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ABSTRACT
Introduction
Management
Fishing gear
Live storage
Pz&cﬁsgpf,ﬁxﬁﬂpational exposure
Food safety
Red kmo crabh and snow crab have hoth hecome |_mnnr1';| nt snecies for the Nnr\/\/polan

BY@AYOY industry. Since the first commercial harvest of red king crab in 2002 and of

DSEYAUYi & aHarkar2f3r NoritegidN edyvegiash seamactiskdustry has developed new technology and

knowledge for handllng these species. This includes new fishing gear, conditions for live
Concluding remarks
, and entrance into new markets. The

AfB't%a"Y'f’\fé?Wé‘éﬁan quota for red king crab increased from 220 metric tons in 2002 to 2350
rERREREestons in 2017, with a free-red king crab harvesting zone to the west of the quota-
regulated area to prevent further expansion of the crab. At present, there is no
established quota for snow crab. In 2016, a volume of about 5300 metric tons of snow
crab was landed in Norway. In 2016, the export of red king crab and snow crab in
Norway amounted to 529 million and 338 million Norwegian Kroner, respectively. Based
on regular surveys of crab populations in the Barents Sea, it is assumed that the
volumes red king crab and snow crab will remain steady and increase, respectively.

Thus, these industries will continue to be important to the Norwegian seafood industry.
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ABSTRASTTY. The meat from both species obtains high prices on the market due to very

.&FEE&‘&FA‘AE sensory properties. Since RKC was deliberately introduced into the Russian

Nnart Af+tlhAa Davante CAana in tha 102N i+ hae ActahlichAaA iteAlf A A viiaWlA cAlfF rAaneAADL |rinr)'
>

Management

Fetangedrto expand into Norwegian coastal waters in the late 1970s. Still, it was not until

1992 that a significant bycatch of RKC in the Varangerfjord (the fjord closest to Russia in

Live storage

+thna nAarthaact AfF NlArmaran) ~Aant ure nA +tha Aattantinn Af NlAarnainoian armviranrmant anA
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P oc SSI and occupational exE)osur
S management an research institutions. Discussions on commercial harvestlﬂg

redasseed shortly after (Sundet and Hoel, 2016), and commercial harvesting began in 2002

B%%rwc glan Ministry of Fisheries and Coastal Affairs, 2007). Today, the RKC population in
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Destination markets for No

ed kin ab
in the coastal waters ¢ F%I Shmark ¢ 0V(tche northernmost part of Norway; Figure 1).

Cofeitisgreaihgize and area of operation make these fisheries different from king crab

k%fgv%,;lggsemnother parts of the world. The RKC fishery in Norway is allowed a yearly catch

S

~F -~ A nN
O1 airouna LUUU

fg%ﬁ%nngen et al., 2008; Norwegian Ministry of Trade, Industry and Fisheries, 2015). The

metric tons. an A e oots for h
I € PO Ioi i

RKC fisheries are of vital importance for several local communities in Finnmark

(Finnmark County, 2011).

Figure 1. Distribution pattern of red king crab and snow crab in the Barents Sea (Institute
of Marine Research, 2016).
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Concluding remarks

In 1996, SC was first observed in the Barents Sea (Kuzmin et al., 1999), but the scientific
AEBRYTRLSAMS TS not certain how long they have been in, nor how they reached, the Barents
roRAAKYZMIN et al.,, 1999; Hansen, 2016). Commercial harvesting of SC in the Barents Sea

only started in the last few years, but it is growing rapidly (Lorentzen et al., 2016a;

Siikavuopio et al., 2017), and now appears to be permanently established. In 2016,

export of frozen clusters of SC from Norway amounted to 3952 metric tons,

corresponding to a value of 331 million Norwegian Kroner (NOK; www.seafood.no). This

represents a value increase of 80% compared to 2015, and the export value of this
species is expected to continue to increase (Hvingel et al., 2015). The snow crab is mainly
present in the eastern part of the Barents Sea, i.e., in Russian areas, but it has expanded
its territory westwards into Norwegian areas and is expected to expand further to

occupy most parts of the northern Barents Sea, including all Svalbard waters, in the near
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market Thic incliide< a decrrintinn nf the manacement nf RKC and QC ficheriac fichino

