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Abstract

The study describes the relative yield of consumption- and by-products from five deep-water
sharks frequently caught in the fishery along the continental slopes of the north-eastern Atlantic
Ocean. The species described are: leafscale gulper shark (Centrophorus squamosus), Portuguese
dogfish (Centroscymnus coelolepis), black dogfish (Centroscyllium fabricii), longnose velvet dog-
fish (Centroscymnus crepidater) and birdbeak dogfish (Deania calcea).

It is possible to utilize backs, fillets, belly flaps and tails as consumption products. Due to
differences in the size of the species, it is most convenient to produce consumption products of the
largest species, such as leafscale gulper shark and Portuguese dogfish. Backs and fillets from
leafscale gulper shark gave the highest relative yield, 26.1% and 20.6% of round weight, respec-
tively. The belly flaps of the five species constitute 10% to 15.8% of the body weight. Liver is the
most demanded by-product due to high oil, particularly squalene, content. The yield of liver varied
from 18.3% to 26.2% of round weight. Leafscale gulper shark had the highest average squalene
content in liver oil of 65.5%. The findings indicate a potential for increased utilization for both

consumption and by-products from deep-sea sharks.
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Introduction

An increased commercial interest in deepwater
species has developed in several European countries
(Gordon et al., 2003). This is partly a result of re-
duced availability of the more traditional commercial
species (Merrett and Haedrich, 1997), and the need
for alternative resources to maintain profit. Around
Rockall, Reykjanes Ridge, Mid Atlantic Ridge, East
Greenland and other areas, fishermen have begun tar-
geting different deep-sea species. In addition to more
familiar species, new focus has been put on additional
fish species taken as by-catch, such as sharks, rays
and Mora mora.

Since 1998 Norwegian trawlers and longliners
have carried out trial and commercial fisheries in the
Hatton Bank area (ICES VIb and XII) at depths be-
tween 600—2 000 m. In the deepwater fishery at Hatton
Bank a number of species are caught, reflecting the
high diversity of fish species found at such depths
(Gordon, 2001). Norwegian trial fisheries have re-
vealed about 40 different species, of which 15 were
Chondrichthyes from the order Squaliformes
(Langedal and Hareide, MS 1998; MS 1999). About

75% of the longline catches in weight are composed
of sharks, whereas trawl catches never consisted of
more than 17% sharks by weight (Langedal and
Hareide, MS 1998; MS 1999).

The total global catch of sharks, rays and Chi-
maera spp. was 828 364 tons in 2000 (FAO, 2002).
All over the world shark are caught both in directed
fisheries and as by-catch in other fisheries. The value
of different shark species depends on their products
and they can vary from very expensive to products of
very low commercial value. Over the last several dec-
ades, piked dogfish (Squalus acanthias) has been one
of the most popular sharks in the European market,
but in the Atlantic the piked dogfish stock is seri-
ously depleted (Vannucci, 1999). This has lead to an
increasing interest in utilizing other deep-sea sharks
for consumption.

The most common consumption products from
sharks are backs, fillets and steaks. Shark tails and
fins are popular products in Chinese cuisine. Belly
flaps are also utilized and are for some species
regarded as high value products, such as the
"Schillerlocken" from piked dogfish.
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Liver is among the most important commercial
by-product from shark species due to its high oil con-
tent, particularly squalene. Deep-sea sharks have gen-
erally higher squalene content in the liver than sharks
found in shallower waters (Nunes et al., 1989).
Squalene is usually hydrogenated to squalane, which
is a more stable compound used by the cosmetic in-
dustry. Other interesting components found in shark
liver are the antimicrobial and antiangiongenic sterol,
squalamine (Moore ef al., 1993; Williams et al.,
2001), and the components having wound healing
properties and protection from radiation damage, such
as diacylglycerol ethers (Borch-Jensen et al., 1997,
Pugliese et al., 1998). Shark cartilage is claimed to
protect against cancer and it is found to protect against
reactive oxygen species (Felzenszwalb et al., 1998).

To minimize discards and increase profitability
of the deep-water fishery it is important to utilize as
many species and products as possible. The aim of
the study is to describe the potential for utilization
and the relative yield (portion of round fish) of dif-
ferent products from leafscale gulper shark
(Centrophorus squamosus), Portuguese dogfish
(Centroscymnus coelolepis), black dogfish (Centro-
scyllium fabricii), longnose velvet dogfish (Centro-
scymnus crepidater) and birdbeak dogfish (Deania
calcea).

