Aquatic
Food Product
Technology

Taylor & Francis
Taylor & Francis Group

Journal of Aquatic Food Product Technology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/wafp20

The Effect of Buffer Towing on Quality Aspects of
Frozen and Thawed Atlantic Cod (Gadus Morhua)

Margrethe Esaiassen, Tonje K. Jensen, Venil T. Eilertsen, Roger B. Larsen,
Stein Harris Olsen & Torbjern Tobiassen

To cite this article: Margrethe Esaiassen, Tonje K. Jensen, Venil T. Eilertsen, Roger B. Larsen,
Stein Harris Olsen & Torbjgrn Tobiassen (2022): The Effect of Buffer Towing on Quality Aspects of
Frozen and Thawed Atlantic Cod (Gadus Morhua), Journal of Aquatic Food Product Technology,
DOI: 10.1080/10498850.2022.2146555

To link to this article: https://doi.org/10.1080/10498850.2022.2146555

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

ﬁ Published online: 16 Nov 2022.

N
CJ/ Submit your article to this journal &

||I| Article views: 109

A
& View related articles &'

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=wafp20


https://www.tandfonline.com/action/journalInformation?journalCode=wafp20
https://www.tandfonline.com/loi/wafp20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10498850.2022.2146555
https://doi.org/10.1080/10498850.2022.2146555
https://www.tandfonline.com/action/authorSubmission?journalCode=wafp20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=wafp20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10498850.2022.2146555
https://www.tandfonline.com/doi/mlt/10.1080/10498850.2022.2146555
http://crossmark.crossref.org/dialog/?doi=10.1080/10498850.2022.2146555&domain=pdf&date_stamp=2022-11-16
http://crossmark.crossref.org/dialog/?doi=10.1080/10498850.2022.2146555&domain=pdf&date_stamp=2022-11-16

JOURNAL OF AQUATIC FOOD PRODUCT TECHNOLOGY Taylor & Francis
Taylor & Francis Group

https://doi.org/10.1080/10498850.2022.2146555

8 OPEN ACCESS i. Checkforupdates:

The Effect of Buffer Towing on Quality Aspects of Frozen and
Thawed Atlantic Cod (Gadus Morhua)

Margrethe Esaiassen®®, Tonje K. Jensen?, Venil T. Eilertsen?, Roger B. Larsen?,
Stein Harris Olsen®, and Torbj@rn Tobiassen®

aNorwegian College of Fishery Science, UiT The Arctic University of Norway, Tromsg, Norway; *Department of Seafood
industry, Nofima AS, Tromsg, Norway

ABSTRACT KEYWORDS

A large part of the Northeast Atlantic cod caught with trawls is landed frozen, Atlantic cod; trawl; quality;
processed, and sold thawed. Many trawlers have adapted a fishing practice frozen; thawed

termed ‘buffer towing’, causing probability for poor exsanguination and fillet

redness. Here, the effect of buffer towing upon color and hemoglobin con-

centration in cod loin section is studied, and the development of TVB-N

during chilled storage of thawed cod. No significant differences were proven

for redness or hemoglobin concentration in loin from cod exposed to regular

haul-back or buffer towing. Neither were significant differences found in TVB-

N levels during chilled storage at 0 and 4°C.

Introduction

Thawed, or ‘refreshed’, cod fillets have been available in supermarkets in many countries as a response
to consumer demand for continuous availability (Martinsdottir and Magnusson 2001; Serensen et al.
2020). A study by Altintzoglou et al. (2012) showed that consumers in England may prefer thawed
over fresh cod fillets.

The use of frozen and thawed cod may also be beneficial for the seafood industry. The cod fisheries
in Norway are highly seasonal, with most cod being caught during the first 4 months of the year. The
large volume of fish caught during a limited period leads to processing capacity challenges in the land-
based industry; a challenge that can be met by applying fish frozen at sea and subsequent thawing
(Erikson et al. 2021; Roiha et al. 2018; Svendsen et al. 2022).

