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ABSTRACT

Changes in physical and chemical properties of different cured, salted cod fillets at
different storage times (1, &hd 6 weeks) and temperatu(eg, -4, -12, -18 and-24

°C) were investigatedin the curing process, part of the fillets was injected with
protein and phosphateA. part of the fillets was dried in a heat pump dry2uring

the storage period, the lighs®ofthe salted cod increasedndsamples in all groups
stored at-18 °C and-24 °C had higher lightness values comparedtioer samples.
However, the phosphates and protein injection did sighificantly affect the
lightness ofthe salted cod duringterage. The formation ofotal volatile basic
nitrogenandtrimethylamineincreased with time of storage, but the values were low
and acceptable. The samples stored 8€ had a higher drip loss than other samples.
The cooking yieldand water holding cagcity increased slightly afte6 weeks of
storage, but varied much between the samples during the storagéligmer. water
holding capacity and higher cooking yieldere observed irfillets treated with
phosphatesThe results were in correlation withettwater holding capacityand
cooking yieldof desalted cod afté&d weeks and weeks of storage. The water content
decreased slightly after storage f6érweeks. Nevertheless, phosphates did not
contribute significantly to changes in colour and water lessgd heat pump drying.

Keywords Salted cod, storing, heat pump drying, water content, water holding
capacity, cooking yield, NMR.
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1 INTRODUCTION

Currently, the demand for traceability of food quality and food safety for consumers is
increasing (Olafsdéttir 2005). The quality of fish and fish products is an important

concern of the industry and consumers. Deterioration bfgreducts mainly occurs

as a result of bacteriological activity and chemical changes during processing and
storage. Storage conditions are the most important factors that affect the quality of
fishery products.

The effects of different storage methoastbe quality of different products have been
studied and promising results have been found. Cold storage, chill storage, vacuum
packaging and modified atmosphere packaging (MAP) are often considered. Chill
storage is based on lowerirtge temperature clas to the freezing point of the
products using different cooling agents such as refrigerated air, refrigerated sea water
(RSW) and chilled sea water (CSW) (Sméhal. 1980 Kraus 1992); flake ice or
slurry ice (Yamadaet al. 2002 Zeng et al. 2005); or liquid ice and brine solution
(Huidobroet al. 2002). Cold storage is based on éwvg the temperature belowhe
freezing point of the products using refrigerated air agent. At chilled and freezing
temperatures, the spoilage of bacterial growth is reduesdting in extended shelf

life and good quality (Chapman 1990). However, each method has its advantages and
disadvantages depending on the characteristiteegiroducts and storage conditions.
Therefore, studies are needed to find out appropriate staaylitions for each fish
product.

Viethamis a seafood export country. The export turnover increased {8$971

million in 1999 toUS$ 3.4 billion in 2006 Fistenet2006).Shelf life extension of fish

products and quality are therefore of great mdgerto Viethamese fish producers.

Although chill storage and cold storage have been researched and applied in the world

for a long time, these methods have not been researched and applied properly for
different seafood products in Vietnam. Most produc@gsyastorage methods based

on their experience or customersoOo requiren
conditions would offer prospects for quality improvement of seafood products in

Vietnam.

The overall objective of this project was to reseatsh effect of different storage
temperatures and storage times on the quality of salted cod. It is a novel product in
Vietnam. Thusa better understandingf this product could be applied to fish species

in Vietnam.

In addition, a drying experiment oflted cod was carried out using a heat pump

dryer. At the same time, physical and chemical changes in dried salted cod were
studied to evaluate the quality changes in the product.

UNU-Fisheries Training Programme 5



Minh

Objectives

The objectives of the project were to observe the effecdifiérent storage
temperatures and times on the quality of salted cod and to evaluate the quality
changes of salted cod during heat pump drying. The following aims were established
for the project work:

e To study the physical characteristics of salted dodng storage and during
drying.

e To determine the chemical changes of salted cod during storage and during
drying.

2 STATE OF THE ART
2.1 Salted fish

Salted fish products are popular in many countries around the world. Salted fish
products have been showm be safe for millenniums, even in developed countries
(Turanet al. 2007). Atlantic cod Gadus morhud..) is by far the most important

species for salted fish processing (Eriket@l.2004). Atlantic cod has been the most
important commercial speciestime North Atlantic for centuries anslnow regarded

as a very promising species in cold water fish farming (Duun and Rustad 2007).
Salted cod is one of the most important processed products for the eégsodm

Iceland and Norway (Rodrigues al.2005)Heavily salted cod iatraditional product

from the NorthAtlantic fisheries and is highly regarded as ripened fish product in

many countries (Lauritzsen and Martinsen 1999). Traditional production of salted cod

is a simple process in which cods are piledwith alternate layers of dry salt crystals.

Regular salted cod reaches a salt concentration of 0.20 (w/w) and a decredse of 65
80% (w/w) of water. The final product shows a high microbiological stability and
specific sensorial features (Del Valle andrnZalesinigo 1968). Nowadays, there are

two types of commer ci al salted cod: Adry
Awet salted codo with moretal20b5a)nSaedddd wat er
is one of the principal salted products consumed/lediterranean countries and is

used in the preparation of many traditional dishes (Barak 2002)

Salting is one of the oldest treatments in food preservation. It decreases the water
activity and consists of transporting salt into food structures iangoverned by
various physical and chemical factors such as diffusion, osmosis and a series of
complicated chemical and biochemical processes (Tataal. 2007). Salt causes
plasmolysis and alters protein and enzyme states in such a way that preteime b
impervious to enzyme action and lose their efficacy. It also has bacteriostatic and
bactericidal effects (Ismail and Wootton 1982). Salting is mainly used to preserve
products and also to promote important sensorial changes that make the final produc
appreciated by consumers (Andetsal. 2005b).

Salting is usually performed by dry, brine, or injection salting or a combination of
these methods. The most commonly used methodhéindustry are dry salting
(pile) and brine salting (Boest al. 198, Birkeland and Bjerkeng 2005]he main
features of salting are the removal of some of the water thafish flesh and its

UNU-Fisheries Training Programme 6
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partial replacement by salt (Turahal.2007).When salt brine or dry salt are used as
salting agents, two main simultaneousafs are usually generated; water loss and salt
uptake.

The salt uptake and water loss depend on the contact area and initial weight (Fuentes
et al. 2007). The properties of fish muscle vary due to changes in water and salt
content: the muscle gains salthereas water is lost or gained depending on the
salting procedure (Thorarinsdottet al. 2002 Thorarinsdottir et al. 2004 and
Sannaveerappet al. 2004). Diffusion is said to be the most important mass transfer
mechanism responsible for sodium and gb transport.The brine concentration
showed an important effect on the rate of diffusion in to the muscle and weight
changes during the salting processiBglute diffuses from the salting agent into fish
muscle and water diffuses out of the fish, du¢he differences in osmotic pressures
between intecells and salting agent (Raoditack 1994 Yao and Le Maguer 1996).

