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ABSTRACT

The method currently established to assess the quality of canned
Pacific salmon relies on sensory evaluation. Among the sensory attributes
of importance, odour plays a determining role in grade assignment. It
would therefore be useful to obtain information about the wvolatile
components which can be indicative of various quality criteria. This
study was primarily undertaken: (1) to analyze the headspace volatiles of
canned salmon with a rapid method, (2) to apply multivariate statistics
on the headspace volatile data for classifying canned salmon in terms of
species, sexual maturity, and degree of decomposition, and (3) to
investigate the perceived odour of canned salmon volatiles separated by
dynamic headspace gas chromatographic methods.

Sample weight, incubation temperature and time were studied to
develop a static headspace sampling method for volatiles in canned salmon.
A random—centroid optiﬁization program (RCO) simultaneously searched for
the optimal levels of other factors,bnamely, initial oven temperature,
column headpressure, and total flowrate. RCO was.found to be an effective
optimization program which allowed the performance of several treatment
runs at a time. Optimal conditions of operation permitted the detection
of 80 volatile compounds, 34 of which were identified including aldehydes,
alkanes, aromatic compounds, sulfur-containing compounds, alkenes,

ketones, several other compounds plus an alcohol and an acid.
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Forty-four selected headspace volatiles from cans of 4 species of
Pacific salmon (chum, coho, pink, sockeye), chum salmon at 3 stages of
sexual maturity, and pink salmon of 3 quality grades were quantitatively
determined using the static headspace gas chromatographic (SHGC) method,
and analyzed by multivariate statistical methods. Principal component
analyéis (PCA) and common factor analysis (CFA) facilitated the
interpretation and further handling of the collected gas chromatographic
data by transforming them into ten or fewer important dimensional factors.
Discriminant analyses (DA) were applied to the PCA scores for group
classification. 1In light of non-compliance of statistical assumptions by
the newly generated variables, error rates of linear, quadratic, and non-
parametric functions computed by the resubstitution and cross-validation
methods were compared. The non-parametric (NPAR) Epanechnikov kernel
method maintained a 90% rate or higher of effectiveness at segregating
canned salmon of different species, stages of sexual maturity, and quality
levels. NPAR-DA also provided a high deg%ee of discrimination at the

: ]
beginning of refrigerated decomposition whére the detection of spoilage
by sensory grading 1is uncertain.: Ethanol and 3-methyl-l-butanol
contributed significantly to classification of quality grade of canned

pink salmon.

Dynamic headspace concentration by Tenax trap sampling/gas
chromatography/mass spectrometry (TTS/GC/MS) and cryofocussing
concentration sampling/gas chromatography/odour evaluation (CCS/GC/OE)
were other means used to analyze volatile components of canned pink

salmon, grade A and reject, and canned late-run chum salmon. A total of
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130 compounds were identified; hydrocarbons and ketones were found in
large numbers followed by sulfur-containing compounds, nitrogen-containing
compounds, alcohols, aldehYdes, and acids. The headspace profile of all
analyzed samples possessed several odour attributes which were associated
with the chemical structures identified. No single compound was
responsible for the characteristic aromas of canned pink salmon, grade A
or reject. 2-Methyl-butanal and two lower boiling point unknowns had a
hay or straw-like, cooked-malt odour typical of canned chum salmon of

spawning maturity.
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I. GENERAL INTRODUCTION

Canada’s fishing grounds yield around 70 marketable species of fish
and seafood. 1In economics, fish are second only to grain, the country’s
most valuable food export. In 1987, the Canadian commercial fishing
industry harvested 1.5 million tonnes with an estimated value of $1.64
billion. This landed value was transformed into 839,800 tonnes of seafood
products, worth $3.3 billions (Department of Fisheries and Oceans, 1988).
Approximately 80% of the value of the Canadian fishery production is
currently exported. Salmon and herring are the main export products from

the Pacific coast.

Commercial fishing constitutes a major factor in the economies of
the coastal provinces and northern communities, although it contributes
only a small portion of our Gross National Product (0.5%). In British
Columbia, commercial fishing ranks fourth among the primary industries,
and fish processing accounts for over 25% of all food manufacturing
activities. More than half of the $1 billion wholesale value of BC fish
production came from ocean—caught_salmon>in 1988; 40% of which was sold
in the form of canned salmon. Pink salmon accounted for 62%, chum 18%,
sockeye 17%, and coho 2% of the number of 48-1b cases of cans (Aquaculture

and Commercial Fisheries Branch, 1989).

Aleng with its economical significance, fish occupies an important
place as a part of the human diet. In order to maintain a high level of

quality, it is essential to ensure that fish products going to market are



2
wholesome, meet certain commercial requirements, and are aesthetically
acceptable to the consumer. Good manufacturing practices, quality

assurance and inspection are parts of the strategy.

The method currently established to evaluate the quality of fresh
and canned salmon is largely based on sensory evaluation. Among £he
sensory attributes of texture, colour, taste, and odour, the latter two
play important roles in the quality assurance of fish products.
Rejections of canned salmon, that may be classed as poor quality, are

mostly due to the presence of off-odours indicative of spoilage.

Regulatory agencies presently rely on trained assessors to ensure
a minimum level of quality for canned salmon. The procedure is considered
quick; one essential critérion of a method needed to judge quality of
numerous lots of canned products during busy fishing seasons. Although
a very useful tool, sensory flavour tests possess some limitations.
Sensory tasters are used as measuring instruments, somewhat variable over
time and among themselves, -and prone to bias due to physiological and
psychological factors. Extensive training aimed at removing possible
built—in biases and‘preferences, developing the necessary skills, and
familiarizing the future inspector with the procedure, are required to
reach uniform and consistent grading. Attention should be paid to the
grading of marginal lots where the potential for>misclassification could
be higher. Errors in the assignment of grade and release of questionable
products may initiate strong consumer complaints, result in substantial

monetary loss by a private company, and lead to plant closure with



3
consequent loss of employment. The 1985 incident of Starkist canned tuna,
where "tainted" products (oxidized but safe for consumption) were released

for retail and required a costly recall, is a good reminder.

The search for chemical compounds useful to indicate spoilage has
been the subject of many investigations. In the past, research has mainly
focussed on (a) amines such as total volatile bases (Botta et al. 1984),
trimethylamine/dimethylamine (Hebard et al., 1982), ammonia (Leblanc and
Gill, 1984), and biogenic amines (Mietz and Karmas, 1978), (b) nucleotides
such as hypoxanthine (Jahns et al., 1976), and the K-value (Ehira and
Uchiyama, 1987), and (c) ethanol (Hollingworth et al., 1986). Although
some methods perform better than others, none were found to accurately
reflect the quality of all fish products. This can be attributed to the
diversity with regard to composition, mode of spoilage, and processing of
different products. Despite constant improvements of the chemical
methods, only sensory evaluation presently meets the practical

requirements, and therefore constitutes the major routine procedures.

Fish is one of our most perishable protein resources. When it
spoils, unpleasant odours and flavours are released. Seafood
decomposition is a complex process involving autolytic degradation,
chemical oxidation, and bacterial activity. Since the decomposition
process could follow any combination of pathways, measurement of several
indices may be essential. Most breakdown products are smaller than their
precursors, have higher vapour pressures, and are more likely to

contribute to the total flavour of the product.



An instrumental method that measures a number of volatile compounds
simultaneously and correlates well with sensory analysis would be highly
desirable. It should also be particularly effective at the early stages
of decomposition, where controversial situations are more likely to arise.
Gas chromatographs are contemporary instruments extensively used for
volatile analysis. A method applied to canned salmon could be developed
with such an instrument. Multivariate statistics are foreseen as
necessary to interpret the generated complex patterns of peaks from canned
salmon of various quality and relate them to concurrent sensory
assessments. Furthermore, it would be of interest to identify the various
volatile compounds encountered in canned salmon and this could be

accomplished by gas chromatography-mass spectrometry (GC-MS).



A. Quality of seafood products

In relation to fishery producté, the term "quality’ sometimes leads
to confusion as its meaning can be defined in many ways. Very often, it
is synonymous with freshness, or degree of spoilage. However, species of
salmon and stage of sexual maturity affect the appearance and other
sensory characteristics perceived by the consumer, and affect acceptance
as well as market value. There are therefore a number of factors
encompassing quality in fishery products and the extent to which they
affect that quality varies. The remainder of this introduction takes into
consideration some background information covering the effects of various

important quality factors, on odour in particular.
1. Species
Differences in the genetic material between species of salmon may

be the cause of major influences on quality. For example, pink salmon

(Oncorhynchus gorbusha) possesses a more delicate flesh than other

species. Sockeye salmon (QO. égg&g) is noted for its distinctive red
colour not matched by pink or chum (O. keta). Intrinsic variations in
composition of protein, fat, pigment, low molecular weight compounds,
etc., result in the differences seen in colour, microstructure and

texture, and flavour (Wheaton and Lawson, 1985).



2. Diets

What a fish eats has a significant effect on the colour and flavour
of its flesh. Fish, phytoplankton, zooplankton, invertebrates and other
organisms constitute the main diet of wild salmon. The carotenoid
pigments responsible for the orange coloration of salmon flesh are derived
from its food and consist primarily of astaxanthin (Simpson, 1982). For
aqugculture salmon, diets that are deficient in these carotenoids result
in flesh lacking orange coloration (Chen et. al., 1984). High degree of
pigmentation is associated with consumer acceptance and often with richer

flavour (Skrede and Storebakken, 1986).

A common flavour defect described as blackberry, weedy, diesel, or
sulfide flavour has been known to develop in cod and other gadoids,
mackerei, and salmon (e.g., chum). This has been attributed to the
presence of dimethylsulfide, or DMS (Connell, 1980). It generélly occurs
in fish feeding on a planktonic molluscs known as pteropods. The pteropods
contain dimethyl-B-propiothetin, which may be converted to DMS in the
fish. A low concentration of this compound may not be detected iﬁ fresh
fillets on ice. The odour becomes more pronounced in flesh such asvsalmon

that is canned.

The location of the fishing ground plays an indirect role in the
quality of the fishery product (Jones, 1969). Flavour can vary from one
fishing ground to the next, and can also vary from one season to the next.

Winds, tides, water conditions, and migratory patterns influence the
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quality of a fish before harvest. These factors have repercussions on
the type and abundance of food organisms available, which could affect the

physiological condition of the fish.
3. Spawning

Salmon are anadromous fish that begin life in fresh water, migrate
to the sea for a period of feeding and development, and return to
freshwater to spawn. They do not take food during the spawning migration;
feeding may cease while still in the ocean, or at the time they en£er the
brackish water at the mouth of the rivers (Childerhose and Trim, 1981).
Their muscles contain minute amounts of carbohydrate and consist mainly
of protein and fat. During the maturation process, the energy and
nutrients needed for physical activity and for gonadal growth are taken
from the viscera and the flesh. As the depletion of fat and protein in
muscle occurs, the water content increases, érobably mostly in the

intercellular space (Greene, 1926; Love, 1980; Aksnes et al., 1986).

Although the fat content decreases, the fatty acid composition is
not strongly affected. However, the increase in thg hydroxyproline in
protein indicates that the metabolism of protein from the muscle during
maturation takes place at the expense of nén-collagenous and cellular
proteins. These occurrences have been documented by Lovern (1934), Kaneko
et al. (1966), Love (1970), and Aksnes et al. (1986). After spawning,

some muscle fibres have been found to be in the process of disintegration.



Striation disappeared and the myoplasm eventually presented the appearance

of a structureless but swollen colloid (Greene, 1926).

The sensory attributes of the cooked product are affected by the
maturation process. The first evident signs of maturation are usually
the change in the skin pigmentation. from silvery to various shades of
brown, green, or red depending on the species. The colour of the flesﬁ

is also affected as red colours fade due to pigment mobilization.

The depletion of fat and protein correlates with the gradual
disappearance of odour and flavour of the cooked product. During
maturation of Atlantic salmon, the odour of cooked samples becomes less
pronounced and is often classified asvneutral. The original flavour
gradually changes and the maturing salmon is eventually perceived as
tasteless (Rksnes et al., 1986). In the case of chum salmon, jthe
so-called "late-run odours" appear.> The texture of immature fish is
evaluated as filamentous and firm while mature fish have a more watery,
distinctively soft and tough consistency. It is possibly explained by the
higher water'cantent and the higher relative amount of collagenous-tissue
({Aksnes et al., 1986). In extreme cases, the depletion of protein results

in a gelatinous state which renders the flesh useless.



B. Postmortem deteriorative factors

Deterioration of fresh fish begins as soon as the animal dies. It
is a complex situation for which no single factor is responsible, but,
rather, is a combination of several interrelated processes. Eventually
undesirable odours and off-flavours develop as well as softening of the
flesh and loss of cellular fluid containing various nutrients. There are
three basic modes of deterioration in fish: microbial, enzymatic, and

chemical.

1. Enzymatic degradation

When captured or harvested before starting the spawning migration,
salmon usually contain food in their gut as well as digestive enzymes and
"bacteria. Enzymes present in the flesh and stomach remain active after
death of the fish, and are particularly involved in flavour changes that
take place during the first few days of storage before bacterial spoilage

becomes significant.

In the postmortem muscle, one of the first metabolites to appear is
lactic acid. Lactic acid accumulates because of the glycolytic conversion
of storage glycogen in the fish muscle after the cessation of respiration.
Lactic acid build-up can cause a drop in pH, resulting in the liberation
and activation of inherent acid cell .proteases, cathepsins (Connell,
1980). These proteases contribute to the weakening and softening of the

flesh. Hemoglobin, particularly concentrated in the kidney, can be
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released and may migrate toward the body cavity to cause red discoloration
called belly-burn (Department of Fisheries and Oceans, 1989). Spoilage
products released from the intestine may diffuse throughout the flesh of
the fish, producing offensive odours and discoloration (Wheaton and

Lawson, 1985).

In the muscle of 1live animals, ATP predominates among the
nucleotides under normal conditions. More than 90% of the nucleotides in
the muscle of fish and shellfish are accounted for by purine derivatives
(Seki, 1971). From the food chemistry point of view, some nucleotide
degradation products serve as important umami-producing factors. Five
prime nucleotides such as inosine 5’'-monophosphate (IMP) and guanosine 5'-
monophosphate (GMP) show a distinct taste-enhancing effect in combination
with glutamic acid. However, during the process of nucleotide degradation,

ammonia is produced and may contribute to off-flavours (Gunnar, 1982).