During the last four years (2018-2021), 52% of cod landed in Norway was landed frozen, and 81%
of this was caught by trawl (The Norwegian Directorate of Fisheries 2022; Magnusson and
Martinsdottir 1995). As described by Brinkhof et al. (2018), the dense aggregations of Northeast
Atlantic cod (Gadus morhua) in the Barents Sea have led to a fishing practice among many trawlers
termed ‘buffer towing’. In order to secure a continuous supply of fish and avoid stops during
processing, the trawl is redeployed immediately after taking the catch onboard. If the desired volume
of fish is caught before the catch from the previous haul is processed, the trawl is lifted off the seabed
and towed at a given depth at low speed (~1-2 knots), until the production capacity of the onboard
factory is restored. Brinkhof et al. (2018) showed that this practice has a negative impact on fish
quality, and cod subjected to buffer towing had an increased probability for poor exsanguination and
increased fillet redness compared to regular (direct) haul-back.

In the study by Brinkhof et al. (2018), a fillet index evaluating the redness in the whole fillet was
used. However, fish processors today commonly produce different fillet products like loins and tails,
whereof cod loins are more expensive than cod fillets (Sogn-Grundvag et al. 2013). Olsen et al. (2008)
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and Jensen et al. (2022) showed uneven distribution of heme-pigment in different parts of the fillets
when studying the effects of stress and bleeding upon blood content in cod fillets, and generally, there
were lower concentrations of hemoglobin in loins. However, when lifting the trawl off the seabed, the
rapid decompression causes the swim bladder to expand and eventually rupture (Humborstad and
Mangor-Jensen 2013; Midling et al. 2012), which may result in bruises in the loin part of the fillet
adjacent to the swim bladder. Thus, cod caught by demersal trawling, both with and without buffer
towing, may have more blood in the loins compared to cod not exposed to barotrauma.

Studies have shown that thawed cod fillets may have longer shelf-life after thawing compared to
fresh cod fillets (Guldager et al. 1998; Magnusson and Martinsdottir 1995; Skjerdal et al. 1999), and the
reason is probably inactivation of spoilage bacteria by freezing and frozen storage (Boknaes et al. 2000;
Skjerdal et al. 1999; Serensen et al. 2020). However, the storage stability of frozen fish and the shelf life
of chilled fish may be reduced both due to residual blood in the muscle leading to oxidation (Eliasson
et al. 2020; Larsson et al. 2007; Richards and Hultin 2002; Secci and Parisi 2016) and increased
microbial growth (Sternisa et al. 2018). The objectives of the present work were thus to compare the
amounts of residual blood in cod loin after trawling with and without buffer towing during catch and
to determine whether buffer towing affected the shelf life, as measured by total volatile basic nitrogen
(TVB-N), of thawed cod fillets.

Materials and methods
Catch and sample preparation

Atlantic cod was caught with the research trawler R/V ‘Helmer Hanssen’ (63.8 m, 4080 HP) as
described by Brinkhof et al. (2018) in the central part of the Barents Sea (N 74°59°-N 75°26’, E 30°
54‘°-E31°17’) November 2016. The trawl setup was similar to commercial fisheries, and the trawl was
a standard two-panel Alfredo 3 fish trawl with a standard codend (8 mm polyethylene twine, 150 mm
nominal mesh size). To reduce catch-size variations between hauls, the codend was set to allow capture
of around 2 metric tons of fish. A total of 6 hauls was conducted (3 pairs), alternating between hauls
with and without buffer towing. Catch data for each haul are shown in Table 1.

Immediately after catch, the fish was bled by cutting the isthmus and exsanguinated in running sea
water (ca. 50 L/min) for 30 min. Next, the fish were beheaded, gutted, and cleaned, laid in 50 kg blocks
in commercial vertical plate freezers, frozen to a core temperature of —18°C, and finally packed in
commercial type laminated paper bags and stored at —30°C until landing. On land, the fish was thawed
in tanks containing 1000 L of chilled water (1°C) for 24 h and then further thawed on ice for additional
24 h at 0-1°C.

After thawing, a total of 144 fish, 24 randomly chosen fish from each of the three hauls from each of
the two trawling procedures, were manually filleted. Fillets from seven fish from each haul were
subjected to color measurements and determination of hemoglobin, while fillets from 17 fish were
applied to chilled storage and analyses of total volatile nitrogen.

Table 1. Overview of the hauls conducted showing the towing start time, towing time, haul type, depth, mean buffer towing depth,
the percentage depth reduction during buffer towing, number of fish caught, and average length of fish.

