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Abstract

In Alaska, the Pacific weathervane scallop (Patinopecten caurinus) is the only
species commercially harvested. In the Eastern Gulf of Alaska, harvesters report
occurrences of poor quality and difficult to market scallops from some fishing areas,
designating the product ‘weak meat’ scallops. The purple-hinge rock scallop (PHRS,
Crassadoma gigantea), has aquaculture potential. A recent grow-out study in Alaska was
promising, verifying this potential. Our goal was to assess the quality of Alaskan
scallops using physical and chemical analyses to understand the perceived differences in
meat quality. ‘Weak meat’ (WS) and standard quality (SS) whole weathervane scallops
from Yakutat, two batches of scallop muscle from Kodiak (KS1, KS2) and a group of
whole PHRS from Southeast Alaska were sampled. Compared to KS1, KS2 and SS,
muscle condition was lower (P<0.05), moisture content was higher (P<0.05) and
glycogen content was below the detection limit (<0.62%) in WS. There were no
differences (P>0.05) in proximate composition between PHRS and Kodiak scallops,
however, PHRS had higher (P<0.05) levels of ro-6 fatty acids. Results confirmed
anecdotal information from harvesters that WS was inferior in quality when compared to
either SS or KS. Furthermore, we concluded that PHRS meat was of high quality, similar
to Kodiak scallops.
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CHAPTER 1
General Introduction

1.1 Justification and Need
Scallops are distributed worldwide and the adductor muscle is a highly valued
food source. There is a wide body of literature examining many aspects of scallops and
many species (Hennick 1970, Whyte et al. 1990, Cranford 1995, Jeong et al. 1999,
Shriver et al. 2002, Shumway and Parsons 2006, Pacheco-Aguilar et al. 2008, Makri
2009). Of the species found in Alaskan waters, the Pacific weathervane scallop
(Patinopecten caurinus Gould 1850) is the only one commercially harvested. The
purple-hinge rock scallop (Crassadoma gigantea Gray 1825), formerly classified as
Hinnites multirugosus Gale 1928, has potential for aquaculture and is highly prized by
local communities and harvested for subsistence in coastal Alaska.
The commercial weathervane scallop fishery is prosecuted by catcher-processor
vessels that shuck, wash, grade, and freeze scallop muscles on board. The Eastern Gulf
of Alaska (GOA) off Yakutat and the Western GOA off Kodiak Island are the main
harvest areas in the state. The Kodiak area is known for its high productivity, and fast
growing scallops with consistently high quality muscle (Rosenkranz 2011). However,
vessel operators have noted that weathervane scallop muscles from some areas of the
Eastern GOA are poor quality characterized by stringy texture, off-white to grayish color
and a spongy consistency suggesting high moisture content (NPFMC 2008). The Alaska
scallop industry calls these scallops ‘weak meat’ scallops and has difficulty marketing
them. The fleet is forced to move to other harvest areas resulting in a negative economic
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impact to the fishery and also underutilization of the Guideline Harvest Range (GHR) in
the Eastern GOA. This has the potential to negatively impact the GHR for the following
year and, consequently, the industry (Scallop Plan Team 2007). The ‘weak meat’
problem needs investigation into the potential biochemical origin but the biochemical
profile of adductor muscle quality of ‘weak meat’ scallops has not been characterized.
The first objective of this project was to compare some physical and biochemical
properties of interest for two groups of weathervane scallops harvested off Yakutat. One
group was harvested from a commercial fishing area known for its high numbers of
‘weak meat’ scallops, the other group from an area of standard quality scallops. Quality
parameters of Yakutat scallops were also compared to commercially harvested
weathervane scallops from Kodiak Island, AK, a region where ‘weak meat’ scallops have
not been observed.
The second objective was to compare quality aspects of purple-hinge rock
scallops harvested from Elfin Cove Oysters (Port Althorp, Southeast Alaska) with
commercially harvested weathervane scallops from Kodiak. Aquaculture of purple-hinge
rock scallop has been investigated in California and while results were promising, there
were barriers to implementing commercial culture operations. Renewed interest has
resulted in a recent grow-out study to determine the feasibility of culturing this species in
Alaska. While purple-hinge rock scallops are locally prized, they would be a new species
for the seafood market and meat quality assessment is necessary to promote market
acceptance.

3

1.2 World Shellfish Fisheries and Aquaculture
In 2006, total world fisheries production was 144 million tonnes (mt), of which 92
mt were from capture fisheries and 52 mt from aquaculture production (FAO 2009).
Since the early 1950’s, when annual aquaculture production was less than 1 mt, there has
been an annual growth rate in aquaculture production of almost 7 % while capture harvest
has remained static for several years (Fig. 1.1). More than 110 mt (76%) of the total
world fisheries production was used for human consumption and resulted in a per capita
supply of food fish of 16.7 kg in 2006 (FAO 2009). Utilization of fish for human
consumption was predominantly in the live and fresh form, followed by frozen, canned
and cured (Fig. 1.2).
Bivalve shellfish i.e. oysters, clams, mussels and scallops contributed 2.3% and
approximately $78.9 billion to world fisheries production in 2005. Between 1995 and
2005 growth in shellfish production was roughly 5% per year and increased from 9 to 13
mt (Pawiro 2009). Since 1995, aquaculture contribution to world shellfish production has
increased from 78% of total production to 87%, while capture production has fallen from
22% to 13% of total production (Fig. 1.3, FAO 2007). China is the largest producer of
shellfish (70%), followed by Japan (5.8%), the United States (US; 5.2%), South Korea
(2.8%) and Thailand (2.8%); the remaining 13.4% comes from Canada, Chile, France,
Italy and Spain combined (Pawiro 2009). In 2008, oysters and clams (33.8% and 37.1%,
respectively) accounted for the bulk of world shellfish production followed by scallops
(16.4%) and mussels (12.7%). Table 1.1 shows world shellfish production by species
(FAO 2007).
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1.2.1 World Scallop Fisheries and Aquaculture
At least 30 scallop species are commercially important. The distribution and
significance of the major commercial species are listed in Table 1.2 (FAO 1990). World
scallop production increased from 0.1 mt in 1950 to 2.2 mt in 2008, accounting for 1.4%
of total world fishery production. In 1950, scallop production was entirely from capture.
Scallop culture emerged in 1970 and by 2008 accounted for 65%, or 1.4 mt, of total
world scallop production (Fig. 1.4) and almost 1% of world fisheries production. China
led scallop culture production in 2008 with 1.2 mt worth $1.6 billion, followed by Japan,
Chile and Peru (Table 1.3). Overall, scallops accounted for > 45% of the global bivalve
export market value in 2005 (Pawiro 2009).
1.2.2 United States Scallop Fisheries and Aquaculture
Atlantic sea scallop (Placopecten magellanicus Gmelin 1791), bay scallop
(Aequipecten irradians Lamarck 1819), calico scallop (Argopecten gibbus Linnaeus
1758) and weathervane scallop are currently the most commercially important species in
the US and have the greatest economic value (Hackney and Rippon 2000). In 2008,
Atlantic sea, bay and weathervane scallops from the US accounted for 26.7% of the
world’s scallop capture and 9.2% of total scallop production (FAO 2007). Atlantic sea
scallops dominate the domestic market with 99% of the total US scallop production, and
New Bedford, MA has the distinction of being the main scallop port in the US (Turk
2000). Three other species, pink scallop (Chlamys rubida Hinds 1845), spiny scallop
(Chlamys hastata Sowerby 1842) and purple-hinge rock scallop are important in discrete
local areas but have little economic value (Fisher 2000).
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Scallop culture is a well-established industry in some parts of the world. Japan
began investigating the potential for scallop culture in the 1930’s and commenced
commercial production in the mid-1960’s (Kosaka and Ito 2006). Building on Japan’s
success, and borrowing from the procedures developed there, China and Chile began their
own scallop culture industries in the 1980’s and all three countries have well developed
economically important scallop culture industries (Guo and Luo 2006, von Brand et al.
2006). Also building on the technology developed in Japan, small but developing culture
industries exist in eastern Canada, Russia, Britain, France, Norway, Ireland, Italy and
Spain (Ivin et al. 2006, Norman et al. 2006, Parsons and Robinson 2006). In spite of the
success of scallop culture elsewhere in the world, efforts in the US fail to meet domestic
demand and remain limited to small scale operations of local economic significance
(Blake and Shumway 2006).
1.2.3 Alaska Scallop Fisheries and Aquaculture
Weathervane scallops are the only scallop species commercially harvested in
Alaska. The fishery began in 1967 in response to the collapse of the sea scallop fishery
on the east coast of the US, and the decline of the red king crab (Paralithodes
camtschaticus Tilesius 1815) fishery in Alaska (Kruse et al. 2005). The fishery started in
Kodiak but expanded to Yakutat in 1968, the Alaska Peninsula in 1975, Southeast Alaska
in 1980, Cook Inlet in 1983, the Bering Sea in 1987 and Prince William Sound in 1992
(Woodby et al. 2005). The development of this fishery is typical of most emerging
fisheries and includes the following stages: discovery, bandwagon growth, fallback and
redevelopment (Kruse et al. 2005). The fishery was largely unregulated until 1993 when
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Alaska implemented an interim management plan. In 1994, a federal Fisheries
Management Plan (FMP) was adopted that delegated management of the fishery to
Alaska (Turk 2000). Statewide harvest for the 2007/2008 commercial season was
458,313 pounds of meats with a wholesale value of $2,722,379 (NPFMC 2009).
Alaskan shellfish growers are able to produce high quality shellfish products due
to pristine water quality and low human activity in the shellfish farm localities. Oliveira
et al. (2006) reported that Alaska maricultured oysters are of high quality, and often
command a high market value. However, aquaculture production of scallops currently
does not exist in Alaska. Weathervane, purple-hinge rock, pink and spiny scallops have
been studied for their aquaculture potential in Alaska, but none have been viable to date
(RaLonde 1993). The remoteness of shellfish farms in the state, transportation costs,
state regulations, and long winters coupled to low water temperature considerably
increase operational costs and contribute to the difficulties of scallop culture.
MacDonald et al. (1991) indicate that pink and spiny scallops are too small and grow too
slowly to be economically viable for aquaculture operations in Alaska. Collection of
wild weathervane scallop spat has been unsuccessful, growth rates are too slow, and
except for oyster spat under 20 mm, Alaska regulations prohibit the importation of
shellfish spat (RaLonde 1993). Rock scallops have been extensively studied and
successfully cultured to market size in as little as two years, however wild spat collection
in Alaska has been unsuccessful (Monical 1980, Leighton and Phleger 1981, MacDonald
and Bourne 1989, RaLonde 1993, Lauzier and Bourne 2006).
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1.3 Scallop General Biology
The scallop family (Pectinidae) is a group of filter feeding bivalves containing
over 30 genera and 350 species and occurring in all the worlds’ oceans. The biology and
anatomy of scallops have been thoroughly reviewed (Shumway and Parsons 2006).
Scallops are monomyarian bivalves, having lost the anterior adductor and possessing only
a single centrally located adductor muscle. This muscle is separated into two pieces that
differ in size and function by connective tissue. The larger portion, called the quick
muscle, is the highly prized meat and the dominant feature in the body. The quick
muscle is capable of rapid contractions that open and close the valves allowing the animal
to swim; a feature that sets scallops apart from other bivalves. The smaller portion, the
catch muscle, contracts slowly and with considerable force allowing the valves to remain
closed for extended periods with little energy expenditure (Chantler 2006). Scallops are a
broadcast spawning species and release eggs and sperm into the water to be fertilized
externally.
1.3.1 Pacific Weathervane Scallop
Weathervane scallops are found along the west coast from Point Reyes, California
to the Eastern Bering Sea (Foster 1991). Scallop beds are discrete, elongated in shape
and oriented north to south in the direction of the prevailing current. They are found at
depths of 20-125 fathoms (37-228 meters), but commercial fishing effort is primarily at
depths of 21-79 fathoms (38-144 meters) (Rosenkranz and Spafard 2010). Substrate type
is typically sand, gravelly sand, or clayey silt (Turk 2000). Distribution is patchy
throughout the range and commercial harvest is limited to areas of local abundance; the
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Alaskan fishery is by far the largest, but small fisheries occur in Oregon and Washington
(Lauzier and Bourne 2006).
The weathervane scallop is one of the largest and oldest lived species of scallop,
reaching shell heights of up to 250 mm, meat weights of 340 g and 28 years of age
(Kruse et al. 2005). Commercial catches typically do not exceed 180 mm shell height
and 40 g meat weight (Hennick 1973). Annuli, or growth rings, are formed annually and
scallops are sexually mature after three or four annuli are present. Yakutat scallops
appear to grow more slowly and are smaller at maturity than Kodiak scallops (Hennick
1970).
Males and females of the species are separate, although one hermaphroditic
specimen has been observed (Hennick 1971). Reproduction occurs at the expense of
nutrient reserves stored during non-spawning periods. Scallops build reserves in the form
of glycogen, lipid and protein and store them in tissues such as the digestive gland and
adductor muscle. These reserves are utilized prior to spawning to build gonadal tissue,
consequently lowering the quality of the adductor muscle; after spawning occurs the
reserves are restored (Barber and Blake 1981). Timing of bivalve spawning has been
linked to water temperature and food availability, with bivalves in more northern
latitudes spawning in a single annual event (Malachowski 1988). Hennick (1970) reports
that in Alaska, spawning is complete and takes place annually between early June and
mid-July, presumably when plankton is abundant enough to sustain scallop larvae and
replenish adult energy reserves.
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1.3.2 Purple-hinge Rock Scallop
Purple-hinge rock scallops are found along the west coast from Alaska to Baja
California from the low tide zone to depths of 80 m (44 fathoms) (Lauzier and Bourne
2006). Populations are locally abundant but distribution is patchy throughout its range.
At about 20-30 mm, they abandon the free-swimming lifestyle seen in other scallops and
permanently attach themselves to rocky substrate (MacDonald and Bourne 1989).
Commercial harvest for purple-hinge rock scallops is not economically feasible due to
distribution and difficulties harvesting scallops that have embedded into the substrate,
however divers pry scallops out of rocks in recreational and subsistence fisheries
(Leighton and Phleger 1981, MacDonald and Bourne 1989, MacDonald et al. 1991).
Like weathervane scallops, purple-hinge rock scallops are a large, long-lived
species. A shell height of 250 mm has been reported, though 100 to 175 mm is more
common (MacDonald and Bourne 1989, Leighton 1991, Lauzier and Bourne 2006).
Shells become massive in comparison to other scallop species, and are often encrusted
with plant or animal growth, making typical aging techniques impractical. Nonetheless,
specimens of 27 years of age have been reported from British Columbia, Canada (Lauzier
and Bourne 2006). The spawning season of purple-hinge rock scallop is poorly defined,
and literature information scarce. Lauzier and Bourne (2006) reported that purple-hinge
rock scallop males and females are separate, although one hermaphroditic specimen has
been observed. Lauren (1982) registered incomplete spawning in June for this species in
Puget Sound, Washington with development of unspawned oocytes continuing until
September. Furthermore, bimodal spawning has been observed in San Diego, California
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and Puget Sound, Washington; however, in Humboldt Bay, California spawning occurred
throughout the year (Malachowski 1988). Local environmental factors such as water
temperature, food availability or tidal fluctuations may negatively impact larval survival,
and the poorly defined spawning cycle seen in purple-hinge rock scallops may be an
adaptation to offset larval mortality (Malachowski 1988).
1.4 Scallop Quality Parameters
Shellfish quality refers to aspects of consumer preference such as freshness,
nutrition and the sensorial attributes of color, texture and flavor (Boulter 1996). Storage
and handling practices during rigor mortis, resolution of rigor mortis, nucleotide
degradation (autolysis) and microbial growth affect freshness, flavor and texture.
Nucleotide degradation and microbial growth specifically affect the freshness and flavor
of fish and shellfish (Ocano-Higuera et al. 2006). Tenderness (texture) is an important
aspect of scallop quality and can be measured by both instrumental and sensorial methods
(Chung and Merritt 1991). The autolytic, microbial and textural changes in scallops
under various storage and handling practices have been widely reported (Hiltz and Dyer
1973, Maxwell-Miller et al. 1982, Chung and Merritt 1991, Ocano-Higuera et al. 2006,
De Vido de Mattio et al., 2009 Makri 2009).
Quality can also refer to the physiological condition of an animal and its ability to
respond to its environment. Maguire et al. (1999) used a combination of physiological,
biochemical and behavioral tests, including condition indices and carbohydrate content,
to assess the response of scallops to acute and chronic stress. Condition indices measure
the physiological activity of an animal at a given time or environmental condition and can
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be computed for specific tissues (i.e., adductor muscle, gonad) in relation to other tissues
after taking morphometric measurements (Beltran-Lugo et al. 2005). Biochemical
composition is an important quality indicator and is closely associated with condition
indices. Storage of nutrient reserves in the adductor muscle contributes to the nutritional
value of the meat and also provides the reserves necessary for processes such as
gametogenesis (King et al. 1990, Ocano-Higuera et al. 2006)
1.5 Objectives
The goal of this project was to assess Alaskan scallops to better understand the
perceived differences in muscle quality. A variety of morphological characteristics,
chemical composition and texture analysis were used to measure quality. Specific
objectives included:
1. Quantification of the variability in muscle quality of ‘weak meat’ and standard
weathervane scallops from Yakutat, AK and comparison to prime quality
weathervane scallops from Kodiak, AK,
2. Characterization of muscle quality of purple-hinge rock scallops and comparison
to prime quality weathervane scallops from Kodiak, AK.