Materials and Methods

Material was collected during a Norwegian ex-
ploratory longline fishery at Hatton Bank in 1999.
Samples were taken at random from stations located
on the west side of the bank at depths between 1 000
and 1 600 m. All stations were located within the co-
ordinates 58°40' and 59°40'N and 14°50"and 19°10'W.

Yield measurements of all species were taken at
sea in 1999. All yield measurements were taken rela-
tive to the shark round weight. Ten specimens of each
species were used to measure yield of products and
body parts. Head, gut, fins and belly flaps were cut
off the fresh shark before the fillets and backs were
produced by hand. A Steen skinning machine removed
the skin from the fillets and backs.

Specimen of leafscale gulper shark, Portuguese
dogfish and black dogfish were also frozen whole and
yield measurements of by-products were taken in the
laboratory. Five specimens of each of the three spe-
cies were used in the yield measurements of pancreas,
spleen, rectal gland, heart, stomach, intestine, ovi-

duct, egg and cartilage. Stomach and intestines were
cleaned before weighing.

Liver samples from ten specimens from each of
the five species were frozen at sea and kept at -30°C.
In the laboratory the livers were thawed and homog-
enized in a blender. After being homogenized, the
preparate was left at room temperature until the oil
floated to the top of the homogenates. The oil was
then heated to 70°C and filtered. The shark liver oil
was frozen and kept at -20°C until analyzed. Squalene
content in shark liver oil was analysed by gas capil-
lary chromatography, using squalene and squalane as
standards.

Total cartilage yield was measured from 5 speci-
mens of leafscale gulper shark. Each shark was
weighed round and chopped into pieces and boiled in
freshwater (1:1) for about 80 minutes. Most of the
meat was removed from the cartilage before boiling.
The cartilage pieces were sorted and cleaned in water
after boiling. The cartilage was dried in a fume hood
for 24 hours at 60°C before being weighed individually.

Market tests and trial productions were carried
out in cooperation with a Norwegian longliner and
three fish exporters.

Results and Discussion

The size of the shark is decisive for its utiliza-
tion potential. In general, leafscale gulper shark and
Portuguese dogfish were larger than black dogfish,
longnose velvet dogfish and birdbeak dogfish
(Table 1).

Consumption products

Yield measurements (as portion of round weight)
of body parts and consumption products varied both
within and between species (Table 2). Yield measure-
ments of "gutted head on" indicates some differences
between the species with regards to how much the
internal organs contribute to the overall weight and
to some degree the species' body form (Table 2). Sig-
nificant differences in the yield of skinless backs and
skinless fillets were found between species (F3, 0=
7.23, p<0.001 and F; 4 = 9.295; p<0.001). Differ-
ences were due to larger relative yield of skinless backs
of leafscale gulper shark compared to all species ex-
cept birdbeak dogfish, which were not included in the
analysis (p<0.03, Bonferroni pairwise comparison
(BPQ)). Differences were probably a result of the more
slender body of leafscale gulper shark.
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TABLE 1. Total length and weight range of individuals of the different deep-sea shark species used in yield
measurements for body parts. Average values are given in parentheses.

Species Total length (cm) Total weight (kg)

Leafscale gulper shark 89.5-115.5 (101.0) 3.76-8.53  (5.61)

Portuguese dogfish 90.0-113.5 (107.2) 5.14-10.40 (8.90)

Black dogfish 69.0-84.5 (74.6) 1.64-3.79 (2.35)

Longnose velvet dogfish 74.0-86.0 (81.2) 1.87-2.88 (2.45)

Birdbeak dogfish 75.0-98.5 (86.6) 1.65-3.91 (2.55)
TABLE 2. Yield measurement (% of round weight) of products and body parts of five deep-water sharks (+ SD).

Leafscale Portuguese Black Longnose Birdbeak

Products gulper shark Dogfish dogfish velvet dogfish dogfish
Gutted head on 75.9 (2.5) 63.4 (3.3) 68.5 (4.6) 73.5(2.2) 75.7 (1.0)
Skinless back 26.1(2.5) 22.9(1.4) 23.5(2.8) 23.1(1.9) 31.5*
Skinless fillet 20.6 (2.3) 17.6 (2.2) 16.1 (2.5) 14.9 (3.2) -
Head 25.2(2.0) 19.2 (2.1) 26.9 (2.2) 24.8 (2.2) 21.4(1.9)
Belly flaps 15.8 (1.4) 15.3(0.9) 10.0 (0.7) 16.2 (1.5) 14.3 (1.5)
Tail 1.7 (0.1) 1.5(0.2) 1.5(0.3) 1.8 (0.2) 1.6 (0.2)
Fins 3.8(0.3) 2.0 (0.4) 3.4(0.5) 4.0 (0.4) 5.4(0.8)
Liver 18.3 (1.3) 26.2 (2.6) 20.6 (3.3) 19.9 (2.1) 20.8 (0.8)
Remaining organs 6.2 (4.1) 8.3 (1.5) 8.8 (6.6) 4.5 (1.0) 3.1(0.7)

