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Abstract

This study investigated the ability of a portable hand-held electronic nose (EN) to detect 

spoilage of whole and canned Alaska pink salmon (Oncorhynchus gorbuscha) using 

ethanol as a spoilage indicator for canned salmon. Fish held in seawater (14°C) and in 

slush ice (1°C) were sampled and canned at various intervals of time up to 3 and 16 days 

of storage, respectively. The EN measured volatile compounds emanating from the gill 

and belly cavity of whole fish, in conjunction with sensory and microbial analyses. The 

EN and sensory evaluations were conducted on the canned products. In addition, static 

headspace gas chromatography coupled to mass spectrometry was used to quantify 

ethanol concentrations in canned products. The EN sniffed the belly cavity and 

distinguished the degrees of spoilage of whole pink salmon with 85-92% correct 

classification for both storage temperatures. However, the EN was unable to distinguish 

the spoilage in canned salmon, regardless of original storage temperature. Ethanol 

concentrations in salmon cans produced from fish stored at 14°C correlated well with 

results from sensory evaluations, but this correlation was not observed for fish stored at 

1°C. Ethanol was a suitable quality indicator for canned salmon when raw material had 

been stored at 14°C.
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Chapter 1: General Introduction

1.1 Justification

Pink salmon comprises the majority of yearly wild salmon catches in Alaska with a total 

volume of about 250000 MT (ADFG 2005). Large catch volumes combined with a short 

season (2-3 months) limits processors in diversifying pink salmon processing, primarily 

canning and caviar. Alaska salmon processors face great challenges in the marketplace. 

The rapidly growing world aquaculture industry with its rigid standards is producing fish 

recognized as among the best quality seafood in the world. A major obstacle to Alaska 

salmon industry has been the inconsistent quality of its products (Alaska Salmon Industry 

Task Force 2003). For this industry to remain competitive, it must improve quality and 

especially consistency.

Fish quality is determined by a variety of methods that include sensory evaluation and 

microbial analysis (Du and others 2001). Sensory evaluation provides immediate 

feedback, but is limited due to panelist fatigue and the inability to detect stale compounds 

at low levels (Josephson and others 1986). Chemical indicators such as total volatile 

basic nitrogen compounds (TVB-N) and trimethylamine (TMA) can also be used to 

quantify fish freshness (Botta and others 1984; Krzymien and Elias 1990). However, 

chemical analyses are expensive and laborious (Olafsson and others 1992). Electronic 

noses (EN) are a new technology, which uses an array of sensors to physically react with 

the volatile molecules present in the headspace of samples. Several types of EN have the 

potential to rapidly measure the quality of food and seafood products (Egashira and 

others 1990; Olafsson and others 1992; Luzuriga and Balaban 1999; di Natale and others 

2001; Du and others 2001, 2002; Korel and others 2001a, b; Korel and Balaban 2002; 

Trihaas and Nielsen 2005; Olafsdottir and others 2000, 2002, 2005, 2006).

Spoiling salmon produces twenty to thirty volatile compounds contributing to the overall 

sense of odor (Girard and Nakai 1994). The complex chemical patterns of spoilage may 

be recognized and differentiated as they change over time using the EN pattern
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recognition process. Therefore, an EN should be able to differentiate the pattern of 

volatile compounds present in Alaska pink salmon at different spoilage stages.

Ethanol is a volatile heat stable compound that has been suggested as an indicator of poor 

quality canned salmon (Huss 1995; Crosgrove 1978; Hollingworth and Throm 1982,

1983; MeLachlan and others 1999). The likely cause of ethanol is the canning of fish 

undergoing early stages of decomposition, which is often not detected through standard 

sensory inspections of the raw material at the processing plant. Improving Alaska canned 

salmon requires better assessment of initial product quality and appropriate grading to 

assure maximum quality of the final canned product. Relying solely on sensory 

evaluations in routine quality inspection can lead to inaccurate grading of the 

manufactured goods. Application of EN technology could become an important tool for 

the quality assurance of salmon benefiting the Alaska seafood industry.

1.2 Fish quality changes: fresh to spoil

Fish is a perishable food product. As soon as fish have been harvested, many undesirable 

post-mortem changes begin to occur that lowers quality and may ultimately lead to 

product rejection. The rate of deteriorative changes is influenced by a numbers of factors 

which include handling practices and storage conditions throughout the entire distribution 

chain (Olafsdottir and Fleurence 1998). The post-mortem changes in fish leading to 

spoilage are recognized as a complex process (Hollingworth and Throm 1982; Olafsdottir 

and Fleurence 1998) primarily comprised by sensory changes, autolytic and chemical 

changes and microbial changes (Mukundan and others 1986; Huss 1995).

1.2.1 Sensory changes

Sensory changes that occur in spoiling fish include fish appearance degradation such as 

gill color and eye dullness, fish texture changing from firm to soft and changes in odor 

from fresh to fecal. Undesirable color changes that occur in food products are often a 

result of chemical alterations of pigments such as heme proteins, carotenoids and 

melanin. One such example is the formation of metmyoglobin, the oxidation product of 

oxymyoglobin, which is responsible for color changes in meat products from bright red to



3

brown (Haard 2002). Alteration in fish texture from firm to excessively soft is another 

deteriorative change observed during fish spoilage. The degradation of myofibrillar and 

connective tissue proteins by endogenous proteolytic enzymes results in loss of tissue 

integrity during post-harvest storage (Haard 1994, 2002). Odor is also an important 

quality parameter of seafoods because it is directly related to consumer’s perception of 

fish quality (Josephson and others 1986). A recently caught fish has a characteristic fresh 

seafood odor that is variable according to species. Frequent odor descriptors for recently 

caught euryhaline fish species, such as salmon, are plant-like, cucumber, mushroom and 

metallic-like odors. These are mainly due to the presence of unsaturated carbonyls and 

long chain alcohols which are oxidative products of unsaturated fatty acids resulting from 

lipoxygenase activities (Kawai 1996; Olafsdottir and Fleurence 1998). Specific 

compounds found in salmonids are hexanal and 1, 2-hexenal which contribute to green 

plant-like odors and eight carbon atom compounds such as l-octadiene-3-ol and 1, 5- 

octadiene-3-one, which impart mushroom and metallic-like odor (Olafsdottir and 

Fleurence 1998). Additionally, 2, 6-nonadienal and 3, 6-nonadienol contribute to 

cucumber and melon-like notes, which are frequently associated with very fresh fish 

(Olafsdottir and Fleurence 1998). During storage, these very fresh fish notes will 

decrease in intensity being replaced by sour, pungent and putrid spoilage odors which are 

a product of autolysis and microbial activity. Spoilage seafood odors derive from the 

combination of various chemical compounds such as short chain alcohol, amines, sulfur- 

containing aliphatic and alicyclic compounds, aldehydes, ketones and organic acids, in 

addition to heavier compounds containing aromatic rings and heterocyclic structures. 

These compounds contribute to fishy, putrid and rotten odors in spoiled fish (Olafsdottir 

and Fleurence 1998).

1.2.2 Autolytic changes

Autolysis is simply defined as the deteriorative changes of fish skin and muscles due to 

catabolyzing endogenous enzymes. It is influential to the onset of microbial degradations 

and the changing of fish odors from fresh to spoiled (Mukundan and others 1986). After 

fish death, the normal biosynthetic processes are terminated due to the absence of
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oxygen, but catabolism proceeds, which results in anaerobic metabolic changes that result 

in the accumulation of products, such as lactic acid, that affect fish quality (Mukundan 

and others 1986). Carbohydrate, fat, and protein are important compounds associated 

with the autolytic changes that occur due to glycolysis, lipolysis, and proteolysis.

1.2.2.1 Glycolysis

After death, oxygen is no longer available for aerobic respiration and the metabolism 

continues to operate for a limited time under anaerobic conditions. Under this condition 

the source of muscle energy is provided via glycolysis (Huss 1995). One of the last steps 

of glycolysis is the formation of pyruvate which is further reduced to lactate (Campbell 

1995). This leads to accumulation of lactic acid in the tissue causing a decrease in 

muscle pH. At a low pH, the myofibrillar protein in the muscle will partially denature 

causing a loss in its water holding capacity resulting in muscle toughening, thus 

impacting the quality of the food product (Huss 1995; Haard 2002). In addition, low 

muscle pH may trigger or accelerate undesirable chemical reactions in the muscle such as 

oxidation of myoglobin and lipids (Haard 2002).

1.2.2.2 Lipolysis

Lipase and phospholipase are important enzymes for breaking down lipid in fish tissue, 

mainly triacylglycerols and phospholipids (Hultin 1994), into free fatty acids and glycerol 

(Mukundan and others 1986). Unsaturated fatty acids are important precursors of lipid 

oxidation that leads to the formation of lipid hydroperoxides as initial oxidation products 

(Ashton 2002). Those compounds are unstable and break down into secondary oxidation 

products such as aldehydes, ketones and alcohols leading to rancid odor in fish 

(Olafsdottir and Fleurence 1998; Ashton 2002). The oxidation process is accelerated by 

the low pH and supported by the accumulation of free fatty acids in fish tissue (Haard 

2002).

1.2.2.3 Proteolysis

Proteolysis occurs after other autolytic processes form an acidic environment (Mukundan 

and others 1986). Lysosome is a cellular organelle found in fish muscle that contains 

proteolytic enzymes such as cathepsins and proteases. These enzymes are very important
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in the breakdown process of fish muscle proteins and causing a gradual loss of fish 

muscle texture (Mukundan and others 1986). Furthermore, proteases are abundant in fish 

viscera (Mukundan and others 1986) making evisceration a key step to extending fish 

shelflife.

1.2.2.4 Nucleotides catabolism 

Adenosine 5-triphosphate (ATP) is an important energy source for muscle contraction. 

The levels of ATP in fish muscle are directly related to the onset of rigor mortis or 

muscle stiffness (Haard 2002). In general, at the moment of slaughter fish muscle 

contains about 3 to 5 mg of ATP/g of tissue with rigor onset normally being observed 

when the ATP concentrations reaches to about 1 pmol/g of tissue (Wang and others 

1998; Oliveira and others 2004). Rigor mortis onset, duration and resolution vary widely 

depending on a large number of factors such as degree of struggle during catch, fish 

species, fish age and size, handling methods, fish holding temperature, harvest season, 

sexual maturity and slaughter method (Stroud 1968; Huss 1995; Nakayama and others 

1999; Morzel and other 2003; Oliveira and others 2004). Nonetheless, as a generality, 

fish will enter rigor 1 to 24 hours after death while rigor duration and resolution may take 

up to 120 hours to occur (Amlacher 1961; Oliveira and others 2004). Additionally, it has 

been shown recently that rigor is not a uniform process throughout the fish body and 

further complicates determination of rigor onset and resolution in fish (Oliveira and 

others 2004). Handling and processing fish during rigor will cause muscle quality loss 

such as gaping (splitting of muscle segments). Furthermore, filleting fish pre-rigor can 

lead to extensive muscle shortening and increased drip loss during thawing (Haard 2002). 

Therefore, rigor mortis plays a key role in the overall fish quality. In addition, ATP 

degradation is also related to fish freshness. Saito and others (1959) proposed a formula 

as a freshness index based on the relative concentration of compounds derived from ATP 

degradation (Figure 1.1; Gill 1992), as follows:

[Ino] + [Hx]
%K =   x 100

[ATP] + [ADP] + [AMP] + [IMP] + [Ino] + [Hx]
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Inosine (Ino) and hypoxanthine (Hx) are indicators of poor fish quality while adenosine- 

related compounds are indicators of fish freshness (Gill 1992). As a generality, when K- 

value increases the fish quality decreases. However, the pattern of ATP degradation in 

fish muscle is variable according to species, and K-value has been validated as a quality 

index only for some fish species such as redfish, salmon and squid (Gill 1992; Huss

1995).

1.2.3 Microbial changes

Bacteria are a significant cause of food spoilage (Mukundan and others 1986; Gram and 

Dalgaard 2002). Autolytic changes are influential to the onset of microbial degradation 

because deteriorating changes of skin and muscles allow the microorganisms, present on 

the skin and gill (Huss 1995; Gram and Huss 1996), easy access to nutrients. Nutrients 

available, also a result of autolytic breakdown of important organic compounds, support 

microbial growth and reproduction. Bacteria continue to degrade the fish producing a 

variety of compounds responsible for off-odors. A review of some important spoilage 

related compounds is presented below.

1.2.3.1 Short chain alcohols and carbonyls 

This group of compounds is responsible for solvent-like and malty odors (Olafsdottir and 

Fleurence 1998). Concentrations of five compounds (ethanol, propanol, butanol, 1- 

penten-3-ol and hexanal) were used to develop a useful chemical quality index (QI) to 

determine the quality of raw tuna (Human and Khayat 1981). Ethanol alone has been 

found to be useful as an index in judging the quality of canned tuna and salmon (Lerke 

and Huck 1977; Crosgrove 1978; Hollingworth and Throm 1982; McLachlan and others 

1999). Ethanol may be derived from deamination and decarboxylation of amino acid 

such as alanine or via glycolytic process under anaerobic condition (Lerke and Huck 

1977). Pseudomonas, Moraxella, Flavobacterium, Micrococcus, Coryneforms, and 

Vibrio bacteria, isolated from chilled king salmon and rainbow trout at 5°C, are known to 

produce short chain alcohols including ethanol (Ahamed and Matches 1983). Also 

formed during fish spoilage are short chain carbonyls group of aldehydes and ketones 

such as formaldehyde, ethanal, propanal, acetone and butanone (Olafsdottir and
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Fleurence 1998). Some types of bacteria such as Pseudomonas species are able to utilize 

some amino acids such as glycine, serine and leucine, to form additional off-odor 

compounds (Huss 1995).

1.2 .3.2 Amines

This group of compounds is responsible for ammonium-like, fishy and putrid odors 

(Olafsdottir and Fleurence 1998). Total volatile basic nitrogen compounds (TVB-N) are 

mainly ammonia, trimethylamine oxide (TMAO), dimethylamine (DMA) and 

trimethylamine (TMA) and are widely used to measure seafood quality (Botta 1995). 

TVB-N is considered to be a good spoilage indicator for later stages of spoilage since it 

does not significantly increase to a level that correlates to a sensory perception until late 

storage (Oehlenschlager 1992). TMAO is the precursor of TMA and DMA. It has also 

been used as a freshness and spoilage indicator in fish because this compound has been 

found in high concentrations in fresh fish and its concentrations decrease over storage 

time (Oehlenschlager 1992). However, its application has been limited to a few fish 

species such as gadoid fish and redfish (Oehlenschlager 1992). DMA and formaldehyde 

increase in time soon after fish harvest due to endogenous hydrolysis of TMAO 

(Krzymien and Elias 1990; Oehlenschlager 1992). Therefore, it is a good indicator of 

frozen fish quality (Johnston and others 1994) and of early spoilage of fish (Martin and 

others 1978). TMA is mainly a product of microbial degradation. Some types of bacteria 

such as Shewanella putrefaciens, Photobacterium phosphoreum, Vibrionaceae and 

Aeromonas spp. are capable of using TMAO as a final electron receptor for retrieving 

energy via their anaerobic respiration resulting in the formation of TMA (Gram and Huss 

1996; Gram and Dalgaard 2002). A level of 5-10 mg of TMA/100 g of tissue is the 

maximum recommended level allowed for international trading (Martin and others 1978; 

Johnston and others 1994). However, TMA is not recommended as an indicator of 

deteriorative changes in frozen fish because metabolites from microbial degradation vary 

depending on the storage temperature and fish species (Johnston and others 1994). In 

addition, some free amino acids, such as lysine, histidine and arginine resulting from 

autolysis are also utilized by bacteria for their energy requirements. These compounds



are transformed by the bacteria into cadaverine and putresine, which are well-known 

sources of putrid and rotten odors (Olafsdottir and Fleurence 1998).

1.2.3.3 Sulfur compounds 

This group of volatile compounds is responsible for sulfur-like, cabbage-like, onion-like, 

rotten and putrid odors of spoiling fish (Olafsdottir and Fleurence 1998). Hydrogen 

sulfide (H2S), dimethyl sulfide (CiHsS) and methyl mercaptan (CH4S) are odor 

compounds found abundantly in spoiling fish (Herbert and others 1971). These 

compounds are formed via microbial degradation of sulfur-containing amino acids, 

mainly from S. putrefaciens activity (Stenstroem and Molin 1990; Huss 1995). Cysteine 

and methionine are important substrates for the production of these sulfur-containing 

odor compounds (Herbert and Shewan 1976). Dimethyl disulfide (C2H6S2) and dimethyl 

trisulfide (C2H6S3) are two other odor active compounds also present during fish spoilage 

and these are derived from the oxidation of methyl mercaptan (Miller and others 1973).

1.3 Assessment of fish freshness and quality

The term “fish freshness” does not have a distinct definition. However, it can be defined 

in terms of the duration of storage after harvest, the type of processed product, or in terms 

of its sensory characteristics such as appearance, odor, texture and flavor (Botta 1995). 

Methods used to assess fish freshness and quality usually measure the changes that occur 

between harvesting and processing.

A variety of methods have been developed to evaluate fish freshness and quality. Four 

methods have been commonly used and include (Gill 1990; Botta 1995; Huss 1995; 

Olafsdottir and others 1997): 1) Human sensory evaluation. This is the traditional 

method used in both seafood industry and laboratories (Olafsdottir and others 1997; Du 

and others 2001). This method employs expert assessors to determine the quality of fish 

using the senses of sight, smell, taste and touch. By standardizing the methodology, fish 

can be graded consistently by trained personnel (Botta 1995). 2) Chemical methods. 

These methods measure the concentration of volatile spoilage compounds such as TVB- 

N, TMA and ethanol (Hollingworth and Throm 1982; Botta and others 1984; Krzymien
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and Elias 1990; Gill 1990). Chemical methods may also include determination of 

nucleotide degradation products (K-value; Saito and others 1959; Valle and others 1998) 

that accumulate during spoilage. 3) Microbial analysis. This method assesses the quality 

of fish by determining the existence and densities of bacteria or other microorganism 

related to health public concern. This method mainly indicates the hygienic quality 

during handling and processing (Huss 1995). 4) Instrumental analysis. This method uses 

one or more instruments to determine fish quality, usually measuring physical 

characteristics, including texture, color and electrical property changes in fish muscle 

(Olafsdottir and others 1997, 2004). A recent, innovative instrument is the EN, which 

detects changes in fish odor.

1.3.1 Sensory evaluation

Sensory evaluation is defined as “the scientific discipline used to evoke, measure, analyze 

and interpret reactions to those characteristics of foods and materials as they are 

perceived by the senses of sight, smell, taste, touch and hearing” (IFT 1975 cited in 

Dethmers and others 1981). Sensory evaluation may be classified into two methods: 

analytical and effective (Dethmers and others 1981). Analytical methods include 

discriminative and descriptive tests which require the use of trained and experienced 

panelists to determine differences and the intensity of these differences between products 

based on their sensory characteristics (Dethmers and others 1981). Triangle and ranking 

tests are examples of discriminative tests. Descriptive tests involve attribute rating, e.g. 

structured category scale and descriptive analysis, e.g. quantitative descriptive analysis 

(QDA), flavor and texture profile methods (Botta 1995). Effective tests are designed for 

marketing purposes (Huss 1995). These evaluate the preference and acceptance of the 

products using 50-100 untrained panelists (Dethmers and others 1981).

Sensory evaluation of seafood is very important throughout the distribution chain for 

quality control. The quality of raw product must meet the standards expected by both 

seafood buyers and regulatory agencies (Botta 1995). Freshness quality grading is a 

general system employed at research facilities, regulation agencies and seafood industries 

(Botta 1995). This grading system is based on a structured category scale test using
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trained assessors. Each grader will perceive and describe the intensity of sensory 

attributes for tested products referring to the standards to evaluate final freshness by 

grade or category (Botta 1995).

Many standards have been developed for fish freshness by sensory judgment. There are 

several sensory schemes that are established and well known for quality judgment and 

they are used by both research services and the seafood industry. These include 

numerical scoring system (Shewan and others 1953), European Union scheme (EC 1996), 

quality index method (Martinsdottir and others 2001) and several lesser known sensory 

standards (ASMI 2005; AAFC 2002; Girad and Nakai 1994).