2. Microbial spoilage

Aided by enzymatic activity, microbial spoilage is by far the main
mode of spoilage of chilled fish and shellfish. Large numbers of bacteria
are normally present in the surface slime, on the gills, and in the
intestines of the live fish. However, bacterial spoilage does not begin
until the passage of rigor mortis when cellular fluids are released from

the muscle fibres. -
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Rate of microbial growth depends on the numbers and types of
microorganisms present and the temperature at which the fish is held. The
bacterial flora of fish is influenced by a number of factors such as
season and environment. The flora is a reflection of the flora in the
water in which the fish is caught. The surface flora may also reflect
post-mortem handling and contamination on board a vessel, during
unloading, or in the fish plant. While the fish are chilled, the

psychrotrophic Pseudomonas species predominates, followed by Achromobacter

and Flavobacterium species. At higher temperatures, the genera

Micrococcus and Bacillus appear to increase in numbers (Frazier and

Westhoff, 1978).

The primary substrate for bacterial growth and the main source of
spoilage products is the soluble material in the muscle. Since free
carbohydrate is very 1low in fish, Pseudomonas rapidly wutilize the
nohproteih nitrogen (NPN) fraction of muscle, and this is a major reason
for their rapid domination of the microflora during spoilage. The major
components of NPN in fish muscle are peptides, amino acids, nucleotides,
trimethylamine oxide, urea, taurine, and related purine-based compounds.
The free amino acids of Atlantic salmon (Salmo salar) include moderate
amounts of taurine, glutamic acid, glycine, and alanine (Cowey et al.,
1962) . According to Krzynowek and Murphy (i987), all species of Pacific
salmon have a similar amino acid composition and contain relatively high
amounts of leucine (1.6g/100q), lysiné (1.8g9/100g), aspartic acid
(2.0g/100g), and glutamiclacid {(3.0g/100g). With their decarboxylation

capacity, bacteria can convert some of these amino acids to volatile bases
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such as the diamines, cadaverine and putrescine, as well as histamine.
Histamine, a very potent capillary dilator in man, is the major cause of

scombroid food poisoning (Eitenmiller‘et al., 1982).

In some species of the gadoid family, trimethylamine oxide (TMAQ)
is found in relatively high amounts. The odourless compounds TMAO and.
" lactic acid can be metabolized by bacterial action to yield trimethylamine
(TMA) and acetic acid (Hebard et al., 1982). TMA is characterized by an
ammoniacal odour, but in combination with other compounds, such as fat,
may give a "fishy" odour. Also, ammonia is ultimately produced from the
breakdown of these nitrogen-containing compounds. Some proteolysis seems
to occur in the early stages of spoilage, Dbut there is evidence that
protease production by bacteria is initially repressed. This appears to
be due to the presence of free amino acids at a high level. Proteolysis
becomes more vigorous in the later stages of spoilage as the amino acids
are utilized (Chung, I§68). Various products can be formed directly by
enzymatic deamination of amino acids. The end-products are categorized
as alcohols, ketones, fatty acids, aldehydes, sulfides, thiols,
mercaptans, etc. These products, indicative of putrefaction, increase
in concentration as the fish become unacceptable. A correlation has been
made between bacterial counts and the occurrence of volatile sulfur
compound producing bacteria. When the sulfide producers reach 40% of the
population (often corresponding to a bacterial count exceeding 106/cm2),

overt spoilage occurs (Liston, 1982).
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Microorganisms may also initiate the hydrolysis of triacylglycerols.

The resulting free fatty acids are particularly susceptible to oxidation
which proceeds via hydroperoxides. Most microorganisms can degrade
peroxides and the formation of secondary fat oxidation products by
microorganisms is véry complex (Alford et al., 1971). This leads to
numerous stable end products, such as saturated and unsaturated aldehydes,
ketones, dicarbonyl compounds, alcohols, alkanes, alkenes, and methyl
furans (Grosch, 1984). The carbonyl compounds are odorous even in trace

concentrations and cause the rancid aroma of oxidized fat.
3. Chemical spoilage

As with many other seafoods, monounsaturated and polyunsaturated
fatty acids are more abundant in Pacific salmon than saturated fatty acids
(Hearn et al., 1987). Among the wide array of fatty acids, palmitic
(16:0), oleic (18:1n9), and docosahexaenoic (22:6n3) acids dominate in
fresh wild Pacific salmon and remain dominant after cooking or canning
(Ackman and McLeod, 1988; Barber et él., 1987; Barber et al., 1988;
Braddock and Dugan, 1972). Fish normally have a much higher degree of
lipid unsaturation than most other foods and, therefore, are particularly
prone to oxidative deterioration and rancidity. This is the case for

salmon, mackerel, tuna, and herring.

Microbial enzymes may be involved in the oxidation of fats and oils,
but autoxidation is more common during frozen storage. Freezing

temperature, oxygen concentration, relative humidity, and catalyst
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concentration are important factors in lipid oxidation (Powrie, 1984).
These factors determine the rate at which oxygen reaches the muscle
surface and ultimately reacts with the lipids. However, endogenous enzyme
systems, metallo- and hemoproteins, and metal ions in the tissue play a
role in oxidation by acting és pro-oxidants. Hérdy et al. (1979) found
that lipolysis was responsible for the major changes in the 1lipid
components during the frozen storage of cod. Oxidation was slow and
occured primarily in the phospholipid fraction. In the isolated
microsomal membrane fraction from fish skeletal muscle, enzymic oxidation
of lipid components occured at temperatures as low as =-20°C (Apgar and
Hultin, 1982). Lipases and phospholipases release free fatty acids from
the lipids and these free fatty acids may then undergo oxidation producing
lower molecular weight compounds. Pretreatment with microwave heating is
another factor found to reduce the storage life of fish by catalyzing the
development of oxidative rancidity (Ke et al., 1978). Lipid oxidation
results principally in undesirable flavours often described as “painty™.
In addition, thefe may be some effects on the nutritive components of the
fish tissue due to degradation of oxidizable nutrients such as éssential
fatty acids, some amino acids, and some vitamins. Oxidation of heme
pigments can yield discoloration, and texture changes may occur due to

protein cross-linking (Nawar, 1985).
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C. Formation of flavour volatiles from muscle food

Fresh raw meat and fish have little odour although it 1is usually
possible to distinguish between animal species by sniffing. Recent
investigations using various chromatographic and biochemical techniques
have identified volatile components of several fish species. Raw
freshwater and marine fish possess mild flavours that result from the
conversions of polyunsaturated fatty acids by lipoxygenases (Josephson et
al., 1984a). Josephson (1987) found that, during each of the stages of

life cycle, Pacific salmon (Oncorhynchus spp.) possessed 8-carbon alcohols

and carbonyls which contributed distinct plant~like aromas to the fish.
Spawning condition salmon in freshwater environments additionally
possessed a group of 9-carbon alcohols and carbonyls that added cucumber-
or melon-like aroma notes. During storage, the initial changes in the
aroma of freshly caught fish usually involve a shift from these fresh,
planty aroma notes to a neutral, or flat-sweet odour and eventually

detectable amounts of malodorous spoilage compounds are produced.

In general, meat and fish must be cooked in some fashion in order
to develop desirable odour and flavour. During cooking or canning of
salmon, flavour .compounds are formed which replace the fresh f£fish
compounds, to yield the characteristic flavour of cooked salmon. Although
little information has been published about the flavours of cooked
seafoods, volatile cérbonyls have been suggested as significant
contributors to cooked fish flavours (Pokorny, 1980). In general, meat

and fish aroma is not the result of one constituent but the sum of the
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sensory effects of a multitude of volatiles arising from the thermal
process. However, certain groups of compounds appear to be important
contributors to meat flavours. Chang and Peterson (1977) suggested that
lactones, furanoid compounds, acyclic sulfur-containing compounds and
heterocyclic compounds containing S, N, and O may have a large flavour
impact. It is recognized that the low molecular weight fraction arising
from the degradation of sugars, proteins, and lipids are responsible for
the development of meat and fish flavours upon heating. The various
reactions occurring in the process depend on the type and concentration
of the non-volatile precursors, the heating temperature, the pH of the

medium, and the water activity of the meat.
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II. STATIC HEADSPACE GAS CHROMATOGRAPHIC METHOD TO ANALYZE
VOLATILES IN CANNED SALMON

A. Introduction

Food volatiles, usually found in small amounts, constitute an
integral part of the flavours perceived by consumers. Gas chromatography
(GC) is a widely employed analytical technique to analyze volatile
compounds, and a number of methods have been developed for sample
preparation. One way of analyzing the volatile constituents is by direct
injection of the sample itself or of thé sample headspace gases. More
often, food volatiles must be isolated and concentrated in some manner
before GC analysis. Samples can be subjected to extraction, adsorption,
distillation, cryogenic procedures, or a combination of the above. A
description of these methods as well as their advantages and disadvantages

were recently reviewed by Heath and Reineccius (1986) and Parliment

(1986) .

Equilibrium or static headspace analysis (SHA) involves the
chromatographic separation of a predetermined volume of vapour headspace
above a sample held in a closed vial. Volatiles of many food commodiﬁies
including macadamia nuts (Crain and Tang, 1975), cooked Brassicaceous
vegetables (Maruyama, 1:970), citrus juice (Davis and Chace, 1969),
dehydrated potatoes (Sapers et al., 1970), beer (Hoff and Herwig, 1976),
peanuts (Young and Hovis, 1990), wine (Noble et al., 1980), and spi;es

(Pesek et al., 1985) have been analyzed by this technique. This method

has also been applied to the determination of dimethyl sulphide in cod
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(Sipos and Ackman, 1964), amines in hake, sole, cod, rockfish, perch and
lingcod (Miller et al., 1972a), volatile halocarbons in eel, carp, striped
bass, and spot fish (Entz and Hollifield, 1982), and ethanol in canned

salmon (Hollingworth et al., 1986).

SHA has potential to be used for quality control purposes due to its
simple and rapid operation. However, detection is limited to abundant
compounds of low boiling point. One way to improve sensitivity is to
raise the temperature of the sample. Furthermore, the injection procedure
can be automated by a headspace sampler where the amount of headspace
volume taken is constant, elim%natinq errors a;sociated with manual
handling. The main objective of this research was to develop a method
based on static headspace gas chromatography (SHGC) that would
simultaneously measure a large number of volatile compounds from canned
salmon in a short period of time. More specifically, this %nvestigation
was aimed at: 1) studying some sample preparétion and incubation related-
factors which influenced chromatographic sensitivity; 2) optimizing
factors involved in initial sample introduction and separation, and 3)

identifying the headspace volatiles separated by the SHGC method.
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B. Materials and methods

1. Collection and preparation of samples

Ocean caught pink salmon (Oncorhynchus gorbuscha) were collected

from the fish pumped out of commercial boats at a local processing plant.
After washing and butchering thé fish, approx. 215g salmon steaks and 2g
sodium chloride'were put in 307 x 115 two-piece cans, The cans were then
vacuum-sealed (10 in Hg), processed in a ten busse horizontal batch still
steam retort, and cooled with chlorinated water. The installation and
practice of the commercial plant followed established Canadian fisheries
regulations ensuring a minimum lethality (F ) of 5.6 min. Cans were

treated as independent observations from a random sampling.

Before GC analysis, each can was opened and the liquor was drained
for approx. 2 min. The "white" mﬁscles of pink salmon were gently flaked
(3-5 mm in size) with a spatula carefully avoiding dark meat, skin, and
bones. The selected amount of fish flakes was transferred to 20 mL
headspace vials (Hewlett Packard, Avondale, PA). Aluminum caps and
teflon-faced silicone septums were then crimped on the vials. When all
the factors described above were optimized, a 1.0 mL solution of 3;
hexanol (Aldrich Chemical Co., Milwaukee, WI) at a concentration of 84.8
mg/L, in deionized distilled water, was added to the salmon flakes just

before sealing and served as a reference compound.
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2. Static headspace gas chromatography (SHGC)

The transfer line of an HP 19395A headspace sampler (Hewlett
Packard, Avondale, PAR) was attached to the injector port of a HP 5890 gas
chromatograph equipped with a flame ionization detector (FID) .
Chromatograms were recorded with an HP 3396A integrator. Volatile
separation was accomplished with an ULTRA 2 (cross-linked 5% phenyl methyl
silicone) fused silica capillary column (0.52um film thiékneés x 0.32mm
i.d. x 25m length, Hewlett Packard Co., Avondale, PA). The carrier gas

was helium.

Some working conditions that remained constant for all runs were as
follows: injector temperature, 240°C; detector temperature, 250°C; septum
purge vent, 2.5 mL/min. The gas flowrates of the FID detector were 33
mL/min for hydrogen, 375 mL/min for air, and 30 mL/min for make-up helium.
The GC oven was progrémmed to spend 5 min at the initial»temperature and
to réach 175°C at a rate of 10°C/min. The temperature of the valve, the
3 mL loop, and the transfer line of the headspace sampler was set 5°C
above the incubation bath temperature. Other SHA conditions were:

vent/fill loop time, 2 s; injection time, 30 s.
3. Examination of the GC factors
The following list presents the factors and the ranges at which they

were studied: temperature of vial incubation (TPI), 35 - 125°C; time of

vial incubation (TMI), 0.25 - 5.5 h; amount of meat in vial (AMV), 2.5 -
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12.5 g; initial oven temperature (IOT), 35 - 100°C; column headpressure

(CHP), 30 - 120 kPa; total helium flowrate (TFR), 2 - 200 mL/min.

The first three factors were investigated independently while the
last three were simultaneously optimized wusing the random-centroid
optimization program (RCO) written by Nakai (1989). The flowchart of the
optimization program is shown in Figure 1. It initially consisted of
cycles of eight to ten randomly selected experiments for 3-5 factors and
a subsequent centroid search with two to three experiments. A mapping
subroutine (Nakai et al., 1984) was then used to visualize the response
surface and guide the reassignment of narrower search ranges. When the
approximate optimum areas were localized, the cycle was not repeated.
Instead, a simultaneous shift procedure with up to five experiments was
carried out to complete the optimization process. The objective function
used was based on Kaiser’s concept of peak separation (Kaiser, 1960b)
'summed over all adjacent pairs of peaks. Symmetry of peaks were assumed,
therefore facilitating the estimation of resolution. Peaks with area

counts below 100 were not considered.

4. Gas chromatography-mass spectrometry (GC-MS)

Tentative volatile identification was performed by connecting the
headspace sampler to a Hewlett Packard 5985B GC-MS system. The ULTRA 2
capillary column was directly interfaced to the ion source. The oven
temperature was programmed for 20°C for 5 min and then ramped to 175°C at

10°C/min. The mass spectrometer was operated in the electron impact mode



Figure 1.