Million Tonnes
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Figure 1.1. World fishery production, 1950-2008 (FAO 2007).
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Figure 1.2. Utilization of world fishery production for human consumption in 2006
(FAO 2009).

Million Tonnes
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Figure 1.3. World shellfish production, 1995-2008 (FAO 2007).

Million Tonnes
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Figure 1.4. World scallop production, 1950-2008 (FAO 2007).
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Table 1.1.
World shellfish production (million tonnes) by species, 1995-2005 (FAO 2007).
Year Oyster Clams, cockles and arkshells
2.73
1995 3.24

Scallops (Pectens) Mussels

1.69

1.35

1996

3.22

2.70

1.80

1.29

1997

3.12

2.65

1.73

1.32

1998

3.43

2.91

1.37

1.51

1999

3.55

3.33

1.48

1.59

2000

3.86

3.15

1.71

1.57

2001

3.98

3.63

1.80

1.62

2002

4.06

3.88

1.86

1.78

2003

4.21

4.27

1.91

1.81

2004

4.29

4.49

1.84

1.86

2005

4.32

4.38

1.87

1.85

2006

4.40

4.56

2.02

1.93

2007

4.55

4.98

2.20

1.71

2008

4.29

5.17

2.17

1.71
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Table 1.2.
Distribution and economic significance of major scallop species (FAO 1990).
Ocean
Atlantic

Species

Countries

Significance

N -E Atlantic

Pecten maximus

France, U.K, Spain

+++

Chlamys varia

France, Spain

++

Chlamys opercularis

Norway

++

Placopecten magellanicus

Canada, U.S.A.

+++

Argopecten irradians

U.S.A.

+++

S-W Atlantic

Chlamys purpuratus

Chile, Argentina

+

Mediterranean

Pecten maximus

Italy, Greece

++

Black

Chlamys farreri

Algeria

+

N-E Pacific

Patinopecten caurinus

Canada, U.S.A.

++

N-W Pacific

Pecten yessoensis

Japan, USSR

+++

Chlamys farreri

China

++

S-E Pacific

Chlamys farreri

Chile

+

S-W Pacific

Pecten alba

Australia

+++

Amusium balloti

New Zealand

++

N-W Atlantic

Pacific
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Table 1.3.
Scallop culture production by country in 2008 (FAO 2007).
Country

Tonnes

$1000

China

1,148,194

1,621,735

Japan

225,600

338,400

Chile

21,277

270,218

Peru

14,802

139,404

Republic of Korea

421

2,251

Canada

309

1,294

Russian Federation

85

442

Ireland

60

516

United Kingdom

42

291

Norway

28

32

Channel Islands

9

34

Brazil

3

15
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CHAPTER 2
Quality assessment of weathervane scallops (Patinopecten caurinus) from Alaska1