1.3.1.1 Numerical scoring system

This system was initially a detailed sensory scheme developed by Shewan and others 

(1953) at Torry Research Station, Aberdeen to evaluate the spoilage of wet whitefish 

(mainly cod) stored in ice. Important quality attributes used for assessing fresh fish 

quality by this system included: 1) the appearance of the eyes, gills and outer surface; 2) 

odors, particularly of the gills and belly cavity; and 3) texture. Each quality attribute was 

deemed independent of others and a different set of scores was applied (Shewan and 

other 1953). This scoring system influenced the development of later sensory evaluation 

schemes.

1.3.1.2 European Union Scheme (EU scheme)

The EU scheme is the most commonly used method in European countries to assess raw 

fish quality (Larsen and others 1992). The current scheme (Council Regulation (EC) No. 

2406/96; EC 1996) has categorized fresh fish quality into three grades: Extra, A and B, 

where Extra indicates the highest quality product and below B indicates product unfit for 

human consumption. Those ratings established are applied to five groups of products: 

whitefish, bluefish, selachii (dogfish, skate), cephalopods and crustaceans. An example 

of the evaluation scheme of whitefish, which includes haddock, cod and pollock, is 

shown in Figure 1.2 (EC 1996). The current scheme replaced the former Council 

Regulation EEC No. 103/76 of January 1976 which had some incongruities in standards
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because only general parameters were used without taking into account the differences 

between fish species.

1.3.1.3 Quality Index Method (QIM)

The QIM was originally developed by the Tasmanian Food Research Unit in Australia 

(Huss 1995). The system is based on applying demerit scores from 0 to 3 to the change 

of each significant sensory attribute of raw fish (Figure 1.3; Martinsdottir and others

2001). The overall sensory score (quality index) is then calculated from the sum score of 

all attributes where the magnitude of the scores increases as deterioration increases 

(Larsen and others 1992; Huss 1995; Guillerm-Regost 2006). This method was designed 

to provide a linear relationship between the total demerit score and fish storage time.

This relationship was verified using four tropical fish species held at ambient temperature 

and in ice, and also by using cod held in ice (Bremner and others 1986; Larsen and others 

1992). Additional extensive and well-controlled experiments conducted in Iceland, 

Netherlands and Denmark, accurately predicted the remaining shelf life of fish 

(Martinsdottir and others 2001), which is very useful information for the processor in 

terms of market strategy. Examples of shelflife estimation for some fish species stored in 

ice are presented in Figure 1.4 (Martinsdottir and others 2001). Recently, many other 

QIM schemes have been developed (Martinsdottir and others 2001) including computer 

versions for several fish species such as cod, haddock, redfish, saithe, salmon and plaice 

(Luten 2000 cited in Martinsdottir and others 2001).

1.3.1.4 Other recommended sensory standards

The sensory schemes mentioned above are widely used throughout European countries 

and in other countries, which export product to the EU. For North America, many 

standards have been recommended for assessing fish quality, mainly for salmon. The 

quality criteria used are similar to the previously described schemes which are primarily 

internal, external, texture and odor characteristics. The Alaska Seafood Marketing 

Institute has suggested quality specifications for Alaska fresh and frozen wild salmon 

categorized into premium grade and grades A, B and C (ASMI 2005). The Fisheries 

Council of British Columbia has described the quality of frozen, gutted wild Pacific
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salmon to be either grade I, grade II, or commercial grade, which is lower grade but still 

fit for human consumption (AAFC 2002). In addition, the grading guide for whole raw 

Pacific salmon, which was used in the first portion of this study, is also well established. 

This standard categorizes fish into grade A, grade B and Reject (Girad and Nakai 1994) 

shown in the Table 2.1 presented in chapter 2.

1.3.2 Chemical analysis: ethanol levels in canned fish

Holaday (1939) first investigated ethanol as a possible index of spoilage in mackerel, 

salmon and sardines. Hillig (1958) used steam distillation and controlled alkaline 

oxidation with potassium permanganate to quantify ethanol concentrations and estimate 

spoilage of canned tuna. Lerke and Huck (1977) reported that ethanol concentrations, 

quantified by gas chromatography (GC), could be used to determine quality of canned 

fish. Crosgrove (1978) modified the GC method and developed a rapid assay to estimate 

ethanol concentrations in canned salmon. Results showed that ethanol levels rose 

dramatically as spoilage progressed and correlated well with sensory scores.

Furthermore, ethanol levels correlated with volatile acid and volatile reducing substances, 

two objective methods of estimating spoilage in seafood products. The drawback of this 

rapid method was the reduced life of the chromatography column due to the 

accumulation of nonvolatile compounds. Khayat (1979) reported that trapping 

techniques coupled with GC analysis could be used to quantify volatiles in canned tuna 

and the results were successfully correlated with off-odor sensory scores. In Khayat’s 

study (1979) a better correlation was achieved with sensory scores when a model based 

upon multiple regression analysis combining the concentrations of ethanol, propanol and 

hexanol was used instead of a correlation with only ethanol concentrations. Later,

Human and Khayat (1981) developed a quality index (QI) for raw tuna by correlating 

sensory scores with results from GC analysis of raw fish volatiles. The QI is the sum of 

ethanol, propanol and butanol concentrations divided by the concentrations of 1-penten- 

3-ol and hexanal. The validity of this QI confirmed a batch of tuna had mixed quality. 

However, QI is not suitable for in-line quality control because it requires skilled labor, it 

is expensive and time consuming. Hollingworth and Throm (1982) used canned salmon
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to correlate sensory scores and ethanol concentrations. Class 1 (passable) samples 

contained between 0-24 ppm ethanol; Class 2 (slightly decomposed) samples contained 

25-74 ppm ethanol; and Class 3 (advanced decomposition) samples contained over 74 

ppm of ethanol and good correlation (r = 0.71, Pearson; r = 0.80, Spearman) was 

observed. Hollingworth and others (1986) reported the use of a rapid headspace GC 

method to determine ethanol concentrations in canned salmon and found the method to 

have good repeatability and reproducibility. A high correlation between ethanol contents 

and sensory scores was found and the method had the potential for confirming initial 

sensory classification of canned salmon. These efforts were adopted into an official 

method for the determination of ethanol levels in canned salmon using headspace GC 

coupled with a flame ionization detector (AOAC 1995). Girard and Nakai (1994) carried 

out an extensive GC study of canned pink salmon using static headspace volatiles. 

Sensory scores were correlated with the concentrations of ethanol, 3-methyl-1-buthanol 

and 2-methyl-1-propanal using principal component analysis (PCA). The authors 

reported a 1000-fold factor in scale of ethanol levels when results were compared with 

data reported by Hollingworth and others (1986). McLachlan and others (1999) modified 

the previous headspace GC technique (method #986.12, AOAC 1995) by using an 

automated static headspace sampler coupled to gas chromatography mass spectrometry 

(SHGCMS) to quantify ethanol concentrations in canned salmon produced from fish at 

various spoilage increments. Their findings confirmed the usefulness of ethanol as a 

spoilage indicator in canned salmon. Their methodology was proven to be more rapid, 

accurate and reproducible as compared to manual injections in prior techniques 

(McLachlan and others 1999).

1.3.3 Microbial analysis

Microbial growth and their metabolites are a significant cause of fish spoilage (Gram and 

Dalgaard 2002). The rate of fish spoilage due to microbial activity varies depending on 

many factors, which leads to differences in fish shelflife. These factors include types of 

bacteria present, their concentrations and activities during storage, as well as storage 

conditions. For temperate water fish including salmon, the psychrotrophic, gram-
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negative bacteria such as Pseudomonas, Moraxella, Acinetobacter, Shewanella, 

Flavobacterium, Vibrionaceae, and Aeromonas are commonly found (Gram and Huss

1996). Low temperatures retard microbial growth (Himelbloom and others 1994), 

consequently prolonging shelf life. Temperatures below 10°C inhibit the growth of most 

of bacteria as well as results in the slower growth of psychrotrophic bacteria (Huss 1995). 

Pink salmon stored in ice (0°C) were of excellent quality for the first six days and 

maintained acceptable quality for 12-14 days (Chan and other 1999; Himelbloom and 

others 1994) while pink salmon stored at 14°C were of unacceptable quality after only 

three days (Chan and others 1999). The finding from Gram and others (1987) indicated 

that cod were of acceptable quality up to ten days when stored in ice while they were 

rejected only after one day of storage at 20°C. Crapo and others (1991) reported obvious 

deterioration of halibut stored in chilled seawater at 4.4°C after four days as compared to 

those stored in chilled seawater at 0°C.

Microbial analysis is mainly categorized into two specific tasks: determination of 

microbial abundance and specific spoilage bacteria. Microbial abundance in fish 

products is an important indicator of sanitary quality, particularly during handling and 

processing throughout the distribution chain (Huss 1995). However, the number of 

bacteria present in general does not provide information regarding fish shelflife (Huss 

1995). Specific spoilage organisms (SSO; Dalgaard 1995; Gram and Dalgaard 2002) 

responsible for producing off-flavor volatile compounds provide a better understanding 

of spoilage and also the shelflife of seafood products (Jorgensen and others 1988; Huss 

1995; Dalgaard 2002; Gram and Dalgaard 2002). There are a number of important 

methods to determine total microbial abundance and to detect SSO of seafood, some of 

which are reviewed below.

1.3.3.1 Total microbial count 

The total microbial count technique is used to determine bacterial densities on seafood 

samples, when they are grown aerobically and are capable of forming colonies on the 

agar plates (Huss 1995; Morton 2001). Although there is no correlation between total 

microbial counts and health concerns (Huss 1995), total microbial counts of >107 colony-
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forming units (CFU)/g or cm2 are considered indicative of fish that are not fit for human 

consumption (ICMSF 1986). Plate count agar is the most widely used agar for this 

technique (Gram 1992; Huss 1995), however, several seafood studies (Gram 1990 cited 

in Gram 1992) have indicated iron agar is more advantageous because it yields higher 

total counts and detects hydrogen sulfide producing bacteria such as S. putrefaciens, 

which is an important SSO of fish products stored in ice (Herbert and others 1971; Gram 

and others 1987; Gram and Dalgaard 2002). Different organisms grow differently in 

various media and conditions, such as temperature (Morton 2001). The optimum 

temperature for growth of the psychrophilic group is between 10-15°C while that for the 

psychrotrophic group is between 20-30°C (Mossel and others 1995). An incubation 

temperature of 25°C for 3 to 4 days has been suggested as appropriate to determine total 

microbial count of temperate water seafood products when stored at chilled temperatures, 

at which psychotrophic bacteria are predominant (Himelbloom and others 1994; Huss 

1995; Gram and Huss 1996).

Other more rapid techniques, such as microscopy and ATP bioluminescence, have been 

developed. The microscopy technique can be used to estimate the number of organisms 

in a short period of time (Gram 1992). Using phase contrast microscopy, the number of 

microorganisms can be determined within one log unit, where one cell appears per field 

is approximately equal 5xl05 CFU/ml at 1000X magnification (Gram 1992; Huss 1995). 

Direct epifluorescent filter technique consists of florescent dye, such as acridine orange, 

to stain microorganisms and then they are viewed using an epifluorescent microscope 

(Gram 1992; Ellis and Goodacre 2001). Even though the number of microorganisms can 

be obtained in a short period of time using direct count, this technique also has some 

drawbacks such as eye fatigue of the lab technician, which could lead to errors in results. 

In addition, staining only live cells instead of dead cells is time consuming because the 

membrane that contains the sample needs to be incubated prior to the staining process 

(Gram 1992; Upmann and Bonaparte 2000; Ellis and Goodacre 2001). Although useful 

for fluids such as milk or beverages (Upmann and Bonaparte 2000), it may be very
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problematic to conduct direct cell counts from fish tissues due to interference of fish 

debris with the fluorescent background (Gram 1992).

The ATP bioluminescence is a technique used to measure bacterial ATP levels in a 

culture in order to calculate bacterial density (Ellis and Goodacre 2001). This technique 

is based on the bioluminescent firefly luciferin/luciferase enzyme reaction, which results 

in light production. The light is detected by luminometer and the amount of light 

generated from the reactions is related to the amount of ATP derived from 

microorganisms (Kyriakides and Patel 1994). Ward and others (1986) found a good 

correlation (r = 0.96) of total microbial counts of four finfish species derived from ATP 

bioluminescence and conventional plate count techniques. This technique is very rapid 

(achievable within an hour), but the contamination of somatic ATP with bacterial ATP 

can lead to a bias in results (Gram 1992) unless the procedure of removing nonbacterial 

ATP occurs. This technique is most useful for detecting residual cellular material on 

surfaces that may not be fully sanitized for hygienic application purposes in food 

production (Kyriakides and Patel 1994).

1.3.3.2 Detection o f specific spoilage microorganisms (SSOs)

The SSOs are a small group of bacteria responsible for producing off-odor compounds 

associated with the spoilage of seafood products (Dalgaard 1995; Gram and Dalgaard

2002). Different SSO groups have been found in different types of seafood and storage 

conditions such as Photobacterium phosphoreum in CO2 packed chilled fish, while S. 

putrefaciens and Pseudomonas spp. are important SSOs in marine and freshwater fish 

stored in ice, respectively (Gram and Dalgaard 2002). The traditional methods used to 

detect SSOs in fish products are mainly based on the difference or similarity of their 

taxonomic characteristics. Those characteristics include the ability to produce volatile 

sulfide compounds from sulfur containing amino acids or the ability to use TMAO as 

final electron acceptor in anaerobic respiration which results in the production of TMA 

(Huss 1995). The ability to produce H2S when placed in iron agar containing cysteine is 

indicated by black colonies formed mainly by S. putrefaciens and some other groups of 

bacteria belonging to the Vibrionaceae family (Gram and others 1987; Dalgaard 1995).
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Shewanella putrefaciens can be differentiated from other groups because the 

Vibrionaceae family has a fermentative ability and most other groups of bacteria require 

higher temperatures for growth (Gram and others 1987; Dalgaard 1995). In contrast, 

Pseudomonas spp. will not produce H2S in iron agar containing cysteine where they 

appear as white colonies. However, they are able to produce other sulfur compounds 

such as dimethyl sulfide (C2H6S) and methyl mercaptan (CH4S) from methionine (Gram 

and others 1987; Dalgaard 1995; Gram and Huss 1996). The ability to reduce TMAO to 

TMA results in other measurable spoilage indicators (Huss 1995). Indicators include 

redox potential decreases and increases of pH and electrical conductance (Gram 1992).

S. putrefaciens and Vibrionaceae family, including P. phosphoreum, are able to grow in 

the presence or absence of O2 due to their ability to use various types of electron 

acceptors in anaerobic respiration (Baumann and Baumann 1984; Gram and Vogel 2000). 

Their ability to use TMAO as terminal electron acceptor during anaerobic respiration 

results in production of TMA (Gram and Huss 1996; Gram and Vogel 2000; Gram and 

Dalgaard 2002). TMA production is not an activity of Pseudomonas because it is an 

aerobic bacteria strictly using O2 as electron acceptor (Cousin 2000). A few examples 

regarding TMA concentrations and level of SSO are discussed here. Dalgaard (1995) 

reported a level of 30 mg TMA-N/100 g sample from rejected packed cod fillets 

corresponded to a level of 3 x 107 CFU/g of P. phosphoreum. Photobacterium 

phosphoreum is therefore suggested to be an important SSO in packed cod stored at 

chilled temperature (Dalgaard 1995). Hozbor and others (2006) reported an increase of 

TVB and TMA during iced storage of sea salmon (Pseudopercis semifasciata). When 

fish were considered rejected, TMA level of about 15.75 mg/100 g sample were found 

corresponding to 107 CFU S. putrefaciens!g sample. From the study, S. putrefaciens 

were found to be the most significant spoilage bacteria due to their ability to produce H2S 

and reduce TMAO to TMA (Hozbor and others 2006).

To overcome some drawbacks of traditional methods in detecting SSOs, such as a 

lengthy time for incubation, some new methods have been developed. Immunological 

procedures utilize the reaction between antibodies and surface antigens of specific
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microorganism (Ellis and Goodacre 2001). However, this method has lacked sensitivity 

(Gram and Vogel 2000) for accurately predicting shelflife of fresh fish (Gram and 

Dalgaard 2002). Polymerase chain reaction (PCR)-based method is used to amplify 

specific DNA fragments of target organisms until enough have been copied for detecting 

by using agarose gel electrophoresis and DNA staining techniques (Ellis and Goodacre 

2001). This method is a fairly new and promising procedure for detecting SSOs in 

seafood products, but it is also relatively untested and has some drawbacks needed to be 

considered, such as the inability to differentiate DNA from live cells vs. dead cells and 

interference by food components in the PCR reaction (O’Connor and Maher 2000).

SSOs provide a better understanding of seafood spoilage and information related to shelf- 

life prediction of seafood (Gram and Dalgaard 2002). Figure 1.5 represents the 

conceptual model of microbial seafood spoilage (Dalgaard 2002). It is possible to predict 

shelflife, growth rate and production of metabolites using the initial concentration of SSO 

in the product in conjunction with the following important assumptions (Dalgaard 2002):

1) a low number of SSOs are present during the initial time of storage and their growth is 

not influenced by other microorganisms; 2) SSOs grow without a lag phase and are 

responsible for producing off odors related to the spoilage; 3) the growth of SSOs is 

proportional to the concentration of the metabolites related to spoilage; 4) when fish are 

rejected by sensory tests, SSOs will reach a minimum spoilage level; and 5) other 

micro flora are not responsible for the spoilage. Using the SSO concept and mathematical 

models, some microbial spoilage (MS) models were developed and successfully 

predicted the shelflife of seafood products (Gram and Dalgaard 2002). These models 

relied on the kinetic spoilage reaction and environmental factors that regulate growth of 

the SSOs such as temperature, water activity and COi (Dalgaard 2002). An MS model 

was developed based on the effect of temperature on the maximum specific growth rate 

of S. putrefaciens in fresh fish stored aerobically at chilled temperature in the set 

temperature range of 0-10°C. According to the model, the shelflife of fish stored 

aerobically can be predicted using the initial number of SSOs in the product (Dalgaard 

1993 cited in Dalgaard and others 2002). Another MS model was developed to predict
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shelflife of cod fillet packed in modified atmospheres. This model was developed based 

on the effect of temperature (0-15°C) and CO2 (0-100%) on the maximum specific 

growth rate of P. phosphoreum, which is the main SSO on cod fillets packed in a 

modified atmosphere. According to the model, the shelflife of cod fillets packed in 

modified atmosphere can be predicted using initial number of P. phosphoreum, product 

temperature and level of CO2 (Dalgaard and others 1997).

1.3.4 Electronic Nose Technology

Although sensory evaluation is still the primary technique used to evaluate odors in the 

seafood industry, an instrument capable of detecting and discriminating odors would be a 

powerful tool in conjunction with, or ultimately replacing, human sensory evaluation.

The first instrument to detect odors was proposed by Moncrieff (1961). However, an 

intelligent chemical array sensor system for classification of different odors was not 

proposed until the 1980’s (Gardner and Bartlett 1994). Several different classes of 

chemical microsensors have been proposed, tested and successfully implemented as 

suitable sensor arrays for electronic nose devices. Advancements of this technology have 

occurred quickly, and it reflects a growing interest in the application of microsensors to 

environmental monitoring (Hobbs and others 1995), bacterial identification (Craven and 

others 1994; Gardner and others 1996), quality control of raw materials and finished food 

products, (Winquist and others 1993; Balaban and Luzuriaga 1996; Borjesson and others 

1996; Olafsdottir and other 2005) and process control of food products (Tomlinson and 

others 1995; Korel and Balaban 2002; Trihaas and Nielsen 2005).

