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A Comparison of Farmed and Wild Salmon:
Consumer Preferences, Proximal Analysis, Taste Test Panel Scores
SUMMARY
Objectives and methods: One hundred eighty nine randomly

selected patrons of the 1989 Fishermen's Harvest Fall Seafood
Festival in Newport, Oregon, participated in a survey designed to
generate the following information: 1) socioeconomic and seafood
consumption information; 2) preferences for the attributes of
fresh and frozen salmon products using self-explicated utility
analysis, and; 3) a taste test of paired samples of farmed and
captured salmon products measuring both hedonic preference and
intensity of organoleptic qualities. Limited proximal analyses
of moisture and lipid levels were performed on the taste test
samples. The study was designed to reveal consumer attitudes and
perceptions to salmon product attributes and to determine whether
behavior is consistent with professed attitudes.
Consumer preferences: The consumer panel scored condition

(quality) as the most important attribute category for salmon
products, followed by state (fresh/frozen), flesh color, and
price. Source of production (troll-caught, farmed, etc...),
packaging, and origin (geographical) were the least important
attribute categories. Species and product form were of
intermediate importance. These consumer preferences were in fair
agreement with the claimed preferences of Pacific Northwest
salmon wholesalers and retailers (see Anderson 1988). The
claimed preferences for specific attributes within those
categories strongly favored characteristics found in typical
coastal Oregon salmon products. The most preferred attributes
described a product that was: a chinook salmon, troll-caught in
Oregon, deep red/orange in flesh color, sold as fresh unpackaged
fillet product in excellent condition for $2.25 per pound.
Attribute descriptor terms: Among the six flavor attributes,

four texture attributes, and one appearance attribute used to
describe the salmon samples used in the taste test portion of the
survey, the three highest mean scores were for texture
attributes: moistness, firmness, and flakiness. Moistness,
however, along with the intermediately-scoring attributes
chewiness and flesh color (redness), appeared to have little
impact on overall enjoyment. Delicate/fresh fish flavor was the
highest scoring flavor attribute, and appeared to be the
attribute most highly associated with overall enjoyment. Fish
oil flavor and gamey flavor were both perceived as negative
attributes, and both appeared to be somewhat associated with
enjoyment.
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Consumption and acceptance of salmon products: The survey
panelists were predominantly middle class residents of coastal
Oregon counties, but were atypical relative to the entire U.S.
population in their seafood and salmon consumption, averaging 87
seafood meals per household per year, with salmon products
accounting for, on average, 38 percent of total seafood
consumption. No strong differences in salmon consumption were
found according to age, gender, income, or other socioeconomic
factors, but age did have a significant effect on the enjoyment
of the salmon samples tasted, with younger individuals scoring
higher. A stronger effect on enjoyment of the salmon samples was
found in degree of salmon consumption, with those panelists
consuming less salmon finding the samples more enjoyable.
Captured versus farmed salmon: Three fresh salmon products were
used in the taste test: captured chinook, farmed chinook, and
farmed Atlantic. Non-parametric analysis of group scores and
regression analysis found the captured chinook samples to be
significantly preferred over both the farmed chinook and farmed
Atlantic samples, while no significant difference was found
between the two farmed salmon types. When aggregated by source
of production (farmed versus captured), regression analysis and
parametric analysis of paired comparisons revealed that the
captured salmon samples were significantly preferred over the
farmed samples. While significant differences were found between
chinook and Atlantic in redness and several other attributes, no
significant difference was found in overall enjoyment.
Proximal analysis: Lipid and moisture levels were found to be
negatively correlated, a finding in agreement with other studies
(e.g., Bartos 1989). The captured chinook salmon samples were
found to differ significantly in lipid and moisture levels from
the two farmed salmon products, having higher moisture levels and
lower lipid levels. The captured chinook samples exhibited the
least variation in moisture, having significantly less variation
than farmed chinook. While most of the taste test results were
consistent with the results of the proximal analyses, it was not
clear whether the proximal differences detected in the lab were
detected on the palates of the survey panelists, or whether those
differences were expressed through the taste and texture
descriptors used in this study.
Claimed preferences versus taste test results: The taste test
results reflected the panelists' claimed preferences among salmon
products; that is, captured chinook salmon products were claimed
to be preferred over all farmed products, and the captured
chinook samples were enjoyed more than the two farmed salmon
products. However, the intensity of those claimed preferences
was not reflected in the taste test results, and in fact it was
found that the greater the claimed preference for troll-caught
chinook over farmed chinook, the lower was the difference in
enjoyment scores between the two respective salmon types.
2

Implications of results: The information generated in this study
may help salmon producers understand how their products and the
products of competitors are perceived. With regional and global
salmon markets increasingly being dominated by year-round
supplies of farmed product, information on consumer attitudes and
behavior, and relationships between organoleptic properties and
biochemical characteristics, can help capture and culture salmon
industries understand the relationship between product
characteristics and market development. This can allow salmon
producers to become pro-active rather than passive respondents to
the dynamic changes occurring in today's global salmon markets.
Specific issues explored in this study included the importance to
consumers of source of production (e.g., farmed versus captured),
the alternative strategies of standardizing or differentiating
salmon products, and how salmon producers might best respond to
the importance placed by consumers on "freshness" in salmon
products.
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Section 1. INTRODUCTION

Recent debate has centered on the safety and quality of various
forms of fresh and frozen salmon. Controversy has been
especially intense regarding the relative merits of farmed and
captured salmon. Some U.S. West Coast salmon trollers have laid
claim to the superiority of their product in national and
international seafood trade magazines (e.g., Seafood Leader
1989). Opponents of U.S. salmon aquaculture development have
questioned the quality and safety of farmed salmon. A recent
survey by Herrmann et al. (1989) of U.S. salmon wholesalers
demonstrated that while there is unanimity in the perception that
farmed salmon is more consistent than captured product in respect
to most supply characteristics, there was also consensus that
captured product had better taste and texture characteristics
than farmed product. A review by Ohaus (1989) of issues related
to the nutrition and safety of wild and pen-reared salmon
indicates that there are no known nutritional or other health
related advantages of captured salmon relative to farmed product.
Most formal analysis of market factors also does not reveal
strong relationships between farmed and captured product. For
example, Lin and Herrmann (1987) found that the cross-price
substitution effect between farmed Atlantic salmon and captured
chinook salmon, while statistically significant, was relatively
weak. Anderson (1988) found that except for the Pacific
Northwest region of the United States, troll-caught chinook was
not significantly preferred over farmed product by various
distribution and retail sectors of the salmon industry. These
preferences are especially significant since farmed product is
now competing with captured coho and chinook salmon within the
same regional and seasonal markets. This trend is expected to
continue as farmed salmon supplies increase. In 1990, world
production of farmed salmon totalled approximately 280,000 metric
tons (mt), an increase of over 200,000 mt compared to production
in 1986 (Bettencourt and Anderson 1990). This rapid expansion of
supplies, however, is one of the contributing factors in the
significant decrease (20-60 percent) in ex-vessel and farm-gate
salmon prices in 1989 and 1990. Some markets, especially in
Europe, however, are beginning to offer significantly higher
prices for relatively scarce wild Atlantic salmon (e.g., $1.60
per pound for farmed Atlantic salmon compared to $3.87 per pound
for wild Scottish or Irish Atlantic salmon - Billingsgate Market
July 6, 1992).
In order for commercial salmon fishers and aquaculturists to
effectively respond to these rapidly changing conditions, they
must first understand the production, marketing, and
institutional issues that impact (or could impact) global salmon
markets. While important for aquaculturists, these issues are
especially important for commercial salmon fishers who exercise
4

less control over product attributes than aquaculturists, and who
must contend with market problems resulting from variation in
product characteristics and constraints on seasonal supplies.
For example, if captured product has relatively superior
intrinsic organoleptic and health-related attributes compared to
pen-reared product, then these characteristics may be exploited
for market advantage. If, however, captured product has no
perceptible advantages in taste, appearance, or nutritional
qualities, then strategies designed to differentiate captured
product as superior may ultimately prove unsuccessful. Similar
to the situation characterizing many types of seasonal
agricultural products, consumers may purchase substitute products
during the off-season. If these products are perceived as
inferior, then consumers may anticipate the seasonal supplies of
superior product and offer price premiums. If however, the
substitute product demonstrates no significant disadvantage, then
price premiums and differentiated demand for the seasonal product
may erode over time.
The dynamic nature of the billion dollar global salmon industry,
however, makes the development of successful marketing strategies
a significant challenge. Contentious hypotheses may be
formulated in attempts to predict future developments. For
example, if the world salmon industry perceives that consumers
cannot readily differentiate product characteristics, then the
industry may elect to produce relatively standardized products,
marketed using generic themes. Conversely, differentiated
products and product specific promotional themes could evolve in
response to significant differences in regional or individual
preferences, and differences in site or regional specific
production factors.
However, even if differential demand was significant, the
potential gains of promoting product differences could be limited
by the opportunity costs related to economies of scale of large
seafood marketing networks. In addition, the standardization of
products and promotional themes could result in added value by
allaying the fears of health conscious consumers concerned about
product quality and confused by the promotion of different
products bearing similar labels. Alternatively, if consumers
were confident about seafood quality, they could perceive the
wide variety of seafood products as a refreshing change compared
to the relative homogeneity of other meat products. Variation in
salmon characteristics among both captured and farmed products
might then be considered an overall industry advantage if
strategically controlled and promoted.
Ultimately, the development of the salmon seafood industry will
be dependent on at least two factors, including the production
and market response of consumers, producers, and other segments
of the industry to the rapid increase in fresh and frozen salmon
supplies from aquacultural production, and the response of
5

policymakers to increasing global competition in each of the
world's major salmon producing regions.
Controlled taste tests in combination with appropriate survey
techniques can aid in the development of informed perspectives
regarding these issues. To date, only a few taste tests
comparing captured and pen-reared salmon have been conducted. At
an informal test at the Sea Fare Exposition at Long Beach,
California, cultured salmon were found superior to troll-caught
salmon (Fish Farming International 1989).
In a small formal test conducted in the Northeast United States,
Cardello and Mailer (1987) found that a 40-member untrained
consumer panel could differentiate only a single character trait
(darkness) among thirteen sensory characteristics in tests
comparing Atlantic and coho salmon.
A survey of clients at a restaurant in Vancouver, B.C. indicated
a strong preference for wild salmon over farmed salmon, but only
one in five patrons could accurately identify the two products
when served together on the same plate (Northern Aquaculture
1991).
A study by Bartos (1989) used trained and consumer panels to
compare various sensory characteristics among four frozen salmon
types, including captured chinook, captured Atlantic, pen-reared
Atlantic, and tank-reared Atlantic. The 50 person consumer panel
evaluated the four salmon types in overall acceptability,
texture, and flavor, the latter two being in terms of
'likability' rather than intensity. The scores for the four
salmon types were ranked identically in all three attributes,
with the tank-reared Atlantic scoring highest, followed by
captured chinook, pen-reared Atlantic, and captured Atlantic.
The tank-reared Atlantic salmon type was found to have an
"overall acceptability" significantly higher than all three other
types. In texture, the only significant difference was between
tank-reared Atlantic and captured Atlantic. The tank-reared
Atlantic type was significantly preferred over pen-reared and
captured Atlantic in flavor.
These types of taste tests, in conjunction with information on
market demand and consumer behavior, can aid producers in
developing improved marketing strategies and in providing policy
groups with more realistic perspectives. By understanding the
degree consumers respond to product attributes, industry and
policy groups can more effectively react to the increasingly
competitive and dynamic market conditions that may prevail during
the coming decade, develop appropriate strategies, and avoid
counter-productive internecine marketing warfare.
The remaining portion of this paper discusses a recently
conducted preference and taste test comparing fresh farmed and
6

captured salmon. Procedures and research methods are summarized
and implications for developing marketing strategies are
illustrated. The data are analyzed to show whether experienced
and inexperienced salmon consumers can detect and project their
taste preferences for different fresh salmon products, and
whether consumers are consistent between their stated preferences
and preferences measured through taste test analysis.
Socioeconomic information is combined with taste test and nontaste test preference information in order to evaluate and test
various hypotheses regarding consumer attitudes and behavior.
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Section 2. RESEARCH DESIGN
While consumer taste and appraisal tests can generate potentially
useful information, these types of experiments are difficult to
control. Generally the high costs and complicated logistics of
these types of tests and inherent difficulties related to
experimental design and variable control can often lead to
statistically invalid results. These problems are compounded by
the complex nature of the food sensory process, which is not only
influenced by the characteristics of the sampled product, but by
the state of the observer.
In this research, five factors mitigated these types of problems:
1) there was a relatively large number of panelists (n=189);
2) participants were not considered representative of the state
or national population; 3) the salmon used in this test were not
assumed to represent typical farmed or captured salmon products;
4) the experiment's design was not limited to testing whether
consumers preferred either pen-reared or captured salmon, but
whether consumers could differentiate and project their
preference levels for salmon product attributes, and; 5) the
measurement of attribute levels using the consumers' stated
preferences, combined with other information on each consumer's
socioeconomic status and pre-taste test preferences, provided an
extensive data set for testing alternative hypotheses.
The tests were conducted at the Fishermen's Harvest Fall Seafood
Festival held the weekend of October 13-15, 1989 in Newport,
Oregon. Salmon samples were provided at a booth representing the
Coastal Oregon Marine Experiment Station and Oregon State
University. Participants in the survey were randomly selected
from the 7,500 Festival patrons within a few minutes of their
entrance into the building. This strategy helped reduce the
number of survey participants who may have ingested food and
drink and reduced their palatine and cerebral sensitivities.
Survey participants were then brought into a semi-enclosed booth
where the survey was administered. The survey was composed of
three sections which were designed to generate the following
information: 1) socioeconomic and seafood consumption
information; 2) preferences for the attributes of fresh and
frozen salmon products using self-explicated utility analysis,
and; 3) a taste test of paired salmon samples measuring both
hedonic preference and intensity of organoleptic qualities.
A randomized experimental block was used in the design of the
taste test section of the survey. Samples were color coded in
the laboratory and all survey participants, including cooks and
surveyors, were unaware of the source of each sample. Three
groups of fresh, unfrozen salmon from three different regions
were compared, including pen-reared chinook (Oncorhynchus
tschawytscha), troll-caught chinook, and pen-reared Atlantic
8

(Salmo salar). Each group of salmon was harvested and shipped
directly from the producer within 72 hours of the time that the
survey was initiated. Each fifty pound lot of fish consisted of
five to seven fish averaging seven to ten pounds apiece. A
representative sub-sample of each group was analyzed for moisture
and lipid content. Funding constraints, however, limited the
extent of chemical analysis. The salmon samples were quartered
from one inch steaks and cooked by microwave for 15 seconds per
ounce of fish. The samples were cooked plain without the
addition of any spice, sauce, or oils. Inter-group comparisons
of the three salmon types were accomplished through paired blind
taste tests. The taste test design also allowed for comparisons
of samples from different body regions of each individual fish.

Eleven organoleptic qualities were selected for testing. These
traits were selected from a list of 27 traits developed by
Cardello and Mailer (1987). Preliminary taste tests of coho and
chinook using a twenty member panel from the Marine Science
Center in Newport, Oregon, were conducted in order to determine
which of these 27 traits should be included for testing.
Organoleptic traits which scored greater than an average of 2.0
on a seven point intensity scale for any salmon species on either
the tests conducted at the Marine Science Center or the salmon
taste tests conducted by Cardello and Mailer were selected for
evaluation in this research.
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Section 3. SOCIOECONOMIC AND SEAFOOD CONSUMPTION RESULTS
3.1 Summary Statistics

Results from the socioeconomic and seafood consumption sections
of the survey ("Part I" of the questionnaire attached as an
appendix) are summarized in Table 3.1. The typical (mean)
respondent was most likely to be a coastal Oregon resident 42.5
years in age, living in a household of 2.4 members, and receiving
an annual income of $33,500. He/she considered himself/herself a
professional with at least some college education. The typical
respondent claimed that he/she consumed seafood 87 times per
year. At an average serving size of six ounces, the typical
respondent consumed over 32 pounds of seafood per year, which is
more than twice the 1988 per capita U.S. average of 15 pounds
(NMFS 1989). The primary source of seafood was supermarkets
(45.9 percent). Of the total amount of seafood consumed, 38
percent, or approximately 12 pounds, was comprised of fresh or
frozen salmon. Of this amount, approximately 5.3 pounds were
consumed in restaurants.

Table 3.1 Socioeconomic and Seafood Consumption Results (N=184)
Response

Ouestion

78%
21%
1%

State of
residence

Oregon
Other U.S. states
Other nations

County of
residence

Oregon coastal counties 66%
34%
Inland Oregon counties

Household members

Mean:

Household income

Mean:

Profession

Professionals
Retired
White collar
Blue collar
Unemployed
Homemakers
No response

(continued...)