2.1 Abstract
Weathervane scallops (Patinopecten caurinus) have been commercially harvested
in Alaska since 1967. From the beginning, vessel operators in the Eastern Gulf of Alaska
have reported poor scallop muscle quality due to ‘weak meats’, characterized by high
moisture content and off-white to grayish color. The Alaska scallop industry has
difficulty marketing poor quality scallops. The objective of this research was to quantify
variability in muscle of weathervane scallop. Two groups of 40 whole scallops each,
weak (WS) and standard (SS), from Yakutat and two batches (17 individuals and 30
individuals) of muscle from Kodiak (KS1 and KS2, respectively) were sampled. Physical
measurements and chemical composition analyses were conducted to determine quality
differences between groups. Moisture content was significantly (P<0.05) higher in WS
than SS. Glycogen content was similar (P<0.05) for SS, KS1 and KS2 but was below the
detection limit in WS. Muscle condition indices were significantly (P<0.05) lower in WS
than in SS. The ro-3 levels were lowest and ro-6 levels were highest in WS, resulting in
the lowest ro3/ro6 ratio for WS (P<0.05). Results indicate that WS are lower in overall
quality than SS and Kodiak scallops. Further investigation into the causes of ‘weak
meat’ scallops is warranted.
1Brenner, K. A., A. C. M. Oliveira, G. Rosenkranz, R. Burt, M. Spafard, P. J. Bechtel, C.
A. Crapo & R. RaLonde. 2011. Quality assessment of weathervane scallops
(Patinopecten caurinus) from Alaska. Prepared for submission to the Journal of Shellfish
Research.
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2.2 Introduction
The Pacific weathervane scallop (Patinopecten caurinus) is distributed along the
west coast of North America from Point Reyes, CA to the Bering Sea (Foster 1991). The
highest abundances in Alaska occur in the Western Gulf of Alaska (GOA) off Kodiak
Island, in the Eastern GOA off Yakutat, and in the Bering Sea (Kruse et al. 2000).
Weathervane scallops have been commercially harvested in Alaska since 1967, in
response to the collapse of the sea scallop fishery on the east coast of the US. From
1994-2002 the eastern GOA region around Yakutat accounted for 31% of statewide
scallop landings. Currently, Kodiak and Yakutat still dominate landings but other harvest
areas include the Alaska Peninsula, Southeast Alaska, Cook Inlet and the Bering Sea as
seen in Fig. 2.1 (Kruse et al. 2005).
The commercial weathervane scallop fishery in Alaska is prosecuted primarily by
catcher-processor vessels. Scallops are shucked then muscles are washed, graded,
packaged, and plate frozen onboard. The Kodiak area is known for its high productivity,
and fast growing scallops with consistently high quality muscle (Rosenkranz 2011).
However, vessel operators harvest weathervane scallops from some areas of the Eastern
GOA that have poor quality muscles characterized by stringy texture, off-white to
grayish color and a spongy consistency suggestive of high moisture content (NPFMC
2008). The Alaska scallop industry calls these scallops ‘weak meat’ scallops and has
difficulty marketing them. The fleet is forced to move to other harvest areas resulting in
underutilization of the Guideline Harvest Range (GHR) in the eastern GOA. This has the
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potential to negatively impact the GHR for the following year and has a negative
economic impact on the industry (Scallop Plan Team 2007).
The ‘weak meat’ problem could have a biochemical origin but the biochemical
profile of adductor muscle of ‘weak meat’ scallops has not been characterized.
Therefore, the objective of this research was to compare physical and biochemical
properties for two groups of weathervane scallops harvested in Yakutat, AK. One group
was harvested from a commercial fishing area known for its high numbers of ‘weak
meat’ scallops, the other group from an area of standard quality scallops. Muscle quality
parameters of Yakutat scallops were compared to weathervane scallops from Kodiak
Island, AK, a region where ‘weak meat’ scallops have not been observed.
2.3 Materials and Methods
2.3.1 Sample Procurement
One poly bag (1.13 Kg) of weathervane scallop meats were obtained from the F/V
Provider in April 2009 (KS1) and ~6.9 Kg (three 2.3 Kg boxes, two poly bags/box) of
weathervane scallop meats harvested in August 2009 were purchased at a local seafood
market (Island Seafoods, Kodiak, AK) in October 2009 (KS2). In July and August 2009,
forty whole ‘weak meat’ scallops (WS) and forty whole standard scallops (SS) were
collected from the F/V Arctic Hunter in the Eastern GOA by Alaska Department of Fish
and Game (ADFG) observers. The SS samples were harvested from a depth of 36
fathoms from scallop beds currently fished by scallop fishermen, while WS samples were
harvested from a depth of 40 fathoms from beds abandoned by scallop fishermen due to
the presence of poor quality scallops. Specimens were frozen whole and shipped to the
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Fishery Industrial Technology Center in Kodiak, AK for analysis. All samples were kept
frozen at -30°C for one to two months until processed.
2.3.2 Morphology, Age and Condition
Morphometric measurements were recorded for WS and SS. Wet weights of
whole scallop, shell, gonadal-visceral (body) tissue, and adductor muscle (meat) were
determined using a Sartorius digital scale with manufacturer accuracy of 0.01g (Model
LP2200P, Gottingen, Germany). Shell height, width, and depth and meat height and
width were measured using electronic digital calipers (200 mm range, VWR, Radnor,
PA). Measurements for KS included meat weight for KS1 and meat height and weight
for KS2. The WS and SS scallops were shucked after whole weights were recorded and
the adductor muscle (meat) and gonad-viscera (body) were separated. Shells were gently
cleaned under running tap water with a brush, and transported to the ADFG Kodiak
Island facility. Scallop body and meat tissues were individually frozen and stored at 30°C for two months until analysis.
Age was determined from shells of WS and SS in the ADFG lab by counting
annuli (growth rings) on the upper valve. This technique has been used extensively to
determine mollusk growth and has been used successfully for weathervane scallop
(Haynes and Hitz 1971, Ignell and Haynes 2000). Muscle condition index (MCI), was
calculated for WS and SS based on that of Beltran-Lugo et al (2005) in order to assess
physiological condition of the meat relative to total soft tissue: MCI (%) = weight of
adductor muscle/weight of total soft tissues x 100.
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2.3.3 Sample Preparation
Individual scallops were too small to be assayed for all chemical analyses so
pooling was necessary. A pooling methodology applied by Linehan et al. (1999) was
adopted. Linehan et al. (1999) determined that the value of any assay obtained from a
sample pool of oysters was not significantly different than the weighted average obtained
by analysis of single individuals, demonstrating that this strategy could be used to meet
tissue requirements for laboratory analysis. This pooling scheme was successfully
applied for biochemical analysis of Alaska oyster samples (Oliveira et al. 2006).
Scallop meats were thawed at 4°C. The KS1 meats were randomly pooled into
three samples of three meats and two samples of four meats (n=5), and for the KS2
samples, five meats were randomly pooled (n=6). The WS (n=8) and SS samples (n=8)
were pooled into eight samples of five meats each using constrained randomization to
maintain consistent weight between samples. Samples were homogenized using a
Cuisinart Mini-prep model DLC-1SS (Cuisinart Corp., East Windsor, NJ) until a uniform
paste was obtained (± 2 min). Homogenized samples were stored in zip-lock bags and
kept at 4°C throughout analysis.
2.3.4 Proximate Composition
Percent moisture and ash were determined according to AOAC methods 952.08
and 938.08, respectively (Helrich 1990). Percent nitrogen was determined using a LECO
model TruSpec N nitrogen analyzer (LECO Corp., St. Joseph, MI). Percent protein was
calculated by multiplying %N by 6.25 (Helrich 1990). Lipid was extracted using the
method described by Folch et al. (1957) with slight modifications described below. A
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quantity of 12 g of tissue was combined with 90 mL of a 2:1 mixture of
chloroform:methanol with 0.01% butylated hydroxytoluene (BHT), mixed vigorously
with a glass stir bar, and refrigerated under nitrogen atmosphere for 24 h. Contents were
filtered through a 42 mm Buchner funnel and transferred to a 125 mL separatory funnel.
A volume of 18 mL of 0.88% (W:V) KCl was added to the separatory funnel and the
contents were thoroughly shaken and allowed to sit until clear. The lower phase was
filtered through anhydrous sodium sulfate and the solvent was evaporated using a
TurboVap-LV Evaporator (Caliper Life Sciences, Hopkinton, MA) operated at 40°C
under a nitrogen atmosphere. Lipid content was determined gravimetrically.
The total carbohydrate content was determined using the anthrone method, a
combination of the methods of Strickland and Parsons (1972) and Clegg (1956) as
previously described by Oliveira et al. (2006). The anthrone reagent was prepared by
dissolving 0.2 g of anthrone (Sigma-Aldrich, St. Louis, MO) in 8 mL of HPLC-grade
ethyl alcohol (VWR Inc., Radnor, PA) and 30 mL of distilled water. After complete
dissolution of the anthrone in the solvents, 100 mL of concentrated sulfuric acid was
added to the mixture. A quantity of 15 g of homogenized tissue was mixed with 10 mL
of distilled water and 13 mL of 52% perchloric acid (VWR) in a 100 mL capped flask.
The contents were stirred for 30 min at room temperature using a magnetic bar and a
standard laboratory stir plate (VWR). The mixture was transferred to a 100 mL
volumetric flask, diluted to 100 mL and filtered using Whatman #4 filter paper into a 250
mL volumetric flask. The filtrate was diluted to 250 mL, and a 10 mL portion was
transferred to a 100 mL volumetric flask and diluted to 100 mL. A volume of 1 mL was
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transferred to a 25 mL screw-top tube, 5 mL of anthrone reagent was added, and the tube
was placed in a boiling water bath for 7 min. The tubes were rapidly cooled in an ice
water bath and solutions were read at 624 nm on a Cary 50 UV-Visible
Spectrophotometer (Varian Instruments, Walnut Creek, CA). In parallel, 1 mL of
distilled water was used as the blank, and 1 mL of a 0.1 mg/mL solution of oyster
glycogen Type II (Sigma-Aldrich) was used as the standard. Blank and standard
solutions were subjected to identical colorimetric reaction as described for scallop meat
samples. Percent total carbohydrate was calculated using the following formula:
% Total carbohydrate = (25 x A2)/(A1 x W)
Where:
W = weight of sample (g)
A1 = absorbance of glycogen standard
A2 = absorbance of sample
It is important to point out that in the case of scallop meats, carbohydrates in the
tissue are predominantly present as glycogen (Barber and Blake 1981, Brokordt et al.
2000). Therefore, % total carbohydrate quantified was reported and discussed as %
glycogen. Glycogen content for the KS1 group was determined by subtraction: %
glycogen = 100 - (% moisture + % protein + % ash + % lipid).
2.3.5 Lipid Classes
Lipid class analysis was based on the methods of Parrish (1987) and Ackman et
al. (1990), as described by Oliveira and Bechtel (2005) and was carried out on an
Iatroscan™ TLC/FID Analyzer (Model MK-6s, Iatron Laboratories, Tokyo, Japan). The
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hydrogen flow rate was 160 mL/min, air flow was 1.6 L/min and scan time was 30 s.
The six standards used to identify lipid class were tripalmitin (triacylglycerol, TAG),
palmitic acid (free fatty acids, FFA), (S)-1,2-dipalmitin (diacylglycerol, DAG),
cholesterol (sterol, ST), DL-a-palmitin (monoglyceride, MG) and L-aphosphatidylcholine (phospholipid, PL) and were obtained from Sigma-Aldrich. Solvent
tanks (Shell-USA, Fredericksburg, VA) were lined with Whatman #2 filter paper and
159.3 mL of solvent was added. The closed system was allowed to equilibrate for 20
min. The solvent system was hexane:diethyl ether:formic acid (80:25:1.2). Sample
solutions contained 13 ug/^L of oil in chloroform and composite standard solution
contained a mixture of 16.6 ug/^L of each standard in chloroform. For each rack of 10
rods (Chromarods-SIII, Iatron Laboratories, Tokyo Japan), a 1 p,L portion in five 0.2 ^L
aliquots was spotted for each sample (rods 2 to 9) and composite standard (rods 1 and
10). Chromarods were suspended in the solvent tank for 10 min before being lowered
into the solvent for 30 min. Developed rods were dried at 105°C for 3 min before being
scanned. Peaks were integrated using the Peak Simple Program (v. 2.83, SRI
Instruments, Torrence, CA).
2.3.6 Fatty Acid Methyl Ester Profiles
Fatty acid methyl esters (FAME) were prepared according to the procedure of
Maxwell and Marmer (1983) using 1 mg of methyl tricosanoate (Sigma-Aldrich) as the
internal standard. FAMEs were quantified as previously described by Oliveira et al.
(2006), with the exception that the sample injection volume was 2 ^L.
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2.3.7 Texture and pH
Twenty scallop adductor muscles from groups KS2, WS and SS were selected for
texture analysis. For WS and SS, the meat weights of all 40 scallops were listed in
descending order and the meats with the middle 20 weights were chosen. For KS2, seven
random scallop meats were pulled from two of the 2.3 Kg boxes, and 6 meats were
randomly pulled from the other 2.3 Kg box. Texture was measured using a TA-HDi
Texture Analyzer (Texture Technologies Corp., Scarsdale, NY) equipped with a P/0.5
flat end probe set to travel 40 mm/min with a 5 kg load cell. Total distance travelled was
40 mm. The peak force (g) necessary to puncture the meat was recorded based on surimi
gel puncture tests (Park 2005) using Stable Microsystems Texture Expert Exceed
software (v. 2.64, Scarsdale, NY).
The pH was determined on the pooled meats for WS, SS and KS2 using the
temperature compensated WTW pH3400i handheld pH meter with the WTW model
103702 probe attached (Weilheim, Germany). The probe was two-point calibrated to pH
4 and pH 7 before use and inserted directly into the sample immediately after tissue
homogenization.
2.3.8 Statistical Analysis
Data were checked for normality by the Kolmogorov-Smirnoff test prior to
statistical analysis. Non-parametric analysis was used because data did not comply with
normal distribution assumptions. In cases where three or more groups were compared a
Kruskal-Wallis ANOVA was used. Multiple comparisons of mean ranks for all pairs of
groups were run post hoc to determine significances (P<0.05). In the case of two groups
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being compared a Mann-Whitney U t-test was performed. Analysis was carried out using
Statistica (v.10, StatSoft, Tulsa, OK).
2.4 Results
2.4.1 Morphology, Age and Condition
Table 2.1 shows that WS were significantly larger in whole weight, meat weight,
body weight and shell height than SS, though yields of meat were significantly lower
(P<0.05) in WS than SS. Morphological data is in agreement with the observation that
WS were significantly older (14 annuli) than SS (5 annuli), as depicted in Fig. 2.2.
Muscle Condition Index was significantly lower in WS than SS (Fig. 2.3), and this result
is in agreement with anecdotal information from scallop harvesters in the Yakutat region.
2.4.2 Proximate Composition
Significant differences were observed between groups of scallop samples
(P<0.05) (Table 2.2). The WS group had the lowest protein content and KS1 and KS2
the highest, with SS having intermediate protein values. Moisture content was inversely
related to protein content, and the WS group had the highest moisture values and KS
samples had the lowest. The ash content of WS group was about 1% higher than values
determined for scallops from Kodiak, and this difference was statistically significant
(P<0.05). Interestingly, WS measured no detectable levels of glycogen, whereas SS, KS1
and KS2 samples had glycogen content between 1.6% and 2.2%. Lipid content was
generally low (<1%) and not significantly different between groups. The moisture to
protein ratios (M:P) were significantly higher in WS samples than in KS1 and KS2
samples. Lower protein content and absence of glycogen in WS samples suggest that
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these scallops are of inferior quality to SS scallops, which had comparable gross
composition to Kodiak scallops.
2.4.3 Lipid Classes
Scallop adductor muscle is a lean tissue with lipid content < 1%, and as expected
most extractable lipids were phospholipids (Table 2.3). Phospholipids constituted a
minimum of 81.6% and maximum of 90.8% of the lipid classes investigated, with KS2
having the highest content and WS the lowest. Triacylglycerols were below the detection
limit (0.5%), except for KS1 which had only trace amounts. Significant differences
(P<0.05) were detected in the levels of free fatty acids and WS had the highest content
and KS2 the lowest. The contribution of sterols to the total lipid classes of the scallops
followed a similar pattern to the one observed for free fatty acids, with WS having the
highest proportion of this lipid class and KS2 the lowest.
2.4.4 Fatty Acid Methyl Ester Profiles
Fatty acid methyl ester (FAME) classes and the most abundant FAMEs in each
class are reported in Table 2.4. The most abundant FAMEs in all scallop meat groups
were the saturated FAMEs (SAT) 16:0 and 18:0, the monounsaturated FAMEs (MUFA)
18:1ro9 cis and 18:1ro7, and the long chain polyunsaturated FAMEs (PUFA) 20:5ro3
(EPA) and 22:6ro3 (DHA). Palmitic acid (16:0), EPA and DHA had the highest levels
and comprised 69.2% of the total extracted lipids (15.5%, 19.3% and 34.4%,
respectively). WS had the lowest levels of palmitic acid and EPA while KS2 had the
lowest DHA levels. PUFAs constituted about 62.1% of total extracted lipid for all
groups, followed by SAT at 24.0% and MUFA at 12.3%; however, PUFA levels were
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significantly higher (P<0.05) in WS and SS. WS had significantly lower levels of total
ro-3, higher levels of total ro-6, and consequently, the lowest ro-3:ro-6.
2.4.5 Texture and pH
Peak force measurements showed that the WS were considerably tougher than SS
and KS2 (Fig. 2.4), requiring significantly more force (P<0.05) to puncture the muscle.
All groups were below pH 7 and WS had significantly higher pH than SS and KS2 (Fig.
2.5).
2.5 Discussion
2.5.1 Morphology, Age and Condition
Age and size data (shell height) of both WS and SS are consistent with catch data
from ADFG. The size of retained scallops from the Yakutat area from 1998/99-2006/07
ranged from 100-165 mm, with the majority being between 110-135 mm (NPFMC 2009).
From 2005/06-2008/09 the age of commercially retained scallops was 4-21 years and for
the 2008/09 season, the majority of the retained scallops were between 7 and 16 years
(Rosenkranz unpubl. data). The older age and larger overall size of WS compared to the
SS is likely due to harvesters abandoning areas of known WS and they are left to grow
undisturbed.
Lucas and Beninger (1985) state that condition indices (CIs) are used as a
measure of the physiological state of an animal at a given time. The CIs are influenced
by many factors including food quality and quantity (Shriver et al. 2002) and spawning
(Li et al. 2008). Meat size is influenced by food supply, water flow velocity, water depth
and spawning cycle (Sarro and Stokesbury 2009). The lower MCI and the lower % yield
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of meat in WS is an indication that energy is not being partitioned to the meat, or is being
utilized by tissues rather than stored. Water depth and spawning cycle influences are
unlikely to be factors due to the similar depth and season of harvest of WS and SS,
however cumulative stress may trigger different responses for scallops within each of
these groups and this possibility cannot be dismissed.
2.5.2 Proximate Composition
The proximate composition of the scallop meats analyzed in this study is within
the ranges previously reported for scallops of both the same and other species (Webb et
al. 1969, Krzeczkowski et al. 1972, Naidu and Botta 1978, Maxwell-Miller et al. 1982,
Anthony et al. 1983, King et al. 1990, Silva and Chamul 2000). Overall, there is scant
data available specific to weathervane scallops so exact comparisons of our results to
literature values are difficult. However, the general biology and energy utilization of
scallops enables an understanding of the differences observed.
The meat and digestive gland are the primary storage sites of nutrient reserves in
scallops during periods of somatic growth when food is abundant. Carbohydrate, in the
form of glycogen, and protein are stored in the meat, while lipid is stored in the digestive
gland (Barber and Blake 1981). These reserves are utilized to support maintenance
metabolism during periods of food scarcity and during gametogenesis and in oysters,
glycogen may be used for gamete formation during times of stress (Barber and Blake
2006, Liu et al. 2010). All scallop meats in this study had low lipid levels, consistent
with the observation that the meat is not a primary storage site for lipid. Protein and
glycogen levels of the meats are similarly consistent with regard to how scallop store
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energy. The lower protein content and lack of glycogen in WS is an indication that they
are under the influence of some stressor.
Li et al. (2008) found that post-spawning Pacific oysters (Crassostrea gigas) have
a reduction in glycogen as an adaptation to food deprivation. Howgate (2009) states that
the glycogen content at death of animals within a species depends upon factors such as
nutritional status at the time. Bayne (1973) found that post-spawning oysters postpone or
prolong the recovery process including rebuilding glycogen storage. Brokordt et al.
(2000) concluded that mobilization of glycogen and protein from adductor muscle to
form gametes reduced muscle metabolic capacity and the ability of scallops to recover
from exhausting exercise such as predator evasion. Starvation studies conducted on
Pacific oyster (Liu et al. 2010) show that over a 90 day period, adductor muscle of
starved oysters had a rapid decline in glycogen content followed by declines in protein
and lipid content with concomitant increases in ash and moisture levels. Likewise,
Phleger et al. (1978) observed markedly reduced glycogen levels in starved aquariumheld purple-hinge rock scallops. A high proportion of water in tissue is an indicator of
depleted energy reserves (Lucas and Beninger 1985), which is seen in both the high
moisture content and high M:P ratio of WS.
While SS appear to be in better physiological condition based on composition
than WS, their condition was not as good as that observed in Kodiak scallops. Quality,
from the standpoint of marketability and consumer acceptance is largely based on highly
subjective sensory attributes such as color, raw and cooked odor, flavor, and texture and
food safety issues such as spoilage (Boulter 1996). In spite of natural and seasonal
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variation, many government agencies have tried to establish upper limits of moisture
content due to the post-harvest handling practices used in some scallop fisheries. For a
time in the 1990’s, scallops with moisture content >80% (USA) and >81% (Canada) were
required to be labeled as water added (DuPaul et al. 1996). France has established a
maximum M:P ratio of 5:1 (Boulter 1996, DuPaul et al. 1996). Based on these
guidelines, Kodiak and SS scallops were well under the upper limits, while WS were
above the limits.
2.5.3 Lipid Classes
The high phospholipid and sterol contents relative to triacylglycerol content
observed in meats in this study are consistent with results from other scallop studies
(Napolitano and Ackman 1992, Napolitano et al. 1992, Linder and Ackman 2002,
Copeman and Parrish 2004, Palacios et al. 2007). Due to its low lipid content, scallop
adductor muscle is considered a ‘lean organ’ along with gills and mantle. Napolitano and
Ackman (1992) observed for sea scallops (Placopecten magellanicus) that sterols and
phospholipids are the predominant lipid classes in lean organs, whereas triacylglycerols
levels are very low. Copeman and Parrish (2004) had similar results with Icelandic
scallop (Chlamys islandica) adductor muscle as did Palacios et al. (2007) with Pacific
lion’s paw scallop (Nodipecten subnodosus). This is consistent with the fact that
phospholipids and sterols are structural lipids comprising cell membrane, while
triacylglycerols are energy storage lipids. As observed in prior studies, phospholipids
were inversely proportional to TAG content (Bechtel and Oliveira 2006). Ackman and
Gunnlaugsdottir (1992) also observed this when measuring neutral and polar lipids in
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Japanese sardines with variable lipid content. They reported that sardines with a total
lipid content of 0.89% (w/w) had polar and neutral lipids fractions that were 0.7 and
0.19% of the total lipid content, respectively; however, when sardines had 8.66% (w/w)
lipids, the polar and neutral lipids fractions were 0.76 and 7.9% of the total lipid content,
respectively. While triacylglycerols were detected in one group of samples (KS1) and
not in the other three groups, it still comprised only 1% of the total lipid and its presence
was likely attributable to seasonal differences in diet composition and/or reproductive
stage at time of harvest. Pernet et al. (2003b) found higher triacylglycerol levels in sea
scallop (P. magellanicus) larvae fed diets rich in this lipid class, and in general levels
determined were highly variable between diet and time (Pernet et al. 2003 a).
Free fatty acids are usually present in trace amounts in marine organisms and
scallops are no exception. Napolitano and Ackman (1992) found ~1% FFA in sea scallop
meat in winter and trace levels in summer. Copeman and Parrish (2004) found <1% FFA
in the meat of Icelandic scallop. With the exception of KS2, the free fatty acid levels in
meats from this study were higher than observed for other scallop species. The presence
of large quantities of free fatty acids in tissue is an indication of lipid degradation and
breakdown of the structural lipids (Jeong et al. 1999, Pernet et al. 2003a). Lipid
degradation can occur during long term storage, or when tissues are improperly stored.
WS and SS were frozen whole and high enzymatic activity, typical of tissues such as
digestive glands, may have caused hydrolysis of lipids and formation of free fatty acids in
the adductor muscle tissue during frozen storage. The slight differences in the free fatty