Salt uptake depends on many factors including species, muscle type, fish size, fillet
thickness, weight, composition (lipid contentdadistribution), physiological state,
salting method, brine concentration, duration of salting steptdishlt ratio, ambient
temperatureandfreezing and thawing (Wangt al. 1998, Jittinandanaet al. 2002).

The rates of the salt and water diffusame positively correlated with increasing the
brine concentration (Poernoned al. 1992 Bellaghaet al. 2007). The rate of salt
uptake is very importawith regard to weight change, water holding capacity (WHC)

and quality othefinal product. The fastate of salt uptake may lead to inactivation of
enzymes and bacteria. The rate of salt uptake depends on the type of process and
product.

The rigor mortis of fish affects the salt uptake and water loss during brine salting, pre
rigor salting leadto a hgher water loss and lower salt uptake than in fish salted post
rigor and inrigor (Wanget al. 1998 Lauritzsenet al. 2004). The rigor mortiglso
affects the equilibrium salt concentration in fish muscle during brine salting. The
equilibrium salt concamation in fish muscle is lower for pmggor mortis fish than
either inrigor or postrigor mortis fish, due to the degradation of cellular structures by
enzymes (Rasét al. 2004 Birkelandet al.2007).

The protein content could also influence the mitesalt uptake as salt penetration
decreases with increasing total protein (Zugarranmurdi and Lupin 1980). Dieing
salting process, the changes in protein structure such as protein denaturation of cod
occurred when brine concentration was raised fr@nd® 25% due to the protein
saltingout and the yield got lower than that obtained when using 20% brine @arat

al. 2002. The brine concentratioalso affects the water holding capacity. A lower
brine concentration is known to increase the water hgldapacity and higher yields

are obtained when compared to salting with saturated brine ($tbjy1987). The

yield or the weight gain of salted products depends not only on the brine
concentration, but also on the brining time and temperature. Tightwin of salted
herring at low brining temperature was higher than that at high brining temperature
and increased weight gain seemed possible by further extension of the brining time
(Birkelandet al.2005).

Generally, the quality of the salted fishpdeds on the quality and chemical
composition of raw materiaFreshness is an important parameter that affects the
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guality of salted cod durinthe salting process, as the freshest raw material gives the
lowest overall yield and the lowest salt uptakeréB&t al. 2006). The quality of
salted fish also depends on origin, feediagd maturity (Solberget al. 2000). In
addition, the salt composition affects the quality of salted fish. Usually, sea salt
(NaCl) is used, and sodium (Nas the main componens considered essential to
produce the desired texture and flavour and guarantee the safety of the fish (Ismalil
andWootton 1982.

Salted cod is usually dried before storage and it is desalted and cooked before
consuming (Andrégt al. 2005b). Salteatod is usually stored at 0°Z and during
storage time, salt penetrates into the muscle. The changes in salt penetration rates
closely follow changes in extractable actomyosin in muscle, indicating a dependence
of the change on the degree of denaturatbrfish muscle proteins. The brine
concentration and frozen storage time ham@npact on water transfer of salted fish.
Water migrats from the brine into the flesh if fresh mullet filledse dipped in brine

at a concentration up to 15%. When the cotragion of the brinas 20% or higher,

water migrate from the fish muscle to the brine. However, after two months of frozen
storage, fish muscle ganvater if dipped in brine of 20% or below anddesvater

when the brine was 25% or higher (Deng 1977).

In recent years, the salted cod industry has suffered heavy losses by the deterioration
of the product caused by colour; microbiological and chemical changes because of the
storage temperature, for example lipid oxidation, protein denaturation and weight
changes.A major quality problem in such skion products is yellow/brownish
discolairation of the flesh surface. The yellow/brown colour may cover the whole
muscle surface or only sections of it (Lauritzsen and Martinsen 1888)salting of

cod causes ptein denaturation, leading to a small loss of protein during the re
hydration process, due to protein aggregation and precipitation and the short soaking
time (Ito et al. 1990 Tamboet al. 1992 Thorarinsdottiret al. 2002). The high salt
concentrationnitially causes protein loss by the osmotic effect of the ¥ab (and

Le Maguer 199600izumiet al.2003).

2.2 Methods for storage of fish and fish products

Fish and fish products are highly perishable because of high water activity, the lipid
oxidation, autolytic enzymes and metabolic activities of microorganisms. The
degradation process is carried out at first by muscle enzymes and later by microbial
enzymes (Olafsdéttiet al. 1997). The rate of deterioration during storage depends on
temperature andt ican be slowed down by the low storage temperature such as
chilling (chilled storage) and freezing (cold storage). Low temperature is important to
retainthe quality of fish and fish products (Jain and Pathare 2Q0X). temperature
storage is one of therimary methods to maintain fish freshness, based on the
reduction in the rates of microbiological, chemical and biochemical changes
(Chapman 1990).

Chilled storage is based on lowering temperature close to the freezing point of the
products. Chilled stageis a useful technique that has been applied to extend the
shelf life of fish and fish products. The low temperature will reduce the activities of
spoilage bacteria, enzyme activity and lipid oxidation reaction, so the fish and fish
products remain eldie longer. However, bacterial biomass and types of bacteria
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affect the success of storage (Chow 1982). Multiple interactions between biological,
physical and technical factors affect the efficiency of chilled storage (Babiak

2006). During chilled wrage of fish and fish products, deterioration of sensory
quality and loss of nutritional value have been detected as a result of changes in
chemical constituents (Ashét al. 1996 Olafsdottiret al. 1997).

Cold storage is based on temperature belmfreezing point of the products. Cold
storage of fish and fish products has been largely used to retain their sensory and
nutritional properties before consumption (Erickson 1997). Some deterioration of the
frozen product takes place during cold stordme, the changes are small under the
right storage conditions (FAO 2001).

2.3 Heat pump drying

Drying is one of the thermal treatments applied in many food industries, and the use
of dried foods is expanding rapidly (Senadeetral. 2005). The goals ahe drying
process research ithe food industry are threfold: economic considerations,
environmental concerns and product quality aspects (@kad. 1992). In many
agricultural countries, large quantities of food products are dried to improvdifhelf
reduce packaging costs, lower shipping weights, enhance appearance, encapsulate
original flavour and maintain nutritional value (Sokhansanj and Jayas €884 and

Chua 2001).Commonly used methods are sun drying and hot air drying. The
disadvantage of #se methods ithat deterioration in quality often occurs during the
drying procesgCho et al. 1989 Skonberget al. 1998) The drive towards improved
drying technologies is promoted by the needs to produce better quality products.
Improvement in qualitypf most food products translates irggignificant increase in

their market valueOn the other hand, in most industrialised countries, the energy
used in drying accounts forI5% of the total industrial energy used often with a
relatively low thermal diciency ranging from 25% to 50% (Dincer 19%Bhuaet al.

