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Abstract
BACKGROUND: The catch of marine whiteﬁsh is typically seasonal, whereas the land-based processing industry has a need for
all-year stable supply of raw materials. This challenge can be met by applying ﬁsh frozen at sea. When using frozen ﬁsh, the
methods employed for thawing may inﬂuence the safety and quality of the ﬁnal product. This study aimed to investigate the
applicability of novel thawing strategies in order to provide an all-year supply of high-quality and safe cod products.
RESULTS: Comparative investigations of quality and safety factors after thawing in water, with and without air circulation,
and contact thawing were performed. The parameters included water-holding capacity, thawing loss, drip loss, cooking yield,
sensory evaluation and microbiological analyses (including total volatile bases nitrogen). Water thawing with air circulation
provided faster thawing than water thawing without air circulation and contact thawing. For all three methods, the quality of
the thawed ﬁsh was acceptable and the shelf life of the ﬁllets during chilled storage was between 10 and 14 days post-ﬁlleting.
CONCLUSION: The results show that controlled freezing of cod, followed by appropriate thawing, may provide the processing
industry with an all-year delivery of raw materials, without compromising quality and safety of the ﬁnal product.
© 2017 The Authors. Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION
A major challenge in the whiteﬁsh industry is the seasonal variation in landings throughout the year. While most of the whiteﬁsh
of the North East Atlantic area are caught and processed during
winter, the market demands an all-year delivery of high-quality
products. This is especially the case for the large Norwegian
ﬁsheries of Atlantic cod (Gadus morhua), with a short 4-month
commercial season, from mid-January to mid-April. The large
volumes of ﬁsh caught during a limited period lead to processing
capacity challenges in the land-based industry. This challenge can
be met by applying ﬁsh frozen at sea and subsequent thawing by
optimal procedures.
Fish are amongst the most perishable food products, and even
at normal refrigeration storage conditions the shelf life is limited
by oxidative, enzymatic and microbiological spoilage.1 – 4 Freezing
is a method of preservation, and important for shelf life extension
and maintenance of quality. However, the quality of the product
is closely related to the freezing and thawing conditions, and
the choice of method for thawing has the potential to aﬀect the

quality of the ﬁsh, as chemical reactions and muscle degradation
may escalate.5 – 11 There are many potential methods for thawing
ﬁsh,12 – 15 and methods applicable at an industrial scale were
recently reviewed by Backi.16
The main speciﬁc spoilage bacteria (SSBs) reported in cold water
marine ﬁsh are Pseudomonas spp., Shewanella putrefaciens and
Photobacterium phosphoreum.17,18 P. phosphoreum is CO2 tolerant and is a spoilage organism of ﬁsh stored under modiﬁed
atmosphere, whereas Pseudomonas spp. and S. putrefaciens produce H2 S and are the predominant speciﬁc spoilage organisms
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of fresh marine ﬁsh from temperate waters stored under aerobic
conditions.19
The ability of the ﬁsh muscle to retain its natural water and,
hence, its juiciness is one of the quality criteria of fresh ﬁsh,
especially from the perspective of the consumer. Therefore, drip
loss during storage and after cooking are important parameters
that must be included when evaluating seafood quality.
This study was designed to determine the impact on ﬁllet shelf
life by diﬀerent thawing methods of pre-rigor frozen headed and
gutted (H/G) Atlantic cod (Gadus morhua) during subsequent cold
storage. Moreover, special emphasis was placed on assessing how
the proposed thawing methods aﬀect food quality and safety.
The thawing methods investigated include one contact thawing
and two water thawing methods, one with and one without
air circulation. For the water thawing methods, the ﬁsh was in
direct contact with the thawing medium, whereas for the contact
thawing method the ﬁsh was in contact with a metal plate heated
by the thawing medium. Hence, for the latter method, there was
no direct contact between the ﬁsh and the thawing medium.
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Figure 1. Fish blocks under air-assisted thawing in a 1000 L ﬁsh tub. The air
bubbles were generating circulation for enhanced overall heat transfer.

