish inhabit. High bacterial and 

enterobacterial load of pond water led to establishment of these bacteria in fish gills, 

skin and gastro-intestinal tract. This has implications for post-harvest quality and 

shelf-life as contamination may affect the storage life and quality of the fishery 

products. Contamination may result from rupturing of the fish intestine during 

processing and/or from inadequate washing. For future commercialization of tilapia 

in Fiji, this data is required for the development of preventive measures to safe guard 

against infectious agents that could cause disease and post-harvest losses. Aquatic 



127 
 

microorganisms not only influence the water quality but are also known to be 

closely associated with the physiological status of the fish, disease and postharvest 

quality. It is recommended that tilapia farmers practices proper purging of tilapia 

before sale and proper sanitation and hygiene to be maintained during handling of 

fish to extend storage life of fish and fishery products and to prevent spread of 

infection to humans. It is important that initial microbial load of fish is at safe levels 

in order to prevent contamination and food-borne diseases.  

 

5.1.2 Fillet yield 

Fillets in the current study were used for the processing of meat-derived products: 

pâté, fish fingers and surimi. The brief market survey revealed that meat-derived 

products and fillets form an important component of the seafood market in the three 

supermarkets under study. As such, determination of fillet yield of tilapia is 

important for production of meat-derived fishery products. Filleting yield of GIFT 

tilapia in Fiji was determined using the three-step procedure for manual removal of 

fillets. Fillet weight is an economically important trait in Nile tilapia production for 

the US, European and East Asian markets which asks for fish with average body 

weights of at least 700g (Rutten et al., 2005). However, the low fillet yield (fillet 

weight/body weight) has become an issue as processors implement additional trims 

and deeper skinning at the request of customers (Fitzsimmons et al., 2011). This has 

become a problem in tilapia breeding programs having fillet yield as a goal, since 

the best range of weights for reproduction is around 200–250g (Nguyen et al., 2010). 

Despite the importance of fillet in the market, sales of meat-derived products like 

sausages and nuggets are also extremely important to maintain the production chain 

(Turra et al., 2012). 

 
The current study showed that GIFT tilapia in Fiji has a fillet yield of 34% (fillets 

without skin, scales and ribs) when manually filleted and is in agreement with 

Nguyen et al. (2010), who reported an estimate fillet yield of 31.1–34.9%, based on 

manually skinned fillets, in different generations of GIFT tilapia. Rutten et al. (2005) 

reported considerably higher fillet yield of 38% (based on fillets without scales, but 

with skin and ribs) in GIFT tilapia compared with other breeds of Nile tilapia. 
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Reported fillet yields of Nile tilapia show large variation (34–45%) (Garduño Lugo 

et al., 2003; Nguyen et al., 2010; Rye et al., 2011; Rutten et al., 2005; Rutten et al., 

2004; Gjerde et al., 2012) due to different methods used for filleting. Turra et al. 

(2012) reported a field yield of 46.5%, which is much higher than values reported in 

literature. Fillets were removed in a different manner with skin and ribs being 

retained which increased the yield. 

The three-step used in the present study for manual removal of fillet i.e when the 

fillet over the ribs is taken out, when the fillet is skinned and when the second fillet 

is taken from the opposite side of the fish; increased the variation of result (Turra et 

al., 2012) and also led to lower fillet yield than as reported by Rutten et al. (2005) 

and Turra et al. (2012). Turra et al. (2012) postulated that errors in the process of 

fillet removal may reduce fillet yields due to removal of skin, retention of meat in 

the ribs and fillet processing of the other side of the fish carcass. 

Generally, the fillet yield from tilapia is much lower than those of Atlantic salmon 

(Salmo salar, 62–69%) (Einen et al., 1999) and rainbow trout (Oncorhynchus 

mykiss, 63–65%) (Kause et al., 2007), but equal to or slightly higher than those of 

river catfish (Pangasianodon hypophthalmus, 34%) (Sang et al., 2009), common 

carp (Cyprinus carpio, 35%) (Cibert et al., 1999) and sea bass (Dicentrarchus 

labrax, 34%) (Saillant et al., 2009). 

The fillets that were produced in the present study were manually removed from an 

average weight of 0.365kg fish. The size of fillets, with an average weight of 

0.124kg, appeared very small and less attractive after trimming. Rye et al. (2011) 

demonstrated that skinning of fillets reduced the fillet yield of Nile tilapia by 7.1%-

units and trimming by additional 4.3% units compared with estimates based on skin-

on fillets. As per Gjerde et al. (2012) high fillet yield in a small fish has smaller 

value than the same fillet yield in a bigger fish and Nguyen et al. (2010) reported 

that marketing systems in major tilapia-producing countries are shifting from 

payment based on whole-fish live weight to fillet weight. As such, if Fiji has to enter 

tilapia fillet export business, then bigger sized fish needs to be produced to access 

and sustain in international markets.    

Several studies have demonstrated that tilapia fillet quality can be genetically 

manipulated (Nguyen et al., 2010; Rye et al., 2011; Rutten et al., 2005; Rutten et al., 
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2004; Gjerde et al., 2012). Genetic improvement in traits like meat, fillet and carcass 

yield, may reduce processing cost because fewer live fish would be necessary to 

produce the same amount of fillet or derived products for the market (Turra et al., 

2012). A number of selection criterions are available for increasing fillet yield from 

tilapia. For instance, Gjerde et al. (2012), showed considerable higher fillet yield in 

the younger and larger-sized base population. The negative effect of age on fillet 

yield could be due to increased visceral percentage or other physiological changes 

caused by sexual maturation and breeding activities (Rye et al., 2011). Considering 

carcass and fillet weight as target traits, Turra et al. (2012) suggested body weight as 

the selection criterion. However, Gjerde et al. (2012) and Nguyen et al. (2010) argue 

that improving fillet yield of Nile tilapia is of marginal economic importance 

compared with that of body weight due to its relatively smaller importance of 

improving the fillet weight.  

Considering the status of tilapia farming (as discussed in chapter 2) in Fiji, the 

commercial and semi-commercial tilapia farms should be encouraged to produce 

tilapia with a body mass of  ≥700g. Larger fish is not only important for fillet market 

but also for producing meat-derived value-added products. Removal of fillets from 

current market-size fish results in production of a lot of carcasses which currently 

would have no use in Fiji. These carcasses, however, could be used for tilapia feed 

manufacturing as replacement for marine fish meal to reduce post-harvest losses. It 

is recommended that the Department of Fisheries (DoF) should also employ efficient 

breeding programs as new information about genetic traits and production 

conditions are obtained. This will enable Fiji to meet the interests of both tilapia 

producers and processors as tilapia aquaculture sector slowly treads towards 

commercialization. 

 

5.2 Consumer Acceptance Test 

The consumer acceptance test was conducted to measure consumer acceptance and 

degree of liking of the four value-added tilapia products based on their sensory 

properties. A total of 150 consumer panelists were intercepted through the central 

location test (CLT). The consumer acceptance test provided validated data that could 
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be very essential for further work on processing and successful marketing of tilapia 

in Fiji.  

 

5.2.1 Socio-demographic and consumption characteristics of fish consumers 

The results from the consumer sensory testing revealed that the current tilapia 

consumption is very low in Fiji, whereby, 30% of the sample population (n=150) 

have never consumed tilapia. Most consumers assumed that fresh, live tilapia is dirty 

in flavour, which appear to be consistent with the negative connotations of earthy 

flavour associated with most freshwater aquacultured fish. Similar response was also 

reported by Drake et al. (2006) for aquacultured Southern Flounder (Paralichthys 

lethostigma). Many freshwater aquacultured fish have been found to exhibit earthy 

off-flavour. The earthy/musty flavour is caused by geosmin (GSM) or 2-

methylisoborneol (MIB) produced by cyanobacterium (blue-green algae). This type 

of algae is naturally and ubiquitously present in outdoor ponds and when consumed 

by fish, GSM and MIB are stored in fish tissue giving the fish flesh the earthy/musty 

off-flavour (Tucker, 2000).  

The low consumption of tilapia by the sample population re-affirms the need for 

development of variety of new products forms which better appeal to consumers. 

The attempts made by the Fiji Government and other supporting institutes to 

increase production from tilapia aquaculture cannot not be assimilated in just fresh 

form. Development of new product forms, improved quality and better marketing of 

cultured tilapia (Fitzsimmons, 2006) has become more imperative in Fiji than before 

as the present study found that there is little scope for commercialization of tilapia in 

just fresh/live form. 

The consumption of marine fish was in stark contrast with consumption of tilapia in 

the sample population. The various types of marine fish consumed by the sample 

population shows the high dependence on reef and other marine fish for protein. The 

high level of consumption of fresh, marine fish is a characteristic of Pacific Island 

countries (PICs). In the sample population, the consumption of fresh, marine fish is 

slightly lower than consumption of processed fish. Since the sensory test was 

conducted at central Suva City, majority of the respondents may have been from 
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urban centers where convenient, processed fish products are favoured over fresh fish 

due to their busy city lifestyles. 

When probed about their feelings on the statement “Farmed –raised tilapia tastes 

equal to marine fish” and “fresh wild-caught fish tastes good” the consumers 

generally felt positive about the two statements and there was not a significant 

difference in the distribution of responses between the two statements. Similar 

sentiments for aquacultured Southern Flounder were also indicated by consumers in 

a study by Drake et al. (2006). Sensory research under controlled testing has shown 

that farmed fish normally exhibit different sensory properties than wild fish (Haard, 

1992). Meat from farmed fish tends to be softer in texture, and has milder, less 

robust flavor than free-living fish (Mohr, 1986). However, from the responses to the 

statements about cultured and wild fish, it seems that most consumers are unable to 

discern these differences between wild fish and cultured fish. 

Prior to evaluation of value-added tilapia product samples, 62% of the sample 

population opted to buy live tilapia. The variation in response to “types of tilapia 

products preferred for purchase” could possibly be due to consumers not being 

aware of such possibilities with tilapia. This implies that we need to encourage 

consumer recognition of value-added products of tilapia. At the end of sensory 

testing of value-added tilapia products, the consumers’ expectation of processed 

products from tilapia was evolved in a positive way as many favourable outcomes 

were obtained which are discussed.  

The results for factors influencing the purchase of fresh fish show that freshness, by 

far, is the most significant factor considered when purchasing fish. Appearance and 

flavour are also important factors that influence the purchase of fish. A previous 

study conducted by Drake et al. (2006) also demonstrated freshness to be the most 

important factor influencing the choice of fish. For commercially processed fish 

products, brand name and cost were the most important drivers of consumer’s 

choice. Brand name is regarded as being very useful when consumers are choosing 

between competing items. It is, therefore, likely that the presence of a well-

established brand on the label will be a potent influence in formulating the sensory 

expectations of consumers as well as influencing their choices (Di Monaco et al., 

2004). This finding is very important for commercial enterprises that may be 



132 
 

interested in processing of similar products from tilapia. Previous studies by Di 

Monaco et al. (2004), Monaco et al. (2003) and Guinard et al. (2001), have 

demonstrated that non-sensory variable such as brand name and price of food 

products are major determinants of consumer behavior than sensory variables such 

as taste and odour. Thus, it is very crucial that such value-added products from 

tilapia have a trusted brand name, a reasonable price and good quality to ensure 

success of tilapia products in the commercial market. 

 

5.2.2 Acceptance and preference of value-added tilapia products 

The majority of consumer panelists, regardless of age or gender, indicated strong 

liking [acceptance score between 1 (like extremely) and 3 (like moderately)] for 

appearance, texture, flavor and overall acceptance of the four value-added products 

from tilapia. Out of the four test product samples, consumer panelists gave low 

ratings to odour (average score of 3.23) and overall acceptability (average score of 

2.8) of surimi. Surimi has a strong Asian flavour and our results indicate that it is not 

well accepted by the sample population due to its characteristic fishy aroma.  

Consumer acceptance of processed foods is influenced predominantly by the 

intrinsic appeal of their appearance (Haard, 1992). However, in the present study, 

the overall acceptability was mostly influenced by flavour.  Based on overall 

preferences of consumers, cold-smoked tilapia was ranked as the most preferred 

product, followed by fish fingers and fish pâté. Surimi was the least preferred 

product. In contrast, a pilot study of consumer acceptance of same value-added 

products (except fish fingers) from tilapia in Samoa revealed fish pâté being the 

most preferred product followed by cold-smoked tilapia and surimi (Natasha et al., 

2011). 