2001). Some highly industrialised countries use over one third of their primal energy
for drying operations (Dirk and Markus 200Qonsequently, in order to reduce the
energy consumption, it is oessary to select an efficient heating system. The heat
pump presents an efficient and environmentally friendly technology due to its low
energy onsumption (Stremmeet al. 2000) andthe high coefficient of performance

of the heat pump and the high thetratiiciency of a properly designed dryer (Braun

et al. 2002 Dirk and Markus 2004)In addition, heat pump drying can operate
independently of outside ambient weather conditions (Perera and Rahman 1997).

Heat pump drying has the potential to operate emefficiently, and at lower
temperatures than conventional drying (Filho and Strammen 1996). In heat pump
drying, both sensible and latent heat can be recovered from the dryer exhaust humid
air, improving the overall thermal performance. Heat pump dryarg e operated

over a wide range of temperature, providing good conditionthe drying of heat
sensitive materials (Hawladet al.2006).

Heat pump drying can improve tlggality of fish products due to its low drying
temperature and independerftrom outdoor air.In recent years, interest in applying
heat pump drying to foods and biomaterials has been growing to enhance the quality
of the final products (Chou and Chua 200W}sually, dried products have a low
aroma volatile content, suffer loss of tabile vitamins and have a high incidence of
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colour degradation (Perera and Rahman 1997). Although, heat pump drying has been
used extensively ithe industry for many years, application of heat pump drying to
dry fish and fish products is still limitednd there is a lack of heat pump dryer
characteristics data (Séi al.2007).

Principles of a heat pump drydrhe heat pump dryer system is a combination of two
subsystems: a heat pump and a dryer. The flow chart of the heat pump dryer system
is show in Figure 1 (Phanet al. 2002). In a heat pump system, the working fluid
(refrigerant) at low pressure is vaporised in the evaporator by receiving the heat from
the dryer exhaust humid air. The compressor raises the enthalpy of the working fluid
of the hat pump and discharges it as superheated vapour apteghure. At the
condenser, heat is removed from the working fluid and released to the dried air. The
working fluid is then throttled to the loyressure line (using an expansion valve) and
enters theevaporator to complete the cycle. In the dryer system, hot and dried air
exiting the condenser is passed through the drying chamber where it releases heat to
the damp material and also extracts the moisture from the damp material by
convective transfer tohe air. The humid air exit ahe drying chamber is passed
through the evaporator where the moisture in the air will be condensed into water as
the air goes below dew point temperature. After passing through the evaporator, the
dried air is passed throhighe condenser to reheat. The reheated air goes to the drying
chamber again.

<
<

A

Compressor

Expansion Valve

A

Wet Material Inlet

| |

A 4
A 4

Figurel: The heat pump dryer system
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3 MATERIALS AND METHOD S
3.1 Experimental design

A total of 400fillets of salted cod wassed in this study. The samples were received
from Visir hf., Djapivogur in Iceland and contained four groups of differently cured
fish (A, B, C and D). Four different curing methods were used:

A: Injecting and brining.

B: Injecting,phosphate$*CARNAL 2110) and brining.

C: Injecting, protein and brining.

D: Injecting, proteinphosphate§*CARNAL 2110) and brining.

Each group of fish was stored at different temperatures’6f 24 °C, -12 °C, -18 °C

and-24 °C. The samples were stored for one wexieeks and weeks untilthey

wereanalysed for physical and chemical properties (Table 1 and Figure 2).
*Potassium, sodium and-diriphosphates

Tablel: The experimental groups of four different curing types of salted cod,(8, B
and D) stored at five different temperature§G2-4 °C, -12°C, -18°C and-24°C).

Group Type of fish Storage temp. {C) Code
1 A 2 2A
2 A -4 4A
3 A -12 12A
4 A -18 18A
5 A -24 24A
6 B 2 2B
7 B -4 4B
8 B -12 12B
9 B -18 18B

10 B -24 24B
11 C 2 2C
12 C -4 4C
13 C -12 12C
14 C -18 18C
15 C -24 24C
16 D 2 2D
17 D -4 4D
18 D -12 12D
19 D -18 18D
20 D -24 24D

Part of the cured, salted cod was dried using a heat pump dryer. Before drying, the
excess salt on the surface of the fistrswimsed and the fish was dried for 5 days
(Figure 3). The conditions d¢iedrying chamber are shown in Table 2.

Table2: The temperature, velocity and relative humidity of the chamber in five days

of drying
Drying parameter Day 1 Day 2 Day 3 Day 4 Day 5
Temperature®C) 19 19 19 19 19
Velocity (m/s) 2 2 2 2 2
Relative humidity (%) 60 60 55 55 55

UNU-Fisheries Training Programme 11



Determination: ) Minh
+ Protein
+ Water content Salted Cod (A, B, C, D)
+ Salt content (™ | B
+ TMA, TVB-N
+ Phosphates 4
/ Storage
A 4 y y A 4
=2°C t=-4°C t=-12°C t=-18°C t=-24°C
l \ 4 l
T =1 week T = 3 week T = 6 week
A 4 \ 4
Physical Chemical
Evaluation Analysis
\ 4 \ 4 A 4 A 4 A 4 A 4
Drip loss Colour Cooking yield WHC NMR Water content TVB-N

Figure2: The flowchart of the experiments for storage of salted cod
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Determination:
+ Protein

+Water content b | Salted Cod (A, B, C, D)
+ Salt content
+ TMA, TVB-N )

\ 4

Heat Pump Drying

\ 4 \ 4 A 4

Water content Colour NMR

Figure3: The flowchart of the experiments dryinfisalted cod using a heat pump dryer
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3.2 Sampling

Samples were taken on the arrival of the salted cod (Weakd afterl, 3 and 6
weeks of storage for elmtion of colour, water holding capacity (WHC), water
content, trimethylamine (TMA), total volatile basic nitrogen (W and cooking
yield. Additionally,the amount of protein, salt anqghosphatesvere measured on the
arrival of the salted cod. The diipss was determined at the end of the storage.

The cod was desalted, afeweeks and weeks of storage respectively, with water at

a ratio of 1:5 (fish: water) for 24 hours and then at a ratio of 1:6 (fish: water) for 72
hours. The total weight chargé\W), amount of saltphosphatesnd content were
measured. In the desalted cod, water holding capacity (WHC) and cooking yield were
alsodetermined.

The colour anduclearmagneticresonance (NMR) were determined in the dried cod
after five days of ding.

