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Albacore tuna (Thunnus alalunga) rolls were developed using two albacore meat levels
and three different treatment combinations. Albacore meat levels of 82 and 88% (Alb82
and Alb88) of the total weight formulation were examined. The different treatments
consisted of 0.3% sodium tripolyphosphate (STPP), 0.3% STPP plus nitrites (150 ppm),
and a third treatment of 0.3% STPP, plus nitrites (150 ppm) and rosemarinic acid (38
ppm), on a total formulation basis. The first study monitored possible changes in
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composition, oxidation, fatty acid profiles, microbial counts and texture of albacore
rolls kept in vacuum-sealed packages and open packaging. Albacore rolls in vacuumsealed packaging studies were stored at 2º C for 52 and 120 days. Compositional studies
of the vacuum-sealed packages revealed that moisture and lipid content of tuna rolls
developed with different meat levels were similar, but protein content was significantly
higher in Alb88. Oxidation numbers of vacuum-sealed samples remained below 2 mg
malonaldehyde (MDA)/kg of sample throughout testing periods, regardless of the
treatment used. Fatty acid profiles remained stable throughout the study. Shelf life
analysis showed that bacteria, yeasts and molds remain at very low levels as long as the
packaging remained sealed during storage at 1.5ºC. In general, textural studies showed
that rolls processed with 88% meat displayed less cohesiveness and springiness than
those processed with 82% meat. Hardness was not significantly different between meat
levels. Samples with nitrite were significantly firmer, more cohesive, and more elastic
than samples without it. The open package study was carried out at 8ºC for 43 days.
Oxidation numbers rose slowly during the open-package shelf life study and surpassed
2 mg MDA/kg by day 39 of storage. Fatty acid profiles remained stable throughout the
open-package study. Microbial numbers began to rise in samples treated only with
STPP at day 15 of the test. These rolls reached 106 CFU/g by day 28. The other
treatments did not show microbial growth until day 28, and reached 106 CFU/g on day
37. This strongly suggests that treatments with nitrites retard microbial growth,
regardless of the amount of albacore meat used. Psychrotrophic bacteria were the first
group to be detected in all samples. The second study consisted of a sensory evaluation
based on a nine-pt. hedonic scale with 120 panelists. In this study, all albacore rolls
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were treated with 0.3% STPP and 150 ppm nitrates, and the only variable was the level
of albacore meat used (82% and 88%). Panelists were asked to rate textural, flavor,
smoke, saltiness, oiliness and moistness properties, as well as purchase intent at a given
price point. Overall, the low meat level (82%) was rated to have stronger smoke flavor,
higher oiliness and higher moistness values while the high meat level (88%) was rated
as having a firmer texture. When asked about willingness to buy, the consumers showed
high interest in purchasing the product for themselves.

4

©Copyright by Josef G. Roblero
February 12, 2009
All Rights Reserved

5

Development and Characterization of Shelf-life and Sensory Properties of Restructured
Albacore Tuna (Thunnus alalunga) Rolls

by

Josef G. Roblero

A THESIS

Submitted to

Oregon State University

in partial fulfillment of
the requirements for the
degree of

Master of Science

Presented February 12, 2009

Commencement June 2009

6

Master of Science thesis of Josef G. Roblero presented on February 12, 2009.

APPROVED:

Major Professor, representing Food Science and Technology

Head of the Department of Food Science and Technology

Dean of the Graduate School

I understand that my thesis will become part of the permanent collection of Oregon
State University libraries. My signature below authorizes release of my thesis to any
reader upon request.

Josef G. Roblero, Author

7

ACKNOWLEDGEMENTS

I would like to thank many people who helped me get through my thesis. First I would
like to give special thanks to my advisor Prof. Michael Morrissey for his guidance,
patience and support throughout my thesis. I would also like to express my gratefulness
to Mark Whitham and Ann Colonna, without whose help certain phases of my work
could not have been completed. I would like to thank my parents who always
encouraged my efforts abroad and always believed in me. Many thanks to the staff,
professors and friends in Astoria, who made my time there very pleasant. I am very
grateful to my academic committee: Dr. Robert McGorrin, Dr. Yi-Cheng Su and Dr.
Kaichang Li. Finally, I would like to thank my friends on campus for all the good times
and support.

8

TABLE OF CONTENTS
Page
1. Introduction …………………………………………………………....

1

2. Literature Review………………………………………………………

4

2.1

Restructured Meat and Fish Products………….………………

4

2.2

Protein Interactions and Gelation Capabilities………………....