Management

reXposdres, food safety aspects, by-products, and finally a description of the main

destination markets (Figure 2).
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ABSTRACT . . . .
today, the species can be found along the entire coast of Finnmark, and sometimes as

Ifasdsetioth as Tromsa (Jergensen and Nilssen, 2011; Sundet and Hoel, 2016).
Management

FRRRL g species were managed together until 2007. Afterward, the countries managed

thhetRKC fisheries in their respective waters. From 1994 to 2001, only limited harvesting
Ive storage

far racaarch niirnncac wac allnwed In 2002 thea Nlnrwao
Tor researcn purpeses was ancwegG. 1h ZUUZ, the Nerwegian

PESHT RIS HBTRRHBSH RKC, with a quota of 100,000 crabs. In 1994, there were four

reeseadigh vessels, while in 2002 there were 120 vessels (Norwegian Ministry of Fisheries

nvarnmant allnwed
oyernmant a

v i 1 A vy o

BanddCotastaI Affairs, 2007). As the RKC population has grown, quotas have increased
y-products

accaordinglv
accorgingly,

Destination markets for Norwegian red king crab and snow crab
in 2004, the Norwegian government divided the RKC management area into two
Concluding remarks o ) . . .
different zones. West of the 26° east meridian, which is approximately the longitude of
AkEORSEE aDe, is a free-RKC harvesting area that is accessible to anyone, both
rReRREHREercial and non-commercial entities. East of that meridian lies the quota-regulated
area, where only commercial fisheries can operate (Norwegian Ministry of Fisheries and

Coastal Affairs, 2007; Figure 1). The objective of this management regime is two-fold: to

limit the westward expansion of RKC via the free-RKC harvesting zone, where all crabs,
males and females of all sizes are to be landed; and to establish viable, long-term RKC
harvests in the quota-regulated area (Figure 1). The allocation of quotas to the
fishermen in the eastern area was also meant to compensate fisheries that experienced
problems and economic loss in their ground fish harvests due to RKC-induced damage
to their nets. Permanent quotas were allocated to active fishermen, both local and from

outside the region (the so-called closed group), while people living in the area can apply
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abdpdtersity. 1he RKC In Norway Is however not managed as an unwanted species to be

eradicated (Sundet and Hoel, 2016). Indeed, it is considered impossible to eradicate the
Introduction

RK(C from Naonaeacian water< thiic the aim hac hernme tn minimize their exnan<inn

Management

ridldggedn this way, Norway is still addressing its obligation under the Convention of

L_Biotcliversity according to Sundet and Hoel (2016). The Convention of Biodiversity states
Ive storage

that nartiac tn the ronvantinn chall nravant tha intradiicrtinn cantrnl
partes et ohvent ! antt vroguction,cohtre

(LS ~ ~ i o v i AR RS LU S 1 i 1 “ H 1y piua iy

PRI G OE R TS T FEREYIT ecosystems, habitats, or species “as far as possible and as
FeqRLRPriate”.

.F

o)

r aradiratinn
araglcation

o

BirP2d4%s the Norwegian government evaluated the management regime of RKC

pddEwesiaRdMiBinswafhragdanirdb shixadad sisheries, 2015) and concluded that the two-
foid management regime was successfui due to two important changes. One was an

Cg?%g'icn‘forelrinr;rilfcsthe number of vessels that could harvest in the quota-regulated area as

A MEAgEBEPtvas continuously increasing. In 2015, more than 550 vessels had a quota on

rRBKGndany of which only harvest this species. From 2016, the quota allocated to a vessel
depends on the value of other fish species captured, not including RKC. To receive a full
quota, the vessel has to land fish (not RKC) for a value of minimum 100,000 NOK, half a
quota is allocated with a landing of 50,000 NOK, etc. This was an attempt to prioritize

established fisheries and maintain “reasonable” vessel quotas for active fisheries.

The other change was to change the quota year, i.e., to start the harvest season in
January rather than in August/September as it has been since commercial harvesting
started. The number of vessels taking part in the lucrative RKC harvest has increased
steadily, and now includes vessels that do not harvest any other species (Norwegian

Ministry of Fisheries and Coastal Affairs, 2007; Norwegian Ministry of Trade, Industry
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ARRESE high prices.