3.3 Methods of analyses

3.3.1 Physical analyses

Drip loss

Drip loss is defined as the amount of liquid loss during storage and is expressed as a
percentagef weight loss. It was determined by the weight of the fillets before and
after storage.

Colour

The intensityof the flesh colour was measured wéiMinolta CR-300 chromameter
(Minolta camera Co., Ltd; Osaka, Japan) in Lab* system (CIE, 1976) with CIE
llluminantC. The instrument records th& value, lightness on the scad¢ 0 to 100
from black to wite; a* value, (+) red or-} greenb* value, (+) yellow or+) blue.

Cooking yield

Cooking yield is defined as the amount of liquid loss during cooking. About 35 g of
sample was weighed and heated in a steaming oven’at fad 10 minutes. Samples
weredrained for 5 minutes and weighed (Rattanasathetiral. 2008). The cooking
yield (CY) was calculated by the formula:

Weooked

Weaw

CY =

* 1009

Where:
WeookediS the weight of cooked sample.
Wi awis the weight of sample before cooking.
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Water holding capacity (WHC)

Water holding capacity was determined according to a method by Bgrresen éEide
al. 1982). The samples were prepared by chopping them in a Braun Mixer (Type
4262, Germany) for @5 seconds (until homogenous) and 2 g of the samete w
weighted in the glass. Sahes were centrifuged at 1500 rpm ominutes in special
sample glasses made from plgiass. Water removed during centrifugation was
drained through a nylon membrane in the sample glasses.

The WHC of the sample was then calculated using the follofeimgula:

W — Ar

WHC = —-—x 100%
Where:

W is the water content of the sample before centrifugation (%).

r i s the weight | ost by centrifugation

W W,

Ar = T x 100%

Where:

W is the weight of the original sample (Q)
W is the weight of the sample after centrifugation (g)

Nuclearmagneticresonance (NMR)

The behaviour and distributionf water throughout the salted cod samples was
determined withow field nuclearmagneticresonance (LINMR). A low-field Bruker

Minispec mq 20, bench top NM&nalyzer (Bruker Optics GmbH, Am Silberstreifen

D-76287 Rheinstetten, Germany), with test tuble$Oomm width, were used for the
measurements. All measurements were performed at STP using a Receiver Gain of 70

dB and a Recycle Delay of 10 s. The transverse relaxation time, T2, was measured

with a CarrPurceltMeiboomGill (CPMG) pulse sequence witim énterpulse spacing

of 250 e¢s, 16 scans and 8100 fitted points
measured with an Inversion Recovery (IR) pulse sequence with 30 measuring points,

4 scans and a duration factor of 1.322.

Total weight changes aftdesalting

Total weight changes after desaltiage defined as the amount of water intake after
desalting and expressed as a percenthgeeight gainsThe total weight changes of
the salted cod after desaltingredetermined as shown in formula (Bagatal. 20(2)

(W=W,2-W,1)/W,1 x100%

Where:
+ Wi weight of fish before desalting.
+ W,: weight of fish after desalting.
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3.3.2 Chemical analyses
Water content

Water content was determined according to ISO 6496:1999. About 5 g of sample
were weighed accurately (1 mg) anglaced in an aluminium foil dish which was
prepared with a thin layer of seand and a glass rod. The samples were mixed
thoroughly with the sand. The glass rod was kept on the dish and then left to dry for 4
+ 0.1 h in the overat 103 °C. The dish was removed from the oven and allowed to
cool to ambient temperature in a desiccator for about 15 minutes. The water content
was calculated btheformula as follows:

mq — (mz —mo)
= X 100%
my

Where:
mlis the mass of the test portion (g).

mzis the mass dhe dish, test portion, sand and glass rod ().
m3is the mass of the dish, dried test portion, sand and glass rod (g).

Protein content

Protein content of all samples was determined by the Kjeldahl method (ISO
20483:2006). A sample of 5 g was digestedulphuric acid in the presence of copper

as a catalyst. Thereafter, the sample was placed in a distillation unit, 2400 Kjeltec
Auto Sample System. The acid solution was made alkaline by a sodium hydroxide
solution. The ammonia was distilled into boriédaand the acid was simultaneously
titrated with diluted HSO,. The nitrogen content was multiplied by the factor 6.25 to
get the ratio of crude protein.

Total volatile basic nitrogen (TVBI) and trimethylamine (TMA)

The TVB-N was determined by dissolgrl00 g of the salted cod fish sample extract
in 200 ml 7.5% aqueous trichloroacetic acid, filtering the mixture, and then mixing 25
ml of the extract in a distillation flask with 6 ml 10% NaOH. Steam distillation was
then carried out using the Kjeldatype distillator (Struer TVN) and the TVR
condensed is mixed with 10 ml 4% boric a@dd 0.04 ml of methyl red and
bromocresol green indicatowhich turrs green when alkalinized by the TVIB
(Malle and Poumeyrol 1989). The solution was then titrated &@872 N sulphuric

acid until there was a complete neusatiion of the base which was indicated by a
colour change to pinkn the addition of a further drop of sulphuric acithe TVBN
content was calculated Itlye formula:

25ml
Where:

a: volume of sulphuc acid (ml)

b: normality of sulphuric acid (%)

!
14=9 xax b x300 /mgN
100g
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To measure TMA the same method as for TNBwas used but 20 ml of
formaldehyde was added to the distillation flask to block the primary and secondary
amines.

Salt content

Salt content of all the samplesasy determined by titration according to AOAC
(1995). Soluble chloride was extracted from the samples with water containing nitric
acid. The chloride content dfie solution was titrated with silver nitrate and the end
point was determined potentiometrigall

Phosphates content

The method is based on reaction of phtosphates acidic solution with ammonium
molybdate and ammonium vanadate with the formation of vanadomolybdophosphoric
acid complex. Absorbance of the complex is measured at 420 nm.

The sarmple is weighted out in a crucible, CaO added to fornrpBasphatesdried at
100°C, ignited and ashed over night at 5@ The ash is then hydrolysed with HCI
and HNQ for 10 min. The liquid is made up to certain volume with water, filtered
and finally reacted with vanadate/molybdate solution. Solutions of
potassiumhydrogghosphate¢KH,PQ,) as standard are reacted following the same
procedure as samples to make a standard curve. Results are given agOng/g P

3.4 Statistical analysis

Microsoft Excel 200 was used to calculate the means and standard deviations for all
multiple measurements and to generate graphs. The obtained data sets were compared
by multiple comparisons ANOVA by using all pair wise comparison by Sigmastat 3.5
(Jandel Scientific Softwat Ontario, Canada). Significance of difference was defined

at p<0.05. Principal component analysis (PCA) was performed by the Unscrambler
version 9.1, from Camo, Norway. PCA transforms original variables into new axes or
principal components (PCs), whiele orthogonal, so that the data presented in those
axes are uncorrelated with each other, therefore, PCA expresses as much as possible
of total variation in the data in a few principal components and each successively
derived PC expresses decreasing artsohthe variation (Smith 1991).

