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Agrip & islensku:

Ferskur eldisfiskur er almennt slaegdur og pakkad i fraudplastkassa med is fyrir
Utflutning i keeligdmum. [ 1j6si pess ad mikil préun hefur &tt sér stad hvad vardar
ofurkaelingu og jakvaed ahrif hennar a gaedi fiskafurda, pa hafa adrar hagkveemari
og umhverfisvaenni pokkunarlausnir verid skodadar, par & medal einangrud
matveelaker. Meginmarkmid verkefnisins var ad meta &ahrif mismunandi
pokkunaradferda a geedi fersks regnbogasilungs.

Slaegdum fisk med haus var pakkad i fraudplastkassa og einangrud ker af
mismunandi dypt (29-60 cm). Auk samanburdar & misdjupum kerum, pa voru
mismunandi Utfeerslur vié lokun & kerum einnig skodadar.

Fylgst var med tilraunafiskum efst og nedst i hverju keri. Kerin voru geymd i
hitastyrdu umhverfi vid um -1 °C og gerdar malingar eftir 8 og 13 daga fra
pokkun. S3 fiskur sem pakkad var i fraudplastkassa var ymist ofurkaeldur fyrir
pokkun eda kaeldur & hefdbundinn hatt med is. pad var gert til ad meta ahrif
ofurkaelingar a ferskan regnbogasilung. Til ad meta gadi regnbogasilungsins var
fylgst med 6rveruvexti, aferd og losi i flokum.

Nidurstodurnar syndu ad paer pokkunarlausnir sem skodadar voru i verkefninu
hofou tiltolulega litil ahrif & heildarorverufjélda, en ekki reyndist marktaekur
munur & milli tilraunahdépa vid lok geymslutimabilsins. Almennt var litill sem
enginn munur @ milli hépa m.t.t. 4ferdar og loss i flokum. Aftur & méti syndu
nidurstédurnar ad naudsynlegt er ad loka kerunum, en tegund loks hafdi ekki
marktaek ahrif.

Ofurkaeling fyrir pokkun hafdi marktaek ahrif & los. Fiskur sem var kzeldur a
hefdbundinn hatt og pakkad i fraudplastkassa med is hafdi marktaekt meira los
samanborid vid pegar hann var ofurkaeldur og pakkad i ker eda fraudplastkassa
an iss.

Nidurstodurnar syna ad ekki er marktaekur munur a milli fraudplastkassa og kera
af mismunandi dypt midad vid paer gedabreytur sem skodadar voru i pessu
verkefni. baer gefa pvi til kynna ad flutningur & ofurkaeldum regnbogasilungi i
kerum er raunhaefur moguleiki m.t.t. stoduguleika hraefnisins og afurdargeeda.

Lykilord d islensku:

Gaedi, regnbogasilungur, ofurkaeling, matvaelaker, keradypt
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Summary in English:

The overall aim of the study was to explore the effects of different packaging
solutions on the quality of fresh rainbow trout. Different packaging methods
included expanded polystyrene boxes (EPS), insulated food containers of 29 to 60
cm depth with various combination of covers. Each container was split up into
two groups, top- and bottom layer. Both fish chilled on ice and superchilled fish
were considered. Microbial growth and sensory characteristics (fillet gaping,
softness and elasticity) were used to evaluate the quality of the rainbow trout
fillets after 8 and 13 days of storage at around -1 °C.

The different packaging solutions had no effects on the microbial quality of the
fish. Moreover, no listeria activity was detected. Sensory evaluation showed
minor differences between containers of different depths and/or EPS boxes, as
well as between top and bottom layers. However, the presence of cover proved
to be of great importance, but the type of cover turned out to be not relevant.
The effects of superchilling before packaging on fillet gaping was evident in
present study since fish packed in EPS box with ice resulted in more gaping than
superchilled fish packed in EPS boxes and/or containers without ice.

English keywords:

Quality, rainbow trout, superchilling, food containers, container depth
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1 Introduction

Fresh farmed fish is traditionally packed gutted with head in expanded polystyrene (EPS) boxes
with ice before being transported via sea or land in refrigerated shipping containers. Following
the development of superchilling technologies and increased knowledge on the effects of
superchilling on fish quality, other more economical and environmentally friendly packaging
options have been suggested and tested. Both Margeirsson et al. (2017) and bérdarson et al.
(2017) concluded that superchilling increases the choice of packaging types for fresh fish.
Moreover, Margeirsson et al. (2017) suggested that 29-40 cm deep insulated containers are a

viable option for transport of whole, superchilled rainbow trout without ice in the containers.