Introduction
A< nf 2017 the tatal Nananecian RKC ailinta ic 2150 metric tan< inclhiidinog 150 metrir tnng

Management

ridRldggedcurrently, 550 vessels hold quota rights. The only fishing gear allowed is pots,

LW|tt1 a minimum carapace size of 130 mm, and the crabs are landed live. Male RKC are
Ive storage

oanarally tarcatad in the auota-raculated area (No agian Minictrv of Ficheriag and
generany targeted in tne queta-reguiated area ¢ egian istry o1 lesahng

PSSP RSO A RASHRegian Ministry of Trade, Industry and Fisheries, 2015). The
réddkdrqyota of female RKC increased from 50 metric tons in 2016 with the goal to

BdevedIoP a market for females (Norwegian Directorate of Fisheries, 2017). The females
y-products

carry a tasty roe, du |r|no most of the vear which is of hloh commercial value (Figrtoft and

~ oL~ i~ g~y < J ~

Dﬁétpgaggﬂln?dﬁg)for Norwegian red king crab and snow crab

Concluding remarks
The snow crab has also become important for the Norwegian seafood industry. As a new

AgkapiedeePRith is still uncertain, including stock size and distribution and the impact on

rbhehenthic ecosystems. Unlike RKC harvesting, SC harvesting occurs far up in the
Barents Sea (Figure 1), and only a limited number of big vessels are involved. Currently,
there is no management regime for SC harvesting in Norwegian waters. A general ban
on SC harvesting was adopted in December 2014; and Norwegian vessels must obtain a
license to harvest (Norwegian Ministry of Trade, Industry and Fisheries, 2014). Today,
about 50 vessels holds a license, but only a handful is actually fishing for the SC. In the
summer of 2015, Norway and Russia established that SC as a species is sedentary, and
hence subject to national management rather than bilateral or multilateral management
(Norwegian-Russian Fisheries Commission, 2015). In 2015, the countries cooperated and

granted access to harvest in each other's zones, but the Russian government revoked
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R this area). For all these reasons, the number of vessels engaged in SC harvesting and

Intheivctatches are expected to be lower in 2017.
Management

rilHgegian government is working to develop a management plan and adopt measures

Lto regulate access to and quotas on SC. It remains to be seen when a management
ive storage
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Destination markets for Norwegian red king crab and snow crab

cBRIRIRKEAd SC are caught using a box trap. During the first years of the commercial
RKC harvest, conicai pots with entries on the top, simiiar to the ones used in commercial

Aﬁ(qnﬁvevlrﬁigsrrnenlg;r Fastern Russia and Japan, were commonly used (Stiansen et al., 2008,

ROBFI5eResearch has been carried out in Finnmark in Northern Norway to compare those
pots with square pots. The box-shaped design of square pots turned out to catch a
significantly higher amount of RKC and also significantly more large males (Stiansen
et al., 2008). The superior catching properties of the square pots led to their adoption by
small-scale commercial fisheries in Norway (Goday et al., 2003), where these are
preferred due to their increased efficiency and handling and storing properties (Stiansen

et al., 2008).

Conical pots are still the most common fishing gear used in commercial SC fisheries in

the Barents Sea and were adopted from the practices of other SC fisheries, mainly those

https://www.tandfonline.com/doi/full/10.1080/23308249.2017.1335284#d1e299 38/98
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aJoptT|ng the correct pot shape.

Introduction
Twn hait recentarcle< are 1i<nialhs nlared in RKC and SC nnt<: nne mec<h hao and nne

Management

reaiRglgéaation with saith, cod, haddock, or by-products from these fish species. The bait

Lpretferred by SC fisheries in Norway is squid in combination with herring (Siikavuopio
Ive storage

et al, 2017).
Processing and occupational exposure

Bait is the singie most expensive operating cost (around 20 NOK per pot) in both RKC
Fgor?éag%yﬂsheries. A single Norwegian SC vessel may set 1500 pots per day and operate
Byrpre@#9000 pots in the same area per week. In addition, the current common bait types,
osUERARS mmgh@@ggiigmge@ﬂggmggqoa&gﬁgﬁgb used for human consumption, and the

growing demand for these fish species has ied to increased prices. Thus, there is a
Concluding remarks ) . ) . o

growing need for alternative, effective low-priced, more sustainable bait (like by-
ABSY|9eEs™Feeiin commercial fisheries), but attempts to find or artificial bait have so far not

rbegR.successful in Norway (Siikavuopio et al., 2017).