4 RESULTS
4.1 Effects of temperature and storage time on the quality of salted cod
4.1.1 Physical changes

Drip loss

Drop loss was measured as the weight loss in salted cod during the storage time.
Generally, the drip loss waswofor all the samples (0.5%). Samples stored & °C

were an exception (Table 3). In those samples the drip loss increased tenfold
compared to the other samples.
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Table3: The drip loss (%) of the salted cod (group A: injectind Brining; group B:
injecting, phosphatesand brining; group C: injecting, protein and brining; and group
D: injecting, protein, phosphatesand brining) stored for 6 weeks at different
temperatures.

Drip loss (%)

Storage temperature

A B C D
2°C 0.81 133 0.66 1.16
-4°C 12.44 12.46 11.20 13.88
-12°C 0.03 1.54 1.30 2.36
-18°C 0.02 0.83 0.36 0.68
-24°C 0.05 0.00 1.02 1.46

Colour analysis

The lightness was measured on a scale from 0 to 100 (from black to white). Generally,
the lightnessof the saltedcod increased with storage time for all treatments
independent of different temperatures. Comparison between the treatments showed
that treatments B and D had higher values of lightness than treatments A and C.
Generally, the lightness for all treatmestsred at 2C and-4°C was lower than that

of all treatments at other temperatures (Table 4).

In treatment A (injecting and brining), there was a decreak# iralue after 1 week
of storage at all temperatures, although it was only statistical semifjp<0.05) at4
°C. ThelL* value increased in all cases from weleto week6. TheL* value of the
samples stored at2 °C and-24 °C increased significantly (p<0.05) from 1 week to 6
weeks storage. No significant differences (p>0.05) were found betwédferent
storage timgin the samples stored af@.

In treatment B (injectingphosphatesand brining), thelL* value increased for all
samples at different temperatures, except the sample sto#é@ aThe sample stored
at -24 °C increased sigrifantly (p<0.05) afterl week of storage compared to the
sample stored afl8 °C. From weeKL to week6 of storage, thé.* value of samples
stored at12°C, -18°C and-24°C increased significantly (p<0.05).

In treatment C (injecting, protein and brig)pthelL* value of the samples stored-at
12 °C and-24 °C increased significantly (p<0.05) aftér weeks of storage. No
significant differences (p>0.05) ib* value between different storage tisneere
found in the samples stored at®and-4 °C.

In treatment D (injecting, proteinphosphatesand brining), the lightness of the
samples stored a12 °C and-24 °C increased significantly (p<0.05) after storage for
6 weeks. Meanwhile, the lightness of samples stored %€ decreased significantly
(p<0.() after 6 weeksf storage.
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Table4: The lightnessl(* value) of the salted cod (group A: injecting and brining;
group B: injecting, phosphates and brining; group C: injecting, protein and brining;

and group D: injecting, proteiphosphates and brining) stored for 6 weeks at
different temperatures.

Storage time (week)

Group A

2°C

-4°C

-12°C

-18°C

-24°C

D W B+ O

52.48 +2.28
50.29 + 2.67
51.44+1.75
51.00 + 2.80

52.48 +2.28
46.23+1.71
48.25 + 2.90
51.51 + 3.08

52.48 + 2.28
48.44 + 1.92
53.69 + 6.3C
56.25 + 3.9€

52.48 + 2.28
51.17+2.8
49.67 £ 3.9
52.15 + 3.9%

52.48 + 2.2¢
49.47 + 3.3¢
53.12 + 2.67
55.57 + 4.4¢

Storage time (week)

Group B

2°C

-4°C

-12°C

-18°C

-24°C

o W+ O

50.44 + 2.52
52.99 + 2.57
51.90 £ 2.96
52.57 + 4.05

50.44 + 2.52
51.00 £ 2.63
50.64 £ 3.11
48.72 £ 3.17

50.44 + 2.52
51.52 +3.11
54.45 + 3.3€
58.78 + 4.47

50.44 + 2.52
48.37 £ 2.31
53.94 +4.74
54.63 +7.21

50.44 + 2.52
54.68 £ 4.1¢
53.93 + 3.2¢
56.26 + 4.07

Storage time (week)

Group C

2°C

-4°C

-12°C

-18°C

-24°C

» W+ O

51.07 + 2.69
49.00 £ 1.35
52.19 + 3.37
51.83+1.74

51.07 + 2.69
48.62 + 3.20
46.35+ 1.52
50.94 + 2.14

51.07 + 2.6¢
50.34 + 2.84
50.10 + 3.67
58.32 + 4.1C

51.07 + 2.6¢
48.21 £ 4.02
55.15+4.9¢€
51.24 + 3.31

51.07 + 2.6¢
48.29 £ 2.91
50.37 £ 3.9¢€
64.16 + 4.17

Storage time (week)

Group D

2°C

-4°C

-12°C

-18°C

-24°C

» W+~ O

54.06 + 2.56
50.43 +2.28
54.24 +4.19
53.01 + 3.76

54.06 + 2.56
51.31+2.36
49.07 £ 2.53
50.04 + 3.86

54.06 + 2.5¢€
52.69 + 2.0¢
54.29 + 3.54
56.60 + 2.73

54.06 + 2.5€
52.63 + 3.64
56.78 £ 5.0C
56.47 +2.11

54.06 + 2.5€
52.35+2.97
56.32 £ 4.21
65.88 + 3.81

The a* value describes the intensity in green colour (negative) and in red colour
(positive) of the salted cod. Generalllye a* value of samples for all treatments after

6 weeks of storage decreased when samples were storedGata@d -4 °C, but
increased in samples stored at other temperatures. No significant differences (p>0.05)
in a* value were found for any of the saleg (Table 5).

UNU-Fisheries Training Programme 19



Minh

Table5: Thea* value of the salted cod (treatment A: injecting and brining; treatment
B: injecting, phosphates and brining; treatment C: injecting, protein and brining; and
treatment D: injecting, protein, phospésiand brining) stored for 6 weeks at different

temperatures.