Start
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Flowchart of the random centroid optimization program.
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with the following conditions: ion source temperature, 200°C; ionizing
energy, 70 eV; scan range, 34-350 amu at 1 A/D measurement. The mass
spectra were acquired with the data system (Rev G) and sﬁbsequent data
reduction identified the peaks with base peak probabiliﬁy matching using
the library EPA-NIH Mass Spectral Database (Eight Peak 1Index Mass
Spectra). Confirmation of several compounds was accomplished by comparing
their retention times (within 1.5 s range) with those of reference

standards (Aldrich Chem. Co., Milwaukee, WI).
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C. Results and discussion

Figure 2 shows the effect of flaked fish weight in vials on the
total area of the chromatograms after 1 h incubation at 75°C. The total
area increased in a slightly curvilinear fashion with the amount of meat
between 2.5 g and 10 g. The means of total area (n; = 5) from this line
were linearly related to their standard deviations giving a constant
coefficient of variation of 8.4% (range 8.1-8.9). This relationship
reflects increased variability in flake compactness (or flake density)
with fish weight in vials, which in turn, translated into increased
variability in flake surfaces exposed to the headspace and therefore in
internal pressure. A further increment from 10 g to 12.5 g did not
increase the total area to a major extent while the coefficient of

variation was near 10%.

The influence of incubation temperaturé on the chromatographic
integrated area is illustrated in Figure 3. As the vials were incubated
at higher temperatures, both overall peak intensities and number of peaks
augmented and resulted in a quadratic increase ih total area. When
samples were subjected to incubation temperatures above 110°C for more
than 1 h, septums tended to bulge due to internal pressure and leaks were
encountered. Figure 4 shows that the total chromatographic area initially
followed a linear relationship with incubation time (fish weight, 10 g;
incubation temp., 75°C). After a period of 3 1/2 - 4 h, the total area
reached a plateau indicating that the equilibrium state between the liquid

coating on the fish flakes and the headspace was established. In simple
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situations such as dilute aqueous solutions of organic volatiles at
constant temperature (25°C) and pressure (760 mm), equilibrium between gas
and liquid phases has usualiy been attained within 30 min (Buttery et al.,
1971) . However, the factors controlling the equilibrium in food systems
(e.g., salmon flesh) that contain a large number of embodied aqueous and
organic constituents are very complex. These factors, in addition to high
incubation temperature of salmon flakes which increased the amount)of high
boiling point volatiles in the headspace, seemed to increase the
equilibrium time to 4 h. A period of 1 h was however considered more
practical and increased sensitivity to a sufficient extent. This
assessment was based on the original incubation temperature of 75 °C and

was assumed to hold for the optimized temperature of 105°C.

Results from RCO on the initial oven temperature (IOT), column
headpressure (CHP), and total flowrate (TFR) are shown in Figures 5, 6,
and 7. After repeating the sequence.of random simplex and centroid search
followed by adjusting the search areas using the mapping procedure, the
simultaneous shift process was carried out for final convergence. The
lines drawn in these figures were derived from fitted quadratic equations
to provide guidance toward localization of the optima. Among the 25
vertices explored, vertex 24 gave the best separation response (88.0)
which corresponded to 35°C, 95.5 kPa, and 44 mL/min for IOT, CHP, and TRF
respectively. The lowest IOT (35°C) was necessary since many low-boiling
point compounds needed to be separated. The- split ratio 11:1 was
calculated from the optimal GC conditions and constituted the best

compromise between the sensitivity required for detection of high-boiling
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point components and resolution of early eluting volatiles.

Figure 8 1is a typical chromatogram obtained under optimized
conditions for 10 g fish and 1 h incubation at 105°C. Eighty peaks were
detected with this method, using a capiilary'column and a flame ionization
detector. For sake of comparison, a direct injection of a headspace
volume drawn from a vial containing a liquor sample of canned salmon and
equilibrated at room tempefature would allow the detection of approx. 6
peaks on a packed column (Hollingworth and Throm, 1983). In contrast,
the SHGC method considerably enlarged the spectrum of detectable volatile
compounds. It was probable that some of the detected volatiles were a
result of thermal and oxidative degradation due to incubation, even though
canned salmon is a product which has undergone a steriliéing heat
treatment. The ideal situation would be to perform the optimization on
the integrator response for known compounds which respond only to the
tested parameters. In épplications where the food volaLiles of interest
were thermally labile, other means which could overcome this difficulty
{e.g., salting out effect) should be used in the optimization. However,
the usefulness of the SHGC method could certainly be extended to the
analysis of volatiles from various therﬁally proceésed food products. A
distinct advantage was that insoluble and 'cellular materials such as meat
could be analyzed with minimum sample preparation and contamination.
Another advantage concerns the high sample throughput. Apart from
incubation time of vials, each sample analysis required approx. 30 min,

offering the possibility of analyzing 13 to 15 samples a day.
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Table 1 lists the name of the compounds associated with the peak
number found on the chromatogram of Fig. 8, the corresponding uncorrected
retention time and percent peak area of a typical run, and the method used
to identify the volatiles. Tentative identification was achieved by
comparing mass spectrometry data with that of EPA/NIH library. Retention
time, used as a first step confirmation, was checked with that of
authentic standards. Compounds of various classes were found: eight
aldehydes; six alkanes; two alkenes; five aromatic compounds; two ketones;
three sulfur-containing compounds; one alcohol; one acid, and six
miscellaneous compounds. Volatiles that produced large detector responses
were hydrogen sulfide, acetaldehyde, methanethiol, butane, thiobis-
methane, butanal, 1l-penten-3-o0l, heptane,. 1,5-dimethyl-cyclopentene,
methyl-benzene, 3-ethyl-Z2-methylpentane, and 4-ethyl-benzenemethanol. In
addition, Table 1 compiles several references where more than half of the
volatiles identified in this study were also found in other seafood
products. Ethanol was one of the compound cross-referenced and has been
used in the past as an indicator of decomposition in canned salmon
(Hollingworth et al., 1986). In theory, the SHGC method could be used for
the determination of ethanol. The origin of the remaining headspace
volatiles as well as their contribution to perceived flavour is a
speculative matter at this point and should be the object of further

studies.
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Table 1. Identification of volatile compounds detected in canned pink salmon.

Peak Compound namne Uncorrected Peak area ? Reference
no. retention time (%)
(min)
1 hydrogen sulfide 0.905 29.013 MS 3,6,10
2 acetaldehyde 0.935 2.817 MS,RT 5,6,10
3 methanethiol 1.003 15.003 MS 3,6
4 ethanol 1.135 0.962 MS, RT 2,4,5,6,10
5 butane 1.226 12.468 MS
6 3-methyl-1-butene 1.292 0.985 MS,RT
7 thiobis-methane 1.330 1.116 MS, RT 3,6,8,9,10
8 2-methyl-propanal 1.530 0.692 MS, RT
9 hexane 1.773 0.779 MS,RT
10 butanal 1.815 1.535 MS, RT 5,10
11 2-methyl~furan 1.869 0.707 MS
12 3-methyl-butanal 2.453 0.175 MS 5,6,8,9
13 benzene 2.501 0.622 MS,RT 1,7,10
14 2-methyl-butanal 2.590 0.287 MS, RT
15 2,2-dimethyl-propanal 2.656 0.543 MS
16 l1-penten-3-0l 3.000 1.952 MS, RT 4,5,8
17 heptane 3.305 1.330 MS, RT 6
18 1,5-dimethyl-cyclopentene 3.373 11.223 MS
19 unknown 1 4.611 0.470 -
20 acetic acid 5.104 0.340 MS, RT 6
21 methyl-benzene 5.414 1.881 MS,RT 1,6,7,8,10
22 3-hexanone 6.205 0.200 MS, RT 8
23 unknown 2 16.322 0.032 - 8
24 3-hexanol (standard) 6.522 5.372 -
25 3-ethyl-2-methyl-pentane 6.653 1.528 MS
26 ethylidene-cyclohexane 7.093 0.157 MS
27 unknown 3 7.663 0.125 -
28 nonane 9.475 0.373 MS, RT 9
29 l-propenyl cyclohexane 10.572 0.021 MS
30 benzaldehyde 10.614 0.125 MS, RT 5,6,8,9
31 7-octen-4-01 . 10.875 0.242 MS
32 2-pentyl-furan 11.550 0.247 MS 8
33 decane 11.673 0.013 MS, RT 9
34 4-ethyl-benzenemethanol 11.750 1.869 MS
35 octanal 11.944 0.257 MS,RT
36 3-ethyl-1,4-hexadiene 12.295 0.105 MS
37 2-nonanone 13.097 0.162 MS, RT 5,6,8,9
38 nonanal 13.700 0.270 MS, RT 5,6,8,9

% MS, tentatively identified by mass spectrometry; RT, retention time consistent
with that of authentic compounds.

b 1, Easley et al. (1981); 2, Hollingworth et al. (1986); 3, Hughes (1964); 4,
Human and Khayat (1981); 5, Kubota et al. (1982); 6, McGill et al. (1977); 7,
Reinert et al. (1983); 8, Tanchotikul and Hsieh (1989); 9, Vejaphan et al.
(1988); 10, Wong et al. (1967).
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ITII. CANNED SALMON QUALITY CLASSIFICATION BY MULTIVARIATE ANALYSIS
OF GAS CHROMATOGRAPHIC DATA

A. Introduction

Modern analytical techniques provide the potential to obtain large
amounts of information from every experimental unit. On one hand, the
data may originate from different methods measuring various parameters of
interest. On the other hand, multiparameter methods, such as gas-liquid
chromatography and sensory evaluation, can generate multidimensional
bodies of data in a single analysis. Given the large number of factors
contributing to the changes in the food properties being studied,
multivariate analysis (MVA) constitutes a powerful tool to assist in

interpretation of complex datasets.

MVA includes several pr#cedures, all designed to describe the
relationships that exist in a multivariate dataset, by isolating and
identifying redundancies. These procedures offer advantages over
univariate statistical methods in being able to deal with many variables
simultaneously and thereby uncover relationships that could not be
observed when examining the various random factors one by one. Although
these multivariate techniques are similar in many ways, there are
important differences with regard to the questions they are designed to
address and the interpretation of their results.

Multivariate techniques can be divided in two groups, dependence and

interdependence methods (Dillon and Goldstein, 1984). The first type
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relates to the techniques dealing with the association between a set of
criterion (predictant) variables and a set of predictor variables, i.e.,
linear discriminant analysis and canonical correlation analysis. The
second type is less predictive in nature and centres on the mutual
associlation across a set of given variables, i.e., principal component

analysis, factor analysis, cluster analysis, and multidimensional scaling.

Principal component analysis (PCA) derives linear combinations
(principal components) of the original variables, e.g.,
Z = WX (1)
where Z is a matrix of PC, X a matrix of original variables, and W a
matrix of weights which have been computed to maximize the ratio of the
variance of PC to the total variation. The successive linear combinations
are extracted to produce uncorrelated principal components (PC) that
consecutively account for smaller amounts of the total variance. The
complexity of the data can be reduced by representing the numerous
variables in a few selected components which comprise a large proportion
of the original variance. Based on the uniqueness and exact solution of
PCA, scores of selected PC can be used in later analyses in place of the

original responses.

The interpretation of sensory characteristics has been facilitated
by using PCA in the study of wine (Heyman and Noble, 1989), beer
(Clapperton and Piggott, 1979), fish (Quarmby and Ratkowshy, 1988), frozen
peas (Sanford et al., 1988), and selected food items (Syarief et al.,

1985) . PCA was applied to data obtained from a variety of physical,
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chemical, biochemical, and other instrumental methods for analysis of rum
(Herranz et al., 1990), durum wheat (Autran et al., 1986), whisky (Headley
and Hardy, 1989), oranée juice (Aries et al., 1986), cheese (Kwak et al.,

1989), and wine (Moret et al., 1986).

The common factor—-analytic model (CFA), or less precisely factor
analysis, expresses the original variables in terms of newly generated
common factors and a unique factor, e.qg.,

X =WF + E (2)
where X 1is a matrix of original variables, W a matrix of weights
associating the common factors to the original variables, F a matrix of
latent common factors, and E a matrix of unique factors. Its purpose
consists of finding the part of the total variance that a particular
variable shares with the other variablgs. In other words, CFA attempts
to explain the correlations or covariances among a set of variables in
terms of a limited number of unobservable, latent variables. Factor
scores, which give the coordinates of each observation in the
multidimensional space of the common factors, cannot be computed directly.
They must instead be estimated. Because of this indeterminacy problem,
the non-uniqueness of factor scores sometimes arouse criticisms of their

use for subsequent analyses.

CFA has been used to determine relationships among instrumental
methods and sensory qualities of cheese (Vangtal and Hammond, 1986), green
beans (Powers et al., 1977), peanut beverage (Rubico et al., 1988), dry

beans (Hosfield et al., 1984), and tomatoes (Resurreccion and Shewfelt,
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1985). It was also applied in the study of frozen cod (Leblanc et al.,
1988), cooked beef (Galt and Macleod, 1983), and chicken patties (Lyon,

1988) .

Rotation is a post hoc step which could be performed on both PCA and
CFA solutions in order to improve the interpretability of the results.
Two types of procedures for rotating axes are encountered, orthogonal and
oblique. Orthogonal rotations restrict the factors to be mutually
independent (uncorrelated) by preserving their perpendicular orientation,
and oblique rotations allow the resultant factors to adopt various angles
and therefore be correlated. Rotating a set of factors does not change
the statistical explanatory power of the factors. However, a consequence
of correlated factors as a result of using oblique rotation is that no
single unambiguous measure of the importance of a factor can explain a

variable.

Linear discriminant analysis (LDA) is a multivariate approach which
handles the case of a qualitative, or categorical dependent variable and
a set of independent variables. This technique aims at correctly
classifying observations into mutually exclusive groups known a priori.
Original independent variables are linearly assembled to form discriminant
functions with the objective of minimizing the misclassification rate.
This 1is accomplished under the specification that the between-group
variance of the weighted predictor variable combinations relative to the
within-group variance is maximal. LDA relies upon certain conditional

assumptions. In particular, the independent variables must have
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multivariate normal distributions and their variance-covariance matrix in

each group should be considered homogeneous.