1 sd = standard deviation
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2.42

(sd1=1. 18)

$33,500 (sd=15,800)
46%
20%
11%
15%
3%
3%
2%

Table 3.1 ...continued
Education

High school or less
Some college
College degree

23%
35%
37%

Gender

Male
Female

56%
44%

Age

Mean:

42.5 years
(sd=14.2)

Number of family
members under 12 years
of age

Mean:

0.56
(sd=0.97)

Responsibility for
household seafood
purchases

Responsible
Not responsible

Household seafood
consumption

Mean:

Source of
consumption

Supermarkets
Restaurants
Retail fish markets
Recreational fishing
Dockside purchases
Other

Percentage of seafood
consumption as fresh
or frozen salmon

Mean:

38%
(sd=30.96)

Percentage of fresh
salmon in
restaurants

Mean:

16.8%
(sd=23.56)

Percent less salmon panelist
would buy with 50% increase
in price

Approx.
Mean:
50% Less

Percent more salmon panelist
would buy with 50% decrease
in price

Approx.
Mean:
40% More

Recent retail price paid
for fresh salmon

Mean:
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82%
18%

87.23 meals/year
(sd=62.9)

$4.56/lb
(sd=1.97)

45.9%
18.5%
10.5%
13.5%
3.0%
8.6%

A large proportion of respondents claimed responsibility for the
majority of seafood purchasing decisions (82 percent). Gender
appeared to have little to do with that responsibility, as 81
percent of the males and 86 percent of the females claimed that
responsibility (gender information was collected on only 97 of
the 189 respondents; 56 percent were male and 44 percent were
female). There may be several explanations for the high
percentage of claims to seafood purchasing responsibility: 1)
Any respondents who were single heads-of-househo ld were very
likely to claim responsibility; 2) the festival may have tended
to attract those people with more seafood purchasing
responsibility; 3) there may have been some sampling bias whereby
those persons with purchasing responsibility were more likely to
have participated in the survey (e.g., within a couple attending
the festival, the non-purchaser may have been less likely to
agree to participate in the survey), and; 4) the high claimant
percentage may have been an effect of people tending to claim
more responsibility than deserved.
These results indicate that the participants at the festival were
predominately local middle class residents. They were not
typical of most Americans, however, due to the large amounts of
seafood which they claimed to consume. Their mean annual salmon
consumption alone equalled 80 percent of America's average per
capita seafood consumption in 1988. While this large amount of
consumption may indicate some survey bias, it may also indicate
that the festival attracted patrons who enjoyed seafood more than
the average consumer. The high level of salmon consumption may
reflect that the capture salmon industry is a major Oregon
coastal industry, that fresh salmon is available six months
during the year, and that salmon is a traditional food along the
Oregon coast.
3.2 Relations Among Socioeconomic and Seafood Consumption Data:

Image Analysis (1988) found through a telephone survey with 402
Oregon residents that salmon consumption increased with income,
and that salmon was most popular among people aged 45 to 54 and
with household incomes exceeding $35,000. Sixty one percent of
the study's female respondents ate seafood at least once per
week, compared with 49 percent of the males. Salmon was found to
be equally popular between the sexes.
The relations among the responses to the socioeconomic and
seafood consumption questions in this survey were explored via
correlation analysis and comparisons of group means using t-
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tests. 2 The results are summarized below.
No significant differences between Oregon residents and nonOregon residents were found in seafood consumption, salmon
consumption, percentage of seafood consumption as salmon, or
percentage of salmon consumption purchased in restaurants (note,
however, that only 42 non-Oregonians were surveyed). NonOregonians did, however, pay a significantly higher retail price
on average for fresh salmon: Oregonians paid an average of $4.30
per pound while non-Oregonians paid $6.10 per pound (t=2.51*).
In contrast with the survey results of Image Analysis (1988),
income was not found to be significantly correlated with salmon
consumption. At least along the coast of Oregon, then, salmon
may not be a price-restrictive specialty product; those that like
salmon eat it, regardless of their means, perhaps because it can
be obtained from sources other than restaurants and retail
outlets.
Among the seafood consumption responses, there were several
correlations of note: The percentage of salmon consumption from
restaurants was negatively correlated with the percentage of
seafood consumption recreationally-caught (-.29**). There was a
negative correlation between the percentage of seafood
consumption purchased in restaurants and the percentage of
seafood consumption as salmon (-.22**), indicating that those
consuming more seafood in restaurants did not "target" salmon.
It might be expected, then, that those eating more seafood as
salmon might have tended to obtain their seafood (heavy in
salmon) from sources other than restaurants. That appears to be
the case, as recreational fishing was the only one of the other
sources correlated with percentage of seafood as salmon (.26**).
This suggests that recreational fishers tended to target salmon.
The relationship is supported in that salmon consumption per year
was also correlated with percentage of seafood consumption
recreationally-caught (.23**). It therefore appears that not
only did households containing recreational fishers consume more
salmon in absolute terms than did non-fisher households, but they
also consumed more salmon as a proportion of total seafood
consumption.

2 Here and throughout these results, the correlation
coefficients given (r) are Pearson product-moment correlation
coefficients (see Hawkins and Weber 1980). Unless otherwise
indicated, probability levels associated with all reported
statistics are two-tailed and are denoted with asterisks
according to the following: alpha=0.05 (*) and alpha=0.01 (**).
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Section 4. RESULTS OF SELF-EXPLICATED PREFERENCES SURVEY
4.1 Summary Statistics:

In the second section of the survey ("Part II" of the
questionnaire attached as an appendix), individuals were asked to
score their preferences for a number of salmon product attributes
using a self-explicated utility format similar to that used by
Anderson (1988). Figure 4.1 shows the scoring of nine attribute
categories that could be of importance to consumers in purchasing
and consuming fresh and frozen salmon products. A score of seven
indicated that the category was "very important" to the consumer;
a score of 3.5 meant that the category was "somewhat important;"
and a score of zero "not important." The respondents also had
the choice of selecting "not relevant" (or category unknown) for
each question, which would then have been treated as a missing
value.3
In general, all categories were found to be at least "somewhat
important" (mean score = 4.5). The "condition" category, which
included the characteristics of shelf life, smell, and appearance,
scored the relatively highest level of importance and lowest
variation (s.d. = 1.15). The mean for "condition" (6.2) was
found to be significantly higher than all other attribute
categories except "state" (5.6), which described whether the
product was fresh or frozen. The lowest scoring attribute
categories were "source of production" (3.2), "packaging" (3.8),
and "origin" (3.9). The high standard deviation (s.d. = 2.48)
for "source of production" indicated there was little consensus
about the importance of this category relative to alternative
categories. "Price" was relatively important, and only
significantly less important than "condition." The relatively
high ranking for the "color" category may indicate that flesh
color is not only important for its aesthetic value, but is
important as an indicator of salmon quality.

3 The homogeneous groups indicated in Figure 4.1 and
subsequent multiple comparisons were obtained using Tukey-Kramer
range analysis after a standard F test. The method is based on
the distribution of "Q," or the studentized range, which in
effect adjusts the confidence interval for each group such that
the level of confidence applies simultaneously to all possible
comparisons, not just one comparison. (see Ramsey and Schafer
1991).
14

Condit. State Color Price Spec. Form Origin Pack. Source
125
138
130 135
138
138 137
128 139

Figure 4.1 Mean preference scores of attribute categories.

Horizontal bars indicate homogeneous groups (alpha=.05);
F=28.74 (p<.001). Numbers under each vertical bar indicate
response.

The scores for product categories may be transformed into a 100based score index (100 = very important; 0 = not important) and
compared to the scores which Anderson (1988) found when he
evaluated the category preferences of salmon wholesalers and
retailers in the Pacific Northwest. These findings are
summarized in Table 4.1. Both consumers and
wholesalers/retailers scored the attribute categories in
approximately the same order of relative importance. "Condition"
(quality) and "state" (fresh/frozen) scored most important;
"packaging," "origin," and "source of production" scored least
important. Consumers and wholesalers/retailers scored relatively
close in their evaluation of the importance of attribute
categories (mean score difference = 9.2), indicating that
wholesalers and retailers had a relatively good understanding of
the desires of consumers regarding salmon product
characteristic
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Table 4.1 A Comparison of the Relative Importance of Product
Attribute Categories for Fresh and Frozen Salmon Among
Consumers and Seafood Wholesalers and Retailers in the
Pacific Northwest U.S.
Category

Consumers

Wholesalers/Retailers°

Condition (Quality)

88

93

State (Fresh/Frozen)

81

77

Color

71

75

Price

70

76

Species

64

74

Product Form (Cut)

58

76

Origin (Region)

56

49

Packaging

56

38

Source of Production

46

57

Figures 4.2 through 4.9 summarize the preference attribute scores
for each attribute within each of the nine attribute categories.
Note that the "state" and "condition" categories were combined in
a single "state/condition" category. The results of Tukey-Kramer
range analysis for multiple comparisons are again represented by
the horizontal bars indicating homogeneous groups (alpha=0.05).
The right hand scale on each figure measures the weighted score,
which is the attribute's mean score multiplied by the category's
mean score. A weighted score of 25 would be interpreted as
moderately preferred. A score of 49 (the highest possible score)
would be interpreted as highly preferred. For those attribute
choices in which consumers hold not only a lower relative
preference, but also an absolute negative preference, this
weighting technique would, however, scale the weighted scores in
the wrong direction. This might be true of an attribute choice
such as "fresh, poor condition" which may generate negative
rather than positive utility. Given that such disutility
4 Results from Anderson (1988)
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attributes may exist, preference scores could be made more
accurate by using scoring scales which include a negative range.
In the species category (Figure 4.2), chinook was significantly
preferred over all other species. In turn, coho was preferred
over the remaining species. This result is similar to the
findings of Anderson (1988) who found that Northwest U.S.
wholesalers and retailers preferred coho and chinook salmon to
other salmon species. More than 40 percent of the survey
respondents did not recognize that some species, such as Atlantic
salmon, which dominates the fresh salmon market worldwide, were a
species of choice. This result may indicate that Atlantic salmon
are not sold by many Oregon coastal retail outlets; or it may
indicate that festival patrons purchase and consume only during
traditional seasons when farmed Atlantic salmon are not
available. Sockeye was intermediate both in mean score and in
number of responses. Note that across all five species, the mean
score increased with the number of respondents.

Figure 4.2 Mean preference scores for species. Weighted scores

on right-hand scale ("species" score=4.16). Horizontal bars
indicate homogeneous groups (alpha=.05); F=73.30 (p<.001).
Numbers under vertical bars indicate response.
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In the source category (Figure 4.3), troll-caught salmon were
significantly preferred over salmon captured by other types of
gear and salmon produced using aquacultural techniques. This
result is not unexpected since most of the salmon sold along the
Oregon coast are captured using trolling techniques. No
significant preferences were found among the remaining four
sources. The low score for ranched salmon relative to trollcaught was somewhat surprising since a number of relatively large
salmon ranches are located along the Oregon coast. The low score
may reflect the fact that a significant proportion of harvested
ranched salmon are sexually mature fish that have ceased to feed,
resulting in a lower fat content and the paling of the flesh from
dark red/orange to pale pink and white. It might also indicate
that ranched salmon are not processed or handled very carefully.
This category also had a relatively large number of individuals
that did not recognize many of the alternative attribute choices,
a result consistent with the findings of Anderson (1988).

Figure 4.3 Mean preference scores for source. Weighted scores

on right-hand scale ("source" score=3.20). Horizontal bars
indicate homogeneous groups (alpha=.05); F=40.32 (p<.001).
Numbers under vertical bars indicate response.
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In the origin attribute category (Figure 4.4), Oregon was
significantly preferred over other locations, including the West
coast and Alaska. Conversely, Chile, Europe, and New Zealand
were the least preferred attribute choices among all attributes
in all categories. These results were also consistent with the
research by Anderson, who found that not only did U.S. West Coast
wholesalers, retailers, and restaurant chefs prefer West Coast
salmon (Anderson included no "Oregon" category), but so did New
England retailers and Japanese firms exporting to Japan.
However, besides indicating a pure "consumer" preference, the
very low scores for salmon originating from outside the West
coast of North America may also represent the concern of local
residents over the impact of imported products on the viability
of the regional salmon industry.

Oregon W.Coast Alaska Canada NewZeal Europe Chile
88
87
130
124
123
103
90

Figure 4.4 Mean preference scores for origin. Weighted scores

on right-hand scale ("origin" score=3.86). Horizontal bars
indicate homogeneous groups (alpha=.05); F=227.11 (p<.001).
Numbers under vertical bars indicate response.
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Figure 4.5 summarizes the preference results for the
state/condition category, where "1" indicates excellent
condition, "2" indicates moderate condition, and "3" indicates
poor condition. "Fresh salmon in excellent condition" (no
discoloration, eight day shelf life, no cuts or abrasions, no
odor) was significantly preferred over salmon of lesser
condition. However, there was no significant difference between
fresh salmon in moderate condition (some discoloration, minor
abrasions, five day refrigeration life, minor odor) and frozen
salmon in excellent condition (no discoloration, no abrasions, no
odor, six month freezer life). This finding suggests that
consumers may believe that the sensory attributes (appearance,
taste, texture) of frozen salmon in excellent condition are not
appreciably different than the sensory attributes of fresh salmon
in moderate condition. It also indicates the strong preference
by consumers for a fresh over frozen product of otherwise
comparable quality.

Figure 4.5 Mean preference scores for state/condition.
Weighted scores on right-hand scale ("state/cond." score=5.91).
Horizontal bars indicate homogeneous groups (alpha=.05);
F=141.64. Numbers under vertical bars indicate response.
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In the form category (Figure 4.6), fillets and steaks scored
highest, but were not preferred over "whole, without head" at a
significant level. Pan-sized whole salmon scored significantly
lower than all other forms.

Figure 4.6 Mean preference scores for form. Weighted scores

on right-hand scale ("form" score=4.14). Horizontal bars
indicate homogeneous groups (alpha=.05); F=26.55 (p<.001).
Numbers under each vertical bar indicate response.
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Both salmon with deep red/orange color and moderate red/orange
color were significantly preferred over pale pink/orange salmon
(Figure 4.7). Deep red/orange out-scored moderate red/orange by
over one half a point, but the difference was not statistically
significant.

Figure 4.7 Mean preference scores for color. Weighted scores

on right-hand scale ("color" score=4.96). Horizontal bars
indicate homogeneous groups (alpha=.05); F=13.79 (p<.001).
Numbers under each vertical bar indicate response.
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Each price within the price attribute category out-scored the
lower adjacent price (Figure 4.8). All differences were
significant except the difference between the highest two prices
and the difference between the lowest two prices.

$2.25
106

$3.50
105

$4.75
104

$6.00
100

$7.25
102

$8.50
103

Figure 4.8 Mean preference scores for price (in $/lb).
Weighted scores on right-hand scale ("price" score=4.85).
Horizontal bars indicate homogeneous groups (alpha=.05);
F=103.11. Numbers under each vertical bar indicate response.
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In the packaging category (Figure 4.9), unpackaged salmon was
significantly preferred over packaged salmon. Possibly, packaged
salmon is identified by consumers as relatively low quality
product, or alternatively, consumers may prefer to inspect their
product before purchase.

Figure 4.9 Mean preference scores for packaging. Weighted

scores on right-hand scale ("packaging" score=3.80). Horizontal
bars indicate homogeneous groups (alpha=.05); F=111.16
(p<.001). Numbers under vertical bars indicate response.
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For those attribute choices associated with positive utility, the
weighted scores in Figures 4.2 through 4.9 can more accurately
reflect relative attribute preferences. Clearly, fresh salmon in
excellent condition commands the highest relative weighted score
(40.1) among all attribute choices. Attribute choices scoring
between 20 and 30 included chinook, Oregon, West Coast, freshmoderate condition, frozen-excellent condition, moderate
red/orange, deep red/orange, $2.25/1b, $3.50/1b, and unpackaged.
Attribute choices scoring less than 10 points included seine,
gillnet, farmed, ranched, Europe, Chile, New Zealand, fresh-poor
condition, $7.25/1b, and $8.50/lb. The total weighted score for
the most preferred product (a chinook salmon, troll-caught in
Oregon, deep red/orange in flesh color, sold as fresh unpackaged
fillet product in excellent condition for $2.25/1b) was 203
points. As a comparison, the least preferred product (a
gillnetted Atlantic salmon from Chile in unfrozen, poor condition
sold as a packaged, pale pink/orange, whole pan-sized product at
$8.50/lb) totalled only 83.5 points. Non-coincidentally, the
most preferred product is quite commonly found in Oregon (except
for price, which averages $2-$3 higher at the retail level).
4.2 Relations Among Preferences Data:

Although there were significant correlations (p<.05) among
numerous of the preference attribute categories and the specific
attributes, few of the correlations were strong (Pearson
coefficients rarely exceeded 0.35). The correlations described
in this section do not include all of the observed correlations
of significance, but only those that suggest trends of possible
interest - correlations that might indicate market segmentation,
for example.
Table 4.2 shows the matrix of correlation coefficients among the
nine preference attribute categories (listed in descending order
of importance).
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Table 4.2 Correlations Among Preference Attribute Categorises

1
2
3
4
5
6
7
8
9

Condition
State
Color
Price
Species
Form
Origin
Packaging
Source

6

2

3

4

5

.28**
.12
.21*
.14
.17

.14
.05
.23*
.22*
.37**

.23**
.36**
.26**
.26**

.16
.17
.34**

.12
.28**

.16

.19*

.21*

.39**

.20*

.24**

.05

.29**

.26**

.12

.40**

.07

1
.16

.16

8

7

.30**
.28**

.18*

Condition, the most important attribute category, was
significantly correlated with only two other categories, color
and species. It was not correlated with state - the secondhighest scoring category and the category with which condition
had been combined in the specific attribute questions. Most of
the remaining categories, on the other hand, were generally
inter-correlated. This multitude of significant but not strong
correlations (and lack of negative correlations) is probably
primarily indicative merely of scoring behavior (e.g., one
respondent tended to score all categories relatively high while
another tended to score everything relatively low). However, the
paucity of correlations between condition and the other attribute
categories hints at the possibility of segmentation among the
panelists; that is, those that found condition very important may
have tended to find few of the other attribute categories
important, while those that found condition less important may
have found several of the other categories to be very important.
This hypothesis is further explored in Section 5, where relations
between panelists' preferences and their socioeconomic and
consumption responses are examined.
Between the attribute categories and the specific attributes,
there were a few correlations of interest: Species was
correlated with troll-caught (.32**), deep red/orange color
5 Here and throughout these results, the correlation
coefficients given (r) are Pearson product-moment correlation
coefficients. Unless otherwise indicated, probability levels
associated with all reported statistics are and are denoted with
asterisks according to the following: alpha=0.05 (*) and
alpha=0.01 (**).
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(.32**), coho (.25**), chinook (.25**), West Coast (.18*), and
whole-head-on-dressed-61bs (.29**). These attributes describe
typical products captured off the Oregon Coast. Those
individuals that found species important preferred coho and
chinook, and preferred them captured and whole. Condition - the
most important category - was correlated only with sockeye
(.28**) among the species. To no surprise, condition was also
positively correlated with the best of the fresh conditions
(.22*) and negatively correlated with the moderate and poor fresh
conditions (-.21* and -.25**).
Correlations among the specific preference attributes were
examined, beginning with the attributes that described the mostpreferred product (Oregon troll-caught salmon, deep red/orange in
flesh color, sold as fresh unpackaged fillet product in excellent
condition for $2.25). Table 4.3 shows the matrix of correlations
among the eight attributes describing the most preferred product.