Over 90% of the consumer panelists indicated their willingness-to-purchase such 

value-added products from tilapia which is very encouraging for future marketing 

work. The consumer panelists’ evaluations of value-added products from tilapia, 

especially of cold-smoked fish, fish fingers and fish pâté, may be taken as indicating 

that these products can be marketed and sold to wider consumers. 
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Gender and age are physiological states that influence individuals' food consumption 

patterns (Axelson, 1986). In the present study, no significant effect of gender was 

found on overall acceptability, overall preferences and willingness-to-purchase. 

Previous studies have reported differences in liking of food products between 

genders (Harrison et al., 2001; Kubberød, 2002; Shaviklo et al., 2011; Verbeke, 

2005).  Age is one of the important variables in explaining food cognition and 

consumption (Axelson, 1986). Age had also been suggested to be an important 

determinant of seafood consumption behaviour and is also positively related to the 

frequency of seafood consumption (Olsen, 2003). However, no such association (P 

> 0.05) was detected between overall acceptability, overall preference and 

willingness-of-purchase of tilapia products and age group. The results, thus, indicate 

that tilapia value-added products could be easily assimilated by consumers of all age 

groups in Fiji.  

Previous studies have shown that purchase intent and acceptance are affected by 

education/profession, income and ethnicity (Axelson, 1986; Corredor et al., 2010; 

Myrland, 2000; Nielsen et al., 2002; Shaviklo et al., 2011; Verbeke and Vackier, 

2005). In the present study, the overall acceptability, overall preference and 

willingness-to-purchase was not shown to be affected by education, ethnicity, 

occupation and income. This probably could be due to the strong tradition for 

consumption of seafood by people of all age, gender and all works of life in Fiji. The 

per capita consumption of fish in Fiji is in stark contrast with the world per capita 

consumption of 16kg.  The national annual per capita fish consumption in Fiji was 

estimated as 20.7kg, while urban, rural and coastal communities have an annual per 

capita fish consumption of 15kg, 25.3kg and 113kg respectively (Bell et al., 2008). 

Any fish-based product may be readily acceptable by consumers as long as they are 

appealing in terms of flavour, whereas, in other countries (Olsen, 2003) seafood 

consumption increases with age which is mediated by attitudes toward eating 

seafood, health involvement and perceived convenience. Price has also been 

reported by Sveinsdóttir et al. (2009)  as one of the barriers to fish consumption in 

other countries which do not have a string tradition of eating fish as Fiji does. 

An assessment of consumer willingness-to-pay for such types of value-added 

products of tilapia revealed that consumers are very enthusiastic about purchasing 

these should they enter the local markets. The consumers indicated that these 
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products have new tastes compared to those already in the markets and would be 

great ideas for school lunch, snacks and chasseurs. Some consumers suggested that 

such products should also be marketed in hotels, resorts and Fiji’s international 

airline’s in-flight meal service. There was a clear indication by consumers that 

smoked tilapia should be introduced into the local market. Currently, sale of smoked 

fish is rare except for smoked salmon and smoked marlin in two of Suva’s renowned 

supermarkets, which is relatively expensive. 

The findings from this consumer sensory test has shown that cold-smoked fish, fish 

fingers and fish pâté can be marketed and sold to consumers. Since surimi received 

significantly lower acceptance, further work of marketing is not recommended with 

this product. The preference of cold-smoked tilapia was in stark contrast with 

preference for fish fingers and fish pâté. Since the preference for such value-added 

products from tilapia is not limited by consumer demographics, commercial 

production should be encouraged. Food processors may target the three most 

preferred tilapia products or just opt for cold-smoked tilapia due to its wide 

popularity among the sample population in the current study.   

A limitation of this study is that only four product attributes: overall appearance, 

overall odour, overall texture and overall flavour; were analyzed to study their effect 

on consumer acceptance. A detailed description of the sensory attributes was not 

available to investigate how sensory quality corresponded to consumers liking of 

different value-added tilapia products so that further improvement could have been 

made in terms of sensory quality of these products. Consumer acceptance also 

depends on factors such as branding and price. Further research to examine these 

factors is recommended. Another limitation of the study is its reliance on a relatively 

small geographically concentrated sample. Consequently, caution should be 

exercised in generalizing the results outside the study area. Other important factors 

that also need to be considered before stepping into commercial production are the 

supply of raw material needed for value-adding, equipment and technology needed 

to make the changes and the market Further research is also recommended to 

determine if such value-added tilapia products can be produced in a commercial 

setting with application of seafood HACCP regulations and other industry standards, 

what type of equipment and technology are needed to for value-adding and if the 

supply of tilapia and size of fish are reliable and consistent. An extensive market 
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research accompanied by a cost-benefit analysis to determine financial feasibility is 

also strongly recommended. 

5.3 Shelf-testing of value-added tilapia products 

The shelf-life of vacuum-packed cold-smoked tilapia (CST) was estimated by the 

sensory panels to be 6 weeks at a storage temperature of 5°C , while at frozen 

storage of -18°C, the shelf-life can be extended to over 20 weeks. No reported study 

on cold-smoked tilapia has been found in literature, whereas, considerable amount of 

work has been done on cold-smoked salmon. Previous works on cold-smoked 

salmon (Salmo salar) have indicated a limited shelf-life ranging from 3 to 6 weeks 

at 5°C (Joffraud et al., 2006) and 5 weeks as shelf-life of cold-smoked rainbow trout 

(Oncorhynchus mykiss) (González-Rodrı́guez et al., 2002). The present study has 

shown that shelf-life of cold-smoked tilapia to be slightly higher than cold-smoked 

salmon and trout. The difference in shelf-life of these commodities could most likely 

be due to the intrinsic and extrinsic parameters such as water activity, pH, initial 

microbial load of fish and hygiene and sanitation of processing area and smokehouse 

(Truelstrup Hansen and Huss, 1998). Another factor which could lead to the 

differences in shelf life is the fact that cold-smoked salmon and trout as sold as 

slices whereas in the present study, tilapia was cold-smoked as whole fish. The skin 

acts as a barrier to bacterial invasion during processing, whereas, fillets or skinless 

slices of fish become more exposed to bacterial invasion and oxidation.  

At the termination of shelf-life of refrigerated CST, the spoilage flora was 

dominated by Enterobacteriacea, Psychrophilic bacteria, LAB, Psychrophilic 

Clostridia spp, yeasts and mould (in descending order of dominance). The high 

incidence of Enterobacteriacea in spoiled CST could possibly be attributed to high 

prevalence of Enterobacteriacea in the rearing pond. The fish sample used for cold-

smoking was supplied by NRS which were not purged. Other studies on the 

microbial ecology of smoked salmon has demonstrated the dominance of various 

species of LAB on spoiled cold-smoked salmon (Dondero et al., 2004; Joffraud et 

al., 2001; Truelstrup Hansen and Huss, 1998; Joffraud et al., 2006; Leroi et al., 

2000a; Hansen et al., 1995; Jørgensen et al., 2000; Cardinal et al., 2004; Stohr et al., 

2001; Leroi et al., 1998). Other microbes such as Enterobacteriacea, Shewanella 

putrefaciens, Brochothrix thermosphacta, Photobacterium phosphoreum, 
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Aeromonas spp., (Dondero et al., 2004; Joffraud et al., 2001; Truelstrup Hansen and 

Huss, 1998; Joffraud et al., 2006; Leroi et al., 2000; Hansen et al., 1995; Jørgensen 

et al., 2000; Cardinal et al., 2004; Stohr et al., 2001; Leroi et al., 1998) and Listeria 

monocytogenes (Suñen et al., 2003; Cornu et al., 2006; Lakshmanan and Dalgaard, 

2004) have also been detected amongst the spoilage flora of cold-smoked fish. The 

incidence of psychrotrophic Clostridia spp. on refrigerated CST was in agreement 

with González-Rodrı́guez et al. (2002) who reported presence of psychrotrophic 

Clostridia spp. in a range of 1.71 and 2.21 log cfu/g in vacuum-packed, cold-

smoked freshwater fish at retail level in Spain. The presence of psychrotrophic 

Clostridia does not necessarily indicate potential botulism risk, however, their 

detection could indicate the presence of potential anaerobic pathogens and/or 

spoilage organisms (González-Rodrı́guez et al., 2002). The smoking step for cold-

smoked fish should not be so severe that it kills the natural spoilage bacteria. These 

bacteria are necessary so that the product will spoil before toxin production occurs. 

It is likely that they may also produce acid, which would further inhibit C. botulinum 

growth and toxin formation (FDA, 2011). Stohr et al. (2001) reported that LAB and 

B. thermosphacta were the main spoilage bacteria which produced sulphurous, 

acidic and rancid off-odour. The psychrotrophic count reached 106 cfu/g in week 3 

in refrigerated storage and in week 6 at frozen temperature but the product was not 

deemed spoilt by the sensory panel. Similar results were also demonstrated by 

Hansen et al. (1995).  

At the time of sensory rejection, the total phenolic content of the CST flesh and skin 

at refrigerated storage was 0.28 mg Gallic acid equivalent/g and 0.36 mg Gallic acid 

equivalent/g respectively, while CST flesh and skin at frozen storage was 0.3 mg 

Gallic acid equivalent/g and 0.2 mg Gallic acid equivalent/g respectively. The 

phenolic content of skin of CST decreased slightly while the phenolic content 

slightly increased in inner flesh as the phenols slowly infused into the inner flesh.  

The total phenolic content of CST in the present study was relatively higher than 

previous literature on cold-smoked fish. Concentration of phenolic content in the 

range of 0.14 to 2mg/100g was observed by Cardinal et al. (2004) in British, 

German and Danish cold-smoked salmon products. The level of total phenolic 

compounds in smoked fish generally vary widely between 0.01 and 0.2 mg Gallic 

acid equivalent/g (Marc et al., 1998). The difference in the phenolic content reflects 
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the degree of smoking (Bratzler et al., 1969). The temperature at which fish are 

smoked and relative humidity are also known to favour an increase in the absorption 

of high molecular weight phenolic compounds (Hattula et al., 2001).A study by 

Leroi et al (2000b) observed that the total viable count in cold-smoked salmon is not 

inhibited much by the phenolic content but mainly by the salt concentration. The 

effect of smoke on the shelf-life of the finished product depends on the types of 

smoke and the spoilage flora (Suñen et al., 2003).  In the present study, no 

significant correlation was observed between total phenolic content and microbial 

growth, however, a positive correlation was observed between total phenolic 

content, TBARS, TVB-N and level of spoilage. The absorbed phenolic content in 

the smoked fish has been reported to have an antioxidant effect (Marc et al., 1998). 

 The TBARS values was 0.01 mg MDA/kg at sensory rejection of refrigerated CST 

and the maximum TBARS value was 0.03 mg MDA/kg in frozen CST. No 

significant difference was found in the TBARS value for skin and flesh of smoked 

fish which implies that the skin of the smoked fish did not act as barrier for 

oxidation of inner flesh. Generally, the TBARS values in CST have been lower than 

values reported in literature. The difference in values for TBARS could be explained 

by the various methods and its specificity used in other studies and also due to the 

relatively higher phenolic content of smoked fish. According to Connell (1995), the 

TBA value should be less than3 mg malonaldehyde/kg in perfect material and in the 

CST and other products at both storage temperatures; rancidity was not detected by 

sensory panels. 

TBARS values increased during the storage period, however, no significant change 

in the TBARS values was observed in CST, fish fingers, Surimi and fish pâté at 

refrigerated and frozen storage. The increasing of the TBA value during frozen 

storage has been demonstrated by Cakli et al. (2005) for fish fingers made from T. 

tinca, by Yanar and Fenercioglu (1999) for fish balls made from carp and by Tokur 

et al. (2004; 2006) for fish burgers made from tilapia and fish fingers made from 

silver carp and by Ninan et al. (2010) for various value-added Mozambique tilapia 

products. 

