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ABSTRACT

Effective quality control management by fish processing industries and fish inspection demands
fast and reliable freshness evaluation methods such as Quality Index Method (QIM). The aim of
the study was to develop a QIM scheme for deskinned redfish fillets and evaluate it in a shelf life
study of air (A) and Modified Atmosphere Packaged (MAP): 40% CO> and 60% NO> (M1) and
40% COz and 60% Ar (M2) redfish fillets. Gas compositions for the MAP were identified in a
preliminary study. The effects of gas mixture, bleeding, and storage temperature on the shelf life
and quality parameters were evaluated during superchilled (-0.5°C; day 0- 6) and chilled (2°C; day
7-16) storage. The changes during storage time were assessed by measuring drip, sensory
evaluation of raw fillets using QIM and of cooked fillets using Torry-scheme and Quantitative
Descriptive Analysis (QDA), and total viable microbial counts (TVC). The results of the shelf life
study showed no significant difference in quality changes between the MAP fillets (M1 and M2).
However, difference in MAP compared to the air packaging was found significant for all the
analysis. Maximum storage time was 11 days for A and 14 days for MAP (M1 and M2) in
superchilled storage. Quality index (QI) scores were around 8 for all the sample groups at sensory
rejection point evaluated by Torry scheme. This implied that the developed QIM scheme would
be applicable for evaluation of MAP as well as air packaged fillets.
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1 INTRODUCTION

Fisheries sector is an important production sector for high protein food in many countries. Trade
in fish also represents a significant source of foreign currency earnings, employment and income
generation. In recent years, global consumption of seafood products has risen dramatically and
products present in the fish market have evolved considerably. About 131 million tonnes from
world capture and aquaculture fisheries was destined for human consumption in 2011 (FAO 2012).

Previously presented as whole fish, technological developments in fish processing and packaging
has led to an increase in number of processed products that are now offered to consumers. Fish
and fishery products are generally distributed as live, fresh, chilled, frozen, heat-treated,
fermented, dried, smoked, salted, pickled, boiled, fried, freeze-dried, minced, powdered or canned,
or as a combination of two or more of these forms. However, variations in utilization and
processing are significant among continents, countries and within countries (Ababuoch 2010).

Owing to the high perishability, quality and shelf life of fish and fishery products are a major
concern to fish industry and consumers. Handling practices and storage conditions are the most
important factors that affect the quality and shelf life of fish and fishery product (Huss 1995). To
ensure high quality products on the market, it is of the essence to maintain the freshness of the fish
and fishery products by maintaining cold chain, providing optimal handling and transport
conditions (Olafsdottir et al. 2006). Sensory evaluation is an important method for the assessment
of freshness and quality, and is commonly used in the fish sector and fish inspection services
(Olafsdottir et al. 1997).However correlation of sensory quality with microbial and chemical
quality parameters is important in determining the quality and shelf life of seafood.

Frozen and fresh redfish form a significant part of the seafood exported from Iceland to
international markets mainly Europe and USA. The largest segment of fresh fish exports is as
whole fish that is transported by container ships. However, the market for fresh fillets in the
European market has grown quite rapidly in the past years, fuelled by the rise in their prices and
increase in demand. The fillets are processed soon after landing from the vessels, graded, packed,
chilled and then transported by air to European market to maximize freshness and shelf life
(Icelandic Fisheries 2012). Freshness evaluation is of the essence at different transaction points in
the production and distribution chain in order to ensure quality products in the end market hence
the need to apply fast and reliable freshness assessment methods such as Quality Index Method,
QIM, (Martinsdottir 2002).

Limited shelf life of fresh fish products is a large hurdle for the export of fresh products from
Iceland to mainland Europe or USA (Magnusson et al. 2010). Temperature control is a major
concern during fresh fish distribution by airfreight especially before loading and after unloading.
Minimal deviation from the optimal storage temperature is registered in sea freights. Extension of
fresh fish shelf life would enhance use of sea freight for transport of fresh fish products from
Iceland. Studies have shown that superchilling and MAP extends shelf life of seafood. However,
effectiveness of MAP is dependent on the quality of the raw material, gas combination applied and
storage conditions. Different gases have varying impact on sensorial qualities of fish products
hence the need to study the effect of MAP on shelf life of superchilled redfish fillets.