Table 4.3 Correlations Among Most Preferred Attributes
1
1
2
3
4
5
6
7
8

Chinook
Troll
Oregon
Frsh/Exc.
Fillet
Deep Red
$2.25/lb
Unpack.

.27**
.28**
.13
.09

.21*
.03
.18*

2

3

4

.29**
.19*
.08
-.08
-.06
.17
.20
-.04
.22*
.03
.05
-.06
.28** .38** .10

5

6

7

.08
-.01
-.03

.04
.05

.27**

Unpackaged, Oregon, troll-caught, and chinook were all
significantly inter-correlated. Interestingly, fresh/excellent
condition - the highest scoring attribute - was not strongly
correlated with the remaining most-preferred attributes, again
suggesting that those panelists finding Oregon troll-caught
chinook so desirable may not have been the same as those finding
freshness so important. However, locally-purchased Oregon trollcaught chinook is probably at least as likely to be found fresh
and in excellent condition as any other salmon product. One
possible explanation is that state and condition may not
necessarily have been unimportant to those preferring Oregon
troll-caught chinook, but rather that the state and condition of
the product may never have been issues to be concerned with their preferred product may have always been available fresh and
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in excellent condition. $2.25/lb was correlated only with
unpackaged, suggesting that unpackaged product might be preferred
over packaged at least in part for its lower price (assuming that
unpackaged product fetches a lower price than packaged product).
Other correlations of interest included: The two most-preferred
species, coho and chinook, were correlated with each other
(.23**), while the remaining three species were inter-correlated.
The two lowest scoring species, chum and Atlantic, were highly
correlated (.60**), while sockeye was moderately correlated with
both chum (.39**) and Atlantic (.32**). Like chinook, coho was
correlated with troll-caught (.36**) and Oregon (.33**).
Atlantic and chum were both correlated with Canada, Europe, Chile
and New Zealand (**), all of which were less-preferred
attributes. Atlantic was also correlated with farmed (.34**) and
ranched (.41**). Sockeye was not correlated with any particular
sources, but was correlated with West Coast (.22*) and Alaska
(.36**). Chum was most strongly correlated with gill-netted
(.42**) among the sources.
For each of the three fish types represented in the taste test
portion of this study, a "weighted and summed" preference score
from each respondent was computed. The score of each appropriate
attribute from each of the three relevant categories (origin,
species and source) was weighted by its category score and the
three weighted scores were summed. The three fish types used in
the taste test survey were: 1) troll-caught chinook, 2) farmed
chinook, and 3) farmed Atlantic.' All fish samples used in the
taste test were fresh and in steak form, so the scores of these
categories were not included in the computation. Color, price
and packaging were also not included. The mean "weighted and
summed" preference scores for the three fish types are shown in
Figure 4.10 (out of a possible 147 points). Troll-caught chinook
was significantly preferred over the two farmed types, and farmed
chinook was significantly preferred over farmed Atlantic salmon.
These scores are further analyzed in Section 9, where the
relationships between the panelists' claimed preferences and
their taste test scores are examined.

6 Information about source of the salmon samples by country
or region remains confidential.
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Figure 4.10 Mean "weighted and summed" preference scores. 149
points possible. Horizontal bars indicate homogeneous groups
(alpha=.05). Numbers under each vertical bar indicate response.
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Section 5. RELATIONS BETWEEN SOCIOECONOMIC/CONSUMPTION AND
PREFERENCES DATA

Correlations between the socioeconomic and consumption data and
the self-explicated preferences data can provide information on
how various segments of the population differed in their
weighting of the various salmon attributes.
In its telephone survey of Oregon residents, Image Analysis
(1988) found that "freshness" was the most important attribute
considered when shopping for seafood. "Price" and "quality" were
found to be somewhat important. Freshness was found to be more
important to women than to men (and women were found to eat
seafood more often than did men). Price was more important to
women, homemakers, younger households, and residents of the
Willamette Valley.
In this study, an important correlation was found between gender
and source of production, indicating that men found source
significantly more important than did women (t=3.65**). This
finding is especially important in examining whom in the
household is making the seafood purchasing decisions. Over 80
percent of both men and women claimed responsibility for those
decisions, suggesting the existence of two distinct markets. The
only other preference attribute correlated with gender was
Canada, with women tending to find Canada a more preferred
origin than men (t=3.98**).
Age was related with several of the preference attributes.
Younger respondents tended to prefer salmon from Europe (-.42**)
and Chile (-.42**) more than did older respondents, while older
respondents tended to prefer chinook (-.27*). Age relationships
may indicate changing trends, and these results suggest that an
established preference for local products among older individuals
may be giving way to preferences for or acceptances of imported
products among younger people. The trend could reflect changes
in price, availability, or quality of the various products, or it
could indicate changes in buying behavior, such as a relaxing of
product loyalty or increasing experimentation among younger
consumers.
Education was not found to be significantly correlated with any
preference attributes. Income was correlated with several of the
price attributes ($6.00/lb at .38** and $7.25/lb at .43**), as
well as with the price category itself (-.30*), all of which
indicate that those with higher incomes were less concerned with
price, and had a higher willingness to pay more. Income was
correlated with the "percent less salmon one would purchase with
a salmon price increase of 50 percent" (-.27*), also indicating
that the demand functions for those with higher incomes were less
elastic than those for respondents with lower incomes.
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The two questions concerning family size, "number of household
members" and "number of household members under the age of
twelve," were found to be related with only the condition
attributes. The number of family members was correlated with the
two poorer of the three fresh conditions (.36** and .25* for the
lowest condition) and the poorer of the two frozen conditions
(.29*). The number of household members under the age of twelve
was correlated with the poorest of the fresh conditions (.28*)
and the poorer of the two frozen conditions (.37**). The larger
households, then, were less concerned with condition. One might
suppose that price would also be part of the relationship, with
larger households perhaps being on tighter budgets and perhaps
finding price more important than smaller households, but neither
of the questions concerning household size were correlated with
any of the price attributes. This suggests that perhaps larger
families were less concerned with condition simply because
children were less discerning about quality/condition than
adults, and adults tended to choose not to pay more for products
whose superior quality may not have been discernable to their
children.
Differences in preferences between Oregonians and non-Oregonians
were revealed in several attributes. Oregonians found origin
(t=2.37*), price (t=2.20*), and packaging (t=2.18*) more
important than did non-Oregonians. Oregonians also preferred
steaks (t=2.80**) and ranched salmon (2.06*) more than did nonOregonians.
The two questions in the first section of the survey that
explored the importance of price, or the elasticity of demand
with respect to price, revealed nothing striking with regard to
the preference attributes. However, the "percent more salmon one
would buy with a 50 percent decrease in price" was correlated
with the price category (.35*). This indicates that those who
claimed to find price important were more responsive to decreases
in price (but not necessarily to increases in price) than those
finding price to be less important.
Retail price paid for fresh salmon was correlated only with
steaks (.33**) and coho (-.28*), so those preferring salmon in
steak form tended to pay more for their salmon than those
preferring other forms, and those preferring coho tended to pay
less than those preferring other species.
Annual seafood consumption was correlated with species (.19*),
coho (.30**), source (.20*), form (.17*), and unpackaged (.19*).
These correlations, though rather weak, suggest that those
consuming more seafood tended to weight species, source, and form
more heavily than did others, and preferred unpackaged salmon
products. Annual salmon consumption was similarly positively
correlated with species (.28**) and coho (.26**).
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Both species (.21*) and coho (.32**) were correlated with the
proportion of seafood obtained from recreational fishing. The
latter was also correlated with source (.22*), origin (.24**),
and steaks (-.26**), suggesting that households containing or
relying on recreational fishers found the source and origin of
salmon products to be important and preferred steaks less than
did other households. Those relying more on restaurants for
their salmon, on the other hand, preferred ranched products
(.21*), products from Canada (.27**), and steaks (.19*). The
other listed sources for salmon - supermarkets, fish markets,
dockside, and "other sources" - were found to be significantly
correlated with few of the preference attributes. The proportion
of seafood obtained from supermarkets was correlated with sockeye
(.20*) and Alaska (.21*), and the proportion of seafood obtained
from dockside was correlated with whole-head-on-dressed-61bs
(.24**) and negatively correlated with state (-.20*).
Eighty two percent of the survey respondents claimed
responsibility for the majority of seafood purchases. It was
found that those respondents claiming responsibility for seafood
purchases were more concerned with price (t=2.25*), preferred
chinook (t=2.21*), preferred the best of the three fresh
conditions (t=2.55*), and scored the worst of the three fresh
conditions lower (t=2.74**) than did those individuals not
responsible for seafood purchases.
The "weighted and summed" preference scores for each of the three
fish types used in the taste test (see Section 4.2) were examined
in relation with the socioeconomic and consumption data,
revealing one correlation of note: the "weighted and summed"
preference score for troll-caught chinook was positively
correlated with the proportion of seafood obtained from
recreational fishing (.26*). That is, those individuals that
relied more on recreational fishing for their seafood tended to
prefer captured chinook more than did other respondents.
Recreational fishing was also correlated with coho (.32**).
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Section 6. SALMON TASTE TEST SURVEY
6.1 Experimental Design

Three types of fresh salmon were used in the taste test
experiment: 1) captured chinook salmon (Oncorhynchus
tschawytscha) (abbreviated below as CC); 2) farmed chinook salmon
(FC), and; 3) farmed Atlantic salmon (Salmo salar) (FA).
A randomized experimental block was used in the test design, with
each panelist tasting two of the three fish types. For each of
eleven flavor and texture attributes, as well as for "overall
enjoyment," each panelist scored each of the two salmon samples
on an integral scale from zero to seven (see "Part III" of survey
questionnaire attached as appendix). The number of cases for
each of the paired comparisons is given below. Note that intragroup comparisons were accomplished for the captured chinook
group only.
Captured Chinook
Captured Chinook
Farmed Chinook
Farmed Atlantic

Farmed Chinook

16
43
41

39

Within each fish type, three individual fish were used (five
captured chinook fishes were actually used, but two of those were
used exclusively in the intra-group comparisons).
Each of the fish within the three fish types was arbitrarily
numbered, as shown below; these numbers are occasionally referred
to in this report. Table 6.1 below summarizes the number of
paired comparisons between each of the individual fish.

Table 6.1 Number of Paired Comparisons by Fish Type and Number
CC4 CC5
CC4
CC5
FC1
FC2
FC3
FA1
FA2
FA3

CC1 CC2 CC3 FC1

FC2 FC3

4
8

4
29

14
31
10
12
33
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6.2 Results of Taste Test Survey
6.2.1 Kean Attribute Scores Over All Comparisons:

The mean scores of each of the twelve enjoyment, appearance,
taste, and texture attributes (not categorized by fish type) are
given in Figure 6.1.
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Figure 6.1 Mean attribute scores over all fish types.

Horizontal bars indicate homogeneous groups (alpha=.05);
F=77.78 (p<.001). Numbers under each vertical bar indicate
response.

Legend:
Attribute

Std Dev

N

Missing Cases

OVERALL ENJOYMENT

1.80

327

1

1

1.57
1.58
1.60
1.92
1.62
1.72
1.95
2.14
2.25
2.09

316
312
314
315
314
311
317
316
318
320

12
16
14
13
14
17
11
12
10
8

2.28

319

9

2
3

4
5
6
7

8
9
10
11

MOISTNESS
FIRMNESS
FLAKINESS
DELICATE FLAVOR
FLAVOR INTENSITY
REDNESS
CHEWINESS
SWEET FLAVOR
BUTTERY FLAVOR
FISH OIL FLAVOR
GAMEY FLAVOR
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The three highest mean scores were received by three of the
texture attributes, with MOISTNESS scoring highest, followed by
FIRMNESS and FLAKINESS. Among the flavor attributes,
DELICATE/FRESH FISH FLAVOR and FLAVOR INTENSITY scored highest,
while SWEET FLAVOR and BUTTERY FLAVOR scored at moderate levels.
GAMEY FLAVOR and FISH OIL FLAVOR were the only attributes that
scored substantially lower than the scale midpoint of 3.5; they
also scored significantly lower than all other attributes.
REDNESS, the only appearance attribute, scored moderately with a
mean of 3.94.
The standard deviations of the attribute scores tended to
increase with decreasing mean score, and ranged from 1.57 for
MOISTNESS to 2.28 for GAMEY FLAVOR. The variances in the scores
may have reflected the variance among samples in the physical
characteristics responsible for each of the sensory attributes
(e.g., perhaps the fish samples were more uniform in moisture
content than in the physical characteristic that made them taste
buttery), or, perhaps the variance may have been an indication of
the degree to which the attribute labels were uniformly
interpreted (e.g., perhaps there was better agreement among the
panelists as to the meaning of the term MOISTNESS than of the
term BUTTERY FLAVOR).
6.2.2 Relations Among Taste Test Attributes:

The relationships among the sensory attributes and overall
enjoyment were explored through correlation and regression
analysis. A correlation coefficient reveals in what direction
and how tightly two variables track each other. A regression
function describes how a given variable (e.g., OVERALL ENJOYMENT)
may be explained by several independent variables, and helps to
sort out the simultaneous effects of the independent variables.
Correlations Among Attributes: Tables 6.2 and 6.3 show the

correlations between OVERALL ENJOYMENT and the 11 sensory
attributes.
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Table 6.2 Correlations Coefficients between Overall Enjoyment
and each of the Sensory Attributes
OVERALL ENJOYMENT
1 REDNESS
.25**
2 FLAVOR INTENSITY
.47**
3 SWEET FLAVOR
.47**
4 BUTTERY FLAVOR
.35**
5 DELICATE/FRESH FISH FLAVOR .57**
6 GAMEY FLAVOR
-.15**
7 FISH OIL FLAVOR
-.10
8 FLAKINESS
.41**
9 FIRMNESS
.43**
10 MOISTNESS
.38**
11 CHEWINESS
.12*
** significant at .01
* significant at .05
With the exception of FISH OIL FLAVOR, all of the appearance,
taste, and texture attribute scores were found to be
significantly correlated with OVERALL ENJOYMENT. DELICATE/FRESH
FISH FLAVOR showed the tightest correlation. REDNESS showed a
moderate correlation. GAMEY FLAVOR was the only attribute to be
negatively and significantly (though weakly) correlated with
OVERALL ENJOYMENT. CHEWINESS was positively but only weakly
correlated with OVERALL ENJOYMENT.

Table 6.3 Correlation Coefficients Among Sensory Attributes
(coded as above in Table 6.2)

2
3
4
5
6
7
8
9
10
11

1

2

3

4

.41**
.16**
.10
.23**
.04
.00
.18**
.17**
.14*
.05

.52**
.43**
.56**
.17**
.10
.41**
.35**
.35**
.19**

.53**
.52**
.12*
.09
.33**
.30**
.35**
.15**

.46**
.06
.09
.23**
.23**
.37**
.14*

5

6

7

8

9

10

.06
.04
.48**
.38** .06
.01
.40** -.01
.03
.57**
.34** .31**
.38** -.07 -.06
.22** .17** .25** .30** .04
.14*
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Most of the attributes that correlated strongly with OVERALL
ENJOYMENT were also strongly correlated with each other. GAMEY
FLAVOR was tightly correlated with only FISH OIL FLAVOR, and
moderately correlated with CHEWINESS, FLAVOR INTENSITY, and SWEET
FLAVOR. FISH OIL FLAVOR was only correlated with GAMEY FLAVOR
and CHEWINESS, both positively. REDNESS showed no especially
strong correlations except with FLAVOR INTENSITY - interesting in
part because of the possibility of its being a psychological
effect.
These correlations were also explored separately within each of
the three fish types. Described below are some of the
relationships within fish types that were not consistent with the
aggregated correlations.
Within each of the three fish types, the correlations between
each of the 11 sensory attributes and OVERALL ENJOYMENT
paralleled the aggregated correlations described above. One
exception was in farmed chinook, where REDNESS had a coefficient
of only 0.03, compared to 0.31** and 0.41** in captured chinook
and farmed Atlantic. FISH OIL FLAVOR in farmed Atlantic was also
an exception, having a coefficient of -0.30**, compared to
nothing of significance in the other two fish types.
DELICATE/FRESH FISH FLAVOR was the attribute most strongly
correlated with OVERALL ENJOYMENT in all three fish types, with
coefficients of 0.49**, 0.48**, and 0.65** in captured chinook,
farmed chinook, and farmed Atlantic, respectively.
The correlations between FIRMNESS and FLAKINESS were relatively
strong for all three fish types, with coefficients of 0.70**,
0.51**, and 0.47**, in captured chinook, farmed chinook, and
farmed Atlantic, respectively. CHEWINESS had its strongest
correlation with FIRMNESS, with coefficients of 0.41** and 0.32**
in captured chinook and farmed Atlantic. Only a few weak
positive correlations between CHEWINESS and the other positive
attributes were observed, however.
These correlation results suggest that all the attributes were
perceived as being at least slightly positive, except for GAMEY
FLAVOR and FISH OIL FLAVOR. GAMEY FLAVOR appeared to be
significantly negative, and FISH OIL FLAVOR slightly negative.
Of the remainder, CHEWINESS appeared to be the weakest of the
positive attributes. REDNESS appeared to have only a modest but
significant correlation with OVERALL ENJOYMENT and most of the
other positive attributes.
Regression Analysis: Four linear regression models were designed
to explore the effects of the eleven sensory factors on OVERALL
ENJOYMENT. In the first model, the OVERALL ENJOYMENT score was
regressed on the absolute scores of the eleven sensory
attributes. In the second model, the relative OVERALL ENJOYMENT
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score (the difference between paired samples) was regressed on
the relative scores of the eleven sensory attributes. In the
third model, the relative OVERALL ENJOYMENT score was regressed
on the relative scores of the eleven sensory attributes,
normalized against the mean of the two samples' scores. The
final model used the absolute values of each of the attributes'
score spread and the absolute value of the overall enjoyment
score spread, thereby revealing attributes that strongly impacted
overall enjoyment but not necessarily consistently positively or
negatively.
Model I: The following linear regression equation (ordinary

least squares) describes the influences of the eleven taste,
texture and appearance attributes on OVERALL ENJOYMENT. The tstatistic for each of the attribute coefficients is provided in
the right-hand column, suffixed by an upper limit of its
significance level (indicated by asterisks).
Overall Enjoyment = + 0.880
+ 0.293
+ 0.188
+ 0.182
+ 0.148
- 0.146
+ 0.136
+ 0.056
- 0.040
+ 0.032
- 0.021
- 0.013