The pH of refrigerated CST, surimi, fish fingers and fish pâté increased with storage 

time. A strong correlation of pH was observed with TVB-N (r = 0.97) as increase in 
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pH may indicate the accumulation of alkaline compounds such as ammonia mainly 

derived from microbial actions. The increase may also be due to an increase in 

volatile bases from the decomposition of nitrogenous compounds by endogenous or 

microbial enzymes (Özogul et al., 2004). These changes in pH can again be 

attributed to the growth of lactic acid bacteria, increased CO2, production, and 

dissolution of the CO2 in the aqueous phase of the product (Lyver et al., 1998). pH 

as a quality index (QI) is not very important in determining the quality of fish. The 

pH of fish flesh has an important influence on its freshness because of its influence 

on bacterial growth (Abbas et al., 2008). The rapid decrease in pH of refrigerated 

pâté may also have created unfavorable conditions for the growth of C, botulinum, 

since non-proteolytic strains of C. botulinum are unable grow below pH 5.0.  The pH 

never dropped below 5 in CST, fish fingers and surimi. The fact that product pH in 

all samples did not decrease below 5.0 and WPS was below 5% in pâté, surimi and 

CST was significant since pH conditions and WPS were again favorable for the 

growth of non-proteolytic C. botulinum. However, growth of Clostridia spp was not 

detected in, pâté, surimi and fish fingers. This could possibly be due to the anti-

botuninal effect of LAB. Some strains of LAB are known to produce bacteriocins 

which are capable of inhibiting the growth Clostridia botulinum (Chen and Hoover, 

2006) and Listeria monocytogenes (Tomé et al., 2006). The water-phase salt content 

of all the products decreased in refrigerated storage. The salt content remained fairly 

stable throughout the storage period but increase in moisture content resulted in 

reduction of WPS values. The FDA (2011) requires WPS to be 5% to limit the 

growth of C. botulinum. Psychrophilic Clostridia spp. was only detected in 

refrigerated CST but the numbers decreased as LAB counts increased. This 

confirmed the anti-botulinal effect of LAB (Lyver et al., 1998).      

The TVB-N generally showed an increase with storage time. The TVB-N values for 

fish and fishery products are classified into three categories: high quality up to 25 

mg/100 g, good quality up to 30 mg/100 g, limit of acceptability up to 35 mg/100 g 

(Uygulanmas, 2002). Fluctuation in TVB-N values for all the products at both 

storage temperatures were observed. However, TVB-N values were reported to be 

constant in smoked chub mackerel independent of storage time (Goulas and 

Kontominas, 2005). TVB-N was found to increase in fish burgers made from deep 

flounder (Mahmoudzadeh et al., 2010) and in Mozambique tilapia value-added 
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products by Ninan et al. (2010).  The increase in TVB-N values in initial storage 

period could be attributed to bacterial activity and endogenous enzymes of fish 

(Chomnawang et al., 2007). The fall in TVB-N values in the final stages of storage 

could be due to the neutralization of volatile base components by increased 

solubility of CO2 (Mahmoudzadeh et al., 2010). Enterobacteriacea and 

Lactobacillus spp. were reported as higher producers of TVB-N in cold-smoked 

salmon (Leroi et al., 1999). 

TMA production was only observed in refrigerated CST and its content was much 

less than TVB-N content at sensory rejection. TMA has been detected in spoiled 

cold-smoked salmon in various studies. TMA has been reported by Stohr et al. 

(2001) to be produced in large numbers by Shewanella putrefaciens, however this 

bacterium was not responsible for spoilage or production off-odours. Thus, TMA 

was not considered as a good spoilage indicator for cold-smoked salmon. The 

present study, too, confirmed that TMA was not a good spoilage indicator as very 

low amounts of TMA were produced at sensory rejection.  

The initial microbiological quality of the value-added products were with the 

acceptable limit as per the NSW Food Authority (2009). These data indicate that the 

processing of these products until frozen storage has been done under good sanitary 

conditions. In frozen products, the microbial growth decreased with storage time. 

Freezing generally causes a reduction in bacterial count and the same was observed 

by Ninan et al. (2010). 

Microbial growth increased in refrigerated CST, fish fingers, and surimi as the 

storage temperature of 5°C was insufficient to control the microbial growth. The pH 

and WPS were below the recommended levels by FDA (2011) and consequently 

growth of Bacillus spp. increased in surimi and fish fingers. The NSW Food 

Authority (2009) recommends a count of ≥104 as unsatisfactory for 

Enterobacteriacea in foods while a count of ≥104 for Bacillus cereus as potentially 

hazardous. The unacceptable level of Enterobacteriacea was reached in week 3 of 

storage in refrigerated CST but it was not deemed spoilt by the sensory panel. In 

refrigerated surimi and fish fingers, the unacceptable levels of Bacillus spp and 

Enterobacteriacea were reached by week 6. Surimi spoiled before the unacceptable 

levels of Enterobacteriacea was reached. The results indicate that the cooking 
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process for surimi was not sufficient to destroy, Bacillus, LAB, Enterobacteriacea 

and other microbes. It is worth mentioning that the inconsistent growth of microbes 

in early storage period could also be due to the power surges experienced during the 

time of shelf-life studies. Pâté showed very little microbial growth during the storage 

period. Spoilage of pâté was preceded by growth of yeasts and mould indicating that 

cooking process was sufficient to destroy most of the microbes. The growth of 

yeasts and mould were not evident in all the samples which suggest inconsistency in 

cooling of pâté which favored the growth of yeasts and mould in some of the 

containers. 

The present study has shown that chemical analyses does not have a very strong 

correlation (refer to table 4.16) with sensory quality of value-added tilapia products 

stored at either temperature. Similar finding were also reported by Mahmoudzadeh 

et al. (2010). Psychrophilic count correlated with level of spoilage to some extent 

but evaluation of organoleptic changes appear to be a better method for predicting 

shelf-life of fishery products. However, chemical and microbial analysis do give 

important insights on the intrinsic changes taking place in the products during 

storage.  

The present study has also shown the possibility of development of value-added 

products from tilapia. Products like vacuum packed cold-smoked tilapia and fish 

fingers can be stored at frozen temperature of -18°C for extended shelf-life at more 

than 20 weeks. Vacuum-packed cold-smoked tilapia can also be stored at 5°C for not 

more than 6 weeks, while tilapia pâté can be stored in an air-tight jars or hemetically 

sealed cans at 5°C for up to 15 weeks. Surimi and fish fingers are not recommended 

for referigerated storage. 

One of the limitations of shelf-life studies was that a detailed study of the spoilage 

microflora was not done due to limited budget. A detailed study of the spoilage 

microflora of these products are recommended so that shelf-life of these products 

could be further extended. Another limitation of the shelf-life studies was that 

purged fish could not be obtained due to unavailability of purging facilties at the 

time of fish procurment.  
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Chapter 6: General Conclusion and Recommendation 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

6.1 Review of objectives 

The major objectives of this thesis and the extent to which they were achieved are 

summarized below:  

i. To undertake a simple exploratory market survey to identify the types of 

seafood products sold at 3 major supermarkets in Suva and also the niche for 

subsequent product development from tilapia. 

The exploratory market survey revealed a variety of imported breaded and battered 

seafood sold in frozen state sold at relatively high prices at the three supermarkets 

studied. Only two smoked fish products, smoked salmon and salmon marlin were 

recorded; the latter being locally produced. Shelf-life of these products was in the 

range of 3-18 months. Surimi-based products and fish pâté which are common 

seafood products in international markets were not found to be sold at the time of 

exploratory survey.   

ii. To develop four value-added products that fill the niche identified in 

Objective i. 

Based on the findings of the exploratory market survey, a cold-smoked tilapia 

product, breaded and herb coated fish fingers, surimi and tilapia pâté were 

developed through sensory evaluation by trained panelists. Fillet yield and microbial 

load of fish and their respective ponds were also undertaken as preliminary work to 

development and processing of value-added products. Fillet yield of GIFT tilapia 

was 34% which was in agreement with previous literature. The microbial load and 

incidence of Enterobacteriacea of fish was significantly higher in tilapia reared at 

Naduruloulou Aquaculture Research Station than at Navua Prawn Farm.   

iii. To test the acceptance and the preference of the four value-added products 

by consumers by means of a Consumer Acceptance Test. 

The Consumer Acceptance Test involving 150 consumer panelists revealed very 

high acceptance of cold-smoked fish, fish fingers and fish pâté in descending order. 

Surimi received very low acceptance ratings by the consumer panel and was also 
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rated as the least preferred product out of all the four products tested. The preference 

for cold-smoked tilapia was in stark contrast with preference for fish fingers and fish 

pâté. An assessment of consumer panel’s comments revealed that consumers are 

very enthusiastic about purchasing of these products should they enter the local 

markets. The consumers indicated that these products have new tastes compared to 

those already in the markets and would be great potentials for school lunch, snacks 

and chasseurs and even for hotels and restaurants. There was a clear indication by 

consumers that smoked tilapia should be introduced into the local market. About 

90% of the consumer panelists indicated their willingness-to-pay for these products. 

The acceptance, preference and willingness-to-pay of these products were 

independent of consumer socio-demographic characteristics. 

iv. To undertake shelf-life studies of these products in two storage temperatures: 

refrigerated and frozen storage conditions by means of chemical analysis of 

product quality indexes, analysis of microbial activity and sensory evaluation 

for the duration of the shelf life study. 

The estimated shelf-lives of these products are: 

Product Refrigerated (5°C) state Frozen (-18°C) state 

Cold-smoked Tilapia 6 weeks ≥ 20 weeks 

Fish Fingers 3 weeks ≥  20 weeks 

Surimi 2 weeks 15 weeks 

Fish Pâté 12 weeks ≥ 20 weeks 
 

The shelf-life of these products was predicted by sensory panel. By combining the 

results of chemical, microbial and sensory analyses, the recommended shelf-life for 

each of these products are stated below. Storage of surimi in refrigerated condition is 

not recommended due its low shelf-life and consumer preference. 

o 6 weeks for vacuum-packed Cold-Smoked Tilapia at 5°C and 15 weeks at -

18°C 

o 15 weeks for vacuum-packed Surimi at -18°C 

o 10 weeks for Pâté in air-tight jars or hermitically sealed cans stored at 5°C 

and 20 weeks at -18°C.   

o 20 weeks for vacuum-packed Fish Fingers stored at -18°C. 
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6.2 Study constraints and limitations 

The major constraints to this study were the unavailability of preservatives and 

purged fish for processing of value-added tilapia products. Preservatives were not 

available locally. Preservatives were needed in small amounts only and due to 

limited budget, bulk purchase of preservatives was not possible. The absence of 

preservatives may have had significant effect on the deterioration rates observed. 

Fish could not be purged due to unavailability of purging facilities at the time of fish 

procurement.  

A secondary constraint was the unreliable suppliers of tilapia.  Many a times, tilapia 

farmers failed to supply the required size and number of tilapia at designated time. 

Some farmers preferred to sell the fish once the market size fish were produced then 

to rear them for longer period of time to achieve 700g of body weight, while most 

farmers lacked harvesting equipment. Finally, tilapia needed for processing and for 

consumer sensory tests were sourced from NRS and NPF. An average weight up to 

500g of fish was supplied by NRS and NPF.     

 

6.3 Implications and recommendations 

Given the high acceptance of value-added tilapia products and their stable shelf-life, 

the success of such products in the market place is implied, however, a more 

comprehensive market survey is recommended to examine non-sensory factors such 

brand name, price and nutrition information to gauge the acceptance of value-added 

tilapia products. 

An important factor, experienced during the study, which could hinder the success 

of commercialization of tilapia industry in Fiji, is the size of the fish currently being 

reared. The current marketable size of 200-250g of tilapia is very small for 

producing meat-derived products such as fish fingers and fish pâté. Filleting of small 

fish results in great amount of labour, time and money being used for filleting larger 

number of fish to produce the desired amount of meat, whereas, same amount of 

meat can be extracted from fewer fish with a body weight of 700g or more. 
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Filleting also generates a large amount of carcass, skin, and ribs as wastes. A 

considerable amount of meat is retained in these body parts which cannot be 

removed during manual filleting process. Unless a solution is found to utilize these 

wastes in the most efficient way, production of meat-derived products for 

commercialization may neither be feasible nor profitable as cost of tilapia is 

currently based on live body weight. It is, therefore, recommended that filleting 

wastes be used for tilapia feed manufacturing as replacement for marine fish meal. 