MATERIALS AND METHODS
Experimental design
Atlantic cod (G. morhua) was caught by a commercial trawling
vessel in the Barents Sea, in August 2014. Fish from a single
haul were H/G and frozen pre-rigor in blocks at −40 ∘ C using
a vertical plate freezer on-board the vessel. Subsequently, the
ﬁsh blocks were stored at −25 ∘ C for at least 6 weeks to ensure
the ﬁsh had passed rigor mortis before thawing, and therefore
thaw rigor could be avoided.20 Nine blocks of frozen ﬁsh were
divided into three groups, where each block contained 26 kg of
H/G cod (all ﬁsh under 1000 g). Each of the three groups was
thawed by applying a diﬀerent method: water thawing with and
without air circulation, and contact thawing by a converted plate
freezer. After thawing, the ﬁsh were stored at 0 ∘ C overnight
before ﬁlleting and packaging. Hence, all ﬁsh held the same
temperature of approximately 0 ∘ C when ﬁlleted. The H/G cod
were manually ﬁlleted skin on and preweighed before packing
into expanded polystyrene boxes (Promens Tempra, Hafnarfjordur,
Iceland) with plastic ﬁlm and two cooling mats placed on top and
absorbent pads underneath the ﬁsh. The boxes accommodated
up to 3 kg ﬁsh and all samples were stored at 0–2 ∘ C for up
to 14 days post-packaging, and both ambient temperatures and
temperatures inside the boxes were recorded at 10 min intervals.
Thawing procedures
Two experimental groups were thawed by immersion in fresh
water using clean 1000 L ﬁsh tubs (Promens, Dalvik, Iceland). In
one of the tubs, a diﬀusor element was placed at the bottom,
generating air circulation (Fig. 1). The air generated circulation,
thus enhancing the overall heat transfer. The initial temperature
of the water was set to 18 ∘ C, which ultimately decreased during
the thawing process. The water was not replaced during the entire
thawing process. The ﬁsh-to-water ratio was set to 1 : 4, which was
calculated according to the following thermodynamic steady-state
equations:
[
(
)] (
)
(1)
qﬁsh = mﬁsh cp(ﬁsh) T1 − T2 + Lmﬁsh
(
)
qwater = mwater cp(water) T3 − T4
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(2)

Figure 2. Two ﬁsh blocks in a contact thawer, a converted horizontal plate
freezer.

qﬁsh = qwater

(3)

where mﬁsh is the mass of the ﬁsh in the tub, mwater is the mass of
the water needed, cp(water) is the speciﬁc heat of the water (4.18
kJ−1 kg−1 K−1 ), cp(ﬁsh) is the speciﬁc heat of the frozen ﬁsh (2.1
kJ−1 kg−1 K−1 ), L is the latent heat of fusion (melting) for the ﬁsh
(305.4 kJ−1 kg−1 K−1 ), T 1 is the initial temperature of the ﬁsh (−25
∘ C), T is the melting point of lean ﬁsh (−1.2 ∘ C), T is the initial
2
3
temperature of the water (18 ∘ C) and T 4 is the ﬁnal temperature
of the water (minimal 0 ∘ C). Note that Eqns (1)–(3) represent a
situation with uniform distribution of the temperature ﬁeld inside
the spatial domain of the ﬁsh. This means that neither spatially nor
time-dependent phenomena can be calculated; compare Backi,21
Backi et al.,22 or alike.
For the third experimental group, frozen ﬁsh blocks were
thawed by a converted horizontal plate freezer (Jackstone Freezing Systems Ltd, Norfolk, UK) (Fig. 2). The converted plate freezer
(denoted ‘plate thawer’) was operated with water as thawing
medium, which was pumped through the plate freezer walls. The
set-point for the water temperature was deﬁned as 10 ∘ C.
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Temperature proﬁling
To follow the temperature proﬁle of the ﬁsh muscle during thawing, temperature data loggers (iButtons®, Maxim Integrated, California, USA) were placed in the frozen ﬁsh by drilling a hole of
predeﬁned length into the ﬁsh block, using a hole-saw with a diameter of 22 mm (WILPU®, Wilh. Putsch GmbH & Co. KG, Germany).
Three loggers per group were used, located from right below the
surface (<1 cm) of the block to close to the core of the block. The
temperature of the thawing water was recorded at approximately
35 cm depth in the middle of the tub and at one of the corners.
For temperature proﬁling of the converted plate freezer, loggers
were attached to the heating plates to record the temperature of
the heat supply. Temperature recordings were sampled at 5 min
intervals.
Sampling
Sampling and analysis of the ﬁllets were performed after 0,
6, 10 and 14 days’ storage post-packaging. A summary of the
analytical programme performed can be viewed in Table 1. All
physicochemical and microbiological analyses were set up in triplicate (n = 3). For evaluation of cooking loss, a portion of about 50
g was removed from the middle of the ﬁllets, while portions from
the loin, middle and tail sections were collected for evaluation of
proximate composition, water-holding capacity (WHC) and microbiological quality. Any deviation from this protocol is included in
the methods descriptions.
Water-holding capacity
The WHC was determined by a centrifugation method.23 The
cod muscle was coarsely minced in a Braun mixer (Type 4262,
Germany) for 10–15 s, depending on the size and thickness of
the ﬁllets, and 2 g of the sample was weighed in a glass sample
holder. Samples were centrifuged at 210 × g for 5 min at 4 ∘ C
(Heareus Biofuge Stratos Reconditioned 75005289R, Rotor 3335.
DJB Labcare Ltd, UK). Centrifugation loss of water was calculated
as the diﬀerence in weight before and after centrifugation. The
WHC (expressed as a percentage) was calculated as the ratio of
remaining water compared with the water content in the sample
before centrifugation.
Thawing and drip loss
The drip loss of the thawed ﬁsh blocks was determined from the
known weights of the ﬁsh blocks before and after thawing and
expressed as