1.3.4.1 Principle

The EN is an instrument used to sense the volatile compounds present in headspace of 

samples. Gardner and Bartlett (1994) defined EN as “an instrument, which comprises an 

array of electronic chemical sensors with partial specificity and an appropriate pattern- 

recognition system, capable of recognizing simple or complex odors”. Two important 

components, the sensing system and a pattern recognition system (PARC; Figure 1.6; 

Gardner and Bartlett 1994), are reviewed.
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1.3.4.2 Sensing system 

The sensor array responds specifically to chemical compounds. The quantitative or 

qualitative aspects of compounds are measured by means of a reversible chemical 

interaction on the regions where the selective chemistry occurs. The transducers are 

classified into many categories such as electrochemical (semiconductor-based gas 

sensors), piezoelectric (surface acoustic wave sensors), optical (fiber optic gas sensor) 

and thermal systems (Deisingh and others 2004). Many types of sensors have been 

developed to detect specific volatile compounds and applied to food analysis with 

differing performances (Table 1.1; Haugen 2001). Most commercial sensor arrays are 

based on metal oxide semiconductors sensors (MOS), metal oxide semiconducting field 

effect transistors sensors (MOSFET), conducting polymers sensors (CP), quartz 

microbalances sensors (QMB) and surface acoustic wave sensors (SAW) (Haugen 2001).

1.3.4.2.1 Metal oxide semiconductors sensors (MOS)

These sensors are composed of a metal oxide semiconducting film such as TiC>2 or SnC>2 

that is coated on a ceramic substrate and an integrated heater. The principle of these 

sensors is based on the reaction between the adsorbed ionized oxygen on the oxide 

surface with incoming oxidizing or reducing molecules at high temperature. The signal is 

a measure of the change in conductivity of the oxide surface. The sensors are operated in 

the range of 200-500°C. The selectivity and sensitivity are based on the temperature and 

type of metal oxide (Haugen 2001).

1.3.4.2.2 Metal oxide semiconducting fie ld  effect transistors sensors

(MOSFET)

These sensors are also operated at high temperature. They consist of three layers: a 

doped silicon semiconductor, a thick oxide layer and a catalytic metal layer that may be 

Pd, Ir, or Pt and range from 5-200 nm thick. The principle of these sensors is based on 

the interaction between volatile molecules and the catalytic layer. The interactions cause 

a change of potential over the sensors due to electrical polarization. The signals are 

based on the change of voltage needed to sustain the constant preset current. Metal layer



21

thickness, operating temperature and type of metal are the important factors for 

sensitivity and selectivity (Haugen 2001).

1.3.4.2.3 Conducting polymers sensors (CP)

These sensors are operated at low temperatures such as room temperature. Pyrroles and 

tiophenes are normally used for making conducting polymer (Haugen 2001). They have 

the ability to change their conductivity through oxidation or reduction when interacting 

with volatile molecules (Deisingh and others 2004). The selectivity and sensitivity of 

these sensors are based on different structures of the polymer coupled with the 

introduction of different doping ions (Haugen 2001).

1.3.4.2.4 Quartz microbalances sensors (QMB)

These sensors consist of piezoelectric quartz crystal with gold electrodes coated with a 

sensing membrane that can be metals or polymers. The sensors detect changing of 

resonance frequencies caused by adsorption of molecules on the sensing layer (Haugen

2001). The change of mass on piezoelectric quartz crystal is used to indicate the 

concentration of volatile molecules (Xiu-chen and Olafsdottir 2002). The selectivity and 

sensitivity depend on the composition of the sensing layer and frequency (Haugen 2001).

1.3.4.2.5 Surface acoustic wave sensors (SA W)

These sensors are categorized into oscillating sensors as are QMB. They consist of 

interdigitated electrodes fabricated onto piezoelectric quartz with a sensing layer lying 

between them (Deisingh and others 2004). The principles are similar to QMB and are 

based on changing frequency due to disturbances of the acoustic wave and on changing 

mass due to the adsorption of molecules on the sensing layer. These sensors have higher 

sensitivity than QMB because they can be operated at higher frequency than QMB 

(Deisingh and others 2004).

1.3.4.3 Pattern recognition system (PARC)

The uniqueness of a chemical composition pattern is similar to a fingerprint. After the 

sensor describes the pattern, PARC is initiated and accomplished by using supervised 

learning or unsupervised learning techniques (Gardner and Bartlett 1994). Supervised
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learning utilizes a set of odor references against which the unknown chemical is 

compared. The well known techniques such as principle component analysis (PCA), 

discriminate function analysis (DFA), and partial least square (PLS) are techniques based 

on supervised learning (Gardner and Bartlett 1994). They have been adopted from the 

chemometrics and applied to the output from the sensing array. Some of them are 

parametric which rely on a known probability distribution and some are non-parametric 

which can be generally applied to the output. In addition, some of them are based on 

either linear or nonlinear relationships (Gardner and Bartlett 1994). PCA is a linear 

technique for explaining the variance and covariance structure of the data set into a few 

linear combinations. PCA provides information about both the visual image of the data 

set and the contribution of each variable accounting for total variation of the data set. 

DFA is the multivariate technique concerned with separating the distinct sets of 

observations and allocating the new observations to previously defined groups (Johnson 

and Wichern 2002). PLS is a linear technique that combines features from PCA and 

multiple regressions. It is useful for predicting a set of dependent variables from a large 

set of predictor variables and also describes their structure (Abdi 2003). Artificial neutral 

networks (ANNs) such as back propagation are powerful, supervised learning techniques, 

which have largely been applied to analysis of EN data because it can handle non-linear 

data and it is tolerant to sensor drift or noise. The ANN also produces lower errors from 

prediction rate than chemometric techniques (Gardner and Bartlett 1994). Euclidean 

cluster analysis and Kohonen network are examples of unsupervised learning techniques 

that use no prior training stage. They learn to automatically discriminate between the 

response vectors, similar to the way the brain works (Gardner and Bartlett 1994).

1.3.4.4 Electronic noses measuring fish quality 

The EN uses sensors to detect spoilage compounds emanating from spoiling fish, often 

with great success. For example, an EN was able to detect 50 ppm TMA in Japanese 

saurel with excellent selectivity (Egashira and others 1990). Olafsson and others (1992) 

chose four different tin oxide (Sn02 ) sensors to detect volatile aroma compounds in fish 

during storage. They found that those sensors were similarly sensitive to the spoilage
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index compared with traditional methods. An EN with twelve conducting polymer 

sensors and sensory analysis were used to evaluate odor in Atlantic salmon fillets during 

storage at different temperatures, and observations from both methods were found to be 

well correlated (Luzuriga and Balaban 1999). An EN based on electrochemical gas 

sensors was found to predict the TVB in capelin (Mallotus villosus) for fishmeal 

production stored under different temperature (Olafsdottir and others 2000). di Natale 

and others (2001) suggested that the combination of two sensor systems based on eight 

thickness shear mode resonators (QMB sensors) coated with various kinds of 

metalloporphyrins and five electrochemical sensors have the potential ability to measure 

cod fillet freshness over a period of storage days. An EN based on thirty-two organic 

polymer sensors was used in conjunction with microbiological and sensory analysis to 

measure the degree of spoilage of yellowfin tuna and salmon fillets held under various 

storage conditions (Du and others 2001, 2002). Korel and others (2001a, b) reported that 

a combination of an EN with twelve conducting polymer sensors and a machine vision 

system had an excellent ability to assess the quality of raw tilapia (Oreochromis 

niloticus) and raw and cooked catfish (Ictaluruspunctatus) fillets. Their findings were 

based on the sample’s odors and colors recorded at different storage temperatures. An 

EN with electrochemical gas sensors (CO, H2S, S 0 2 and NH3) was used to monitor 

volatile spoilage compounds in whole, ungutted redfish stored in ice and under different 

modified atmosphere conditions. EN and sensory analyses were correlated; sensor 

responses of H2S and S 0 2 increased as spoilage developed for iced redfish storage 

(Olafsdottir and others 2002). The same kind of EN was also used to detect the changing 

quality of cod fillets stored under different temperatures, and the results also indicated an 

increase of sensor response as spoilage increased (Olafsdottir and others 2006). However 

in this study, CO and NH3 sensors, which are sensitive to carbonyl and ammonium 

compounds, were more sensitive to off-odors developed during the spoilage of cod fillet. 

The research provided evidence of the ability of EN to sense the different types of 

compounds resulting from fish spoilage (Olafsdottir and others 2006).
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The EN not only detected raw fish quality, it also detected quality changes in processed 

products. The ripening process of anchovies was monitored using an EN based on 32 

conducting polymer sensors. Good separation of different ripening stages was observed 

(Vazquez and others 2003). Oliveira and others (2005) used a hand-held portable 

electronic nose consisting of 32 conducting polymer sensors to discriminate different 

degrees of watermarking for canned Alaska pink salmon stored for 2 and 9 months.

Using selected sensors, the overall percentage of correct classification of 90% and 92.5% 

were obtained for samples stored at 2 and 9 months, respectively. Recently, quality 

changes of cold smoked salmon stored at different temperatures with different packaging 

were investigated using an EN based on six metal oxide sensors (Olafsdottir and others 

2005). A good correlation between EN sensor responses and sensory and microbial 

analyses was observed, and the EN was be able to discriminate high quality samples from 

marginal quality samples produced within the same processor with the overall percentage 

of correct classification of 100% (Olafsdottir and others 2005).

1.3.4.5 Electronic nose: Cyranose 320 

This hand-held instrument is best described as a chemical vapor comparator. It is first 

trained to recognize a series of chemical vapor classes by creating a digital image or 

‘smellprint’ of each vapor (Anonymous 2001). When challenged against an unknown, 

the instrument digitalizes and compares the measurement from the unknown with those 

stored in its memory. This instrument does not provide quantification or specific 

qualitative data from a sample; it is designed to classify the unknown sample based on 

the created model stored in the memory. The measurement is based on a change in 

resistance of each chemical sensor exposed to a chemical vapor. The sensor array is 

composed of 32 individual thin-film carbon-black polymer composite chemiresistors.

The PCnose software provides the computer user interface for the Cyranose 320™. The 

software allows the user to setup analytical parameters, view sensor performance and 

analytical results and store data. The signal processing converts the raw sensor response 

into a value that is then fed into the statistical analysis software to enable pattern 

matching. A smellprint is generated after the data is reduced for all 32 sensors, then post-
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processing, normalization and scaling techniques are applied to the pattern. After 

normalization and auto-scaled, the data are ready for pattern recognition such as 

canonical discriminant analysis, or can be fed into an ANN.

1.3.4.6 Electronic nose: Z-Nose 4200 

The Z-Nose system is a hand-held high-speed GC, based on a six-port valve oven, a 

preconcentrating trap, a short GC capillary column and a SAW detector (Anonymous

2002). The time of arrival at the detector (retention time) identifies the compound and 

the frequency shift caused by each analyte is characteristic of the amount of material 

deposited on the detector to allow quantification. The SAW sensor is capable of 

providing parts per billion and parts per trillion sensitivity for volatile organics and semi- 

volatile organics, respectively. The main output from the instrument is a derivative plot 

from the digital information acquired directly from the SAW sensor in the form of 

frequency and time. After the second derivative of frequency with respect to time is 

applied, it is possible to determine the inflection points in the data showing start, top and 

end of each peak. These mathematical transformations make the signal from Z-Nose 

look just like the signal from traditional gas chromatogram. Areas under the peaks can be 

integrated in the same fashion as the signal from a tabletop GC.

1.4 Objectives

The overall objective of this project was to evaluate the usefulness of two portable odor 

detection devices, Cyranose model 320 (Cyrano Sciences, Inc., Pasadena, CA) and Z- 

Nose 4200 (Electronic Sensor Technology, Newbury Park, CA) as quick and effective 

quality control tools for evaluating raw and processed wild Alaska salmon. The specific 

objectives were to:

1) Conduct controlled spoilage trials using wild Alaska pink salmon (Oncorhynchus 

gorbuscha) stored at two different temperatures (1°C and 14°C), test the ability of the 

electronic noses in detecting different levels of spoilage odors and correlate results to 

microbial and sensory analysis.

2) Prepare a test pack of canned salmon having various degrees of spoilage and:
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a) Record differences in spoilage odors using electronic noses.

b) Determine ethanol concentrations in canned products with static headspace 

sampler coupled to gas chromatography mass spectrometry (SHGCMS) 

analysis using two distinct calibration curves, and correlate results with 

microbial and sensory analysis.

3) Correlate raw salmon and canned salmon electronic nose data to evaluate the use of 

the electronic nose as a tool to predict freshness of the raw material used for canned 

product.

4) Evaluate the electronic noses to detect ethanol at different concentrations (ppm) using 

standard ethanol aqueous solutions.

This research project is a two-tiered system combining a study on spoilage odor 

development in whole pink salmon (chapter 2) and a study on ethanol levels in canned 

pink salmon produced from whole pink salmon at various stages of spoilage (chapter 3).

During the course of this research project the electronic nose model Z-Nose 4200 

malfunctioned due to various sensor failures in separate occasions. Sensor replacements 

did not solve the issue; instead it led to lack of data reproducibility. Therefore, the 

project was altered and research using this instrument was discontinued. Preliminary 

method development and data acquired with the Z-Nose 4200 are summarized in 

Appendix A.
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Table 1.1 - Sensor comparative properties and performance (Haugen 2001)

Performance MOS MOSFET CP QMB SAW

Selectivity Poor Moderate Moderate High High

Sensitivity >0.1 ppm >0.1 ppm 0.01 ppm >0.1 ppm PPb
Reproducibility Poor Good Good Moderate Moderate

Temperature
dependence

Low Low High Moderate High

Carrier gas
Synthetic 
air (02)

Synthetic air 
( 0 2)

Inert/synthetic 
air (02)

Inert/synthetic 
air (02)

Inert/synthetic 
air (02)

Humidity
dependence Low Moderate High Low Low

Operating
temperature

(°C)
300-400 100-200 Ambient Ambient Ambient

Response time 
(sec)

0.5-5 0.5-5 20-50 20-50 20-50

Recovery time Fast Fast Slow Slow Slow
Life time 

(years) 3-5 1-4 1-2 <2 <2

MOS = Metal oxide sem iconductors sensors, M OSFET = Metal oxide sem iconducting field effect transistors sensors, 

CP = Conducting polymers sensors, QMB = Quartz microbalances sensors, SAW = Surface acoustic wave sensors
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Figure 1.1 - Post-mortem nucleotide degradation occurs in fish muscle (Gill 1992)
ATP = Adenosine triphosphate, IMP = Inosine monophosphate, Ino = Inosine, HX = Hypoxanthine, Xa = Xanthine; 

Enzymes include: 1 = ATP-ase, 2 =  Myokinase, 3 = AMP deaminase, 4 = IMP phosphohydrolase, 5a = Nucleoside 

phosphorylase, 5b =  Inosine nucleosidase, 6,7 = Xanthine oxidase
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Criteria
Freshness category

Not adm itted (1)
Extra A 8

A. W H ITE FIS H

Skin Bright, iridescent 
pigment (save for 
redfish) or opafes- 
cent; no discolour
ation

Pigmentation bright 
but not lustrous

Pigmentation in the 
process of becom
ing discoloured and 
dull

Dull pigmentation 
(2)

Skin mucus Aqueous, transpar
ent

Slightly cloudy Milky Yellowish grey, 
opaque rnucus

Eye Convex (bulging); 
black, bright pupil; 
transparent cornea

Convex and slightly 
sunken; black dull 
pupil; slightly opal
escent cornea

Flat; opalescent 
cornea; opaque 
pupil

Concave in the cen
tre; grey pupil; milky 
cornea (2)

Gills Bright colour; no 
mucus

Less coloured; 
transparent mucus

Brown/grey becom 
ing discoloured; 
thick, opaque mu
cus

Yellowish; milky 
mucus (2)

Peritoneum (in gut
ted fish)

Smooth; bright; dif
ficult to detach from 
flesh

Stightiy dull; can be 
detached from flesh

Speckled; comes 
away easily from 
flesh

Does not stick (2)

Smell of gills and 
abdominal cavity
- whitefish other 
than plaice
- plaice

Seaweedy

Fresh oily; peppery; 
earthy smell

No smell of sea- 
weed; neutral smell
Oily; seaweedy or 
slightly sweetish

Fermented; slightly 
sour Oily;
fermented; stale, 
slightly rancid

Sour

Sour

Flesh Firm and elastic; 
smooth surface (3)

Less elastic Slightly soft (flac
cid), less elastic; 
waxy (velvety) and 
dull surface

Soft (flaccid) (2); 
scales easily de
tached from skin, 
surface rather wrin
kled

Extra criteria for headed anglerfish
Biood vessles (ven- 
tal muscles)

Sharp outline and 
bright red

Sharp outline; dark
ening of the biood

Diffuse and brown Totally (2) diffuse, 
brown and yellow
ing of the flesh

(1) This column will apply only until a Commission Decision is taken establishing criteria for fish which is 
unfit for human consumption, pursuant to Council Directive 91/493/EE C

(-2) Or in a more advanced state of decay.
(3) Fresh fish prior to the onset of rigor mortis will not be firm and elastic but will still be graded in category 

Extra.

Figure 1.2 - European Union sensory scheme for whitefish evaluation (Council

Regulation (EC) No. 2406/96; EC 1996)
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Quality Index Method (QSM) Scheme for Cod

;
A p p e a ra n c e S k in Bright, iridescent pigmentation 0

Rather dull, becoming discoloured 1
Dull 2

S tiffn e ss In rigor 0
Firm, elastic 1
Soft 2
Very soft 3

E yes C o rn e a Clear 0
Opalescent 1
Milky 2

F o rm Convex 0
Flat, slightly sunken 1
Sunken, concave 2

P u p il Black 0
Opaque 1
Grey 2

G ills C o lo u r Bright 0
Less coloured, becoming discoloured 1
Discoloured, brown spots 2
Brown, discoloured 3

O d o u r Fresh, seaweedy, metallic 0
Neutral, grassy, musty i
Yeast, bread, beer, sour milk 2
Acetic acid, sulphuric, very sour 3

M u c u s Clear 0
Milky 1
Milky, dark, opaque 2

F lesh , fille ts C o lo u r Translucent, bluish 0
Waxy, milky 1
Opaque, yellow, brown spots 2

B lood C o lo u r Red 0
Dark red 1
Brown 2

Figure 1.3 - Quality Index Method (QIM) scheme for cod evaluation (Martinsdottir 

and others 2001)



42

Cod
Quality Index = 1,20 x days in ice - 0,04  

(R* = 0.966)

Quality Storage time Remaining
Index in ice {days} shelf life {days)

i i 14
2 2 ' 13
3 3 12
4 3 12
5 4 11
6 5 10
7 6 9
a 7 : S
9 S 7
10 8 7
11 9 6
12 10 5
13 11 4
14 12 3
15 13 2
16 13 2
17 14 1
18 16 0

Haddock
Quafity index = 1,235 x days in ice + 0,00 

(R2 -  0,990)

Quality Storage time Remaining
Index in ice (days) shelf life (days)

I i 14
'2 • .2 13
3 2 13
4 3 12
5 4 11
6 5 10
7 6 9
8 6 9
9 7 8
10 8 7
11 9 6
12 10 5
13 n 4
14 11 4
15 12 3
16 13 2

17 14 1
IB 15 0

Redfish
Quality Index » 1,010 x days in ice - 1,41 

{R2 =0,941)

Quality Storage time Remaining
Index in ice (days) shelf life (days)

t : i 2 ■ 1 .......... r . . 16
9 ' .3 15
3 4 14
4 5 13
5 6 12
6 7 n
7 8 10
S 9 9
9 10 8
10 11 7
11 12 6
12 13 5
13 14 4
14 15 3
15 16 2
16 17 1
17 18 0

Farmed salmon
Quality Index *  0,692 x days in ice + 1,57 

(Ft2 = 0,953)
Quality Storage time Remaining
Index in ice (days) shelf life (days}

i 0 20
2 i 19
3 3 17
4 4 16
5 6 14
6 7 13
7 9 11
8 10 10
9 11 9
10 13 7
11 14 6
12 16 4
13 17 3
14 19 1
15 20 0

Figure 1.4 - Estimating remaining shelf life of some fish species referring to QIM 
(Martinsdottir and others 2001)
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Figure 1.5 - Conceptual model of microbial seafood spoilage (Dalgaard 2002)
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Figure 1.6 - Generic architecture of an electronic nose (Garder and Bartlett 1994)
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Chapter 2: Portable Electronic Nose for Detection of Spoiling Alaska Pink Salmon

0Oncorhynchus gorbuscha)*

2.1 Abstract

The ability of a portable hand-held electronic nose (EN) in detecting spoilage of whole 

Alaska pink salmon (Oncorhynchus gorbuscha) stored at 14°C and in slush ice ( 1°C) was 

investigated. Fish were sampled daily at 14°C for up to 3 days, while fish stored in slush 

ice were sampled at various intervals up to 16 days. Sensory evaluations indicated that 

fish were rejected at day 3 when stored at 14°C and at day 12 when stored in slush ice. 