Live storage

After capture, RKC and SC are either processed immediately or kept alive. Live storage
includes storage in water tanks near processing facilities and dry transport in
polystyrene boxes to the destination market. Live storage enables the industry to control
the processing time or transport of live crab. The development of live-storage

technology requires a reliable, consistent supply of crabs. It is through live storage that
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ABSTRACT .. . . . . . .
more sensitive to high temperature and high stocking density during live storage than

IRiédutmmes et al., 2013; Siikavuopio and James 2015; Siikavuopio et al., 2016). Generally

Management
SLUIagtT dlliu 11V TAPUI L.
Fishing gear

L.To ?void the economic loss of high mortality during live storage, most SC is processed.
Ive storage

Ciirranthy 0004 nf SC ic nrnraccead ac rnnkad and frn7zan cliictare nn hnard nr at land.-
currently 227 o7 SL IS procfessed as Cooxel ang irozen qusters on pearc or atanc

PIRSEEA85PE CELOHSBI SIS Snly 1% are exported live. Export of live SC is preferred as the

reddcerger kilo is about four times that of clusters (www.seafood.no). In addition, it is

Jmore ftavorable to be paid per kilo of the entire animal, rather than just the clusters, as
y-products

by-products represent about 30% of the total SC weight (Beaulieu et al,, 20

PET ARt IR O BYLRERD T RIEEARALITR A M orway (Siikavuopio et al., 2017), that due to

cbhaubighergekice of live crabs, the proportion of SC exported live is expected to increase

Q' Stenhergo
2, Stenberg

~

significantly if live storage methods improve. Unfortunately, for the time being,
Acknowledgements

knowledge of o (Dutil et al., 1997,

I '}

REHIENTopio and James, 2015). Thus, new techniques for both short-term (vessel) and

long-term (land) live SC storage need to be developed. In RKC, increasing temperature
and stocking density increase the risk of cannibalism, mortality, and injuries (Siikavuopio
and James, 2015; Siikavuopio et al., 2016). Thus, it is important to determine the
optimum environmental conditions for SC, such as temperature, water requirement, and

stocking density.

South Korea is an important destination market for live RKC and SC, but its distance
from Norway makes transportation challenging. Russia is closer to South Korea, making

it more beneficial for them to export live crabs there. Usually, Russian crabs are

https://www.tandfonline.com/doi/full/10.1080/23308249.2017.1335284#d1e299 40/98
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iftrsacassing of RKC and SCincludes a series of operations, from slaughtering to the final

Management

TV \P=) VWU IS TvhJ MU Vil CiUVY,. 1| Vi VUL JM-LILD) LTe T/ U - UJdowTTIvICU 1T U

FSNBRAGEr joint. The edible meat of RKC is located in the legs and shoulders, while the
Lreliklagneat in SC is located in the legs only. To-date, the entire volume of clusters from

Norway from both sEecies has been exported as frozen product. The entire volume of
Processing’and occupational exposure
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FR85PE harvesting vessels (about 90% of volume) and in land-based plants (Norwegian
slislo@rgeen's organization, 2017). The majority of SC are processed on board mainly due

to the long distance between the harvesting waters ground and land-based processing
Destination markets for Norwegian red king crab and snow crab

nlantc In additinn cnendino faiir tn five weaalkec at a time in SC harvactino watar
piants. N acgition, spenging Tour te Tive wWeeKs at a time In s narvesting wate!

wn
(R
4]

n also
R3PS ibility of live storage due to limited space and viability of the SC for that
Ackibatéagermdnty/e storage.