Thawing loss (%) =

middle parts of sampled ﬁllets (n = 6) with skin were placed on
racks and cooked for 8 min in a preheated oven (Convotherm Elektrogeräte GmbH, Eglﬁng, Germany), at 95 ∘ C with air circulation
and steam. After cooking, excess water was separated from the
material and the cooked samples were cooled to room temperature (20 ∘ C) for 15 min before additional weighing. Percentage
cooking yield was determined by the following equation:

Cooking yield (%) =

Weight of cooked muscle (g)
× 100
Weight of uncooked muscle (g)

Sensory evaluation
The quality index method scheme for cod, based on the work of
Bonilla et al.,24 was applied to evaluate the cod ﬁllets directly after
ﬁlleting and following cold storage. Attributes were adjusted to
meet the scope of the current study, and scores were based on
colour, texture, gaping and smell. Total score shows the quality
index and gives an indication of storage time and remaining shelf
life. Every sampling day, six ﬁllets from each experimental group
were placed on a white board and evaluated according to the
scheme described in Table 2. Five panellists participated in the
evaluation. They had all been trained according to international
standards25 and were experienced in the sensory method used in
this evaluation.
Microbiological analysis
Microbiological parameters included analyses of total viable
counts on iron agar (TVC-IA), hydrogen sulﬁde (H2 S)-producing
bacteria, coliforms, thermo-tolerant coliforms and presumptive
Escherichia coli, and Listeria monocytogenes. The microbiological
analyses of the cod ﬁllets were performed directly after ﬁlleting
and throughout the cold storage period, and of the thawing water
before and after thawing. The TVC-IA of ﬁllets was examined
by aerobic cultivation on iron agar Lyngby (Oxoid), which also
gives the number of H2 S-producing bacteria as black colonies,
due to precipitation of iron sulﬁde (FeS).26,27 Sample preparation
was done according to the Nordic Committee on Food Analysis
(NMKL) method;28 however, surface plating and incubation was
carried out at 17 ∘ C for 4–5 days. Black colonies and all colonies
were enumerated and the results reported separately as the
logarithm of colony-forming units (CFU) per gram. For analyses of
coliforms and presumptive E. coli, 20 g muscle tissue and 25 mL
thawing media respectively was set up applying a 3 × 3-tube most

Weight of frozen ﬁsh block (g) − Weight of thawed ﬁsh block (g)
× 100
Weight of frozen ﬁsh block (g)

After ﬁlleting, the ﬁllets were weighed before packaging, and
again after each sampling, to evaluate drip loss during cold storage
according to the following equation:

Drip loss (%) =
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probable number (MPN) method.29,30 The cod ﬁllets were measured in triplicate (three individual ﬁllets) and the thawing medium
was measured in duplicate (two samples), and the results were

Weight of ﬁllets before storage (g) − Weight of ﬁllets after storage (g)
× 100
Weight of ﬁllets before storage (g)

Cooking yield
The cooking yield of the ﬁllets was determined directly after ﬁlleting and during the storage period. Approximately 50 g of the

reported as MPN per gram and MPN per millilitre, respectively.
For the detection of L. monocytogenes, 25 g of muscle tissue was
homogenised with 225 mL LF listeria dilution broth, according
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Table 1. Summary of the analysis programme performed on the
thawed H/G cod, ﬁllets and thawing media

Quality
parameter
Physicochemical Temperature
parameters
Thaw drip loss
Drip loss during
chilled storage
Fillet evaluation
WHC
Cooking loss
Proximate
composition
TVB-N
Microbiological TVC-IA
parameters
H2 S-IA
Total coliforms
Thermo-tolerant
coliforms
Listeria
monocytogenes

Thawing media
Before and
after
H/G ﬁsh Fillets
thawing
×
×

×

×

Quality attribute
Texture

Colour

Smell

×
×
×
×
×

×
×
×
×
×

×

×

to the NMKL method,31 followed by analyses using miniVIDAS
(BioMérieux), performed according to the protocol of the supplier.
Proximate composition
The water, protein and lipid content of the ﬁllets was determined
directly after ﬁlleting. Moreover, the water content was monitored
throughout the whole storage period. Water content was determined by diﬀerence in weight of homogenised muscle samples
and thawing water before and after drying for 4 h at 103 ± 1 ∘ C.32
Results were calculated as grams of water per 100 grams of sample. The total protein content of the ﬁsh muscle was estimated with
the Kjeldahl method with the aid of a Digestion System 40, 1026
distillation unit (Tecator AB, Hoeganaes, Sweden) and calculated
using total nitrogen (N) × 6.25. Total lipids were extracted from 25
g ﬁsh muscle (80 ± 1% water) with methanol/chloroform/0.88%
KCl(aq) (at 1/1/0.5, v/v/v) according to the method of Bligh and
Dyer.33 The lipid content was determined gravimetrically and the
results were expressed as grams of lipids per 100 grams of wet
muscle.
Total volatile bases nitrogen
The total volatile bases nitrogen (TVB-N) was quantiﬁed by steam
distillation (Struer TVN distillatory, Struers, Copenhagen) and
titration, after extracting the ﬁsh muscle with 7.5% aqueous
trichloroacetic acid solution.34 The distilled TVB-N was collected
in boric acid solution and then titrated with sulfuric acid solution.
The results were expressed as milligrams of TVB-N per 100 grams
of muscle.
Statistical analysis
Statistical analysis was performed using Microsoft Oﬃce Excel
2010 (Microsoft Inc., Redmond, WA, USA) and SigmaPlot 12.0 (Dundas Software Ltd., GmbH, Germany). One way analysis of variance, Duncan’s test and Pearson’s correlation were performed on
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Table 2. The quality index method scheme used to evaluate the
cod ﬁllets for sensory evaluation, adopted from Bonilla et al.24 with
modiﬁcations