UNU Fisheries Training Programme 6



Githu

The fisheries sector plays an important role in the Kenyan national economy and supports about
80,000 fishers directly and about 800,000 individuals (processors, traders and other service
providers) indirectly(GOK FID 2008). Production comes from both aquaculture and capture
fisheries comprising of marine and freshwater (inland lakes and rivers).lt is believed that higher
contribution to the national gross domestic product by fisheries sector from the current 5% can be
realized through transformation in the sector that entails growth in competitive trade and
diversification of fish value added products. The potential can be achieved through provision of
high quality products in the local and international markets, which can earn premium prizes. This
will lead to food security and higher income.

There is a considerable variation in methods of fishing and fish handling on board fishing vessels
and on landing beaches. Fishing is mainly artisanal with wide range of fishing boats mostly
comprised of dugout and outrigger canoes, dhows, and larger sailing ships. Most of the crafts are
non-motorized with sails (43%) and paddles (40%) as the forms of propulsion for the crafts(GOK
FID 2012). Exposure of un- iced fish to ambient temperatures and lack of insulated containers are
main fish handling characteristics at artisanal level. Commercial fishing vessels are fitted with
refrigerated and insulated fish holds or ice boxes. Exposure of fish to high ambient temperatures
and lack of proper cooling structures, leads to rapid quality deterioration. This imparts negatively
on the overall quality of fish destined to the markets.

Fish inspectors are charged with the responsibility of ensuring safety and quality of locally and
internationally traded fish and fish products. This involves inspection of fish and fish handling
methods at the production, transport, markets and fish processing factories in order to ensure
compliance with national regulations (GOK FID 2007) and international regulations notably the
EU regulations governing food safety and quality.

Fish quality inspectors at, receiving points in processing factories and fish markets are relying on
traditional sensory methods for freshness evaluation. Application of technology such as Modified
Atmosphere Packaging (MAP) of fresh fish, which would result in extending shelf life of fish and
fish products with high economic benefits, is minimally utilized. Development of fast and reliable
freshness evaluation method such as QIM, for fish species found in the Kenyan waters and its
application in the fishery sector is essential especially in the quality control management by fish
processing industries and fish inspectors. QIM will be useful to give feedback to the fishermen
concerning the quality of their catch, which may in turn influence better handling on board.

The aim of this study was to develop a QIM scheme for deskinned red fish fillets and use the
scheme during a shelf life study to estimate freshness of red fish fillets stored at temperatures
simulating sea freight transport and retail storage redfish fillets in modified atmosphere during
storage. Further, the aim was to study the QIM results in relation to other sensory methods (Torry
and Qualitative Descriptive Analysis), microbial, chemical and physical methods for estimation of
the shelf life of the fillets and select the appropriate MAP gas composition. The aim was also to
gain experience in different quality evaluation methods and learn how to train and use panellists
in sensory evaluation. In addition, the aim was to gain knowledge on effects of different fish
handling, packaging and storage conditions such as temperature control, bleeding, MAP and
superchilling on quality and shelf life of seafood.
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2 LITERATURE REVIEW

2.1 Freshness changes in stored fish

Freshness is a property of fish that has considerable influence on quality. For all kinds of products,
freshness is essential for the quality of the final product (Olafsdottir et al. 1997). According to
(Olafsdottir et al. 1997), freshness can be explained to some extent by some objective sensory,
biochemical, microbial and physical parameters. Performing controlled experiments to denote the
parameter descriptors can monitor freshness and spoilage.

Soon after fish is caught, freshness of the fish starts to decline and progresses until the fish is no
longer acceptable for consumption. Characteristic post mortem changes are easily perceived with
human senses. The first changes are concerned with appearance and texture (Huss 1995).
Immediately after death, fish muscle becomes hard and stiff and is said to be in rigor mortis. When
rigor resolves, fish muscle relaxes and becomes limp. According to Huss (1995) onset, length and
resolution of rigor are influenced by temperature, time, handling, size and physical condition of
the fish. Rigor mortis indicates better quality and freshness of the fish (Rodriguez-Jérez et al.
2004).