RAFPEFIE®1 9605, RKC processing procedures were developed in Canada. In Norway, these
processing procedures were adapted in 1994 with no modifications. Later on, the same
procedures were applied to SC. For both species, processing includes removal of the
cluster from the carapace, cooking, cooling, freezing, and packaging. As an alternative to

freezing, clusters can be processed and stored in refrigerated conditions (Lorentzen

et al., 2014, 2016a). Processing is performed on a semi-continuous basis, where baskets
with clusters advance in a stepwise manner in the processing line. For RKC, removal of
carapace is performed manually due to a relatively large variation in size (weights can
range from 2 to 7 kg). As SC is considerably smaller (from 400 g to 1.3 kg) and more

equally sized compared to RKC, the clusters are either removed manually or by machine

https://www.tandfonline.com/doi/full/10.1080/23308249.2017.1335284#d1e299 41/98
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AsErRighitering. When these clusters are stored In refrigerated conditions, the blue color

IcargI sEread to the legs as well, resulting in a discoloration of the entire product and an
ntroaucti

"N flavinr which are rancidered lecg attractive cen<nryy nrnnertiec It hac hean

Management o

refithgearab (Goncalves and de Oliveira, 2016; Lindberg et al., 2017). Compared to RKC, SC

Lmeat is more prone to blue discoloration, especially when cooking is inadequate.
ive storage

L e FlustSkR AekemQved from the carapace, they are either put into fresh water to

aiilow de-bieeding of the hemoiymph or cooked immediately. in recent de-bieeding
Food safety
studies of SC performed at Nofima, a weight loss of about 5% was observed after one

Birergfusts1-2°C, due to drainage of hemolymph (unpublished results).

Destlr'f'\tlon markets for Norwe |an (rjpd king crab and snow crab
e Norwegian RK SC industries, the clusters are commonly size graded into

Cseqhainat ebakkets. Afterward, the clusters are cooked by soaking the baskets in boiling

Jfresh water. Size grading allows workers to adjust the cooklng time to obtain a core
nowledgements

~ o~

ciuster Lt:lllpt:ldLlJ ieO

Ref
"final core temperature is adjusted to the largest extremity, i.e., the claw. Thus, the final
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core temperature of the legs will be above 92°C. Despite this challenge, an adequate and
uniform cooking procedure is essential, as overcooking results in moisture loss,
shrinkage of the meat, and reduced yields. In case of core temperatures below 92°C, the

risk of blue discoloration is higher (Siikavuopio et al., 2011; Lindberg et al., 2017).

Once the final core temperature is obtained, the basket is removed and placed
immediately in refrigerated fresh water to cool. The baskets are exposed to additional
cooling in refrigerated seawater. Cooling is considered finalized when the core cluster

temperature reaches about 1-2°C. Handling of the clusters after cooking involves a risk

https://www.tandfonline.com/doi/full/10.1080/23308249.2017.1335284#d1e299 42/98
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AeRGUTder facing outward. The typical final weight of these boxes ranges from 10 to 20 kg.

Introduction
The meat nf RKC and QC i< hichlvs nrone tn <snnilace diie tn hich niiantities nf free aminn

Management

FisRikgpdzen et al., 2016a). Following death, SC and RKC undergo rapid protein degradation

L_duet: to endogenous and bacterial enzymes. Thus, time of and temperature during
Ive storage

nrnroaccino ic critical in tarmec nf tha chalf life and analitv nf the cliictar Tunical
processin 1S Criticar In terms ot the snel e anc quailty ot tnhe quster, ypica

P B LA P LT HRRPPBI R Femoval of the clusters from the carapace until the clusters are
rbb@zseys about 1.5 hr.

(0}

Bsrdkisks processing both RKC and SC are exposed to bioaerosols, i.e., particulate matter

pRLALRR LR A WE R SRR ERRIRGR SR g that are suspended in air. A considerable

portion of these are within respirabie range and enter the workers iungs when inhaied
Concluding remarks o )
(Jeebhay et al., 2001). Several specific work tasks generate bioaerosols, such as removal