( 2.40 **)
(Constant)
Delicate/Fresh Fish Flavor ( 5.44***)
( 2.98***)
Flakiness
( 2.85***)
Firmness
( 2.24 **)
Flavor Intensity
(-3.66***)
Gamey Flavor
( 2.88***)
Sweet Flavor
)
( 0.94
Moistness
(-0.98
)
Fish Oil Flavor
( 0.66
)
Redness
)
(-0.49
Chewiness
(-0.29
)
Buttery Flavor

F = 26.68 (***)
Adjusted R Squared = 0.50
n = 282
*** significant at .01
** significant at .05
significant at .10
*
The first six variables were significant in impacting OVERALL
ENJOYMENT. Reflecting its strong correlation with OVERALL
ENJOYMENT (r=0.57**), DELICATE/FRESH FISH FLAVOR had the
strongest influence in the equation, shifting the OVERALL
ENJOYMENT score up three-tenths of a point for every point
increase in DELICATE FLAVOR. FLAVOR INTENSITY and SWEET FLAVOR
were the other taste attributes with significant positive
influences on OVERALL ENJOYMENT. FLAKINESS and FIRMNESS were the
only texture attributes with significant (and positive)
influences.
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GAMEY FLAVOR was the only variable exerting a significant
negative influence on OVERALL ENJOYMENT, and tended to decrease
the OVERALL ENJOYMENT score by .15 points for every full point
increase in GAMEY FLAVOR.
Interestingly, MOISTNESS, which was the highest scoring of all
the attributes and was correlated with OVERALL ENJOYMENT, was not
found to be an important input into OVERALL ENJOYMENT.
Similarly, REDNESS and BUTTERY FLAVOR were positively correlated
with OVERALL ENJOYMENT, but were not found to be important
variables in the regression equation. FISH OIL FLAVOR and
CHEWINESS appeared to be relatively neutral attributes.
Model II: Perhaps of equal interest is how the various
attributes related with relative OVERALL ENJOYMENT; that is, how
did a given salmon sample's OVERALL ENJOYMENT score relative to
the other tasted sample vary with the eleven taste attributes'
relative scores? The following equation describes relative
OVERALL ENJOYMENT (which is defined as a given sample's score
minus the comparison sample's score) as a function of each of the
eleven taste, texture and appearance attributes' relative scores.
Relative
Overall Enjoyment = + 0.455
+ 0.179
- 0.127
+ 0.135
+ 0.135
+ 0.103
+ 0.101
+ 0.071
+ 0.045
- 0.023
- 0.015
+ 0.048

Delicate/Fresh Fish Flavor ( 5.30***)
( 2.14 **)
Flakiness
(-1.77 *)
Fish Oil Flavor
)
( 1.46
Buttery Flavor
)
( 1.40
Sweet Flavor
( 1.23
)
Flavor Intensity
( 1.16
)
Chewiness
)
( 0.80
Firmness
)
( 0.56
Moistness
(-0.24
)
Redness
(-0.22
)
Gamey Flavor
)
( 0.35
(Constant)

F = 23.37 (***)
Adjusted R squared = .65
N = 136
*** significant at .01
** significant at .05
significant at .10
*
In this model DELICATE/FISH FLAVOR was again important, with a
one unit increase in the score spread of DELICATE FLAVOR yielding
an increase in the relative OVERALL ENJOYMENT score of nearly one
half a unit. FLAKINESS was also significant. FISH OIL FLAVOR
was not significant in Model I, but was statistically significant
in this relative model.
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Model III: A similar model was built to account for the score
spread in OVERALL ENJOYMENT with normalized attribute score
spreads rather than absolute score spreads (i.e., it might be
more appropriate to look at the score spread as a percent change
rather than an arithmetic change; this would, for example,
compensate for OILY FLAVOR being a low-scoring attribute relative
to MOISTNESS). Each attribute's score spread was normalized as a
percent change relative to the mean of the two samples' scores in
that attribute.
Relative
Overall Enjoyment = + 0.45 Delicate/Fresh Fish Flavor ( 5.30***)
+ 0.23 Sweet Flavor
( 3.28***)
(-1.89 *)
- 0.09 Fish Oil Flavor
+ 0.13 Flakiness
( 1.54
)
+ 0.10 Chewiness
( 1.20
)
)
+ 0.09 Flavor Intensity
( 1.00
)
+ 0.08 Moistness
( 0.97
+ 0.04 Gamey Flavor
( 0.85
)
+ 0.06 Firmness
( 0.66
)
- 0.03 Redness
(-0.40
)
+ 0.01 Buttery Flavor
( 0.08
)
)
- 0.01 (Constant)
(-0.34
F = 23.97 (***)
Adjusted R squared = 0.65
n = 136
*** significant at .01
** significant at .05
*
significant at .10
These results were similar to those from Model II, with DELICATE
FLAVOR and FISH OIL FLAVOR both significant, as well as SWEET
FLAVOR.
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Model IV: A final model was designed to evaluate the impacts of

the absolute values of the relative sensory attribute scores on
the absolute value of the relative OVERALL ENJOYMENT score:
Relative
Overall Enjoyment = + 0.48
+ 0.25
+ 0.19
+ 0.09
+ 0.09
+ 0.05
- 0.07
- 0.05
+ 0.02
- 0.01
+ 0.00
+ 0.05

Flavor Intensity
Firmness
Delicate/Fresh Fish Flavor
Sweet Flavor
Chewiness
Gamey Flavor
Flakiness
Buttery Flavor
Moistness
Redness
Oily Flavor
(Constant)

( 5.06***)
( 2.64***)
( 2.23 **)
( 1.26
)
( 1.12
)
( 0.95
)
(-0.78
)
)
(-0.77
( 0.31
)
(-0.13
)
)
( 0.06
)
( 1.04

F = 17.19 (***)
Adjusted R squared = 0.57
N = 136
*** significant at .01
** significant at .05
significant at .10
*
In this final model, DELICATE FLAVOR was again significant, while
FLAVOR INTENSITY and FIRMNESS had the strongest impacts on
OVERALL ENJOYMENT. Because the latter two attributes were not
significant in either of the two preceding models of relative
enjoyment, it may be that the utility of the characteristics
"flavor intensity" and "firmness" shifted from positive to
negative among the panelists; that is, while DELICATE FLAVOR
appears to have been uniformly perceived as being both important
and positive, FIRMNESS and FLAVOR INTENSITY may have also been
important but not uniformly perceived as being positive
attributes.
While each of the four models above may represent legitimate ways
of viewing the relationships between OVERALL ENJOYMENT and the
sensory attributes, it is noteworthy that only one sensory
attribute, DELICATE/FRESH FISH FLAVOR, had significant effects in
all four models. It is also noteworthy that REDNESS was
insignificant in all four models, suggesting that color (postcooked color) was not only unimportant in impacting OVERALL
ENJOYMENT, but that respondents did not use color to favor the
samples according to their prejudices.
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Flavor versus Texture: It has been stated that the acceptability

of cooked fish is more dependent on its flavor than on its
texture (Rasekh et al. 1970; Connell and Howgate 1971; Howgate
1977; cited in Cardello et al. 1982). Texture, however, has also
been shown to be important to consumers. Szczesniak (1972)
reported that texture was cited 25 percent more often than flavor
among teenagers as the reason for disliking fish and seafood
(cited in Cardello, et al. 1982). In a consumer survey of
Atlantic fish species, Sawyer et al. (1988) found that texture
was more important than flavor for those who disliked fish.
While this study provided no objective means of comparing the
importance of flavor, per se, relative to texture, per se, it was
clear that both texture and flavor had important impacts on
overall enjoyment. The flavor attribute DELICATE/FRESH FISH
FLAVOR exerted the strongest impact on OVERALL ENJOYMENT, but the
texture attributes FLAKINESS and FIRMNESS also appeared to be
important.
6.2.3 Comparisons Among Three Salmon Types

Several methods were used to compare the scoring of the three
fish types, including parametric and non-parametric techniques.
Non-parametric analysis was accomplished using the Durbin Test
(see Conover 1980), which used a balanced incomplete block design
to examine the rankings of the scores of each of the three fish
type groups. Parametric analysis was performed by breaking down
the survey results into each of the three paired comparisons
(captured chinook versus farmed chinook, captured chinook versus
farmed Atlantic, and farmed Atlantic versus farmed chinook) and
analyzing each of the comparisons using paired t-tests. T-tests
were also performed on the fish types aggregated by species and
by source of production (Atlantic versus chinook, and farmed
versus captured). Finally, OVERALL ENJOYMENT was regressed on
independent indicator variables according to fish type.
6.2.3.1 Non-Parametric Analysis:

In each attribute, the Durbin test first gave a t-statistic over
the entire group of three fish types, the probability level of
which indicated whether there was a significant difference in the
ranked scores between any two of the three fish types. A
probability level of 0.05, for example, would indicate that one
could reject with 95 percent confidence the null hypothesis that
the observers were not able to differentiate between any two of
the three fish types. If the level of the overall t-statistic
indicated rejection of the null hypothesis, then each of the
paired comparisons was examined to determine which of the three
exhibited significant differences, and at what probability
levels.
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Table 6.4 summarizes the non-parametric results for OVERALL
ENJOYMENT, REDNESS, and DELICATE/FRESH FISH FLAVOR - the only
attributes in which the overall t-statistics were found to be
significant at a probability level of 95 percent. Where
significant differences between fish types were found, the higher
scoring fish type is shown in italics.

Table 6.4 Non-Parametric Comparisons by Fish Type
OVERALL ENJOYMENT

(t=8.38; p<.025)

Captured Chinook

Captured Chinook

versus
Farmed Chinook

versus
Farmed Atlantic

(p<.05)

(p<.05)

Farmed Chinook
versus
Farmed Atlantic
(p>.10)

REDNESS (t=24.19; p<.001)

Captured Chinook
versus
Farmed Chinook
(p>.10)

Captured Chinook

versus
Farmed Atlantic
(p<.001)

Farmed Chinook
versus

Farmed Atlantic
(p<.005)

DELICATE/FRESH FISH FLAVOR (t=6.56; p<.05)
Captured Chinook
versus

Captured Chinook

Farmed Chinook

versus
Farmed Atlantic

(p<.10)

(p<.05)

Farmed Chinook
versus
Farmed Atlantic
(p>.10)

In OVERALL ENJOYMENT, the ranked scores for captured chinook were
significantly higher than those for both farmed chinook and
farmed Atlantic. The farmed chinook and farmed Atlantic scores
were not found to differ significantly.
In REDNESS, captured chinook was not found to be significantly
darker/deeper red than farmed chinook (actually, only 5 of 37
observers found captured chinook to be less red than farmed
chinook; however, 14 observers rated them equal in REDNESS, and
the Durbin Test is considered a less valuable statistic with more
than a moderate amount of ties (Conover 1980)). Both captured
and farmed chinook were found to be significantly darker red than
farmed Atlantic.
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DELICATE/FRESH FISH FLAVOR was the only one of the ten flavor and
texture attributes to show significant differences among the
three fish types. Captured chinook was found to have a more
DELICATE FLAVOR than both farmed chinook and farmed Atlantic. No
significant difference in DELICATE/FRESH FISH FLAVOR was found
between farmed chinook and farmed Atlantic.
6.2.3.2 Parametric Analysis on Paired Samples:

Differences between the three fish types were examined using
statistical tests on the paired comparisons between each of the
three fish types. This t-test compared the scores between paired
samples rather than between independent groups (it examined the
average differences between pairs of scores). While the Durbin
test in effect aggregated both performances (one performance
against each of the other two fish types) of each fish type into
a single "score," the parametric t-tests used here analyzed each
of the three comparisons separately.
In analyzing the paired comparisons among the three fish types,
it was found that captured chinook scored significantly higher
than farmed chinook in most attributes, including OVERALL
ENJOYMENT. Only in REDNESS was any significant difference found
between captured chinook and farmed Atlantic, with the former
found to be deeper/darker red. Farmed chinook scored
significantly higher than farmed Atlantic in DELICATE/FRESH FISH
FLAVOR, as well as in REDNESS, but its higher OVERALL ENJOYMENT
score was not significant.
Following are more detailed descriptions of each of the three
paired comparisons. The results are shown graphically in Figures
6.2 through 6.10. The number of cases, and the t-value for the
difference in the average paired differences and its two-tailed
probability level are shown below each attribute. The attributes
are grouped into three separate figures: 1) Overall enjoyment
and appearance, 2) flavor attributes, and 3) texture attributes.
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Captured Chinook versus Farmed Chinook: Figures 6.2 through 6.4
show the mean scores for both fish types in each of the twelve
attribute categories. Captured chinook out-scored farmed chinook
in every category except FISH OIL FLAVOR and GAMEY FLAVOR, the
latter in which farmed chinook scored significantly higher. The
scoring differences were also significant in the following
attributes: OVERALL ENJOYMENT (by an average of 1.47 points),
REDNESS, SWEET FLAVOR, BUTTERY FLAVOR, DELICATE/FRESH FISH
FLAVOR, and MOISTNESS.

Farmed Chinook

Captured Chinook

Figure 6.2 Captured chinook versus farmed chinook: enjoyment
and appearance. ** indicates significance at p<.01;
* indicates significance at p<.05. N=number of cases.
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Intensity

Sweet

N:

43

44

t:

1.62

2.89**

Buttery

Delicate/Fish

Gamey

Oily

45

44

44

46

2.07*

1.81

2.88**

111. Captured Chinook

2.79**

Farmed Chinook

Figure 6.3 Captured chinook versus farmed chinook: flavor
attributes. ** indicates significance at p<.01; * indicates
significance at p<.05. N=number of cases.

47

Flakiness

Firmness

Moistness

Chewiness

44

43

44

44

1.72

1.36

2.65•

0.49

Captured Chinook M Farmed Chinook

Figure 6.4 Captured chinook versus farmed chinook: texture
attributes. ** indicates significance at p<.01; * indicates
significance at p<.05. N=number of cases.
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Captured Chinook versus Farmed Atlantic: Figures 6.5 through 6.7
summarize the results of this paired comparison. Only in REDNESS
was any significant difference found, with captured chinook found
to be darker/deeper red than farmed Atlantic.

Figure 6.5 Captured chinook versus farmed Atlantic: enjoyment
and appearance. ** indicates significance at p<.01;
* indicates significance at p<.05. N=number of cases.
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Intensity

N:
t:

38
0.44

Sweet

Buttery

Delicate/Fish

Gamey

Oily

39

39

37

39

1.00

0.13

39
0.95

0.81

1.55

El Captured Chinook

WWW

Farmed Atlantic

Figure 6.6 Captured chinook versus farmed Atlantic: flavor
attributes. ** indicates significance at p<.01; * indicates

significance at p<.05. N=number of cases.
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Figure 6.7 Captured chinook versus farmed Atlantic: texture
attributes. ** indicates significance at p<.01; * indicates
significance at p<.05. N=number of cases.
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Farmed Chinook versus Farmed Atlantic: Figures 6.8 through 6.10

summarize the scores of this paired comparison. Although farmed
chinook out-scored farmed Atlantic in OVERALL ENJOYMENT, the
difference was not significant. Farmed chinook scored
significantly higher in REDNESS(**), as well as in SWEET
FLAVOR(*) and DELICATE/FRESH FISH FLAVOR(*). Farmed Atlantic
scored significantly higher in FISH OIL FLAVOR(*), FIRMNESS(*),
and CHEWINESS(**).
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Figure 6.8 Farmed Atlantic versus farmed chinook: enjoyment
and appearance. ** indicates significance at p<.01;

* indicates significance at p<.05. N=number of cases.
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Figure 6.9 Farmed Atlantic versus farmed chinook: flavor
attributes. ** indicates significance at p<.01; * indicates
significance at p<.05. N=number of cases.
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Figure 6.10 Farmed Atlantic versus farmed chinook: texture
attributes. ** indicates significance at p<.01; * indicates
significance at p<.05. N=number of cases.