Discriminant analysis (DA) of GC volatile patterns have often been
used to segregate different groups within various food commodities
including wine (Montedero and Bertuccioli, 1983; Marais et al., 1982;
Moret et al., 1986), beer (Helbert and Hoff, 1974; Hoff et al., 1975;
Lindsay, 1977), milk (Leland et al.,.1987; Smeyers-Verbeke et al., 1977),
coffee and potato chips (Powers and Keith, 1968), cola beverage (Young et
al., 1970), grape brandy (Schreier and Reiner, 1979), soy sauce (Aishima,
197%9a; Aishima, 1979b; Aishima, 1983), cheese (Aishima and Nakai, 1987),
grapefruit juice (Pino et al., 1986), and corn (Dravnieks et al., 1973;
Dravnieks and Watson, 1973). | Interpretation of data from other
instrumental methods have also benefitted from the use of DA, e.qg.,
rheological characteristics of cheese (Amantea et al., 1986), heavy metal
characteristics of cereals (Stryjewska et al., 1987), high pressure liquid
chromatography of cheese extract (Pham and Nakai, 1984; Mohler-Smith and
Nakai, 1990), milk clotting activity of proteolytic enzymes (Aishima et
al., 1986), meat protein functionality (Li-Chan et al., 1987), and
pyrolysis mass spectrometry of orange juice (Aries et al., 1986).
Discriminative relationships among sensory and instrumental data have been
examined in canned blueberries (Powers et al., 1978), butter (Woo and
Lindsay, 1983), and beer (Brown and Clapperton, 1978). The discriminative
textural characterization of various physical properties was demonstrated
in cooked fish by Hatae et al. (1984). Similarly, sensory properties of

18 common Atlantic species of fish were assessed for their usefulness in
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species discrimination (Sawyer et al., 1988).

The SHGC method developed in Chapter II produced a large array of
responses each time a sample of canned salmon was submitted for volatile
analysis. The pattern of wvolatile compounds may reflect a nﬁmber of
quality attributes including species of Pacific salmon, stage of sexual
maturity, and level of freshness. Therefore, the objectives of the second
part of this research were: (1) to apply multivariate statistics to data
from the SHGC method for classification of canned Pacific salmon in terms
of species, stages of sexual maturity of chum salmon, and refrigerated
decomposition of pink salmon, and (2) to study the relationships between
the results from sensory evaluation and gas chromatography of fresh and

canned pink salmon during refrigerated storage.
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B. Materials and methods
1. Collection and canning of salmon

Pacific salmon of selected species were collected directly from
commercial boats at a local fish processor in Vancouver. All fish were
kept refrigerated at approximately 5°C for 2-3 h if they could not be
cleaned and eviscerated immediately. Steaks of approx. 3.8 cm in width
were cut and 215 g salmon flesh was placed in 307 x 115 two-piece cans
with 2 g sodium chloride. The cans were then vacuum-sealed, retorted, and
cooled according to practice of the commercial plant as described in

Chapter II.
2. Investigated treatments

Table 2 shows the number of Pacific salmon that\were cleaned and
processed for the three treatments under investigation. These treatments
were studied over a two year sampling period to account for possible year
to year variation in the fish and analyses. The first.treatment of
interest covered four different species of Pacific salmon, namely, pink

(Oncorhynchus gorbuscha Walbaum), sockeye (0. nerka Walbaum), coho (O.

kisutch Walbaum), and chum (0. keta Walbaum). For all treatments but the
second year of the species study, two samples per fish were analyzed to
account for within-fish wvariation. All observations were however

considered independent of each other in the statistical analyses.
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Table 2. Number of Pacific salmon processed with respect to the species,
stages of sexual maturity, and refrigerated decomposition
studies for two sampling years.

Treatment Year?

Species of Pacific salmon

pink 6 (2) 6 (1)

sockeye 4 (2) 6 (1)

coho 6 (2) 6 (1)

chum 4 (2) 6 (1)
Sexual maturity of chum salmon

silver-bright (stage 1) ) 6 (2) 11 (2)

semi-bright (stage 2) 12 (2) 6 (2)

commercial dark (stage 3) 6 (2) 6 (2)

Refrigerated storage of pink salmon 42 (2) 54 (2)

® The digit in parenthesis represents the number of cans per fish analyzed

by SHGC.
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The second treatment focussed on the aspect of sexual mat;rity of

chum salmon. Fish were classified in three different stages of maturity
based on external appearance using the Color Evaluation Guide for Pacific
Salmon (Alaska Seafood Marketing Institute, Juneau, ‘AK). Fish'
corresponding to illustrations A, B, and C were classified as stage 1
(silver-bright), D,E, and F as stage 2 (semi-bright), and G, H, and I as

stage 3 (dark).

The third treatment was refrigeration storage time of pink salmon.
Fish with good external appearance were taken from unloading commercial
boats and stored between layers of ice in a cold room at 2-5°C. The fish
were not eviscerated before storage in ice. About every two days for up
to 13 and 21 days of refrigerated storage for years 1 and 2, respectively,
six pink salmon were fandomly sampled; the remaining fish held in the
bogey were re-iced if needed. The two day sampling period was increased
towards the end of storage to 3 or 4 days in order to extend the

decomposition process.
3. Sensory assessment of raw and canned salmon

The quality of each fish selected was assessed before canning. Chum
salmon of different stages of maturity were pre-categorized by commercial
plant personnel and their classification based on the Colour Evaluation
Guide for Pacific Salmon were subsequently determined. Pink salmon
subjected to the refrigerated storage treatment were assessed by the

author with the help of experienced personnel from a local fish processor
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using the grading guide shown in Table 3. The procedure involved
evaluating condition of the eyes, the gills, and the flesh texture for the
external characteristics. Once the fish was opened and eviscerated, the
integrity and odour of the belly cavity were then the main criteria

examined.

Canned samples were evaluated by a trained and experienced Federal
Fish 1Inspector using the 1986 Canned Pacific Salmon Grade Standard
(Department of Fisheries and Oceans, Vancouver, BC). The canned pink
salmon from the refrigerated storage studies were randomized amongst the
cans of the other treatments. The vacuum of each can was measured with
a Seaman Vacuum Gauge and most values were found to be between 11-12 in
Hg. The cans were then opened and drained for 2-5 min. The colour grade
was obtained by visual comparison with coloured porcelain enamel tiles
(Department.of Fisheries and Oceans, Vancouver, BC). Appearance of the
canned salmon was examined for attributes such as watermarking (skin with
uncharacteristic colour), belly-burn (reddened flesh), and curd. The
final grade of the products was however based solely on odour and taste.
The important flavour defects were characterized as decomposed, rancid,
late (advanced sexual maturity), and overheating. If possible, the
decomposed flavours were further qualified as fruity, sour, faecal,
cheesy, ammoniacal, or by use of other relevant descriptors. Every
criterion assessed was rated to describe its intensity, and samples were
subsequently assigned scores integrating the ratings. Finally, scores
were translated into grades correséonding to one of the following

categories of quality: A, B, and reject (Table 4).



Table 3. Grading guide for whole raw Pacific salmon.

Criteria Grade A

Grade B

Reject

External characteristics

Eyes clear, bright,
convex

Gills colour bright red

Gills odour fresh, seaweed, or
shellfish odour

firm and resilient,
flesh springs back
when thumb depression
is released

Texture

Internal characteristics

Belly cavity transparent, intact

peritoneal lining

Odour of belly fresh and character-

istic odour

slightly sunken
and dull

pink

neutral, slight but
definite sour, faecal,
or putrid odour

moderately soft, thumb
indentations may slowly
£fill out

moderate reddening,
some ribs may
protrude

slight but definite
sour, faecal, or
putrid odour

dull, sunken, and
cloudy

brown, grey

strong sour, putrid,
putrid or faecal odour

very soft, thumb
indentations may
remain in flesh

extensive reddening,
liquefaction of belly
walls

strong sour, faecal,
or putrid odour

9y



Table 4. Grading guide for canned Pacific salmon.
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Criteria Grade A Grade B Reject

Colour 0-2 3-4 -

Appearance® 0-1 2-3 -
b,c

Odour and taste 0-2 3 4-9

# Cross-packing, belly-burn,

watermarking

Descriptive terms: decomposed (fruity, vegetable, sour, faecal, putrid),
rancid, late, overheating, contamination, etc.

¢ Grade assignment:
Rating
1
(1+1)
(1+1+1) etc.
2

O w0 W

Score
0

> N N

32
64
128
256

Grade

o R B R s B VB v e e ¢
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4. Static headspace gas chromatography (SHGC)

GC analyses were performed on canned salmon that had been stored at
room temperature for 3 to 12 months. Sample preparation for gas
chromatography was done in the following manner. Each can was opened and
the liquor was drained by tilting the can and its lid for 2 min. After
flaking the white muscle 3-5 mm in size with a spatula, 10 g were
transferred in 20 mL headspace vials (Hewlett Packard,-A§ondale, PA)
avoiding dark meat, skin, and bones. One millilitre of 3-hexanol working
solution (84.8 ppm) was added to the vials, which were then sealed with

Teflon-faced silicone septums and aluminum caps.

Some of the raw salmon from the refrigerated storage of year 2 was
also kept for SHGC analysis. Samples wére inserted in plastic freezer
bags (Baggies, Colgate-Palmolive Canada, Toronto, Canada), and after
evacuating the air with a straw, the bags were closed with twist ties
before freezing at -20°C for approx. 1 month. As needed, the frozen
samples of raw salmon were thawed in water (20°C) for 3-4 hours. The
thawed white muscles were then cut in pieces of 2—5_g with clean scissors
and 12.5 g was put in headspace vials. Aliquots of 3-hexanol standard
(84.8 ppm) were then added to the vials before sealing as described

earlier for canned salmon.

The- SHGC method used was derived from Chapter II. A HP 5890 gas
chromatograph (Hewlett Packard, Avondale, PA) equipped with a flame

ionization detector (FID) was connected to a HP 19395A headspace sampler.



49
A HP 3396A integrator recorded the chromatograms and also transmitted the
output to an IBM-compatible personal computer through a RS-232-C cable.
The signal was handled by a program called FILE SERVER which allowed the

host computer to serve as a remote external disk drive. Separation of

volatiles was made on a HP ULTRA 2 fused silica capillary column (25m
length x 0.32mm i.d. x 0.52um film thickness). The operating conditions
of the GC system are shown in Table 5.

|

5. Static headspace gas chromatography-mass spectrometry (SHGC-MS)

Tentative volatile identification was performed by connecting the
headspace sampler to a Hewlett Packard 5985B GC-MS system. The conditions
of operation and separation as well as mass spectra acquisition and
confirmation by retention time comparison with reference standards were

executed as described in Chapter II.
6. Preparation of standard solutions

Approx. 1 mL of 3-hexanol (Aldrich Chemical Co., Milwaukee, WI) was
weighed in 1 L volumetric flask before diluting to volume with deionized
distilled water (DDE). Ten millilitres of this stock solution was
pipetted into a 100 mL vol. flask. The flask was brought up to volume

with DDE and served as working solution (84.8 ppm).
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Table 5. Operating conditions for the static headspace gas chromatographic

method used to analyze volatiles in canned Pacific salmon.

Headspace sample conditions

incubation temperature of vials
incubation time of vials

loop size

valve temperature
vent/fill loop time
injection time

GC conditions
carrier gas
injector temperature
detector temperature
column headpressure
split vent
septum purge vent

Detector flowrates
hydrogen
air
make-up gas (helium)

Oven temperature program

initial oven temperature
time at initial temperature

ramp rate
final temperature

" Integrator conditions

initial- settings

‘ attenuation
chart speed
threshold
peak width

105°C
1nh
3 mL
110°C
2 s
30 s

helium
240°C
250°C

95 kPa

40 mL/min
2.5 mL/min

33 mL/min
375 mL/min
30 mL/min

35°C

5 min
10°C/min
175°C

-1
0.03
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7. Data handling and statistical analysis

A computer program was written in QuickBasic 4.5 (Microsoft
Corporation) to preprocess the chromatographic data. Raw data were first
extracted from the stored datafiles of the integrator reports and filtered
to compile chromatographic area within the desired retention time
intervals. Standardization was done by dividing each filtered
chromatographic area with the peak area of the 3-hexanol standard and
multiplying by 10000. All data were then accumulated in a spreadsheet

format.

All duplicate and replicate analyses of both sampling years, which
represented within fish, between fish, and year variations, respectively,
were gathered and combined for the four species of Pacific salmon, three
sexual maturity stages of keta salmon, and three decomposition levels of
pink salmon with the goal of differentiating these specific groups. The
Statistical Anal&sis System (SAS, 1989) was used for multivariate and
regression analyses. Principal component analysis (PCA) and common factor
analysis (CFA) with and without rotation were performed using the FACTOR
procedure. Computations of 1linear, quadratic, and non-parametric
discriminant analyses were carried out with the DISCRIM procedure. The
REG procedure was applied to fit least-squares estimates to linear and
multiple regression models. Estimated linear models were also obtained

with the CATMOD procedure when the models involved categorical variables.
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SYSTAT (Wilkinson, 1990) was another statistical package used for
data analysis. The original spreadsheets of standardized data were first
converted to compatible workfiles with the IMPORT command of the DATA
module. The NPAR module was then used to compute the Kolmogorov-Smirnov
(KS) sgatistic with the Lilliefors option for testing normality.

Bartlett’s test for homogeneity of variance was computed using the STATS

module.
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C. Results and discussion

1. MVA of volatiles from canned salmon of different species

For every sample of canned salmon analyzed, numerous volatiles were
separated and constituted the chromatograms. A visual examination of the
SHGC chromatograms indicated 1little qualitative differences in the
patterns of volatiles between the species of Pacific salmon studied. The
use of multivariate statistical methods was dictated by the complex array
of responses obtained from each can. The initial step of data analysis
involved the selection of peaks to build up complete matrices. Small
peaks having actual area counts below 100 were not detected and/or
integrated reproducibly and therefore were not considered. Forty-four
peak responses were selected on the basis of consistent detection and
integration of the same treatments, and most of them had a coefficient of
variation between 4 and 12%. The 44 selected peaks are showﬁ in Figure
9 and their identity in Table 6. On occasion, the first two peaks of‘some
chromatograms were not adequately separated. For this reason, they were

combined to provide one response and formed peak 1.

The first multivariate analysis performed was principal component
analysis (PCA). In theory, the number of principal components that could
be extracted from the data set of salmon species equals the rank of the
correlation matrix. Of the 44 possible components, the first nine
components followed Kaiser’s rule of thumb (Kaiser, 1960a) which

recommends to retain those components having eigenvalues (latent roots)
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Table 6. Identification of volatile compounds used in multivariate analysis of
canned Pacific salmon.