Aerobic bacteria counts for fish skin at 14°C ranged from 3.4 lo g io  CFU/cm2 (day 0) to 

4.8 lo g io  CFU/cm2 (day 3) and for fish stored in slush ice ranged from 3.4 lo g io  CFU/cm2 

(day 0) to 5.5 lo g io  CFU/cm2 (day 16). The overall percentage of correct classification 

using forward stepwise general discriminate analysis was 85% and 92% for EN analysis 

of belly cavity volatiles for fish held at 14°C and in slush ice, respectively. A predictive 

model may be developed for spoilage of whole Alaska pink salmon by analyzing belly 

cavity odors using the EN.

2.2 Introduction

A major obstacle for the Alaska salmon industry has been the inconsistent quality of its 

raw material (Alaska Salmon Industry Task Force 2003). For this industry to remain 

competitive, it must improve quality and especially consistency. This requires processors 

to search for novel technology that can provide the product consistency demanded by the 

consumers. Electronic nose (EN) is a relatively new technology that may serve as an 

inexpensive and objective quality control tool for the Alaska salmon processors.

Research on the use of electronic noses for evaluation of seafood quality showed that EN 

sensors responses can be correlated with sensory analysis results for odor evaluation of a

‘Chantarachoti J, Oliveira ACM, Himelbloom BH, Crapo CA, McLachlan DG. 2006. Portable 
electronic nose for detection of spoiling Alaska pink salmon (Oncorhynchus gorbuscha). J Food 
Sci 71 (5):S414-S421.
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variety of fishery products such as cod, farmed Atlantic salmon, tilapia, catfish, yellowfin 

tuna, redfish and cold-smoked salmon (di Natale and others 1996; Luzuriaga and Balaban 

1999; Du and others 2001, Korel and others 2001a, b; Du and others 2002; Olafsdottir 

and others 2002, Olafsdottir and others 2005).

The Cyranose 320™  (Cyrano Sciences, Inc., Pasadena, CA) is a hand-held EN composed 

of 32 individual thin-film carbon-black polymer sensors. Recent reports on the use of 

this EN for determination of food quality show that the ability of this instrument to 

distinguish between sample categories is case dependent. Van Deventer and 

Mallikarjunan (2002) reported excellent discrimination, with a cross-validation value of 

100%, for food packaging taints using the Cyranose 320. Three levels of retained 

solvents in a 2-layer polymer film, used for food packaging, were compared (Van 

Deventer and Mallikarjunan 2002). We have used the Cyranose 320 together with static 

headspace gas chromatography coupled to mass spectrometry analysis to try 

distinguishing degrees of skin watermarking in canned pink salmon (Oliveira and others 

2005). Subtle changes in the volatile patterns resulting from the different degrees of skin 

watermarking in salmon were difficult to distinguish by either method of analysis 

(Oliveira and others 2005). Apparently, the complex nature of food matrices seems to 

pose greater difficulties for the Cyranose 320 to distinguish between sample categories 

than for single chemical taints.

The objective of this study was to test the ability of the Cyranose 320 in detecting 

spoilage of whole Alaska pink salmon {Oncorhynchus gorbuscha) stored at 14°C and in 

slush ice. The EN ‘sniffed’ belly cavity odors and gill odors. Sensory evaluation and 

microbial analysis were conducted in conjunction with EN analysis.

2.3 Materials and Methods

2.3.1 Fish storage preparation

Wild fresh whole pink salmon (Oncorhynchus gorbuscha) were collected from a seafood 

processing plant in Kodiak Island (Alaska) during summer 2004 and immediately 

brought to the Fishery Industrial Technology Center (FITC) pilot plant. Salmon used in
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this study were less than 24 hours post-mortem and were sampled the same day and from 

the same fishing vessel. All fish were caught in waters surrounding Kodiak Island.

Whole fish weight ranged from a minimum of 1.5 kg to a maximum of 2.5 kg. All 

salmon were graded on the Alaska Seafood Marketing Institute skin color evaluation 

guides (ASMI 2004). One hundred and fifty fish used in this study were grade A and had 

no skin watermarking. Fish were separated into two groups; the first group was kept 

submerged in seawater in a temperature-controlled chamber (model 9030, VWR 

Scientific, West Chester, PA.) operated at 14°C. The second group was kept in a slurry 

of ice water averaging 1°C. Temperatures were monitored using an iButton temperature 

data logger (model DS1921G, Semiconductor/Maxim Corp, Dallas, TX.). Fish stored at 

14°C were analyzed daily for 3 days while those stored on slush ice were analyzed at 

various intervals up to 16 days of storage.

2.3.2 Electronic nose (EN) analysis

The Cyranose 320™ (Cyrano Sciences, Inc., Pasadena, CA) was used to analyze the 

volatile compounds from the belly cavities and gills of five fish in duplicate during each 

sampling day at both storage temperatures. The instrument was purged with ambient air 

for six min to refresh the sensors at the beginning of each day’s sampling prior to sniffing 

the volatile compounds. Immediately after the belly cavity was longitudinally cut open 

with a sharp filleting knife, the 5.1-cm stainless steel luer-lock blunt-end needle coupled 

to the EN was used to draw the volatiles from that region. The EN analysis of gill cavity 

odors was conducted before belly cavity evaluation. The EN onboard software program 

(PCnose V6.9, Cyrano Sciences) was used at the following settings during each sampling 

event: 1) baseline purge for 25 s at medium speed, 2) sample draw for 30 s at medium 

speed, 3) air intake purge for 5 s at high speed, 4) sample gas purged for 50 s at high 

speed, and 5) air intake purge for 10 s at high speed. The sensor substrate heater was set 

at 35°C, 32 sensors were active, and digital filtering was turned on to increase the signal- 

to-noise ratio. Relative change in resistance (AR/R) for an individual sensor was 

automatically recorded as sensor response for each sampling event.
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Sensor responses from all 32 sensors were analyzed using the PCnose software. Overall 

percentage of correct classification, two-dimensional (2-D) canonical plots, and 

Mahalanobis distances (M-distances) between sample groups were obtained. Overall 

percentage of correct classification was achieved by subjecting the dataset to a cross- 

validation method. During cross-validation one sample from each class was excluded 

from the dataset and a discrimination function analysis was performed on the remaining 

data to yield a predictive model. The excluded data was then assigned back to classes 

based on that predictive model. This method was applied to all samples, one at a time 

(Anonymous 2001; Korel and others 2001a).

2.3.3 Sensory evaluation

Sensory evaluation was conducted using a seven member trained sensory panel. All 

panelists, 3 males and 4 females ranging in age from 19 to 60 years old, were Kodiak 

Island residents and had been affiliated with the FITC for at least two years.

Additionally, all participants have had ample experience with the handling and quality 

attributes of wild Pacific pink salmon through sports fishing or commercial fishing. At 

each sampling day and for both storage temperatures, participants rated a number of 

external and internal quality attributes using five fish as replicates. The attributes 

selected for evaluation were: appearance of eyes, gill color, gill odor, body texture, belly 

cavity appearance and belly cavity odor. The sensory evaluation was based on the 

grading guide for whole, raw Pacific salmon (Table 2.1), which separated fish into grade 

A, grade B, and grade Reject (Girard and Nakai 1994).

Prior to the sensory evaluation sessions, training sessions were conducted using grade A 

fresh whole pink salmon (ASMI 2004). During training, panelists had a chance to 

discuss each attribute together with the expected changes through spoilage. During 

sensory sessions, each panelist was required to wear latex disposable gloves to allow 

handling of the fish as needed. Five replicate fish were placed in individual metal trays 

with a random 3-digit code assigned. The trays were placed on a large table and panelists 

were asked to rate each attribute, one at a time, for each coded fish in a randomized order
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to avoid bias due to order of sample presentation. Each panelist assigned either grade A, 

grade B, or grade Reject to each attribute.

Sensory scores were translated into numerical numbers with grade A receiving one point, 

grade B receiving two points and grade Reject receiving three points. Computation of 

scores was conducted using unequal weights for the different attributes, thus higher 

factors were applied to some of the attributes (Shewan and others 1953; Martinsdottir and 

others 2001). A factor of 1.25 was used to multiply scores assigned for gill odor and 

belly cavity appearance; while a factor of 1.5 was applied to belly cavity odor and body 

texture scores (Shewan and others 1953; Martinsdottir and others 2001). At each sensory 

session a group of five replicate fish was then assigned an overall grade for each sensory 

attribute. This was accomplished by summing the scores of each individual panelist for 

every fish within a group for any given attribute. The grades followed the scores given 

below:

Grade A ^  I  scores for an attribute < 70

Grade B ■=> I  scores for an attribute > 70 and < 105

Grade Reject ^  I  scores for an attribute > 105

Finally, the fish groups from each sampling period at either storage temperature received 

an overall grade that encompassed the scores of all attributes. The final sensory grade for 

each sampling increment was categorized as:

Grade A «=> E scores for an increment < 420

Grade B *=> E scores for an increment > 420 and <630

Grade Reject ■=> E scores for an increment > 630

2.3.4 Microbial analysis

Three fish from each storage temperature were randomly selected and sampled for 

microbial analysis at each sampling day. A 10-cm2 sterile template cutout and swab were 

used to sample the area of skin posterior to the gills and pectoral fin of each fish. The 

swabs were serially diluted in 0 .1% sterile peptone water, spread-plated in duplicate on 

plate count agar (Difco Lab., Detroit, MI) supplemented with 0.5% NaCl, and incubated
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at 25°C for 48-72 hours (Himelbloom and others 1991; 1994). Colonies were 

enumerated and the log colony-forming units (CFU/cm2) for aerobic plate counts (APC) 

were calculated.

2.3.5 Statistical analysis

Statistical analysis of EN data was conducted as in our previous report (Oliveira and 

others 2005). Principle component analysis (PCA) was first employed by the PCnose 

V6.9 to reduce the sensor response data to the significant principle components (vectors), 

which contained most of the variance from the original 32 sensor response data. A 

canonical discrimination analysis was performed based on PCA factors calculated above 

(Anonymous 2001). Results are expressed in a classification matrix as overall percentage 

of correct classification along with a 2-D canonical plot using the first two canonical 

roots. In order to select the most responsive sensors and to eliminate sensors with low or 

null contributions to the model, forward stepwise general discriminant analysis (FSGDA) 

was performed using the Multivariate Exploratory Techniques (MET) module from 

Statistica v.6.1 (StatSoft Inc., Tulsa, OK). Using storage time as grouping variable for 

each storage study, this procedure ranked each sensor response based on the magnitude of 

its contribution to the discriminatory power of the system (Van Deventer and 

Mallikarjunan 2002). Thus, a number of sensors were selected for each dataset (14°C and 

slush ice) and a 2-D canonical plot was obtained using the first two canonical roots, 

together with the overall percentage of correct classification and squared Mahalanobis- 

distances (M2-distances).

Pearson product-moment correlation coefficients were calculated using EN, sensory and 

APC (Alasalvar and others 2004; Oliveira and others 2005). These calculations were 

conducted using Statistica v.6.1 with the purpose of determining existing positive or 

negative correlations between the variables. Pearson correlation coefficients equal to 

zero reflects no linear correlation between variables, while a coefficient of 1 or -1 reflects 

a direct positive or negative correlation between two variables (Alasalvar and others 

2004; Oliveira and others 2005).
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2.4 Results and Discussion

2.4.1 Electronic nose analysis

Tables 2.2 and 2.3 present the overall percentage of correct classification based on 

storage day from EN data obtained for belly cavity odors and gill odors for samples 

stored at an abused temperature (14°C) and in slush ice (1°C). For samples stored at 

14°C, the overall percentage of correct classification obtained from the belly cavity odors 

was 73% which was higher than 65% obtained from gill odors. For samples stored in 

slush ice, the overall percentage of correct classification (77%) obtained from the belly 

cavity odors was slightly higher than for samples stored at 14°C. Flowever, 

measurements obtained from the gill odors had a lower overall percentage of correct 

classification (55%) than samples stored at abused temperature. Overlapping between 

classes of samples observed from the 2-D canonical plots (data not shown) were 

representative of the low overall percentage of correct classification determined.

The M-distances between the group centroids, provided on Tables 2.2 and 2.3, provide 

information regarding the separation of sample groups. For M-distances > 5.0, a 

distinguishable difference between sample classes is indicated (Van Deventer and 

Mallikarjunan 2002). In samples stored at 14°C, the M-distances of belly cavity odors 

and gill odors ranged from 1.1 to 4.0 and 1.4 to 5.9, respectively. For samples stored in 

slush ice, the M-distances of belly cavity odors and gill odors ranged from 2.7 to 8.8 and 

0.9 to 3.9, respectively. Low M-distances in conjunction with low overall percentage of 

correct classification indicated poor separation between sample groups, regardless of 

storage temperature. One possible explanation is the complexity of changes in volatiles 

during decomposition of fish and fishery products (Olafsdottir and Fleurence 1998).

In assuring that only independent sensors which are significant to discriminatory power 

were included in the model, FSGDA was applied to all sensor data obtained from belly 

cavity volatiles for both temperatures (Van Deventer and Mallikarjunan 2002; Oliveira 

and others 2005). The four sensors included in the model for fish stored at 14°C were 

sensors number 15, 23, 30, and 31. The overall percentage of correct classification 

obtained by using the selected sensors increased to 85% (Table 2.4) as compared to 73%
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obtained with the model including all sensors. The M2-distances between the group 

centroids, provided on Tables 2.4, provide information regarding the separation of the 

sample groups. For M -distances > 25, a distinguishable difference between sample 

classes is indicated (Van Deventer and Mallikarjunan 2002; Oliveira and others 2005). 

The M2-distances between sample groups ranged from 1 to 40 (Table 2.4). The low M2- 

distances (1) between day 0 and day 1 was indicative of overlapping, while higher M2- 

distances (24 to 40) obtained for the remaining sample groups indicated better separation. 

Figure 2.1 depicts the canonical projection plot obtained from FSGDA for fish stored at 

14°C, demonstrating the separation between the different sampling days.

For samples stored in slush ice, the sensors included in the model were sensor numbers 2, 

3, 6 , 7, 15, 17-20, 23, 27-29 and 32. Using the selected sensors, the overall percentage of 

correct classification increased to 92% (Table 2.5) from the 77% obtained with the model 

that included all sensors. The M2-distances between sample groups ranged from 4 to 679 

(Table 2.5). The low M2-distances between day 1 and day 6(10), day 1 and day 9 ( 12) 

and day 6 and day 9 (4) were indicative of overlapping. The M2-distances of 71 to 679 

are strong indications of complete separation between sample groups. Figure 2.2 depicts 

the canonical projection plot obtained from FSGDA for fish stored in slush ice. The 

canonical plot showed that samples from days 1, 6 , and 9 were not well separated, 

although day 4 was well separated. There is no explanation for the day 1 fish sample data 

overlapping with day 6 and day 9 samples. However, it was noticed that days 6 and 9 

were segregated from day 1 within the cluster. Samples from days 12 and 16 were 

readily distinguishable by the model (Figure 2.2).

2.4.2 Sensory evaluation

Based on sensory evaluations, the quality decreased for whole fish stored at 14°C as the 

storage time increased (Figure 2.3). The sum score of each attribute observed on day 0 

samples yielded grade A, which represented the overall freshness of fish. By day 1, gill 

and cavity odors, and gill color were rated grade B. However, the overall quality of fish 

remained grade A mainly due to the small changes observed in the remaining attributes 

(Figure 2.4). The transition of overall fish quality from grade A to grade B occurred at
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two days of storage. Cavity and gill odor attributes had deteriorated into the reject class, 

but eye appearance was still grade A. All other attributes were grade B, as was overall 

fish quality. On day 3, the sum score of each attribute yielded a grade Reject, except the 

sum score of eye appearance, which was rated B. Fish were rejected on day 3 of storage 

and received the following quality descriptors: dull eyes, strong stale/sour gills, strong 

sour/putrid belly cavity odors, very soft body texture, pink to buff gill color, and an 

extensively reddened and ruptured belly cavity.

As expected, the changes in quality of fish stored in slurry ice were less pronounced than 

those observed for fish stored at 14°C over the coincident sampling period (Figure 2.5). 

At four days of storage in slurry ice, the attributes of cavity and gill odors, and eye 

appearance were grade B. However, other attributes received grade A, which led to the 

overall grade A (Figure 2.6). On day 6 , all attributes were grade B. Gill and belly cavity 

odors and body texture had higher scores than all other attributes. On day 9, gill and 

belly cavity odors and body texture received grade Reject, while the sum scores for the 

attributes of eye and belly cavity appearance, and gill color were assigned grade B. The 

overall fish quality was slightly below the rejection level, receiving grade B. On day 12, 

the overall sum scores yielded grade Reject due to deteriorating belly cavity and gill 

odors and softened body texture. The attributes of gill color, belly cavity and eye 

appearance received grade B, but values were only slightly below rejection limits. On 

day 16, all quality attributes with the exception of eye appearance, received grade Reject.

2.4.3 Microbial analysis

Figure 2.7 depicts the total plate count on fish skin of whole pink salmon for both storage 

temperatures. The APC from day 0 to day 3, for fish stored at 14°C increased from 3.4 

logio CFU/cm2 to 4.8 logio CFU/cm2. For samples stored in slush ice, the APC decreased 

from day 0 to day 4. This decrease was likely due to a wash out effect of the slush ice on 

bacteria present in the fish skin during the four initial days of storage as compared with 

the unwashed initial fish obtained from processing plant. This result was similar to the 

finding from Himelbloom and others (1994) that the APC of iced pink salmon was one 

log lower after the fish were transferred to chilled seawater. The reduction of microbial
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load might occur while mixing samples with fresh chilled seawater. In addition, Tretsven 

(1965) reported that the microbial load on the fish surface was reduced by 79% as 

compared to fish not washed. Overall, from day 4 to day 16 the APC for fish stored in 

slush ice increased from 2.4 lo g io  CFU/cm2 to 5.5 lo g io  CFU/cm2.

Low temperature is very important in reducing the microbial growth rate in fish. The 

APC for fish samples held in iced storage was lower than those stored at 14°C. Fish were 

rejected by the sensory panelists when the APC from both temperature sets reached the 

same level, which was 4.8 lo g io  CFU/cm2. Himelbloom and others (1991) concluded that 

fresh whole Alaska fish have APC < 4 lo g io  CFU/cm2. This was in agreement with the 

APC found in the current study. An increase of APC over a storage period is due to the 

availability of nutrients in the mucus of fish skin. The nonprotein nitrogenous 

compounds, particularly amino acids, emerging from the muscle are important precursors 

for microbial degradation that results in volatile compounds such as ketones, aldehydes, 

amines, and sulfur compounds (Gram and Huss 2000). These compounds increase over 

time and account for the off-odors of spoiled fish resulting from the predominance of 

specific spoilage bacteria such as Shewanellaputrefaciens and Pseudomonas species 

(Olafsdottir and Fleurence 1998; Gram and Huss 2000).

2.4.4 Correlations between EN, sensory and microbial results

Table 2.6 shows the Pearson coefficients calculated with data from fish stored at 14°C 

using selected sensor responses from the EN analysis of belly cavity odors, sensory 

scores for belly cavity odor and the APC. We chose to use only EN results from belly 

cavity odors because of its higher overall percentage of correct classifications, thus only 

sensory scores assigned for belly cavity odors were included in this analysis. The 

correlation coefficients between sensor responses and sensory scores of belly cavity odor 

ranged from 0.73 to 0.85 (Table 2.6) showing a relatively strong linear relationship 

between these variables (P<0.05). It is interesting that in Figure 2.1, days 0 and 1 

samples cluster while days 2 and 3 samples are separated. Similar results from the 

sensory panel showed days 0 and 1 samples received grade A, day 2 samples received 

grade B, and day 3 received grade Reject. For the samples stored in slush ice, the
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coefficients between selected EN sensor responses and sensory scores for belly cavity 

odor were much lower than for samples stored at 14°C. The coefficients indicated a weak 

relationship which ranged from -0.38 to 0.43.