Enzymatic autolysis, oxidation, and microbial growth in the fish muscle results to a characteristic
four phase spoilage pattern (Huss 1995). Spoilage manifests itself as changes in the sensory
characteristics in the four phases. There is little deterioration in the first phase and the fish is
described as very fresh with slight loss of characteristic odour and flavour. The fish losses the
natural flavour, odour and becomes neutral in the second phase. Signs of spoilage associated with
textural changes, strong off-flavours and odour begin to show in the third phase due to increase in
spoilage bacteria as storage progresses. Sulphur and nitrogenous volatiles are detectable and the
fish is evaluated as unfit for human consumption. In the final phase, the fish is described as spoiled
and putrid.

The rate of deterioration during storage varies with fish species and depends on biochemical
compositions of the substrates and metabolites in the fish tissue, microbial contamination, fish
handling and the condition of storage (Masniyom 2011).

2.2 Shelf life of fresh fish

Huss (1995) describes shelf life of fish as the time from when the fish is caught until it is no longer
fit for consumption. Under normal aerobic chilled storage, the shelf life of fish and fish products
is limited by the growth and biochemical activities of aerobic specific spoilage organisms (SSO).
However, enzymatic and microbiological activity is greatly influenced by temperature; therefore
the shelf life of fish and fish products is markedly extended by cooling to a temperature
approaching that of melting ice (chilling). Research studies have been carried out relating shelf
life and storage temperature of various fish species. According to Magnusson et al. (2010)
freshness loss in iced, whole fish depends on species and ambient temperature, being shortest for
cod (7-9 days) in comparison to American plaice (10 days) and redfish (14 days).Other intrinsic
factors as outlined in table 1, affect spoilage of fish in ice.
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Table 1: Intrinsic factors affecting spoilage of fish in ice (Huss 1995).

Factors affecting spoilage rate Relative spoilage rate
Slow rate Fast rate

Shape Flat fish Round fish

Size Large fish Small fish

Fat content in the flesh Lean species Fatty species

Skin characteristics Thick skin Thin skin

The limited and variable shelf life of chilled fish products is a major problem for their quality
assurance and commercial viability. Earlier study by Magnusson & Martinsdottir (1995) described
shelf life of fresh cod fillets (processed one day post catch) in ice as 10-12 days. However later
study by Cardenas Bonilla et al. ( 2007) showed a shelf life of 8-10 days for cod fillets processed
3 to 5 days post catch. The length of time before processing influenced the shelf life of the fillets.
Apart from hygienic handling and processing, and chilling, studies have shown that superchilling
and MAP extends shelf life of seafood (Sivertsvik et al. 2003,Wang et al. 2008).

2.2.1 Effects of Superchilling on Shelf life

Huss (1995) defines superchilling or partial freezing as storage of fish at temperatures between
0°C and -4°C. It is based on lowering core temperature of the fish close to freezing point (sub-
zero state), which depends on water content and soluble substances of fish. Lag phase of microbial
growth is extended at the beginning of storage and spoilage is reduced resulting in extended shelf
life (Huss 1995).

Various types of cooling systems have been used for superchilling of seafood products including
superchilled brine, slurry or liquid ice (small ice crystals in superchilled brine) and dry ice (COzin
solid form), depending on fish species, processing stages and products, flake ice or slurry ice (Bao
et al. 2007). Research studies have shown that superchilling extends the shelf life of fish products.
Superchilling of Arctic charr fillets at -2°C of fillets packed with dry ice resulted in 6 days shelf
life extension compared to chilled (3°C) fillets (Bao et al. 2007). According to (Olafsdottir et al.
2012) shelf life of superchilled cod fillets was estimated to be between 16 to 18 days compared to
10-12 days in ice (Magnusson and Martinsdottir 1995). Research study by (Olafsdottir et al. 2006)
using Combined Blast and Contact (CBC), a new superchilling technique showed higher shelf life
extension for cod fillets to at least 15 days at -1.5°C based on Torry score and TVB-N compared
to 11 days in ice storage.