Peak no. Compound name ID
1 hydrogen sulfide MS
1 acetaldehyde MS,RT
2 methane thiol MS
3 ethanol MS,RT
4 butane MS
5 3-methyl-1-butene MS, RT
6 dimethyl sulfide MS,RT
7 2-methyl propanal MS, RT
8 hexane MS,RT
9 butanal - MS,RT
10 2-methyl furan MS
11 benzene MS, RT
12 2-methyl butanal MS, RT
13 2,2-dimethyl propanal MS
14 unknown 1 -
15 l1-penten-3-ol MS, RT
16 heptane MS, RT
17 1, 5~dimethyl cyclopentene MS
18 3-methyl-butanol MS,RT
19 2-methyl-2-butenal MS,RT
20 unknown 2 -
21 acetic acid MS,RT
22 toluene MS,RT
22 3-hexanone MS,RT
23 unknown 3 -
24 unknown 4 -
25 . unknown 5 -
26 3~ethyl-2-methyl-pentane MS
27 ethylidene cyclohexane MS
28 unknown 6 -
29 unknown 7 -
30 nonane MS, RT
31 unknown 8 -
32 benzaldehyde MS,RT
33 7-octen-4-o0l MS
34 unknown 9 -
35 unknown 10 -
36 unknown 11 -
37 unknown 12 -
38 2~-pentyl furan MS
39 4-ethyl benzene methanol MS
40 3~-ethyl-1, 4-hexadiene MS
41 nonanal MS,RT
42 unknown 13 -
43 unknown 14 -
44 unknown 15 - -

* Ms, tentatively identified by mass spectrometry; RT, retention time consistent
with that of authentic compounds.
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greater than one (Table 7). But since the tenth component had a value

approaching one, it was also included in the subsequent analyses.

Interpretation of principal components was facilitated by computing
the component loadings. A component loading gives the product-moment
correlation of each variable and the respective component. Table 7
presents these correlations for the peak area variables from the salmon
species data. Based on those variable loadings highest on a given factor,
the first principal component (PCl) was dominated by peaks 1 (hydrogen
sulfide and acetaldehyde), 5 (3-methyl-l-butene), 16 (heptane), 17 (1,5~
dimethyl cyclopentene), 29 (unknown 7), 30 (nonane), 31 (unknown 8), 32
(benzaldehyde), 37 (unknown 12), and 38 (2-pentyl furan). Peaks 9
(butanal) and 34 (unknown 9) had high negative correlations with principal
component 2 (PC2) while peak 14 (unknown 1) had a dominant positive
correlation. Because of the bipolarity in algebraic signs, PC2 contrasted
the group of peaks 9 and 34 with peak 14. Similaf interpretations coﬁld

be done for the remaining of the components.

Nearly 40 percent of the variance was explained by the first
principal component. Together, tﬁe ten principal components in Table 7
accounted for over 87 percent of the total variance. PCA effectively
reduced the dimensionality of the data set indicating a high degree of
intercorrelations among the original variables. By definition, PCA
transforms the peak area factors into new latent variables (PC’s)
uncorrelated to each.other. Therefore a multicolinearity problem due to

high intercorrelations has been alleviated which otherwise would have



Table 7. Correlation (loadings) of gas chromatographic peak variables from canned
Pacific salmon (chum, coho, pink, sockeye) with the first ten principal
components.

Peak Principal component

,203 -0.051

1 0.847 .0.125 0.296 -0.119 -0.234 0.006 -0.044 0.089 O
2 0.257 -0.354 0.661 -0.423 0.009 0.211 0.142 -0.166 0.063 0.049
3 -0.373 0.327 -0.591 0.000 0.074 0.339 -0.171 ~-0.028 0.050 0.175
4 0.526 -0.233 0.637 0.041 -0.078 -0.010 -0.032 -0.229 0.150 -0.168
5 0.810 ©0.371 0.145 0.062 -0.094 0.003 0.057 0.144 0.193 -0.162
6 0.682 0.312 0.113 0.278 -0.151 -0.119 -0.144 ~-0.102 -0.340 -0.089
7 0.539 -0.460 0.309 -0.485 -0.072 0.288 0.078 0.039 -0.075 -~0.051
8 0.500 0.344 -0.307 -0.017 -0.552 0.159 0.087 -0.236 0.193 0.002
9 0.405 -0.740 0.363 0.042 0.057 0.167 -0.206 -0.048 -0.081 -0.045
10 0.744 0.321 0.093 0.130 0.017 0.003 0.040 0.039% -0.250 -0.150
11 0.677 -0.316 -0.138 -0.388 -0.312 0.110 0.050 0.170 -0.246 0.054
12 0.195 -0.231 0.007 -0.520 -0.195 -0.210 -0.505 0.031 0.196 0.044
13 0.454 ~0.428 -0.339 -0.513 -0.182 0.134 0.062 0.116 -0.214 0.113
14 0.273 0.668 0.348 -0.181 -0.107 -0.006 0.084 0.022 0.033 0.140
15 0.783 -0.112 -0.023 0.313 -0.448 0.031 0.052 ~0.074 0.037 0.173
16 0.800 -0.422 -0.085 0.191 -0.147 -0.094 -0.017 0.251 0.052 0.045
17 0.802 -0.053 -0.515 0.003 0.022 0.114 -0.039 ~0.025 0.098 -0.043
18 0.143 0.476 -0.368 -0.344 -0.099 0.119 0.234 0.261 -0.076 -0.448
19 0.193 0.358 0.230 0.241 0.080 0.588 -0.483 0.102 -0.069 0.049
20 0.505 -0.562 0.316 0.186 0.147 -0.054 -0.053 -0.078 0.306 -0.240
21 0.481 -0.054 0.240 0.207 -0.552 0.061 0.201 -0.250 -0.170 0.097
22 0.003 -0.460 -0.679 -0.055 0.183 0.088 0.044 ~0.265 -0.078 -0.025
23 0.598 0.093 0.262 0.066 0.347 -0.129 -0.302 ~0.126 -0.412 0.128
24 0.589 ~0.419 -0.075 0.247 ~0.364 0.004 -0.017 0.285 0.012 0.221
25 6.708 0.338 -0,119 0.169 ~0.130 -0.114 0.118 -0.202 0.291 0.143
26 0.551 -0.032 0.058 0.317 ~0.146 -0.051 -0.082 -0.031 -0.208 -0.491
27 0.788 0.081 0.128 0.099 0.311 ~-0.187 -0.018 0.213 0.015 0.252
28 0.785 0.320 0.138 -0.047 0.287 -0.183 0.016 0.184 0.004 0.117
29 0.862 0.014 -0.125 -0.051 0.315 -0.137 -0.011 0.086 0.075 -0.026
30 0.821 -0.200 -0.431 0.115 0.084 -0.058 0.001 0.041 0.200 0.028
31 0.841 0.156 -0.274 0.173 ~0.209 0.109 -0.033 -0.119 -0.162 -0.001
32 0.919 0.066 0.038 0.129 0.160 -0.041 -0.025 0.100 -0.037 0.029
33 0.602 -0.488 0.356 -0.271 0.179 0.056 0.091 -0.011 0.057 -0.036
34 0.056 -0.871 -0.125 0.252 0.174 -0.042 0.058 0.046 -0.058 -0.045
35 0.466 0.318 -0.089 -0.347 0.198 0.023 -0.130 -0.588 -0.070 0.043
36 0.783 0.383 0.047 -0.213 0.0%92 0.001 -0.033 -0.050 0.094 0.122
37 0.888 0.226 0.120 -0.043 0.014 -0.024 -0.055 0.042 -0.050 0.120
38 0.879 0.263 ~0.083 -0.220 0.177 -0.029 0.112 0.080 -0.090 -0.003
39 - 0.679 -0.372 -0.520 -0.031 0.259 0.102 0.039 -0.085 0.023 -0.041
40 0.336 ~0.011 0.227 0.181 0.396 0.047 0.610 -0.178 -0.078 0.131
41 0.556 ~0.599 -0.489 0.180 0.074 0.029 -0.006 -0.096 -0.003 0.069
42 0.765 0.423 -0.251 -0.183 0.226 -0.015 0.115 0.067 -0.010 -0.118
43 0.662 0.174 -0.166 0.072 0.241 0.177 -0.206 -0.134 0.239 -0.183
44 -0.048 0.123 0.258 0.290 0.256 0.714 0.148 0.189 0.097 0.062
Latent root 17.178 5.945° 4.276 2.448 2.383 1.480 1.351 1.228 1.109 0.982
Variance (%) 39.042 13.512 9.719 5.564 5.415 3.363 3.070 2.790 2.521 2.233
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occurred during the use of the original variables in further statistical

procedures.

Figure 10 shows a plot'of the scores of the different salmon species
for the first two principal components. There was an initial attempt to
uncover differences between the species based on PCl. On the other axis,
PC2 clearly contrasted the salmon species between the two sampling years.
At least two major sources of variation could be put forward to explain
this demarcation on PC2. Firstly, salmon of different years may produce
variations in volatile patterns due to their differences in feed sources,
water temperature changes, and other possible environmental factors.
However, not all salmon of a given species were from the same runs, as
they were sampled on-different days during the fishing seasons. Since
salmon of different runs, but collected the same year, responded similarly
on PC2, biological explanations do not provide satisfactory answers. The
two year-groups were analyzed approximétely one year apart. Although the
analyses were performed on the same GC column and on the same instrument,
slight changes in factors such as detector sensitivity, column phase, and
gas flow rates could contribute to variations in the GC responses in a
consistent manner between years. A careful inspection of peaks 9, 14, and
34 which received high loadings on PC2 revealed that they had decreased
in resolution between year 1 and year 2. To a large extent, PC2 may
reflect the loss in chromatographic separation or increased measurement

error for these peaks. -
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The data for both years were not subsequently analyzed separately

as the number of observations was insufficient, and they therefore
remained in a pooled format. Scores of the ten uncorrelated principal
components were used to carry out discriminant analyses. Homogeneity of
within-group variance-covariance Qas the first underlying assumption
examined. Table 8 presents both univariate and multivariate statistics
to test the null hypotheéis regarding this aspect. When variances were
taken separately for each variable, four PC's were significant at 0.05
level and one of them, namely PC6, was significant at 0.01 level. The
multivariate test based on Bartlett’s modification of the likelihood ratio
was also found to be highly significant (P<0.0001). This indicates that
the assumption of homogeneity of dispersion matrices between groups was

not multivariately respected.

The next assumption examined was normality. Although multivariate
normality was not tested, certain necessary conditionsv(e.g., univariate
normality) can be verified in order for it to not be rejected. 1In this
context, Kolmogorov-Smirnov tests based on Lilliefors probability
distributions where means and standard deviations are not a priori assumed
were carried out on the salmon species for each principal component.
Results presented in Table 9 shows ﬁhat sockeye was univariate normal in
all but one principal component. On the other hand, coho groups behaved
in a non-normal fashion in four instances of which three came out
significant at the 0.01 level. Chum and pink salmon both were significant

at the 0.05 level in two occasions.
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Table 8. Bartlett’s tests for homogeneity of within group variance-
covariance between canned Pacific salmon (chum, coho, pink,
sockeye) for the first ten principal components.

Variable df Chi-square
Univariate s
PC1 3 2.983
PC2 3 8.874 *
PC3 3 5.230
pC4 3 7.717 *
PCS 3 9.090 *
PC6 3 14.800 **
PC7 3 7.533
PC8 3 9.085 *
PC9 3 0.874
PC10 3 ‘ 4.440
Multivariate
PC1-10 165 520.476 ***

* Significant difference at 0.05.
** Significant difference at 0.01.
*** Significant difference at 0.0001.
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Table 9. Kolmogorov-Smirnov normality test of canned Pacific salmon (chum,

coho, pink, sockeye) within principal components.

Variable Maximum difference

Coho Chum Pink Sockeye

(n=18) (n=14) (n=17) (n=13)
PCl 0.294 *x 0.165 0.145 0.198
PC2 0.165 0.189 0.174 0.210
PC3 0.175 0.258 * 0.176 0.207
PC4 0.124 0.254 * 0.141 0.239
PC5 0.105 0.203 0.118 0.184
PC6 0.230 * 0.182 0.141 0.219
PC7 0.321 *x* 0.222 0.230 * 0.117
PC8 0.129 0.126 0.215 * 0.104
PCS 0.158 0.149 0.152 0.157
PC10 0.293 *x* 0.176 0.108 0.184

* Significant difference at 0.05 level based on Lilliefors probability.

** Significant difference at 0.

01 level

based on Lilliefors probability.
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As the normality assumption was violated a number of times and the

group dispersion structures were unequal, the conclusions that can be
extracted from the tests of significance and estimated classification
error rates which rely on parametric classification criteria may be
biased. Caution should be exercised in the interpretation of the
significance tests based on the parametric distributions since failure to
meet the assumptions influences the estimates of variance and affects the

probability of an hypothesis to be true or false.

Linear discriminant analysis (LDA) was performed with the prior
probabilities sef proportional to the unequal sample sizes. Table 10
summarizes both univariate and multivariate test statistics. Six of the
ten principal components were significant at or beyond the 5% level,
namely, PCl, PC2, PC3, PC4, PC6, and PC7. These principal components were
important elements of variation between the salmon species, especially
PC3, PCl, and PC4, based on their F ratios. Several volatile compounds
had high correlations with the important discriminators PCl1l, PC3, and PC4.
Methane thiol, ethanol, butane, toluene, 4-ethyl benzenemethanol, and
nonanal gave large loadinés to PC3 while 2-methyl propanal, 2-methyl
butanal, and 2,2-dimethyl propanal provided loadings of substantial
magnitude toward PC4. As mentioned earlier, at least ten volatiles
dominated PCl (see page 56). Although PC3 and PCl regrouped large
contributors having various functional groups, three aldehydes strongly

correlated with PC4.
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Table 10. Univariate and multivariate test statistics of discriminant
analysis on the first ten principal components from the
volatiles of canned Pacific salmon (chum, coho, pink, sockeye).
Variable num df,den df F

Univariate
PC1l 3,58 12.7976 **x
PC2 3,58 ) 4.0722 *
PC3 3,58 43.0986 **x
PC4 3,58 10.1754 **x*
PC5S . 3,58 1.0423
PC6 3,58 4.4860 **
PC7 3,58 3.5366 *
PC8 3,58 0.6748
PC9 ' 3,58 0.8462
PC10 3,58 0.9877
) L
Multivariate
Wilk’s lgmbda = 0.0230 30,144.5 12.591 **x%
Pillai trace = 2.1258 30,153 12.402 ***
Hotelling~Lawley trace = 7,8011 30,143 12.395 ***
Roy’s largest root = 3.5936 10,51 , 18.327 **x*
Canonical
LR, = 0.0230 30,144.5 12.5914 *xx*
LR, = 0.1058 ’ 18,100 11.5280 **x*
LR, = 0.3728 8,51 10,7248 **x

* Significant difference at 0.05 level.