AgfenrdgsrReftom the carapace, removal of gills, and cooking (Jeebhay et al., 2001; Jeebhay

reRdeartier, 2010; Jeebhay, 2011). Bioaerosols contain components derived from the
crab, such as endotoxins, microorganisms, and proteinaceous allergens. Two major
allergens found in RKC and SC are tropomyosin and arginine kinase (Abdel Rahman

et al., 2012; Thomassen et al., 2016). Since tropomyosin is heat-stable, both raw and
cooked crab are sources of aerosolized tropomyosin (Jeebhay et al., 2001; Lopata and
Jeebhay, 2013). Antibody reactivity of crustacean tropomyosin can also increase after
heating, a possible result of protein denaturation and exposure to new epitopes,
aggregation, and chemical modifications (Abramovitch et al., 2013; Kamath et al., 2013).
Workers handling cooked crab may therefore have an increased risk of developing food

sensitivities to crab. When processing both RKC and SC, workers are exposed to several
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AB3THABTProcessing line and exposure groups (Gritfin et al., 1994; Malo et al., 199/; Jeebhay

et al., 2001, 2005; Jeebhay and Cartier, 2010; Jeebhay, 2011; Lopata and Jeebhay, 2013).

Introduction
The level nf different conmnnnent< varie< denandino nn <everal fartarce <iich ac the

Management

ridrasg gésp observed in Norwegian RKC processing plants (Thomassen et al., 2016).

LMoreover, several studies have found a high prevalence and incidence of occupational
ive storage

atinnal acthma attrihiitahla tn hinaarncnl av
el atlighaiasthiia-attrhpuUtapie to-ploaeroso-ex

occup
PRI RS ST BT BIRAP IS Rise et al., 2006; Gautrin et al., 2010; Jeebhay, 2011; Bonlokke
réddabsed012). Immunological sensitization, respiratory symptoms, and bronchial hyper-

Brespdonsiveness have also been found in exposed seafood workers. Sensitization has
y-products

been documented in workers involved in processing fish, mussels, prawns, and crabs,

DI PR MRS PV 8RS B ERe 63D AN PSR L4 f8ish industry (Jeebhay et al., 2001; Cartier
cetcalaing@@dsrkeebhay and Cartier, 2010; Shiryaeva et al., 2010; Lopata and Jeebhay, 2013).

AckpeViipdaEadent asthma is the most frequent work-related respiratory disease in the

rseafned industry with a prevalence between 4% and 36% among workers exposed to
shellfish (Jeebhay et al., 2001; Lehrer et al., 2003; Howse et al., 2006; Jeebhay and Cartier,
2010). An increased prevalence of respiratory symptoms and sensitization to crab was
also found in Norwegian RKC processing plants compared to unexposed controls, but no
increase in asthma was found (Thomassen et al., 2017). A healthy worker effect, where
workers who develop asthma leave the processing plants, is a possible explanation for
this lack of occupational asthma in the Norwegian study compared to corresponding
studies from Canada (Shah, 2009). The time from start of exposure to the presence of
symptoms can vary from weeks to years, and the symptoms are characteristically worse

when the worker is at work and improve during weekends and holidays (Malo et al.,
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ABIE-Bre NO KNown safe levels ot exposure, the main measures taken by processing

Ifac(;?ories are to reduce exposure by installing shields on work stations and applying
ntroduction

MmaAre altnmatic nroceccino nneratinng Adeniiate ventilatinn i< alen imnartant tn rediice

Management

FRiRegs&ary in work tasks with a high risk of exposure.

Live storage

Pifggi graiféctjgrational exposure

Food safety

in the context of food safety, the Norwegian Food Safety Authority, has screened the
By-products
presence and levels of heavy metals in crab meat (Lorentzen et al., 2016b). Previously,

DESEnNIPS RFEatF SN M $Ra Fps s #eddy™vetals in Cancer pagurus caught along the coast
cofnarheraorway (Frantzen et al.,, 2015). Based on this study, analyses of cadmium,
mercury, and arsenic have been carried out in RKC harvested in the Varanger fjord in
Acknowledgements
northern Norway during November 2012 and in SC harvested in the Loophole in the
RH&TEFRS Sea in April 2015 (Lorentzen et al., 2016b). The RKC was processed directly after
harvest, while the SC was starved for four weeks before processing and sampling. For
both species, the level of cadmium and mercury in the meat was below the maximum
limit (Commission Regulation No. 1881/2006). Since inorganic arsenic is more toxic than
organic arsenic (Raber et al., 2012), levels of both organic and inorganic arsenic were
determined and found to be below the set maximum levels in both species. No
maximum limit is set by the EU for total arsenic, inorganic arsenic, and manganese.
Lorentzen et al. (2016b) concluded that meat from RKC and SC contained levels of heavy

metals below the maximum limit and was therefore safe to consume.
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g Sg\?\f\rgby the EU. Thus, the authors concluded that RKC was safe to consume.