The present study has shown the microbial quality of tilapia ponds and the resident 

fish of two most important tilapia producers in Fiji; Naduruloulou Aquaculture 

Research Station (NRS) in Nausori and Navua Prawn Farm (NPF) in Navua. Use of 

poultry manure or housing poultry cages just above the pond introduces pathogens 

belonging to the Enterobacteriacea group into tilapia ponds. High bacterial load led 

to establishment of these bacteria in gills, skin and gastro-intestinal tract. This has 

implication for post-harvest quality as contamination would lead to shorter shelf-life 

and production of toxins by certain pathogens. It is recommended that tilapia 

farmers practice proper purging of tilapia before sale and proper sanitation and 

hygiene to be maintained during handling of fish. Development of good 

manufacturing practices (GMP) guidelines for aquaculture is also recommended to 

minimize the likelihood of pathogens being introduced to fish and fishery 

production.  

Lastly, further research is also recommended to determine if such value-added 

tilapia products can be produced in a commercial setting with application of seafood 

HACCP regulations and other industry standards, accompanied by a cost-benefit 

analysis to determine financial feasibility. 

 

 

 

 

 



145 
 

References 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

ABABOUCH, L., SOUIBRI, L., RHALIBY, K., OUAHDI, O., BATTAL, M. & 
BUSTA, F. 1996. Quality changes in sardines (Sardina pilchardus) stored in 
ice and at ambient temperature. Food Microbiology, 13, 123-132. 

ABBAS, K. A., MOHAMED, A., JAMILAH, B. & EBRAHIMIAN, M. 2008. A 
review on correlations between fish freshness and pH during cold storage. 
American Journal of Biochemistry and Biotechnology, 4, 416-421. 

ABOLAGBA, O. & MELLE, O. 2008. Chemical composition and keeping qualities 
of a scaly fish tilapia, Oreochromis niloticus, smoked with two energy 
sources. African Journal of General Agriculture, 4, 113-117. 

ACMSF 1992. Report on Vacuum Packaging and Associated Processes. London, 
UK : HMSO. 

ADAMS, M. & MOSS, M. 2000. Food Microbiology, Cambridge, UK, Royal 
Society of Chemistry. 

ADAMS, T., BELL, J. & LABROSSE, P. 2001. Current status of aquaculture in the 
Pacific Islands. Technical Proceedings of the Conference on Aquaculture in 
the Third Millennium. Bangkok, Thailand: NACA, Bangkok and FAO, 
Rome. 

ADOGA, I. J., JOSEPH, E. & SAMUEL, O. F. 2010. Storage Life of Tilapia 
(Oreochromis niloticus) in Ice and Ambient Temperature. Researcher, 2, 39-
44. 

AINSWORTH, E. A. & GILLESPIE, K. M. 2007. Estimation of total phenolic 
content and other oxidation substrates in plant tissues using Folin–Ciocalteu 
reagent. Nature Protocols, 2, 875-877. 

AL-HARBI, A. H. 2003. Faecal coliforms in pond water, sediments and hybrid 
tilapia Oreochromis niloticus × Oreochromis aureus in Saudi Arabia. 
Aquaculture Research, 34, 517-524. 

AL-HARBI, A. H. & NAIM UDDIN, M. 2004. Seasonal variation in the intestinal 
bacterial flora of hybrid tilapia (Oreochromis niloticus × Oreochromis 
aureus) cultured in earthen ponds in Saudi Arabia. Aquaculture, 229, 37-44. 

AL-HARBI, A. H. & UDDIN, N. 2003. Quantitative and qualitative studies on 
bacterial flora of hybrid tilapia (Oreochromis niloticus × O. aureus) cultured 
in earthen ponds in Saudi Arabia. Aquaculture Research, 34, 43-48. 

AL-HARBI, A. H. & UDDIN, N. 2005. Bacterial diversity of tilapia (Oreochromis 
niloticus) cultured in brackish water in Saudi Arabia. Aquaculture, 250, 566-
572. 

AMOS, B., SECTOR, F., EINARSSON, H. & EYTHORSDOTTIR, A. 2007. 
Analysis of quality deterioration at critical steps/points in fish handling in 
Uganda and Iceland and suggestions for improvement. Uganda: United 



146 
 

Nations University, 
http://www.unuftp.is/static/fellows/document/amos06prf.pdf. 

ANONYMOUS 2012. Fijian Made & Buy Fijian Campaign. Suva: Ministry of 
Industry and Trade. 

AOAC 2005. Official Methods of Analysis of AOAC International, 18th Edition. 
Gaithersburg, Maryland: AOAC International. 

APHA 2005. Compedium of Methods for the Microbiological Testing of Foods, 21st 

Edition, USA. 

ASHIE, I., SMITH, J., SIMPSON, B. & HAARD, D. 1996. Spoilage and shelf-life 
extension of fresh fish and shellfish. Critical Reviews in Food Science & 
Nutrition, 36, 87-121. 

AXELSON, M. 1986. The impact of culture on food-related behavior. Annual 
Review of Nutrition, 6, 345-363. 

BALASUBRAMANIAN, S., RAJAN, M. & RAJ, S. 1992. Microbiology of fish 
grown in a sewage-fed pond. Bioresource Technology, 40, 63-66. 

BART, A. 1998. Commercialization of Fish Farming (Tilapia niloticus) in Fiji: 
Peace Corps / Farmer to Farmer program. Project Report  

BELL, J. D., KRONEN, M., VUNISEA, A., NASH, W. J., KEEBLE, G., 
DEMMKEA, A. & PONTIFEX, S. 2008. Planning the use of fish for food 
security in the Pacific. Marine Policy, 33, 64-75. 

BLACKBURN, C. W., BAYLIS, C. & PETITT, S. 1996. Evaluation of PetrifilmTM 
methods for enumeration of aerobic flora and coliforms in a wide range of 
foods. Letters in Applied Microbiology, 22, 137-140. 

BRATZLER, L., SPOONER, M., WEATHERSPOON, J. & MAXEY, J. 1969. 
Smoke flavor as related to phenol, carbonyl and acid content of bologna. 
Journal of Food Science, 34, 146-148. 

CAHILL, M. M. 1990. Bacterial flora of fishes: a review. Microbial Ecology, 19, 
21-41. 

CAKLI, S., TASKAYA, L., KISLA, D., ÇELIK, U., ATAMAN, C. A., CADUN, 
A., KILINC, B. & MALEKI, R. H. 2005. Production and quality of fish 
fingers from different fish species. European Food Research and 
Technology, 220, 526-530. 

CAM, P., DALSGAARD, A. & MARA, D. 2007. Microbiological quality of fish 
grown in wastewater-fed and non-wastewater-fed fishponds in Hanoi, 
Vietnam: Influence of hygiene practices in local retail markets. Journal of 
Water and Health, 5, 209-218. 

CARDINAL, M., GUNNLAUGSDOTTIR, H., BJOERNEVIK, M., OUISSE, A., 
LUC VALLET, J. & LEROI, F. 2004. Sensory characteristics of cold-
smoked Atlantic salmon (Salmo salar) from European market and 



147 
 

relationships with chemical, physical and microbiological measurements. 
Food Research International, 37, 181-193. 

CHEN, H. & HOOVER, D. 2006. Bacteriocins and their food applications. 
Comprehensive Reviews in Food Science and Food Safety, 2, 82-100. 

CHOMNAWANG, C., NANTACHAI, K., YONGSAWATDIGUL, J., 
THAWORNCHINSOMBUT, S. & TUNGKAWACHARA, S. 2007. 
Chemical and biochemical changes of hybrid catfish fillet stored at 4 C and 
its gel properties. Food Chemistry, 103, 420-427. 

CHURCH, I. J. & PARSONS, A. L. 2006. Modified atmosphere packaging 
technology: a review. Journal of the Science of Food and Agriculture, 67, 
143-152. 

CIBERT, C., FERMON, Y., VALLOD, D. & MEUNIER, F. J. 1999. Morphological 
screening of carp, Cyprinus carpio: relationship between morphology and 
fillet yield. Aquatic Living Resources, 12, 1-10. 

CLEMENT, S. & LOVELL, R. T. 1994. Comparison of processing yield and 
nutrient composition of cultured Nile tilapia (Oreochromis niloticus) and 
channel catfish (Ictalurus punctatus). Aquaculture, 119, 299-310. 

CONNELL, J. J. 1995. Control of fish quality, United Kingdom, Fishing News 
Books. 

CORNU, M., BEAUFORT, A., RUDELLE, S., LALOUX, L., BERGIS, H., 
MICONNET, N., SEROT, T. & DELIGNETTE-MULLER, M. L. 2006. 
Effect of temperature, water-phase salt and phenolic contents on Listeria 
monocytogenes growth rates on cold-smoked salmon and evaluation of 
secondary models. International Journal of Food Microbiology, 106, 159-
168. 

CORREDOR, J. H., PRINYAWIWATKUL, W., NO, H. K., CHOMPREEDA, P., 
GARCIA, K., SAIDU, J. P. & KHACHATRYAN, A. 2010. Influence of 
education/profession of Mexican consumers on the acceptance and purchase 
intent of corn tortilla. Journal of Sensory Studies, 25, 108-126. 

CORTESI, M., PANEBIANCO, A., GIUFFRIDA, A. & ANASTASIO, A. 2009. 
Innovations in seafood preservation and storage. Veterinary research 
communications, 33, 15-23. 

COSTA-PIERCE, B. 1997. Tilapia Industry Production and Marketing. Consultant's 
Report to the Government of the Republic of Fiji and the United States Peace 
Corps Fiji. 

DA SILVA AFONSO, M. & SANT'ANA, L. 2008. Effects of pretreatment with 
rosemary (Rosemarinus officinalis L) in the prevention of lipid oxidation in 
salted tilapia fillets Journal of Food Quality, 31, 586-595. 

DE SILVA, S. S., SUBASINGHE, R. P., BARTLEY, D. M. & LOWTHER, A. 
2004. Tilapias as alien aquatics in Asia and he Pacific: a review. FAO 
Fisheries Technical Paper. No. 453. Rome: FAO. 



148 
 

DELGADO, C. L., WADA, N., ROSEGRANT, M. W., MEIJER, S. & AHMED, M. 
2003. Fish to 2020: Supply and Demand in Changing Global Markets. 
International Food Policy Research Institute, Washington, United States of 
America and The WorldFish Center, Penang, Malaysia. 

DENG, J., TOLEDO, R. T. & LILLARD, D. A. 2006. Effect of smoking 
temperatures on acceptability and storage stability of smoked Spanish 
mackerel. Journal of Food Science, 39, 596-601. 

DEY, M. M., EKNATH, A. E., SIFA, L. & HUSSAIN, M. G. 2000. Performance 
and nature of genetically improved farmed tilapia: A bioeconomic analysis. 
Aquaculture Economics and Management, 4, 83–106. 

DEY, M. M. & GUPTA, M. V. 2000. Socioeconomics of disseminating genetically 
improved Nile tilapia in Asia: Introduction. Aquaculture Economics and 
Management, 4, 5-11. 

DI MONACO, R., CAVELLA, S., DI MARZO, S. & MASI, P. 2004. The effect of 
expectations generated by brand name on the acceptability of dried semolina 
pasta. Food Quality and Preference, 15, 429-437. 

DONDERO, M., CISTERNAS, F., CARVAJAL, L. & SIMPSON, R. 2004. 
Changes in quality of vacuum-packed cold-smoked salmon (Salmo salar) as 
a function of storage temperature. Food Chemistry, 87, 543-550. 

DOYLE, M. P., BEUCHAT, L. R. & MONTVILLE, T. J. 2001. Food microbiology: 
fundamentals and frontiers, ASM Press Washington, DC. 

DRAKE, S. L., DRAKE, M.A., DANIELS, H.V. AND YATES, M.D. 2006. 
Sensory properties of wild and aquacultured Southern Flounder 
(Paralichthys lethostigma). Journal of Sensory Studies, 21, 218-227. 