Time
Haul  start  Towing time Buffer Depth  Mean buffer towing Depth #  Length of fish
Pair No.  No. utcC (min) towing (m) depth (m) reduction (%) fish [em]
1 1 17:09 120 No 347.9 - - 336 755
1 2 20:06 195 Yes 3419 205 40 223 74.5
2 3 00:00 120 No 3511 - - 365 72.7
2 4 03:13 199 Yes 3543 192 46 204 7.7
3 5 23:01 100 No 359.3 - - 391 73.6
3 6 01:26 175 Yes 358.8 218 39 451 74.9
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Figure 1. The red circles indicate the points for color measurements. Section L2 and L3 are used for determination of hemoglobin.
The dotted line shows blood stain after swim bladder rupture.

Color measurement

Color was measured in triplicate on the anterior (L1), middle (L2), and posterior (L3) part of the loin
by the CIE L*a*b* system using a colorimeter (Minolta Chroma Meter CR-200, Minolta Camera Co.
Ltd., Osaka, Japan). Figure 1 shows the position of the colorimeter and measurement area on L1, and
the red circles indicate the position of the colorimeter on L2 and L3. Whiteness (W*) was calculated as

Wi = 100 — [(100 — L)® +a? + b2]/
residual blood in the neck flesh after decapitation, the flesh closest to the neck cut was not included
when sampling the three loin sections.

2 . .
. To reduce the source of error due to contamination of

Measurement of hemoglobin

The middle (L2) and posterior (L3) parts of the loin were cut and used for determination of
hemoglobin as a measure of residual blood. The muscle was minced twice using an electric meat
mincer (Bosch Pro Power 2200 W, Germany) and then by hand-blender (Wilfa AS, Norway) for 30
seconds. Hemoglobin content in minced muscle was assessed in triplicate according to Chaijan and
Undeland (2015).

Chill storage and analyses of TVB-N

The left-side fillets from five fish from each of the three hauls, from each of the two trawling
procedures, were used as control groups, N=15 for each trawling procedure. Fillets from the
remaining 12 fish from each of the three hauls, from each of the two trawling procedures, were
used in the storage experiment, N =72 for each trawling procedure. The fillets were divided
into four experimental groups, consisting of either left- or right-side fillets from six fish from
each haul (N =18), as illustrated in Table 2. The fillets were stored individually in non-sealed
plastic bags (PA/PE 120y) at two different temperatures: on ice at 0°C and in a cold cabinet at
4°C. After chilled storage, the fillets were frozen at —30°C for simultaneous analyses of TVB-N.

Prior to analyses of TVB-N, the fillets were thawed at 1°C for approximately 18 h. The fillets were
skinned, and loin was cut and homogenized in a food processor (Kenwood FP 110 300 W, United
Kingdom). TVB-N was determined in triplicate by the Kjeldahl method (Tecator 1983) and expressed
as mg TVB-N per 100 g fish muscle.
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Table 2. Time and temperature conditions for chilled storage of thawed cod fillets. N=18 in
the storage experiment, six fillets from each of the three hauls using each trawl procedure. As
control, five left-side fillets from each of the three hauls using each trawl procedure were

used.
Storage Regular haul-back Buffer towed
Control, 0 days N=15 N=15
0°C, 7 days - left side fillets N=18 N=18
4°C, 7 days - right side fillets N=18 N=18
0°C, 12 days - left side fillets N=18 N=18
4°C, 12 days - right side fillets N=18 N=18

Statistics

To test for differences in color and hemoglobin content between loins from cod caught using regular
haul-back and buffer towing techniques and between different parts of the loins, two-tailed unpaired
t-tests in Excel were used.

The TVB-N-data were analyzed using IBM SPSS Statistics (Version 26) predictive analytics soft-
ware. The significance of any difference between the groups or the impact of buffer towing was
determined using one-way analysis of variance (ANOVA), generally followed by a post hoc Tukey’s
test. P-values lower than 0.05 are regarded as statistically significant. The TVB-N-results are given as
mean * confidence interval (CI).

Results and discussion
Color and hemoglobin

In the present work, only slightly higher and non-significant redness (a*) and hemoglobin concentra-
tion were demonstrated in loin from cod exposed to buffer towing compared to regular haul-back
(Table 3). In contrast, Brinkhof et al. (2018) proved that buffer towing significantly reduced the quality
of cod. They showed that cod subjected to buffer towing had an increased relative probability of 209%
for fillet redness compared to cod subjected to regular (direct) haul-back, as assessed by visual
evaluation of whole fillets. There is not necessarily a contradiction between these results. Olsen et al.
(2008) and Jensen et al. (2022) showed that cod loins contain significantly less residual blood than belly
in both unstressed and stressed fish. Thus, one possible explanation is that the buffer towing increases
redness and residual blood in the whole fillet, as demonstrated by Brinkhof et al. (2018), while the loin
part of the fillet is less affected.