Superchilling may have negative effects on freshness and prime quality of the fish products from
different fish species. Cod stored at -2°C for 10 days had an appearance and texture inferior to fish
stored at 0°C in ice and at -3°C drip was increased (Huss 1995). The negative effects on drip loss,
appearance, and texture of cod are due to formation of large ice crystals, protein denaturation and
increased enzymatic activity in the partially frozen fish (Huss 1995) and (Bao et al. 2007). During
partial freezing some of the water freezes out and the concentration of solutes in unfrozen solution
increases. This may lead to denaturation of the muscle proteins as well as structural damage of
membranes, which can result in increased drip loss and textural changes (Duun and Rustad 2007).

UNU Fisheries Training Programme 9
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2.2.2 Effect of Modified Atmosphere Packaging on shelf life

Packaging protects of fish and fish products against deteriorative (microbial, biochemical, and
physical) effects (Masniyom 2011). Replacing the normal composition of air in the pack with a
single gas or a mixture of gases can modify the atmosphere surrounding a fish product in a package.
However, effectiveness of MAP depends on initial microbial quality, species, gas mixture, gas to
product volume ratio, packaging materials and storage temperature (Wang et al., 2008, Sivertsvik
et al. 2002). The three main commercially used gases in modified atmosphere packaging are:
carbon dioxide (COy), nitrogen (N2) and oxygen (O2). COz is soluble is soluble in water and lipids
and therefore the most important gas due to its bacteriostatic and fungistatic properties (Huss
1995,Sivertsvik et al. 2002) ). Excessive absorption of CO> results to “package collapse”. High
CO- content lowers the pH and consequently causes increase in dripping due to low protein water
retention of the fish muscle (Huss 1995, Masniyom 2011). Nitrogen replaces oxygen in packaging
and thereby prevents oxidation of lipids. Owing to its low solubility in water, N2 also helps to
prevent package collapse by maintaining internal volume. Argon replaces oxygen better than No.
Studies on Argon modified atmosphere have shown positive effect on the preservation and shelf
life of trout fillets (Choubert et al. 2008) .Presence of oxygen may cause oxidative rancidity
problems in fish presenting high lipids therefore in MAP low concentration of O retards the
growth of aerobic microorganisms and reduces the degree of oxidation (Soccol and Oetterer 2003).

Various research studies have explained the effect of different gas combinations on shelf life of
packed fish products (Table 2).

Table 2: Shelf life extension of fish and fishery products in MAP.

Shelf life
Storage MAP ( days)
Fish and fishery products temperature condition ————r References
(C) CO»0;NO, & MAP
Mediterranean swordfish (Xiphias 4 40:30:30 7 12 (Pantazi et al. 2008)
gladius)
Pearlspot (Etroplus suratensis 2 60:40:0 11 21 (Ravi Sankar et al.
Bloch) 2008)
Sea bass (Dicentrachus labrax) 4 60:10:30 6 13 (Kostaki et al. 2009)
Atlantic salmon (Salmon salar L.) 2 90:0:10 11 22 (Fernandez et al.
2009)
Sea bass (Dicentrachus labrax) 4 60:0:40 7 14 (Provincial et al.
2010)

Study by Wang and others 2008 on synergistic effect of MAP and superchilling of cod loins
showed extended shelf of 21 days compared to superchilling (16 days) and modified atmosphere
(14 days) alone.
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2.3 Effects of bleeding of fish quality

Bleeding is carried out to eliminate blood from the blood from the tissues (Magsood and Benjakul
2011). However, the process should be carried out immediately after catch in order to maintain
optimal quality in the fillets (Huss 1995). Borderias and Sanchez-Alonso (2011) reported that
bleeding in Atlantic salmon is only effective if conducted within 1 to 2 hours of capture. Improper
bleeding influences visual appearance of the fillets characterized by residual blood in the fish
tissue. Residual blood induces development of undesirable odour and flavour of the fillets that
lowers marketability of fish (Magsood and Benjakul 2011, Roth et al. 2005). Bleeding removes
heme proteins that accelerate oxidative rancidity in the fish muscle. Study by Magsood and
Benjakul (2011) showed that bleeding effectively lowered heme proteins in Asian seabass fillets.
Richards and Hutlin (2002) also reported that bleeding reduced rancidity in minced trout whole
muscle, minced mackerel light muscle, and intact mackerel dark muscle.