41

acid values observed between KS1 and KS2 may be due to the fact that KS1 scallops
were frozen for a longer period of time.
2.5.4 Fatty Acid Methyl Ester Profiles
Fatty acid analysis of many species of scallop, including weathervane scallop,
have shown that polyunsaturated fatty acids account for about 60% of the total lipids,
while saturated and monounsaturated fatty acids account for about 25-30% and 10-15%,
respectively (Gruger Jr. et al. 1964, Krzeczkowski et al. 1972, Napolitano et al. 1992,
Linder and Ackman 2002, Copeman and Parrish 2004) and the results from the present
study were similar. The predominant FA 22:6ro3, 20:5ro3, 18:1ro9 and 16:0 are typical
components of phospholipids (Richoux et al. 2005).
The higher levels of PUFA detected in WS and SS could be attributed to
temperature, depth and/or diet. Krzeczkowski et al. (1972) found that scallops
originating from cold deep environments (40-60 fathoms) have higher PUFA content and
the level of unsaturation of polar lipid fatty acids is inversely related to the ambient
temperature (Bell et al. 1986, Napolitano et al. 1992). In addition, marine fish and
bivalves lack the elongation and desaturation enzymes necessary to synthesize long chain
PUFAs and both EPA and DHA are considered nutritionally essential (Bell et al. 1986,
Whyte et al. 1990).
The ratio of ro3 to ro6 is used to compare the relative nutritional value of foods
because in order to gain the health benefits of ro-3 FA, an increase in ro-3 FA
consumption must occur with a concomitant decrease in ro-6 FA consumption (Oliveira et
al. 2006). Although there are some significant differences found in the fatty acid
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composition, the overall impact of these differences is greatly reduced when the
extremely low lipid content of the meat is considered.
2.5.5 Texture and pH
Texture and pH of scallops have been well studied, but have largely been focused
on determining changes over time during storage and/or freezing (Maxwell-Miller et al.
1982, Ocano-Higuera 2006, Pacheco-Aguilar et al. 2008, De Vido de Mattio et al. 2009,
Makri 2009). Both softening (tenderness) and hardening (toughness or firmness) of
texture have been linked to the freezing process (Dunajski 1979, Makri 2009), softening
has been linked to increased moisture content in lean fish species (Dunajski 1979), and an
inverse relationship between toughness and pH has been observed in fish and mammals
(Cowie and Little 1966, Bouton et al. 1971, Purchas and Aungsupakorn 1993, Guerrero
et al. 1999). Based on harvester descriptions of WS as ‘mushy’ and ‘soft’, the higher
moisture content and higher pH, we expected texture results to show that they were less
firm than SS, KS1 and KS2. Interestingly, results were opposite of our expectations.
Maxwell-Miller (1982) found that toughness increased with size and age in purple hinge
rock scallops (Crassadomagigantea Gray 1825), and Dunajski (1979) reports similar
findings for fish muscle. A similar relationship might be the factor in the tougher texture
observed in the WS meats.
The pH of fresh fish, or fish flesh immediately after harvest, is at or just above
neutral (Dunajski 1979, Howgate 2009) and decreases rapidly within several hours post
mortem. De Vido de Mattio et al. (2009) reports that the scallop (Chlamys tehuelchus)
decreased from pH 6.8 immediately after death to pH 6.0-6.2 after 96 h in cold storage,
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similar to our results for SS and KS2. Howgate (2009) states that the post-mortem pH for
most fish species is between 6.0-6.8, but for species with high initial glycogen, the pH
will be lower. The glycogen in post-mortem muscle is converted to lactate through
anaerobic glycolysis, which induces a decrease in muscle pH (Hiltz and Dyer 1971,
Dunajski 1979, El Rammouz et al 2004). De Vido de Mattio et al. (2009) reported
glycogen content in scallop decreases 40% within the first 12 h of post-mortem storage.
Although glycogen was not detected in WS, it is possible that sufficient glycogen could
be present in the tissue at the time of death for glycolysis to have occurred. Soon after
harvest, a drop in pH of WS adductor muscle to slightly below neutral occurred but
insufficient glycogen was available to reduce the normal post-mortem range of pH 6.0
6.8. Another possibility is that post-mortem pH increases can be attributed to the
accumulation of alkaline metabolites from bacterial accumulation during chilled storage
(Ocano-Higuera et al. 2006); however, since the scallops used in this study were all
frozen immediately onboard the vessel, it is unlikely this is the cause of the observed
differences in pH.
2.6 Conclusion
Biochemical analysis has quantified the factors that contribute to the poor quality
meats observed in WS and determined that SS meats were of similar quality to those
from Kodiak scallops. High moisture content in WS could contribute to reports of
stringiness upon cooking. The tougher texture explains why WS tear during shucking.
The literature suggests that the patterns observed in WS composition may be indicative of
nutritional stress. Yakutat is heavily glaciated and run-off from these glaciers could have
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a negative impact on feed quality and quantity. Boring worms (Polychaete sp.) can also
cause small and discolored meats during heavy infestation due to energy redistribution to
repair damaged shells (Hennick 1973). While it is beyond the scope of this project to
determine the causes of WS, further exploration into environmental impact or parasites
and diseases would be worth considering. Results from this project have the potential to
identify and quantify the quality parameters that differentiate ‘weak meat’ scallop muscle
from prime quality scallop muscle. This will enable future researchers to focus on the
causes and potential solutions to the problem.

45

Figure 2.1. Alaska weathervane scallop fishing registration areas (NPFMC 2009).
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Figure 2.2. Mean annuli indicating age of weathervane scallops from the Eastern
Gulf of Alaska. Different letters above boxes indicate significant differences.
SS Standard quality scallop, WS Weak meat scallop.
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Figure 2.3. Mean Muscle Condition Index (MCI) of weathervane scallops from the
Eastern Gulf of Alaska. Different letters above boxes indicate significant
differences. SS Standard quality scallop, WS Weak meat scallop.

48
1200
1100
1000

Peak force (g)

900
800
700
600
500
400
300

SS

WS

KS2

□Mean
□Mean±SE
I Min-Max

Figure 2.4. Mean peak force needed to penetrate meat of weathervane scallops from
the Gulf of Alaska. Different letters above boxes indicate significant differences.
SS Standard quality scallop, WS Weak meat scallop, KS2 Kodiak scallop 2.
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Figure 2.5. Mean pH of weathervane scallops from the Gulf of Alaska.
Different letters above boxes indicate significant differences. SS Standard quality
scallop, WS Weak meat scallop, KS2 Kodiak scallop 2.
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Table 2.1.
Morphological measurements (mean ± SD) taken from weathervane scallops from
the Eastern Gulf of Alaska.
WS (n = 40)

SS (n = 40)

Whole weight (g)

146.99a ± 27.74

115.34b ± 21.90

Body weight (g)

89.66a ± 20.68

53.49b ± 10.35

Muscle (meat) weight (g)

21.17a ± 3.70

18.04b ± 3.19

Meat yield (%)

14.49b ± 1.54

15.74a ± 1.49

Shell height (mm)

131.68a ± 8.48

116.05b ± 5.08

Different superscript letters within a row indicate significant differences (P<0.05). SD
Standard deviation, SS Standard quality scallop, WS Weak meat scallop.
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Table 2.2.
Proximate composition (% wet weight ± SD) of weathervane scallops from the Gulf
of Alaska.
Analysis
Moisture

WS (n = 8)

SS (n = 8)

KS1 (n = 5)

KS2 (n = 6)

81.62a ± 0.61

78.12ab ± 0.52

76.43b ± 0.48

76.77b ± 0.48

Protein

15.35b ± 0.89

17.53ab± 0.31

19.25a ± 0.12

19.15a ± 0.48

Glycogen

BDL

1.61a ± 0.49

2.19a ± 0.48

1.75a ± 0.69

Ash

2.43a ± 0.24

2.15ab± 0.16

1.48c ± 0.08

1.55bc± 0.03

Lipid

0.59a ± 0.19

0.60a ± 0.08

0.65a ± 0.21

0.77a ± 0.19

M:P

5.33a ± 0.35

4.46ab± 0.09

3.97b ± 0.05

4.01b ± 0.09

Different superscript letters within a row indicate significant differences (P<0.05). SD
Standard deviation, BDL Below detection limit of 0.62%, M:P Moisture:protein ratio
SS Standard quality scallop, WS Weak meat scallop, KS1 Kodiak scallop 1, KS2 Kodiak
scallop 2.
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Table 2.3.
Lipid class composition (mean % total lipids ± SD) of weathervane scallops from the
Gulf of Alaska.
Lipid
Phospholipids

WS (n = 8)

SS (n = 8)

KS1 (n = 5)

KS2 (n = 6)

81.59b ± 4.33

86.19ab ± 1.97

85.21ab ± 2.04

90.84a ± 0.98

Sterols

12.92a ± 2.84

10.41ab ± 1.54

10.32ab ± 1.41

8.13b ± 0.76

Free fatty acids

5.49a ± 1.57

3.40ab ± 0.55

3.45ab ± 0.52

1.03b ± 0.25

Triacylglycerols

BDL

BDL

1.06a ± 0.69

BDL

Different superscript letters within a row indicate significant differences (P<0.05). SD
Standard deviation, BDL Below detection limit (<0.5%), SS Standard quality scallop,
WS Weak meat scallop, KS1 Kodiak scallop 1 KS2, Kodiak scallop 2.
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Table 2.4.
Fatty acid methyl ester profiles (mean % w/w ± SD) of weathervane scallops from
the Gulf of Alaska.
16:0

WS (n = 8)
14.71b ± 0.59

SS (n = 8)
15.85a ± 0.27

KS1 (n = 4)
16.21a ± 0.58

KS2 (n = 6)
15.24ab± 0.19

18:0

5.69a ± 0.24

5.13ab ± 0.23

5.13ab± 0.20

4.60b ± 0.23

18:1«9 cis

2.25ab ± 0.56

1.96b ± 0.08

2.99a ± 0.23

3.12a ± 0.17

18:1«7

3.10a ± 0.14

3.01a ± 0.11

3.06a ± 0.13

3.17a ± 0.09

20:5«3 (EPA)

17.72b ± 1.30

18.57ab ± 0.34

18.03b ± 0.49

22.63a ± 0.41

22:6«3 (DHA)

33.27b ± 2.37

37.16a ± 0.77

36.37ab ± 1.12

30.68b ± 0.67

EPA + DHA

51.00b ± 3.38

55.73a ± 0.69

54.40ab ± 1.08

53.31b ± 1.05

E SAT

23.81ab ± 0.93

24.04ab ± 0.38

24.93a ± 0.55

22.90b ± 0.39

E MUFA

11.14ab ± 1.74

10.43b ± 0.40

13.73ab ± 0.69

13.83a ± 0.39

E PUFA

63.46a ± 2.50

63.73a ± 0.91

59.87b ± 0.61

61.23ab ± 0.61

PUFA/SAT

2.67a ± 0.20

2.65a ± 0.06

2.40a ± 0.07

2.67a ± 0.07

«3

56.07b ± 1.94

58.98a ± 0.99

56.43ab ± 0.80

57.04ab± 0.51

«6

7.39a ± 2.03

4.65ab ± 0.17

3.44b ± 1.00

4.06b ± 0.51

«3/«6

8.16b ± 2.43

12.69ab ± 0.58

17.30a ± 4.22

14.21a ± 1.59

Different superscript letters within a row indicate significant differences (P<0.05). SD
standard deviation, EPA Eicosapentaenoic acid, DHA Docosahexaenoic acid, SAT
Saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA Polyunsaturated fatty
acids, SS Standard quality scallop, WS Weak meat scallop, KS1 Kodiak scallop 1, KS2
Kodiak scallop 2.