EINEN, O., MØRKØRE, T., RØRÅ, A. M. B. & THOMASSEN, M. K. 1999. Feed 
ration prior to slaughter - a potential tool for managing product quality of 
Atlantic salmon (Salmo salar). Aquaculture, 178, 149–169. 

EL-SAYED, A. M. 2006. Tilapia Culture, Oxfordshire, UK, CABI Publishing, CAB 
International. 

FAO 1997. Fisheries and Aquaculture in the South Pacific: Situation and Outlook in 
1996. FAO Fisheries Circular 907 FIP/C907, Rome, Italy, Food and 
Agriculture Organization of the United Nations. 

FAO 2008a. Climate Change and Food Security in the Pacific Island Countries. 
Rome: Food and Agriculture Organzation of the United Nations. 

FAO. 2008b. State of World Aquaculture and Fisheries [Online]. Rome, Italy: Food 
and Agriculture Organization of the United Nations. Available: 
www.fao.org/docrep/011/i0250e/i0250e00.htm [Accessed 24 March 2012]. 

FAO 2010a. The State of World Fisheries and Aquaculture 2010, Rome, Italy, Food 
and Agricultural Organization of the United Nations. 



149 
 

FAO 2010b. World Aquaculture Production by Species Groups. Rome, Italy: Food 
and Agriculture Organization. 

FARBER, J. 1991. Microbiological aspects of modified-atmosphere packaging 
technology-a review. Journal of Food Protection, 54, 58-70. 

FDA 2011. Fish and Fishery Products Hazards and Controls Guidance; Fourth 
Edition. US Food and Drug Administration. Silver Spring, MD, USA: US 
Department of Health and Human Services. 

FILHO, O., NETTO, M., RAMOS, K. K., TRINDADE, M. A. & VIEGAS, E. M. 
M. 2010. Elaboration of sausage using minced fish of Nile tilapia filleting 
waste. Brazilian Archives of Biology and Technology, 53, 1383-1391. 

FISHERIES DEPARTMENT 2008. Annual Report, 2008. Suva, Fiji: Ministry of 
Fisheries and Forests. 

FITZSIMMONS, K. 2000. Future trends of tilapia aquaculture in the Americas. 
Tilapia aquaculture in the Americas, 2, 252-264. 

FITZSIMMONS, K. 2006. Future trends of tilapia aquaculture in the Americas. In: 
COSTA-PIERCE, B. & RAKOCY, J. (eds.) Tilapia aquaculture in the 
Americas. USA: The World Aquaculture Society. 

FITZSIMMONS, K., MARTINEZ-GARCIA, R. & GONZALEZ-ALANIS, P. 2011. 
Why tilapia is becoming the most important food fish on the planet. In: L. 
LIPING & K. FITZSIMMONS (eds.) Better Science, Better Fish, Better 
Life: Proceedings of the Ninth International Symposium on Tilapia in 
Aquaculture. Shanghai Ocean University, Shanghai, China: AquaFish 
Collaborative Research Support Program. 

FRASER, O. P. & SUMAR, S. 1998. Compositional changes and spoilage in fish 
(part II)-microbiological induced deterioration. Nutrition & Food Science, 
98, 325-329. 

GARDUÑO LUGO, M., GRANADOS ALVAREZ, I., OLVERA NOVOA, M. A. 
& MUÑOZ CÓRDOVA, G. 2003. Comparison of growth, fillet yield and 
proximate composition between Stirling Nile tilapia (wild type)(Oreochromis 
niloticus, Linnaeus) and red hybrid tilapia (Florida red tilapia× Stirling red 
O. niloticus) males. Aquaculture Research, 34, 1023-1028. 

GILLETT, R. 1989. Tilapia in the Pacific Island; are there lessons to be learned? 
Asian Fisheries Science, 2, 37-43. 

GILLETT, R. 2009. Fisheries in the economies of the Pacific island countries and 
territories, Mandaluyong City, Philippines, Asian Development Bank. 

GIMENEZ, B. & DALGAARD, P. 2004. Modelling and predicting the 
simultaneous growth of Listeria monocytogenes and spoilage micro 
organisms in cold smoked salmon. Journal of Applied Microbiology, 96, 96-
109. 

GJERDE, B., MENGISTU, S. B., ØDEGÅRD, J., JOHANSEN, H. & 
ALTAMIRANO, D. S. 2012. Quantitative genetics of body weight, fillet 



150 
 

weight and fillet yield in Nile tilapia (Oreochromis niloticus). Aquaculture, 
342, 117-124. 

GLOBEFISH. 2012. Tilapia - June 2012 [Online]. FAO Fisheries Department. 
Available: http://www.globefish.org/tilapia-june-2012.html [Accessed 6 July 
2012]. 

GONZÁLEZ-RODRı́GUEZ, M. N., SANZ, J. J., SANTOS, J. Á., OTERO, A. & 
GARCı́A-LÓPEZ, M. L. 2002. Numbers and types of microorganisms in 
vacuum-packed cold-smoked freshwater fish at the retail level. International 
Journal of Food Microbiology, 77, 161-168. 

GOULAS, A. E. & KONTOMINAS, M. G. 2005. Effect of salting and smoking-
method on the keeping quality of chub mackerel (< i> Scomber 
japonicus</i>): biochemical and sensory attributes. Food Chemistry, 93, 
511-520. 

GOULD, G. W. 1996. Methods for preservation and extension of shelf life. 
International Journal of Food Microbiology, 33, 51-64. 

GRAM, L. 1992. Evaluation of the bacteriological quality of seafood. International 
Journal of Food Microbiology, 16, 25-39. 

GRAM, L. & DALGAARD, P. 2002. Fish spoilage bacteria–problems and 
solutions. Current Opinion in Biotechnology, 13, 262-266. 

GRAM, L. & HUSS, H. H. 1996. Microbiological spoilage of fish and fish products. 
International Journal of Food Microbiology, 33, 121-137. 

GRAM, L., RAVN, L., RASCH, M., BRUHN, J. B., CHRISTENSEN, A. B. & 
GIVSKOV, M. 2002. Food spoilage—interactions between food spoilage 
bacteria. International Journal of Food Microbiology, 78, 79-97. 

GRIFFITHS, M. W. 1995. Developments in Plating Methodology for Food 
Microbiologists. Journal of Rapid Methods & Automation in Microbiology, 
3, 309-319. 

GUILLEN-SANS, R. & GUZMAN-CHOZAS, M. 1998. The thiobarbituric acid 
(TBA) reaction in foods: a review. Critical Reviews in Food Science and 
Nutrition, 38, 315-330. 

GUINARD, J.-X., UOTANI, B. & SCHLICH, P. 2001. Internal and external 
mapping of preferences for commercial lager beers: comparison of hedonic 
ratings by consumers blind versus with knowledge of brand and price. Food 
Quality and Preference, 12, 243-255. 

GUPTA, M. V. & ACOSTA, B. O. 2004. A review of global tilapia farming 
practices. Aquaculture Asia, 9, 7-12. 

GUZMÁN, M. A. C., DE LOS ANGELES BISTONI, M. A., TAMAGNINI, L. A. 
M. A. & GONZÁLEZ, R. D. O. 2004. Recovery of Escherichia coli in fresh 
water fish, Jenynsia multidentata and Bryconamericus iheringi. Water 
Research, 38, 2368-2374. 



151 
 

HAARD, N. F. 1992. Control of chemical composition and food quality attributes of 
cultured fish. Food Research International, 25, 289-307. 

HANSEN, L. T., GILL, T. & HUSSA, H. H. 1995. Effects of salt and storage 
temperature on chemical, microbiological and sensory changes in cold-
smoked salmon. Food Research International, 28, 123-130. 

HANSEN, L. T., GILL, T., RØNTVED, S. D. & HUSS, H. H. 1996. Importance of 
autolysis and microbiological activity on quality of cold-smoked salmon. 
Food Research International, 29, 181-188. 

HARRIGAN, W. F. 1998. Laboratory Methods in Food Microbiology, London, 
UK., Academic Press. 

HARRISON, R. W., STRINGER, T. & PRINYAWIWATKUL, W. 2001. 
Evaluating consumer preferences for aquacultural products: an application to 
the US crawfish industry. Aquaculture Economics & Management, 5, 337-
349. 

HATTULA, T., ELFVING, K., MROUEH, U.-M. & LUOMA, T. 2001. Use of 
Liquid Smoke Flavouring as an Alternative to Traditional Flue Gas Smoking 
of Rainbow Trout Fillets (Oncorhynchus mykiss). LWT-Food Science and 
Technology, 34, 521-525. 

HIMELBLOOM, B. H., CRAPO, C., SHETTY, T. S. & VORHOLT, C. 2007. 
Pellicle formation and inactivation of Listeria and Staphylococcus species in 
hot-smoking of salmon. Smoked Seafood Safety, 27. 

HOEGH-GULDBERG, O., ANDRÉFOUËT, S., FABRICIUS, K., DIAZ-PULIDO, 
G., LOUGH, J. M., MARSHALL, P. & PRATCHETT, M. 2011. 
Vulnerability of coral reefs in the tropical Pacific to climate change. In: 
BELL, J. D., JOHNSON, J. E. & HOBDAY, A. J. (eds.) Vulnerability of 
Tropical Pacific Fisheries and Aquaculture to Climate Change. Noumea, 
New Caledonia: Secretariat of the Pacific Community. 

HOLMES, S. 1954. Report on the possibility of using Tilapia mossambica as human 
food. Fiji Agricultural Journal, 25, 79-87. 

HORNER, B. 1992. Fish smoking: ancient and modern. Food Science and 
Technology Today, 6, 166-71. 

HOWGATE, P. 2010. A critical review of total volatile bases and trimethylamine as 
indices of freshness of fish. Part 1. Determination. Electronic Journal of 
Environmental, Agricultural and Food Chemistry, 9, 29-57. 

HUIS IN'T VELD, J. H. J. 1996. Microbial and biochemical spoilage of foods: an 
overview. International Journal of Food Microbiology, 33, 1-18. 

HUSS, H., BOERRESEN, T., DALGAARD, P., GRAM, L., JENSEN, B., 
JOERGENSEN, B., NIELSEN, J., BAEK OLSEN, K., GILL, T. & LUPIN, 
H. 1995. Quality and quality changes in fresh fish. FAO fisheries technical 
paper, 348, 203p. 



152 
 

HUSS, H. H. 1995. Quality and quality changes in fresh fish. FAO fisheries 
technical paper. 

JENKINS, A. P. 2009. Impacts of tilapia on indigenous fishes & ecological 
processes on oceanic islands: lessons from Fiji & the Pacific. Secretariat of 
the Pacific Community Aquaculture Expert Consultation: Future Directions 
for Tilapia in the Pacific. Noumea, New Caledonia 8th - 11th December 
2009: Wetlands International and Secretariat of the Pacific Community. 

JEPPESEN, V. F. & HUSS, H. H. 1993. Characteristics and antagonistic activity of 
lactic acid bacteria isolated from chilled fish products. International Journal 
of Food Microbiology, 18, 305-320. 

JITTINANDANA, S., KENNEY, P. B., SLIDER, S. D. & KISER, R. A. 2002. 
Effect of brine concentration and brining time on quality of smoked rainbow 
trout fillets. Journal of Food Science, 67, 2095-2099. 

JOFFRAUD, J.-J., CARDINAL, M., CORNET, J., CHASLES, J.-S., LÉON, S., 
GIGOUT, F. & LEROI, F. 2006. Effect of bacterial interactions on the 
spoilage of cold-smoked salmon. International Journal of Food 
Microbiology, 112, 51-61. 

JOFFRAUD, J. J., LEROI, F., ROY, C. & BERDAGUE, J. 2001. Characterisation 
of volatile compounds produced by bacteria isolated from the spoilage flora 
of cold-smoked salmon. International Journal of Food Microbiology, 66, 
175-184. 

JØRGENSEN, L. V., DALGAARD, P. & HUSS, H. H. 2000. Multiple compound 
quality index for cold-smoked salmon (Salmo salar) developed by 
multivariate regression of biogenic amines and pH. Journal of Agricultural 
and Food Chemistry, 48, 2448-2453. 

JOSUPEIT, H. 2010. World Supply and Demand of Tilapia. Rome: FAO. 