In Summary, REDNESS was the only attribute in which significant
differences were found in all three paired comparisons, and the
differences were transitive: Captured chinook was found to be
the darkest/deepest red of the three, and farmed Atlantic the
least dark/deep red. These results were consistent with the
results of the Durbin Test. In the Durbin test, however,
captured chinook was not found to be deeper red than farmed
chinook at alpha=0.05 (again, because of the large number of tiescores in this comparison, the Durbin test may not have been an
appropriate statistic).
In OVERALL ENJOYMENT, only the captured chinook versus farmed
chinook paired comparison revealed any significant difference,
while the Durbin Test also found a significant difference between
captured chinook and farmed Atlantic. This inconsistency could
be explained by the two basic differences in the two tests. The
Durbin Test is non-parametric and so does not weigh the magnitude
of the difference in the two scores from a given observer; it
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only notes if and in what direction the two scores were
different. Secondly, because of its block design, the Durbin
Test also incorporates the transitivity of all three comparisons
into its results: even though captured chinook did not
significantly out-score farmed Atlantic in their paired
comparison, captured chinook's score against farmed chinook and
farmed chinook's score against farmed Atlantic were high enough
so that captured chinook's overall performance was found to be
significantly higher than that of farmed Atlantic.
6.2.3.3 Intra-Species/Source Variation:

The non-parametric and parametric analyses described above did
not test for the effect of variation within fish types, and
because of the limited number of replications, it was difficult
to extract information about intra-species/source variation.
Three individual fish of each fish type were used in the entire
taste test, for a total of nine fish. In each of the three
paired comparisons, two individual fish of each fish type were
used. Within each paired comparison, in all cases but one, a
given individual fish of one type was tested exclusively against
one individual fish of the other type. Furthermore, seven of the
nine individual fish used in the experiment were tasted in only
one of their respective fish type's two paired comparisons. For
example, in the captured chinook versus farmed Atlantic paired
comparison, 31 panelists tasted captured chinook fish number
three (CC3) and farmed Atlantic fish number one (FA1), and 10
panelists tasted CC2 and FA2, for a total of 41 observations.
While CC2 was also tasted against a particular farmed chinook
fish (FC2), CC3 was not used in captured chinook's other paired
comparison.
Nevertheless, it is possible to compare the differences in the
mean scores between any two individual fish comparisons within a
comparison of two fish types. If, for example, the mean
difference in OVERALL ENJOYMENT scores for CC1 versus FC1 was
significantly different than that for CC2 versus FC2, it might
suggest that there was significant variation within fish types either among the captured chinook, the farmed chinook, or both.
The differences in paired scores were compared between each of
the two individual fish comparisons within each fish type
comparison using a t-statistic on independent groups. Table 6.5
summarizes these results in OVERALL ENJOYMENT, REDNESS, and
MOISTNESS. No significant differences were found in any of the
other attributes. The "Mean" given is the difference of the
means of paired differences between the two individual fish
comparisons. Also shown is the number of cases for each
individual fish comparison. The t-statistic reflects the
strength of the difference between the two means of paired
differences.
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Table 6.5 Analysis of Variation within Fish Types

OVERALL ENJOYMENT:
Comparison

Mean

N

CC1 minus FC1
CC2 minus FC2

1.38
1.43

29

CC3 minus FA1
CC2 minus FA2

0.09
0.30

FA3 minus FC3
FA3 minus FC2

-0.26
-1.00

t-stat

significance

-.06

p>.10

32
10

-.28

p>.10

27
12

.81

p>. 10

14

REDNESS:
t-stat

significance

Comparison

Mean

N

CC1 minus FC1
CC2 minus FC2

0.69
0.31

26
13

.63

p>.10

CC3 minus FA1
CC2 minus FA2

0.86
1.00

29
10

-.23

p>.10

FA3 minus FC3
FA3 minus FC2

-1.33
-0.83

24
12

-1.21

p>.10

t-stat

MOISTNESS:
significance

Comparison

Mean

N

CC1 minus FC1
CC2 minus FC2

0.89
0.79

28
14

.16

p>.10

CC3 minus FA1
CC2 minus FA2

-0.52
-0.10

29
10

-.52

p>. 10

FA3 minus FC3
FA3 minus FC2

-0.04
-2.08

27
12

2.75*

p<.01
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Only in MOISTNESS was any significant difference found between
the means of paired differences, and only in the farmed chinook
versus Atlantic comparison. In conclusion, although little
evidence for intra-species/source variation was found, the
experimental design precluded our ability to reject the
possibility.
6.2.3.4 Scores Aggregated by Species and Source:
The taste test scores for the captured and farmed chinook were
aggregated to test the overall performance of chinook salmon
relative to Atlantic salmon. Similarly, the farmed salmon scores
were aggregated and compared to the scores for captured salmon.
Chinook versus Atlantic Salmon: Figures 6.11 through 6.13
summarize the results of this comparison. Significant
differences between chinook and Atlantic salmon were found for
several attributes. Chinook was found to be the darker/deeper
red of the two, and Atlantic was found to be FIRMER, CHEWIER, and
to have more of a FISH OIL taste. No significant difference was
found in OVERALL ENJOYMENT.
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Figure 6.11 Chinook versus Atlantic: enjoyment and appearance.

** indicates significance at p<.01; * indicates significance at
p<.05. N=number of cases.
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Figure 6.12 Chinook versus Atlantic: flavor attributes.

** indicates significance at p<.01; * indicates significance at
N=number of cases.
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Figure 6.13 Chinook versus Atlantic: texture attributes.
** indicates significance at p<.01; * indicates significance at
p<.05. N=number of cases.
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Captured versus Farmed Salmon: The results of this comparison

are shown in Figures 6.14 through 6.16. A significant difference
was found in OVERALL ENJOYMENT, with captured salmon out-scoring
farmed salmon. The captured product significantly out-scored the
farmed product in DELICATE/FRESH FISH FLAVOR and REDNESS, and was
found to have less of a FISH OIL FLAVOR.

Figure 6.14 Captured versus farmed salmon: enjoyment and
appearance. ** indicates significance at p<.01; * indicates

significance at p<.05. N=number of cases.
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Figure 6.15 Captured versus farmed salmon: flavor attributes.
** indicates significance at p<.01; * indicates significance at
p<.05. N=number of cases.
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Figure 6.16 Captured versus farmed salmon: texture attributes.
** indicates significance at p<.01; * indicates significance at
p<.05. N=number of cases.

In summary, the chinook versus Atlantic comparison revealed
differences primarily in appearance and texture attributes
(excepting FISH OIL FLAVOR), whereas differences were perceived
between the captured and farmed products not in any texture
attributes, but in two flavor attributes and in OVERALL
ENJOYMENT, as well as in appearance. This result is not
consistent with the perceptions of the seafood industry as
reported by Herrmann et al. (1989), who found that farmed fish
were perceived to be softer in texture than wild fish but not
significantly different in flavor.
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6.2.3.5 Enjoyment as a Function of Source/Species:
Model I: The relative preferences for each of the three fish
types were examined through regression analysis using indicator
variables, with each sample's relative OVERALL ENJOYMENT score
(i.e., the score of a given sample minus that of its paired
sample) for each sample modelled as a function of the sample's
source and species.
Relative
Overall Enjoyment = + 0.605 (Constant)
- 1.089 Farmed chinook
- 0.915 Farmed Atlantic

( 2.52***)
(-3.02***)
(-2.45***)

F = 5.37 (***)
Adjusted R squared = 0.03
N = 298
*** significant at .01
** significant at .05
significant at .10
*
The effect of captured chinook was reflected in the value of the
constant, which was positive and significant. In contrast, the
effects of the two farmed salmon species were negative and
significant. On average, captured chinook outscored its
comparison samples by 0.61 points, farmed chinook was outscored
by 0.48 points, and farmed Atlantic was outscored by 0.31 points.
Model II: A similar model was designed with source of production
as the independent variable:
Relative
Overall Enjoyment = + 1.007 Captured Salmon
- 0.402 (Constant)

( 3.25***)
(-2.05 **)

F = 10.57 (***)
Adjusted R square = .031
N = 298
*** significant at .01
** significant at .05
significant at .10
*
The "farmed" effect is reflected in the value of the constant,
which was negative and significant, in contrast with the
"captured" effect, which was positive and significant. On
average, captured salmon outscored its comparison samples by one
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point, while farmed salmon samples were outscored by 0.61 points.
Overall, these regressions demonstrate aggregate findings that
are similar to those of the non-parametric Durbin test; that is,
captured chinook salmon scored higher in overall enjoyment than
farmed salmon. However, the low coefficients of determination
(adjusted R squared) indicate that while these effects were
significant, they explain only a small amount of the variation.
6.2.4 Analysis by Fish Portion:

Each of the two fish samples tasted by each of the panelists
consisted of one quarter of one steak. The position of the steak
along the length of the fish, referred to as the sample
"section," was identified and numbered from one to ten, from head
to tail along the body length. The position of the quarter in
the steak was also identified, and is referred to as the sample
"quadrant." Both samples tasted by a given panelist were of the
same quadrant, and of approximately the same section. The taste
test results could therefore be analyzed by fish portion - both
longitudinally (by section) and by dorsal versus ventral regions
(by quadrant).
The longitudinal (or sectional) analysis was accomplished in two
ways: 1) In each attribute, correlations were examined between
section number and score, and; 2) statistical t-tests were also
performed by dividing the samples into two groups - those from
the fore half of the fish (sections 1-5), and those from the aft
half (sections 6-10). The upper and lower quadrant samples were
tested against each other for significant differences. It should
be noted that the lower quadrants included the dark red muscle
and the belly flap area. These tests were performed over all
fish types as well as within each fish type.
Longitudinal Variation:

Charley (1952) reported significant differences in flakiness (a
physical measurement) along the length of baked salmon, with
flakiness increasing from tail to head. The variation was
attributed to either increasing fat content towards the head or
to the sequence of baking. This study included no physical
measurements of flakiness, but sensory response to FLAKINESS and
the other attributes were analyzed with respect to fish section.
Examining the correlations between section and the twelve
attributes revealed scoring gradients in only GAMEY FLAVOR and
FISH OIL FLAVOR, with coefficients of -0.12* and 0.12*,
respectively. Interestingly, these correlations went in opposite
directions - the fish samples were found to taste more gamey from
tail to head and more oily from head to tail. Although
significant, the correlations were not particularly strong.
These correlation results were corroborated by the results of t65

tests performed on two independent groups - one comprised of
samples from the fore half of the fish and the other from the aft
half. Only in GAMEY FLAVOR and FISH OIL FLAVOR were the two fish
halves found to be significantly different, as shown in Table
6.6. Again, the front half of the fish was perceived to have
more GAMEY FLAVOR and the rear half to have more FISH OIL FLAVOR.

Table 6.6 Sensory Variation by Longitudinal Section

GAMEY FLAVOR
FISH OIL FLAVOR

T-stat

Back Half

Front Half

Mean

N

Mean

2.54
2.12

151
153

1.94
2.68

2.33*
2.41*

159
158

significant at .05

Upper versus Lower Flesh:
Differences between the upper and lower quadrants in the
enjoyment, appearance, taste, and texture attributes were tested
on independent groups, one group being comprised of samples from
the upper two quadrants, the other from the lower two quadrants.
As in the longitudinal analysis, no difference was found in
OVERALL ENJOYMENT, and only in SWEET FLAVOR was any significant
difference found between the two groups, with the lower flesh
found to taste sweeter, as shown in Table 6.7:

Table 6.7 Sensory Variation by Dorsal versus Ventral Flesh
Dorsal Flesh

SWEET FLAVOR

Ventral Flesh

Mean

N

Mean

N

3.26

154

3.79

169

significant at .05

66

T-stat

2.22*

It is noteworthy that no differences were found longitudinally or
vertically in OVERALL ENJOYMENT or APPEARANCE. It is also
noteworthy that the apparent differences in SWEET FLAVOR, GAMEY
FLAVOR, and OILY FLAVOR did not affect the OVERALL ENJOYMENT
scores by quadrant or section. The possible causes of the
sensory variations are explored in Section 7, where the results
of proximal analysis by section and quadrant are presented.
6.3 Summary:

All of the eleven flavor, texture, and appearance attributes
received mean scores higher than the "moderate" score of 3.5,
except GAMEY FLAVOR and FISH OIL FLAVOR, which were apparently
generally perceived as negative attributes. FISH OIL FLAVOR
appeared to significantly impact OVERALL ENJOYMENT, while GAMEY
FLAVOR did not. Attributes which had significant positive
effects on the overall enjoyment of a sample included
DELICATE/FRESH FISH FLAVOR, FLAVOR INTENSITY, SWEET FLAVOR,
FLAKINESS, and FIRMNESS. DELICATE/FRESH FISH FLAVOR appeared to
have the strongest impact on enjoyment. REDNESS, as well as
CHEWINESS, MOISTNESS and BUTTERY FLAVOR, appeared to have little
impact on overall enjoyment.
Non-parametric analysis of the taste test results indicated that
captured chinook was preferred over both farmed chinook and
farmed Atlantic in OVERALL ENJOYMENT and DELICATE/FRESH FISH
FLAVOR. Both chinook salmon types were found to be deeper/darker
red/orange than the farmed Atlantic samples.
Parametric analysis on each of the three fish types indicated
that captured chinook was enjoyed more than farmed chinook, and
farmed chinook was enjoyed more than farmed Atlantic, but no
significant difference in overall enjoyment was found between
captured chinook and farmed Atlantic. This inconsistency may
have been attributable to variation within the individual fish of
a given fish type, but no evidence was found to support this
hypothesis.
Regression analysis demonstrated that the "captured" effect had a
positive influence on relative overall enjoyment, while both
farmed types exerted a negative influence on relative overall
enjoyment.
While the salmon used in this experiment were not assumed to
represent typical captured or farmed products, it appears that
the panelists were able to differentiate between salmon products
in several flavor and texture attributes, as well as in
appearance.
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Section 7. LIPID AND MOISTURE ANALYSIS

Considerable work has been done in identifying the chemical
compounds and reactions responsible for particular sensory
characteristics of seafood products (see review by Wekell and
Barnett 1991). The results of such work have been used in
developing seafood quality assessment methods that are more
objective than the usual touch, smell, and taste methods. The
Japanese government, for example, used a method that measured the
relative concentrations of the various nucleotides in fish
flesh - expressed in a "K value" - which was then displayed on
product labels for the benefit of consumers (Ehira and Uchiyama
1987, cited in Wekell and Barnett 1991). Another possible
application of such work is in the fish farming industry, which
has been presumed to have substantial potential to control the
biochemical characteristics of its products.
Wekell and Barnett (1991) reviewed some of the findings
identifying the chemical compounds and reactions responsible for
various flavors found in seafood, including "fresh fish"
flavor/odor, "fishy" flavors and odors, the flavors and odors
associated with rancidity, and tainting flavors from exogenous
sources. Reviewed were a series of findings implicating enzymic
and nonenzymic oxidation of fatty acids as one possible source of
aroma compounds that are associated with the sensory attribute
"fresh fish." Some of the same oxidative flavor compounds found
to be responsible for imparting a fresh fish flavor were also
implicated in causing off-flavors (Hsieh and Kinsella 1989,
working with rainbow trout; cited in Wekell and Barnett 1991).
Because of these compounds' possible roles in healing response
and other biological functions (Josephson et al. 1984 and
Josephson and Lindsay 1986; cited in Wekell and Barnett 1991),
Wekell and Barnett noted the importance of post-harvest
processing in controlling fresh fish odor and taste - notably the
control of temperature, and of bruising, cutting, and puncturing
of the flesh.
Wekell and Barnett (1991) also noted the importance of the flavor
attributes characteristic of MSG - termed umami by the Japanese and their relations to freshness. Yamaguchi 1979 (cited in
Wekell and Barnett 1991) found that MSG enhanced certain flavor
characteristics of food, such as continuity, mouth fullness,
impact, mildness, and thickness, and increased the preference or
palatability of foods. Other compounds, including the 5'nucleotides (notably disodium 5'-inosinate, or IMP), which are
naturally present in fish flesh, have the same flavor
characteristics as MSG (Yamaguchi 1979). Further, IMP has been
found to be directly related to acceptability of some fish
species (Bremner et al. 1988; cited in Wekell and Barnett 1991).
As described by Wekell and Barnett (1991), IMP is rapidly formed
through a series of steps from ATP, the predominant nucleotide in
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resting muscle. IMP then is slowly converted to form inosine,
which then slowly breaks down to hypoxanthine, xanthine, and uric
acid. In a study by Bremner et al. (1988; cited in Wekell and
Barnett 1991), IMP levels dropped in a nearly linear fashion over
a twenty-four day period while the fish were on ice, and sensory
scores also decreased. While bacteria loads also increased
during that period, the authors concluded that acceptability or
shelf life was more related to IMP loss than to bacterial
spoilage.
The proximal analyses in this study were limited to examination
of moisture and lipid levels. Lipid and moisture levels in fish
depend on species, size, age, activity, feeding conditions, water
temperature, and reproductive stage. In salmon, the two primary
factors are feeding conditions and reproductive stage (Bartos
1989). Seasonal fluctuations in lipid, moisture and protein
levels are readily observable, and are mainly attributable to
feeding and reproductive cycles. Lipid content is highly
variable both within and between salmon species. Lipid levels in
chinook salmon, for example, may range from about 2 to 19 percent
during its life cycle (Sidwell et al. 1974). The salmon species
with highest mean lipid levels were reported by Sidwell et al.
(1974) to be chinook and Atlantic, at 11.5 and 11.0 percent,
respectively, with maximum values of 19.0 and 14.0 percent.
Moisture levels have been found to be positively correlated with
protein levels (Bartos 1989), and both moisture and protein have
generally been found to be negatively correlated with lipid
levels (Bartos 1989; Karrick and Thurston 1964). Karrick and
Thurston (1964) also found that lipid levels varied seasonally
more than did moisture and protein levels.
While lipid levels are important in terms of shelf-life, lipid
levels and composition are also becoming more important factors
to consumers with the recent findings relating certain omega-3
fatty acids to human health. Perhaps more importantly,
consumers' sensory acceptability of salmon and fish products may
be correlated with the chemical composition of the flesh.
The lipid and moisture measurements in this study were
accomplished in such a way as to be able to test for differences
in lipid and moisture levels: 1) among the three fish types, and
2) by fish portion, including longitudinally and vertically. The
relationships between lipid and moisture levels were also
explored, and finally, the proximal results were compared with
the taste test results.
7.1 Analytical Methods:

The lipid analysis was performed on 18 samples - 6 samples from a
single fish from each of the 3 fish types, with 3 of those
69

samples from the dorsal region and 3 from the ventral region.
All samples were from the midsection. The moisture analysis was
broader, including in addition to the eighteen lipid samples
above, three samples from each of six fish from each of the three
fish types (only five Atlantic fish), all from the head region,
and eighteen additional samples from the tail region of two of
the three fish types.
Lipid levels were measured as a percent of total tissue wet
weight, and were extracted from tissues using a method described
by Wander and Patton (not dated): The tissue was homogenized in
a monophasic mixture of methanol, chloroform, and distilled water
at a ratio of 2:1:0.8. A purified lipid extract was obtained by
adding chloroform and water, causing a phase separation and
allowing the lipids to be recovered from the bottom layer.
Moisture levels were measured as a percent of total tissue wet
weight, and were removed by drying the tissue at 60 degrees C for
48 hours.
7.2 Results:
7.2.1 Relations between Lipid and Moisture Levels:

The relationship between lipid and moisture levels was examined
using regression analysis. The following regression equation
describes a linear relationship between the two variables, with
percent lipids as the dependent variable. The t-statistics for
the constant and the coefficient are given in the right-hand
column, suffixed by their significance levels.
Percent Lipids (wet wt.) = + 44.34 (Constant)
- 0.55 Percent Moisture

(5.47**)
(4.59**)

F = 21.04 (**)
R squared = 0.57
N = 18
** significant at .01
There was a strong inverse relationship between lipid and
moisture levels (r=-.75), with the lipid level being about one
half a percent lower for every one percent increase in moisture.
The regression function is shown graphically in Figure 7.1.
These results are consistent with the results of Bartos (1989),
who found an inverse correlation (r=-.97; p=.05) between lipid
and moisture levels from frozen samples of captured chinook,
captured Atlantic, pen-raised Atlantic, and tank-reared Atlantic
salmon.
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A Captured Chinook X Farmed Chinook

Figure 7.1 Lipid versus moisture levels (percent of wet
weight). Upper flesh samples are denoted by barred symbols,
lower flesh by non-barred symbols. Light line indicates
regression function. Heavy bar delineates two cluster groups.