54

2.7 Literature Cited
Ackman, R. G. & H. Gunnlaugsdottir. 1992. Seafood and fishery byproducts: Natural
and unnatural environments for longer chain omega-3 fatty acids. In: A. J. St.
Angelo, editor. Lipid oxidation in foods. ACS Symposium Series No. 500. New
York, New York, USA: Oxford University Press. pp. 209-230.
Ackman, R. G., C. A. McLeod & A. K. Banerjee. 1990. An overview of analyses by
Chromarod-Iatroscan TLC-FID. J. Planar Chromat. 3:450-462.
Anthony, J. E., P. N. Hadgis, R. S. Milam, G. A. Herzfeld, L. J. Taper & S. J. Ritchey.
1983. Yields, proximate composition and mineral content of finfish and shellfish.
J. FoodSci. 48:313-314.
Barber, B. J. & N. J. Blake. 1981. Energy storage and utilization in relation to
gametogenesis in Argopecten irradians concentricus (Say). J. Exp. Mar. Biol.
Ecol. 52:121-134.
Barber, B. J. & N. J. Blake. 2006. Reproductive Physiology. In: S. E. Shumway & G. J.
Parsons, editors. Scallops: biology, ecology and aquaculture. Amsterdam, The
Netherlands: Elsevier. pp. 357-416.
Bayne. 1973. Aspects of the metabolism of Mytilus edulis during starvation. Neth. J.
Sea Res. 7:399-410.
Bechtel, P. J., & A. C. M. Oliveira. 2006. Chemical characterization of liver lipid and
protein from cold-water fish species. J. Food Sci. 71(6):S480-S485.
Bell, M. V., R. J. Henderson & J. R. Sargent. 1986. The role of polyunsaturated fatty
acids in fish. Comp. Biochem. Physiol. 83B:711-719.
Beltran-Lugo, A. I., A. N. Maeda-Martinez, R. Pacheco-Aguiler, H. G. Nolasco-Soria &
V. M. Ocano-Higuera. 2005. Physical, textural, and microstructural properties of
restructured adductor muscles of 2 scallop species using 2 cold-binding systems.
J. Food Sci. 70(2):E78-E84.
Boulter, M. 1996. Scallop quality: the effects of different handling practices and storage
times, prior to processing, on scallop quality and investigation of quality
assessment methods/indicators including D-Lactic acid. Seafish report
No:SR469. Grimsby, Scotland: The Sea Fish Industry Authority. 19 pp.
Bouton, P. E., P. V. Harris & W. R. Shorthose. 1971. Effect of ultimate pH upon the
water-holding capacity and tenderness of mutton. J. Food Sci. 36:435-439.

55

Brokordt, K. B., J. H. Himmelman & H. E. Guderley. 2000. Effect of reproduction on
escape responses and muscle metabolic capacities in the scallop Chlamys
islandica Muller 1776. J. Exp. Mar. Biol. Ecol. 251:205-225.
Clegg, K. M. 1956. The application of the anthrone reagent to the estimation of starch in
cereals. J. Sci. FoodAgri. 7:40-44.
Copeman, L. A. & C. C. Parrish. 2004. Lipid classes, fatty acids, and sterols in seafood
from Gilbert Bay, Southern Labrador. J. Agri. Food Chem. 52:4872-4881.
Cowie, W. P. & W. T. Little. 1966. The relationship between the toughness of cod
stored at -29C and its muscle protein solubility. J. Food Technol. 1:335-343.
De Vido de Mattio, N. D., M. E. Paredi & M. Crupkin. 2009. Postmortem changes in
the adductor muscle of scallop (Chlamys tehuelchus) in chilled and frozen
storage. J. Aqua. Food Prod. Technol. 10(3):49-60.
Dunajski. E. 1979. Texture of fish muscle. J. Text. Stud. 10:301-318.
DuPaul, W. D., R. A. Fisher & J. E. Kirkely. 1996. Natural and ex-vessel moisture
content of sea scallops (Placopecten magellanicus). Virginia Marine Resource
Rep. No. 96-5. Gloucester Point, Virginia, USA: Virginia Sea Grant Marine
Advisory Program. 18 pp.
El Rammouz, R., R. Babile & X. Fernandez. 2004. Effect of ultimate pH on the
physiochemical and biochemical characteristics of turkey breast muscle showing
normal rate of postmortem pH fall. Poul. Sci. 83:1750-1757.
Folch, J., M. Lees & G. H. Sloane Stanley. 1957. A simple method for the isolation and
purification of total lipids from animal tissues. J. Biol. Chem. 226:497-509.
Foster, N. R. 1991. Intertidal bivalves: a guide to the common marine bivalves of
Alaska. Fairbanks, Alaska: University of Alaska Press. 152 pp.
Gruger Jr., E. H., R. W. Nelson & M. E. Stansby. 1964. Fatty acid composition of oils
from 21 species of marine fish, freshwater fish and shellfish. J. Am. Oil Chem.
Soc. 41:662-667.
Guerrero, L., P. Gou & J. Arnau. 1999. The influence of meat pH on mechanical and
sensory textural properties of dry-cured ham. Meat Sci. 52:267-273.
Haynes, E. B. & C. R. Hitz. 1971. Age and growth of the giant Pacific sea scallop,
Patinopecten caurinus, from the Strait of Georgia and outer Washington coast. J.
Fish. Res. Board. Can. 28:1335-1341.

56

Helrich, K., editor. 1990. Official methods of analysis of the Association of Official
Analytical Chemists. Arlington, Virginia, USA: Association of Official
Analytical Chemists.
Hennick, D. P. 1973. Sea scallop, Patinopecten caurinus, investigations in Alaska.
Completion Rep. 5-23-R. Juneau, Alaska, USA: Alaska Department of Fish and
Game. 38 pp.
Hiltz, D. F. & W. J. Dyer. 1971. Octopine in postmortem adductor muscle of the sea
scallop (Placopecten magellanicus). J. Fish. Res. Board. Can. 28:869-874.
Howgate, P. 2009. Traditional methods. In: H. Rehbein and J. Oehlenschlager, editors.
Fishery products: quality, safety and authenticity. Oxford, UK: Wiley-Blackwell.
pp. 19-41.
Ignell, S. & E. Haynes. 2000. Geographic patterns in growth of the giant Pacific sea
scallop Patinopecten caurinus. Fish. Bull. 98:849-853.
Jeong, B. Y, T. Ohshima & C. Koizumi. 1999. Changes in fatty acid chain compositions
of lipid classes during frozen storage of the adductor muscle of giant ezo scallop
(Patinopecten yessoensis). Comp. Biochem. Physiol. 122B:415-422.
King, I., M. T. Childs, C. Dorsett, J. G. Ostrander & E. R. Monson. 1990. Shellfish:
proximate composition, minerals, fatty acids, and sterols. J. Am. Diet. Assoc.
90:677-685.
Kruse, G. H., Barnhart J. P., G. E. Rosenkranz, F. C. Funk & D. Pengilly. 2000. History
and development of the scallop fishery in Alaska. In: A Workshop examining
potential fishing effects on the population dynamics and benthic community
structure of scallops with emphasis on the weathervane scallop Patinopecten
caurinus in Alaskan waters. Special Publication 14. Juneau, Alaska, USA:
Alaska Department of Fish and Game. pp. 6-10.
Kruse, G. H., J. P. Barnhart & G. E. Rosenkranz. 2005. Management of the data-limited
weathervane scallop fishery in Alaska. In: G. H. Kruse, V. F. Galluci, D. E. Hay,
R. I. Perry, R. M. Peterman, T. C. Shields, P. D. Spencer, B. Wilson & D.
Woodby, editors. Fisheries assessment and management in data-limited
situations. Fairbanks, Alaska, USA: Alaska Sea Grant College Program. pp. 51
68.
Krzeczkowski, R. A., R. D. Tenney & M. L. Hayes. 1972. Fatty acid and proximate
analysis of bay, calico, sea and weathervane scallop adductor muscle. J. Food
Sci. 37:300-301.

57

Li, Y., J. G. Qin, X. Li & K. Benkendorff. 2008. Spawning-dependent stress response to
food deprivation in Pacific oyster Crassostreagigas. Aquaculture 286:309-317.
Linder, M. & R. G. Ackman. 2002. Volatile compounds recovered by solid-phase
microextraction from fresh adductor muscle and total lipids of sea scallop
(Placopecten magellanicus) from Georges Bank (Nova Scotia). J. Food Sci.
67(6):2032-2037.
Linehan, L. G., T. P. O’Connor & G. Burnell. 1999. Seasonal variation in the chemical
composition and fatty acid profile of Pacific oysters (Crassostrea gigas). Food
Chem. 64:211-214.
Liu, W., Q. Li, F. Gao & L. Kong. 2010. Effect of starvation on biochemical
composition and gametogenesis in the Pacific oyster Crassostrea gigas. Fish. Sci.
76:737-745.
Lucas, A. & P. G. Beninger. 1985. The use of physiological condition indices in marine
bivalve aquaculture. Aquaculture 44:187-200.
Makri, M. 2009. The biochemical textural and sensory properties of frozen stored (22°C) king scallop (Pecten maximus) meats. Afr. J. Biotech. 8(16):3893-3903.
Maxwell, R. J. & W. N. Marmer. 1983. Systematic protocol for the accumulation of
fatty acid data from multiple tissue samples: tissue handling, lipid extraction and
class separation, and capillary gas chromatographic analysis. Lipids 18(7):453459.
Maxwell-Miller G., R. V. Josephson, A. A. Spindler, D. Holloway-Thomas, M. W. Avery
& C. F. Phleger. 1982. Chilled (5°C) and frozen (-18°C) storage stability of the
purple-hinge rock scallop, Hinnites multirugosus Gale. J. Food Sci. 47:1654
1661.
Naidu, K. S. & J. R. Botta. 1978. Taste panel assessment and proximate composition of
cultured and wild sea scallops, Placopecten magellanicus (Gmelin). Aquaculture
15:243-247.
Napolitano, G. E. & R. G. Ackman. 1992. Anatomical distributions and temporal
variations of lipid classes in sea scallops Placopecten magellanicus (Gmelin)
from Georges Bank (Nova Scotia). Comp. Biochem. Physiol. 103B:645-650.
Napolitano, G. E., B.A. MacDonald, R. J. Thompson & R. G. Ackman. 1992. Lipid
composition of eggs and adductor muscle in giant scallops (Placopecten
magellanicus) from different habitats. Mar. Biol. 113:71-76.

58

NPFMC. 2008. Stock assessment and fishery evaluation (SAFE) report for the
weathervane scallop fishery off Alaska. Compiled by the Scallop Plan Team.
Anchorage, Alaska, USA: North Pacific Fishery Management Council. 248 pp.
NPFMC. 2009. Stock assessment and fishery evaluation (SAFE) report for the
weathervane scallop fishery off Alaska. Compiled by the Scallop Plan Team.
Anchorage, Alaska, USA: North Pacific Fishery Management Council. 164 pp.
Ocano-Higuera, V. M., A. N. Maeda-Martinez, M. E. Lugo-Sanchez & R. PachecoAguilar. 2006. Postmortem biochemical and textural changes in the adductor
muscle of Catarina scallop stored at 0C. J. FoodBiochem. 30:373-389.
Oliveira, A. C. M. & P. J. Bechtel. 2005. Lipid composition of Alaska pink salmon
(Oncorhynchus gorbuscha) and Alaska walleye pollock (Theragra
chalcogramma) byproducts. J. Aqua. Food. Prod. Tech. 14(1):73-91.
Oliveira, A. C. M., B. Himelbloom, C. A. Crapo, C. Vorholt, Q. Fong & R. RaLonde.
2006. Quality of Alaskan maricultured oysters (Crassostrea gigas): a one-year
survey. J. Food Sci. 71(9):533-542.
Pacheco-Aguilar, R., E. Marquez-Rios, M. E. Lugo-Sanchez, G. Garcia-Sanchez, A. N.
Maeda-Martinez & V. M. Ocano-Higuera. 2008. Postmortem changes in the
adductor muscle of Pacific lions-paw scallop (Nodipecten subnodosus) during ice
storage. Food Chem. 106:253-259.
Palacios, E., I. S. Racotta, O. Arjona, Y. Marty, J. R. Le Coz, J. Moal & J. F. Samain.
2007. Lipid composition of the pacific lion-paw scallop, Nodipecten subnodosus,
in relation to gametogenesis. Aquaculture 266:266-273.
Park, J. W. 2005. Code of practice for frozen surimi. In: J. W. Park, editor. Surimi and
surimi seafood. Boca Raton, Florida, USA: CRC Press. pp. 869-885.
Parrish, C. C. 1987. Separation of aquatic lipid classes by Chromarod thin-layer
chromatography with measurement by Iatroscan flame ionization detection. Can.
J. Fish. Aqua. Sci. 44:722-731.
Pernet, F., R. Tremblay & E. Bourget. 2003a. Biochemical indicator of sea scallop
(Placopecten magellanicus) quality based on lipid class composition. Part I:
Broodstock conditioning and young larval performance. J. Shellfish Res. 22:365
375.
Pernet, F., R. Tremblay & E. Bourget. 2003b. Biochemical indicator of sea scallop
(Placopecten magellanicus) quality based on lipid class composition. Part II:
Larval growth, competency and settlement. J. Shellfish Res. 22:377-388.