×
×
×
×
×
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Gaping

Description
Firm, springy
Firmness gained slowly after pressure
Soft texture, no springiness
Shining, bright colour according to species
Matte colour, characteristic for species
Small yellow dots, colour very matte/dull
Large yellow dots, characteristic colour
vanishing
Yellow and mucous
Fresh, seaweedy, metallic
Neutral
Fishy, trace of thawing odour
Obvious thawing odour, sour, trace of
ammonia
Strong ammonia, oﬀ-odour
No visible gaps
Gaping less than 20% (1–3) longitudinal
cracks
Minor gaping on one area (20%) or >3
longitudinal cracks
Some gaping, 25–75% of the ﬁllet
Deep cracks or gaping in more than 75% of
the ﬁllet
Grade (0–14) TOTAL SCORE

Grade
0
1
2
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4

the means of the values. The signiﬁcant level was set at 95%
(P < 0.05). Principal components analysis (PCA) was performed
using Unscrambler® (Version 10.2, CAMO ASA, Trondheim, Norway) to identify similarities and diﬀerences between samples. All
variables were weighted with the inverse of the standard deviation
to correct for diﬀerent scales of the variables. Partial least square
(PLS) regression models were developed to identify signiﬁcant correlation between the quality index score method (sensory evaluation) and other chemical and microbial quality attributes. The
quality index scores obtained were set as the X-matrix, while each
individual chemical or microbial quality parameter was set as the
Y-matrix. Full cross-validation with uncertainty test was performed
on all multivariate models.

RESULTS AND DISCUSSION
Temperature proﬁles
The temperature proﬁles of the thawing media and the ﬁsh muscle during thawing in the water tubs are presented in Fig. 3. Water
thawing with air circulation resulted in a more homogeneous
thawing environment, as well as shorter thawing period, than
water thawing without air circulation. The ﬁsh muscle thawed with
air circulation reached a temperature of 0 ∘ C after approximately
210 min, while the muscle thawed without air circulation reached
the same temperature after approximately 380 min. The signiﬁcant
drop in temperature between 300 and 350 min can be explained
by the blocks falling apart during thawing; as a result, individual
ﬁsh were loose in the water. The surface of the blocks had a higher
temperature than the core of the block, and when the blocks
were separated the water was exposed to ﬁsh of much lower temperature, resulting in a rapid decrease of the water temperature.
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Figure 3. Temperature proﬁles. (A) The water with and without air circulation during thawing in ﬁsh tubs (grey: without air circulation; black: with air
circulation; line: corner of the tub; dotted line: middle of the tub). (B) The ﬁsh muscles during the water thawing (dotted line: with air circulation; solid line:
without air circulation). (C) The contact plates during thawing by using converted plate freezer. (D) The ﬁsh muscle during the contact thawing, showing
the average of the core loggers (black line: <1 cm in the muscle; grey line: ∼1.5 cm in the muscle; dotted line: in the core).

The time for the muscle to reach 0 ∘ C when thawed in the converted plate freezer was approximately 230 min. When thawing
seafood, an appropriate timescale is important to preserve quality
and safety of the ﬁnal product; and with perishable products like
cod, thawing should be fast. The thawing time for all three methods in this study were in line with what could be expected from
thawing in water or by air blast, and shorter than what could be
expected from thawing in still air.12,35
Drip loss and cooking yield
The ability of the ﬁsh muscle to retain its natural water, and therefore its juiciness, is one of the quality criteria of fresh ﬁsh, especially
from a consumer perspective. The drip loss during cold storage
and cooking yield is presented in Table 3. Drip loss was based on
the total weight of all ﬁllets from each sampling point (1302–1778
g); therefore, only one measurement and no standard deviation
is included. No obvious diﬀerences were observed between the
diﬀerent groups during 14 days of storage, and all measurements
were below the 4–8% reported at the end of shelf life of fresh
modiﬁed-atmosphere packaged cod.36,37 However, after 10 days
of storage, the drip loss of the cod thawed in the converted plate
freezer peaked at 2.8%, which was somewhat higher than the
other experimental groups of water-thawed cod. Drip loss has
been linked to partial denaturation of proteins during processing,