Storage time (week) Group A
2°C -4°C -12°C -18°C -24°C
0 -265+0.28 -2.65+0.28 -2.65+0.28 -2.65+0.28 -2.65+0.28
1 -2.92+031 -246+0.16 -246+0.36 -2.84+0.51 -2.58+061
3 -2.97+032 -2.82+0.32 -2.69+0.53 -2.63+0.47 -2.68+0.31
6 -2.86+0.36 -2.76+0.58 -2.27+057 -2.34+0.47 -2.20+0.32
Storage time (week) Group B
2°C -4°C -12°C -18°C -24°C
0 -261+0.15 -261+0.15 -261+0.15 -261+0.5 -2.61+0.15
1 -2.89+053 -285+0.25 -3.11+043 -2.76+0.19 -3.09+0.47
3 -2.93+031 -290+0.31 -2.09+0.47 -2.28+0.26 -2.98+0.40
6 -3.00+048 -2.77+0.27 -216+046 -241+0.29 -2.08+0.39
Storage time (week) Group €
2°C -4°C -12°C -18°C -24°C
0 -250+040 -250+0.40 -250+0.40 -2.50+0.40 -2.50%0.40
1 -258+0.31 -2.64+0.24 -291+0.20 -2.48+0.23 -2.36+0.30
3 -3.01+041 -256+0.20 -2.36+0.53 -1.96+0.39 -2.10+0.27
6 -2.97+0.38 -288+029 -2.17+0.25 -2.13+0.38 -1.45+0.28
Storage time (week) Group D
2°C -4°C -12°C -18°C -24°C
0 -299+031 -299+0.31 -299+0.31 -2.99+0.31 -2.99+0.31
1 -261+0.17 -2.89+0.30 -295+054 -2.77+0.39 -2.51+0.44
3 -3.17+043 -278+0.20 -3.04+0.38 -2.27+0.37 -2.78+0.51
6 -3.21+035 -2.83+0.39 -249+0.19 -2.38+0.41 -1.56+0.17

The b* value describes intensity in blue (negative) and in yellow (positive) of the
salted cod. In all cases, th& value increasedvith time for all treatments stored at
different temperatures. The value of the samples stored at@was lower than that

for all treatments at other temperatures. There was a statistically significant increase
(p<0.05) in yellow colour for treatmen€ and D stored aR4 °C (Table 6).
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Table6: The b* value of the salted cod (treatment A: injecting and brining; treatment
B: injecting, phosphates and brining; treatment C: injecting, protein and brining; and
treatment D: injectig, protein, phosphates and brining) stored for 6 weeks at different

temperatures.

Storage time (week) Group A
2°C -4°C -12°C -18°C -24°C
0 -3.64+164 -364+1.64 -3.64+164 -3.64+1.64 -3.64+1.64
1 -470+184 -539+1.16 -479+148 -3.24+1.39 -255+1.12
3 -532+095 -511+144 -283+1.65 -3.79+1.17 -3.58+0.94
6 -487+134 -101+181 -288+090 -3.10+1.26 -193+1.42
Storage time (week) Group B
2°C -4°C -12°C -18°C -24°C
0 -6.53+0.94 -653+0.94 -653+0.94 -6.53+0.94 -6.53+0.94
1 -7.25+1.02 -581%+1.13 -6.13+0.80 -6.52+1.05 -5.27+1.40
3 -7.24+121 -6.19+1.27 -482+0.93 -4.21+1.00 -4.87+1.38
6 -569+123 -508+147 -3.19+096 -342+1.44 -1.31+1.00
Storage time (week) Group €
2°C -4°C -12°C -18°C -24°C
0 -489+0.79 -489+0.79 -489+0.79 -489+0.79 -4.89+0.79
1 -548+139 -435+1.37 -523+065 -542+157 -3.92+1.20
3 -408+150 -529+0.83 -505+060 -2.81+0.71 -1.53+0.63
6 -344+1.19 -230+0.93 -1.67+1.42 -3.03+1.21 057+1.37
Storage time (week) Group D
2°C -4°C -12°C -18°C -24°C
0 -540+1.18 -540+1.18 -540+1.18 -540+1.18 -540+1.18
1 -7.05+0.83 -6.17+0.98 -592+058 -549+1.09 -5.82+0.96
3 -549+170 -655+1.11 -506+0.81 -3.38+1.70 -3.01+1.81
6 -469+158 -3.19+1.46 -3.29+1.45 -3.05+0.76 0.32+1.26
Cooking yield

Cooking yield was measured as the weight loss during cooking. In the beginning of
the storage (week), the cooking yield was higher for salted cod in treatment C
(~58.5%) and D (~61.0%) where the protein was injected, compared to treatments A
(~58.0%) and B (~58.0%). Generally, the cooking yield (CY) for all treatments stored
at different temperatureimcreased aftefi week of storage, then decreased aBer
weeks of storage and increased slightly étareeks of storage. The CY in treatment

D was significantly higher (p<0.05), compared to other treatments. The CY of the
samples stored at & for all treatments were lower than samples stored at other
temperatures (Figure 4).

The CY of the samples in treatment A (Figure 4a) stored at different temperatures,
except-18 °C decreased significantly (p<0.05) from weketo week3 of storage and
then increasd at the end of the storage period. From waetkweek6, the CY of the
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sample stored a# °C increased significantly (p<0.05), meanwhile, the CY of the
sample stored af8 °C was stable during the storage time.

In treatment B, the CY aftet week ofstorage increased for all samples stored at
different temperatures and then decreased between Wheatk week3. From weelk3

to week6 of storage, the CY of the sample stored4fC increased significantly
compared to other samples at different tempeeat(p<0.05) (Figure 4b).

The CY of all samples in treatment C (Figure 4c) stored at different temperatures
varied after storage fdrweek, decreased after storage3aveeks and then increased
slightly after6 weeks of storage. However, the CY of tremple stored at24 °C
increased significantly (p<0.05) during the storage time, compared to other samples at
different temperatures.

The CY increased slightly after week of storage for all samples in treatment D,
decreased after storage fdweeks ad then varied afte6 weeks of storage (Figure
4d). The CY of the sample stored -&4 °C increased significantly (p<0.05) after
storage fol weeks compared to other samples at other temperatures.
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Figure 4. The cooking yield of the salted cod (group A: injecting and brining (4a);
group B: injecting,phosphatesand brining (4b); group C: injecting, protein and
brining (4c); and group D: injecting, proteiphosphatesind brining (4d)) stored at
differenttemperatures (2C, -4 °C,-12°C, -18°C and-24°C).
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Waterholding capacity

Water holding capacity (WHC) is the ability of a muscle to retain fluid under specific
conditions. Generally, the water holding capacity (WHC) at the beginning (@eek
was sigificantly higher (p<0.05) in salted cod treated wpthosphate¢B and D),
compared tahe A and C treatments. During the storage time the WHC in all the
samples varied between different temperatures. Afigeeks of storage the samples
stored at18° C had the lowest WHC for all treatments. The samples storetf@t
distinguished from the other samples stored at different temperatures, by increasing in
WHC during the storage time for all treatments (Figure 5).

The WHC of all samples in treatment A (&ig 5a) increased aftémweek of storage.
The WHC of the sample stored &C2increased significantly (p<0.05) after storage
for 1 week, and then decreased significantly (p<0.05) after storagevieeks. The
WHC of the samples stored-d8 °C and-24 °C increased significantly (p<0.05) from
week 3 to week6. Meanwhile, the WHC of the sample stored-4t°C increased
significantly (p<0.05) during the storage period.