Transportation of fresh fish from Iceland towards US and Europe via sea freight can take up to
seven days, leaving the products vulnerable against any temperature fluctuations which can
lead to lower quality and reduced shelf-life (Mai et al., 2011). Using special packaging
solutions, such as insulated containers (often referred to as fish containers or fish tubs), along
with applying superchilling before packing might result in a more secure cold chain for fresh
fish products and hence decreased waste. Extended shelf-life of fresh fish products will both
provide higher value for the primary producer as well as meeting the costumer’s demand for
high quality products. Therefore, finding the most appropriate packaging solution is of vital

importance.

The aim of present project was to study the effects of different packaging methods on the
quality of fresh rainbow trout. Packaging solutions included insulated containers of 29 to 60
cm depths and EPS boxes. Both fish chilled on ice and superchilled fish were considered.
Microbial growth, gaping and other sensory characteristics were used as parameters to

evaluate the fish quality.



2 Materials and methods

2.1  Raw material and experimental design

Commercial available rainbow trout (Oncorhynchus mykiss) were used in the study. After

slaughtering, gutting and bleeding, the fish was stored in slurry ice (-1 °C to 0 °C) for one day

before packaging. The fish was packed superchilled and/or traditionally chilled in 250 L, 380 L

and 460 L insulated containers as well as in EPS boxes. The containers were then either

covered with plastic bags, lids or left uncovered. More detailed description of the

experimental groups is summarized in Table 1 and Figure 1 to Figure 5. After packaging one

day post slaughtering, the containers and EPS boxes were transported by land to the research

facilities at Matis in Reykjavik. The containers and the EPS boxes arrived to Matis three and six

days post slaughtering, respectively, where they were to be stored at around -1.4 °C until the

end of the experiment.

Table 1. Description of experimental groups.

Experimental A B ¢ b E F G H
r§u Container | Container | Container | Container | Container | Container EPS EPS
group 380 L 460 L 460 L 250 L 250 L 250 L 23 kg 23 kg
Chilling Super- Super- Super- Super- Super- Super- Trad'lt!onal Super-
before chillin chillin chillin chillin chillin chillin chilling chillin
packaging & & & & & & with ice &
Cover Plastic Plastic Lid Plastic No cover Thin lid Lid Lid
bag bag bag
Grid in Drain Abs:(;b;“t
Additional bottom . P
L - - - - - holes in bottom,
description of .
. bottom no drain
container
holes
Fish weight 279 318 263 187 169 169 21 21
(kg/unit)
Pack. depth 60 40 40 29 29 29 17 17
(cm)
No. of 1 1 1 1 1 1 4 4
containers

The EPS boxes and the containers used in the study were manufactured by Tempra Itd.

(Hafnarfjordur, Iceland) and Saeplast Iceland Itd. (Dalvik, Iceland), respectively.




Figure 1. 380 L container with plastic cover (group A) to the left and 460 L container before adding the plastic
cover (group B) to the right.

Figure 2. 460 L container in experimental group C with lid (to the left) and drain grid in the bottom of the container
(to the right).



Figure 3. 250 L container to the right with plastic cover (group D); and 250 L container without plastic cover or lid
(group E).

Figure 5. EPS boxes with traditional chilled fish (group G, to the left) and superchilled fish (group H, to the right).
Both EPS experimental groups had lids.



The experimental groups were evaluated 8 and 13 days post packaging. On day 8, the fish
from the top of each container (n = 12) were collected, filleted and evaluated. On day 13, fish
from both the bottom and top of each container were collected as well as from the EPS boxes.
Overview of the sampling and parameters evaluated on day 8 and day 13 is summarized in

Table 2 and Table 3, respectively.

Table 2. Sampling of the experimental groups and evaluated parameters on day 8 post packaging. Fish was
collected from surface (top) and bottom of each container. Description of different experimental groups can
be viewed in Table 1.

Experimental Fish L. . .
. Listeria TVC Gaping | Softness | Elasticity
group position

To - - X - X

A p
Bottom - - - - -
To - - - - -

B p
Bottom - - - - -
To - X X - X

C p
Bottom - X - - -
To X X X - X

D p
Bottom X X - - -
To - - - - -

E p
Bottom - - - - -
. Top - X X - X
Bottom - - - - -
To X X X - X

G p
To X X X - X

H p
- - - - - X

Table 3. Sampling of the experimental groups and evaluated parameters on day 13 post packaging. Fish was
collected from surface (top) and bottom of each container. Description of different experimental groups can
be viewed in Table 1.