which cause lower WHC.38,39 Accordingly, it can be assumed that
the selected water thawing methods had slightly more preservative eﬀects on the muscle quality than the contact plate-thawing
method.
The cooking yield is related to the amount of water lost by
the muscle during cooking as a result of protein denaturation.
After 6 and 10 days’ storage, the cooking yield decreased slightly;
however, no signiﬁcant diﬀerences were observed between the
diﬀerent groups during 14 days of storage. The cooking yield was
in line with previous ﬁndings of chilled stored fresh cod.40,41
Sensory evaluation
The quality index analysis scores of the cod ﬁllets from diﬀerent
thawed H/G cod blocks, evaluated after 0, 6, 10, and 14 days’
storage post-thawing at 0–2 ∘ C, are presented in Table 3. A high
correlation was seen between the total quality index score and
the storage time (r = − 0.95 ; P < 0.001), which shows that the
attributes – namely, texture, smell, colour and gaping – gradually
declined with extended storage time. However, no diﬀerence
between experimental groups was observed each day of sampling.
Of the individual quality attributes, only smell showed signiﬁcant
diﬀerence between experimental groups, where ﬁllets from cod
thawed in the converted plate freezer had a signiﬁcantly higher
score than with the ﬁllets from the cod thawed in water. No
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Table 3. Fillet quality of frozen-thawed Atlantic cod (G. morhua). Parameters were determined after thawing and after storage for
up to 14 days. Comparisons of thawing in water with air circulation (air water), thawing in water without air circulation (still water)
and plate thawing (plate)
Day 0
Quality parameter

Air water

Still water

Day 6

Day 10

Day 14

Plate

Air water

Still water

Plate

Air water

Still water

Plate

Air water

Still water

Plate
81.3 ± 0.7

Water content (%)

81.7 ± 0.2

81.1 ± 0.2

81.3 ± 0.2

82.1 ± 0.5

81.9 ± 0.4

81.3 ± 0.3

81.5 ± 0.3

81.7 ± 0.4

80.8 ± 0.2

81.8 ± 0.2

81.8 ± 0.3

Protein content (%)

16.9 ± 0.3

17.6 ± 0.3

17.3 ± 0.2

–

–

–

–

–

–

–

–

–

Lipid content (%)

01. ± 0.0

0.2 ± 0.2

0.1 ± 0.1

–

–

–

–

–

–

–

–

–

WHC (%)

77.7 ± 3.6

74.5 ± 2.8

80.6 ± 5.0

75.8 ± 1.6

77.7 ± 3.9

80.8 ± 0.9

78.7 ± 3.3

84.4 ± 1.8

90.0 ± 1.0

77.7 ± 7.0

89.0 ± 7.7

97.5 ± 2.3

–

–

–

1.7

1.4

1.8

1.6

2.8

2.0

1.7

1.9

1.3

Cooking yield (%)

87.4 ± 3.8

85.9 ± 3.1

90.0 ± 1.4

81.6 ± 0.5

82.3 ± 5.2

85.9 ± 1.7

81.3 ± 2.9

78.4 ± 6.9

84.4 ± 1.8

90.7 ± 2.0

89.4 ± 3.5

92.2 ± 2.4

Texture (range: 0–2)

0.2 ± 0.4

0.3 ± 0.5

0.3 ± 0.5

0.3 ± 0.5

0.8 ± 0.4

0.3 ± 0.5

1.0 ± 0.0

0.7 ± 0.5

0.7 ± 0.5

1.2 ± 0.4

1.8 ± 0.4

1.5 ± 0.5

Colour (range: 0–4)

1.0 ± 0.0

0.8 ± 0.4

0.8 ± 0.4

1.4 ± 0.5

1.0 ± 0.0

1.3 ± 0.5

2.0 ± 0.0

1.5 ± 0.5

2.0 ± 0.0

2.8 ± 0.5

2.3 ± 0.5

2.0 ± 0.0

Drip loss (%)

Smell (range: 0–4)

1.0 ± 0.0

1.0 ± 0.0

1.0 ± 0.0

1.3 ± 0.5

1.5 ± 0.5

1.3 ± 0.5

2.5 ± 0.5

2.7 ± 0.5

2.5 ± 0.5

3.0 ± 0.0

3.0 ± 0.0

3.7 ± 0.5

Gaping (range: 0–4)

0.6 ± 0.5

1.0 ± 0.6

1.0 ± 0.6

1.2 ± 0.4

0.7 ± 0.5

0.8 ± 0.4

1.8 ± 0.9

1.5 ± 0.5

1.2 ± 0.8

1.8 ± 0.8

1.8 ± 1.0

1.5 ± 0.5

TQI (range: 0–14)

2.8 ± 0.8

3.2 ± 0.8

3.2 ± 1.0

4.2 ± 1.2

4.0 ± 1.1

3.8 ± 0.8

7.5 ± 1.1

6.3 ± 1.2

6.3 ± 1.0

8.5 ± 1.2

9.0 ± 1.3

8.7 ± 1.2

TVC (log)

4.0 ± 0.3

4.8 ± 0.1

4.7 ± 0.3

6.4 ± 0.3

5.6 ± 0.1

6.9 ± 0.1

7.6 ± 0.4

8.0 ± 0.4

8.1 ± 0.2

8.3 ± 0.4

8.4 ± 0.0

8.4 ± 0.2

H2 S (log)

2.4 ± 0.4

2.9 ± 0.4

2.8 ± 0.3

2.5 ± 2.2

3.8 ± 0.4

3.2 ± 2.9

6.2 ± 0.6

6.4 ± 0.1

6.2 ± 0.3

7.0 ± 0.3

7.0 ± 0.3

7.1 ± 0.3

H2 S: H2 S-producing bacteria; TQI: total quality index.