There were also positive linear correlations determined between selected sensor 

responses from the EN analysis of belly cavity odors and APC for the fish samples stored 

at 14°C. The Pearson coefficients ranged from 0.51 to 0.70 (Table 2.6) and were higher 

than those obtained from samples stored in slush ice, which ranged from -0.48 to 0.42. In 

general, the correlation coefficients obtained for both storage conditions indicated a weak 

correlation between selected EN sensor responses and the APC. As the APC increased, 

EN sensor responses did not consistently correspondingly increased. Gram and Huss 

(1996) suggested that there is a general lack of correlation between overall bacterial 

population (APC) and the off-flavor and odor produced by bacterial metabolism during 

fish spoilage, because not all bacteria contribute to spoilage odors. Gram and Huss 

(2000) summarized that gram-negative psychrotrophic bacteria such as Pseudomonas, 

Moraxella, Acinetobacter, Flavobacterium, Shewanella, Vibrio, Photobacterium and 

Aeromonas predominate in fish harvested from temperate marine or fresh waters. 

Different types and ratios of various specific spoilage bacteria capable of producing 

volatile compounds likely affected the volatile profile for whole pink salmon sample in 

each storage day studied.

2.5 Conclusions

The Cyranose 320 software determined a low overall percentage of correct classifications 

from the EN analysis of belly cavity and gill odors regardless of storage temperature. 

FSGDA increased the overall percentage of correct classifications for the EN analysis of 

belly cavity odors in fish stored at both storage temperatures. Preliminary results suggest 

that further development of a model from the EN will be required to achieve above 95% 

correct classification by including others variables such as time of harvest and species. 

Vazquez and others (2003) found that the fishing seasons of anchovies influenced the 

sensor responses which influenced their predictive model. Sensory panelists graded 

whole pink salmon stored at 14°C unfit for consumption after three days of storage, while
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fish stored in slush ice were rejected after twelve days of storage. Linear correlations 

were observed between selected EN sensor responses and sensory data from belly cavity 

odors for fish stored at 14°C. In addition, selected EN sensor responses from belly cavity 

odors and APC were correlated. Overall results suggest that it is possible to develop a 

predictive model for spoilage of whole Alaska pink salmon by conducting EN analysis of 

belly cavity odors. The results from this study demonstrate the simplicity and objectivity 

of the EN analysis. However, studies addressing reproducibility and instrument 

reliability are needed to determine if the Cyranose 320 can be used as an alternative 

quality control tool for monitoring freshness of whole pink salmon. Future work on an 

expanded set of spoilage pathways in salmon will be also required to firmly establish EN 

as the preferred instrument for evaluating fish. Future studies should also include 

bacterial identification and respective quantification of volatile compounds during 

spoilage of whole Alaska pink salmon.
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Table 2.1 - Grading guide for whole raw Pacific salmon*

Criteria Grade A Grade B Reject

External
Characteristics:
Body Texture Firm and resilient, 

fresh spring back 
when thumb 
depression is released

Moderate soft, 
thumb
indentations may 
slowly fill out

Very soft, thumb 
indentations may 
remain in flesh

Appearance of the 
Eyes

Bright, clear Dull, not milky or 
cloudy

Milky or cloudy

Internal
Characteristics:
Belly Cavity Transparent, intact 

peritoneal lining
Moderate 
reddening, some 
ribs may protrude

Extensive 
reddening, 
liquefaction of 
belly

Odor of Belly 
Cavity

Fresh and 
characteristic odor

Slight but definite 
sour, fecal or 
putrid odor

Strong sour, fecal 
or putrid odors

Gill Color Red Pink Pink to buff

Gill Odor Fresh, seaweedy, 
shell- fishy or neutral 
odors

Slightly musty, 
stale and/or sour 
odors

Strong sour, stale, 
musty or putrid 
odors

* Girard and Nakai (1994)
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Table 2.2 - Classification matrix and Mahalanobis distances (M-distances) derived 

from PCnose analysis of fish stored at 14°C

Classification matrix M-distances
DO D1 D2 D3 D1 D2 D3

Belly DO 9 0 0 1 DO 1.1 2.7 4.0
D1 6 2 1 1 D1 2.5 3.7Cavity
D2 0 1 9 0 D2 1.8
D3 0 1 0 9 D3

Overall percentage of correct classification for belly cavity odor model = 73%
Classification matrix M-distances

DO D1 D2 D3 D1 D2 D3
DO 10 0 0 0 DO 1.4 5.9 4.8

Gill D1 5 3 0 2 D1 5.1 4.0
D2 0 0 9 1 D2 2.2
D3 1 1 4 4 D3

Overall percentage of correct classification for gill odor model = 65%
Days are signified by Dx where x = 0 to 3
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Table 2.3 - Classification matrix and Mahalanobis distances (M-distances) derived 

from PCnose analysis of fish stored in slush ice (1°C)

Classification matrix M-distances
D1 D4 D6 D9 D12 D16 D4 D6 D9 D12 D16

Belly
Cavity

D1 8 0 2 0 0 0 D1 3.7 2.7 2.9 3.1 5.4
D4 0 10 0 0 0 0 D4 6.1 4.4 6.1 8.8
D6 2 0 3 3 1 1 D6 3.7 3.1 4.0
D9 0 0 1 9 0 0 D9 4.4 6.6

D12 1 1 1 0 7 0 D12 3.9
D16 0 0 1 0 0 9 D16

Overall percentage of correct classification for belly cavity odor model = 77%
Classification matrix

D1 D4 D6 D9 D12 D16 D4 D6 D9 D12 D16
D1 7 0 1 1 1 0 D1 1.4 0.9 2.4 2.0 2.8
D4 0 9 0 0 1 0 D4 1.1 3.0 3.1 3.9
D6 1 5 3 0 1 0 D6 2.5 2.5 3.1

Gill D9 2 0 3 5 0 0 D9 2.8 3.7
D12 2 0 0 1 4 3 D12 2.0
D16 2 0 0 0 o3 5 D16

M-distances

Overall percentage of correct classification for gill odor model = 55%
Days are signified by Dy where y = 1 to 16
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Table 2.4 - Classification matrix and squared Mahalanobis distances (M2-distances)

derived from FSGDA* of EN analysis of belly cavity odor for fish stored at 14°C

Classification matrix M2-■distances
DO D1 D2 D3 D1 D2 D3

DO 9 1 0 0 DO 1 26 37
D1 4 6 0 0 D1 24 31
D2 0 0 10 0 D2 40
D3 0 1 0 9 D3

Overall percentage of correct classification = 85%
*FSGDA= forward stepwise general discrim inant analysis using sensors num ber 15, 23, 30 and 31 

Days are signified by Dx where x = 0 to 3
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Table 2.5 - Classification matrix and squared Mahalanobis distances (M2-distances)

derived from FSGDA* of EN analysis of belly cavity odor for fish stored in slush ice

(1°C)
Classification rate M2-■distances

D1 D4 D6 D9 D12 D16 D4 D6 D9 D12 D16
D1 8 0 1 1 0 0 D1 412 10 12 71 338
D4 0 10 0 0 0 0 D4 472 502 426 679
D6 1 0 7 2 0 0 D6 4 82 329
D9 0 0 0 10 0 0 D9 89 362

D12 0 0 0 0 10 0 D12 247
D16 0 0 0 0 0 10 D16
Overall percentage of correct classification = 92%_______________________________
*FSGDA = forward stepwise general discrim inant analysis using sensor num bers 2, 3, 6, 7, 15, 17-20, 23, 27-29 and 32

Days are signified by Dy where y = 1 to 16
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Table 2.6 - Pearson correlation coefficients between EN sensor responses and belly

cavity odor scores or aerobic plate counts (APC) for fish stored at 14°C

Sensor # S15 S23 S30 S31
Belly cavity odor 0.73 0.83 0.81 0.85

APC 0.51 0.70 0.61 0.70
All correlations, except sensor #15 to APC, were significant (p<0.05)
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Figure 2.1 - Canonical projection plot of EN data of belly cavity odors of fish stored 

at 14°C derived from FSGDA
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Figure 2.2 - Canonical projection plot of EN data of belly cavity odors of fish stored 

in slush ice (1°C) derived from FSGDA
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Figure 2.3 - Sensory evaluation scores for fish stored at 14°C
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Figure 2.4 - Overall sensory scores for fish stored at 14°C
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Figure 2.5 - Sensory evaluation scores for fish stored in slush ice (1°C)
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Figure 2.6 - Overall sensory scores for fish stored in slush ice (1°C)
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Figure 2.7 - Aerobic bacteria counts for fish skin stored at 14°C and in slush ice 

(1°C)
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Chapter 3: Alaska Pink Salmon {Oncorhynchus gorbuscha) Spoilage and Ethanol

Incidence in the Canned Product2

3.1 Abstract

For canned salmon, researchers at the US Food and Drug Administration and the 

Canadian Food Inspection Agency have suggested ethanol as a spoilage indicator for 

substandard raw fish. The cut off value of 50 ppm for ethanol in the product corresponds 

with accept/reject decisions based on sensory scores of canned salmon. Automated static 

headspace gas chromatography coupled to mass spectrometry was used to quantify 

ethanol in canned pink salmon produced from fish stored in seawater at 14°C for up to 3 

days and in slush ice at 1°C for up to 16 days of storage prior to thermal processing.

Total plate counts and sensory evaluations of whole salmon were conducted at every 

sampling interval. Electronic nose analysis and sensory evaluations were carried out on 

the canned products. Significant differences (P<0.05) were observed in ethanol 

concentrations in the canned products produced from fish stored at 14°C for 3 days (142- 

199 ppm) and 1°C for 12 days (11-15 ppm). As expected, aerobic plate counts increased 

with storage time for both storage temperatures reaching 4.8 logio CFU/cm2 after 3 days 

of storage at 14°C and after 12 days at 1°C. Whole fish sensory evaluations indicated 

that fish were rejected after 3 days of storage at 14°C and after 12 days at 1°C. Canned 

fish produced from salmon stored for 2 and 16 days at 14°C and 1°C, respectively, were 

rejected by sensory panelists. Ethanol concentrations in cans produced with salmon 

stored at 14°C correlated well with results from whole fish sensory evaluations, but this 

correlation was not observed for salmon stored at 1°C. The Cyranose 320™ could not 

distinguish canned salmon produced from fresh fish from the ones produced from spoiled 

fish regardless of the temperature fish were held during the spoilage trials.

2 Prepared for submission to Journal o f Agricultural and Food Chemistry. Chantarachoti J, 
Oliveira ACM, Himelbloom BH, Crapo CA and McLachlan DG. Alaska pink salmon 
{Oncorhynchus gorbuscha) spoilage and ethanol incidence in the canned product.
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3.2 Introduction

Early stages of fish decomposition are frequently undetected by sensory inspections at 

seafood processing plants. This can result in lower quality salmon being thermally 

processed into cans. In this event, cans are expected to be rejected during inspection 

prior to sale. For canned salmon, researchers at the US Food and Drug Administration 

and the Canadian Food Inspection Agency (CFIA) have suggested ethanol as a spoilage 

indicator for substandard raw fish (/, 2). The cut off value of 50 ppm of ethanol in the 

product corresponds to accept/reject decisions based on sensory scores of canned salmon

(3). Additionally, researchers have shown that the rate of ethanol production during fish 

spoilage is temperature dependent (2, 3). This is likely caused by different types of 

spoilage bacteria in fish held at different temperatures (4).

Gas chromatography (GC) is the standard method to quantify ethanol in canned salmon. 

An early technique was the direct injection of the filtered liquor from canned salmon (5, 

6) onto a GC coupled to a flame ionization detector. Hollingworth and Throm (7) 

developed a technique that manually injected the headspace volatiles from a sealed vial 

containing the filtered liquor from the salmon can, overcoming problematic GC column 

contamination, reducing maintenance and the cost of analysis. McLachlan et al. (2) 

adapted this technique to an automated static headspace sampler coupled to gas 

chromatography mass spectrometry (SHGCMS) that improved both the accuracy and 

reproducibility of this analysis.

Quantification of ethanol using SHGCMS is traditionally based on the determination of a 

calibration curve constructed from the response given by aqueous solutions of ethanol. 

However, it is known that the vapor pressure of chemical volatiles varies depending on 

the sample matrix, with ethanol being more concentrated in the headspace of matrices 

containing lipids than in the headspace of matrices that are water based (§). Ethanol 

quantification may be more accurate by determining a calibration curve based on the 

response of aqueous solutions of ethanol added to the can prior to thermally processing 

the salmon.
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Electronic nose (EN) is a recent technology that might serve as a rapid quality control 

tool in seafood industry. Many studies conducted on both raw and processed products 

have shown its potential in quality control for seafood products such as capelin, cod, 

yellow fin tuna, Atlantic salmon, tilapia, catfish, redfish, anchovies, canned salmon and 

cold smoked salmon (9-19).

The Cyranose 320™ is a hand held portable EN composed of 32 conducting polymer 

sensors. Its performance in food applications has not been widely evaluated. Among the 

few studies utilizing the Cyranose 320™, the results have been variable. Van Deventer 

and Mallikarjunan (20) used this EN to discriminate the levels of retained solvents on 

printed food packaging with great success showing 100% cross validation. Oliveira et al.

(18) used this EN together with static headspace gas chromatography coupled to mass 

spectrometry in an attempt to discriminate canned pink salmon having various degrees of 

skin watermarking stored for 2 and 9 months. Results indicated that the patterns of 

volatiles that result from various degrees of skin watermarking were too complex to be 

successfully differentiated by using this EN (18).

The objectives of this study were to: 1) conduct controlled spoilage trials using wild 

Alaska whole pink salmon and process fish into cans at various sampling intervals; 2) 

quantify ethanol in the salmon cans with SHGCMS analysis using a calibration curve 

based on the response of aqueous ethanol solutions and also with a calibration curve 

based on the response of canned salmon spiked with various quantities of ethanol before 

commercial sterilization; 3) statistically compare the SHGCMS quantification methods; 

4) correlate ethanol concentrations in the cans with microbial analysis of whole fish, and 

sensory analyses of whole fish and salmon cans; 5) test the ability of the Cyranose 320™ 

in distinguishing canned salmon quality.

3.3 Materials and Methods

3.3.1 Controlled fish spoilage trials and canning process

One hundred and seventy wild fresh whole grade A pink salmon (Oncorhynchus 

gorbuscha) were obtained from a seafood processing plant on Kodiak Island (Alaska)
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during summer 2004 and immediately transported on ice to the Fisheries Industrial 

Technology Center (FITC) pilot plant. Salmon used in this study were less than 24 hours 

post-mortem, and were sampled the same day and from the same fishing vessel. Whole 

fish weight ranged from 1.5 to 2.5 kg. Salmon were graded according to the Alaska 

Seafood Marketing Institute skin color evaluation guides (21), and showed no skin 

watermarking (18). Fish were separated into two groups; the first group (n=60) was kept 

submerged in seawater in a temperature-controlled chamber model 9030 (VWR 

Scientific, West Chester, PA.) operated at 14°C. The second group (n=90) was kept in 

slurry of ice water averaging 1°C. Temperatures were monitored using an iButton 

temperature data logger model DS1921G (Semiconductor/Maxim Corp, Dallas, TX.). 

Approximately, seven fish were randomly selected for canning after 0, 1,2, and 3 days of 

storage at 14°C, and after 0, 4, 6, 9, 12, and 16 days of storage in slush ice. Accordingly, 

fish were eviscerated, cleaned, cut into steaks of approximately 215 g portions and placed 

into 307 x 200.25 (8.73 cm width x 5.12 cm height) metal cans with 3 g ofNaCl (VWR 

Scientific Products, West Chester, PA). Cans were immediately vacuum sealed and 

retorted at 117°C for 76 min and finally placed in a water-cooled system (22). 

Approximately 700 cans were produced during the study. Twenty additional fish were 

also canned at day 0 which resulted in the production of 210 cans. These cans were 

spiked, shortly before sealing, with 150 pi of aqueous ethanol solutions which contained 

adjusted volumes of absolute ethanol (200 proof A.C.S., Spectrum Chemical Mfg. Corp, 

Gardena, CA) and deionized water (Table 3.1) to yield the following concentrations of 

ethanol in the cans: 0, 12.5, 25, 50, 100, 200, and 400 ppm.

3.3.2 Microbial analysis o f  whole salmon

After 0, 1,2, and 3 days at 14°C, and 0, 4, 6, 9, 12, and 16 days of storage in slush ice, 

three fish from each storage temperature were randomly selected and sampled for 

microbial analysis. A 10-cm2 sterile template cutout and swab were used to sample the 

area of skin posterior to the gills and pectoral fin of each fish. The swabs were serially 

diluted in 0.1% sterile peptone water, spread-plated in duplicate on plate count agar 

(Difco Lab., Detroit, MI), supplemented with 0.5% NaCl, and incubated at 25°C for 48-
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72 hours (4, 23). Colonies were enumerated and the log colony-forming units (CFU/cm2) 

for aerobic plate counts (APC) were calculated.

3.3.3 Sensory evaluation o f whole salmon

Five fish were randomly selected for sensory evaluation after 0, 1,2, and 3 days, and 0, 4, 

6, 9, 12, and 16 days of storage at 14°C and in slush ice respectively. Seven trained 

panelists, 3 males and 4 females ranging in age from 19 to 60 years old. All participants 

had ample experience with the handling and quality attributes of wild Pacific pink salmon 

through sport or commercial fishing. Each sampling day, participants rated a number of 

external and internal quality attributes using five fish from each storage regime in 

replicate. The attributes for evaluation were: appearance of eyes, gill color, gill odor, 

body texture, belly cavity appearance and belly cavity odor. Sensory evaluation was 

based on the grading guide for whole, raw Pacific salmon, which separates fish into grade 

A, grade B and reject (24). Prior to the evaluation training sessions were conducted using 

grade A fresh whole pink salmon (21). During training, panelists had a chance to discuss 

each attribute together with the expected changes through spoilage. During evaluations 

each panelist was required to wear latex disposable gloves to allow handling of the fish as 

needed. Five replicate fish were placed in individual metal trays with a random 3-digit 

code assigned. The trays were placed on a large table and panelists were asked to rate 

each attribute, one at a time, for each coded fish in a randomized order to avoid bias due 

to order of sample presentation. Each panelist assigned either grade A, grade B, or reject 

to each attribute. Sensory scores were translated into numerical numbers with grade A 

receiving one point, grade B receiving two points and grade reject assigned three points. 

Computation of scores was conducted using unequal weights for the different attributes, 

thus higher factors were applied to some of the attributes (25, 26). A factor of 1.25 was 

used to multiply scores assigned for gill odor and belly cavity appearance; while a factor 

of 1.5 was applied to belly cavity odor and body texture scores (25, 26). At each session 

a group of five replicate fish was then assigned an overall grade for each attribute. This 

was accomplished by summing the scores of each individual panelist for every fish 

within a group for any given attribute. The grade assigned to each attribute was
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categorized as the following: grade A was <70, grade B was 70 to 105 and reject was > 

105. Finally, the fish from each sampling period at both storage temperatures received an 

overall grade that encompassed the scores of all attributes. The final sensory grade for 

each sampling increment was categorized as the following: grade A was < 420, grade B 

was 420 to 630 and reject was >630.

3.3.4 Sensory evaluation o f  canned salmon

All canned samples were analyzed at either the Canadian Food Inspection Agency 

(CFIA) national sensory workshop held January 31 to February 4, 2005 or at a CFIA 

regional sensory workshop held October 24-28, 2005 (27, 28). Evaluations were 

conducted at the CFIA Burnaby Laboratory located in Burnaby, British Columbia, 

Canada. The workshops were dedicated to salmon species and consisted of 28 sets of 15 

samples each, which included initial snapshot, calibration, practice, and assessment 

sessions. The canned samples from this study were analyzed alongside commercial cans 

and other spoilage runs produced by CFIA. The cans were inspected by workshop 

participants and five CFIA calibrated panelists with over 10 years of experience in 

sensory inspection of fish products, primarily canned salmon. Each canned sample was 

opened, the liquid was drained and the meat was transferred into white plastic round 

salad servers with covers. Each sample was coded with a unique 3 digit random number. 