7.2.2 By Source and Species:

Figure 7.2 summarizes the moisture and lipid level results for
each of the three fish types used in the taste test. Moisture
and lipid levels are given in percent of wet weight. The samples
used to calculate the moisture means were taken from the upper
part of the head region, and included three samples from each of
six fish from each of the three fish types (only five farmed
Atlantic fish). The lipid samples included six samples from the
midsection of a single fish from each fish type, with equal
samples from the upper and lower flesh portions.
Using Tukey-Kramer range analysis for multiple comparisons,
captured chinook was found to have a significantly higher
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Captured Chinook = Farmed Chinook

Farmed Atlantic

Figure 7.2 Mean moisture and lipid levels (percent wet

weight). Horizontal bars indicate homogeneous groups
(alpha=.05); moisture: F=24.95 (p<.001); lipids: F=16.81
(p<.001). Number of samples indicated under each vertical bar.

moisture level (F=24.95**) 7 and lower lipid level (F=16.81**)
than the two groups of farmed fish. The farmed chinook and
farmed Atlantic salmon were found to be statistically similar in
moisture and lipid levels. While the moisture results were based
on sampling across five to six fish from each type, the lipid
results came from only a single fish from each fish type.
Inferences about lipid variations across fish types were
therefore more difficult to make. Nevertheless, the limited
lipid results were consistent with the broader moisture results;
that is, the captured chinook salmon group had significantly
higher moisture levels than the two farmed fish type groups.
Given the strong inverse relationship between moisture and lipid
' Except where otherwise indicated, probability levels
associated with all reported statistics are two-tailed, and are
denoted with asterisks according to the following: alpha=.05 (*)
and alpha=.01 (**).
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levels found in this and other studies (e.g., Bartos 1989), it
may be reasonable to infer that the lipid levels in the broader
group were also different.
These moisture level results were not inconsistent with those
from Bartos (1989) for frozen salmon. The captured chinook
moisture levels were somewhat higher than those found by Bartos
in frozen captured chinook (68.8 percent), which were found by
Bartos to be statistically similar (p>.05) to those of Atlantic
pen-reared salmon (67.8 percent) and captured Atlantic salmon
(69.5 percent). Tank-reared Atlantic samples were found by
Bartos to have significantly lower levels than the other three
types (65.6 percent).
Bartos found significant differences in lipid levels. Captured
Atlantic had the lowest levels (6.2 percent), which were
statistically similar to those of captured chinook (7.6 percent).
Pen-reared Atlantic and tank-reared Atlantic had statistically
similar levels at 8.3 and 9.7 percent, respectively, which were
comparable to the pen-reared salmon lipid levels observed in this
study. No information was available as to what portion of the
fish the samples in Bartos' study were taken. All salmon in
Bartos' study were harvested in March, while those used in this
study were harvested in October.
Using cluster analysis, the 18 samples that included both lipid
and moisture information were examined for degree of similarity
by species and source. The hierarchical centroid method (see
STSC 1989) was employed. The data could not be clustered into
three exclusive groups according to species and source, but the
data were successfully clustered into two groups according to
source. The six captured chinook data formed one cluster and the
twelve farmed salmon samples formed the second cluster. The
cluster formations reflect the results from the ANOVA tests; that
is, there were significant differences in lipid and moisture
levels according to source of production, but not by species or
by species and source combined. The two clusters are shown
(delineated by a single bar) in Figure 7.1.
Apparent in Figure 7.1 is the greater variance in both moisture
and lipid levels in the two farmed salmon species' samples than
in the captured chinook samples. The moisture levels from the
broader sampling groups (five or six fish of each fish type) had
relatively similar variances. The ratios of the variances
between each of the three salmon types were tested against unity.
The variance in moisture levels in the farmed chinook group was
found to be significantly higher than that of the captured
chinook group (alpha=.05). The variance in lipid levels (again,
variances within single fish) in captured chinook was found to be
significantly lower than that of the farmed Atlantic fish. No
differences in lipid level variances were found between the two
chinook fish or between the two farmed fish. Again, it is
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difficult to make inferences from data from single fish, but it
should be emphasized that the variance in biochemical composition
among fish types may be as important as mean levels. Because of
the relatively high degree of environmental control in farming
systems, one might expect farmed salmon to have lower variances
than captured salmon. The apparently contradictory evidence from
this study suggests (and only very cautiously so) that
biochemical uniformity among wild salmon may be greater than
previously supposed, and/or that farming techniques have not yet
attained a high level of control over the biochemical composition
of farmed products.
7.2.3 By Fish Portion:

Castell (1971) proposed that tail region lipids function
primarily as a ready source of energy while lipids throughout the
rest of the body serve as longer-term energy reserves. Dambergs
(1964) corroborated the hypothesis in finding that lipid levels
underwent significant seasonal fluctuations in the head and
center regions of cod fillets while the tail region levels
remained constant. In silver salmon, Karrick and Thurston (1964)
found the highest oil levels in the belly flap, the dorsal fatty
layer, and in the dark meat along the sides. Because of its
narrow cells, dark muscle contains more lipids (and less
moisture) than white muscle (Dunajski 1979), making dark muscle
more susceptible to rancidity. Hardy and King (1989) reported
that fat content in salmon generally decreases from head to tail.
By Longitudinal Section:

While the lipid analysis was limited to the 18 samples from the
midsection (the "midsection" comprised the approximate middle
third of the fish by length, flanked by the "head" and "tail"
sections), the moisture data also included 18 samples taken from
the head section of the fish, and 18 samples from the tail
section.
After adjusting for the "source/species" effect, a "section"
effect was found (F=37.30**), and Tukey-Kramer range analysis for
multiple comparisons revealed that the moisture level in the tail
section was significantly higher than both the head and
midsection levels (alpha=.05). Figure 7.3 summarizes these
results.
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Figure 7.3 Mean moisture levels by section. Horizontal bars
indicate homogeneous groups (alpha=.05); F=37.30 (p<.001).
Number of samples indicated under each vertical bar.

75

By Vertical Section:

The salmon samples were analyzed for differences in moisture and
lipid levels between the upper flesh and lower flesh portions.
Figures 7.4 and 7.5 summarize the moisture and lipid results
respectively. There was very little variation in moisture
between the upper and lower flesh within each of the three fish
types. More variation was found in lipid levels, but only in
farmed Atlantic salmon was the difference significant, with the
upper flesh found to have higher levels.

Figure 7.4 Mean moisture levels by vertical section. Data

over all three fish types are represented by the bars labelled
"Overall." No significant differences were found. Number of
samples indicated under each vertical bar.
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Figure 7.5 Mean lipid levels by vertical section. Data over
all types represented by bars labelled "Overall." 'Significant
difference in Atlantic (t=2.99; p<.05). Number of samples
indicated under vertical bars.

7.3 Relations Between Taste Test Results and Proximal Analyses:
Proximal analyses of salmon samples in this and other studies
have found significant differences in the levels of moisture,
lipids, and other biochemical constituents by species, source,
origin, season, and portion of the fish. However, it is not
clear whether these differences are important to salmon
consumers. One important question is whether analytically
detectable variations in lipid and moisture levels are detectable
by the human palate. A second important question is how those
biochemical differences are expressed on the palate; that is, is
moisture level strongly associated with the texture attribute
labelled MOISTNESS? Are lipid levels associated with the sensory
attributes labelled FISH OIL FLAVOR or BUTTERY FLAVOR? Do these
attributes influence OVERALL ENJOYMENT?
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In this section, consistencies between scoring in particular
attributes and measured lipid and moisture levels were analyzed.
For those samples from which proximal data were taken,
correlations between moisture levels and the absolute scores in
the twelve sensory attributes were examined. Although none of
the actual taste test samples were analyzed, most of the fish
from which the samples were taken were analyzed. For this
correlation analysis, percent moisture values were taken as the
mean value from all those samples tested that matched a given
observer's sample in fish type, fish number, section (head, mid,
or tail), and quadrant (upper or lower). Because not all
quadrants and sections of all fish used in the taste test were
analyzed for percent moisture, not all tasted samples could be
given a moisture value, and the number of cases available for
each correlation analysis was between 73 and 80.
It was found that none of the attribute scores were significantly
correlated with percent moisture except GAMEY FLAVOR, with a
correlation coefficient of -0.26*. Salmon samples with higher
moisture levels, then, were found to have less of a GAMEY FLAVOR
than those with lower moisture levels. These results are also
reflected in the taste test panelists finding more of a GAMEY
FLAVOR in the fore half of the salmon, which was found to have
lower moisture levels than the tail section. Still, the effect
was not strong enough to control OVERALL ENJOYMENT to a
significant degree, in spite of GAMEY FLAVOR having been strongly
correlated with OVERALL ENJOYMENT.
The lipid levels were also examined in relation to the taste test
responses, but because of the limited data, the criteria for
assigning lipid levels to observers' samples were broader than
those for moisture. Mean lipid values were taken according to
only a given observer's samples' fish type and quadrant, and not
by fish number or section. No significant correlations were
found between the taste test scores and the percent lipid levels
in any of the attributes. Again, the failure to find any
relationship may have been due more to the lack of adequate lipid
data rather than to a lack of a real relationship.
In a more general way, the taste test results can be compared
with the moisture and lipid analyses by comparing their
respective performances by fish type, section, and quadrant. In
correlating taste results with moisture and lipid levels,
correlations might be expected in OVERALL ENJOYMENT, MOISTNESS
(e.g., with percent moisture), and FISH OIL FLAVOR (e.g., with
percent lipids).
Captured chinook was found to be both higher in moisture and
lower in lipids than either of the other two fish types.
Captured chinook significantly out-scored farmed chinook in
overall enjoyment, as well as in REDNESS and MOISTNESS. Captured
chinook also had significantly less of a FISH OIL FLAVOR. The
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MOISTNESS and FISH OIL FLAVOR scores, therefore, are consistent
(given our expectations above) with the moisture and lipid
compositions of the two salmon types.
In the other paired comparison in which significant differences
were found in moisture and lipid levels (captured chinook versus
farmed Atlantic), the correlations were not in strong agreement.
The scoring differences between the two in OVERALL ENJOYMENT or
FISH OIL FLAVOR were not significant, although the directions of
the differences were consistent with the proximal results
(captured chinook scored higher in enjoyment and lower in fish
oil flavor). In MOISTNESS, there was a small and insignificant
difference in mean scores in favor of farmed Atlantic, while
captured chinook had significantly higher moisture levels.
In the taste comparison between captured chinook and farmed
Atlantic, no significant differences were found in moisture or
lipid levels, but there were significant differences in FISH OIL
FLAVOR, as well as in several other attributes, but not in
OVERALL ENJOYMENT or MOISTNESS.
The taste test panelists found a vertical section effect in only
SWEET FLAVOR, with the lower flesh found to be sweeter. This
could conceivably have been related to a difference in lipid
levels between upper and lower flesh regions. The lower flesh
was found to have lower lipid levels than the upper flesh,
although the difference was significant in only farmed Atlantic.
7.4 Summary:

Captured chinook salmon was found to differ significantly in
lipid and moisture levels from the two farmed products, having
higher moisture levels and lower lipid levels. Cluster analysis
confirmed that there was a stronger variation effect by source
(captured versus farmed) than there was by species or by speciesand-source. No difference in moisture level was found between
upper and lower flesh for any of the fish types, and a
significant difference in lipids was found only in the Atlantic
samples, with the upper flesh found to have higher levels. No
data were available to test lipid levels by longitudinal section,
but a significant difference in moisture level was found between
the tail section and both the head and mid sections over all fish
types. A strong inverse relationship was found between percent
moisture and percent lipid when analyzed over all fish types
combined. The variance in moisture levels was significantly
higher among the farmed chinook salmon than among the captured
chinook salmon. The variances in lipid levels could only be
analyzed within a single fish, and the farmed Atlantic fish
varied significantly more than did the captured chinook fish.
Although most of the taste test results were consistent with the
results of the proximal analyses, it is not clear whether the
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proximal differences detected in the lab were detected on the
palates of the taste test panelists. It is also not clear
whether those differences were expressed through the taste and
texture descriptors used in this study.
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Section S. RELATIONS BETWEEN TASTE TEST AND SOCIOECONOMIC AND
CONSUMPTION RESULTS
Relations between the taste test results and the results from the
socioeconomic and consumption section of the survey can provide
clues as to how enjoyment of the fish samples varied with
socioeconomic status and with seafood consumption patterns.
Enjoyment of the salmon samples, for example, might be expected
to be a function of age, region of residence, income, price paid
for salmon, or experience with seafood products - such as
frequency of seafood or salmon consumption.
OVERALL ENJOYMENT was examined as a function of the socioeconomic
and seafood consumption parameters, and only two were found to
have significant effects on OVERALL ENJOYMENT - age and salmon
consumption (number of salmon purchases per year). Those
relationships are described in two models below:
Model I: The mean of each respondent's two samples' OVERALL
ENJOYMENT scores was regressed on age and salmon consumption:
Mean
Overall Enjoyment = + 5.58 (Constant)
- 0.0000841 Salmon Purchases/yr
- 0.286 Age

(17.54***)
(-1.96 *)
(-1.92 *)

F = 4.53 (**)
Adjusted R Squared = .087
N = 74
*** significant at .01
** significant at .05
significant at .10
*
The coefficients of age and salmon consumption were significant
at only alpha=.10. Both variables had roughly equal influences
on OVERALL ENJOYMENT (standardized coefficients equal to -.221
and -.216, respectively). Younger respondents scored OVERALL
ENJOYMENT higher than older respondents, with a 15 year increase
in age resulting in roughly 0.3 points decrease in the mean
OVERALL ENJOYMENT score. OVERALL ENJOYMENT also decreased with
increasing frequency of salmon consumption. The relationships of
both these variables suggest that the more experienced salmon
consumers were more discriminating than the less experienced
consumers.
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Model II: The maximum of each panelist's two OVERALL ENJOYMENT
scores was regressed on age and salmon consumption, and the age
effect was not found to be significant:
Overall Enjoyment
(best of 2 samples) = + 6.455 (Constant)
- 0.000101 Salmon Purchases/Yr
- 0.123 Age

(20.09***)
(-2.33 **)
(-0.82
)

F = 3.48 (**)
Adjusted R squared = .063
N = 74
*** significant at .01
** significant at .05
significant at .10
*
Another measurement of the panelists' enjoyment of the salmon
samples was taken through the survey question, "Given the price
you now pay for fresh salmon products, would you pay more, the
same, or less if the salmon products tasted like your most
enjoyed of the two samples you have tasted?" The responses were
as follows:
Pay Less
Pay The Same
Pay More

7.5 percent
56.9 percent
35.6 percent

Model III: In this model, the responses to the above question
regarding elasticity of demand were regressed on age, salmon
consumption, and income (the responses were coded: 0 = "pay
less;" 1 = "pay the same;" 2 = "pay more"):
Willingness to Pay... = + 0.98 (Constant)
- 0.0000853 Salmon Purchases
+ 0.14 Income
+ 0.00025 Age
F = 6.24 (***)
Adjusted R square = .19
N = 67
*** significant at .01
** significant at .05
significant at .10
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( 4.32***)
(-3.66***)
( 2.62***)
)
( 0.00

The result was consistent with the second model above; that is,
salmon consumption but not age was significant. Income was also
significant, and had a correlation coefficient of .25(*).
The inverse relationship between salmon consumption and enjoyment
of the salmon samples reflected in all three models above
suggests that the more experienced salmon consumers were less
impressed with the taste test samples. It is not clear whether
those panelists consuming less did so because they disliked
salmon products, thought the price too prohibitive, or had not
had adequate access to salmon products. However, these results
suggest that those respondents consuming less were pleasantly
surprised by the samples, and that high quality salmon may be
worth the extra price, contrary to their presumptions.
The importance of income in Model III above suggests that those
panelists with higher incomes were willing to pay more for salmon
products that tasted comparable to those sampled in this survey.
Although this might suggest that those with higher incomes were
more impressed with the taste test samples, it is more likely
that the correlation reflects the higher and steeper demand curve
of those individuals with higher incomes; that is, the higherincome individuals were willing to pay more for salmon of a given
quality than those individuals with lower incomes.
While salmon consumption and age were the only socioeconomic and
seafood consumption variables found to be correlated with
enjoyment of the taste test samples, it is noteworthy that
neither gender, "responsibility for seafood purchases," "percent
seafood from recreational fishing," nor any other of the
socioeconomic or seafood consumption variables were related to
enjoyment of the samples.
Gender was found to be related with REDNESS, but only among the
farmed Atlantic samples, with women finding the appearance of
farmed Atlantic to be deeper/darker red/orange than did men
(.42**).
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Section 9. RELATIONS BETWEEN TASTE TEST AND PREFERENCES RESULTS

The responses to "Would you pay more, the same, or less for the
best of the two salmon samples tasted?" were also examined in
relation to the preference results. The responses to this
question were correlated with the middle two of the six retail
salmon prices ($4.75/lb (.33**) and $6.00/lb (.32**)) and
slightly less strongly with $7.25/lb (.25*). Note that the
scores for each of these prices reflect the importance or
preference for those prices; they do not reflect prices actually
paid. The question in the consumption section asking for retail
price paid for fresh salmon was not correlated with "willingness
to pay less, the same, or more for the best of the tasted
samples." The correlations noted above suggest that those
finding mid-level prices important were willing to pay more for
salmon of quality comparable to the taste test samples than were
both those finding the lower prices and those finding the higher
prices preferable.
Few correlations of significance were found between the
preference attribute scores and OVERALL ENJOYMENT. OVERALL
ENJOYMENT was positively correlated with "Europe" (.27**), which
is interesting in that "Europe" was the second-lowest scoring of
the "origin" attributes. OVERALL ENJOYMENT was negatively
correlated with "ranched" (-.22**), which is interesting in that
none of the taste test samples were of ranched source.
Relations between the OVERALL ENJOYMENT scores for each of the
three fish types and the "weighted and summed" preference scores
for each of the three fish types were examined in order to
determine whether the sensory responses of the panelists were
consistent with their stated preferences. No significant
correlations were found between the two scores for any of the
three fish types, indicating that claimed preferences for
particular fish types did not correlate with enjoyment of those
particular fish types. Also of interest were the analyses of the
score spreads between fish types; that is, the relations between
the taste test score spreads between fish types and the claimed
preference score spreads between the same respective fish types.
Only in the captured chinook versus farmed chinook comparison was
any correlation found: The greater the magnitude of claimed
preference for troll-caught chinook over farmed chinook e , the
less was the magnitude of preference in the taste test (r=-.43*
for the difference in "weighted and summed" scores for trollcaught chinook and farmed chinook correlated with the difference
in OVERALL ENJOYMENT).