Figure 4. TVC-IA and H2 S-IA (log CFU g−1 ) of cod ﬁllets. Circles indicate thawing in water bath with air circulation, squares indicate thawing in water bath
without air circulation, and triangles indicate thawing in converted plate freezer. Values are given as means of three samples with standard error of the
mean as y-error bars. The dotted line indicates good-quality TVC-IA limit (m = 5.7 log CFU g−1 ), the dashed line indicates acceptable-quality TVC-IA limit
(M = 6.7 log CFU g−1 )37 and the continuous line (8.0 log CFU g−1 ) indicates the level at which to consider a ﬁsh spoiled.18

diﬀerence was observed between the two diﬀerent water-thawing
methods. The original scheme was developed for fresh cod ﬁllets
stored on ice (in plastic boxes without lids to allow air to access the
ﬁllets) and evaluated the skin of the ﬁllets; however, for the current
study, some of the attributes, such as skin appearance and blood,
were estimated not to be relevant.
Microbiological analysis
Water thawing is commonly used in the seafood industry and
is used for a variety of products such as whole, H/G ﬁsh, ﬁsh
blocks and shellﬁsh.12 During thawing, ﬁsh and equipment are
likely to be exposed to human contact; therefore, proper hygiene
is crucial. In addition, the ﬁsh is in direct contact with the thawing
medium, which can increase the risk of cross-contamination. L.
monocytogenes is a food-borne pathogen occasionally present in
the marine environment and may be found in raw and processed
ﬁsh and seafood, or in the processing environment, and as such
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poses a potential biohazard to the consumer.42 – 45 In this study, the
presence of coliforms and thermo-tolerant coliforms (presumptive
E. coli) in the thawing media and in the cod ﬁllets were examined.
Additionally, the presence of L. monocytogenes in the thawing
media and on the ﬁllets was examined. No E. coli were detected
in any of the ﬁsh samples, nor in the thawing media. In cod ﬁllets
thawed in the converted plate freezer, an average of 0.4 MPN
g1 coliforms were detected. In the ﬁllets thawed in the water
bath without air circulation, an average of 1.2 MPN g−1 coliforms
were detected. Coliforms detected in the thawing media with
and without air circulation were 5.5 MPN mL−1 and 16.6 MPN
mL−1 respectively. No L. monocytogenes was detected in any of
the samples analysed. Coliform bacteria mainly originate from the
intestines of warm-blooded animals. Hence, assays for coliforms
are often used as an indicator of the hygienic standards during
food production.46 Based on a collection of current and former
legislation and guidelines, Svanevik et al.47 outlined and proposed
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(a)

Figure 5. TVB-N (mg N per 100 g wet muscle) of cod ﬁllets from diﬀerent
thawed H/G cod blocks. Fillets were evaluated after 0, 6, 10 and 14 days’
storage post-thawing at 0–2 ∘ C. The dashed line at TVB-N level of 35 mg N
100 g−1 demonstrates the limits of acceptability.19,38 Circles indicate thawing in water bath with air circulation, squares indicate thawing in water
bath without air circulation, and triangles indicate thawing in converted
plate freezer. Values are given as means of three samples with standard
error of the mean as y-error bars.