6

2.2.1 Myofibrillar Proteins……………………………………….

8

2.2.2 Mechanical Theory…………………………………………

9

2.2.3 Effects of Salt and Phosphates on Protein Solubility………

10

2.3

Smoke and Cooking Theory……………………………………

12

2.4

Nitrites, Oxidation and Cured Meats…………………………..

13

2.5

Previous Studies with restructured Fish Products and Fish
Sausages………………………………………………………..

15

2.5.1 Texture and Gelation……………………………………….

16

2.5.2 Microbiology Tests…………………………………………

19

2.5.3 Control of Lipid Oxidation…………………………………

23

Value Added Albacore Products……………………………….

27

2.6.1 Consumer Trends…………………………………………..

28

2.6.2 Benefits of Omega-3 fatty acids……………………………

30

Conclusions…………………………………………………….

31

2.6

2.7

3. Changes in Compositional, Chemical, Textural and Microbial Qualities
of Albacore Tuna (Thunnus alalunga) Rolls over Time………………….. 33
3.1

Abstract……………………………………………………….....

33

3.2

Introduction……………………………………………………..

34

3.3

Materials and Methods………………………………………….

35

9

TABLE OF CONTENTS (CONTINUED)
Page

3.4

3.3.1 Preparation of Fish………………………………………….

36

3.3.2 Preparation of Albacore Rolls………………………………

37

3.3.2.1 Processing……………………………………………....

38

3.3.3 Proximate Composition Analyses ………………...……….

39

3.3.3.1 Moisture………………………………………………..

39

3.3.3.2 Total Lipids…………………………………………….

39

3.3.3.3 Protein………………………………………………….

40

3.3.4 Oxidation ………………….………………………………...

40

3.3.5 Fatty Acid Profiles…………………………………………..

41

3.3.5.1 Fatty Acid Methyl Esthers (FAME) perparaion…………

41

3.3.5.2 Determination of Fatty Acid Composition by Gas
Chromatogtaphy…………………………………………

41

3.3.6 Microbiology Tests …………………...…………………….

42

3.3.6.1 Mesophiles and Psychrotrophs………………………….

42

3.3.6.2 Yeasts and Molds……………………………………….

43

3.3.7 Texture Profile Analysis (TPA)….…………………………

43

3.3.8 Histamine Analyses………………………………………….

43

3.3.9 Statistical Analysis………………………………………….

44

Results and Discussions………………………………………...

44

3.4.1 Shelf-life Study 1 (SL-1)…………………………………….

44

3.4.1.1 Proximate composition Analyses ……………………….

44

3.4.1.1.1 Moisture Analyses……………………………….

44

10

TABLE OF CONTENTS (CONTINUED)
Page
3.4.1.1.2 Lipid Analyses…………………………………...

45

3.4.1.1.3 Protein Analyses…………………………………

46

3.4.1.2 Oxidation …………...…………………………………...

47

3.4.1.3 Fatty Acid Profiles…….………………………………...

50

3.4.1.4 Microbiology Tests…….………………………………..

52

3.4.1.5 Texture Profile Analysis .………………………………..

52

3.4.1.6 Histamine Analyses….…….………………………………. 55
3.4.2 Shelf-life Study 2 (SL-2)…………………………………….

55

3.4.2.1 Oxidation………………………………………………..

55

3.4.2.2 Fatty Acid Profiles……………………………………….

56

3.4.2.3 Microbiology Tests……………………………………..

59

3.4.3 Open Package Shelf-life Study (OPSL)…….……………....

59

3.4.3.1 Oxidation……………………………………………….

59

3.4.3.2 Fatty Acid Profiles……………………………………...

60

3.4.3.3 Microbiology Tests……………………………………..

62

Conclusions……………………………………………………..

64

4. Consumer Testing of Albacore (Thunnus alalunga) Rolls with
Different Albacore Meat Levels.…………………………………….….

66

3.5

4.1

Abstract…………………...………………………………….....

66

4.2

Introduction………………………………………………….….

67

4.3

Materials and Methods……………………………………….…

68

4.3.1 Consumer Recruitment and Demographics………………...

68

11

TABLE OF CONTENTS (CONTINUED)
Page
4.3.2 Sample Preparation……………………………………….....

69

4.3.3 Questionnaire……………………………………………….

70

4.3.4 Proximate Composition Analyses…..………………………

71

4.3.5 Histamine Analysis…………………………………………

71

4.3.6 Statistical Analysis………………………………………….

71

Results and Discussions………………………………………...