Experimental Fish L . -
. Listeria TVC Gaping | Softness | Elasticity
group position

To - X X X X

A p
Bottom - X X X X
B Top - X X X X
Bottom - X X X X
c Top - X X X X
Bottom - X X X X
b Top - X X X X
Bottom - X X X X
To - - - - -

E p
Bottom - - - - -
. Top - X X X X
Bottom - - X X X
To - X X X X

G p
To - X X X X

H p




Figure 6. Filleting of rainbow trout prior to quality evaluation.

2.2 Temperature monitoring

The temperature of the experimental groups, as well as ambient air temperature, was
monitored throughout the storage time with TidbiT (UTBI-001) temperature loggers from
Onset (Bourne, MA, USA). The temperature loggers were at placed at various positions in the
coolers: at the top-middle of the containers, bottom of the coolers and on the corners of the
containers. This setup allowed to map the fluctuation of temperature at various locations in
the cooler. The measurement range of the Onset temperature loggers is -20 to 70 °C, the

resolution is 0.02 °C and the accuracy is £0.2 °C at 0 to 50 °C.

Ibutton temperature loggers were used to monitor the fish temperature. These loggers have
an accuracy of £0.5 °C, a resolution of 0.0625 °C and an operating range of -40 to 85 °C. The
diameter is 17 mm and the thickness is 6 mm. These temperature loggers were placed inside

the rainbow trout muscle, at around 15 mm depth.

2.3 Microbial evaluation

Total viable count (TVC) was performed on fillets from fish collected on day 8 from the top of
each container and on day 13 from the top and bottom of each container as well as from the
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EPS boxes. The muscle near the gills of the rainbow trout was chosen for TVC evaluation due
to the higher risk of contamination. The TVC was determined according to the Nordic
Committee on Food Analysis (NMKL) method (NMKL, 2006). Listeria monocytogenes activity
was searched on the skin of the fish on day 8 according to the NMKL method (NMKL, 2010).

2.4 Sensory evaluation

Gaping, softness and elasticity of fish fillets was evaluated on day 8 and day 13 post packaging,
using “Guide for evaluating fillets texture in Atlantic Salmon” (Erikson, 2009), shown in
Appendix. Gaping was evaluated on five point scale from 0 to 5 with photos of salmon
representing each score (Appendix). Based on the photos provided, the gaping grading scale
was constructed and is summarized in Table 4. Softness was evaluated on a thee point scale
from 0 to 2 where 0 = firm fillet and 2 = soft fillet. Finally, elasticity was evaluated on three
point scale from 0 to 2 where 0 = elastic and 2 = inelastic. More detailed description can be

viewed in Appendix.

Table 4. Grading scale for evaluation of gaping in salmon fillets.

Description Grade

No visible gaps 0
Minor gaping, less than 10%
Minor gaping, less than 20% or 1-3 longitudinal cracks

Minor gaping in one area (20%) or >3 longitudinal cracks

Some gaping, 25-75% of the fillet

[S2 I w N

Deep cracks or gaping in more than 75% of the fillet

The gaping evaluation (n=18-20 for each group) was performed by 4-5 trained panellists under
a white light and on a white table. Each fillet was coded with a three-digit number and the
fillets were evaluated in a randomized order. Before the gaping analysis, the fillets were stored

at approximately 0 °C for 1-2 hours after filleting.

Both softness and elasticity were evaluated by one panellist. On day 8, the fillets were
evaluated immediately after filleting followed by gaping evaluation. However, on day 13, the
gaping was evaluated first followed by evaluation of softness and elasticity. The fillets were

not evaluated by the same panellist on both sampling days.
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Figure 7. Randomized fillets before the sensory evaluation.

2.5  Statistical analysis

Analysis of variance (glm — general linear model) was carried out on scores for gaping in the
statistical program NCSS 2000 (NCSS, Utah, USA), where correction was made for different use
of the scale by the panellists. One way ANOVA was used to analyse data for elasticity and
softness. Comparison of data with respect to treatments was performed using the Duncan’s

multiple comparison test. The significance level was set at 5%.



3 Results

3.1 Temperature monitoring and raw material

The average ambient temperature throughout the storage period is presented on Figure 8.
The average ambient temperature during the whole storage time was 0.0 °C +2.1 °C. The main
deviations from the planned ambient temperature of -1 °C were experienced during the ~ 450
km transport from the processing plant in Westfjords to Reykjavik on the first day from

packing in addition to a short time period during sampling on day 8.