an assessment scheme for ﬁsh, surfaces, and water samples for the
pelagic ﬁsh industry, which could also be applied for the whiteﬁsh
industry. These guidelines were set for quality, hygiene and safety
by limits of heterotrophic plate counts, or total viable counts
(TVC), faecal indicator organisms (thermo-tolerant coliforms and
enterococci) and L. monocytogenes respectively. The presence
of coliforms in foods is undesirable; however, no limits were
proposed for coliforms, because coliform counts are inadequate
to diﬀerentiate between faecal and non-faecal contamination.
Considering the aforementioned assessment scheme, the hygiene
conditions during the thawing process were considered good and
there were no indications of impaired food safety.
TVC-IA and H2 S-producing bacteria on iron agar (H2 S-IA) of cod
ﬁllets at day 0 after thawing, and after 6, 10, and 14 days of cold
storage are shown in Fig. 4. As expected, both TVC-IA and H2 S-IA
increased with storage time (r = 0.96 and r = 0.92, respectively).
High viable counts of ﬁsh samples are often related to an increased
number of SSBs, causing oﬀ-ﬂavours associated with seafood
spoilage, and possibly reducing the shelf life of the product.19
Microbial spoilage of fresh ﬁsh, stored aerobically in chilled conditions, is commonly seen if the number of SSBs exceeds 8.0 log
CFU g1 ,17 as indicated by the continuous line in Fig. 4. Considering counts of H2 S-producing bacteria, no samples were considered spoiled after 14 days of storage. In the aforementioned
assessment scheme by Svanevik et al.47 for evaluation of fresh
ﬁsh, the two limits m and M were set, representing good (<m),
acceptable (between m and M) and not acceptable (>M) conditions, as indicated by the dotted line (m = 5.7 log CFU g−1 ) and the
dashed line (M = 6.7 log CFU g−1 ) in Fig. 4. Directly after thawing,
at day 0, diﬀerences between the thawing methods were not signiﬁcant. After 6 days of storage, the quality of the ﬁsh thawed
in the water bath, with and without air circulation, was acceptable (TVC - IA = 6.4 log CFU g−1 ) and good (TVC - IA = 5.6 log CFU
g−1 ) respectively. However, the quality of the ﬁsh thawed in the
converted plate freezer was not acceptable, with TVC - IA = 6.9 log
CFU g−1 .
Freezing the ﬁsh directly upon catch will not eliminate any
microorganisms present, but will inhibit microbial and enzymatic

(b)

Figure 6. Scores (a) and correlation loadings (b) from PC-1 and PC-2 from
weighted PCA of all ﬁsh samples analysed. All samples and analytical
parameters were used. ‘Air’ indicates samples thawed in water with air circulation; ‘still’ indicates samples thawed in water without air circulation;
and ‘plate’ indicates samples thawed in converted plate freezer. The number in the sample description indicates the storage time (days) at 0–2 ∘ C.

spoilage, which again may extend the shelf life of the product. A study by Bonilla et al.24 estimated shelf life of 7–10 days
post-ﬁlleting, based on counts of H2 S-producing bacteria and sensory evaluation. The short shelf life in that study, compared with
previous studies, may be due to the storage time of the whole
ﬁsh from catch until ﬁlleting, which was from 3 to 5 days. When
ﬁsh is frozen soon after catch, followed by optimal thawing, such
spoilage during transport from catch to the processing plant may
be diminished.
Proximate composition and water holding capacity
Fillet quality parameters are summarised in Table 3, and the water,
protein and lipid content of the ﬁllets were all in the expected
range of principal components in whiteﬁsh muscle.48 The water
content of the thawed cod ﬁllets ranged from 80.8% to 82.1%
(Table 3), with no signiﬁcant diﬀerence between the experimental groups. These ﬁndings demonstrate that no water uptake
occurred during the water thawing where the ﬁsh was in direct
contact with the thawing medium.
The WHC was aﬀected throughout the storage period for water
thawing without air circulation and plate thawing. The WHC of still
water and plate-thawed samples increased with time, which was
the opposite of what would be expected. However, in recent studies we have revealed similar results (unpublished results). Further,
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Table 4. Correlation (Pearson) matrix for diﬀerent parameters evaluated for cod ﬁllets from diﬀerent thawed H/G cod blocks. Fillets were evaluated
after 0, 6, 10 and 14 days’ storage post-thawing at 0–2 ∘ C
H2 S
TVC
H2 S
TVB-N
WHC
Water
Drip
Cooking
Texture
Colour
Smell
Gaping
TQI

0.90a

TVB-N
0.71
0.77

WHC
0.64
0.66
0.82

Water
−0.04
−0.00
−0.02
−0.38

Drip

Cooking

0.83
0.63
0.32
0.43
−0.00

Texture

0.02
0.15
0.57
0.35
−0.20
−0.33

−0.76
−0.87
−0.88
−0.63
−0.14
−0.44
−0.35

Colour
−0.87
−0.87
−0.69
−0.44
−0.09
−0.65
−0.26
0.78

Smell
−0.89
−0.96
−0.89
−0.74
0.04
−0.58
−0.29
0.90
0.87

Gaping
−0.80
−0.84
−0.62
−0.36
−0.11
−0.47
−0.10
0.77
0.84
0.81

TQI
−0.90
−0.95
−0.84
−0.62
−0.05
−0.58
−0.27
0.93
0.93
0.97
0.90

ST
0.96
0.92
0.79
0.62
0.13
0.76
0.12
−0.87
−0.91
−0.94
−0.81
−0.95

H2 S: H2 S-producing bacteria; TQI: total quality index score; ST: storage time.
a Bold ﬁgures denote statistical signiﬁcance at P < 0.05.