8 Information about source of the salmon samples by country
or region remains confidential.
84

Section 10. CONCLUSIONS AND FINAL DISCUSSION

Unlike traditional demand analysis, the information generated in
this study was not designed to reveal the relationship of
aggregate market factors (individual and aggregate demand
schedules, however, can be developed using attribute
information - see Anderson (1988) for an example). Rather, it
was designed to reveal consumer attitudes and perceptions to
product attributes and to determine whether behavior is
consistent with professed attitudes. This type of analysis can
be meaningful when the relationships of market factors and
product attributes are obscured by: 1) the variability of
product characteristics within and between product forms; 2)
rapid dynamic changes within markets, and; 3) adjustments and
lags resulting from changes in perceptions, knowledge, and
experience. These relationships are especially important since
one of the issues characterizing salmon markets and product
development is the potential variability which can exist within
and between product forms. The existence of this variability
obscures the ability to identify and measure attribute effects,
which in turn complicates efforts to identify market
opportunities and control and standardize product attributes at
profit maximizing levels.
Global salmon markets today are characterized by intense
competition and an unprecedented increase in supplies from
ranching and farming practices. The result"is that many
traditional rules governing salmon production and marketing no
longer apply - for example: fresh salmon is not just a seasonal
product but is available year-round; seafood wholesalers and
secondary processors such as smokers do not require frozen
inventory and can purchase fresh product on a continuing basis;
and for the first time in fish marketing history a single type of
fresh, unfrozen fish (salmon) is available year-round in retail
outlets throughout the developed world.
The type of information developed in this study can help salmon
producers compare their perceptions against those of consumers in
order to understand how their product, and the products of
competitors, are perceived. The results from consumer taste
tests and proximal analyses can reveal the relationship between
organoleptic properties and biochemical characteristics. This
knowledge, as emphasized in the introduction of this report, can
allow aquaculturists and the capture industry to more effectively
understand the relationship between product characteristics and
market development. This knowledge can then be used to develop
market and production strategies that can allow salmon producers
to become pro-active rather than passive respondents to the
dynamic changes occurring in today's global salmon ehrkets.
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Standardise or Differentiate Salmon Products?
Due to the increase in global trade, the development of
previously under-utilized fisheries, and the development of new
product forms, the U.S. seafood market offers an increasingly
complex array of seafood products. The availability of both
captured and farmed products for many species adds yet another
dimension of choice for the consumer and the industry. In
response to this complexity, industry and government have
attempted to standardize seafoods to improve market development
and simplify market choice. For example, given the large number
of seafood products and the difficulty in supplying consumers
with information on the characteristics of each species, the
National Marine Fisheries Service conducted a project to create a
standard nomenclature. The objective of this project was to
identify and classify species by their edibility characteristics,
enabling consumers to select their seafood consistently and
knowledgeably (see Wekell and Barnett 1991).
But while the U.S. seafood industry as a whole is struggling to
standardize this vast array of products, the salmon industry may
be - depending on the particular market - in a somewhat different
position. Most U.S. consumers may not be aware of or able to
discern differences among salmon products. Therefore, strategies
aimed at standardizing salmon products may be appropriate for
many U.S. markets. However, in salmon-producing regions like the
U.S. Pacific Northwest, salmon is a familiar product and
consumers may be more discernable regarding product
characteristics. With the appropriate support, these consumers
may welcome further variety beyond the current differentiation by
species, form, and source (e.g., Atlantic or chinook, whole or
fillet, captured or farmed). Many outlets differentiate no
further than by form, offering a generic salmon product available
in steak, fillet, or whole form.
•

Is Source of Production Important?
Source of production (i.e., captured versus farmed) has been the
center of debate as the capture salmon industry struggles to
adjust to its aquaculture competitors in the global marketplace.
The capture industry has concentrated on shaping perceptions at
the wholesale, retail, and consumer levels. The troll industry
has promoted the merits of its products relative to farmed
products (e.g., Seafood Leader 1989), and much of the popular
media has extended this debate (e.g., Fish International 1989).
One question is how distributors and consumers have responded to
the new "variety" offered by farmed salmon products. A second
question is how consumer attitudes and preferences have been
affected by this debate. In salmon-producing regions attitudes
and preferences may be influenced by the regional economic
importance of particular production methods, as well as by
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"traditional" values associated with particular occupations and
livelihoods.
For example, consumers in salmon-producing regions such as
Alaska, where there has been recent public debate on allowing
mariculture development, have been exposed to different
information than have other regions, and their preferences have
presumably been shaped by more than objective differences in
flesh quality. One "upscale" Vancouver restaurant that surveyed
its customers' preferences for captured and farmed salmon
reported that one patron sent in a news clipping as an
explanation of why she preferred wild product (Northern
Aquaculture 1991). The respondents to the restaurant survey
claimed to strongly prefer captured over farmed salmon (although
only one in five could accurately tell the difference between the
two products when served on the same plate). Their preference
for wild product was so strong that 65 percent preferred to pay
two dollars more per serving for wild product, and 68 percent
preferred frozen wild product over fresh farmed product.
In contrast, this study's panelists • claimed source of production
(i.e., farmed versus captured) to be the least important of nine
attribute categories that were assessed, and condition and state
to be the most important. Pacific Northwest salmon wholesalers
and retailers were in relative agreement, rating the importance
of source above only packaging and origin (Anderson 1988). Even
though troll-caught was strongly preferred over farmed product in
this study, with scores of 5.5 and 2.7, respectively, these
scores when weighted by the importance of "source" totalled only
17.6 and 8.6, compared to a weighted score of 38.1 for the
highest scoring attribute - "fresh product in excellent
condition." So although there was a clear preference for trollcaught product among these panelists, it is apparent that any
promotional strategies based on differentiation by source alone
may not address what consumers find most important.
•
Freshness is Important:

Two important findings of this study indicated that: 1) product
condition and state (fresh versus frozen) were the most important
salmon product attributes, and; 2) "delicate/fresh fish flavor"
was the sensory attribute most strongly associated with
enjoyment.
These findings suggest that salmon consumers need to be confident
in the freshness of the product, and that the product must taste
"fresh" (and "delicate") after preparation. It also suggests
that consumers may be willing to pay a premium for a product that
they correctly perceive as having these qualities.
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Although the attribute preferences claimed by the panelists in
this study were in fair agreement with those of Northwest salmon
wholesalers and retailers (see Anderson 1988), the industry may
not be fully exploiting the opportunities for providing "fresh"
products. The salmon industry may also be underestimating the
ability of at least some consumers to differentiate between
salmon products after purchase - especially with respect to
flavors associated with freshness. Hermann et al. (1989) found
that salmon wholesalers perceived farmed salmon to be softer in
texture than wild salmon but not significantly different in
flavor. In contrast, the panelists in this study found
significant sensory differences between captured and farmed
products in two flavor attributes (delicate/fresh fish flavor and
fish oil flavor), but in none of the texture attributes. The
finding that consumers find freshness and the flavors associated
with freshness so important (and are also able to differentiate
these flavor attributes) underlines the importance of providing
fresh products.
Two strategies may be employed by the salmon industry to improve
consumer confidence:
1) Promote "freshness:" The salmon industry could consider using
appropriate terminology in its advertisements and labels, such as
"fresh," "fresh flavor," and "delicate flavor." Consumers might
also respond to guarantees of freshness. However, this type of
information and implied warranty should only be used if the
product is actually fresh, with a reasonably long shelf life and
high level of quality in other characteristics. Retailers might
also provide "objective" evidence of freshness and shelf life,
including information about time, temperature and handling, and
various measurements of biochemical indicators.
2) Develop production, marketing, distribution, and retailing
strategies consistent with a product characterized by a "fresh
and delicate" taste. Poor handling that results in cuts,
punctures, or bruises not only gives the product an appearance of
low quality, but as Wekell and Barnett (1991) pointed out,
handling and storage practices may also govern the chemical
reactions involving the aromatic compounds associated with fresh
fish flavor and off-flavors. If the advantages of improved
handling can be demonstrated to the consumer, the costs
associated with improved handling could be more than offset by
the higher prices that could characterize a "fresher" and more
"delicate" product.
Implications for the Two Production Sectors:

Promotional efforts by the troll industry have emphasized their
products' superior texture and appearance - two attributes easily
appraised before purchase. The farming industry, accordingly,
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has used feed additives to deepen flesh color. The panelists in
this study claimed flesh color to be important, ranking it third
behind condition and state. Significant differences in postcooked color were found between both captured and farmed and
between chinook and Atlantic. However, post-cooked color was not
found to have any impact on enjoyment, and although it is
difficult to make inferences about the importance of pre-cooked
flesh color, for some markets it may be that changes between
moderate red and deep red pre-cooked flesh color are not
important to most consumers (no significant difference in
preference was found between "deep red/orange" and "moderate
red/orange").
The captured industry has also emphasized the superior firmness
of its products relative to farmed salmon. While this study
found the sensory attribute "firmness" to be positively
associated with enjoyment, the panelists found no significant
post-preparation difference in firmness between the farmed and
captured samples. Another texture descriptor, "flakiness," was
found to have an even greater influence than firmness on
enjoyment, although again, no differences in flakiness were found
between either farmed and captured product or between chinook or
Atlantic. Although flakiness cannot be appraised before
purchase, it may be a useful descriptor to be used by the salmon
industry.
The Salmon Troll Industry:
Given the favorable performance of captured salmon in this taste
test, the troll industry might be encouraged to promote and
differentiate its products from farmed products in terms of those
qualities consumers find most important - freshness and
fresh/delicate flavor. The predominantly coastal Oregon
residents that participated in this survey not only claimed to
strongly prefer captured salmon over farmed products, but the
captured salmon used in the taste test significantly outscored
the farmed samples in "delicate/fresh fish flavor."
A key question is whether price premiums would be paid for
products that undergo careful handling, meet certain objective
standards of freshness, or that offer guarantees of freshness.
Additionally, it is unclear whether those strategies would
succeed in other regional markets, or whether they would even be
appropriate in the long term in the Northwest. The results of
other taste tests, in addition to this one, reveal no regular
pattern of success for either captured or farmed products, and
suggest that there may be more variability within sources than
between sources (see Bartos 1989; Northern Aquaculture 1991; Fish
Farming International 1989). One implication is that the
captured salmon industry's advantage may be tenuous, even in
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important trolling regions like the Pacific Northwest. As salmon
consumers increasingly experiment with farmed products, and as
the farming industry increases its control over flesh quality,
the perceived superiority of captured salmon may erode. This
study, for example, found that the greater the magnitude of
claimed preference for troll-caught over farmed chinook, the less
was the magnitude of preference in the taste test. Potentially
important relationships with age were also found, with younger
respondents tending to prefer salmon from Europe and Chile more
than older respondents, and older respondents preferring chinook
more than younger respondents. These results may indicate a
trend towards more experimentation and acceptance of imported
products among younger consumers. It might also be expected that
a generation of consumers growing up after the development of
salmon aquaculture would hold less prejudices against farmed
products.
The Salmon Farming Industry:

Two presumed advantages of the salmon farming industry have been
its ability to produce a uniform product, and to supply this
product year-round. This study, however,-provided preliminary
evidence that aquaculturists' ability to produce a uniform
product - at least within lots - may not be so great relative to
that of the capture salmon industry. Greater variation was found
in the moisture levels of the farmed salmon lot than in those of
the captured salmon lot. It may be that even in a temporally and
spatially heterogenous environment, wild troll caught salmon are
able to pick and choose their environment (e.g., temperature and
prey items) to such an extent that the salmon reaching consumers'
plates during a given time period and from a general fishing
location are very uniform. Capture and handling methods may also
significantly affect variability. A farmed salmon has less
"choice" as to its diet or other environmental factors, and there
may be substantial product variation among farms, among tanks or
pens within a given farm, or even within tanks or pens (e.g.,
between fish inhabiting the bottom and those staying closer to
the surface, or between more aggressive and less aggressive
fish). So although there may be great variety in wild salmon
product according to geographical area and time period of
capture, the salmon captured within each of those areas and time
periods might be marketed with as much assurance of uniformity as
farmed product.
Regardless of the extent to which the farming industry is
currently able to control product uniformity, over time the
salmon farming industry can be expected to improve its ability to
control product variation and flesh quality. One implication
from this study is that efforts to control product.quality should
concentrate on controlling "delicate" and "fresh fish" flavors as
well as flesh color or texture. Specific aromatic compounds 90

especially various nucleotides - have been identified as giving
fish a fresh taste and odor, and further research might reveal
feeding, handling, or other methods for controlling the reactions
that govern their presence (see review by Wekell and Barnett
1991). In addition to the importance of "delicate/fresh fish
flavor," the results of this study suggest that sweetness, fish
oil flavor, and flavor intensity might also have important
impacts on overall enjoyment. Both "sweet flavor" and "fish oil
flavor" were found to be related to lipid levels, suggesting the
importance of controlling lipid levels through feed or other
environmental variables.
The farming industry's general marketing and advertising strategy
has been to minimize the differences between farmed and captured
products in terms of organoleptic characteristics, but to promote
differences in supply availability and product uniformity. This
may not be an unreasonable strategy given farmed product's
success in several taste tests (Bartos 1989; Fish Farming
International 1989). An alternative strategy, however, would be
to acknowledge and exploit some organoleptic differences. It has
been claimed that feeding salmon too quickly will lead to soft,
pulpy flesh (Fish International 1989). Feeding quickly
presumably has economic advantages, and if the farmer can
convince the consumer that softer flesh has little or no impact
on flavor, then such a product may successfully exploit its cost
advantage. Or, if soft, pulpy flesh is less suitable for frying
or smoking (Fish International 1989), it might be effectively
promoted for other cooking methods - again, at lower costs or
prices than other salmon products.
It would be of value to explore. whether consumers associate the
concept "freshness" more with either captured or farmed salmon.
If, for example, consumers associate freshness more strongly with
captured products, it might be difficult for the farming industry
to successfully promote a product as being especially fresh or
fresh tasting (i.e., relative to captured salmon) (this study
found a weak but significant correlation between "condition" and
"troll-caught," and no correlation between "condition" and
"farmed"). If, however, there are in fact no objective
differences between captured and farmed products in freshness or
in the flavors and odors associated with freshness, then a
strategy that promotes freshness may help to overcome unrealistic
perceptions of consumers.
Future Research Needs:
More research is needed to determine how much the salmon industry
should differentiate its products. Work is needed to identify
market segments by region and within regions. Among the
panelists in this study, for example, those from larger
households were less concerned about the characteristic
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"condition." It was also found that "condition" scores were not
strongly correlated with scores of the other attribute
categories, and were not at all correlated with "source" or
"origin," suggesting possible segmentation among the panelists.
It might be, for example, that beyond the nearly universal desire
for salmon in excellent condition, one "group" of consumers may
find species, source and origin quite important while a second
group finds them only minimally important. This hypothesis in
fact was supported in that the condition scores exhibited a lower
variance than all other attribute categories, while "source" and
"origin" had two of the highest standard deviations. A possible
example of this kind of consumer segmentation was found between
the men and women panelists - men found "source" more important
than did women (and it should be noted that responsibility for
seafood purchases was claimed equally between men and women
respondents).
Experimental economics, which uses an artificial market situation
in which consumers make choices among various products at various
prices, can be used to assess demand for varieties of products
and to help identify potential market segments. Explorations can
be made into differential demand for different sources of
production, levels of condition, species, product forms, and
other product attributes.
Test-marketing in selected regions could be accomplished to test
various new products and to help determine how much
differentiation would be welcomed by consumers. The-Pacific
Northwest troll industry, for example, could test-market in
selected retail outlets - both in this region and farther
afield - various combinations of salmon types, including higher
priced specialty products that exhibit certain objective
standards of freshness. Restaurantd might also be potential
collaborators, particularly more upscale restaurants whose
customers might be especially concerned with whether the product
was farmed or captured and whether it was fresh or frozen.
Experimentation might also be tried on packaging and labelling for example on how much and what type of information about the
product should be provided to the consumer.
In addition to exploiting differentiation by source of
production, species, and cut, the industry might also test
differentiation by fish portion (this study found longitudinal
effects in "gamey flavor" and "fish oil flavor"). One strategy
would be to promote these differences in terms of advantages for
various cooking methods, and further research might reveal the
biochemical or sensory characteristics that are best for each of
those methods.
The widespread presumption that the farming industry has
introduced into the global salmon marketplace a product of
greater consistency than captured product should be tested
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through further sensory and proximal analysis. The designs of
studies to date (e.g., Bartos 1989; this study) have concentrated
on identifying differences among salmon types but not on
quantifying variation within types. Taste test and proximal
experiments can be designed to test hypotheses regarding
consistency, including variation within wild runs of the same
species, variation between products that experience different
handling methods, variation within and between salmon farms, and
perhaps most importantly, seasonal variability in both wild and
farmed products.
Biochemical research into the chemical compounds and reactions
governing the flavors and odors associated with fresh fish, offflavors, and other flavor and texture attributes is of obvious
importance to the farming industry. It is also important to the
capture industry, especially in how it relates to handling and
storage and to seasonality.
Analysis of the biochemical characteristics that give seafood
products their sensory traits is also of importance in developing
more objective means for assessing seafood quality. The use of
such techniques as the "K value" (a measure of the relative
concentrations of the various nucleotides in fish flesh) might
not only be valuable in protecting public health, but the
provision of such indicators of freshness on seafood labels might
increase consumer confidence in seafood products in general.
Consumers might welcome the opportunity to compare such
indicators among seafood products and might be willing to pay a
premium for products with higher objective freshness standards.
Finally, the salmon industry needs to educate itself - both about
the characteristics of its products and the characteristics of
consumers. Only then can the industry begin to determine which
long-run marketing management strategies could prove optimal.
When should salmon be differentiated? Can consumers be educated
to enjoy the variety in salmon (e.g., like the variety of wines)
or would the costs to educate the public and differentiate and
standardize different varieties be too great? Should the wild
industry work with cultured producers for mutual advantage (e.g.,
increasing supply availability of regional product) or attempt to
differentiate its product? Will the continuing increase in
"scarcity" of wild coho and chinook salmon relative to farmed
product lead to higher prices for wild product as has occurred
with wild Atlantic salmon? The work summarized in this report is
one example of the kind of research needed to address these
questions.
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Appendix. SURVEY QUESTIONNAIRE