16
14
12
10

Temperature (°C)

o N b~ OO

R W G

4 6 10 12
Days from packing

(o]

Figure 8. Ambient temperature from packing throughout the storage period.

More importantly, the fish temperature for most groups is presented in Figure 9 and their
averages and standard deviations in Table 5. The results show that the fish temperature was
very stable throughout the storage time, partly relying on the fact that the fish was
superchilled (partially-frozen) before packing. The temperature mapping of the other groups
failed but since groups B, C and H also contained superchilled fish, the fish temperature in
these groups was very likely similar to the others. Group G with fish chilled in ice in EPS boxes
was very likely around -0.5 to 1 °C during most of the storage time as was experienced in a

similar study by Margeirsson et al. (2017).
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Figure 9. Fish temperature profiles at top of groups A, D, E and F from packing until the end of the experiment on
day 13.

Table 5. Average temperature and standard deviation of groups A, D, E and F during the whole storage time.

Group Average (°C) Standard deviation

A -1.1 0.5
D -1.3 0.6
E -1.2 0.2
F -1.2 0.1

3.2  Sensory evaluation

After filleting 8 and 13 days post packaging, a sensory evaluation of the fillets was performed.
The fillet gaping and elasticity were evaluated on both sampling days, while the fillet softness
was only evaluated on day 13 post packaging. Moreover, on day 8 only fish from the surface
(top) of the containers were evaluated, while on day 13 fish from both surface and bottom of
the containers were evaluated. The packaging method applied for group E, where no cover
was used on the container, was considered not applicable due to extreme dryness and
toughness of the fish skin. The data collected for group E were therefore not included in

present report.

Low scores for fillet gaping were observed for all experimental groups on day 8, with average
values ranging from 0.6 to 1.4 which can be interpreted as “almost no gaping” to “slight

gaping” (Table 6). The results indicated that fish packed in EPS boxes with ice (group G) had
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more fillet gaping compared to fish in all the other experimental groups on both sampling
days. Fish stored in 460 L container with lid and grid in the bottom (group C) had the lowest
fillet gaping 8 days post packaging and were significantly lower compared to fish stored 380 L
container with plastic cover (group A) and 250 L container covered with thin lid (group F).
Apart from the fish packed in EPS boxes with ice, no differences in fillet gaping were observed

between other experimental groups on day 13.

Table 6. Gaping in fillets 8 and 13 days post packaging and storage at -1.4 °C. On day 8 only fish from the surface
(top) of the containers were evaluated (n=17-20), while on day 13 fish from both top and bottom of the
containers were evaluated (n=9-10). Different letter within column indicate significant statistical difference
between groups (p<0.05). Description of different experimental groups can be viewed in Table 1. "Average

fillet gaping score from fish collected both from the surface (top) and bottom of the containers.

o Day 8 _ Day 13

Top Average Top Bottom
A 0.86° 0.73° 0.62% 0.82¢
B - 0.78° 0.94b¢ 0.61%
C 0.61°¢ 0.72° 0.65% 0.79¢
D 0.89%¢ 0.67° 0.52¢ 0.84¢
E? - - - -
F 0.89° 0.78° 1.22° 0.33f
G 1.38° 1.09° 1.09% -
H 0.77% 0.67° 0.67% -

iThe packaging method applied for group E, where no cover was used on the container, was considered not applicable due to extreme
dryness and toughness of the fish skin. The data collected for group E are therefore not included in present report.

As stated before, only fish from the surface of the containers were evaluated on day 8 but on
day 13, nine to ten fillets were evaluated from both surface and bottom of the containers. The
results obtained on day 13 indicated a rather large variation within groups (Figure 10).
Therefore, generally no differences were observed between fillets from the surface and the
bottom (Table 6). Considering the fillets from the bottom of the containers, the results
indicated slightly more gaping (p>0.05) for fish stored in 60 cm deep containers (group A) than
fish stored in 40 cm (group B and C) and 29 cm deep containers (groups D and F). Moreover,

no effects from different types of cover were observed 13 days post packaging.
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Gaping score [0-5]

-

Figure 10. Boxplot for gaping in fillets after 13 days of storage at -1.4 °C. B and T in the sample name represent
fish from the bottom and top of the containers, respectively. Description of different experimental groups can be
viewed in Table 1.

Some difference was seen in elasticity of the fillets on day 8 (Table 7). The lowest fillet
elasticity was observed for fish stored in 380 L containers with plastic cover (group A) and the

highest for fish stored in 250 L container with covered with thin lid. No difference in fillet

AT

E_B

B_T

C_T

D_T

F_B

elasticity was observed between the experimental groups on day 13.