** Significant difference at 0.01 level.
x** Significant difference at 0.0001 level.
LR stands for Likelihood ratio.
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The multivariate tests including Wilk’s lambda, Pillai’s trace,
Hotelling-Lawley’s trace, and Roy’s greatest root were computed using the
eigenvalues extracted from Wishart matrices (matrices of corrected sums
of squares and products of assumed multinormal variates), and constitute
various ways to test the hypothesis that the class means were equal in the
population (Morrison, 1976). All highly significant (P < 0.0001), these
tests clearly revealed underlying between-group differences involving the
ten variables jointly. A plot of estimated density distributions for PC3,
the largest contributor toward group separation, is shown in Figure 11.
In this context, normality and homoscedasticity were modalities assumed
to be respected. Among the resulting curves equivalent in form, only two
groups were well separated in the PC3 dimension. The curve describing the
sockeye group was located in the negative range of PC3 and intersected
only marginally with the chum salmon curve situated in the positive end

of the scale.

Canonical functions were derived to find uncorrelated composites of
the 10 PC’s that best summarize the differences among the salmon species.
The approximate F statistic based on Rao’s approximation of the likelihood
ratio distribution tested the hypotheses that the canonical correlation
associated with a particular discriminant function and all succeeding
smaller ones were not different than zero (Rao, 1973). Canonical analysis
indicated that all three canonical variates (CV) were highly statistically
significant at the 0.0001 level (Table 10). 1In other words, CVl, CVZ2, and
CV3 were all necessary to adequately describe differences between the four

salmon species. The standardized coefficients or weights for the
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Figure 11. Estimated density distributions of canned Pacific salmon for
principal component 3 based on linear discriminant analysis
(V, sockeye; O, pink; Q, chum; %k, coho).
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canonical variates are presented in Table 11. PC3 with a coefficient of
1.1161 completely dominated the first canonical variate CV1l. The largest
coefficient of 1.0318 on CV2 was associated with PC4. PC7 and PC6 were
also attributed relatively large coefficients on CV2. Due to opposite
signs found on the weights of importance, CV2 was essentially a contrast
between PC4 and PC7 with PC6. The first two principal components
contributed largely toward CV3. 1In all, the large coefficients given to
-PC1, PC2, PC3, PC4, PC6, and PC7 in the three discriminant functions

corroborated the results of the univariate statistics in Table 10.

The means of the four groups of salmon species are plotted in Figure
12 in a three dimensional canonical discriminant function space. The
plots on the 3 facets of the gfaph are two-dimensional image perspectives
brought onto the background planes at right angles. The centroids of the
four groups were not equally distant from one another in the candnical
function space, but appeared either near or far from each other depending
on the observed plane. Graphically, all three canonical variates were
needed to separate the groups effectively. CV1l primarily separated
sockeye and coho from pink and chum, while CV2 essentially separated coho
from the remaining groups. CV3 mainly segregated coho and pink from
sockeye and chum. In addition to the depiction of distances between group
means, Figure 12 shows isodensity contours of the bivariate normal
distribution of the canonical variates. Because standardized discriminant
function coefficients were used to compute scores whose pooled-group
covariance matrix was an identity, the isodensity ellipses about the

centroids are circles. The circles surrounding each centroid represent
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for species
coho, pink,

Dependent variable

Canonical variate

1 2 3
PC1 0.3737 -0.0739 0.9584
PC2 -0.3046 0.4552 0.6058
PC3 - 1.11e1 -0.0774 -0.0414
PC4 0.1530 1.0318 -0.1550
PC5 -0.3106 -0.2167 0.3107
PC6 -0.0001 -0.6570 -0.5279
PC7 0.1366 0.7845 -0.1030
PC8 0.1389 0.2123 -0.2935
PC9 ~-0.1904 -0.3118 0.2469
PC10 -0.0928 0.3946 -0.2370
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Figure 12. Canonical representation of centroid means and dispersions for
canned Pacific salmon (C, coho; K, chum; P, pink; S, sockeye).
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the bivariate dispersion of each group at a selected probability level of
0.50, that is, the circles are expected to contain approximately 50
percent of the observations in each group. Some intersections between
circles indicated that groups were overlapping in the two dimensional
discriminant space. However, the overlaps appeared to be minimal when
considered among the three canonical dimensions, and therefore,

misclassification errors were expected to remain low.

The Mahalanobis distances were computed using the canonical scores
and the probabilities of group membership were then calculated from these
distances. The closer an observation is to a particular éroup’s location
or centroid in the discriminant space, the more 1likely it is that it
belongs to the group. The resubstitution method, which simply yields the
direct sample proportions of misclassified observations (Hills, 1966) was
used to cross~tabulate the actual and predicted group membership of salmon
species (Table 12). Nearly all samples were correctly allbcated to their
respective species, except one pink salmon was categorized as coho. The

apparent error rate generated was therefore 1.6%,

In view of the heterogeneity of variance-covariance previously
tested, quadratic discriminant analysis was performed where the individual
within-group covariance matrices were not pooled in calculating the
generalized squared distances. Estiméted densities from the quadratic
functions were plotted against PC3 in Figure 13. The sockeye and chum
salmon curves had wider spread distributions than those of coho and pink

but remained relatively well detached from one another. Computations of
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Table 12. Classification matrix for actual and predicted group membership
of canned Pacific salmon (chum, coho, pink, sockeye) by linear
discriminant analysis using the resubstitution method.

Actual group Predicted group
Pink Sockeye Coho Chum
Pink 16 0 1 0
Sockeye 0 13 0 0
Coho 0 0 18 0

Chum 0 0 0 14
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Figure 13. Estimated density distributions of canned Pacific salmon for
principal component 3 based on quadratic discriminant analysis
( V, sockeye; [, pink; O, chum; %, coho).
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the quadratic rule on the ten principal components using the
resubstitution method resulted in the assignment of all observations in

their respective group, hence leading to a 100% of correct classification.

The influence of unequal dispersions on multivariate statistical
tests has been studied in the past. Evidence indicated that the effects
of heterogeneity of dispersions on the tests of significance depends on
both the number of variables and the group sample sizes (Dillon and
Goldstein, 1984). Under conditions of heteroscedasticity, sensitivity to
rejecting thé null hypothesis (mean vectors being equal) increases with
increasing number of variables or with increasing disproportion between
sample sizes. Although the apparent error rate of the 1linear and
quadratic discriminant functions did not appear to be drastically
different for the salmon species data, unequal dispersion matrices is a
factor known to affect the classification rule (Marks and Dunn,  1974).
Other factors influencing classification include the separation among
groups, the number of variables, and sample sizes. Agreement between
results obtained from linear and quadratic equations diminishes as thé
differences in group dispersion increése, the group means become closer,

the number of variables increases, or the sample sizes decrease.

When the data within each group are not assumed to possess any
specified distribution or are assumed to have distributions different from
multivariate normal, nonparametric methods - can be considered as
alternatives. The nonparametric approach does not constrain the

statistical distribution in question to fall in a given parametric family
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with rigid predetermined assumptions of homoscedasticity and normality,
but still relies on independently collected observations originating from
identicél distributions. Nonparametric discriminant methods are based on
nonparametric estimates of group-specific probability densities. For the
following analyses, the kernel estimator was chosen among the
nonparametric methods available. The kernel method uses a fixed p-
dimensional volume by specifying a radius, r, and estimate the group
densities at each observation vector (Hand, 1982). The parameter r also
has the property of determining the degree of irregularity or smoothness
in the estimation of the density function. Small values of this smoothing
parameter produce jagged contours while large values obscure and broaden
the curve definition of kernel estimates. Although various methods for
selecting the smoothing parameter have been suggested, there is as yet no .
simple solution to this problem, One way to choose the smoothing
parameter is to plot classification error rates with different r values
and select the estimate which minimizes the misclassifiéation rate (Hand,

1982) .

Over the years, a number of kernel functions have been developed to
estimate the densities. Silverman (1986) compared the efficiencies of
some established kernels and found very little difference between them as
all obtained efficiency values close to one. The Epanechnikov kernel was
applied to the principal components extracted from the salmon species
dataset in this study. 1In Figure 14, the behaviour of the error count
estimate was followed over a range of the smoothing parameter that spanned

from 2 to 18. Based on the resubstitution method (straightforward
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reclassification) to calculate the error rate, the three first r values
generated no classification error. Although simple in nature, the
apparent error rate computed by resubstitution has been criticized in the
past as being over-optimistic (Hand, 1982). The bias originates from the
fact that the classifier has been designed to optimize some function of
the dataset and therefore performs better on the original observations

than on other similarly generated datasets.

Another method for error rate estimation introduced by Lachenbruch
{1967) is the cross-tabulation or U-method. Also self-explanatorily
referred to as the fleave—one—out" method, it consists of holding out one
observation at a time, estimating the discriminant function on n-1
observations, and classifying the held-out observation. This process is
‘répeated for each observation, and achieves a nearly unbiased estimate but
with a relatively large variance (Glick, 1978). When cross-validation was
applied to evaluate the kernel performance, it was found that the three
first smoothing parameters mentioned- earlier (r = 2,3,4) yielded much
larger error counts as oppqsed to those from resubstitution (Figure 14).
On the other hand, the next tﬁree r values (r = 5,6,7) gave the lowest-
error rate of 0.0161 which was also the same as that obtained with
resubstitution. In fact, the error rates associated with the smoothing
parameters ranging from 5 to 18 were identical for both estimation
methods. The estimated density distributions computed using the
Epanechnikov kernel with r=6 for principal component 3 are shown in Figure
15. Compared to the previous results based on parametric discriminant

analyses, the curves possess similar mean positions, a high degree of
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Figure 15. Estimated density distributions of canned Pacific salmon for
principal component 3 based on non-parametric discriminant
analysis ( ¥/, sockeye; @@, pink; O, chum; %k, coho).
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symmetry, but wider spread consequently causing more overlapping between
all salmon groups. The species averages in terms of estimated density had
the same ranking order (sockeye, chum, coho, and pink) for the quadratic
and kernel methods. However, the Epanechnikov kernel produced rounder

contours of the bell shape curves.

In order to make an appropriate comparison between the above three
discriminant analyses, error count estimates were calculated by both
resubstitution and cross-validation for the salmon species (Table 13).
The cross-validation error estimate for linear discriminant analysis was
11.29% while it was 1.61% when computed using resubstitution. There was
an even more drastic difference Dbetween cross-validation and
resubstitution for quadratic discriminant analysis (19.3% and 0.0%,
respectively). No difference was found for the Epanechnikov kernel method
as was shown in Figure  14. Results clearly indicated the danger of
relying on the resubstitution method for error rate calculation as it
generally provides a biased level of confidence. The rank in increasing
order on the basis of cross-validation error count estimate for the
discriminant analysis methods was kernel, linear, and quadratic. This
sequence is in accord with that of Van Ness and Simpson (1976) who studied
the relationship between dimensionality, error rate, and sample size for
different typeS of classifier. Besides the absence of the restrictive
parametric assumptions, they also attributed the superiority of the
kernel- over linear discriminant methods to the stability of the kernel
estimator in high dimensionality. The 1linear estimator performed

relatively well despite the non-normality and heteroscedasticity of the
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Table 13. Comparison of error count estimation methods for different
discriminant analysis (DA) applied to the first ten principal
components from canned Pacific salmon (chum, coho, pink,
sockeye) volatiles. ‘

DA function® Error count estimate®
Coho Chum Pink Sockeye % Total
(n=18) (n=14) (n=17) (n=13) (n=62)
Resubstitution
linear 0.000 0.000 0.059 0.000 1.6
(0) (0) (1) (0)
quadratic 0.000 0.000 0.000 0.000 0.0
(0) (0) (0) (0)
nonparametric 0.000 0.000 0.059 0.000 1.6
(0) (0) (1) (0)
Cross-validation
linear 0.167 0.000 0.176 0.077 11.3
(3) {0) (3) (1)
quadratic 0.056 0.143 0.118 0.538 19.4
(1) (2) (2) (7
‘nonparametric  0.000 0.000 0.059 0.000 1.6
(0) (0) (1) (0)
Prior prob. 0.290 0.226 0.274 0.210

? The nonparametric method consists of the Epanechnikov kernel with r=6.
The numbers in parentheses are the misclassifications associated with the
error count estimates.
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species data. Lachenb;uch et al. (1973) investigated the performance of
linear discriminant function applied to some multivariate non-normal
distributions. They concluded that results in such situations can be
misleading though the overall classification error rates were usually not
severely affected. Invparticular, the individual group error rates were
distorted in that error rates were generally much larger than the optimal
value for one population group, and much smaller for the other. Attempts
to adjust for unequal dispersion matrices by use of the quadratic rule
proved to be ineffective. Sockeye salmon especially received a high rate
of incorrect classification. The poor performance of the quadratic method
could be attributed to sample covariance matrices beiné;poor estimates in
presence of large dimensionality/sample size ratios (Van Ness and Simpson,
1976). Therefore, larger sémple sizes could improve the performance of

the quadratic functions.

2. MVA of volatiles from canned chum salmon at three stages of
sexual maturity

Data on the forty-four GC peaks identified earlier were gathered
from samples of adult chum salmon in three different ranges of maturity
during their spawning migration. Only quantitative.differences in the GC
patterns c¢ould be found between the sampies as no appearance or
disappearance of peaks were observed. This situation was comparable to
the previous species study and therefore a similar multivariate approach
was undertaken to analyze and extract information about the structure of

the dataset.
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Principal component analysis was carried out on the correlation
matrix. Table 14 shows the factor loadings of the first eight PC’s that
had a latent root higher than 1.0. Thirteen peaks were allocatéd loadings
of 0.8 and above on PCl. Of these thirteen peaks, eight of them had
correspondingly high and positive loadings on the first principal
component of the species dataset (Table 7). They were peaks 1 (hydrogen
sulfide and acetaldehyde), 5 (3-methyl-l-butene), 16 (heptane), 17 (1,5-
dimethyl cyclopentene), 29 (unknown 7), 30 (nonane), 32 (benzaldehyde),
and 38 (2-pentyl furan). PC2 highly correlated with three peaks: 14
(unknown 1), 22 (3-hexanone) and 34 (unknown 9). Again, two of these
peaks (14 and 34) loaded high coefficients on PC2 in the analysis of the
salmon species data (Table 7). Compared to the earlier study, peak 14
also contrasted with peak 34 based on their opposite algebraic signs but

in a reverse manner.