In treatment B (Figure 5b), the WHC of samples stored at different temperafi@es 2
-12 °C and-24 °C increased aftet week of storage, and then decreased from vieek
to week3. The WHC of the sample stored-a4 °C increased significantly (p<0.05)
after 6 weeks of storage. The WHC of the sample stored4afC increased
significantly (p<0.05) during the storage period. The WHC of the sample storé8 at
°C decreased after storage fbweeks and increased significantly (p<0.05) afier
weeks of storage.

The WHC of all samples in treatment C increased after storagé ¥arek at all
temperatures and then decreased altereeks and finally increased at the end of the
storage period (Figure 5c¢). The WHC of the sample stored&fC decreased
significantly from weekl to week3, and then increased significantly (p<0.05) at the
end of thestorage time. The WHC of the samples stored-4af’C increased
significantly (p<0.05) during the storage period.

There was a small variation in the WHC of samples in group D (Figure 5d) for

different temperatures through the storpgeod except for th&VHC of the samples
stored at 2C and-12 °C increased significantly (p<0.05) afteweek of storage.
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Figure 5: Water holding capacity of the salted cod (group A: injecting and brining
(5a); groyp B: injecting,phosphatesnd brining (5b); group C: injecting, protein and
brining (5c); and group D: injecting, proteiphosphatesind brining (5d)) stored at
different temperatures (€, -4 °C,-12°C, -18°C and-24°C).

Nuclearmagneticresonance

Low field nuclearmagneticresonance (LANMR) measurements were performeal
samples from all four groups after processing (W&elfter 3 and 6 weeks of storage

at -24 °C respectively. The results from the NMR analysis can be viewed in the
following passage. The NMR measurements were performed at ambient temperatures.

The results from the longitudinal relaxation measurements in the storage experiment

of the dry salted cod groups can be vieweBigure 6 for the storage temperature of
24 °C.

UNU-Fisheries Training Programme 24



Minh

oA
@B
oc
oD

I ,

I
400 —
350 ; ; ,

0 3 6

Storage time [weeks]

Figure6: Longitudinal relaxation times;Tmeasured after processing (gredn B, C
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The figure shows a significant difference in the longitudinal relaxation time between
the groups after processing. The poihysphatedreated groups (B and D) showed
longer relaxation times than the pphosphatetacking groups (A and C), indicating
that the polphosphatesesuls in a decrease in water mobility in the samples. This is
in corelation with the water holding capacity results, which state a significantly
higher water holding capacity in the pphosphategroups. The protein addition did

on the other handot contribute significantly to a change in water mobility in the
samples

The figure also shows that the longitudinal relaxation timeritreased afte3 weeks
of storage in all groups, to later decrease in all groups @ftereks of storage. This
change was though not significant in group D due to a large standardateinahe
samples stored f@ weeks. Reasons for this behaviour are unknown.

The results from the transversal relaxation times;ah be viewed ifrigures 7 to 8.

The relaxation data was fitted with adiponential model giving two apparent water
popuations, A and A with relaxation times, Z and T, respectively. The shorter
relaxation time, 7; and the connected water population described the behaviour
and relative amount of water that was tightly bound in the muscle structure, for
example boud within cells or to proteins. The longer relaxation timg; dnd the
connected water populatior, Alescribed on the other hand the behaviour and relative
amount of more freely moving water, for example water in the intracellular space.
Higher transversalelaxation times indicated and increased in the water mobility of
the samples.
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Figure7: Shorter relaxation time,,I measured after processing (gredy B, C and
D) at weekO as well as after 3 and 6 weeks of storag@4tC.
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Figure8: Longer relaxation time, ;b measured after processing (gredp B, C and
D) at weekO as well as after 3 and 6 weeks of storage4t’C.
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Figure9: Apparent relative water population tofhtly bound water Ameasured after
processing (grougA, B, C and D) at weeR as well as after 3 and 6 weeks of storage
at-24 °C.
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Figure 7 shows the shorter transversal relaxation times measured in the experiment.
No significant difference was foundetween the groups after processing (wégk
except in group D (injecting, protepphosphatesnd brining), which had a shorter
relaxation time than the other groups indicating slightly lower water mobility in the
tightly bound water in group D comparedttee other groups. A similar behaviour

was observed in the,Tas in the longitudinal relaxation time With storage time,
where samples stored fd3 weeks showed longer relaxation times than after
processing (weeR), to decreased again afteweeks of torage in all groups. As for

the T measurements the reason for this behaviour is unknown.

No significant differences could be found in the longer transverse relaxation tigne, T
neither between the groups nor with storing time (Figure 8). This inditiaa¢dhe
mobility of the freely moving water was independent of the processing methods as
well as the storage time.

The apparent relative amount of tightly bound waterc#@n be viewed ifrigure 9. It
could be seen that the pplyosphategroups (B and Dhad less tightly bound water
than the polghosphatesree groups (A and C). This indicated that water was drawn
out of the cells due to theddition ofphosphatesand into the intracellular space. The
protein addition did on the other hand not affect délpparent water population of
tightly bound water in the samples.

The apparent relative amount of tightly bound water increased in all group$ after
weeks of storage a4 °C, while changes were not significant afBeweeks of
storage. This was in o@lation witha slight increase in water holding capacity and
cooking vyield with storage time as well as a slight decrease in water content with
storage time. This can be explained by the fact that the freely moving water was lost
first due to drip lossuting storage, while the more tightly bound water of the samples
remained. Since this water was more tightly bound to the muscular structure of the
sample this water was harder to remove, resulting in higher water holding capacity
and higher cooking yields

4.1.2 Chemical changes
Water content

Generally, the water content of the salted cod for all treatments decreased during the
storage period for most of the temperatures. The sampileefiour groups stored at

4 °C were excluded, where the water contentdased after the third week. In the
beginning of the storage time the water contems wimilar between different
treatments (~60%) (Figure 10).

The water content of the samples in group A (Figure 10a) decreased slightly during
the storage time; exceporf the sample stored at °C, where the water content
increased after storage f@meeks.

In group B, the water content of all samples for all storage temperatures increased

slightly from weekl to week3 and then decreased af@mweeks of storage (Fige
10b).
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Generally, the water content of the salted cod group C (Figure 10c) stored at different
temperatures decreased during the storage period. The sample stdré@ and-12
°C increased slightly from weekto week3 of storage.

The water cont of all samples in group D (Figure 10d) stored at different
temperatures increased slightly from weleto week3 of storage. Aftel3 weeks of
storage, the water content of all samples decreased. However, the water content of the
sample stored atZ was stable througbutthe storage period.
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Figure 10: Water content of the salted cod (group A: injecting and brining (10a);
group B: injecting,phosphatesand brining (10b); group C: injecting, proteindan
brining (10c); and group D: injecting, protephosphateand brining (10d)) stored at
different temperatures (€, -4 °C,-12°C, -18°C and-24°C).