* Data from one specimen only

The yield of skinless fillet varied from 14.9% to
20.6%, compared to cod having approximated 30—-36%
yield of fillet. This is a result of large amount of in-
ternal organs, especially the liver, which by itself rep-
resents a yield between 18.3% and 26.2% of round
weight.

Differences between species were also found when
comparing the relative yield of belly flaps (F, 5,
41.8, p<0.001) where the yield from black dogfish
was significantly lower than all the other species
(p<0.001, BPC). The belly flaps from both black dog-
fish and birdbeak dogfish were thinner than for the
other species, which contributed to the lower relative
yield from these species.

The average yield of fins and tails from the five
species were respectively 3.7% and 1.6% of round
weight. Godievskaya (1973) found that fins from shark
species located in shallower water were 5.3% of round
weight. This is in accordance with our results. While
the tail made up a similar proportion of body weight,
the variation, with respect to fins, was somewhat

larger both between and within species. The price level
for shark fins depends on the yield of fin needles and
their size, texture and appearance. Market tests indi-
cated difficulties in finding markets for the fins of
the deep-sea sharks. This is due to the low content of
fin needles. However, the Asian market buys tails of
deep-sea sharks.

A market has developed for several products from
deep-sea sharks. Backs of leafscale gulper shark and
Portuguese dogfish are most popular, due to the large
size. Market tests have shown that the small shark
species usually have been sold as fillets. In coopera-
tion with a smokehouse in Germany, a trial produc-
tion of smoked belly flaps from leafscale gulper shark,
Portuguese dogfish, black dogfish and longnose vel-
vet dogfish was carried out (Fjortoft and Kjerstad,
2001). Belly flaps from these species differed from
those of piked dogfish with respect to consistency, fat
and water content, and in having a whitish brown
color to the surface membrane. The belly flaps from
these deep-sea species were not suited as a substitute
for smoked belly flaps from piked dogfish. To establish
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a market for belly flaps from deep-sea species it would
be necessary to introduce them as new products, not
substitutes.

By-products

The yield of liver showed significant differences
among the species (F4, 47 = 32.36, p<0.001). The dif-
ferences were due to a relatively larger liver among
Portuguese dogfish compared to the other species
(p<0.001, BPC). Large variations in yield of liver were
also observed within the species. This was also found
in other studies (Peyronell, et al., 1984; Batista and
Nunes, 1992). The total oil content was not measured
in this study, but Borch-Jensen et al. (1997) showed
that Portuguese dogfish and leafscale gulper shark
have respectively 77.6% and 77.2% oil in the liver.

Significant statistical differences were found in
the content of squalene in the liver oil among the dif-
ferent species (F4, 4= 32.36, p<0.001) (Fig. 1). Dif-
ferences were due to less squalene in the liver oil from
black dogfish compared to all other species (F4, 9=
32.36, p<0.001). The squalene content from leafscale
gulper shark was also higher than for Portuguese dog-
fish (p<0.01, BPC). Due to the high squalene con-
tents, liver from leafscale gulper shark has the high-
est price level among the deep-sea sharks analyzed.

The squalene content in liver oil of leafscale
gulper shark varied between 38.9% and 83.7%. This
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Fig. 1. Average squalene content (%) in liver oil from five
deep-sea sharks (+ SD).

kind of variation was also seen in other areas
(Hernandez-Pérez et al., 1997).The squalene varia-
tion is not fully explained, but it is claimed that size,
sex, age and fishing ground could affect the squalene
content (Peyronell et al., 1984; Hernandez-Pérez et
al., 1997; Kreuzer and Ahmed, 1978). The large vari-
ation in squalene contents within and between spe-
cies combined with relatively low number of observa-
tions makes a detailed comparison with other studies
difficult.

The results indicate some variations between spe-
cies in yield measurements of the internal organs (Ta-
ble 3). However, in general, the internal organs other
than the liver represent a small relative yield. These
other organs, however, yield an interesting array of
substances used for cosmetic and medical purpose
(Borch-Jensen et al., 1997, Moore et al., 1993;
Subasinghe, 1998; Summers and Wong, 1992).