(INTRODUCTION)

Hello. I am a representative of the Marine Science Center of
Oregon State University. During this festival we are conducting
a survey of consumers in order to evaluate their perceptions of
fresh salmon products. Your valuable assistance will enable the
salmon industry to more effectively meet the demands of Oregon
seafood consumers.
One feature of this survey will be a taste test in which you will
be provided free samples of fresh salmon products. The entire
survey will take approximately fifteen minutes. Would you like
to participate?
(IF YES, PROCEED TO QUESTION 1 OF PART I OF YOUR SURVEY. IF NO,
THANK THEM FOR THEIR TIME AND REPEAT THE INTRODUCTORY REMARKS TO
THE NEXT PERSON PASSING THROUGH THE TURNSTILES.)

Part I
(SURVEYOR: THE QUESTIONS IN PART I WILL BE READ BY THE SURVEYOR
TO THE INTERVIEWEE.)
THE QUESTIONS IN THIS PART OF THE SURVEY ARE DESIGNED TO HELP US
UNDERSTAND SOME BASIC INFORMATION REGARDING YOUR SEAFOOD BUYING
BEHAVIOR.
ANSWER TO THE BEST OF YOUR ABILITY. THERE ARE NO RIGHT OR WRONG
ANSWERS.

1. In your household, are you responsible for the majority of
seafood purchases?
(SURVEYOR: PLACE A CHECKMARK AFTER
THE APPROPRIATE ANSWER.)

Yes
No

2. Approximately how many times per week does your household
consume seafood?
times a week
(SURVEYOR: IF THEIR ANSWER INDICATES LESS THAN ONCE PER WEEK
LEAVE THIS BLANK AND GO TO QUESTION 2a. IF THEY ANSWER
GREATER THAN ONE, GO TO QUESTION 3.)

2a.

Approximately how many times per month does your
household consume seafood?
times a month

(SURVEYOR: IF THEIR ANSWER INDICATES LESS THAN ONCE PER
MONTH LEAVE THIS BLANK AND GO TO QUESTION 2b. IF THEY
ANSWER GREATER THAN ONE, GO TO QUESTION 3.)

2b.

Approximately how many times per year does your
household consume seafood?
times a year

3. Please tell me approximately how much of your seafood
consumption was obtained from different sources by using one
of the five following descriptions:
(SURVEYOR: READ OUT THE LIST OF SOURCES AND CIRCLE THE NUMBER
CORRESPONDING TO THE APPROPRIATE DESCRIPTOR RESPONSE.)

3.

(con't.)
NONE

SOME

ABOUT HALF

MOST

AIL

SOURCES

a.
b.
c.
d.
e.
f.

Restaurants
Supermarkets
Fish markets
Recreational fishing
Dockside purchases
Other

0
0
0
0
0
0

1
1
1
1
1
1

3
3
3
3
3
3

2
2
2
2
2
2

4. Of the total amount of seafood consumed yearly, about what
percentage is composed of fresh or frozen salmon. Exclude
canned salmon or processed salmon (such as smoked product).

5. Of the total amount of fresh or frozen salmon consumed by
your household, about what percentage is purchased in
restaurants?

6. What is the approximate retail price per pound you paid for
fresh salmon products during the recent past?

$

per lb

N/A
(SURVEYOR: IF THE INTERVIEWEE CANNOT REMEMBER OR HAS NOT
PURCHASED FRESH RETAIL SALMON PRODUCTS, CHECK "N/Au).

7. If the price of fresh retail salmon were to increase by 50%
how much less salmon would your household purchase compared
to the amount they presently buy? Choose one of the
following:
(SURVEYOR: CHECK THE APPROPRIATE None
75% less
CATEGORY)

50% less
25% less
the same

4
4
4
4
4
4

8.

Now imagine that the price of fresh salmon were to decrease
by 50%. How much more salmon would your household purchase
compared to the amount they presently buy. Choose one of the
following:
No change
25% increase
50% increase
75% increase
100% increase
More than 100% increase

9.

Are you a permanent resident of Oregon?
(SURVEYOR: IF "YES" PROCEED TO QUESTION 10.
IF "NO" PROCEED TO QUESTION 9a.)

Yes
No

9a. Which U.S. state or foreign country do you reside in?
(PROCEED TO QUESTION 11)

10.

What county of Oregon do you reside in?
(SURVEYOR: IF THEY DO NOT KNOW THEIR COUNTY, RECORD THEIR
TOWN AND CIRCLE THEIR ANSWER TO INDICATE A TOWN.)

11.

How many members are there in your household?
(SURVEYOR: IF ONLY ONE HOUSEHOLD MEMBER PROCEED TO Q. 12,
OTHERWISE ASK THEM lla AND 11b).

One
More than one

12.

lla.

If more than one, how many?

11b.

How many household members are less than 12 years
old?
Please choose the income range that best approximates
your total actual household income.

(SURVEYOR: READ OFF THIS LIST
AND CHECK THE APPROPRIATE
CATEGORY. IF THEY REFUSE
TO ANSWER, CIRCLE "R".)

.0 to
10 to
20 to
35 to
greater than

$10,000
$20,000
$35,000
$50,000
$50,000

13.

Please indicate your occupation according to the
following list:
(SURVEYOR: READ THE LIST FAIRLY
QUICKLY AND CHECK
OFF APPROPRIATE
CATEGORY.)

Professional
HomeMaker
Blue Collar
White Collar
Retired
Unemployed/Student
R

14.

Could you please indicate your approximate level of
education?
(SURVEYOR: AGAIN, READ OFF FAIRLY QUICKLY.)

Less than high school
High School
Tech/Vocational
Some college
College/Graduate school
R
(SURVEYOR: ANSWER Q. 15 AND 16 BASED ON YOUR OBSERVATIONS OF
THE INTERVIEWEE).

Male
Female

(15.

What is the gender of the interviewee?)

(16.

What is the interviewee!s approximate age?) 18 - 35
36 - 50
51 - 65
over 65

(SURVEYOR: PROCEED TO THE NEXT SECTION OF THE SURVEY. IN ALL
REMAINING SECTIONS OF THE SURVEY YOU WILL READ ONLY THE
INTRODUCTORY REMARKS AND THE FIRST QUESTION. HOWEVER, MAKE SURE
THAT BEFORE YOU GIVE THE INTERVIEWEE THE SECTION OF THE SURVEY TO
FILL OUT THEMSELVES YOU ARE REASONABLY ASSURED THAT THEY
UNDERSTAND THE QUESTIONS AND FORMAT).

Part II
(SURVEYOR: READ THE INTRODUCTION AND THE FIRST QUESTION.
EMPHASIZE THAT MANY OF THE CATEGORIES MAY BE UNKNOWN TO MOST
PEOPLE AND THAT THEY SHOULD CIRCLE "N/A" (NOT APPLICABLE) WHEN
THAT IS THE CASE.)
IN THIS SECTION WE WISH TO FIND OUT WHICH PARTICULAR
CHARACTERISTICS OF SALMON YOU FIND IMPORTANT.
1. USING THE SCALE BELOW, PLEASE RATE EACH CATEGORY OF SALMON
PRODUCT CHARACTERISTICS FOR THE DEGREE OF IMPORTANCE TO YOU.
IMPORTANT: IF THE CATEGORY IS UNKNOWN, BE SURE TO CIRCLE
"N/A" (NOT APPLICABLE).
MOST
IMPORTANT

SOMEWHAT
IMPORTANT

NOT
IMPORTANT

6

7

Species
N/A 0
(chinook, coho, etc.)

b.

Source of production N/A 0 1 2 3 4 5 6
(captured, farmed, etc)

c.

Origin
(nation or state)

N/A 0

1

2

3

4

5

6

7

d.

State
(fresh/frozen)

N/A 0

1

2

3

4

5

6

7

e.

Condition
2
N/A 0
1
(appearance and refrigeration life)

3

4

5

6

7

f.

Product form
(whole, steak, etc.)

N/A 0 1 2

3

4

5

g.

Color
(dark red, pink)

N/A 0

1

2

3

4

5

6

7

h.

Price

N/A 0

1

2

3

4

5

6

7

i.

Packaging

N/A 0

1 2

3

4

5

6

7

1

2

3

4

5

a.

2. USING THE SCALE BELOW, PLEASE RATE YOUR DESIRABILITY FOR EACH
TYPE OF SPECIFIC ATTRIBUTE.
IMPORTANT: IF YOU DO NOT RECOGNIZE THE SPECIFIC ATTRIBUTE, BE
SURE TO CIRCLE "N/A" (NOT APPLICABLE).

2.

(continued)

a.

STRONGLY
DESIRED

SOMEWHAT
DESIRED

NOT
DESIRED
SPECIES:

1. Coho (Silver)

N/A

0

1

2

3

4

5

6

7

2. Chinook (King)

N/A

0

1

2

3

4

5

6

7

3. Atlantic

N/A

0

1

2

3

4

5

6

7

4. Chum

N/A

0

1

2

3

4

5

6

7

5. Sockeye (Red)

N/A

0

1

2

3

4

5

6

7

b. SOURCE OF PRODUCTION:
1. Captured with
seine

N/A

0

1

2

3

4

5

6

7

2. Captured with
gillnet

N/A

0

1

2

3

4

5

6

7

3. Troll caught
(hook and line)

N/A

0

1

2

3

4

5

6

7

N/A
4. Farmed
(net pens or tanks)

0

1

2

3

4

5

6

7

N/A

0

1

2

3

4

5

6

7

1. Canada

N/A

0

1

2

3

4

5

6

7

2. Europe

N/A

0

1

2

3

4

5

6

7

3. Chile

N/A

0

1

2

3

4

5

6

7

4. New Zealand

N/A

0

1

2

3

4

5

6

7

5. Oregon

N/A

0

1

2

3

4

5

6

7

6. West Coast U.S.

N/A

0

1

2

3

4

5

6

7

7. Alaska

N/A

0

1

2

3

4

5

6

7

5. Ranched

c. ORIGIN:

NOT
DESIRED

STRONGLY
DESIRED

SOMEWHAT
DESIRED

d. CONDITION:
N/A
0
no discoloration;
no cuts or scars; no
fishy odor; 8 days
refrigeration life

1. Fresh, with:

1

2

3

4.

5

2.

Fresh, with:

1

2

3

4

5

6

7

3.

Fresh, with:

1

2

3

4

5

6

7

4.

Frozen, with:

1

2

3

4

5

6

7

5.

Frozen, with:

1

2

3

4

5

6

7

N/A
0
little discoloration;
1 or 2 minor marks;
minor odor; 5-7 day
refrigeration life
N/A
0
discoloration; some
cuts/scars; fishy
odor; 2-4 days
refrigeration life
N/A
0
no discoloration;
no cuts/scars; no
fishy odor; 6 month
freezer life

N/A
0
little discoloration;
1 or 2 minor marks;
minor odor; 3 month
freezer life

e. PRODUCT FORM:

1. Whole, head on,
dressed, 6 lbs.

N/A

0

1

2

3

4

5

6

7

2. Whole, head off,
dressed, 4 lbs.

N/A

0

1

2

3

4

5

6

7

3. Steaks, 8 oz.

N/A

0

1

2

3

4

5

6

7

4. Portioned fillets, N/A
8 oz.

0

1

2

3

4

5

6

7

5. Whole, head on,
N/A
dressed, pan sized

0

1

2

3

4

5

6

7

STRONGLY
DESIRED

SOMEWHAT
DESIRED

NOT
DESIRED
f. COLOR:
N/A

0

1

2

3

4

5

6

7

2. Moderate red/orangeN/A

0

1

2

3

4

5

6

7

3. Deep red/orange

N/A

0

1

2

3

4

5

6

7

1. $ 2.25/1b.

N/A

0

1

2

3

4

5

6

7

2. $ 3.50/1b.

N/A

0

1

2

3

4

5

6

7

3. $ 4.75/1b.

N/A

0

1

2

3

4

5

6

7

4. $ 6.00/1b.

N/A

0

1

2

3

4

5

6

7

5. $ 7.25/1b.

N/A

0

1

2

3

4

5

6

7

6. $ 8.50/1b.

N/A

0

1

2

3

4

5

6

7

1. Unpackaged

N/A

0

1

2

3

4

5

6

7

2. Packaged

N/A

0

1

2

3

4

5

6

1. Pale pink/orange

g. PRICE:

h. PACKAGING:

Part III.
IN THIS PORTION OF THE SURVEY YOU ARE BEING ASKED TO EVALUATE TWO
SAMPLES OF FRESH COOKED SALMON PRODUCTS. THESE SAMPLES MAY BE
FROM THE SAME OR DIFFERENT PRODUCTS. TASTE APPROXIMATELY ONEHALF OF EACH SAMPLE ONLY AND THEN RATE YOUR ENJOYMENT OF EACH
SAMPLE USING THE SCALE BELOW. USE THE WATER AND CRACKERS TO
CLEAN YOUR PALATE.
NOTE THAT THIS FISH HAS BEEN PREPARED WITHOUT THE ADDITION OF ANY
SPICES OR FLAVOR ENHANCERS.

1. Overall Enjoyment: DID NOT
ENJOY

ENJOYED
ENJOYED
SLIGHTLY MODERATELY

ENJOYED
HIGHLY

a. Sample 237

0

1

2

3

4

5

6

7

b. Sample 501

0

1

2

3

4

5

6

7

2. Given the price you now pay for fresh salmon products, would
you pay more, the same, or less if the salmon products tasted
like your most enjoyed sample from above?•
CHECK ONE:

1. The same
2.

More

3.

Less

After you have completed this question please alert the
interviewer that you are ready to continue. Do not turn this
page until the surveyor tells you to continue.

3. Please taste the remaining portions of your samples. Using
the list of descriptive terms provided below, rate the
samples on each of the attributes by circling the intensity
of the attribute on the scale.
IMPORTANT: IF YOU CANNOT ' PERCEIVE ANY OF A PARTICULAR ATTRIBUTE
IN THE SAMPLE, BE SURE TO CIRCLE THE WORD "NONE".

STRONG

MODERATE

SLIGHT
a. APPEARANCE

1. Redness:
a. Sample 237
b. Sample 501

1
1

b. FLAVOR
1. Overall flavor intensity:
1
None
a. Sample 237
None
1
b. Sample 501

None
None

4
4

5

2

3
3

6
6

7
7

2
2

3
3

4
4

5
5

6
6

7
7

2. Sweet flavor:

a. Sample 237
b. Sample 501
3. Buttery flavor:
a. Sample 237
b. Sample 501

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

4. Delicate or fresh fish flavor:

a. Sample 237
b. Sample 501

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

5. Gamey flavor:
a. Sample 237
b. Sample 501

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

None
None

1
1

2
2'

3
3

4
4

5
5

6
6

7
7

6. Fish oil flavor:

a. Sample 237
b. Sample 501

c. TEXTURE
MODERATE

SLIGHT

STRONG

1. Flakiness:
a. Sample 237

b. Sample 501
2. Firmness:
a. Sample 237
b. Sample 501
3. Moistness:
a. Sample 237
b. Sample 501
4. Chewiness:
a. Sample 237
b. Sample 501

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

None
None

1
1

2
2

3
3

4
4

5
5

6
6

7
7

None
None

1
1

2
2

3
3

4
4

5
5

.6
6

7
7

YOU HAVE JUST COMPLETED THE SURVEY. YOUR EFFORT WILL HELP
ENHANCE OUR UNDERSTANDING OF CONSUMER NEEDS AND HELP THE SALMON
INDUSTRY IMPROVE THEIR DOMESTIC AND GLOBAL MARKETING STRATEGIES.
THANK YOU FOR YOUR TIME AND EFFORT. ENJOY THE FESTIVAL!