Introduction
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Management

riskiddd@toyama et al. 2007; Abdel Rahman et al., 2011). Tropomyosin is heat-stable, and

Las E)reviously mentioned, its allergenicity may even be enhanced by the cooking process
Ive storage

(Kamath et al,

“ I

PIATSWIE PBLYPRBIRELTRE Y Ehniques (Kamath et al., 20

FigEshisading epitopes, cross-reactivity between crustaceans like lobster, crab, and shrimp,

2013; Prester, 2016). Moregver, tropomyosin is able to withstand most

iy ~w Vel RN a4 [ < I~ o vviul i i ~

13). Due to the presence of similar

Bhasdbeten reported (Motoyama et al. 2007; Leung et al., 2014). Consumers allergic to
y-products

other crustacean species

~

hould therefore be cautious of consuming SC and RKC,

[ ~ ~G— ~ H P A i

Destination markets for Norwegian red king crab and snow crab

Pathogens couid be a potentiai threat in cooked crabmeat, as this is a ready-to-eat
Concluding remarks ) )

product. As the core cluster temperature exceeds 72°C during cooking, the pathogen
ALKERIYREEeRECytogenes should be eliminated (Lado and Yousef, 2007). Consequently,

rbaod safety issues are mainly related to the risk of recontamination after cooking. The

consequences of such contamination could be harmful if the crabmeat is consumed
directly without any additional heat treatment. As the leg meat of both species is
protected against contamination, this is considered as a limited problem. On the other
hand, the meat located in the shoulder of RKC is not protected by a shell, and is thereby
more exposed. In fact, previous studies revealed that the shelf life of meat located in the
shoulder of RKC clusters is three days less than that of meat located in the legs of the

same product (Lorentzen et al., 2014).
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ARRORNEgian RKC and SC fisheries are discarded and dumped at sea or close to the shore.
AR NRYa, Scotia, Canada, it is estimated that 25% of SC is waste, which is a problem for

L, ~ L. —

Management

FRkIRgERA | from the waste, while some grind and discard the waste at sea or close to the
LebasegBering Sea Aleutian Islands Crab Fisheries, 2004). Notwithstanding the potential
value of by-products, dumping causes a waste probiem and is environmentaily unsound
Processing and occupational exposure

due to the possible slow degradation of crab carapaces (Poulicek et al., 1986; Arbia et al.,
FoiFarand the environmental pollutants they contain (Rouleau et al., 2001; Mok et al.,

sg@AdudyIshamn et al,, 2015). Thus, utilizing these by-products can lead to added product-

o s~

Destination markets for Norwegian red king crab and snow crab
everything but the legs or clusters of claws: the shell, the cephalothorax, the digestive

Ceperdiig ifefIding the hepatopancreas, and physiological liquid (hemolymph; Beaulieu
A868ledQ0Q)several valuable components are present in these by-products, such as
marine oiis, antioxidants like astaxanthin, chitin, minerais, as weil as proteinaceous

References

compounds (Shahidi and Synowiecki, 1991; Beaulieu et al., 2009; Lage-Yusty et al., 2011).

Potential commercial products that can be created from such by-products include
omega-3 rich oil from the shell and hepatopancreas (Latyshev et al., 2009; Lage-Yusty

et al., 2011) and bioactive peptides, which have a variety of anticancer (Doyen et al.,
2011) and antibacterial (Doyen et al., 2012) properties. In addition, chitin and shell meal
are potential commercial value-added products (Stewart and Noyes-Hull, 2010; Stenberg
et al., 2012). The Canadian company St Laurent Gulf Products Ltd., is currently marketing
and selling products made from SC by-products, including chitosan, astaxanthin rich

meal, and shells (http://www.abcfishmeal.ca/). An attempt to include meal from RKC in

https://www.tandfonline.com/doi/full/10.1080/23308249.2017.1335284#d1e299 47/98
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AbfY@ARFOteINnaceous hydrolysate tfrom SC by-products has displayed a well-balanced

amino acid composition (Beaulieu et al., 2009; Lage-Yusty et al., 2011). Similar results
Introduction

have heen rennrted when analh/zine the meal nhtained from the hv-nradiirte and <hellc