Table 7. Elasticity of fillets 8 and 13 days post packaging and storage at -1.4 °C. On day 8 only fish from the
surface (top) of the containers were evaluated (n=17-20), while on day 13 fish from both top and bottom of
the containers were evaluated (n=9-10). Different letter within column indicate significant statistical
difference between groups (p<0.05). Description of different experimental groups can be viewed in Table 1.

F_T

G

*Average elasticity score from fish collected both from the surface (top) and bottom of the containers.

Group Day 8 Day 13
Top Average” Top Bottom
A 1.22° 1.42 1.78 1.10
B - 1.50 1.50 1.50
C 0.56 1.26 1.22 1.30
D 0.33° 1.39 1.33 1.44
E? - - - -
F 0.24° 1.61 1.56 1.67
G 0.35° 1.94 1.67 -
H 0.82 1.67 1.94 -

1The packaging method applied for group E, where no cover was used on the container, was considered not applicable due to extreme
dryness and toughness of the fish skin. The data collected for group E are therefore not included in present report.
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Similar as for the fillet elasticity, no difference in fillet softness was observed between the
experimental groups on day 13 (Table 8). The average values ranged between 1.1 to 1.4 which

indicated neither firm nor soft texture of the fillets.

Table 8. Softness of fillets located either in the top or the bottom of the containers after 13 days of storage (n
= 9-18). Description of different experimental groups can be viewed in Table 1.

Group Top Bottom
A 1.44 1.00
B 1.30 1.40
C 1.22 1.10
D 1.22 1.44
E’ - -

F 1.00 1.11
G 1.17 -
H 1.33 -

*The packaging method applied for group E, where no cover was used on the container, was considered not applicable due to extreme
dryness and toughness of the fish skin. The data collected for group E are therefore not included in present report.

3.3 Microbial quality

To evaluate the microbial quality of the fish, total viable count (TVC) and Listeria activity were
analysed on day 8 post packaging, as well as TVC on day 13 (Table 9). No Listeria was detected
in any of the analysed samples. Considering the fish stored in containers, the lowest TVC on
day 8 was in the top layer of group D and bottom layer of group C, representing a 250 L
container covered with plastic bag and 460 L container with lid and grid in the bottom,
respectively. However, no significant difference was observed between the different
experimental groups on day 8. Considering the fish stored in EPS boxes, superchilling before
packaging had significant effects on the TVC where the TVC of the superchilled fish was below
the detection limits. The TVCincreased in all experimental groups with extended storage time,
but the differences between groups were not significant on day 13 post packaging with the
exceptions of group B. The TVC of group B, representing bottom layer of 460 L container

covered with plastic bag, was below the detection limit on day 13.
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Table 9. Total viable count (TVC; log cfu/g muscle) of the experimental groups after 8 and 13 days storage at -
1.4 °C. Description of different experimental groups can be viewed in Table 1.

o Day 8 Day 13

Top Bottom Top Bottom
A - - - 2.310.3
B 0.5+0.7
C 1.610.4 0.7 £0.9 2.00.1 2.1+0.3
D 0.50.7 1.3+0.5 2.6+1.0 2.4 0.0
E - - -
F 1.7 £0.1 - 25104 -
G 1.7 £0.6 - 2.8+1.2 -
H <1 - 24104 -

*The packaging method applied for group E, where no cover was used on the container, was considered not applicable due to extreme
dryness and toughness of the fish skin. The data collected for group E are therefore not included in present report.

4 Discussions and conclusions

The results obtained showed in general minor difference between different packaging
methods. Different packaging material, container depth or type of container coverage had no

effect on the bacterial load after 13 days storage at around -1 °C.

The results of fillet gaping showed generally more variation within experimental group than
between different groups, indicating a large individual difference and/or difference in
handling of the fillets during processing and filleting. Moreover, the results suggested that the
effects of the different packaging methods of fish tested prior to filleting were minor on fillet
gaping after 8 and 13 days storage at -1.4 °C. This include EPS boxes, containers of different

depth and different container covers.

The effects of superchilling before packaging on fillet gaping was evident since fish packed in
EPS box with ice (group G) resulted in more gaping than fish packed in EPS boxes and/or
containers without ice. These findings were supported with the evaluation of fillets elasticity

13 days post packaging, where group G had the least average elasticity.

Overall, present study indicates that there is no difference between EPS boxes and the
insulated fish containers tested based on the evaluated quality parameters. The results
suggest that transportation of superchilled rainbow trout is a feasible option with regard to

the raw material stability and product quality.
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