Forty-one percent of the total variance was explained by PC1l and did
not differ markedly from the respective vaiue of 39.0% found in the
earlier analysis. The rate at which the variance explained by the
succeeding principal components decreased, was also a common aspect
between the species and sexual maturity studies. As a result, the
variance cumulated over the first eight components was 84.2%, and
corresponded well with the figure of 87.2% obtained previously.
Notwithstanding the parallel drawn between the two studies, the
similarities in component loadings were found mainly with the two first
PC’s and the remaining principal components showed more specificity to

their respective dataset.



Table 14. Correlation (loadings) of gas chromatographic peak variables
from canned chum salmon tested at three sexual maturity
stages with the first eight principal components.

Peak Principal component
1 2 3 4 5 6 7 8

1 0.829 -0.292 -0.052 -0.299 -0.086 -0.063 0.113 -0.170
2 0.596 0.394 0.083 ~-0.548 -0.260 -0.126 ~-0.049 0.055
3 -0.353 0.084 -0.049 0.341 0.486 0.478 0.218 0.015
4 0.779 0.068 -0.027 -0.532 0.067 -0.053 -0.031 0.046
5 0.808 -0.427 -0.089 -0.010 ~0.088 -0.033 0.254 -0.078
6 0.245 0.269 -0.315 0.214 -0.562 0.214 -0.069 0.257
7 0.341 0.382 0.725 -0.301 -0.056 -0.044 0.180 0.124
8 0.479 -0.265 0.116 -0.186 0.265 0.581 0.098 0.023
9 0.790 0.316 0.106 -0.430 -0.085 -0.002 0.101 -0.067
10 0.641 0.325 0.177 0.126 -0.001 0.092 0.289 0.229
11 0.073 0.131 0.909 -0.044 0.159 -0.095 0.090 0.148
12 0.219 0.573 -0.100 0.155 -0.501 0.327 0.140 -0.147
13 0.012 0.527 0.483 0.212 '0.549 -0.032 0.084 0.141
14 0.290 -0.672 0.349 -0.351 -0.237 0.191 0.084 0.155
15 0.767 -0.412 -0.318 -0.171 0.132 0.154 -0.029 0.079
16 0.937 0.030 ~0.101 -0.117 ~0.043 0.013 0.188 -0.067
17 0.819 0.148 0.015 0.363 0.247 -0.009 0.038 -0.095
18 0.112 0.097 0.154 0.173 -0.217 0.022 0.005 0.131
19 0.025 -0.038 0.544 -0.067 -0.124 -0.026 0.162 0.281
20 0.656 0.091 -0.309 -0.526 -0.061 ~0.027 ©0.149 0.003
21 0.465 0.394 -0.027 -0.164 0.492 -0.001 -0.310 0.030
22 0.076 0.717 -0.022 0.164 -0.270 0.467 -0.003 -0.121
23 0.411 0.515 -0.116 ~-0.013 0.297 -0.078 0.195 0.039
24 0.696 0.180 -0.388 -0.237 0.322 0.023 -0.083 0.158
25 0.666 -0.274 ~0.354 -0.126 0.236 ~0.044 0.027 0.220
26 0.798 0.339 -0.147 -0.023 0.004 -0.027 -0.107 -0.093
27 0.886 0.016 -0.087 0.224 -0.174 -0.106 0.196 -0.109
28 0.916 0.033 -0.065 0.228 -0.115 -0.125 0.176 -0.110
29 0.840 0.191 -0.194 0.310 -0.054 -0.129 0.074 -0.113
30 0.889 0.051 -0.003 0.154 0.228 0.029 0.069 -0.168
31 0.763 -0.071 0.164 -0.149 0.347 0.190 -0.253 -0.050
32 . -0.911 -0.200 0.086 0.067 -0.183 -0.049 -0.023 -0.042
33 0.588 0.534 0.156 -0.040 -0.123 -0.093 -0.342 0.111
34 0.299 0.775 -0.327 -0.029 -0.089 ~0.075 -0.073 -0.069
35 0.845 -0.050 -0.225 0.024 0.013 0.217 -0.147 0.197
36 0.709 -0.504 -0.083 0.352 -0.014 0.010 -0.116 0.176
37 0.711 -0.412 -0.139 0.338 -0.155 0.040 -0.188 0.225
38 0.808 -0.190 0.189 0.458 -0.084 -0.083 -0.098 0.038
39 0.739 0.379 0.171 0.382 0.200 -0.137 -0.062 -0.096
40 0.131 0.277 0.417 -0.056 -0.305 0.188 -0.340 0.013
41 0.836 -0.320 0.296 -0.059 -0.010 0.099 -0.155 -0.029
. 42 0.610 -0.567 0.359 0.138 -0.055 0.003 -0.041 -0.170
43 0.734 -0.184 0.387 0.371 -0.022 -0.122 -0.064 -0.103
44 -0.039 -0.197 0.535 -0.270 0.064 0.176 ~0.146 -0.565

Latent root 18.060 °5.522 4.461 3.051 2.510 1.315 1.066 1.059

Variance (%) 41.046 12.55 10.139 6.933 5.705 2.989 2.423 2.406
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The scores of the second principal component were plotted against

those from PCl in Figure 16. No definite group separation could be
distinguished along the PCl axis. Beside an expression of general
variation common to all groups, this dimension did not suggest any evident
interpretation. On the other hand, PC2 distinctly segregated samples from
year 1 and 2. This principal component, carrying high loadings for peaks
11, 14, and 34, reflected a form of year to year variability. As
expressed in the species study, slight but notable decreases in peak
resolution were also observed in the three mentioned GC areas. Although
not disproving the explanation inherent to the biological nature of the
chum salmon samples themselves, the separation of the year-groups along
PC2 was likely due to chromatographic factors since a comparable situétion

emerged in all species (Figure 10).

Linear discriminant analysis was performed on the first eight
principal components extracted from the chum salmon data. Priér
probabilities were specified to be proportional to the sample sizes. Five
out of eight principal components were found significant at the 5% level
or below as indicated in the upper portion of Table 15 dealing with the
univariate statistics. The four largest contributors toward group
discrimination were PC3, PC5, PC6, and PC4 in decreasing order. Although
they account for less variance of the dataset than the initial principal
components, PC3-PC6é were selected over PC1l-PC2 for group discrimination.
This situation underlined the danger of rejecting components accounting

for small amount of variation when they are to be used in subsequent data
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Figure 16.

Principal component 1

Plot of the first two principal component scores for the canned chum
salmon tested at three sexual maturity stages (A, silver-bright/year
1; B, semi-bright/year 1; C, dark/year 1; D, silver-bright/year 2;
E, semi-bright/year 2; F, dark/year 2).
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Table 15. Univariate and multivariate test

statistics

85

of discriminant
analysis on the first eight principal components from volatiles
of canned chum salmon tested at three sexual maturity stages.

Variable num df,den df F
Univariate
PCl 2,91 3.4606 *
PC2 2,91 1.1410
PC3 2,91 31.9029 **xx*
pC4 2,91 13.6433 **
PC5 2,91 23.1504 **x%
PC6 2,91 16.6785 **x*
PC7 2,91 0.1749
PC8 2,91 0.8634
Multivariate »
Wilk’s lambda = 0.0726 16,168 28.4686 ***
Pillai trace = 1.3659 16,170 22.8872 *x*x%
Hotelling~Lawley trace = 6.7338 16,166 34.9318 **x
Roy’s largest root = 5.6683 80,85 60.2256 **xx*
Canonical
LR, = 0.0726 16,168 28.4686 ***
LR, = 0.4841 7,85 12.9388 **xx

* Significant difference at 0.05 level.
** Significant difference at 0.01 level.
*** Significant difference at 0.0001 level.

LR stands for Likelihood ratio.
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treatments. Sometimes only the largest principal componen;s are retained
as predictors. However, as Dunteman (1984) pointed out, "There is no
compelling reason to suspect that larger components are better predictors

of some dependent variable than smaller components."

PC3 and PC5, the principal components with high F ratios, received
high 1loadings from 2-methyl propanal and benzene, and from ethanol,
dimethyl sulfide, 2-methyl butanal, 2,2-dimethyl propanal, and acetic
acid, respectively. Ethanol also had a high loading with PC6 along with
hexane and toluene while PC4 gathered correlations above 0.5 from methane
thiol, butane, and unknown compound 2. The last three volatiles as well
as two others from PC5 possessed negative loading values. Among these
volatiles, methane thiol and dimethyl sulfide are compounds that could be
generated from sulfur-containing amino acids. As spawning migration
progresses, salmon are using their non-collagenous and cellular protein
supplies and are not replenishing them (Love, 1950; Aksnes et al., 1986).
The utilization of amino acids for metabolic processes could therefore.
decrease the content of sulfur-containing amino acids available for the
production of methane thiol and dimethyl sulfide. Ethanol, used in the
past as an indicator of decomposition, was also influenced by the changes
of sexual maturity. As a consequence, sexual maturity of chum salmon is
a factor that could bias the result of quality determination when
established on the basis of ethanol quantification only. The other
species of Pacific salmon should be investigated with this regard in order
to ascertain the guality classification of canned salmon of progressing

sexual maturity.
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In terms of multivariate statistics of the linear discriminant
analysis, all tests were significant at P<0.0001 (Table 15). They
indicated that the principal components taken together affirmed the
presence of between-group differences. Canonical analysis shown at the
bottom part of Table 15 revealed that the two possible canonical functions
were necéssary to capture the differences among the three maturity stages
of chum salmon as judged by the high levels of significance computed
(P<0.0001). Table 16 presents the standardised coefficients allocated to
each principal component for both canonical variates. Three of the
important factors explaining the between-group variables, found in Table
15, i.e., PC3, PC4, and PC5, occupied predominant positions having large
coefficients for CV1. On the other hand, the second canonical variate
was monopolized by PC6. The graphical representation of the scores of the
two canonical functions is shown in Figure 17, Scores of the three
maturity stages, namely silver—bfight, semi-bright, and dark, were
distinctly regrouped. The centroids of each group were not plotted but
the density circles about the centroids of the bivariate dispersions were
drawn at the probability level of 0.50. Group memberships were computed
from the Mahalanobis distances of the canonical scores. Two samples in
each of the silver-bright and semi-bright maturity stages were
misclassified using the resubstitution method to calculate the error count
estimate. Thus, this 1linear discriminant analysis yielded an apparent

error rate of 3.2%. -
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Table 16. Standardized canonical variate coefficients for discrimination
of canned chum salmon tested at three sexual maturity stages.

Dependent variable

Canonical variate

1 2
PC1l -0.4833 -0.3971
PC2 0.4282 -0.0476
PC3 1.5820 0.5808
PC4 1.0707 -0.5645 -
PC5 1.5627 -0.2735
PCé -0.0487 1.0246
PC7 0.0973 0.1009
PC8 0.0703 -0.2654
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Figure 17. Plot of the two canonical variate scores for canned chum salmon tested
at three sexual maturity stages (S, silver bright; B, semi-bright;
D, commercial dark).
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Figure 17 can also be interpreted from a different point of view.

In addition to the three distinctive areas where the groups had dispersed,
a U-shape pattern also emerged: silver-bright at the bottom-right, semi-
bright at the top-centre, and dark at the bottom-left. During the
spawning migration of salmon, which begins in the ocean and ends at the
spawning beds, gradual physiological changes occur. This process of
sexual maturation proceeds in a continuous manner. However,
categorization of salmon in different stages based on physical appearance
is currently done by processors to establish quality grading s§stems. In
light of this, the results of Figure 17 can also be viewed as an
uninterrupted sequence from the silver-bright stage to the commercial dark
stage behaving according to a quadratic function with a maximum inversion

point at the semi-bright stage.

Before carrying out discriminant analysis, Bartlett’s tests for
homogeneity- of variance were computed on the first ten principal
components of chum maturity data and results are found in Table 17. Five
principal components out of eight did not show any statistical sign of
heteroscedasticity across the maturity stages. However, the ;hi-square
values associated with PC3 presented a significant difference at the
0.0001 level while PC2 and PC8 were significant at the 1% probability.
The multivariate test was also highly significant (P<0.0001) indicating
that the principal components, when considered in a joint fashion, were

not able to satisfy the parametric assumption of homogeneity of variance.
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Table 17. Bartlett’s tests for homogeneity of within group variance-
covariance between canned chum salmon tested at three sexual
maturity stages for the first eight principal components.

Variable df Chi-square
Univariate
PC1 2 0.290
PC2 2 10.872 *x*
PC3 2 30.027 ***
PC4 2 0.020
PC5 2 5.460
PCé6 2 2.769
PC7 2 3.426
PC8 2 10.724 **
Multivariate .
PC1-10 72 302.937 **x

* Significant difference at 0.05.
**x Significant difference at 0.01.
*** Significant difference at 0.0001.
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Results of the Kolmogorov-Smirnov normality tests on the maturity

data are shown in Table 18. Scores of four out of eight principal
components departed from normality for silver-bright chum but only PC2 and
PC3 were in a similar situation for semi-bright chum. In addition, the
normality assumption was concurrently respected by all principal

components for dark chum.

In order to respond to the heterogeneity of variance-covariance
found between the chum salmon maturity stages, quadratic discriminant
analysis was carried out on the same eight principal components. The few
cases of non-conformity to the assumption of normality also prompted the
re-analysis of the sexual maturity data with non-parametric discriminant
analysis using the Epanechnikov kernel. Figure 18 compared the error
count estimate methods, resubstitution and cross-validation, with regard
to the smoothing parameter of the kernel estimator. In accordance to what
was found in the section on the analysis of the sﬁecies data, the
resubstitution method underestimated the error rates for small values of
r but eventually reached perfect agreement as the smoothing parameter
increased. The lowest error rate estimate along the cross-validation
curves was associated with a r of 5. At that point, however, there was
a discrepancy between the two error estimation methods. Albeit a slight
difference, it indicated that the error rates estimated by the two methods

may not always be concordant at the optimal cross-validative conditions.