Table 5. Performance of each PLS regression model developed
Estimated parameters

Factors

TVC
1
H2 S-producing bacteria 1
TVB-N
2

RMSEC

RMSECV

R2c

R2v

0.67
0.55
6.90

0.78
0.62
12.1

0.82 0.79
0.92 0.91
0.87 0.65

RMSEC: root-mean-square error of calibration; RMSECV:
root-mean-square error of cross-validation; R2c : coeﬃcient of
determination in calibration; R2v : coeﬃcient of determination in
cross-validation.

this might be explained by the fact that these groups had lost most
of their loosely bound water at day 14, with mainly the intracellular water remaining. Alternatively, it could be linked to the higher
amount of TVB-N, which also includes formaldehyde, causing protein denaturation and cross-linking and textural changes. Water
thawing with air circulation provided a more stable ﬁnal product.
Total volatile bases nitrogen
Changes in TVB-N of cod ﬁllets from diﬀerent thawed H/G cod
during cold storage are shown in Fig. 5. The TVB-N increased more
rapidly in ﬁllets from ﬁsh thawed in the converted plate freezer,
reaching a signiﬁcantly higher level on day 14. This complies with
the sensory evaluation, with a higher score (range [0–4] – the
lower the better) for smell attribute of plate-thawed cod. Based on
the threshold limit of TVB-N (35 mg N 100 g−1 ) for acceptability of
consumption of gadoid species,18,49 a shelf life of between 10 and
14 days was obtained for the experimental group thawed in water
with air circulation, whereas for the other experimental groups a
shelf life of at least 10 days was obtained. These results are in line
with shelf-life studies of fresh cod ﬁllets stored under comparable
conditions,50 suggesting that the ﬁllets from thawed ﬁsh can be of
similar quality to fresh ﬁsh. Shelf life of fresh cod ﬁllets (processed
from gutted, iced cod), stored at 0–1 ∘ C, usually ranges between
10 and 13 days.51 Jónsson et al.52 and Sigurðsson53 compared shelf
life of fresh and thawed cod ﬁllets and showed that the quality of
the frozen-thawed ﬁllets was comparable to fresh with regard to
microbial analysis and TVB-N. However, the WHC was better for
fresh ﬁllets than for frozen-thawed ﬁllets.
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Multivariate analysis
Weighted PCA was carried out in order to gain an overview of
the similarities and diﬀerences among the single variables (Fig. 6).
All evaluated parameters were included in the analysis. The ﬁrst
two principal components described 80% of the variation between
samples. The ﬁrst principal component (PC-1), representing 66%
of the total variation, described primarily the eﬀects of storage
time, coupled to, for example, higher TVB-N concentration and
higher microbiological count at the end of the storage seen at
the left-hand end of PC-1. The second principal component (PC-2),
accounting for 14% of the total variation, described the diﬀerence between diﬀerent thawing methods. Accordingly, the diﬀerence between thawing methods was not signiﬁcant until 14 days
post-ﬁlleting, where the water-thawed samples with air circulation tended to retain the quality longer than other experimental
groups.
Furthermore, the PCA and the Pearson correlation matrix
(Table 4) suggested a strong negative relationship between the
microbiological parameters (TVC and H2 S-producing bacteria) and the total quality index score (r = − 0.90 and r = − 0.95
respectively). These ﬁndings demonstrate the reliability of the
sensory evaluation methods used in this study, indicating that
the quality index score method has the potential to serve as
a fresh ﬁsh quality parameter. In order to explore further the
relationship between the quality index score method and the
chemical and microbial quality parameters, PLS regression models
were assessed to estimate from the sensory parameters (colour,
texture, smell and gaping) the chemical and microbial quality
of the samples. Performance of the PLS models for each quality
parameter (TVC, H2 S-producing bacteria and TVB-N) are listed
in Table 5, including the coeﬃcient of determination for cross
validation R2v and root-mean-square error of cross-validation
(RMSECV). In general, an accurate and robust model should have
high R2v and low RMSECV. However, it should be remarked that
the performance of these models needs to be further validated
with independent sample sets, to ensure the reliability and the
accuracy of the models. For increased accuracy and robustness of
the models, the number of samples analysed should ideally have
been higher. However, several parameters were included in this
trial, which may somewhat compensate for the low n. In future
validation of the models, the number of samples analysed should
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be higher, for increased accuracy and robustness. Good regression
models were developed to estimate the microbial quality of the
cod ﬁllets, while development of a model to estimate TVB-N was
not successful. These results demonstrate further the reliability of
the quality index score method and its potential to serve as a fresh
ﬁsh quality parameter.

CONCLUSION
To our best knowledge, this study presents one of the broadest
comparative investigations of quality and safety factors after contact thawing, as well as water thawing with and without air circulation. These quality attributes include WHC, thawing loss, drip
loss, cooking yield, sensory evaluation and microbiological analysis (including TVB-N).
In this study, water thawing with air circulation provided the
fastest thawing; however, in all, no signiﬁcant diﬀerences were
seen between the groups, and all three experimental groups
retained the quality of the cod ﬁllets. The hygiene conditions during the trial were considered good, and there were no indications
of impaired food safety. Considering all parameters, including the
evaluation of TVB-N and microbial quality, a shelf life of the ﬁllets
during chilled storage between 10 and 14 days post-ﬁlleting, is
obtainable.
The results demonstrate that optimal thawing of ﬁsh frozen at
sea may provide the industry with a stable supply of raw materials,
without compromising quality and safety of the ﬁnal product.
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