JUI-YUAN, L. & NAMOTU, T. 1988. Red Tilapia Hybrid Culture in Fiji. 
Department of Fisheries. 

JUSTI, K. C., Hayashi, C., Visentainer, J. V., De Souza, N. E., & Matsushita, M. 
2003. The influence of feed supply time on the fatty acid profile of Nile 
tilapia (Oreochromis niloticus) fed on a diet enriched with n-3 fatty acids. 
Food Chemistry, 80(4), 489-493. 

KAUSE, A., PAANANEN, T., RITOLA, O. & KOSKINEN, H. 2007. Direct and 
indirect selection of visceral lipid weight, fillet weight, and fillet percentage 
in a rainbow trout breeding program. Journal of Animal Science, 85, 3218–
3227. 

KILCAST, D. & SUBRAMANIAM, P. 2000. The stability and shelf-life of food, 
Cambridge, England, Woodhead Publishing Limited. 

KOREL, F., LUZURIAGA, D. A. & BALABAN, M. Ö. 2001. Objective quality 
assessment of raw tilapia (Oreochromis niloticus) fillets using electronic 
nose and machine vision. Journal of Food Science, 66, 1018-1024. 



153 
 

KOUTSOUMANIS, K. & NYCHAS, G.-J. E. 2000. Application of a systematic 
experimental procedure to develop a microbial model for rapid fish shelf life 
predictions. International Journal of Food Microbiology, 60, 171-184. 

KUBBERØD, E., UELAND, Ø., RØDBOTTEN, M., WESTAD, F. AND RISVIK, 
E. 2002. Gender specific preferences and attitudes towards meat. Food 
Preference and Quality, 13, 285-294. 

LADO, B. H. & YOUSEF, A. E. 2002. Alternative food-preservation technologies: 
efficacy and mechanisms. Microbes and Infection, 4, 433-440. 

LAKSHMANAN, R. & DALGAARD, P. 2004. Effects of high-pressure processing 
on Listeria monocytogenes, spoilage microflora and multiple compound 
quality indices in chilled cold-smoked salmon. Journal of Applied 
Microbiology, 96, 398-408. 

LAWLESS, H. 1993. The education and training of sensory scientists. Food Quality 
and Preference, 4, 51-63. 

LAWLESS, H., T. & HEYMANN, H. 1998. Sensory Evaluation of Food: Principles 
and Practices, New York, Springer Science + Business Media. 

LEISTNER, L. 1992. Food preservation by combined methods. Food Research 
International, 25, 151-158. 

LEROI, F., JOFFRAUD, J. & CHEVALIER, F. 2000a. Effect of salt and smoke on 
the microbiological quality of cold-smoked salmon during storage at 5oC as 
estimated by the factorial design method. Journal of Food Protection, 63, 
502-508. 

LEROI, F., JOFFRAUD, J. J. & CHEVALIER, F. 2000b. Effect of salt and smoke 
on the microbiological quality of cold-smoked salmon during storage at 5oC 
as estimated by the factorial design method. Journal of Food Protection, 63, 
502-508. 

LEROI, F., JOFFRAUD, J. J., CHEVALIER, F. & CARDINAL, M. 1998. Study of 
the microbial ecology of cold-smoked salmon during storage at 8 C. 
International Journal of Food Microbiology, 39, 111-121. 

LEROI, F., JOFFRAUD, J. J., CHEVALIER, F. & CARDINAL, M. 2001. Research 
of quality indices for cold smoked salmon using a stepwise multiple 
regression of microbiological counts and physico chemical parameters. 
Journal of Applied Microbiology, 90, 578-587. 

LUND, B., BAIRD-PARKER, A. C. & GOULD, G. W. 1999. Microbiological 
Safety and Quality of Food, Gaitherburg, Maryland, Aspen Publisher Inc. 

LYVER, A., SMITH, J., NATTRESS, F., AUSTIN, J. & BLANCHFIELD, B. 1998. 
Challenge studies with Clostridium botulinum type E in a value-added surimi 
product stored under a modified atmosphere. Journal of Food Safety, 18, 1-
23. 

MAHMOUDZADEH, M., MOTALLEBI, A., HOSSEINI, H., KHAKSAR, R., 
AHMADI, H., JENAB, E., SHAHRAZ, F. & KAMRAN, M. 2010. Quality 



154 
 

changes of fish burgers prepared from deep flounder (Pseudorhombus 
elevatus Ogilby, 1912) with and without coating during frozen storage (− 18° 
C). International Journal of Food Science & Technology, 45, 374-379. 

MAIR, G. C. & LITTLE, D. C. 1991. Population control in farmed tilapias. NAGA, 
the ICLARM Quarterly, 14. 

MALLE, P. & POUMEYROL, M. 1989. A new chemical criterion for the quality 
control of fish: trimethylamine/total volatile basic nitrogen (%). Journal of 
Food Protection, 52, 419. 

MALLE, P. & TAO, S. 1987. Rapid quantitative determination of trimethylamine 
using steam distillation. Journal of Food Protection, 50, 756. 

MARC, C., KAAKEH, R. & MBOFUNG, C. 1998. Effect of salting and smoking 
method on the stability of lipid and microbiological quality of Nile perch 
(Lates niloticus). Journal of Food Quality, 21, 517-528. 

MCMEEKIN, T. A. & ROSS, T. 1996. Shelf life prediction: status and future 
possibilities. International Journal of Food Microbiology, 33, 65-83. 

MOHR, V. 1986. Control of nutriotional and sensory quality of cultured fish. In: 
KRAMER, D. E. L., J. (ed.) Seafood Quality Determination. Amsterdam. 

MONACO, R., CAVELLA, S., IACCARINO, T., MINCIONE, A. & MASI, P. 
2003. The role of the knowledge of color and brand name on the consumer's 
hedonic ratings of tomato purees. Journal of Sensory Studies, 18, 391-408. 

MOSKOWITZ, H. R., BECKLEY, J. H. & RESURRECCION, A. V. 2006. Sensory 
and Consumer Research in Food Product Design and Development, Oxford, 
IFT Press Blackwell Publishing. 

MYRLAND, O., TRONDSEN, T., JOHNSTON, R. AND LUND, E. 2000. 
Determinants of seafood consumption in Norway: lifestyle, revealed 
preferences, and barriers to consumption. Food Preference and Quality, 11, 
169-188. 

NANDLAL, S. 1991. Tilapia as a cost effective sustainable protein source for 
developing countries: Draft proposal for aquaculture development in Fiji to 
ACIAR. Department of Fisheries. 

NANDLAL, S. & FOSCARINI, R. 1990. Introduction of Tilapia Species and 
Constraints to Tilapia Farming in Fiji. Rome, Italy: Food and Agriculture 
Organization of the United Nations. 

NANDLAL, S. & PICKERING, T. 2004. Tilapia fish farming in Pacific Island 
Countries. Volume 2. Tilapia grow-out in ponds, Noumea, New Caledonia, 
Secretariat of the Pacific Community. 

NATASHA, J., LAKO, J. & SOUTH, G. R. 2011. Consumer preference testing of 
Oreochromis niloticus value-added products; cold-smoked fish, surimi and 
fish paste. International Conference on Chemistry, Environment and Climate 
Change (ICCECC) - Focus on the Pacific. Abstracts. Suva, Fiji: The 
University of the South Pacific. 



155 
 

NELSON, S. & ELDREDGE, L. 1989. Distribution and Status of Introduced Cichlid 
Fishes of the Genera Oreochromis and Tilapia in the Islands of the South 
Pacific and Micronesia. PIMRIS  

NEWAJ-FYZUL, A., MUTANI, A., RAMSUBHAG, A. & ADESIYUN, A. 2008. 
Prevalence of Bacterial Pathogens and their Anti-microbial Resistance in 
Tilapia and their Pond Water in Trinidad. Zoonoses and Public Health, 55, 
206-213. 

NGUYEN, N. H., PONZONI, R. W., ABU-BAKAR, K. R., HAMZAH, A., KHAW, 
H. L. & YEE, H. Y. 2010. Correlated response in fillet weight and yield to 
selection for increased harvest weight in genetically improved farmed tilapia 
(GIFT strain), Oreochromis niloticus. Aquaculture, 305, 1-5. 

NIELSEN, J., HYLDIG, G. & LARSEN, E. 2002. ‘Eating Quality’of Fish—A 
Review. Journal of Aquatic Food Product Technology, 11, 125-141. 

NINAN, G., BINDU, J. & JOSEPH, J. 2010. Frozen storage studies of value-added 
mince based products from tilapia (Oreochromis mossambicus, PETERS 
1852). Journal of Food Processing and Preservation, 34, 255-271. 

NSW FOOD AUTHORITY 2009. Microbiological quality guide for ready-to-eat 
foods: A guide to interpreting microbiological results. Newington, NSW: 
NSW Food Authority. 

ODOLI, C. O. 2009. Optimal storage conditions for fresh farmed tilapia 
(Oreochromis niloticus) fillets. MSc Thesis, University of Iceland. 

OHLSSON, T. 1994. Minimal processing-preservation methods of the future: an 
overview. Trends in Food Science & Technology, 5, 341-344. 

ÓLAFSDÓTTIR, G., LAUZON, H. L., MARTINSDOTTIR, E. & 
KRISTBERGSSON, K. 2006. Influence of storage temperature on microbial 
spoilage characteristics of haddock fillets (Melanogrammus aeglefinus) 
evaluated by multivariate quality prediction. International Journal of Food 
Microbiology, 111, 112-125. 

OLIVEIRA FILHO, P. R. C., FÁVARO-TRINDADE, C. S., TRINDADE, M. A., 
BALIEIRO, J. C. C. & VIEGAS, E. M. M. 2010. Quality of sausage 
elaborated using minced Nile Tilapia submmitted to cold storage. Scientia 
Agricola, 67, 183-190. 

OLSEN, S. 2003. Understanding the relationship between age and seafood 
consumption: the mediating role of attitude, health involvement and 
convenience. Food Preference and Quality, 14, 199-209. 

OU, C., TSAY, S., LAI, C. & WENG, Y. 2002. Using gelatin-based antimicrobial 
edible coating to prolong shelf-life of tilapia fillets. Journal of Food Quality, 
25, 213-222. 

ÖZOGUL, F., POLAT, A. & ÖZOGUL, Y. 2004. The effects of modified 
atmosphere packaging and vacuum packaging on chemical, sensory and 



156 
 

microbiological changes of sardines (Sardina pilchardus). Food Chemistry, 
85, 49-57. 

PACIFIC ISLANDS FORUM SECRETARIAT. 2005. The Pacific Plan for 
Strengthening Regional Cooperation and Integration. [Online]. Suva, Fiji.: 
Pacific Islands Forum Secretariat. Available: http://www.pacificplan.org/tiki-
page.php?pageName=Pacific+Plan+InitiativesS [Accessed 23 June 2012]. 

PAL, D. & GUPTA, C. D. 1992. Microbial pollution in water and its effect on fish. 
Journal of Aquatic Animal Health, 4, 32-39. 

PECK, M., FAIRBAIRN, D. & LUND, B. M. 2008. The effect of recovery medium 
on the estimated heat-inactivation of spores of non-proteolytic Clostridium 
botulinum. Letters in Applied Microbiology, 15, 146-151. 

PHILLIPS, C. A. 2003. Review: modified atmosphere packaging and its effects on 
the microbiological quality and safety of produce. International Journal of 
Food Science & Technology, 31, 463-479. 

PICKERING, T. 2009. Tilapia fish farming in the Pacific – A responsible way 
forward. Secretariat of the Pacific Community Fisheries Newsletter, 130, 24-
26. 

PICKERING, T. & FORBES, A. 2002. The Progress of Aquaculture Development 
in Fiji. Marine Studies Technical Report. Suva: University of the South 
Pacific  

PICKERING, T., PONIA, B., HAIR, C., SOUTHGATE, P., POLOCZANSKA, E., 
PATRONA, L., TEITELBAUM, A., MOHAN, C., PHILLIPS, M., BELL, J. 
& DE SILVA, S. 2011. Vulnerability of aquaculture in the tropical Pacific to 
climate change. In: BELL, J. D., JOHNSON, J. E. & HOBDAY, A. J. (eds.) 
Vulnerability of Tropical Pacific Fisheries and Aquaculture to Climate 
Change. Noumea, New Caledonia: Secretariat of the Pacific Community. 