Samples were randomly presented to each panelist, and individually assessed in plastic 

booths where no talking or sharing of information was allowed. Each panelist recorded 

their decisions on a prescribed ballot sheet assigned to each set of 15 samples. The ballot 

sheet was arranged with the sample blind codes printed on the left, followed by two 

positions to record either an accept or reject decision; followed by a 10 cm line scale with 

a 5 cm center mark indicating the transition between accept or reject, to record the overall 

assessment of the sample; and a comment section for the analyst to write descriptive 

sensory terms associated with the odor/flavor characteristics of the sample, (i.e. late, 

fecal, characteristic, etc.). Each analyst recorded their decisions on the ballot after 

performing an assessment of the overall quality of the sample based on CFIA standards, 

which follow ISO standards for minimum acceptable quality for human consumption (29,
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30). Water and unsalted crackers were available to rinse the mouth between each sample 

as required. The overall official results of all canned samples were calculated based on 

the average line scores and accept and reject decisions from 5 calibrated panels.

3.3.5 Ethanol quantification in canned salmon using SHGCMS

3.3.5.1 Sample preparation

After 9 months of storage at room temperature, liquor from canned samples was analyzed 

using SHGCMS as described in AOAC method 986.12 (31). Accordingly, each can was 

opened and the liquid phase was drained into a 40 ml screw cap vial. Lipids and 

suspended solids were discarded after 5 min standing time, and then the tube was sealed 

with Teflon-lined screw cap. A quantity of 5 ml of the canned salmon liquor was 

transferred into a 20 ml crimp-top headspace vial using a standard calibrated electronic 

pipette. About 3 g of NaCl (VWR Scientific Products, West Chester, PA) were added 

and the vial was sealed with a thermally resistant and chemically inert Teflon/butyl 

septum (2, 31).

3.3.5.2 Preparation o f  standards

Aqueous solutions of ethanol were prepared (2, 31) by adding deionized water and 

absolute ethanol (200 proof A.C.S., Spectrum Chemical Mfg. Corp, Gardena, CA) to 

achieve the following concentrations: 0, 12.5, 25, 50, 100, 200, and 400 ppm. Two 

calibration curves were determined, one based on the response of the pure aqueous 

solutions of ethanol (EW) and another based on the response of the aqueous solutions of 

ethanol when added to the can prior to thermally processing fresh grade A salmon at day 

0 (EC).

3.3.5.3 SHGCMS analysis

The SHGCMS methodology was adapted from McLachlan et al. (2). A headspace auto

sampler model 7694 (Agilent Technologies, Wilmington, DE) with a 44 sample capacity 

was operated under the following conditions: oven temperature, 58°C; loop temperature, 

120°C; transfer line temperature, 140°C; vials equilibrium time, 1.5 min; vial 

pressurization time, 0.10 min; loop capacity, 1 ml; loop fill time, 0.10 min; loop 

equilibrium time, 0.05 min; injection time, 0.15 min; vial pressure, 10 psi; shake mode,
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fast; GC cycle time, 20 min. A gas chromatograph model 6890 (Agilent) interfaced with 

a mass spectrometer detector model 5973 (Agilent) and equipped with HP-Innowax, 

capillary column of 0.25 mm x 30 m x 0.25 (jm model 1909 IN -133 (Agilent) was 

operated under the following conditions: helium as a carrier gas at 0.9 ml/min with the 

average velocity of 35 cm/sec in constant flow mode; front inlet initial temperature, 

140°C; pressure 6.19 psi; split ratio, 20:1. The oven was programmed as follows: initial 

temperature, 38°C; hold for 4.5 min; increase temperature at 40°C/min to 140°C; hold for 

1.95 min to give total run time of 9 min. The mass spectrometer detector conditions were 

as follow: solvent delay, 1.45 min; acquisition mode, scan with mass ranging from 33 to 

300 a.m.u.; scan rate, 5.24 scans/sec; source temperature, 230°C; quadrupole 

temperature, 150°C. Ethanol peak identification was based on comparison ofGC 

retention time and mass spectra of absolute ethanol and quantification of ethanol in the 

salmon cans was carried out using calibration curves EW and EC.

3.3.6 Electronic nose (EN) analysis o f canned salmon

The Cyranose 320™ (Cyrano Sciences, Inc., Pasadena, CA) was used to analyze the 

volatile compounds from canned samples. Sample preparation was the same as described 

in SHGCMS analysis. The instrument was purged with ambient air for 6 min to refresh 

the sensors prior to analysis. A 5.1-cm stainless steel luer-lock blunt-end needle coupled 

to the EN was used to draw the volatiles from the headspace of sample. The EN onboard 

software program, PCnose V 6.9 (Cyrano Sciences) was used at the following settings 

during each sampling event: 1) baseline purge for 25 s at medium speed; 2) sample draw 

for 30 s at medium speed; 3) air intake purge for 5 s at high speed; 4) sample gas purged 

for 50 s at high speed; and 5) air intake purge for 10 s at high speed. The sensor substrate 

heater was set at 35°C, 32 sensors were active and digital filtering was turned on to 

increase the signal-to-noise ratio. Relative change in resistance (AR/R) for an individual 

sensor was automatically recorded as sensor response for each sampling event.

Sensor responses from all 32 sensors were analyzed using the PCnose software. Overall 

percentage of correct classification, two-dimensional (2-D) canonical plots and 

Mahalanobis distances (M-distances) between sample groups were obtained. Overall
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percentage of correct classification is achieved by subjecting the dataset to a cross- 

validation method (13, 32). During cross-validation one sample from each class is 

excluded from the dataset and a discrimination function analysis is performed on the 

remaining data, which then yields a predictive model. The excluded data is then assigned 

back to classes based on that predictive model. This method was applied to all samples, 

one at a time.

3.3.7 Statistical analysis

Factorial analysis of variance followed by Tukey’s Honest Significant Difference test 

(P<0.05) was used to determine significant differences in ethanol concentrations between 

calibration curves and storage days for each storage temperature using Statistica version

6.1 (StatSoft Inc., Tulsa, OK). Statistical analysis of EN data was conducted as 

previously described by Oliveira et al. (18). Principle component analysis (PCA) was 

first employed by the PCnose V6.9 to reduce the sensor response data to the significant 

principle components (vectors), which contained most of the variance from the original 

32 sensor response data. A canonical discriminate analysis was performed based on PCA 

factors calculated above (32). Results were expressed in a classification matrix as the 

overall percentage of correct classification along with a 2-D canonical plot using the first 

two canonical roots. In order to select the most responsive sensors and to eliminate 

sensors with low or null contributions to the model, forward stepwise general 

discriminant analysis (FSGDA) was performed using the Multivariate Exploratory 

Techniques (MET) module from Statistica v.6.1 (StatSoft Inc.). Using storage time as 

grouping variable for each storage study, this procedure ranked each sensor response 

based on the magnitude of its contribution to the discriminatory power of the system (20). 

Thus, a number of sensors were selected for each dataset (14°C and slush ice) and a two- 

dimensional (2-D) canonical plot was obtained using the first two canonical roots, 

together with the overall percentage of correct classification and squared Mahalanobis- 

distances (M2-distances).
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3.4 Results and Discussion

3.4.1 Microbial analysis o f  whole salmon

Figure 3.1 represents the skin total plate count of whole fish for both storage 

temperatures. The skin APC of whole fish stored at 14°C ranged from 3.4 logio CFU/cirr 

to 4.8 logio CFU/cm2 while skin APC of whole fish stored in slush ice ranged from 3.4 

logio CFU/cm2 to 5.5 logio CFU/cm2. When fish from both storage temperatures were 

considered spoiled, the skin APC had the same observed value of 4.8 logio CFU/cm2.

Skin APC of pink salmon spoiled in slush ice (1°C) in this study were similar to the skin 

APC of pink salmon spoiled in chilled seawater (-0.5°C) reported by Himelbloom et al

(4). Overall, skin APC, obtained from fish considered fresh from this study, was 

consistent with the observations of Himelbloom et al. (25) where skin APC of less than 4 

logio CFU/cm2 was found for fresh whole Alaska fish. The onset of microbial spoilage is 

initiated as nutrients become available when autolysis occurs during post-mortem 

changes in fish muscle. As autolysis continues, the available nutrients sustain the growth 

and increasing abundance of microorganisms over storage time. Bacterial growth and 

metabolism results in the important compounds associated with fish spoilage, such as 

amines, sulfur compounds, short chain alcohols and carbonyls which include aldehydes, 

ketones and ethanol (33-36).

3.4.2 Sensory evaluation o f whole salmon

Figures 3.2 and 3.3 represent the overall sensory evaluation for whole fish samples 

stored at 14°C and in slush ice, respectively. Whole fish stored at 14°C maintained grade 

A for only one day. After two days of storage whole fish received grade B mainly due to 

changes in body cavity and gill odors. After three days of storage at 14°C panelists 

rejected the samples with sensory scores indicating that all attributes evaluated showed 

signs of quality deterioration such as advanced eye dullness, strong stale and sour gill 

odors, strong sour and putrid belly cavity odors, very soft body texture, pink to buff gill 

color, and an extensively reddened and ruptured belly cavity. Whole fish stored in slush 

ice slowly changed from grade A to grade Reject. Fish received grade A for up to 4 days 

of storage. After 6 days of storage fish received grade B, mainly due to changes in gill
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odors, body texture and belly cavity odors. After 9 days of storage, samples maintained 

grade B with scores being slightly below grade Reject. Fish were rejected after 12 and 16 

days of storage. Our sensory evaluation results for whole pink salmon are in agreement 

with results previously reported by Chan et al. (3) that indicated whole pink salmon 

stored at 14°C and in ice were rejected by sensory panelists after 3 and 14 days of 

storage, respectively.

3.4.3 Sensory evaluation o f canned salmon

Figures 3.4 and 3.5 depict the overall results of sensory evaluations of canned samples 

produced from fish stored at 14°C and in slush ice, respectively. The odor threshold of 

ethanol in water has been reported to be 760 ppm (57); therefore panelists were unable 

smell the ethanol at the concentrations present in the cans. Instead, panelists used other 

odor cues that characterize canned salmon produced from spoiled fish such as the 

presence of stale, sour and fecal odors. As expected, the average line score increased as 

the storage time of whole fish increased (3). Based on CFIA standards, which follow 

ISO standards for minimum acceptable quality for human consumption, all cans of fish 

stored at 14°C produced from whole fish samples on day 0 and day 1 were of acceptable 

quality with expert panelist evaluations averaging scores of 29 and 32, respectively 

(Figure 3.4). The odors of these samples were described as neutral (day 0) and neutral 

with slight late-odor notes (day 1). It is important to mention that late-odor notes are 

often related to canning of salmon with advanced skin watermarking (18). In our study, 

all salmon procured from the cannery were bright grade A with no traces of skin 

watermarking. Therefore, we conclude that during salmon spoilage off-odors are 

produced that resemble the ones found in heavily watermarked fish. Canned samples 

produced from day 2 fish stored at 14°C received an average score of 57 (Figure 3.4), 

indicating an overlap between accept and reject decisions. For acceptable quality salmon 

cans from day 2 fish (14°C), the most frequently used odor descriptors were late-odors 

and stale odors, which led to line score close to the reject transition. For rejected cans, 

the most frequently used terms were sour, slightly fermented, fermented, and fecal odors, 

which led to a line score beyond the transition mark. All canned samples produced from
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day 3 fish stored at 14°C were most frequently described as having a fecal odor and the 

average line score was 85.9 (Figure 3.4).

For fish stored in slurry ice, all canned salmon samples of day 0 and day 4 fish were 

accepted by the CFIA sensory panel experts. These samples received average line scores 

of 29 and 33, respectively (Figure 3.5). The odors of these samples were most frequently 

described as neutral and slight late-odor. Canned samples of day 6 and day 9 fish were 

also of acceptable quality and their odors were described as slight to late-odors. Canned 

salmon from fish that had been stored up to 12 days in slurry ice were of acceptable 

quality with sensory panel line scores ranging from 29 to 44 (day 12; Figure 3.5). There 

was an obvious overlap between accept and reject decisions in the sensory evaluation of 

canned salmon samples produced from day 16 fish. These samples were rejected based 

on the majority of the expert panelists’ decisions who described their odor as sour.

Canned salmon samples from day 16 fish received an average line score of 52 (Figure 

3.5).

Our sensory evaluation results for fish stored at either temperature corroborate the 

findings of Chan et al. (J). Their results indicated that canned Pacific pink salmon 

produced from fish stored at 14°C over 36 hours were of marginal to unacceptable 

quality, while canned salmon produced from fish stored in slush ice for up to 12 days 

were of acceptable quality. Furthermore, Chan et al. (3) also observed variability and 

overlap between accept and reject panelists’ decisions in sensory evaluations of canned 

pink salmon samples from fish stored in slush ice for 14 and 16 days (3).

Although the sensory evaluations results of whole pink salmon and canned pink salmon 

were consistent with other studies, they were incongruous with each other. Raw fish 

were rejected after 12 days, whereas the majority of canned samples produced from those 

fish were of acceptable quality. This contradiction of sensory results between raw fish 

and canned products may likely be explained by the changes that occur during thermal 

processing (38). This includes changes in color and texture, that are largely due to 

protein denaturation at high temperatures (39). The color and texture of the canned 

product is similar, regardless of the degree of spoilage of the raw material. In addition,
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other compounds that are formed by thermal degradation during can sterilization may 

alter or mask the chemical compounds associated with the spoilage of raw material. 

Therefore, the spoilage cues used to judge raw fish quality are not useful forjudging 

canned products, as is indicated by the different criteria typically used to judge raw and 

canned fish quality (24-26, 29, 30). Moreover, relating the quality of raw with the quality 

of the finished processed product is a difficult task, especially when cooking is involved.

3.4.4 Ethanol quantification in canned salmon using SHGCMS 

A linear relationship between ethanol concentration and the total ion count (TIC) 

response with R2 values of 0.97 and 1.00 were calculated for EC and EW (Figure 3.6).

EC had a higher TIC response than EW. The TIC response was likely influenced by the 

type of medium in which ethanol molecules were distributed, and the degree of their 

solubility, which largely determines their concentration in the headspace. Although 

lipids and suspended solids were removed from the liquor, the liquor remains a complex 

mixture of many components that include dissolved lipids such as phospholipids.

Ethanol is less miscible in lipids than in water (8), thus it was expected that curve EC 

would reflect this by yielding higher area counts for ethanol than EW. Results fell within 

our expectations as shown in Figure 3.6. Solubility of ethanol in water significantly 

lowers its vapor pressure when compared to its solubility in oil (8), thus less ethanol is 

found in the headspace of ethanol aqueous solutions samples than in canned salmon 

liquor samples. Another factor influencing the results was that this study was carried out 

under non-equilibrium static headspace conditions, a technique often chosen to cut down 

analysis time considerably increasing sample through-put (40). Thus, under the 

conditions used for non-equilibrium static headspace analysis the total ion counts (TIC) 

measured for any given sample do not correspond to the ethanol concentration found in 

the samples (40). On the other hand, the TIC recorded corresponds to the signal 

generated by the quantity of analyte present in a given headspace volume that was 

sampled pre-equilibrium (40). Figure 3.7 demonstrated the relationship between the 

total ion count (TIC) and vial equilibrium time (min) for 50 ppm of ethanol in the liquor 

of the spiked salmon cans (EC) and in the ethanol aqueous solutions (EW).
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Regardless of curve, ethanol TIC increased rapidly up to 12 min with a slow rise from 12 

to 24 min, and reached a constant value between 24 and 48 min. When ethanol 

concentration in the headspace is constant, equilibrium has been reached where ethanol 

TIC is directly proportional to the ethanol concentration in original sample (40). Figure

3.7 demonstrated that EC showed higher TIC than EW under both equilibrium and non

equilibrium conditions, consistent with results shown in Figure 3.6.

Table 3.2 and Table 3.3 present ethanol concentrations of can samples produced from 

fish held at 14°C and in slush ice respectively. As expected, ethanol concentrations 

increased with storage time (Table 3.2 and 3.3) (1-3). The use of curve EW yielded 

higher concentrations of ethanol than of curve EC, with most significant differences 

occurring towards the end of the spoilage trials (Table 3.2 and 3.3). Ethanol 

concentrations in day 2 samples (14°C) were about 5 ppm lower than the cut-off value to 

reject the product (50 ppm) according to EW, but with EC these samples had values 18 

ppm below the cut-off value. Ethanol concentration in canned salmon increased 

significantly with storage time of raw fish held at 14°C and reached about 200 ppm at day 

3 (Figure 3.8); a four-fold difference from day 2 samples (Table 3.2). Ethanol 

concentrations of EW in this study were similar to that reported by McLachlan et al. (2). 

They found ethanol concentrations in canned salmon produced from fish stored at 14°C 

after 36-48 hrs were in the range of 30-50 ppm and significantly rose to 200 ppm after 3 

days of storage.

For fish stored in slush ice, the ethanol concentrations of canned samples increased over 

time from 0 to 28.51 ppm for EW and 0 to 20.38 ppm for EC (Figure 3.9). Ethanol 

concentrations in salmon cans produced from fish stored up to 9 days determined with 

EW and EC were not significantly different (P>0.05), but a significant difference 

(P<0.05) was determined for salmon cans produced from fish stored after 12 and 16 days, 

with EW showing higher ethanol concentrations than EC (Table 3.3). Using either EW 

or EC, ethanol concentrations in salmon cans produced from fish stored for up to 9 days 

were significantly different (P<0.05) from salmon cans produced from fish stored 12 and 

16 days (Table 3.3). Between salmon cans produced from fish stored up to 9 days and
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16 days, a significant increase of ethanol concentration was observed. However, ethanol 

concentrations never reached 50 ppm in canned salmon produced from fish stored in 

slush ice up to 16 days. McLachlan et al. (2) found ethanol concentrations (< 30 ppm) in 

canned salmon produced from fish that had been stored in ice for up to 12 days, 

consistent with results from this study. However, these researchers (2) observed ethanol 

concentrations above the cut-off value of 50 ppm in canned salmon produced from whole 

fish that had been stored for more than 12 days in slurry ice while our results do not 

agree. This discrepancy may be due to differences in concentrations and species of 

specific spoilage organisms between the two studies that may be related to environmental 

factors such as catch location, feeding grounds and time of harvest.

3.4.5 Correlation between ethanol concentrations in canned salmon and microbial 

analysis o f  whole salmon

No correlations were observed between ethanol concentrations in canned salmon and skin 

APC of whole fish, regardless of storage temperature. Whereas microbial analysis 

indicated that fish rejected by sensory panelists had similar APC values when held at 

14°C or in slush ice (1°C), ethanol concentrations were significantly higher (P<0.05) in 

canned salmon produced from fish stored at 14°C than in cans produced from fish stored 

in slush ice (1°C) (Table 3.2 and 3.3). The difference in ethanol concentrations could be 

due to number of interrelated factors, including substrates, temperatures, and types and 

ratio of specific spoilage bacteria capable of producing ethanol under each storage 

condition. Several types of bacteria produce ethanol as a common metabolite, that is 

derived either from carbohydrate compounds via a glycolytic pathway under anaerobic 

conditions or from amino acids such as alanine by way of deamination followed by 

decarboxylation (/, 33). Possible substrates utilized by bacteria include glycogen, 

glucose, lactic acid, ribose from ATP degradation and amino acids from fish tissue 

components (41). Although those substrates are present in the fish muscle, it is not 

known which substrates are present in fish skin and what their concentrations are.

Because skin-on fish were processed into cans, the role of fish skin as a source of 

substrates for metabolism to ethanol remained unknown.



Temperature is an important regulator of the kinetic activity of endogenous enzymes such 

as phosphorylase, an important enzyme in fish muscle capable of breaking down 

glycogen into glucose (42). Because enzymatic activity is greater at higher temperatures, 

fish spoiled for a given period of time at 14°C are expected to contain higher ethanol 

concentrations than fish spoiled in ice as demonstrated in this study as well as others 

(McLachlan et al. (2) and Chan et al. (3)).

The types and relative abundance of spoilage bacteria likely differed under each 

temperature regime, and this is another possible cause for the different ethanol 

concentrations. Shewanella, Pseudomonas, Moraxella, Acinetobacter and 

Flavobacterium are microflora commonly found in and on temperate water fish (35). 