59

Phleger, C. F., R. B. Holtz. P. W. Grimes, D. L. Leighton & F. Jacobsen. 1978.
Chemical and sensory analysis of the purple-hinge rock scallop Hinnites
multirugosus Gale. J. Food Sci. 43(6):1793-1796.
Purchas, R. W. & R. Aungsupakorn. 1993. Further investigations into the relationship
between ultimate pH and tenderness for beef samples from beef and steers. Meat
Sci. 34:163-178.
Richoux, N. B., D. Deibel, R. J. Thompson & C. C. Parrish. 2005. Seasonal and
developmental variation in the fatty acid composition of Mysis mixta (Mysidacea)
and Acanthostepheia malmgreni (Amphipoda) from the hyperbenthos of a coldocean environment (Conception Bay, Newfoundland). J. Plank. Res. 27(8):719733.
Rosenkranz, G. 2011. Personal communication. Scallop Biometrician, Alaska
Department of Fish and Game, Kodiak, Alaska, USA.
Sarro, C. L. & K. D. E. Stokesbury. 2009. Spatial and temporal variation in the shell
height/meat weight relationship of the sea scallop Placopecten magellanicus in
the Georges Bank fishery. J. Shellfish Res. 28:497-503.
Scallop Plan Team. 2007. Meeting minutes. Available online at
http://www.fakr.noaa.gov/npfmc/membership/plan_teams/SPT/2007SPTminutes.
pdf.
Shriver, A. C, R. H. Carmichael & I. Valiela. 2002. Growth, condition, reproductive
potential, and mortality of bay scallops, Argopecten irradiens, in response to
eutrophic-driven changes in food resources. J. Exp. Mar. Biol. Ecol. 279:21-40.
Silva, J. & R. S. Chamul. 2000. Composition of marine and freshwater finfish and
shellfish species and their products. In: R. E. Martin, E. P. Carter, G. J. Flick Jr.,
& L. M. Davis, editors. Marine and freshwater products handbook. Lancaster,
Pennsylvania, USA: Technomic. pp. 31-45.
Strickland, J. D. H. & T. R. Parsons. 1972. A Practical handbook of seawater analysis.
Ottawa, Canada: Fish. Res. Board of Can. 310 pp.
Webb, N. B., F. B. Thomas, F. F. Busta & R. J. Monroe. 1969. Variations in proximate
composition of North Carolina scallop meats. J. Food Sci. 34:417-474.
Whyte, J. N. C., N. Bourne & N.G. Ginther. 1990. Biochemical and energy changes
during embryogenesis in the rock scallop Crassadoma gigantea. Mar. Biol.
106:239-244.