PONIA, B. 2010. A review of aquaculture in the Pacific Islands 1998-2007: 
Tracking a decade of progress through official and provisional statistics. SPC 
Aquaculture Technical Papers. Noumea, New Caledonia: Secretariat of the 
Pacifc Community. 

PULLELA, S. V., FERNANDES, C. F., FLICK, G. J., LIBEY, G., SMITH, S. A. & 
COALE, C. W. 2000. Quality Comparison of Aquacultured Pacu (Piaractus 
mesopotamicus) Fillets with Other Aquacultured Fish Fillets Using 
Subjective and Objective Sensorial Traits. Journal of Aquatic Food Product 
Technology, 9, 65-76. 

PULLIN, R. S. V. 1988. Tilapia Genetic Resources for Aquaculture. International 
Centre for Living Aquatic Resources Management Conference Proceedings 
Manila, Philippines. 

RAHARJO, S. & SOFOS, J. N. 1993. Methodology for Measuring Malonaldehyde 
as a Product of Lipid Peroxidation in Muscle Tissues: A Review. Meat 
Science, 35, 145-169. 



157 
 

RAHARJO, S., SOFOS, J. N. & SCHMIDT, G. R. 1992. Improved speed, 
specificity, and limit of determination of an aqueous acid extraction 
thiobarbituric acid-C18 method for measuring lipid peroxidation in beef. 
Journal of Agricultural and Food Chemistry, 40, 2182-2185. 

REDDY, N. R., SCHREIBER, C. L., BUZARD, K. S., SKINNER, G. E. & 
ARMSTRONG, D. J. 1994. Shelf life of fresh tilapia fillets packaged in high 
barrier film with modified atmospheres. Journal of Food Science, 59, 260-
264. 

RESURRECCION, A. 1998. Consumer Sensory Testing for Product Development, 
Gaithersburg, Maryland, Aspen Publishers, Inc. 

RICE, J. & GARCIA, S. 2011. Fisheries, food security, climate change and 
biodiversity: Characteristics of the sector and perspectives on emerging 
issues. ICES Journal of Marine Science, 68, 1343–1353. 

RODIONOVA, G., Lenes, M., Eriksen, Ø., & Gregersen, Ø. 2011. Surface chemical 
modification of microfibrillated cellulose: improvement of barrier properties 
for packaging applications. Cellulose, 18(1), 127-134. 

RONALD, L., WU, X. & SCHAICH, K. 2005. Standardized methods for the 
determination of antioxidant capacity and phenolics in foods and dietary 
supplements. Journal of Agricultural and Food Chemistry, 53, 4290-4302. 

RONG, C., CHANG HU, X., QI, L. & BANG ZHONG, Y. 2009. Microbiological, 
chemical and sensory assessment of (I) whole ungutted,(II) whole gutted and 
(III) filleted tilapia (Oreochromis niloticus) during refrigerated storage. 
International Journal of Food Science & Technology, 44, 2243-2248. 

RUTTEN, M. J., BOVENHUIS, H. & KOMEN, H. 2004. Modeling fillet traits 
based on body measurements in three Nile tilapia strains (< i> Oreochromis 
niloticus</i> L.). Aquaculture, 231, 113-122. 

RUTTEN, M. J., BOVENHUIS, H. & KOMEN, H. 2005. Genetic parameters for 
fillet traits and body measurements in Nile tilapia (Oreochromis niloticus 
L.). Aquaculture, 246, 125-132. 

RYE, M., WANG, Y.-X., YANG, K.-S., BENTSEN, H. B. & GJEDREM, T. 2011. 
Genetic improvement of tilapias in China: Genetic parameters and selection 
responses in growth of Nile tilapia (Oreochromis niloticus) after six 
generations of multi-trait selection for growth and fillet yield. Aquaculture, 
322, 51-64. 

SAILLANT, E., DUPONT-NIVET, M., SABOURAULT, M., HAFFREY, P., 
LAUREAU, S., VIDAL, M. O. & CHATAIN, B. 2009. Genetic variation for 
carcass quality traits in cultures sea bass (Dicentrarchus labrax). Aquatic 
Living Resources, 22, 105-112. 

SANG, N. V., THOMASSEN, M., KLEMETSDAL, G. & GJØEN, H. M. 2009. 
Prediction of fillet weight, fillet yield, and fillet fat for live river catfish 
(Pangasianodon hypophthalmus). Aquaculture, 288, 166-171. 



158 
 

SAVAS, S., KUBILAY, A. & BASMAZ, N. 2005. Effect Of Bacterial Load In 
Feeds On Intestinal Microflora Of Seabream (Sparus Surata) Larvae And 
Juveniles. The Israeli Journal of Aquaculture - BAMIGDEH. 

SHAVIKLO, G. R., OLAFSDOTTIR, A., SVEINSDOTTIR, K., THORKELSSON, 
G. & RAFIPOUR, F. 2011. Quality characteristics and consumer acceptance 
of a high fish protein puffed corn-fish snack. Journal of Food Science and 
Technology, 48, 668-676. 

SIDEL, J. L. & STONE, H. 1993. The role of sensory evaluation in the food 
industry. Food Quality and Preference, 4, 65-73. 

SIMOS, T. 2012. Tilapia Value Chain Review. PARDI – Pacific Agribusiness 
Research for Development Initiative. 

SIMPSON, R., ALMONACID, S., ACEVEDO, C. & CORTES, C. 2003. 
Mathematical model to predict effect of temperature abuse in MAP systems 
applied to Pacific Hake (Merluccius australis). Journal of Food Process 
Engineering, 26, 413-434. 

SIVERTSVIK, M., JEKSRUD, W. K. & ROSNES, J. T. 2002. A review of 
modified atmosphere packaging of fish and fishery products–significance of 
microbial growth, activities and safety. International Journal of Food 
Science & Technology, 37, 107-127. 

SMITH, J. P., RAMASWAMY, H. S. & SIMPSON, B. K. 1990. Developments in 
food packaging technology. Part II. Storage aspects. Trends in Food Science 
& Technology, 1, 111-118. 

SOCCOL, M. C. H. & OETTERER, M. 2003. Use of modified atmosphere in 
seafood preservation. Brazilian Archives of Biology and Technology, 46, 
569-580. 

SOUTH, G. R., MORRIS, C., BALA, S. & LOBER, M. 2011. Value adding and 
supply chain development for fisheries and aquaculture products in Fiji, 
Samoa and Tonga. Suva: Pacific Agribusiness Research and Development 
Initiative  

SPC 2007. SPC Aquaculture Action Plan 2007. Noumea, New Caledonia: 
Secretariat of the Pacific Community. 

SPC. 2011. Countries: Fiji Islands [Online]. Noumea, New Caledonia: Secretariat of 
the Pacific Community. Available: 
http://www.spc.int/aquaculture/index.php?option=com_countries&view=cou
ntry&id=5&Itemid=17 [Accessed 14 July 2011]. 

STOHR, V., JOFFRAUD, J. J., CARDINAL, M. & LEROI, F. 2001. Spoilage 
potential and sensory profile associated with bacteria isolated from cold-
smoked salmon. Food Research International, 34, 797-806. 

STOLYHWO, A. & SIKORSKI, Z. E. 2005. Polycyclic aromatic hydrocarbons in 
smoked fish-a critical review. Food Chemistry, 91, 303-311. 



159 
 

SUN, Q., FAUSTMAN, C., SENECAL, A., WILKINSON, A. L. & FURR, H. 2001. 
Aldehyde reactivity with 2-thiobarbituric acid and TBARS in freeze-dried 
beef during accelerated storage. Meat Science, 57, 55-60. 

SUÑEN, E., ARISTIMUÑO, C. & FERNANDEZ-GALIAN, B. 2003. Activity of 
smoke wood condensates against Aeromonas hydrophila and Listeria 
monocytogenes in vacuum-packaged, cold-smoked rainbow trout stored at 4° 
C. Food Research International, 36, 111-116. 

SVEINSDÓTTIR, K., MARTINSDÓTTIR, E., GREEN-PETERSEN, D., HYLDIG, 
G., SCHELVIS, R. & DELAHUNTY, C. 2009. Sensory characteristics of 
different cod products related to consumer preferences and attitudes. Food 
Quality and Preference, 20, 120-132. 

TERI, J. & PICKERING, T. 2008. Final report for Mini-project MS0507: 
Productivity and Constraints in Tilapia Fish and Freshwater Prawn 
Aquaculture in Fiji. Australian Centre for Integrated Agricultural Research. 

THORPE, A., WHITMARSH, D. & FAILLER, P. 2010. Fisheries and Aquaculture 
- The Situation in World Fisheries. UNESCO - Encyclopedia of Life Support 
System. 

TOKUR, B., OZKÜTÜK, S., ATICI, E., OZYURT, G. & OZYURT, C. E. 2006. 
Chemical and sensory quality changes of fish fingers, made from mirror carp 
(Cyprinus carpio L., 1758), during frozen storage (− 18°C). Food Chemistry, 
99, 335-341. 

TOKUR, B., POLAT, A., BEKLEVIK, G. & ÖZKÜTÜK, S. 2004. Changes in the 
quality of fishburger produced from Tilapia (Oreochromis niloticus) during 
frozen storage (-18°C). European Food Research and Technology, 218, 420-
423. 

TOMÉ, E., TEIXEIRA, P. & GIBBS, P. A. 2006. Anti-listerial inhibitory lactic acid 
bacteria isolated from commercial cold smoked salmon. Food Microbiology, 
23, 399-405. 

TRUELSTRUP HANSEN, L. & HUSS, H. H. 1998. Comparison of the microflora 
isolated from spoiled cold-smoked salmon from three smokehouses. Food 
Research International, 31, 703-711. 

TUCKER, C. S. 2000. Off-flavor problems in aquaculture. Reviews in Fisheries 
Science, 8, 45-88. 

TURRA, E. M., ANDRADE DE OLIVEIRA, D. A., VALENTE, B. D., TEIXEIRA, 
E., PRADO, S., RAMOS DE ALVARENGA, É., CHEMIM DE MELO, D., 
FELIPE, V., FERNANDES, V. & SILVA, M. 2012. Longitudinal genetic 
analyses of fillet traits in Nile tilapia Oreochromis niloticus. Aquaculture, 
381-390. 

UYGULANMAS, H. A. 2002. The application of hypoxanthine activity as a quality 
indicator of cold stored fish burgers. Turkish Journal of Veterinary and Anim 
Science, 26, 363-367. 



160 
 

VENUGOPAL, V., SHAHIDI, F. & LEE, T. C. 1995. Value-added products from 
underutilized fish species. Critical Reviews in Food Science & Nutrition, 35, 
431-453. 

VERBEKE, W. 2005. Consumer acceptance of functional foods: socio-
demographic, cognitive and attitudinal determinants. Food Quality and 
Preference, 16, 45-57. 

VERBEKE, W. & VACKIER, I. 2005. Individual determinants of fish consumption: 
Application of the theory of planned behaviour. Appetite, 44, 67-82. 

WALISZEWSKI, K. & AVALOS, M. 2001. Shelf life extension of tilapia in 
crushed ice with additive at -3C. Journal of Food Processing and 
Preservation, 25, 299-307. 

WANG, B., PACE, R. D., DESSAI, A. P., BOVELL, A. & PHILLIPS, B. 2002. 
Modified Extraction Method for Determining 2-Thiobarbituric Acid Values 
in Meat with Increased Specificity and Simplicity. Journal of Food Science, 
67, 2833-2836. 

WANG, C., ZHU, L. & BREWER, M. S. 1997. Comparison of 2-Thiobarbituric 
Acid Reactive Substances Determination Methods in Various Types of 
Frozen, Fresh Meat. Journal of Food Lipids, 4, 87-96. 

WARD, D. & BAJ, N. 1988. Factors affecting microbiological quality of seafoods. 
Food Technology, 42, 85-89. 

WHO 1989. Health Guidelines for the Use of Wastewater in Agriculture and 
Aquaculture. Technical Report Series No.778. Geneva, Switzerland: World 
Health Organization. 