Three genera, Pseudomonas, Moraxella and Flavobacterium are known for their ability 

to produce ethanol (41). Moraxella and Pseudomonas have been found to be the most 

predominant bacteria found on the skin of iced and chilled seawater-held Alaska pink 

salmon, respectively (4), and Pseudomonas were recognized as a significant fish spoilage 

bacteria at temperatures near 0°C (43). Pseudomonas can grow across a wide 

temperature range from <4°C to a maximum of 43°C (44). Pseudomonas may have been 

responsible for the spoilage at 1°C, but at the storage temperature of 14°C, it was likely 

that several different bacteria were responsible. The mixed microflora of Pseudomonas 

and other suspected ethanol-producers that require higher temperatures for growth and 

metabolism may produce more ethanol than Pseudomonas alone. As there are a number 

of possible bacterial species present on pink salmon spoiled at two different temperatures, 

each likely having different favored environments and abilities to produce ethanol, 

additional studies are needed to verify and thoroughly explain the different ethanol 

concentrations obtained in cans of fish spoiled at two different temperatures. Ideally, 

specific spoilage bacteria and their relative abundance should be identified in conjunction 

with ethanol concentration measurements when Alaska pink salmon were stored at both 

temperatures prior to thermal processing.
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3.4.6 Correlation between ethanol concentrations in canned salmon and sensory 

evaluation o f whole salmon

Results of whole fish sensory evaluation were in good agreement with ethanol 

concentrations in the canned product only at elevated storage temperature. Ethanol 

concentrations in canned salmon produced from grade A (day 0, day 1) and grade B (day 

2) fish held at 14°C were below 50 ppm, while in cans produced from rejected fish 

ethanol concentrations were four-fold the cut-off value to reject the product (Table 3.2). 

In slush ice, ethanol concentrations determined for the canned salmon and sensory panel 

grades for whole fish disagreed. Panelists rejected whole pink salmon held in slush ice at 

12 and 16 days of storage in this study, but ethanol concentrations did not exceed 30 ppm 

in canned products (Table 3.3). This suggests that it is possible for product to develop 

odors of decomposition under optimum conditions while ethanol concentrations remain 

below the accepted limit of 50 ppm ethanol in canned salmon.

3.4.7 Correlation between ethanol concentrations in canned salmon and sensory 

evaluation o f canned salmon

Ethanol concentrations and sensory grades for canned salmon produced from fish stored 

in ice and at 14°C were in fair agreement. For fish that had been stored at 14°C, ethanol 

concentrations in the canned product produced from days 0 and day 1 fish were below 50 

ppm, either using EC or EW, which agrees with panelists results that showed these 

samples to be of acceptable quality. A disagreement between ethanol concentrations and 

sensory scores was observed for salmon cans produced from fish stored for 2 days at 

14°C. Although the average ethanol concentration was slightly below 50 ppm, either 

using EC or EW, the average sensory score was above the reject limit of 57. For canned 

salmon samples containing fish held for 3 days at 14°C, ethanol concentrations reached 

about 200 ppm and sensory evaluations corroborated with this result and product was 

unanimously rejected. In sum, our results support the findings reported by Hollingworth 

and Throm (7) for fish stored at 14°C. These researchers (1) proposed tentative ranges 

for ethanol concentrations in canned salmon to reflect sensory evaluation scores, with 

sensory class I (passable) canned salmon having ethanol concentrations that ranged from
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0 to 24 ppm, sensory class II (slightly decomposed) canned salmon having ethanol 

concentrations that ranged from 25 to 74 ppm, and sensory class III (advanced 

decomposition) canned salmon having ethanol concentrations above 75 ppm.

For canned salmon produced from fish stored in slush ice, ethanol concentrations never 

exceeded the cut-off value of 50 ppm, using either curve EC or curve EW. These results 

were in good agreement with the majority of sensory evaluations where panelists 

indicated that canned samples produced from fish stored up to 12 days were of acceptable 

quality. Sensory scores determined for canned salmon produced from fish held in slurry 

ice for 16 days varied with some cans being rejected while others were judged to be of 

acceptable quality. This would indicate that it is possible for some fish to produce odors 

of decomposition sufficient to reject the product even though the ethanol level does not 

exceed 50 ppm when held under optimum conditions. Other chilled controlled spoilage 

samples produced under similar conditions by CFIA, which were examined at the same 

time, did exceed 50 ppm when they were rejected.

The few inconsistencies observed between ethanol concentrations in canned salmon and 

their scores from sensory evaluation may have occurred because of the natural variability 

among fish. Not all fish will spoil equally during a spoilage trial because the types of 

microflora and their relative abundance originally present in fish skin, gills and intestine 

may differ due to a number of environmental factors such as overall health, gender, 

sexual maturity and feeding grounds (45). Fish with an empty gastrointestinal tract and 

in good health have a tendency to spoil more slowly than fish that were in poorer 

condition (45).

3.4.8 Electronic nose analysis o f  canned salmon

Tables 3.4 and 3.5 represent the overall percentage of correct classification of EN data, 

by storage day, as obtained from canned salmon produced from fish stored at 14°C and in 

slush ice (1°C), respectively. Overall correct classifications of 37.5 % and 31.7 %, 

obtained from 14°C and ice studies, indicated a poor separation among sample groups. 

These results were confirmed by the clustering of sample groups observed in the 2D 

canonical plots (data not shown). The M-distances (or M2-distances) between the group
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centroids in a multidimensional space provides information regarding the separation of 

sample groups (18, 20). M-distances greater than 5 or M2-distances greater than 25 

indicate better separation between groups of samples (18, 20). M-distances obtained 

from this study were relatively small associated with low overall percentage of correct 

classification obtained. The values ranged from 1.01 to 2.05 and from 0.91 to 2.46 for 

salmon cans produced from fish stored at 14°C and in slush ice, respectively (Tables 3.4 

and 3.5).

In order to select the most responsive sensors and to eliminate the sensors with low 

contribution to the discriminatory power of the model, EN data was subjected to forward 

stepwise general discriminant analysis (FSGDA). The procedure ranked each sensor 

response based on the magnitude of its contribution to the discriminatory power of the 

system (18, 20). For canned samples produced from fish stored at 14°C sensors 15, 23, 

24, and 26 were selected, and using only data recorded by these sensors the overall 

percentage of correct classification increased to 62.5% (Table 3.4). For canned samples 

produced from fish stored in slush ice, sensors 7, 15, 17, 26-28, and 31 were selected, and 

using only data recorded by these sensors the overall percentage of correct classification 

increased to 70% (Table 3.5). Although overall percentage of correct classification of 

samples from both storage regimes increased when using only the responses from sensor 

selected with FSGDA, overall correct classification was still below 90% signifying poor 

separations between groups. It is important to note that M2-distances greater than 25 

indicate good separation between samples groups (18, 20), and that the low overall 

percentage of correct classifications are also reflected in the low M2-distances determined 

by the FSGDA model which ranged from 1.51 to 7.63 for canned salmon produced from 

fish stored at 14°C, and from  0.93 to 10.09 for canned salm on produced  fish stored in 

slush ice. Figures 3.10 and 3.11 depict the canonical projection plots based on the first 

two canonical roots obtained from FSGDA for canned samples produced from fish stored 

at 14°C and in slush ice (1°C), respectively. Low degree of separations were observed for 

all samples of cans containing fish at various degrees of spoilage stored at both
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temperatures, as a low value of overall percentage of correct classifications and relatively 

small M2-distances observed.

Our results with the Cyranose 320 did not meet our expectations and differed from the 

results achieved by Olafsdottir et al. (19) and Vazquez et al. (17) when testing other EN’s 

abilities to differentiate quality of processed seafood products. In the Olafsdottir et al.

(19) study, an EN nose based on 6 metal oxide sensors (FishNose prototype sensor 

system) was used to predict the quality of cold smoked Atlantic salmon produced within 

the same smokehouse. A Partial Least Squares Regression model, based on sensor 

responses and selected quality criteria from sensory and microbial analyses, yielded 

100% overall correct classification. However, Olafsdottir et al. (19) used only accept and 

reject as quality categories. Another study (17) used an EN consisting of 32 conducting 

polymer (Aromascan model A32/50S) sensors to monitor the ripening process of 

anchovies. In the Vasques et al. study (17), there were 3 sample categories separated into 

8 sample classes: fresh anchovies; anchovies with 2, 4, 5, or 6 months of ripening; and 

fully finished anchovies. A K-nearest neighbors model, based on sensor responses, 

indicated good separation (98% overall correct classification) between ripening stages 

despite the fact that there were several sample classes. The high overall percentage of 

correct classifications achieved in both, the cold smoked salmon study and the anchovy 

study may have been due to a more discrete pattern of volatile compounds associated 

with each sample group investigated. In contrast, in our study the whole salmon 

processed into cans were from a continuum of time intervals from day 0 up to 3 days at 

14°Cand up to 16 days of storage in slush ice at 1°C. Therefore, it is reasonable to 

hypothesize that the pattern of volatile compounds were less discrete between canned 

salmon because the sample classes overlapped each other. Additionally, it was apparent 

from our results that this instrument was unable to detect ethanol concentrations at the 

levels present in salmon cans (Table 3.4; Figure 3.10 and Table 3.5; Figure 3.11).
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3.5 Conclusions

Results of whole fish sensory evaluation correlated well with ethanol concentrations in 

the canned product only at elevated storage temperature (14°C). Conversely, while whole 

fish held in slush ice (1°C) for 12 and 16 days were rejected by sensory panelists, ethanol 

concentrations in the corresponding canned products never exceeded the reject cut-off 

value (50 ppm). Quantifying ethanol with a calibration curve EW overestimated ethanol 

concentrations in salmon cans. We suggest the use of a calibration curve based on 

SHGCMS analysis of spiked canned salmon (EC) instead of aqueous ethanol solutions 

(EW). EN analysis using the PCnose software provided by the manufacturer resulted in a 

low overall percentage of correct classification of the canned salmon containing fish at 

various degrees of spoilage for both storage temperatures. FSGDA increased the overall 

percentage of correct classifications; however, the results obtained indicated that 

Cyranose 320™ was unable to distinguish between those cans produced from fresh 

salmon and those produced from spoiled salmon.

Future studies should include the identification of bacteria associated with spoilage of 

pink salmon stored at 14°C and 1°C. This information, in conjunction with the 

quantification of ethanol in the canned products, should provide a better understanding 

about the differences observed in ethanol concentrations between fish stored at 14°C and 

1°C. In addition, other types of electronic noses should be tested for their ability to 

distinguishing low levels of spoilage compounds in canned salmon.
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Table 3.1. Volumes of ethanol and deionized water used to prepare 10 ml ethanol 

aqueous solutions to spike salmon cans prior to commercial sterilization of fresh grade A

pink salmon at day 0

Substance Ethanol concentration in the cans (ppm)*
0 12.5 25 50 100 200 400

Absolute ETOHa (ml) 0 0.23 0.45 0.91 1.82 3.63 7.27
DI water (ml)A 10 9.77 9.55 9.09 8.18 6.37 2.73

A constant volume o f  150 \ x \  o f  ethanol aqueous solution was added to cans containing 215 g o f  fish yielding ethanol 

concentrations in the cans (ppm).
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Table 3.2. Ethanol concentration (ppm) in canned salmon produced from whole pink

salmon stored at 14°C

Types of Whole Fish Storage
curve Day 0 Day 1 Day 2 Day 3

EC 0A 6.69a 32.19b 142.02c
(0.00) (2.74) (7.88) (46.23)

EW 0A 9.36a 45.03s 198.65°
(0.00) (3.83) (11.02) (64.66)

A H C I )  Significant differences between curves arc expressed as different letters by column and between fish storage time

by row (p<0.05); EC curve based on the response o f the aqueous solutions o f  ethanol when added to the can prior to 

thermally processing fresh grade A salmon at day 0; EW curve based on the response o f  the pure aqueous solutions o f 

ethanol; Num bers in parenthesis indicate standard deviation o f the mean.
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Table 3.3. Ethanol concentration (ppm) in canned salmon produced from whole pink

salmon stored in slush ice (1°C)

Types of Whole Fish Storage
curve Day 0 Day 4 Day 6 Day 9 Day 12 Day 16

EC

EW

0A ‘ 
(0.00)

0A
(0.00)

1.22a 3.66aB 
(2.25) (3.11) 
1.71AB 5.12bc 
(3.15) (4.35)

5.53bc
(3.30)

7  ? 4 c d

(4.62)

10.47u
(4.01)
14.65e
(5.61)

20.38h
(7.54) 
28.51F
(10.54)

abcDei-' significant differences between curves are expressed as different letters by column, and between fish storage

time by row (p<0.05); EC curve based on the response o f the aqueous solutions o f ethanol when added to the can prior 

to thermally processing fresh grade A salmon at day 0; EW curve based on the response o f the pure aqueous solutions 

o f ethanol; Num bers in parenthesis indicate standard deviation o f the mean.
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Table 3.4. Classification matrix, Mahalanobis distances (M-distances), and square 

Mahalanobis distances (M2-distances) derived from PCnose and FSGDA analysis of

canned sample produced from whole pink salmon stored at 14°C

Classification matrix M-DistancesaOQ

D1 D2 D3 D1 D2 D3
DO 4 5 1 0 DO 1.32 2.04 2.05

PCnose D1 3 3 1 3 D1 1.07 1.29
D2 1 2 4 3 D2 1.01
D3 1 2 3 4 D3

Overall percentage of correct classification = 37.5 %
Classification matrix M -Distances

DO D1 D2 D3 D1 D2 D3
DO 9 0 0 1 DO 4.54 7.63 4.60

FSGDA D1 2 5 1 2 D1 2.01 1.51
D2 1 1 7 1 D2 3.31
D3 1 3 2 4 D3

Overall percentage of correct classification = 62.5 %______________________________
t x g d a  p orwar(j stepwise general discrim inant analysis using sensors number 15, 23, 24, and 2 6 ;"  Days are signified by

Dx where x = 0 to 3.
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Table 3.5. Classification matrix, Mahalanobis distances (M-distances), and square 

Mahalanobis distances (M2-distances) derived from PCnose and FSGDA analysis of 

canned sample produced from whole pink salmon stored in slush ice (1°C)

Classification matrixOoQ

D4 D6 D9 D12 D16 D4 D6 D9 D12 D16
DO 5 2 2 1 0 0 DO 1.95 2.29 1.80 2.41 2.46
D4 1 6 1 1 1 0 D4 1.79 1.42 1.34 2.20

PCnose D6 0 1 1 4 3 1 D6 0.95 0.94 1.90
D9 2 2 1 1 1 3 D9 0.91 1.22

D12 0 3 2 1 3 1 D12 1.70
D16 1 1 0 4 1 3 D16

M-distances

Overall percentage of correct classification = 31.7 %
M2-DistancesClassification matrix

DO D4 D6 D9 D12 D16 D4 D6 D9 D12 D16
DO 10 0 0 0 0 0 DO 9.45 8.55 5.31 10.09 5.46
D4 0 8 1 1 0 0 D4 9.15 7.37 2.97 5.82

FSGDA D6 0 0 9 1 0 0 D6 2.60 3.94 4.45
D9 1 0 1 4 2 2 D9 2.78 0.93

D12 0 2 0 1 6 1 D12 2.23
D16 0 1 1 1 2 5 D16

Overall percentage of correct classification = 70.0 %___________________________
t s u D A  p orwar(j  stepwise general discrim inant analysis using sensors num ber 7, 15,17 , 26-28, and 3 1 :"  Days are 

signified by Dy where y = 0 to 16.
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Figure 3.1. Aerobic bacteria counts (Colony Forming Units) for whole pink salmon

stored at 14°C and in slush ice (1°C).
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Figure 3.2. Overall sensory scores for whole pink salmon stored at 14°C.



106

Figure 3.3. Overall sensory scores for whole pink salmon stored in slush ice (1°C).
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Figure 3.4. Sensory line score of canned sample produced from whole pink salmon 

stored at 14°C.
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Figure 3.5. Sensory line score of canned sample produced from whole pink salmon

stored in slush ice (1°C).
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Figure 3.6. Calibration curves based on the response of the aqueous solutions of ethanol 

when added to the can prior to thermally processing fresh grade A salmon at day 0 (EC) 

and based on the response of the pure aqueous solutions of ethanol (EW) of 0, 12.5, 25, 

50, 100, 200, and 400 ppm.



110

Figure 3.7. Equilibrium curve based on the response of the aqueous solutions of ethanol 

when added to the can prior to thermally processing fresh grade A salmon at day 0 (EC) 

and based on the response of the pure aqueous solutions of ethanol (EW) of 50 ppm 

depicting results from triplicate analysis for each point in time.
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Figure 3.8. Ethanol concentrations in canned sample produced from whole pink salmon 

stored at 14°C quantified using calibration curve based on the response of the aqueous 

solutions of ethanol when added to the can prior to thermally processing fresh grade A 

salmon at day 0 (EC); and based on the response of the pure aqueous solutions of ethanol 

(EW).
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Figure 3.9. Ethanol concentrations in canned sample produced from whole pink salmon 

stored in slush ice (1°C) quantified using calibration curve based on the response of the 

aqueous solutions of ethanol when added to the can prior to thermally processing fresh 

grade A salmon at day 0 (EC); and based on the response of the pure aqueous solutions of 

ethanol (EW).
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Figure 3.10. Canonical projection plot of EN data of canned sample produced from 

whole pink salmon stored at 14°C derived from FSGDA.
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Figure 3.11. Canonical projection plot of EN data of canned sample produced from 

whole pink salmon stored in slush ice (1°C) derived from FSGDA.
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Chapter 4: General Conclusions

This project was funded by Alaska Sea Grant College Program for the purpose of 

investigating the usefulness of two portable electronic noses (Cyranose 320™ and Z- 

Nose 4200) as quick and effective quality control tools for evaluating raw and processed 

wild Alaska pink salmon. The research had a two-tiered system of studies. The first 

study focused on spoilage odor development in whole pink salmon stored at two different 

temperatures (14°C and 1°C). The second study focused on consequent ethanol levels as 

a spoilage indicator present in the canned products produced from whole pink salmon at 

various stages of spoilage from both storage temperatures. The overall conclusions from 

this project are summarized.

Whole fish study:

• The PCnose software provided by the manufacture yielded a low overall 

percentage of correct classification for EN data obtained from both gill and belly 

cavity odors, regardless of storage temperature.

• Applying FSGDA to EN belly cavity odor data, overall percentage of correct 

classification increased to 85% and 92% for fish stored in 14°C seawater and in 

1°C slush ice, respectively.

• The EN showed potential as a fast, low-cost instrument to distinguish fresh from 

spoiled pink salmon by analyzing belly cavity odors, however:

• Further research is still needed to develop a predictive model based on belly 

cavity odor that will have >95% correct classification.

Canned fish study:

• The PCnose software provided by the manufacture yielded a low overall 

percentage of correct classification for EN data obtained from canned salmon.

• FSGDA increased the overall percentage of correct classification; however, the 

value was low and indicated an inability of the EN to distinguish spoiled fish that 

had been processed into cans.
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• No correlation between skin APC and ethanol concentrations were present in 

salmon cans. When fish from both storage temperatures were rejected (3 days at 

14°C and 12 days at 1°C), the skin APC were the same ( 4.8 logio CFU/cm2), but 

ethanol concentrations were much higher (P<0.05) in canned salmon produced 

from fish stored at 14°C than in cans produced from fish stored at 1°C.

• Differences in the type of spoilage bacteria and their relative abundances in fish 

stored at 14°C and 1°C are the likely cause for the large differences of ethanol 

concentrations.

• Sensory evaluation of whole fish correlated well with ethanol concentrations 

present in salmon cans produced from fish stored at 14°C. Fish were rejected 

after 3 days of storage, and ethanol level in the corresponding cans exceeded 50 

ppm, which is the cut-off value for rejecting canned salmon, however:

• No correlation was observed for fish stored at 1°C, whole fish were rejected after 

12 and 16 days of storage, but ethanol concentrations in cans produced from those 

fish never exceed 30 ppm, therefore:

• Ethanol was a suitable quality indicator for canned salmon only when raw 

material has been stored at 14°C.