71

4.4.1 Sensory Attributes…………………………………………..

73

Conclusions……………………………………………………..

82

5. General Conclusions…………………………………………………....

84

References..…………………………………………………………….......

87

4.4

4.5

12

LIST OF FIGURES
Figure
3.1

Page
Oxidation numbers of formulations tumbled with 82% albacore
meat (storage study SL-1)............................................................

48

3.2

Oxidation numbers of formulations tumbled with 88% albacore
meat (storage study SL-1)...……………………………………… 48

3.3

Oxidation numbers of formulations used in storage study SL-2..

56

3.4

Oxidation numbers on formulations used in open-package
storage study.……………………………………..……………..

60

3.5

Mesophile counts detected on treatments used in the openpackage storage study.……………………………………………. 63

3.6

Psychrotrophic counts detected on treatments used in the openpackage storage study ………………………………………….

63

Yeast and mold counts on treatments used in the open-package
storage study …………………………………………………..

64

Consumer response distribution for overall appearance
scores, according to a 9-point hedonic scale……………………

73

Overall liking score distribution, according to a 9-point
hedonic scale…………………………………………………….

74

Flavor rating distribution of albacore rolls, according to a
9-point hedonic scale……………………………………………

75

3.7

4.1

4.2

4.3

4.4

Consumer rating distributions of texture on a 9-point JAR
scale……………………………………………………………… 76

4.5

Consumer rating distributions of moistness on a 9-point
JAR scale………………………………………………………… 77

4.6

Score distributions of saltiness on a 9-point JAR scale…………

77

4.7

Consumer score results of oiliness on a 9-point JAR scale……..

79

4.8

Smoke flavor JAR score distributions, according to a 9-point
JAR scale…………………………………………………..........

79

13

LIST OF FIGURES (Continued)
Page

Figure
4.9

4.10

Distribution of consumers’ willingness to buy albacore rolls
for themselves, according to a 5-point hedonic scale…………..

80

Distribution of consumers’ willingness to buy albacore rolls
for someone else, according to a 5-point hedonic scale………..

81

14

LIST OF TABLES
Table

Page

3.1

Albacore roll formulations used in shelf-life studies.………….

37

3.2

Process used to smoke and cook albacore rolls………………..

38

3.3

Moisture content (%) in treatments used in storage study
SL-1…………………………………………………………….

45

3.4

Lipid content (%) in treatments used in storage study SL-1..…

46

3.5

Protein content (%) in treatments used in storage study SL-1...

47

3.6

Fatty acid profiles of all treatments undertaken during storage
study SL-1………………………………………………....…..

51

Mean textural parameters for all treatments studied in
storage study SL-1……………………………….………….….

53

Pearson correlations between springiness and cohesiveness for
samples from all treatments studied in storage study SL-1 .…….

54

Fatty acid profiles for all treatments undertaken in storage
study SL-2……………...….…………………………………..

58

3.7

3.8

3.9

3.10

Fatty acid profiles of treatments studied during the open-package
storage study……………………………………….…................. 61

4.1

Condensed consumer test results…………………………….…... 72

4.2

Proximate composition of albacore rolls used in consumer test…. 73

1

DEVELOPMENT AND CHARACTERIZATION OF SHELF-LIFE AND
SENSORY PROPERTIES OF RESTRUCTURED ALBACORE TUNA
(THUNNUS ALALUNGA) ROLLS
CHAPTER 1

INTRODUCTION

Seafood consumption has increased steadily from over the past two decades in
the U.S. reaching a peak of 16.6 lb/person/year in 2004 (NOAA, 2007). One of the
reasons for this is the recognition that seafood is a good source of protein, minerals and
lipids, and provides added health benefits from omega-3 fatty acids fatty acids such as
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Nettleton, 1995). In
order to meet the needs of a growing population and provide a low-cost nutritious food
source, increased utilization of low-value seafood cuts and trimmings is of great
importance. For example, albacore tuna (Thunnus alalunga) has high nutritional
properties and a healthy fishery; with an estimated 12,000 metric tons caught off the
West Coast of the United States in 2007 (NMFS, 2007). However, the trimmings from
this fish are currently underutilized and there have been no recent projects or articles
regarding the development of albacore restructured foods.