60
CHAPTER 3
Quality assessment of purple hinge rock scallops (Crassadoma gigantea) from
Alaska

3.1 Abstract
The purple-hinge rock scallop (PHRS, Crassadoma gigantea Gray 1825) is highly
prized by local communities and harvested for subsistence in Alaska. Scallop culture is a
well-established industry in some parts of the world, however efforts in the US remain
limited to small scale operations. Aquaculture of PHRS has been investigated in
California and while results were promising, there were barriers to implementing
commercial culture operations. Renewed interest has resulted in a recent grow-out study
to determine the feasibility of culturing this species in Alaska. Assessment of PHRS
meat quality is necessary to promote market acceptance. The objective of this study was
to characterize meat quality of PHRS and compare them with prime quality weathervane
scallops from Kodiak. Ten PHRS from Southeast Alaska and two batches (17
individuals, 30 individuals) of scallop muscle from Kodiak (KS1 and KS2) were
sampled. Physical measurements and chemical composition analyses were conducted.
PHRS whole weight ranged from 561.0 to 1,202.2 g. Muscle condition indices were
between 36.0 and 50.9. Proximate composition and lipid class results were not
significantly different (P>0.05) between PHRS and weathervane scallops. Overall,
PHRS are quite similar to weathervane scallops from a biochemical standpoint and share
the same quality attributes.
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3.2 Introduction
Scallops are distributed worldwide and the adductor muscle is a highly valued
food source. There is a wide body of literature examining many aspects and many
species (Hennick 1970, Whyte et al. 1990, Cranford 1995, Jeong et al. 1999, Shriver et al.
2002, Shumway and Parsons 2006, Pacheco-Aguilar et al. 2008, Makri 2009). In
Alaskan waters, the Pacific weathervane scallop (Patinopecten caurinus Gould 1850) is
the only species commercially harvested. The purple-hinge rock scallop (PHRS,
Crassadoma gigantea Gray 1825), formerly classified as Hinnites multirugosus Gale
1928, has potential for aquaculture, and is highly prized by local communities and
harvested for subsistence in coastal Alaska.
Scallop culture is a well-established industry in some parts of the world. Japan
began investigating the potential for scallop culture in the 1930’s and began commercial
production in the mid-1960’s (Kosaka and Ito 2006). Building on Japan’s success, and
borrowing from the procedures developed there, China and Chile began their own scallop
culture industries in the 1980’s and all three countries have well developed economically
important scallop culture industries (Guo and Luo 2006, von Brand et al. 2006). Also
building on the technology developed in Japan, small but developing culture industries
exist in eastern Canada, Russia, Britain, France, Norway, Ireland, Italy and Spain
(Norman et al. 2006, Ivin et al. 2006, Parsons and Robinson 2006). In spite of the
success of scallop culture elsewhere in the world, efforts in the US fail to meet domestic
demand and remain limited to small scale operations (Blake and Shumway 2006).
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The PHRS is distributed along the Pacific coast from Baja, California to Alaska,
though distribution is patchy throughout the range (MacDonald and Bourne 1989). They
have abandoned the free swimming nature of their pectinid relatives and have developed
an affinity for permanent attachment and imbed into rocky substrates. While this
presents challenges for commercial harvest, it is a potential advantage for mariculture.
Aquaculture of PHRS has been investigated in California and while results were
promising, there were barriers to implementing commercial culture operations (Leighton
and Phleger 1981). Renewed interest has resulted in a recent grow-out study to
determine the feasibility of culturing this species in Alaska. While PHRS are locally
prized, they would be a new species for the seafood market and meat quality assessment
is necessary to promote market acceptance. The best means to accomplish this effort is to
compare the qualities of the PHRS with a known commercially harvested scallop species,
the weathervane scallop.
3.3 Materials and Methods
3.3.1 Sample Procurement
In mid-August 2009, ten adult PHRS were harvested from pens at Elfin Cove
Oysters in Port Althorp on the north end of Chichagof Island in SE Alaska and shipped
live to the Fishery Industrial Technology Center (FITC) in Kodiak, AK. Scallops were
held at 4°C and processing was carried out within 2 days of arrival at FITC.
Kodiak weathervane scallop samples and results are the same as those used in
Chapter 2. One poly bag (1.13 Kg) of weathervane scallop meats was obtained from the
F/V Provider in April 2009 (KS1) and 6.9 Kg (three 2.3 Kg boxes, two poly bags/box) of
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weathervane scallop meats harvested in August 2009 were purchased at a local seafood
market (Island Seafoods, Kodiak, AK) in October 2009 (KS2). These were brought to
FITC and kept frozen at -30 °C for one month until analysis.
3.3.2 Morphology and Condition
Wet weights of whole scallop, shell, gonadal-visceral (body) tissue, and adductor
muscle (meat) were measured using a Sartorius model LP2200P electronic digital scale
with manufacturer accuracy given at 0.01g (Gottingen, Germany). Shell height, width,
and depth and meat height and width were determined using a cloth tape measure and
electronic digital calipers (200 mm range, VWR, Radnor, PA). Measurements for KS
included meat weight for KS1 and meat height and weight for KS2. The PHRS scallops
were shucked after whole weights were recorded and the meat and body were separated.
Scallop body and meat tissues were individually vacuum packed and stored at -30°C for
three months until analysis. A muscle condition index (MCI), was calculated for PHRS
based on that of Beltran-Lugo et al. (2005) in order to assess physiological condition of
the meat relative to total soft tissue: MCI (%) = weight of adductor muscle/weight of
total soft tissues x 100.
3.3.3 Sample Preparation
Individual scallops were too small to be assayed for all chemical analyses so
pooling was necessary. A pooling scheme applied by Linehan et al. (1999) was adopted.
Linehan et al. (1999) determined that the value of any assay obtained from a sample pool
of oysters was not significantly different than the weighted average obtained by analysis
of single individuals, demonstrating that this strategy could be used to meet tissue
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requirements for laboratory analysis. This pooling scheme has also been successfully
applied for biochemical analysis of Alaska oyster samples (Oliveira et al. 2006).
Scallop meats were thawed at 4°C and the meats from the one KS1 poly bag were
randomly pooled into three samples of three meats and two samples of four meats (n=5);
for the KS2 samples, five meats were randomly pooled from each poly bag (n=6). PHRS
were pooled into five samples of two meats per sample using constrained randomization
to maintain consistent weight between samples (n=5). Samples were homogenized using
a Cuisinart Mini-prep model DLC-1SS (Cuisinart Corp., East Windsor, NJ) until a
uniform paste was obtained (± 2 min). Homogenized samples were stored in zip-lock
bags and kept at 4°C throughout analysis.
3.3.4 Proximate Composition
Percent moisture and ash were determined according to AOAC methods 952.08
and 938.08, respectively (Helrich 1990). Percent protein was measured using a Leco
model TruSpec N nitrogen analyzer (LECO Corp., St. Joseph, MI). Percent protein was
calculated by multiplying %N by 6.25 (Helrich 1990). Lipid was extracted using the
method described by Folch et al. (1957) with slight modifications described below. A
quantity of 12 g of tissue was combined with 90 mL of a mixture of 2:1
chloroform:methanol with 0.01% butylated hydroxytoluene (BHT), thoroughly mixed
with a glass stir bar to break up clumps, and refrigerated under nitrogen atmosphere for
24 h. Contents were filtered through a 42 mm Buchner funnel and transferred to a 125
mL separatory funnel. A volume of 18 mL of 0.88% (W:V) KCl was added to the
separatory funnel and the contents were thoroughly shaken and allowed to sit until clear.
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The lower phase was filtered through anhydrous sodium sulfate and the solvent was
evaporated using a TurboVap-LV Evaporator (Caliper Life Sciences, Hopkinton, MA)
operated at 40°C under a nitrogen atmosphere. Lipid was determined gravimetrically.
The total carbohydrate content was determined using the anthrone method, a
combination of the methods of Strickland and Parsons (1972) and Clegg (1956) as
previously described by Oliveira et al. (2006). The anthrone reagent was prepared by
dissolving 0.2 g of anthrone (Sigma-Aldrich, St. Louis, MO) in 8 mL of HPLC-grade
ethyl alcohol (VWR) and 30 mL of distilled water. After complete dissolution of the
anthrone in the solvents, 100 mL of concentrated sulfuric acid was added to the mixture.
A quantity of 15 g of homogenized tissue was mixed with 10 mL of distilled water and
13 mL of 52% perchloric acid (VWR) in a 100 mL capped flask. The contents were
stirred for 30 min at room temperature using a magnetic bar and a standard laboratory stir
plate (VWR). The mixture was transferred to a 100 mL volumetric flask, diluted to 100
mL and filtered using Whatman #4 filter paper into a 250 mL volumetric flask. The
filtrate was diluted to 250 mL, and a 10 mL portion was transferred to a 100 mL
volumetric flask and further diluted to 100 mL. A volume of 1 mL was transferred to a
25 mL screw-top tube and 5 mL of anthrone reagent added, and the tube was placed in a
boiling water bath for 7 min. The tubes were rapidly cooled in an ice water bath and
solutions were read at 624 nm on a Cary 50 UV-Visible Spectrophotometer (Varian
Instruments, Walnut Creek, CA). In parallel, 1 mL of distilled water was used as the
blank, and a 1 mL of a 0.1 mg/mL solution of oyster glycogen Type II (Sigma-Aldrich)
was used as the standard. Blank and standard solutions were subjected to identical
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colorimetric reaction as described for scallop meat samples. Percent total carbohydrate
was calculated using the following formula:
% Total carbohydrate = (25 x A2)/(A1 x W)
Where:
W = weight of sample (g)
A1 = absorbance of glycogen standard
A2 = absorbance of sample
It is important to point out that for scallop meats, carbohydrates in the tissue are
predominantly present as glycogen (Barber and Blake 1981, Brokordt et al. 2000).
Therefore, % total carbohydrate quantified is reported and discussed as % glycogen.
Glycogen content for KS1 samples was determined by subtraction: % Glycogen = 100 (% moisture + % protein + % ash + % lipid).
3.3.5 Lipid Classes
Lipid class analysis was based on the methods of Parrish (1987) and Ackman et
al. (1990), as described by Oliveira and Bechtel (2005) and was carried out on an
Iatroscan™ TLC/FID Analyzer (Model MK-6s, Iatron Laboratories, Tokyo, Japan). The
hydrogen flow rate was 160 mL/min, air flow was 1.6 L/min and scan time was 30 s.
The six standards used to identify lipid class were tripalmitin (triacylglycerol, TAG),
palmitic acid (free fatty acid, FFA), (S)-1, 2-dipalmitin (diacylglycerol, DAG),
cholesterol (sterol, ST), DL-a-palmitin (monoglyceride, MG) and L-aphosphatidylcholine (phospholipid, PL) and were obtained from Sigma-Aldrich. Solvent
tanks (Shell-USA, Fredericksburg, VA) were lined with Whatman #2 filter paper and
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159.3 mL of solvent was added. The closed system was allowed to equilibrate for 20 min.
The solvent system was hexane:diethyl ether:formic acid (80:25:1.2). Sample solutions
contained 13 p,g/^L of oil in chloroform and composite standard solution contained a
mixture of 16.6 p,g/^L of each standard in chloroform. For each rack of 10 rods
(Chromarods-SIII, Iatron Laboratories, Tokyo Japan), a 1 p,L portion in five 0.2 p,L
aliquots was spotted for each sample (rods 2-9) and composite standard (rods 1 and 10).
Chromarods were suspended in the solvent tank for 10 min before being lowered into the
solvent for 30 min. Developed rods were dried at 105°C for 3 min before being scanned.
Peaks were integrated using the Peak Simple Program (v. 2.83, SRI Instruments,
Torrence, CA).
3.3.6 Fatty Acid Methyl Ester Profiles
Fatty acid methyl esters (FAME) were prepared according to the procedure of
Maxwell and Marmer (1983) using 1 mg of methyl tricosanoate (Sigma-Aldrich) as the
internal standard. FAMEs were quantified as previously described by Oliveira et al.
(2006), with the exception that the sample injection volume was 2 ^L.
3.3.7 pH
The pH was determined on the pooled meats for PHRS and KS2 using the
temperature compensated WTW pH3400i handheld pH meter with the WTW model
103702 probe attached (Weilheim, Germany). The probe was two-point calibrated at pH
7 and pH 10 before use and inserted directly into the sample immediately after tissue
homogenization.
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3.3.8 Statistical Analysis
Data were checked for normality by the Kolmogorov-Smirnoff test prior to
statistical analysis. Non-parametric analysis was used because data did not comply with
normal distribution assumptions. In cases where three or more groups were compared a
Kruskal-Wallis ANOVA was used. Multiple comparisons of mean ranks for all pairs of
groups were run post-hoc to determine significances at (P<0.05). In the case of two
groups being compared, a Mann-Whitney U t-test was performed. Analysis was carried
out using Statistica (v.10, StatSoft, Tulsa, OK).
3.4 Results
3.4.1 Morphology and Condition
The PHRS is a large species with massive shells and large meats (Table 3.1). The
range of specimen whole weights was 561 g to 1,202 g. Shell heights ranged from of 138
to 189 mm. Yields of meat were <10% however, MCI values were between 36.0 and
50.9.
3.4.2 Proximate Composition
Significant differences were not detected in the proximate composition between
PHRS, KS1 and KS2. Table 3.2 shows that PHRS meats are a high protein, low lipid
tissue. Glycogen contents were slightly, but not significantly (P>0.05), lower in PHRS
than KS1 and KS2. Gross composition of PHRS suggested that this group of scallops
was of comparable quality to Kodiak scallops.
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3.4.3 Lipid Classes
Overall, scallops were very high in phospholipids and triacylglycerols were not
detected (<0.5%) except for KS1 which had trace amounts. The two Kodiak groups
showed the most variation, and except for having significantly lower abundance of
sterols, PHRS were not significantly different (Table 3.3). The predominance of
phospholipids in the lipid extracts is expected for tissues with low lipid content, and this
result is in agreement with the lipid content < 1% determined for scallops in our study.
As observed in prior studies, phospholipids were inversely proportional to triacylglycerol
content (Bechtel and Oliveira 2006). Ackman and Gunnlaugsdottir (1992) also observed
this when measuring neutral and polar lipids in Japanese sardines with variable lipid
content. They reported that sardines with a total lipid content of 0.89% (w/w) had polar
and neutral lipids fractions that were 0.7 and 0.19% of the total lipid content,
respectively; however, when sardines had 8.66% (w/w) lipids, the polar and neutral lipids
fractions were 0.76 and 7.9% of the total lipid content, respectively.
3.4.4 Fatty Acid Methyl Ester Profiles
Fatty acid methyl ester (FAME) classes and the most abundant FAMEs in each
class are reported in Table 3.4. The most abundant FAMEs in all scallop meat groups
were the saturated FAMEs (SAT) 16:0 and 18:0, the monounsaturated FAMEs (MUFA)
18:1ro9 cis and 18:1ro7, and the long chain polyunsaturated FAMEs (PUFA) 20:5ro3
(EPA) and 22:6ro3 (DHA). Palmitic acid (16:0), EPA and DHA were the three most
abundant FAMEs and comprised 69.6% of the total extracted lipids (15.8%, 22.8% and
31.0%, respectively). PHRS had the highest EPA and lowest DHA levels of all groups,
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while KS1 were highest in palmitic acid. PUFAs constituted about 61.7% of total
extracted lipid for all groups, followed by SAT at 24.6%, and MUFA at 12.5%. Total ro3 FAME was not significantly different between groups but PHRS had significantly
higher ro-6 FAME, and consequently the lowest ro3:ro6 ratio.
3.4.5 pH
The pH of PHRS was slightly but significantly lower than that of KS2 (Fig. 3.1)
and was well below 7.0 for both groups.
3.5 Discussion
3.5.1 Morphology and condition
Our results reflect observations from other researchers about the size and
condition of PHRS. Individuals can reach shell heights of 175-250 mm and the shells
become massive and heavy (MacDonald and Bourne 1989, Lauzier and Bourne 2006).
Leighton (1991) reported that PHRS meats were 30-55% of soft body weight, reported as
MCI in this study, with weights of 50-80 g. Leighton (1991) reported yields of 9-10%.
In comparison, weathervane scallop, which can also reach shell heights of 250 mm,
typically have meats in the 27-48 g range and have yields of 10-12% (Hennick 1973).
3.5.2 Proximate composition
The proximate composition of the scallop meats analyzed in this study is within
the ranges previously reported for scallops of both the same and other species (Webb et
al. 1969, Krzeczkowski et al. 1972, Naidu and Botta 1978, Maxwell-Miller et al. 1982,
Anthony et al. 1983, King et al. 1990, Silva and Chamul 2000). It must be noted that
slight differences do occur between species, and, as in CI, environmental factors can
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affect proximate composition (Krzeczkowski et al. 1972, Green and Korhonen 1993).
There is scant data available specific to PHRS so exact comparisons are difficult.
However, the general biology and energy utilization of scallops enables an understanding
of the differences observed in this study.
The meat and digestive gland are the primary storage sites of nutrient reserves in
scallops during periods of somatic growth when food is abundant. Carbohydrate, in the
form of glycogen, and protein are stored in the meat, while lipid is stored in the digestive
gland (Barber and Blake 1981). All scallop meats in this study had low lipid levels,
consistent with the observation that the meat is not a primary storage site for lipid.
Protein and glycogen levels of the meats are similarly reflective of how scallops store
energy.
3.5.3 Lipid Classes
Due to its low lipid content, scallop adductor muscle is considered a ‘lean organ’
along with gills and mantle. Napolitano and Ackman (1992) observed for sea scallops
(Placopecten magellanicus) that sterols and phospholipids are the predominant lipid
classes in the lean organs, whereas triacylglycerols are very low. The high phospholipid
and sterol levels relative to the abundance of triacylglycerols observed in meats in this
study are consistent with results from other scallop studies (Napolitano and Ackman
1992, Napolitano et al. 1992, Linder and Ackman 2002, Copeman and Parrish 2004,
Palacios et al. 2007). Phospholipids and sterols are structural lipids comprising cell
membrane while triacylglycerols are an energy storage lipid. While triacylglycerol was
detected in one group of samples (KS1) and not in the other groups, it still comprised
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only 1% of the total lipid classes recorded, and its presence was likely attributable to
seasonal differences in diet composition and/or reproductive stage at time of harvest.
Pernet et al. (2003b) found higher triacylglycerol levels in sea scallop (Placopecten
magellanicus) larvae fed diets rich in this lipid class, and levels were highly variable
between diet and time (Pernet et al. 2003a).
Free fatty acids are usually present in trace amounts in marine organisms and
scallops are no exception. Napolitano and Ackman (1992) found ~1% in sea scallop
meat in winter and trace levels in summer. Copeman and Parrish (2004) found <1% FFA
in the meat of Icelandic scallop. Free fatty acid levels in meats from this study were
similar except in KS1 scallops which had the highest FFA and lowest PL levels. The
presence of large quantities of FFA in tissue is an indication of lipid degradation and
breakdown of the structural lipids (Jeong et al. 1999, Pernet et al. 2003a). Lipid
degradation can occur during long term storage, or when tissues are improperly stored.
The slight differences in the free fatty acid values observed between PHRS, KS1 and
KS2 are likely due to the fact that KS1 scallops were frozen for a longer period of time.
3.5.4 Fatty Acid Methyl Ester Profiles
Fatty acid analysis of many species of scallop have shown that polyunsaturated
fatty acids account for about 60% of the total lipids, while saturated and monounsaturated
fatty acids account for about 25-30% and 10-15%, respectively (Gruger Jr. et al. 1964,
Krzeczkowski et al. 1972, Napolitano et al. 1992, Linder and Ackman 2002, Copeman
and Parrish 2004) and the results from the present study were similar. The predominant
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FA 22:6ro3, 20:5ro3, 18:1ro9 and 16:0 are typical components of phospholipids (Richoux
et al. 2005).
The higher levels of PUFA detected in PHRS could be attributed to temperature,
depth and/or diet. Krzeczkowski et al. (1972) found that scallops originating from cold
deep environments (40-60 fathoms) have higher PUFA content and the polyunsaturation
level of polar lipid fatty acids is inversely related to the ambient temperature (Bell et al.
1986, Napolitano et al. 1992). In addition, marine fish and bivalves lack the elongation
and desaturation enzymes necessary to synthesize long chain PUFAs and both EPA and
DHA are considered nutritionally essential (Bell et al. 1986, Whyte et al. 1990).
The ratio of ro3 to ro6 is used to compare the relative nutritional value of foods
because in order to gain the health benefits of ro-3 FA, an increase in ro-3 FA
consumption must occur with a concomitant decrease in ro-6 FA consumption (Oliveira et
al. 2006). Although there are some significant differences found in the fatty acid
composition, the overall impact of these differences is greatly reduced when the
extremely low lipid content of the meat is considered.
3.5.5 pH
In a storage stability study, Maxwell-Miller et al. (1982) reported pH 6.4-6.7 for
shucked PHRS meats during two weeks at 5°C. This is much higher than what was
observed in this study. However, the pH of fresh fish, or fish flesh immediately after
harvest, is at or just above neutral (Dunajski 1979, Howgate 2009) and falls rapidly
within several hours post-mortem. De Vido de Mattio et al. (2009) report that the pH of
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scallop (Chlamys tehuelchus) decreases from pH 6.8 immediately post-mortem to pH 6.0
6.2 after 96 h in cold storage, and their observation closely reflects our results.
3.6 Conclusion
Analysis shows that PHRS is quite similar to weathervane scallop from a
biochemical standpoint and shares the same quality attributes. Continuing development
to establish this species for culture in Alaska is warranted based on the results of this
meat quality study. However, this study was limited in scope and was unable to identify
the qualities that make the PHRS a unique and highly valued resource.
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Figure 3.1. Mean pH comparing purple-hinge rock scallops and weathervane
scallops from the Gulf of Alaska. Different letters above boxes indicate
significant differences. KS2 Kodiak scallop group 2, PHRS Purple-hinge
rock scallop.
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Table 3.1.
Morphological measurements taken from purple-hinge rock scallops from the
Eastern Gulf of Alaska.
Whole weight
(g)

Meat weight
(g)

Meat
yield
(%)

PHRS 1

757.9

Body
weight
(g)

4.69

167

42.2

PHRS 2

649.7

53.60

30.12

4.64

178

36.0

PHRS 3

1072

90.90

94.35

8.80

169

50.9

PHRS 4

682.2

57.35

43.89

6.43

156

43.4

PHRS 5

561

45.69

36.23

6.46

138

44.2

PHRS 6

938

51.58

39.52

4.21

168

43.4

PHRS 7

714.8

43.62

41.52

5.81

166

48.8

PHRS 8

868.7

63.00

55.57

6.40

175

46.9

PHRS 9

753.5

78.24

67.92

9.01

166

46.5

PHRS 10

1202

114.8

75.92

6.32

189

39.8

Mean

820

64.75

52.06

6.28

167.2

44.2

SD

200.1

23.08

20.98

1.62

13.5

4.36

48.72

35.58

Shell height MCI
(mm)

MCI Muscle condition index, PHRS Purple-hinge rock scallop, SD Standard deviation.
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Table 3.2.
Gross proximate composition (% wet weight ± SD) of purple-hinge rock scallops
and weathervane scallops from the Gulf of Alaska.
KS1 (n = 5)

KS2 (n = 6)

PHRS (n = 5)

Moisture

76.43a ± 0.48

76.77a ± 0.48

76.54a ± 0.73

Protein

19.25a ± 0.12

19.15a ± 0.48

19.67a ± 1.60

Glycogen

2.19a ± 0.48

1.75a ± 0.69

1.39a ± 0.41

Ash

1.48a ± 0.08

1.55a ± 0.03

1.60a ± 0.81

Lipid

0.65a ± 0.21

0.77a ± 0.19

0.81a ± 0.21

M:P

3.97a ± 0.05

4.01a ± 0.09

3.91a ± 0.35

Different letters within a row indicate significant difference (P<0.05). SD Standard
deviation, M:P Moisture:protein ratio, KS1 Kodiak scallop 1, KS2 Kodiak scallop 2;
PHRS Purple-hinge rock scallop.
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Table 3.3.
Lipid class composition (mean % total lipids ± SD) of purple-hinge rock scallops
and weathervane scallops from the Gulf of Alaska.
KS1 (n = 5)

KS2 (n = 6)