WIRATCHAKUL, S., WIRULHAKUL, P., KONGPAN, O., WIRATCHAKUL, J., 
CHAORUANGRIT, A. & THAWORNCHINSOMBAT, S. 2000. Surimi 
manufacturing from tropical tilapia (Nile tilapia, Orecochromis niloticus, 
Linn.). Kaen Kaset, 28. 

YANAR, Y., CELIK, M. & AKAMCA, E. 2006. Effects of brine concentration on 
shelf-life of hot-smoked tilapia (Oreochromis niloticus) stored at 4OC. Food 
Chemistry, 97, 244-247. 

YANAR, Y. & FENERCIOGLU, H. 1999. The utilization of carp (Cyprinus carpio) 
flesh as fish ball. Turkish Journal of Veterinary and Animal Sciences, 23, 
361-366. 

 

 

  



161 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 
____________________________________________________________________________________________________________________________________________________________________________________________________________   

  



162 
 

Appendix A: Market Survey Form 

Name of supermarket: _________________________________________ 

Location: ___________________________________________________ 

Date and time of survey: _______________________________________ 

 

Details of value-added seafood being sold at the supermarket 

Brand name Country of 

Origin 

Product description and recommended 

storage  

Packaging 

type 

Expiry date or 

Remaining shelf-life 

Weight Price 

       

       

       

       

       



 
 

   

Appendix B: Quality Index Method (QIM) Scheme for whole Nile Tilapia 

Quality Parameter Attributes Demerit 
points 

Sample code 
1 2 3 4 

Appearance 

Skin 

Very bright, iridescent pigmentation 
Slightly dull, becoming discolored 
Dull 

 
0 
 

1 
2 

    

Slime 
Clear-transparent 
Slightly cloudy/milky 
Cloudy 

0 
1 
2 

    

Stiffness 

In rigor, firm (finger mark disappears 
immediately) 
Slightly firm (slightly marked by 
pressure) 
Soft (clearly marked by pressure) 

0 
 

1 
 

2 

    

Eyes 

Cornea 
Clear 
Opalescent  
Milky 

0 
1 
2 

    

Shape 
Convex 
Slightly sunken 
Sunken/concave 

0 
1 
2 

    

Pupil 
Black 
Opaque 
Grey 

0 
1 
2 

    

Gills 

Colour 

Bright/dark red 
Brownish red, becoming discolored 
Discolored, brown spots 
Discolored brown 

0 
1 
2 
3 

    

Odour 

Fresh/earthy/metallic 
Neutral/grassy/musty 
Fishy/sour 
Off-odour/rotten 

0 
1 
2 
3 

    

Slime 
Clear, translucent 
Milky 
Dark, cloudy opaque 

0 
1 
2 

    

Flesh Colour 
Translucent, white meat 
Waxy, milky 
Opaque, faint yellow, brown spots 

0 
1 
2 

    

Blood Colour 
Bright red 
Dark red 
Brown 

0 
1 
2 

    

Quality Index sum: 0-25     
 

Adapted (with modifications) from: Amos, B., 2007, Analysis of quality deterioration at critical 
steps/points in fish handling in Uganda and Iceland and suggestions for improvement, The United 
Nations University, celand  
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Appendix C: Consumer Acceptance Test Questionnaire 

Please answer all questions. This questionnaire assesses consumer acceptance of the different value-
added Tilapia products. Your name is not on the questionnaire and will not be identified with your 
answers. It is recommended that only consumers of age 15 and above participate in this survey. 
Please read the instructions carefully before completing the questionnaire. 

Section A: Demographic information  

1. What is your gender? 
� Male � Female 

2. What is your age group? 
� 15-17 
� 18-24 
� 25-34 
� 35-44 

� 45-54 
� 55-64 
� Over 64 

 
3. What is your highest level of education? 

� No formal education 
� Some primary education 
� Completed primary education  
� Some secondary education 
� Completed secondary education 

� Incomplete tertiary education 
� Graduate from either a tertiary or 

professional institute 
 

 
4. Which do you consider yourself to be (Ethnic Background)? 

� iTaukei 
� Fiji Indian 
� Rotuman 
� European 
� Pacific Islander 

� Asian 
� Part European 
� Other (Please specify) 

_______________ 

 
5. Please check the one which best applies to you: 

� Employed full time 
� Employed part-time 
� Home maker 
� Student 

� Retired 
� Unemployed 
� Disabled 

 
6. What was the approximate combined income level of your household last year? (Tick one). 

� Under $8, 999 
� $9, 000 - $19, 999 
� $20, 000 - $29, 999 
� $30, 000 - $39, 999 
� Don’t know 

� $40, 000 - $49, 999 
� $50, 000 - $59, 999 
� $60, 000 - $69, 999 
� $70, 000 and over 
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Section B: Consumption characteristics of fish consumers 
 
This section is about your fish consumption characteristics. Please answer the questions below based 
on your consumption frequency and preference. You can tick more than 1 box wherever appropriate. 
 

7. How often do you eat Tilapia (Maleya)? 
� Few times a year 
� Once a month 
� 2-3 times per month 

� Once a week 
� ≥ 2 times a week 
� Never eaten before

 
8. How often do you eat fresh marine fish? 

� Few times a year 
� Once a month 
� 2-3 times per month 

� Once a week 
� ≥ 2 times a week 
� Seasonally 

 
9. How often do you eat commercially processed (Canned fish, fish balls, surimi, fish patties, etc) fish? 

� Few times a year 
� Once a month 
� 2-3 times per month 

� Once a week 
� ≥ 2 times a week 

 
10. Where do you often eat fish? 

� Home 
� Restaurant 
� Both home and restaurant 

� At a party or gathering 
� Other (Please specify) 

___________________________ 
 

11. What types of fish do you commonly consume? 
� Barracuda (Ogo) 
�  Coral Trout (Donu) 
� Emperor fish (Kawago, Sabutu) 
� Goatfish (Ki) 
� Grouper (Kawakawa) 
� Mackerel (Walu) 
� Mullet (Kanace) 
� Parrotfish (Ulavi, lau) 
� Ponyfish (Kaikai) 

� Trevally (Saqa) 
� Rabbitfish (Nuqa) 
� Snapper (Uluqa, Yalayala, Marshi, 

Kake, Kabatia) 
� Sweetlip (Sevaseva) 
� Tilapia (Maleya) 
� Tuna 
� Other (Please specify) 

_______________
 

12. Which of the following factors influence your choice of fresh fish for consumption? Please tick and 
rank your choice of factors from 1 to 7; 1 = most important factor and 7 = least important factor. 

� Appearance  _________ 
� Flavour _________ 
� Cost  _________ 
� Species type _________ 

� Freshness _________ 
� Texture _________ 
� Size  _________ 

 
13. Which of the following factors influence your choice of commercially processed fish for consumption? 

Please tick and rank your choice of factors from 1 to 8; 1 = most important factor and 8 = least 
important factor. 

� Appearance  _________ 
� Flavour _________ 
� Cost  _________ 

� Freshness _________ 
� Texture _________ 
� Size  _________ 
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� Species type _________ � Brand name _________
 
 

14. What is your perception of “Fresh farm-raised (aquacultured) Tilapia tastes good”? 
� Strongly agree 
� Agree 
� Neither agree or disagree 

� Disagree 
� Strongly disagree 

 
15. What is your perception about “Fresh wild-caught fish tastes good”? 

� Strongly agree 
� Agree 
� Neither agree or disagree 

� Disagree 
� Strongly disagree 

 
16. Which of the following product type from Tilapia would you prefer to buy? 

� Live 
� On ice (gutted) 
� Frozen (gutted) 

� Frozen-salted 
� Brined and smoked 
� Ready-to-eat products  

 
Section C: Degree of liking of Nile Tilapia products 
 
Please taste the four Tilapia products provided starting from left to right and rank them based on 
your degree of liking by ticking the corresponding box of your rating from 1 to 9. Ranking is a 9-
point Hedonic scale in which “Like extremely” 9 points represent the highest score and “Dislike 
extremely” 1 point represents the lowest score. Please rinse your mouth for 4-5 seconds with water 
provided at your table before tasting each product.   
 

17. Product A: Surimi 
Please rank Product A in front of you based on its sensory attributes from “Like extremely” to “Dislike 
extremely”. 
 

Rating Scale Appearance Aroma Flavour Texture / 
Mouth feel 

Overall 
Acceptance 

Like extremely (9)      
Like very much (8)      
Like moderately (7)      
Like slightly (6)      
Neither like or dislike (5)      
Dislike slightly (4)      
Dislike moderately (3)      
Dislike very much (2)      
Dislike extremely (1)      

 
Other comments 

 

  
 

  
 

 
 

 

18. Product B: Smoked Tilapia 
Please rank Product B in front of you based on its sensory attributes from “Like extremely” to “Dislike 
extremely”. 
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Rating Scale Appearance Aroma Flavour Texture / 

Mouth feel 
Overall 

Acceptance 
Like extremely (9)      
Like very much (8)      
Like moderately (7)      
Like slightly (6)      
Neither like or dislike (5)      
Dislike slightly (4)      
Dislike moderately (3)      
Dislike very much (2)      
Dislike extremely (1)      

 
Other comments 

 

     

 

19. Product C: Fish Pâté 
Please rank Product C in front of you based on its sensory attributes from “Like extremely” to “Dislike 
extremely”.You may taste Fish Pâté by spreading it on the crackers provided on your table.  
 

Rating Scale Appearance Aroma Flavour Texture / 
Mouth feel 

Overall 
Acceptance 

Like extremely (9)      
Like very much (8)      
Like moderately (7)      
Like slightly (6)      
Neither like or dislike (5)      
Dislike slightly (4)      
Dislike moderately (3)      
Dislike very much (2)      
Dislike extremely (1)      

 
Other comments 

 

     

 

20. Product D: Fish Fingers 
Please rank Product D in front of you based on its sensory attributes from “Like extremely” to “Dislike 
extremely”.  
 

Rating Scale Appearance Aroma Flavour Texture / 
Mouth feel 

Overall 
Acceptance 

Like extremely (9)      
Like very much (8)      
Like moderately (7)      
Like slightly (6)      
Neither like or dislike (5)      
Dislike slightly (4)      
Dislike moderately (3)      
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Dislike very much (2)      
Dislike extremely (1)      

Other comments 
 
 
 

    

 
 
 

21. Taking all factors into consideration, please rank the following product types you tasted based on your 
preference. (1 = most preferred; 4 = least preferred) 

� Product A: Surimi 
� Product B: Smoked Tilapia 

� Product C: Fish Pâté 
� Product D: Fish Fingers

 
22. If such processed products from Tilapia are sold in the market, would you prefer to buy them for 

consumption? Please provide reasons for your choice of answer. 
� Yes 

____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
_________________________________________________________________(Go to Q.23) 

� No 
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
_________________________________________________________________(Go to Q.24) 
 

23. How much would you prefer to pay for a 100g of such processed products out of tilapia? (Put a cost to 
each product below) 
Product A: Surimi        _____________ 
Product B: Smoked Tilapia   ________ 
Product C: Fish Pâté     ____________ 
Product D: Fish Fingers ___________ 
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24. Any other comment 

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
_____________________________________________ 
___________________________________________________________________
_______________ 
 

Thank you very much for your participation in this consumer acceptance test!!!! 
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Appendix D: Organoleptic Assessment Ballot 

 

Name of Panelist: _________________________ 

Date: ___________________________________ 

Time: ___________________________________ 

Product: _________________________________ 

 

Instructions 

� Assess the odour aspect and the appearance of each sample prior to tasting and 

score it over 0-6 attribute quality grade in the table below 

� Place a sample in your mouth, chew it 10 times and rate the flavour 

� Place second piece of the test product in the mouth and chew it 10 times during 

which time rate the texture. Assess Succulence and Firmness under texture. 

� Use the following 7-point quality scale for assessment of  different attributes: 

 
6 = Excellent; 5 = Very good; 4 = Good; 3 = Moderately good; 2 = Poor; 

1 = Very Poor; 0 = Putrid 
 
 

Quality rating of Value-added tilapia test samples 

Attribute 
Quality Scale 

6 5 4 3 2 1 0 

Odour        

Appearance        

Flavour        

Texture: 

Succulence 
       

Texture: 

Firmness 
       

Level of 

spoilage 
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