Protein content

The protein content varied from 18.8% to 21.0% in all samples (Table 7). Thedhject
protein in the fillets seemed not to have any affect on the protein content.

Table7: The protein content (%) of all groups at the beginning (v@ek
Treatment
A B C D
Protein content (%) 21.0 19.1 20.3 18.8
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Total volatile base nitrogen

Total volatile base nitrogen (TVB) consists of trimethylamine (TMA),
dimethylamine (DMA), formaldehyde (FA) and other volatile bases. Generally the
TVB-N of the salted cod increased during the storage time for all the samples (Figure
11). In the beginning of the storage (we6k the samples from group C had the
highest content of TVBN (~8.8 mg N/100 g), compared to other groups (Figure 11c).
The salted cod in group B had the most rapid increase in-N\{Bigure 11b)
compared to other grogpA small change in TVBN content was observed in
samples in group D (Figure 11d).
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Figure 11: Changes in TVEN content of the salted cod (group A: injecting and
brining (11a); group B: injectinghhogphatesand brining (11b); group C: injecting,
protein and brining (11c); and group D: injecting, protgihpsphatesand brining
(11d)) stored at different temperatures@2-4 °C, -12°C, -18°C and-24°C).

Trimethylamine

Trimethylamine (TMA) in seafod is degraded from trimethylamineoxide (TMAO)
by microorganism. The results showed that the TMA content of the saltedasod w
stable through the storage time for all samples (Figure 12). TMA content in the
beginning of the storage time showed variousieslbetween different treated groups.
The TMA content was ~1.70 mg N/1@0n group A, ~0.95 mg N/106 in group B,
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~1.40 mg N/10Qy in group C and ~1.40 mg N/1@0in group D. The TMA values
showed much variation between samples during the storage pemodMA content
of the samples stored at °C was higher in A, B and C groups compared to the D

group.

The TMA content of all samples in group A (Figure 12a) decreased after stor&ge for
weeks. After that, the TMA content of the samples stored’@tahd-4 °C increased
again. Meanwhile, the TMA content of other samples continued decreasing at the end
of the storage period.

In group B, the TMA content of the samples stored4afC increased during the
storage time. Meanwhile, the TMA content of gmmple stored aP4 °C increased
after 3 weels of storage and then decreased at the end of the storage period (Figure
12b).

The TMA content of the salted cod in group C (Figure 12c) decreased after storage for
3 weeks. At the end of the storage perida TMA content of the samples stored at 2

°C and-4 °C increased much higher compared to other samples at other storage
temperatures.

The TMA content of all samples in group D (Figure 12d) decreased after stor&ge for
weeks. From weeB to week6, the TMA content varied much between the samples.
The TMA content of the samples stored at®and-4 °C increased much higher,
meanwhile, the TMA content of the samples storedl&t’C and-24 °C was stable
from week3 to week6 of the storage time.
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Figure12: Changes in TMA content of the salted cod (group A: injecting and brining
(12a); group B: injectingphosphatesnd brining (12b); group C: injecting, protein
and brining (12c); and group D: injectingrotein, phosphatesand brining (12d))
stored at different temperatures’@, -4 °C, -12°C, -18 °C and-24°C).

4.1.3 Multivariate data analysis of salted cod

In order to describe the main characteristics of the samples and to highlight their main
differences, a multivariate statistical procedure, principal component analysis (PCA)
was performed othedata obtained.

Scores plot for the PCA (PC1 and PC2) of all the data analysis for all samples (Figure

13) showed that the PC1 explained 55% of the totahnee between the samples and

the PC2 explained 25% of the total variance between the samples. Together PC1 and
PC2 explained 80% of the variance in the data set. Four groups were observed
corresponding with different storage periods. Those differencelsl ¢ explained

due to the different initial quality of the fish.
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Figure 13: Score plot for the different groups of all samples of salted cod. Blue=A

group, red=B group, green=C group and light blue=D group.

The physical parameters cooking yield and water holding capacity explained most of
the variations in the data set, and were closely aligned along the first principal
component (PC1). A second PC was explained mostly by spoilage mechanism (TMA
and TVBN) and colour related differences (Figure 14). Cooking yield and water
holding capacity were positively correlated and when the WHC ineddghs water
content decreasl Colour L and colour b were also closely related together. Colour L
(lightness) was governethy another phenomenon, resulting in a higher PC2
(correlation) loading. The redness* (value) could not be interpreted in this plot.
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Figure 14: The correlation loading plot for all the data analysis for all $esnpf

salted cod.
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4.2 Effects of temperature and storage time on the quality of desalted cod
4.2.1 The total weight changes of the salted cod after desalting
Generally the total weight changes of samples in all groups storédGiand-12 °C

werehigher compred to samples at different temperatures. The total weight changes
increased slightly from weekto week6 of the storage time for most samples (Figure

15).
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Figure 15. The total weight changes of trealted cod after desalting (group A:
injecting and brining (15a); group B: injecting, phosphates and brining (15b); group
C: injecting, protein and brining (15c); and group D: injecting, protein, phosphates
and brining (15d)) stored at different temperasu(2°C, -4 °C, -12°C, -18 °C and-24

°C).

4.2.2 Cooking yield
Generally, the cooking yield (CY) varied much between the samples in all groups
after 3 weeks and weeks of storage. The CY of all samples in geooBmnd D was

higher, compared to samples imgps A and C (Figure 16).

The CY of the samples in group A aftéweeks of storage increased when storage
temperature decreased (Figure 16a), but no significant differences (p>0.05) in CY
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between these samples was found. Adtareeks of the storage ped, the CY of the
samples stored at2 °C and-24 °C increased, compared to other samples. From week
3 to week6, the CY of the samplstored at24 °C increased significantly (p<0.05).
Meanwhile, no significant differences (p>0.05) in CY between othepks vere
found from weel3 to week®.

In group B, significant differences (p<0.05¢mefound in CY for samples stored -dt
°C as the CY decreased from weklo week6 (Figure 16b).

The CY of the desalted cod in group C (Figure 16c¢) varied betweeisamples
during the storage time. The CY of all samples, except the sample storetCat 2
increased fron3 weeks to6 weeks. After storage fd weeks, a significant difference
(p<0.05) in CY was found between the samples stored@tahd-18 °C. From veek

3 to week6 of the storage period, the CY of the samples stored ¥ and-18 °C
increased significantly (p<0.05).

The CY of the desalted cod type D (Figure 16d) showed that the CY did not change

much during the storage period and no significaffiéinces (p>0.05) in CY between
the samples was found.
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