Management

Fishing gear ) ) )
As mentioned above, both RKC and SC are accumulators of organic pollutants including

LPEBYEAd brominated flame-retardants (Vorkamp et al., 2004; Vorkamp and Rigét, 2014;
plHSRARIRGt @badRlrkob s IPOphilic pollutants will accumulate in the oil, underlining the

need for refining if the by-products are intended for production of RKC or SC oiis. On the
Food safety ) )

other hand, meal produced from RKC contains acceptable levels of cadmium, mercury,
ByAW@desdd according to Norwegian and EU regulations (Norwegian Ministry of Agriculture
pRE00H400%: REARRERS Stk 2814 shilie@sher marine by-products, the challenges

presented by seasonai variations, ianding voiumes, and treatment (i.e., handiing,
Concluding remarks ) .

temperature, storage, etc.) must be recognized and met. In addition, the presence of
AR Mefieamedfponents such as endogenous degrading enzymes can result in a loss of

repddlitysin the final product.

Bioprocesses must be established and optimized, and will depend on the desired
product, i.e., oils, proteins, chitin, or antioxidants. When deciding what type of product to
commercialize from the by-products, it is important to pair the development with
potential market demand by conducting a thorough economic analysis, including
investment costs, processing costs, and market possibilities. In this way, the industry can
ensure that the most beneficial product is being developed and launched from by-
products that currently have no value. This illustrates a great potential in valorization of

by-products from RKC and SC, and by combining biotechnological processes with scale-
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AR%T%’}FEady stated, the majority of RKC and SC are exported from Norway, either live or as
iiteakadnfrozen clusters. In 2016, about 49% of RKC were exported live

Management

1\ AL BN B Jr—l\-—\-l\—d-
Fishing gear

in 2016, the main export market for iive Norwegian RKC was South Korea, foilowed by
Live storage

the U.S., while Japan was the main market for frozen clusters (Table 1). The U.S. is

PESTRTHE A POTRATRE! §PSFarket for live Norwegian RKC with an increase from 53 metric
r5ONS#R,2015 to 161 metric tons in 2016 (live RKC re-exported from South-Korea to the

U.S. is not inciuded). The totai Norwegian export of RKC in 2016 reached 2174 metric
By-products
tons, while the corresponding volume was 1786 metric tons in 2015. The value of

DREGPIVER BTKRR I PRFREFSENSUBSTANNIAN M the last years due to increasing export of
civauRkS - Laahigher-paying market segments. In fact, the export value of live RKC

Acknowledgements
frozen, amounted to NOK 529 million in 2016 (www.seafood.no). Russia and the U.S. are

RefreeNsPEest suppliers of RKC.

Table 1. Main Norwegian export markets of red king crab and snow
crab in 2016 ( www.seafood.no ).

The total world supply of SC has decreased the last couple of years due to stricter

regulations on harvesting in Russian waters after the appearance of illegal Russian crabs
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AERe 201 0, while the quota located in the Gulf of Saint Lawrence, have increased. The

Inoddlclienadian quota might show a small decrease, but the main influence on the
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RREER9% thing that Norway is able to export crab throughout the year, thus providing a
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quotas include female RKC, which they appreciate due to the accessibility of the delicate
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and position of Norwegian RKC and SC, marketing and promotion efforts are required.

Nevertheless, it will be of the utmost importance that the product is handled optimally
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SRR ercial harvesting of RKC and SC has become important for the Norwegian seafood
irielusiy. Since the first harvest of RKC, the industry has acquired knowledge and applied
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Processing and occupational exposure
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secure optimal animal welfare during 1SD . ation market, , th
FRR4TA hallenge will be to reduce the mortality rate by improving live storage conditions
sir@padasrvest to destination markets. Once this is achieved, the volume of live exported

SC is expected to rise to the level of RKC.
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