Table 3 also shows that there are differences in color parameters between different loin sections
within both experimental groups. For cod exposed to regular haul-back, the anterior part of the loin,
L1, is significantly darker (lower L*) and significantly more red (higher a*) than the middle (L2) and
posterior (L3) part of the loin. For cod exposed to buffer towing, L1 is significantly darker and
significantly redder in flesh color than L3. The red discoloration of L1 could be due to contamination
of residual blood on the surface of the neck flesh after decapitation or spontaneous blood coagulation
in the wound after decapitation (Olsen et al. 2014; Tavares-Dias and Oliveira 2009).

Since the swim bladder is located along L2 and L3, the hemoglobin content was measured in these
sections to investigate whether the different trawl procedures affected swim bladder rupture and
ecchymosis differently. As shown in Table 3, there were only slightly and non-significantly higher
levels of hemoglobin in the loin sections from buffer-towed cod. Thus, more severe barotrauma caused
by buffer towing could not be proven. When comparing the hemoglobin content in L2 and L3,
a significantly higher concentration was found in the posterior loin section (L3) compared to the
middle (L2) in cod both from regular haul-back and buffer-towing. The higher levels in L3 are
probably due to the swim bladder being located more adjacent to L3 than L2 (Figure 1). Thus, L3 is
more subjected to ecchymosis when the swim bladder ruptures. Similar differences were not detected
when measuring the color parameters in the middle of L2 and L3 (Figure 1), indicating that the
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Figure 2. TVB-N mean values (mgN/100 g) with 95% confidence intervals in frozen-thawed Atlantic cod fillets stored for 0 days, 7
days at 0°C and 4°C, and 12 days at 0°C and 4°C. Cod from regular haul-back are shown as whole black line, while cod from buffer
towing are shown by dotted line. Different letters indicate significant differences.

increased concentration of hemoglobin in L3 is probably due to more blood in the lower part of the
loin, adjacent to the swim bladder.

TVB-N

As seen by the overlapping confidence intervals in Figure 2, there were no significant differences in
shelf life of thawed cod caught by regular haul-back and buffer towing as measured by TVB-N. On
the other hand, as expected, both storage time and storage temperature had a significant effect on
the TVB-N-levels. During chilled storage for up to 12 days at 0 or 4°C, none of the fillets exceeded
the EU critical limit of 35 mg-N TVBN/100 g (EC 2008). The TVB-N content is in accordance with
what has been reported in previous studies for cod frozen for a few months prior to thawing and ice
storage (Roiha et al. 2018; Sgrensen et al. 2020; Vyncke 1983) and lower than for fish stored frozen
for one week (Vyncke 1983). The reason for the low TVB-N content is probably inactivation of
spoilage bacteria by freezing and frozen storage (Boknaes et al. 2000; Skjerdal et al. 1999; Serensen
et al. 2020).

As discussed in the color and hemoglobin section, there is an apparent contradiction between the
results found in the present experiment and that reported previously by Brinkhof et al. (2018). But
when taking into account that the loin has been shown to contain less residual blood than other fillet
parts in both stressed and unstressed fish (Jensen et al. 2022; Olsen et al. 2008), it is reasonable to
assume that color and hemoglobin content in loin is less affected by buffer towing than the fillet as
a whole. In addition, it is known that the fish quality is reduced both by increased catch size and towing
time (Digre et al. 2017; Olsen et al. 2013; Rotabakk et al. 2011; Veldhuizen et al. 2018). Compared to
commercial trawl fisheries, where catches easily exceed 10 tonnes and more (Olsen et al. 2013), the
catch size in this study is limited, as are the number of investigated individuals. Thus, possible
differences in fish quality due to different trawling procedures may have been concealed in this
experiment.
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Conclusion

No significant increased redness (a*) and hemoglobin concentration were proven in loin from cod
exposed to buffer towing compared to cod caught by regular haul-back. The posterior part of the
loin has higher levels of hemoglobin, indicating ecchymosis in loin caused by rupture of the swim
bladder.

Regarding shelf-life of thawed cod fillets, no significant differences were found in TVB-N levels
during chilled storage at 0 and 4°C for cod from regular haul-back and bufter towing.
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