2.4 Methods for evaluation of fish freshness and quality

2.4.1 Sensory Evaluation methods

Sensory evaluation is considered as the principal method to evaluate the freshness of seafood. The
analysis method involves evaluation of food sensory attributes using the human senses. In the
fisheries sector, sensory evaluation of fish freshness gives valuable information on fish freshness
and quality based on appearance, odour, flavour and texture parameters of the fish. Subjective and
objective methods are applied in sensory evaluation. Subjective methods are based on panellist’s
preference and acceptability of a product therefore bias may exist among the assessors. This
method is often applied market research studies and product development (Huss 1995).

In fish quality evaluation, objective descriptive tests are applied using a group of trained panellists
(Martinsdottir et al. 2009). Structured scales describing the nature intensity of the quality
parameters are used. Different grading schemes have been developed for sensory evaluation of
whole and cooked fish. EU schemes and Quality Index Method (QIM) are used in freshness
evaluation of raw whole and gutted fish while Torry scheme and Quantitative Descriptive analysis
(QDA) are employed in evaluation of cooked fish.

Europe recommends use of EU scheme for quality assessment of raw fish in the industry and
inspection service according to the Council Regulation (EC) No. 2406/96 of November 26, 1996
(Anonymous 1996). In the scheme, general parameters are used to describe the freshness without
taking into account variation of different fish species. Improved and more accurate evaluation
methods have been developed.

Quality Index Method (QIM)

Inaccuracy of the EU scheme led to development of new, accurate and objective seafood freshness
grading system that takes into account differences between fish species. Different fish species
show different sensory changes during spoilage. QIM is therefore based on well-defined
characteristic changes that occur in raw fish (Martinsdottir et al. 2001). A score of 0-1, 0-2 or 0-3
demerit (index) points is given for changes occurring in odour, texture and external appearance of
gills, skin and eyes as listed in the grading scheme. Zero (0) score corresponds to very fresh fish
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and consequential increase in the score occurs as the freshness declines. The scores for all the
characteristics are summarized to give an overall sensory score called the Quality index (QI). QIM
schemes have been developed for various fish species. The information is available online at QIM
Eurofish website (http://www.qim-eurofish.com). Recently, QIM scheme for bogue (Boops boops,
L.) and blackspot seabream (Pagellus bogaraveo) have been developed. (Bogdanovi¢ et al. 2012,
Sant’Ana et al. 2011). Increasing interest in use of QIM as quality assessment tool for processed
fish products has led to development of QIM for raw fish fillets. Sensory changes on the fillets are
specific to different fish species. Descriptors for colour, odour, texture, gaping and appearance or
any other important parameter depending on particular fish species are listed in the scheme.
Cardenas Bonilla et al. (2007) described QIM scheme for fresh cod (Gadus morhua) fillets. Further
research is needed to evaluate applicability of QIM for fish handled, stored and processed under
different conditions. It’s known that different cooling techniques have different influence on
sensory attributes not always correlated with spoilage hence the need to study influence of
superchilling and MAP on sensory qualities of redfish fillets and develop a QIM suitable for future
quality assessment in this storage condition.

The aim of QIM development is to have QI increase linearly with storage time in ice (Martinsdottir
et al. 2001). Under well-controlled experiments, QIM can be used to estimate shelf life and
remaining shelf life of fish and fish products. The number of days that whole, fresh (gutted) fish
is stored in ice until it becomes unfit for human consumption gives the shelf life while predicted
storage time in ice is the number of days that the fish has been stored in ice. Estimate of the
remaining shelf life (shelf life—predicted storage time) is therefore determined (Martinsdottir et al.
2003, Hyldig and Green-Petersen 2004). In QIM development, experienced panellists develop best
descripto