• Quantifying ethanol with a calibration curve for aqueous ethanol solutions 

overestimated ethanol concentrations in salmon cans. It is suggested that the use 

of a calibration curve based on SHGCMS analysis of spiked salmon cans instead 

of aqueous ethanol solutions.

Z-Nose 4200:

• Multiple sensor failures and the inability to replicate results using different 

sensors led to the conclusion that the Z-Nose 4200 was not suitable for headspace 

analysis of ethanol solutions, liquor from canned salmon and volatile compounds 

from fish gill and belly cavity.
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Appendix A. Electronic nose (Z-Nose 4200)

This appendix summarizes the results obtained from headspace analysis of standard 

ethanol solutions and canned salmon samples using Z-Nose 4200. During method 

development for this headspace analysis, a number of sensors replacements were needed 

due to sensor malfunction. Sensor breakdown coupled to the high cost associated with 

sensor replacement constrained this research from moving forward as initially planned. 

This appendix has been subdivided into eight sections with sections A 1 and A2 showing 

results obtained with sensor code 620, sections A3 and A4 showing results obtained with 

sensor code 792 and section A5 to section A8 showing results obtained with sensor code 

832. According to manufacturer’s instructions, all sensors should be virtually identical; 

however each sensor is coded because these are individually manufactured showing only 

slightly different turnover frequency, which is the maximum frequency achievable at a 

specific temperature. According to manufacturer’s instructions, these small differences 

in turnover frequency should not affect the quality of results.

A l. Determining optimum sensor temperature

Description of the Z-Nose system can be found in section 1.3.4.6. This instrument uses a 

surface acoustic wave (SAW) crystal sensor (section 1.3.4.2.5). The sensor response is 

based on the change in frequency caused by the adsorption of molecules to the sensing 

layer. Analyte adsorption and subsequent desorption are temperature dependent 

processes. Therefore, sensor temperature affects its sensitivity with lower sensor 

temperatures being used during the adsorption process (detection) and higher 

temperatures being applied during desorption, or sensor ‘clean up’ step. This preliminary 

study was conducted to determine optimum sensor temperature to achieve highest 

sensitivity to ethanol. The sensor temperature range selected for the experiment was 

20°C to 40°C as suggested by the manufacturer (Anonymous 2002).

Materials and methods

A standard ethanol solution of 100 ppm was prepared using deionized water and absolute 

ethanol (200 proof A.C.S., Spectrum Chemical Mfg. Corp, Gardena, CA). A quantity of
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5 ml of this solution was transferred into a 20 ml crimp-top headspace vial using a 

standard calibrated electronic pipette. About 3 g ofNaCl and a small disposable 

magnetic spin bar were added. The vial was sealed with a thermally resistant and 

chemically inert Teflon/butyl septum. During analysis, the sample was heated and stirred 

at the same time by using multimagnetic hotplate stirrers (model 1268, Barnstead, Lab- 

line, Melrose Park, IL) at 65°C for 15 minutes prior to manually injecting the sample 

headspace into the instrument. Six replicate analyses were carried out for each sensor 

temperature. Analytical method #1 was used in this experiment as shown in Figure A 1.1. 

A 0.25 mm x 0.81 m x 1 pm capillary column (model UAC-624, Electronic Sensor 

Technology, Newbury Park, CA) was used with a valve temperature of 60°C. The carrier 

gas was helium at a constant flow rate of 3 ml/min. The inlet and trap temperatures were 

100°C and 250°C, respectively. Additional method parameters were: wait time to sample 

0.5 sec; draw time 1 sec; time to switch to inject position 0.5 sec; first wait time 2 sec; 

second wait time 1 sec; initial oven temperature 40°C; final oven temperature 140°C; 

temperature step increase 10°C/sec; acquisition time 10 sec; sensor desorption time 20 

sec at 120°C. The sensor temperatures tested were 20°C, 25°C, 30°C, and 40°C.

Results and discussion

The area counts obtained for six replicate analyses of 100 ppm ethanol aqueous solutions 

using sensor 620 operated at 20°C, 25°C, 30°C, and 40°C are shown in Figures A 1.2,

A 1.3, A 1.4 and A 1.5, respectively. Results indicated that the optimum sensor 

temperature was 25°C because at this temperature sensor 620 showed a high response to 

ethanol (640.7 average area counts) together with a low percent coefficient of variation 

(% CV) at 3.6%.

A2. Evaluating the incidence of ethanol co-eluents in the liquor of canned salmon

The liquor of canned salmon is a complex mixture of many volatiles. Therefore, there 

was a need to investigate the existence of co-eluents to ethanol, under the analytical 

conditions chosen, that could interfere with its quantification.
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Materials and methods

Canned salmon (Chicken of the Sea, Chicken of the Sea International, San Diego, CA) 

was purchased at a local grocery store. The can was opened and the liquid phase was 

drained into a 40 ml screw cap vial. Lipids and suspended solids were discarded after 5 

min of wait time, and the tube was sealed with Teflon-lined screw cap. A quantity of 5 

ml of the canned salmon liquor was transferred into a 20 ml crimp-top headspace vial 

using a standard calibrated electronic pipette. About 3 g of NaCl and a small disposable 

magnetic spin bar were added. The vial was sealed with a thermally resistant and 

chemically inert Teflon/butyl septum. Another set of samples was prepared as described 

above except that 5 ml of the canned salmon liquor was spiked, prior to sealing the vial, 

with 10 |al aqueous solutions of ethanol which contained adjusted volumes of absolute 

ethanol (200 proof A.C.S., Spectrum Chemical) and deionized water (Table A 1.1) to 

yield the concentration of 100 ppm. The method sequences for this experiment were as 

described in section Al (Figure A 1.1) and samples were analyzed in triplicate.

Results and discussion

As represented in Figure A2.1, the water peak shown in the chromatogram resulting from 

the analysis of the standard 100 ppm ethanol solution is well separated from the ethanol 

peak. Additionally, no co-eluents were observed at 0.84 sec which is the retention time 

(RT) observed for ethanol (Figure A2.1). This experiment demonstrated that under these 

analytical conditions no signal was registered that could interfere with the quantification 

of ethanol in the liquor of canned salmon. Shortly after this experiment, the sensor code 

620 became unresponsive and the manufacturer was unable to provide an explanation for 

this failure. A new sensor (code 792) was purchased to continue the development of the 

analytical method for quantification of ethanol in canned salmon.

A3. Determining reproducibility of sensor codes 620 and 792

The aim of the experiment was to test the reproducibility of sensor response to ethanol 

between sensor code 792 and sensor code 620. Consistent results are important to 

develop a reliable calibration curve to quantify ethanol concentration in salmon cans.
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Materials and methods

Standard ethanol solutions of 0, 25, 50, 75, 100, 200, and 400 ppm were prepared by 

adding deionized water and absolute ethanol (200 proof A.C.S., Spectrum Chemical). 

Three replicates of 5 ml of each concentration were used to build the ethanol calibration 

curve. The sample preparation and the method sequences used were as described in 

Section Al (Figure A l.l).

Results and discussion

Figure A3.1 represents the calibration curve of standard ethanol solutions showing the 

area counts determined with sensor code 792. These results show that there were large 

differences in area counts between sensors 620 and 792 under the same analytical 

conditions for identical samples. For the standard ethanol solution of 100 ppm sensor 

code 620 measured an average area count of 640.7 (Figure A 1.3), whereas sensor code 

792 yielded only 243.3 for average area count (Figure A3.2). There was approximately a 

three-fold difference in ethanol sensitivity between sensors with sensor code 792 being 

less responsive to ethanol than sensor code 620. It was concluded from these results that 

the lack of sensitivity of sensor code 792 to ethanol, under the analytical conditions 

tested, would negatively affect the instrument’s ability to detect low ethanol 

concentrations in both standards and the canned samples produced from the salmon 

spoilage trials.

A4. Z-Nose analysis of gill and belly cavity odors in whole pink salmon

As part of the research plan the Z-Nose 4200 was used to measure the volatile 

compounds from the gills and belly cavities of whole salmon during the spoilage trials 

described in section 2.3.1 of chapter 2.

Materials and methods

The method sequences used for the Z-Nose 4200 were as described in Section Al (Figure 

Al . l )  using sensor code 792. During analysis, the sampling needle was carefully 

protected from touching the fish by using a 15 ml punctured Nalgene disposable plastic 

bottle (Nalge Nunc International, Rochester, NY).
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Results and discussion

This study could not be completed because sensor code 792 unexpectedly became 

unresponsive after gill and belly cavity odors of 20 fish were sniffed from a total of 45 

fish projected for Z-Nose 4200 analyses. At this time the manufacturer pointed out that 

water vapor condensation in the needle may have lead to excessive water absorption by 

the SAW sensor during readings, which may have damaged the sensor. The Z-Nose 4200 

manufacturer suggested the use of a disposable PTFE filter (Acrodisc Syringe filter, Pall 

Corporation, Ann Arbor, MI) to be fitted on the tip of the sampling needle to trap water 

vapors. Additionally, the manufacturer suggested the use of a six place holder controlled 

temperature heating block (model 3200, Electronic Sensor Technology, Newbury Park, 

CA) for vial heating, featuring vial lid heating control to prevent water condensation in 

the internal areas of the vial adjacent to the lid. The use of this heating block was 

suggested for the quantification of ethanol in canned salmon. Finally, one more SAW 

sensor (code 832) was purchased to continue with method development.

A5. Method development for the analysis of ethanol in the liquor of canned salmon 

using sensor code 832

The discrepancies in sensitivity between sensors 620 and 792 (section A3) were reported 

to the Z-Nose manufacturer, and changes to method #1 were suggested. This experiment 

aimed at the development of an analytical method suitable for analysis of ethanol in 

canned salmon using sensor code 832.

Materials and Methods

Analytical method #2 was developed (Figure A5.1) from method #1 with the following 

changes: valve temperature 70°C; inlet temperature 50°C; sample draw time 3 sec; oven 

temperature rate 2°C /sec; sensor temperature 10°C; detector baking time 15 sec. The 

method was tested using three standard ethanol solutions of 100, 300, and 500 ppm 

prepared by adding deionized water and absolute ethanol (200 proof A.C.S., Spectrum 

Chemical). Sample preparation was as described in Section A1 and 6, 8, and 5 replicates 

samples of standard ethanol solutions of 100, 300, and 500 ppm, respectively, were 

analyzed.



123

Results and Discussion

Results of this experiment are shown in Figure A5.2-A5.4. The average area count 

obtained for the analysis of 100 ppm of the standard ethanol solution was 169.3, which 

was lower than the 640.7 average area counts and 243.3 average area counts determined 

with sensors 620 and 792, respectively. In addition, the CV obtained between replicate 

analysis using sensor code 832 was high (>10%) for all concentrations of the ethanol 

aqueous solutions investigated. In order to minimize the variability between replicate 

analyses, method #2 was modified slightly as shown in Figure A5.5. The only difference 

between method #2 and method #3 is that in method #3 a period of time of one second 

was added, prior to sampling, in order to ensure that the dead volume of the sampling 

needle connection tube was discarded. Figure A5.6 shows the area counts recorded with 

sensor 832 using analytical methods #2 and #3. Analytical method #3 yielded average 

area count for 100 ppm ethanol aqueous solutions that was 401 which is over two-fold 

higher than the average area count of 148 determined with analytical method #2. 

Moreover, the %CV of analytical method #2 was 21.1% which is twice the value for the 

%CV of method #3. Therefore, analytical method #3 was adopted for subsequent 

experiments.

A6. Testing the influence of salt in the variability of replicate analyses and sensor 

sensitivity to ethanol

Inorganic salts are commonly used in headspace analysis to decrease the solubility of 

analyte, hence lower its partition coefficient. This will result in an increase of the 

analyte’s concentration in the headspace (Kolb and Ettre 1997). For the headspace 

analysis of ethanol in canned salmon, NaCl is normally used to lower the solubility of 

ethanol in the sample liquid phase, thereby increasing the ethanol concentration in the 

sample headspace (Hollingworth and others 1986; McLachlan and others 1999). This 

study was conducted to investigate the influence of salt in the variability of replicate 

analyses and sensor sensitivity to ethanol.
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Materials and methods

Standard ethanol solutions of 100 ppm were prepared by adding deionized water and 

absolute ethanol (200 proof A.C.S., Spectrum Chemical). Sample preparation was as 

described in Section A 1, except that an additional set of samples was prepared where 

addition of NaCl to the samples was suppressed. Four replicates of each set of 5 ml 

samples were measured using analytical method #3 (Figure A5.5).

Results and discussion

Results for this experiment are shown in Figure A6.1. Differences were observed due to 

NaCl addition, with higher area counts being registered when salt was added to the 

samples (Figure A6.1). Both sample sets (with and without NaCl) had a %CV of about 

20%, which is high for analytical methods.

A7. Evaluating sensor sensitivity to ethanol as a function of types of salt

Salts are normally used in headspace analysis to increase the concentration of the analyte 

in the headspace. This experiment tested for differences in sensor sensitivity to ethanol 

in relation to the type of inorganic salt added to the sample.

Materials and methods

A standard ethanol solution of 100 ppm was prepared by adding deionized water and 

absolute ethanol (200 proof A.C.S., Spectrum Chemical). Sample preparation was as 

described in Section A 1 except that three different types of salts were tested. The 

quantity of 3 g of each of the following inorganic salts were added to 5 ml of a 100 ppm 

standard ethanol solution: NaCl (VWR Scientific Products, West Chester, PA), Na2SC>4 

(VWR) and CaCh (VWR). The analytical method used for this experiment is described 

in sections A5 (method #3) as shown in Figure A5.5 using sensor code 832 with analyses 

performed in duplicate.

Results and discussion

NaCl tended to yield higher area counts than Na2S04 and CaCb (Figure A7.1), which 

indicated that NaCl was a suitable choice for increasing the area counts of ethanol. 

Interestingly, in this experiment the area counts obtained from the analysis of 100 ppm
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ethanol aqueous solution with NaCl averaged 938 area counts being more than twice as 

high as the values determined with the same sensor, as shown in Figures A5.2, A5.6, and 

A6.1, which ranged from 170 to 400. It was not possible to determine the cause of this 

discrepancy. This result corroborates with previous observations regarding problems 

with instrument reproducibility for the headspace analysis of 100 ppm ethanol aqueous 

solutions, a critical step to determine a reliable calibration curve to quantify ethanol in the 

liquor of canned salmon.

A8. Programming an alarm level for ethanol analysis in canned salmon using Z- 

Nose 4200

This experiment was planned as a compromise in sensor sensitivity and reproducibility. 

The Z-Nose 4200 can be programmed with an alarm level for a target compound which is 

based on an area count threshold for a particular substance. The alarm level for ethanol 

in canned pink salmon should be set at 50 ppm, the cut off value corresponding to 

accept/reject decisions of human sensory evaluations of canned salmon (Chan and others 

1999). The alarm to indicate a reject grade for canned salmon should be based on the 

results in area counts of Z-Nose 4200 analysis of 50 ppm ethanol aqueous solutions and 

analysis of the liquor of salmon cans that were spiked with ethanol aqueous solution to 

yield the concentration of 50 ppm prior to the thermal process, as described in section 

3.3.lo f chapter 3. Thus, canned salmon samples were expected to be rejected when the 

area count for ethanol reached or exceed the experimentally determined area counts at the 

alarm level of 50 ppm. Unfortunately, this experiment could not be completed because 

sensor code 832 stopped working shortly after the experiment described in section A7 

was concluded.
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Conclusion

Sensor breakdown coupled to the high cost associated with sensor replacement 

constrained this research from moving forward as initially planned. According to results 

obtained from the series of experiments reported in this Appendix, it was concluded that 

the Z-Nose 4200 SAW sensors did not provided the required stability, longevity and 

reproducibility required for the development of an analytical method to quantify ethanol 

in the headspace of canned pink salmon samples. Additional research is needed to 

further investigate the stability and longevity of the Z-Nose 4200 SAW sensors for the 

analyses of gill and belly cavity odors in whole pink salmon.
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Table A l.l - Calculation table for preparing aqueous solution of ethanol that was 

added to the 5 ml of commercial canned salmon liquor to yield a final concentration

of 100 ppm

Substance Volume (jil)
Absolute ETOHa 63.5

DI waterA 936.5
Final volume

a a . u_—j ' .u ' __ / ia  ,.i\ ' j
1000

A Calculate based on the volume (10 ^1) used to spike 5 ml o f  commercial canned salmon liquor to yield a final 

concentration o f  100 ppm
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Figure A l.l - Analytical method #1
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Figure A1.2 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #1 with detector temperature of 20°C

AVG = Average; STD = Standard deviation; CV = Coefficient of variation



Figure A1.3 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #1 with detector temperature of 25°C

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A1.4 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #1 with detector temperature of 30°C

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A1.5 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #1 with detector temperature of 40°C

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A2.1 - Chromatograms of commercial can and commercial can spiked with 

standard ethanol solution of 100 ppm analyzed using analytical method #1 with 

detector temperature of 25°C

a = Commercial can
b = Commercial can spiked with 10 (il of standard ethanol solution which contained 
adjusted volumes of absolute ethanol and deionized water to yield a concentration of 100 
ppm
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Concentration (ppm)

Figure A3.1 - Ethanol calibration curve using analytical method #1 with sensor code
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Figure A3.2 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #1 with sensor code 792

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A5.1 - Analytical method #2



Figure A5.2 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical method #2 with sensor code 832

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A5.3 - Area counts for the analysis of ethanol in 300 ppm standard ethanol

solutions analyzed using analytical method #2 with sensor code 832

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A5.4 - Area counts for the analysis of ethanol in 500 ppm standard ethanol

solutions analyzed using analytical method #2 with sensor code 832

AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A5.5 - Analytical method #3
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Figure A5.6 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions analyzed using analytical methods #2 and #3 with sensor code 832

a Analytical method #2 
b Analytical method #3
AVG = Average; STD = Standard deviation; CV = Coefficient of variation
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Figure A6.1 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions with and without NaCl added (analytical method #3 and sensor code 832)

AVG = Average; STD = Standard deviation; CV = Coefficient of variation 
aNaCl added 
b No NaCl added
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Figure A7.1 - Area counts for the analysis of ethanol in 100 ppm standard ethanol

solutions with different types of salt (analytical method #3 and sensor code 832)

AVG = Average; STD = Standard deviation; CV = Coefficient of variation 
a CaCl2 
b Na2S04 
cNaCl
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Appendix B. Supporting information for Chapter 2 and 3

B1 - Sensory evaluation sheet for determining whole salmon quality

G rading o f Alaska Pink Salmon -  Sensory E valuation Sheet

Panelist n a m e:_______________________

Evaluation Date: __ _______________

Instructions: Y ou’ll be evaluating FIVE fish today. Please use the grading guide 
provided to aid your sensory scores. Please, for your own protection, use the disposable 
gloves provided to handle fish during the evaluation. Fill out the table below  evaluating 
each attribute, one at a tim e, for each coded fish in the order provided. U se one o f  the 
follow ing grades for each attribute: GRADE A, GRADE B or REJECT.

Fish Code
Body

texture
Appearance  
o f the Eyes

Belly
Cavity

O dor
Belly

Cavity

G ills
C olor

Odor
Gills

259

117

416

887

937

THANK YOU!
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B2 - Sensory evaluation sheet for determining canned salmon quality

C F IA  -  F ish  In sp ec tio n  P ro g ram Participant ID #_____

Western Area Sensory Workshop - Canned Salmon
Assessment

Burnaby, BC, October 27-28, 2005

NAME: SESSION:

SAMPLE DECISION

CODE P F Line Scale COM M ENTS

Is P | F

2 209 P | F

3 799 P I F

4 151 P I F

5 188 P I F

e 096 P I F

7 139 P I F

8 539 P I F

s 627 P I F

10  026 P I F

11 676 P I F

1 2 808 P I F

i3 684 P I F

14 §24 P I F

15 526 P I F
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B3 - Total ion count chromatogram of canned salmon produced from fish stored in 

14°C seawater after 0 and 3 days

A Canned salmon produced from fish stored for 0 day at 14°C 

B Canned salmon produced from fish stored for 3 days at 14°C
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B4 - Mass spectra of ethanol detected from canned sample compared to spectra of 

ethanol from the NIST’98 mass spectra data library (Agilent Technologies)