The dried cartilage yield of leafscale gulper shark
was found to be 1.4% of the round weight. Compo-
nents of interest in shark cartilage are glucosamine
and chondroitin that can be used in treating
osteoarthritis (Felson and McAlindon, 2000;
McAlindon et al., 2000). The cosmetic industry is also
interesting in chondroitin sulphate, especially for its
ability to bind large amounts of water (Subasinghe,
1998).

Further perspective

Only a few studies have focused on the possibili-
ties of utilizing the entire body weight of deep-sea
shark. Our work therefore represents a pilot study.
Potentially, it is possible to utilize 100% of the shark.
Utilization of backs, belly flaps, liver, and tails would
represent a yield between 55% and 68% of the aver-
age body weight of the species examined. If we also
utilize heads in producing cartilage, chondroitin and
glucosamine, we could utilize 82% to 89% of the to-
tal body weight. The potential of utilization of other
entrails are more uncertain, but the interest for shark
by-products in the cosmetic and pharmaceutical in-
dustry is increasing. New substances could be found
in search of “bioactive compounds” in medical and
pharmaceutical purposes, which may constitute a po-
tential for increased utilization of entrails in the fu-
ture.

Deep-sea species are more difficult to handle and
process than most fish because of their difference in
anatomy (MacNamara, 1996). Sharks would therefore
need different handling arrangements if caught in
quantities. An efficient production line is therefore of
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TABLE 3. Average yield (% of round weight) of some internal organs of five individuals of leafscale gulper
shark, Portuguese dogfish and black dogfish (£ SD).

Leafscale Portuguese Black
By-products gulper shark dogfish dogfish
Pancreas 0.18 (0.04) 0.21(0.03) 0.28 (0.09)
Spleen 0.08 (0.02) 0.20 (0.09) 0.22 (0.12)
Rectal gland 0.03 (0.01) 0.02 (0.01) 0.04 (<0.01)
Heart 0.09 (0.01) 0.08 (0.02) 0.08 (0.02)
Stomach 2.43 (0.38) 2.85(0.86) 2.63(0.37)
Intestine 0.61 (0.08) 2.64 (0.52) 1.67 (0.29)
Oviduct 0.87 (1.04)* 0.56 (0.35) 0.67 (0.31)
Egg 0.55 (0.36) ** 0.83 (0.43) 5.50 (4.22)

*I’l:3, ¥k p=2

vital importance for the fishers interested in spend-
ing time on processing such by-catches. During the
exploratory fishery different processing equipment
were tested. After some adjustments both mechanical
skinning and filleting of shark backs was successful,
except for birdbeak dogfish, where skinning failed due
to the texture of the skin.

Commercial utilization of the deep-sea resources
has raised concern due to the longevity, low fecun-
dity and low production of these species in general
(Merrett and Haedrich, 1997). This is an important
issue and it is doubtful that such stocks will sustain
direct exploitation from a larger fleet. However, many
of these species can be found in large areas and are
likely to sustain a more limited by-catch fishery.

It is difficult to estimate the potential in quanti-
ties with respect to consumption- and by-products of
deep-sea sharks. Much of the fundamental informa-
tion is lacking. There is insufficient knowledge about
biological aspects, stock sizes, catches and landings
of these species. One problem is that catches are re-
corded by species groups rather than as individual
species (Bergstad et al., MS 2001). An additional con-
cern is that reporting and information on the level of
discarding of catches are poor. Most of the by-catches
of the smaller species are not landed at all. Thus the
liver of all species could be utilized to increase utili-
zation of these sharks. The by-catch mortality in deep-
sea fishery is high (Merrett and Haedrich, 1997) and
this constitutes an unaccounted mortality. From an
environmental and economical point of view it is
therefore important to utilize all shark species that
occur in the catches, rather than throwing them over-
board.

To optimise utilization of this recourse it is im-
portant to take into consideration both the biological
and economical aspects. During the 1980s and 1990s
there was a dramatic increase in the exploitation of
deep-water species in the Northeast Atlantic (Connolly
and Kelly, 1996). It is therefore important that the
scientific community gets involved in gaining as much
information as possible at an early phase of the fish-
ery. In the future it will be important to combine the
biological data from surveys with the perspective of
commercial utilization of deep-sea sharks. This study
has shown that consumption- and by-products from
deep-sea sharks may have the potential for further
development.
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