The error count results computed using both estimation methods for

all three discriminant analyses were compiled in Table 19. Based on



Table 18. Kolmogorov-Smirnov normality test of canned chum salmon tested
at three sexual maturity stages within the first eight principal

components.
Variable Maximum difference

Silver-bright Semi-~bright Dark

(n=34) (n=36) (n=24)

PC1 0.119 0.117 0.102
PC2 0.209 ** 0.190 *»* 0.144
PC3 0.160 * 0.154 *x* 0.157
3C4 0.177 *% 0.087 0.085
gCS 0.102 0.105 0.163
PC6 0.160 * 0.114 0.104
PC7 0.105 0.080 0.147
PC8 0.161 0.087 0.169

* gignificant difference at 0.05 level based on Lilliefors probability.
** Significant difference at 0.01 level based on Lilliefors probability.
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Table 19. Comparison of error count estimation methods for different
discriminant analysis (DA) functions applied to the first eight
principal components from canned chum salmon tested at three
sexual maturity stages.

DA function® . Error count estimate’
Silver-bright Semi-bright Dark % Total
(n=34) (n=36) (n=24) (n=94)
Resubstitution
linear 0.059 0.056 0.000 4.3
(2) (2) (0)
quadratic 0.059 0.000 0.000 2.1
(2) (0) (0)
nonparametric 0.088 0.000 0.000 3.2

(3) (0) (0)

Cross—validation

linear 0.059 0.083 0.000 5.3
(2) (3) (0)
quadratic 0.059 0.056 0.000 4.3
(2) (2) (0)
nonparametric 0.118 0.000 0.000 4.3
(4) (0) (0)
Prior prob. ' 0.362 0.383 0.255

2 The nonparametric method consists of the Epanechnikov kernel with r=5,
The numbers in parentheses are the misclassifications associated with the
error count estimates.
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resubstitution, the quadratic and kernel analyses improved the error rates
compared to those obtained by the linear functions, but the differences
were small. All total error rates calculated with the cross-validation
method were larger than that of resubstitution thereby bringing again
forward the bias of the latter method. Yet the two sets of estimated

error rates were not as disparate as those found with the species data

(Table 13).

In terms of cross—~validation, the total error rate was lower for the
non-parametric kernel estimator and the quadratic than for the linear
discriminant functions. The error counts nevertheless remained in the 4
ﬁo 5% region. These results therefore suggested that even though the
parametric assumptions did not hold true, the misclassification rates
could still be kept low. Besides dark chum and two instances for semi-
bright chum, most cases of non-normality were found for silver-bright chum
salmon data (Table 18). Since PC2 and PC8 were not involved in group
separation for linear discriminant analysis as indicated by a
nonsignificant univariate F ratio (Table 15), the strong non-normality of
these components did not bear as much negative influence on the membership
classification results as PC3, PC4 and PC6 seemingly could have. Hence,
membership classification could have reflected a certain stability or
robustness to a few non-normal anomalies. In addition, PC3 being the only
major discriminator afflicted by heterogeneity of variance was expected
to negatively affect the results of LDA (Table 17). On one hand, an
explanation among others already discussed in the section on the salmon

species data refers to the distance between group means. As the distances
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between group centroids and their overlaps in the multivariate space
increases, the effects of heteroscedasticity on misclassification rates
diminishes (Dillon and Goldstein, 1984). 1In these circumstances, linear
and quadratic discriminant functions may appear to be equally effective.
On the other hand, the two samples of silver-bright chum that were
categorized as dark chum (Figure 17) could have been outliers with
characteristics uncommon to their group. If they were removed from the
analysis, the number of rejections of the parametric assumptions could
likely be decreased and thereby help to account for the small differences

between discriminant functions.

3. MVA of volatiles from canned pink salmon during refrigerated
decomposition

Unlike the previous SHGC chromatograms obtained for the species and
sexual maturity studies, the patterns of volatiles from canned pink salmon
during the storage periods possessed qualitative as well as quantitative
differences. Figure 19 shows typical chromatograms from canned pink
salmon at day 0, day 8, and day 13 of year 1 which respectively
corresponded to grade A, B, and reject, as determined prior to canning.
Peaks 3 (ethanol), 18 (3-methyl-l-butanol), and 19 (2-methyl-2—butenal)
have been labelled and were some of the volatiles that storage time
influenced. Their peak sizes increased with time, and the sensory grade
associated with these typical samples sequentially progressed from grade
A to grade reject. The peak areas of these three volatile compounds have
been translated into actual concentrations using standard curves. The

ranges of concentrations within which all measurements fell, are presented
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Figure 19. Chromatogram of volatiles from canned pink salmon during the
refrigerated storage of year 1. (A, day 0/grade A; B, day 8/
grade B; C, day 13/grade reject).
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for each grade level in Table 20.. With changing grade levels, both the
increase in concentration and the spread of the ranges appeared to augment
in a non-linear manner. Peak 18 (3-methyl-l-butanol) was the only one,
among 44 analyzed volatiles, that was not detected in grade A canned pink
salmon. Regarding the comparison of.the obtained values for ethanol w}th
those of Hollingworth et al. (1986), a 1000-fold factor in scale could be
observed. The main explanation lies in the sample preparation and
analysis. Results of this study were obtained using an automated method
sampling headspace volatiles above heated salmon flakes while Hollingworth
et al. (1986) manually injected headspaces of liquid samples equilibrated

at room temperature.

Common factor analysis (CFA) with varimax rotation was the first
multivariate method performed on the 44 volatile compounds analyzed
throughout the refrigerated storage study. As Table 21 indicates, nine
factors were allocated eigenvalues of 1.0 and over, expiaining nearly 88%
of the common variance. The volatiles outlined in Figure 19, i.e., peaks
3, 18, and 19, all received loadings above 0.9 for factor 3. The
standardized peak area of these three volatiles were plotted in Figure 20
for both years of the refrigerated storage study. Constant values over
a period of time, followed by an exponential increase was a pattern common
to all peaks. Peak 18 (3-methyl-l-butanol) however was distinct in that
it was undetected up to a certain point in time, day 8 for year 1 and day
13 for year 2. By the time peak 18 appeared on the chromatogram, the fish
from which the samples originated had consistently been classified as

grade B.
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Table 20. Concentration ranges of three volatile compounds from canned

pink salmon of different quality grades.?®

Grade® Concentration (x10 >ppm)
Ethanol® 3—methyl-1—butanold 2—-methyl—2—butenale
A 2.6 - 37.0 - 0.0 - 5.0
B 31.4 - 210.3 1.7 - 13.7 3.6 - 16.1
reject 263.7 - 878.9 18.7 - 128.0 19.3 - 138.7

Measurements obtained using a headspace sampler with a 3 mL loop.
Grade of canned salmon based on assessment prior to canning.

FID response = 2920.2 x [ethanol (ng/mL)], r2 = 0.997, n = 22, S err =
24.2.

FID response
S err = 28.2.
FID response
S err = 6.2.

1097.0 x [3-ME-l-butanol (ng/mL)], r’ = 0.973, n = 15,

364.9 x [2-ME-2-butenal (ng/mL)], r’ = 0.984, n = 21,



Table 21. Loadings of the first nine varimax rotated factors from factor
analysis of canned pink salmon wvclatiles of the refrigerated
storage study.

Peak Factors

1 2 3 4 5 6 7 8 9

1 0.372 0.674 0.080 0.096 0.019 0.182 0.105 -0.143 -0.131
2 0.232 -0.032 -0.368 0.134 0.242 -0.072 -0.195 0.581 0.184
3 0.145 0.175 0.904 0.255 0.086 -0.027 0.057 -0.135 0.005
4 0.530 0.466 -0.041 0.248 0.430 0.180 0.013 0.097 0.022
5 0.297 0.826 0.243 0.258 -0.039 0.111 0.181 -0.065 -0.016
6 0.141 0.122 -0.066 ~0.097 -0.191 -0.087 0.123 -0.015 0.003
7 0.285 0.270 0.156 0.868 0.063 0.007 -0.035 0.080 0.085
8 -0.053 0.115 -0.050 0.024 0.157 0.898 0.029 -0.007 -0.031
9 0.582 0.387 -0.022 0.387 0.301 -0.399 -0.079 0.219 0.029
10 0.585 0.222 0.264 0.346 0.306 -0.059 -0.030 0.220 0.029
11 0.168 0.173 0.306 0.876 0.187 -0.015 0.013 -0.110 0.048
12 0.013 0.057 -0.002 ~-0.052 0.163 -0.045 0.044 0.192 0.132
13 0.176 0.155 0.345 0.862 0.137 -0.029 0.004 0.007 0.039
14 0.039 0.144 0.205 0.152 -0.285 -0.071 0.546 -0.074 -0.198
15 0.360 0.374 0.217 0.040 0.542 0.166 0.501 -0.153 0.026
16 0.558 0.522 -0.008 0.143 0.277 0.083 -0.071 0.111 -0.018
17 0.796 0.084 -0.092 0.143 0.359 0.043 0.028 0.244 -0.013
18 0.059 0.111 0.963 0.171 0.010 -0.002 0.110 -0.071 -0.04?
19 0.031 0.108 0.956 0.197 -0.016 -0.001 0.105 -0.065 -0.059
20 0.549 0.109 0.182 0.077 0.030 0.123 0.209 -0.012 -0.115
21 0.049 -0.003 -0.022 0.209 0.822 0.024 0.045 0.184 0.226
22 -0.059 -0.128 -0.148 ~0.081 0.122 -0.124 -0.247 0.700 0.081
23 0.566 -0.163 -0.038 ~0.103 0.078 -0.002 -0.041 0.111 -0.057
24 0.488 0.217 0.196 0.128 0.650 0.086 |0.250 0.000 0.084
25 0.154 0.060 0.121 -0.126 0.172 0.146 '0.783 -0.196 0.0S50
26 0.472 0.020 0.019 0.207 0.636 0.011 -0.163 0.280 0.080
27 0.421 0.761 0.256 0.297 0.076 -0.014 0.097 -0.044 0.063
28 0.549 0.704 0.268 0.277 0.074 0.002 0.086 -0.023 0.040
29 0.775 0.271 0.091 0.125 0.073 0.185 -0.118 -0.120 -0.113
30 0.570 0.467 0.004 0.006 -0.068 0.227 0.116 -0.076 0.003
31 0.614 0.061 0.213 0.233 0.477 ~0.260 -0.023 -0.004 -0.013
32 0.858 0.288 0.184 0.182 0.129 0.003 0.046 -0.047 0.051
33 0.645 0.077 -0.028 0.435 0.266 -0.021 -0.149 0.280 0.230
34 0.074 -0.016 -0.069 0.112 0.143 -0.036 -0.013 0.134 0.726
35 0.358 0.063 0.031 -0.060 -0.164 0.794 0.106 -0.118 -0.023
36 0.657 0.238 0.085 -0.010 -0.221 0.072 0.462 -0.152 0.067
37 0.797 0.231 0.136 0.104 0.122 0.071 0.273 -0.168 0.241
38 0.936 0.168 0.070 0.166 0.026 -0.065 0.100 -0.030 0.130
39 0.856 0.064 -0.041 0.169 0.297 0.003 -0.059 0.206 0.019
40 0.181 0.140 0.021 -0.074 -0.472 0.353 0.257 -0.205 0.180
41 0.775 0.288 0.205 0.180 0.111 0.210 0.147 -0.098 -0.148
42 0.880 0.171 -0.041 -0.010 -0.112 0.093 0.166 -0.085 -0.008
43 0.858 0.180 0.005 0.032 -0.159 0.047 0.123 -0.113 -0.006
44 0.191 -0.017 0.123 -0.042 -0.273 0.015 0.046 -0.333 -0.211
Latent root 11.543 4,083 3,707 3.624 3.602 2.148 2.015 1.718 0.999
Variance (%) 30.371 10.743 9.755 9.535 9.476 5.652 5.303 4.520 2.630
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Figure 20. Plots of volatiles from canned pink salmon of the refrigerated

storage study with high loadings for factor 3.
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Upon further investigating the results of CFA in conjunction with
refrigerated storage time, factor 4 also appeared to be influenced by
storage. Based on Table 21, three volatile compounds, peak 7 (2-methyl
propanal), peak 11 (benzene), and peak 13 (2,2-dimethyl propanal), were
allocated high loadings by factor 4. As was expected of variables that
were correlated to each other, peaks 7, 11, and 13 had similar trends
(Figure 21); they increased in concentration near the beginning of
storage, and levelled off towafds the end of the experiments. In
addition, it is worth noting that the spread in peak area increased with

time for all six volatiles just discussed (Fig. 20 and 21).

Principal component analysis was also carried out with a varimax
rotation on the same data matrix gathered from canned salmon of the
refrigerated storage study. Figure 22 shows the 44 loadings as vectors
in the subspace spanned by PC4 and PCS5. Loadings with absolute values
higher than 0.2 have been labelied. Peaks 3, 18, ana 19, and peaks 7, 11,
and 13 were found in the vicinity of each other and each group of peaks
dominated PC4 and PC5, respectively. Figures 23 and 24 are plots of
scores of PC4 and PC5 during the refrigerated storage for years 1 and 2.
The trends found in these figures were clearly comparable to the sets of
graphs in Fig. 20 and 21. ©PC4 and PC5 essentially contained the same

information as factors 3 and 4.

The results of CFA and PCA were alike in terms of peak grouping and
confirm the présence of intercorrelations among several of the variables

in the original dataset. Although PCA could be viewed as another type of
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Figure 22. Projection of gas chromatographic peak variable loadings on
principal components 4 and 5 for canned pink salmon of the
refrigerated storage study.
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Figure 23. Plot of the scores of principal component 4 over refrigerated storage
time for canned pink salmon.
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factor analysis, there are theoretical differences between them.
Nevertheless, these two techniques often yield solutions that are very

similar (Dillon and Goldstein, 1984).

When PC4 and PCS5 were plotted against each other, segregation of the
3 quality levels became apparent (Fig. 25). PC4 separated grade reject,
found on-the right side of the graph, from grade A and grade B located on
the left. Referring back to Fig. 23, score values of PC4 remained
relatively constant for some time but began to increase toward the end of
the storage periods. These late changes were correlated with the increase
in concentration of volatiles that received especially high loadings on
PC4 (peaks 3, 18, and 19) and coincided with a shift of quality grade
reject. Similarly, PCS mainly served to vertically separate grades A and
B. The increasing scores of PCS5 from the start of storage up to a maximum
point (Fig. 24) provided valuable information to discern samples of grade

A from grade B (Fig. 25).

Table 22 regroups the results of univariate and multivariate
Bartlett’s tests for hbmogeneity of variance on peak variables and
principal components involved in the above discri