PHRS (n = 5)

Phospholipids

85.21b ± 2.04

90.84a ± 0.98

90.39ab ± 1.07

Sterols

10.32a ± 1.41

8.13ab ± 0.76

7.81b ± 0.99

Free fatty acids

3.45a ± 0.52

1.03b ± 0.25

1.80ab ± 0.13

Triacylglycerols

1.06a ± 0.69

BDL

BDL

Different superscript letters within a column indicate significant differences (P<0.05). SD
Standard deviation. BDL Below detection limit (0.5%), KS1 Kodiak scallop 1, KS2
Kodiak scallop 2, PHRS Purple-hinge rock scallop.
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Table 3.4.
Fatty acid methyl ester profiles (mean % w/w ± SD) of purple-hinge rock scallops
and weathervane scallops from the Gulf of Alaska.
16:0

KS1 (n = 4)
16.21a ± 0.58

KS2 (n = 6)
15.24b ± 0.19

PHRS (n = 5)
16.00ab± 0.63

18:0

5.13ab± 0.20

4.60b ± 0.23

7.37a ± 0.85

18:1«9 cis

2.99ab ± 0.23

3.12a ± 0.17

0.83b ± 0.06

18:1«7

3.06b ± 0.13

3.17ab± 0.09

4.31a ± 0.14

20:5«3 (EPA)

18.03b ± 0.49

22.63ab± 0.41

27.68a ± 1.44

22:6«3 (DHA)

36.37a ± 1.12

30.68ab± 0.67

25.87b ± 1.20

EPA + DHA

54.40a ± 1.08

53.31a ± 1.05

53.56a ± 0.47

E SAT

24.93ab ± 0.55

22.90b ± 0.39

26.16a ± 0.78

E MUFA

13.73ab ± 0.69

13.83a ± 0.39

9.83b ± 0.32

E PUFA

59.87b ± 0.61

61.23ab± 0.61

64.01a ± 0.82

P/S

2.40b ± 0.07

2.67a ± 0.07

2.45ab± 0.10

«3

56.43a ± 0.80

57.04a ± 0.51

57.37a ± 1.00

«6

3.44b± 1.00

4.06ab± 0.51

6.64a ± 0.44

«3/«6

17.30a ± 4.22

14.21ab± 1.59

8.68b ± 0.66

Different superscript letters within a row indicate significant differences (P<0.05). SD
Standard deviation, EPA Eicosapentaenoic acid, DHA Docosahexaenoic acid, SAT
Saturated fatty acids, MUFA Monounsaturated fatty acids, PUFA Polyunsaturated fatty
acids, KS1 Kodiak scallop 1, KS2 Kodiak scallop 2, PHRS Purple-hinge rock scallop.
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CHAPTER 4
General Conclusions

Based on the results obtained during this study, several conclusions can be drawn
regarding the quality of Alaskan scallop. The observations of scallop harvesters that
‘weak meat’ weathervane scallops from Yakutat are of inferior quality have been
verified. The high moisture content and tough texture point to difficulties in shucking
and toughness after cooking. The lack of glycogen, high pH and low muscle condition
are indicative that these scallops are under the influence of some environmental or
nutritional stressor. The fact that standard weathervane scallops from the Yakutat area
are similar in quality to Kodiak scallops indicates that the factors leading to this stress
response in ‘weak meat’ scallops are localized within the Yakutat area. Future
oceanographic research on water quality, currents, tidal influence in areas around scallop
beds might allow the causes of ‘weak meat’ scallops to be determined.
Continuing investigation of purple-hinge rock scallop as an aquaculture species in
Alaska is warranted based on the results of this study. The meats of these scallops were
large and in good condition. The chemical composition was similar to high quality
weathervane scallops, which are highly regarded by consumers. The characteristics that
contribute to the high desirability of purple-hinge rock scallops in local subsistence
fisheries could be quantified by further research in sensory analysis.
Overall, scallop quality in Alaska seems to vary little between species. The
differences that were observed were a result of seasonal and environmental factors.
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Appendix A
Amino acid analysis

One composite sample of 40 g representing equal weights of each of the six KS2
samples was prepared for amino acids (AA) analysis. Two composite samples of 40 g
each, representing equal weights of the eight SS samples and of the eight WS samples
were also prepared for (AA) analysis. Three of the five KS1 samples were also used for
determination of (AA) composition. Samples were hydrolyzed with 6N HCl and 2%
phenol at 110oC for 22 h. Amino acids were quantified using a Beckman 6300 analyzer
(GMI Inc., Ramsey, MN) with post-column ninhydrin derivatization. Amino acid
profiles were determined by AAA Service Laboratory, (Boring, OR). Table A.1 provides
results for this analysis.
Scallop samples for the different groups had AA profiles that appeared
comparable, with individual AA showing values in the same order of magnitude.
Although to assess differences, analysis of a larger sample size for each group would be
required.
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Table A.1.
Amino acid composition (% w/w ± SD) of purple-hinge rock scallops and
weathervane scallops from the Gulf of Alaska.
Alanine (ALA)

WS (n = 1)
5.30

SS (n = 1)
5.54

KS1 (n = 3)
5.25 ± 0.10

KS2 (n = 1)
5.23

PHRS (n = 1)
5.77

Arginine (ARG)

8.88

7.53

7.15 ± 0.39

6.90

8.17

Aspartic Acid (ASP)

10.27

10.17

10.15 ± 0.04

9.98

10.75

Glutamic Acid (GLU)

16.13

16.20

15.32 ± 0.16

15.97

17.42

Glycine (GLY)

10.35

12.16

12.73 ± 0.82

13.05

8.45

Histidine (HIS) *

2.21

2.23

2.11 ± 0.02

2.22

2.13

Isoleucine (ILE) *

4.41

4.28

4.45 ± 0.02

4.35

4.42

Leucine (LEU) *

7.96

7.85

7.99 ± 0.05

7.88

8.04

Lysine (LYS) *

8.13

8.08

8.36 ± 0.06

8.16

8.22

Methionine (MET) *

3.18

3.06

3.24 ± 0.05

3.11

3.11

Phenylalanine (PHE) *

4.24

4.19

4.15 ± 0.04

4.16

4.09

Proline (PRO)

2.95

2.92

3.29 ± 0.10

3.19

2.75

Serine (SER)

3.90

3.91

3.71 ± 0.02

3.79

4.32

Threonine (THR) *

4.25

4.18

4.30 ± 0.07

4.23

4.36

Tyrosine (TYR)

3.59

3.57

3.42 ± 0.02

3.38

3.72

Valine (VAL) *

4.24

4.14

4.35 ± 0.08

4.40

4.26

£ Essential AA *

38.62

38.01

38.97 ± 0.37

38.50

38.63

£ Non-essential AA

61.38

61.99

61.03 ± 0.37

61.50

61.37

SD Standard deviation, WS Weak meat scallops, SS Standard scallops, KS1 Kodiak
scallop 1, KS2 Kodiak scallop 2, PHRS Purple-hinge rock scallop.
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Appendix B
Total carbohydrate analysis:
Oyster glycogen (type II) calibration curve, detection limits and derivation of
equation

A calibration curve plotting absorbance vs. concentration of oyster glycogen type
II (Sigma) was determined to establish the optimum absorbance range for the anthrone
method (Oliveira et al. 2006). Based on Beer’s Law, the optimum range is the linear
portion of the curve (Penner 2003). The complete curve is shown in Fig. B.1 (A) and the
linear portion of the curve is depicted in Fig. B.1 (B). The lower limit of absorbance is
0.18 and the upper limit is 1.5. This range corresponds exactly to the absorbance range
of 0.2 to 1.5 suggested by Penner (2003) as the optimum linear range for
spectrophotometric determination of a variety of analytes. Table B.1 gives the
absorbance of each of the scallop samples investigated, and it shows that values for
PHRS, KS2 and SS were well within the linear limits as shown in Fig. B.1 (B) while WS
fell far below the lower limit of detection. Applying Beer’s Law and the optimum
absorbance range suggested by Penner (2003) to the results shown in Fig. B.1, the lower
absorbance limit of 0.18 was adopted. This corresponds to a total carbohydrate content
of 0.62%, and this value corresponds to the lower limit of detection of the method.
The equation defined by Oliveira et al. (2006) where % total carbohydrates = 25 x
A2/A1 x W (g) is derived in the following way based on the equation of Strickland and
Parsons (1972) where mg glucose/m = corrected extinction x F/V. Because the equation
was derived for tissue instead of seawater the assumption is made that m = 1 L = 1 Kg.
Therefore mg glucose/Kg = corrected extinction factor x F/V where:
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F = 1000/Es-Eb
Corrected extinction = extinction value of sample - Eb
V is volume of sample in L
Es is the extinction values of the glucose standard (0.1 mg /mL)
Eb is the extinction value of the blank
In Strickland and Parsons (1972) the sample volume for seawater is given as L;
and we used this unit as Kg for tissue weight. So, there is a factor of 1,000 for sample
weight (W) because in the Oliveira et al (2006) formula the sample weight is given in
grams (or 0.001 Kg = 1 g). This 1,000 value is seen in Strickland and Parsons (1972)
formula embedded into the variable ‘F’. In addition, Oliveira et al. (2006) report their
results in % w/w and therefore:
mg glucose/Kg = 0.1 mg glucose/100g
0.1 mg glucose/100 g = corrected extinction x F/V
1 mg glucose/100 g = % w/w = 10 x corrected extinction x F/V
In Oliveira et al. (2006) these factors are:
F = 0.001/Es-Eb
Es-Eb = A1
Corrected extinction = A2
V (L) = Sample W (g)
After reading the blank, the Varian Cary50 spectrophotometer automatically
subtracts the blank value from the values measured for A1 and A2 so there is no need for
the blank value to be incorporated into the formula.
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The dilution of the tissue in the method described by Oliveira et al. (2006) needs
to be accounted for in the equation and the factor used in this case is: 2,500 (25 x 100)
because we account for 1 ml taken from 100 mL (1 part in 100), but all carbohydrates
present in that 100 mL came from the 10 mL removed from the 250 mL flask, so the 1:25
parts factor needs to be multiplied by 100 only. Using the factors defined by Oliveira et
al. (2006) the equation would now be:
% w/w = 10 x 2500 x A2 x (0.001/A1)/W = 25 x A2/A1 x W (g)
Total carbohydrate content was calculated for PHRS, SS and KS2 scallops using
the formula of Oliveira et al. (2006) (TC1) and the linear regression equation shown in
Fig. B 1 (B) (TC2). Both equations incorporate the measured absorbance of the samples.
The range of TC1 content for the samples was from 0.77% to 2.68% the range of TC2
content was 0.63% to 2.44. The range of total carbohydrate calculated by these equations
is similar and is also within the range of total carbohydrate reported for scallop muscle in
the literature.
Oliveira, A. C. M., B. Himelbloom, C. A. Crapo, C. Vorholt, Q. Fong & R. RaLonde.
2006. Quality of Alaskan maricultured oysters (Crassostrea gigas): a one-year
survey. J. Food Sci. 71(9):533-542.
Penner, M. H. 2003. Ultraviolet, visible, and fluorescence spectroscopy. In: S. S.
Nielson, editor. Food Analysis. New York, NewYork, USA: Springer. pp. 371
386.
Strickland, J. D. H. & T. R. Parsons. 1972. A practical handbook of seawater analysis.
Ottawa, Canada: Fish. Res. Board Canada. 310 pp.
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A

[glycogen mg/mL]

B

[glycogen mg/mL]

Figure B.1. Glycogen concentration calibration curve showing complete nonlinear
curve (A) and the linear portion (B).
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Table B.1.
Total carbohydrate content of purple-hinge rock scallops and weathervane scallops
from the Gulf of Alaska calculated by two equations.
PHRS A
PHRS B
PHRS C
PHRS D
PHRS E
Avg ± SD
KS2 1A
KS2 1B
KS2 2A
KS2 2B
KS2 3A
KS2 3B
Avg ± SD
SS A
SS B
SS C
SS D
SS E
SS F
SS G
SS H
Avg ± SD
WS A
WS B
WS C
WS D
WS E
WS F
WS G
WS H
Avg ± SD

Sample
weight (g)
14.8
14.9
14.9
15.4
14.8
-15.5
15.5
15.3
15.6
15.2
15.2
-15.5
15.2
15.5
15.8
15.5
15.1
15.6
15.3
-14.8
14.9
15.6
14.8
14.8
15.2
15.3
15.0
--

A1

0.558
0.558
0.447
0.558
0.449
-0.563
0.563
0.563
0.563
0.449
0.449
-0.420
0.420
0.420
0.420
0.420
0.420
0.420
0.420
-NR
NR
NR
NR
NR
NR
NR
NR
--

A2

0.540
0.391
0.322
0.684
0.251
-0.945
0.265
0.732
0.686
0.311
0.500
-0.360
0.644
0.470
0.552
0.343
0.358
0.390
0.241
---<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
<0.02
--

% TC1

1.62
1.18
1.20
1.99
0.95
1.39 ± 0.41
2.68
0.77
2.12
1.95
1.15
1.86
1.75 ± 0.69
1.38
2.47
1.78
2.08
1.31
1.40
1.47
0.93
1.61 ± 0.49
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

% TC2

1.46
1.05
0.86
1.78
0.67
1.16 ± 0.45
2.44
0.68
1.91
1.76
0.81
1.31
1.48 ± 0.68
0.93
1.69
1.21
1.42
0.88
0.94
0.99
0.63
1.09 ± 0.34
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04 ± 0.00

PHRS Purple-hinge rock scallop, KS2 Kodiak weathervane scallop 2, SS Standard weathervane scallop,
WS ‘Weak meat’ weathervane scallop, NR Not recorded, BDL Below detection limit, A1 Absorbance of
glycogen standard (0.1mg/mL), A2 Absorbance of sample, TC1 % Total carbohydrate by Oliveira et al.
(2006) equation, TC2 % Total carbohydrate by Fig. B 1 (B) regression equation.