Restructured meat or fish products are those that use muscle in different
conditions, such as chopped, minced or different-sized chunks. Sausages use mostly
fine-ground muscle, whereas sectioned and formed products use chunks or pieces of
muscle. These products usually are bound together with a creamy protein exudate. Once
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the exudate is obtained, the meat pieces are given a form (e.g., stuffed into a casing or
given a particular shape) and then cooked. Heat-setting of proteins is accomplished by
formation of a gel during cooking that gives cohesion to the product. Most of the
proteins responsible for the gelation process are myofibrillar.
Many projects have utilized transglutaminase for cold-set binding of
restructured meat and fish products. These products are generally not cooked, and the
enzyme must be reported as part of the ingredient statement. Other products use
colloidal binders, such as carrageenans, starches and alginates. One of the aims of this
project was to make albacore tuna rolls by gelation using natural proteins, and to avoid
using binders or enzymes. As myofibrillar proteins are the main protein in fish
(approximately 70% of total protein weight) it was hypothesized that these could bring
about sufficient binding by gelation once heat treatment was applied to products.
Chapter 2 discusses the properties of restructured products. Previous studies
with these types of foods are also reviewed. Additional topics include processing
theory, cured meats, antioxidants and myofibrillar proteins. Finally, consumer trends,
and omega-3 fatty acids benefits are discussed.

The purpose of Chapter 3 was to study shelf-life properties of a recently
developed restructured fish product referred to as albacore tuna rolls. Fatty acid profiles,
oxidation numbers, changes in composition, texture and microbiology were analyzed in
different modalities and time frames. These shelf-life studies showed that albacore rolls
are stable against major changes in oxidation and fatty acid profiles. Composition
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analysis revealed that in albacore rolls, because they include ground meat and whole
tuna muscle, distribution of components tends to be heterogeneous within the product’s
structure. Textural properties showed differences in hardness between samples with
nitrites and samples without them, and there was a correlation between cohesiveness
and elasticity. This part of the project was carried out at the Oregon State University
Seafood Laboratory, in Astoria, Oregon.

The project outlined in Chapter 4 used consumer testing to identify the
probabilities of success an albacore roll might have on the commercial market. Two
albacore roll prototypes processed with different meat levels were tested. Consumer
testing identified customer preferences based on appearance, overall liking, texture,
oiliness, flavor, smoke flavor and salt content. Overall, it was revealed that albacore
rolls have high potential to become a popular commercial food product. This study was
performed at the Oregon State University Food Innovation Center, in Portland, Oregon.
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CHAPTER 2

LITERATURE REVIEW

2.1

Restructured Meat and Fish Products
Albacore tuna (Thunnus alalunga) is an abundant species that migrates to the

U.S. Pacific Northwest during the summer and fall months and provides a resource for
an active coastal fishery and processing operations. Both domestically and
internationally, it is most commonly sold as whole frozen fish. It is also sold as loins,
medallions and canned products. Scarce information has been found on other albacore
products. A few decades ago, albacore “hams” were popular in Asian countries, but the
idea has been abandoned since surimi became a less expensive raw material (Ranken,
1997). Because albacore tuna is plentiful and a relatively affordable fish, this section
considers the making of albacore restructured products. Meat and fish processing
theory, previous works with restructured fish products, as well as new consumer trends
and possible concerns when developing foods will be discussed.
Restructured meat and fish products are usually defined as those that contain
fractions of trimmings, low-value cuts, and ground muscle. The term restructured comes
from the fact that the meat used in the products has been disassembled and reassembled
to form a product similar in appearance to intact muscle. Some of the most common
products are sausages and “sectioned and formed” products, also defined as restructured
meats.
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Restructuring methods should not be considered as a replacement for highquality products from intact muscle, but rather as a way to expand the potential of
muscle foods available in the market (Boles, 1998). There currently exist two main
meat or fish restructuring methods, a hot-set binding system and a cold-set binding
system. The hot-set system uses phosphates, salts, mechanical action and cooking to
enhance and accomplish binding. Cold-set binding systems use polysaccharides and/or
enzymes to bring about binding, without the use of temperature.

Availability of under-valued, raw materials and consumer demand for
convenient seafood products is the impetus for the development of restructured fish
products. The uniform size and shape of formed fish products are desirable for thermal
processing because they contribute to consistency in color and texture after cooking
(Jittinandana et al., 2005).

Restructured products may undergo a tenderizing, tumbling or massaging
process. Meat pieces must then be bound together into a cohesive product, which occurs
during cooking (hot-set restructuring) by gelation of meat proteins solubilized during
processing by the addition of salt (Kerry et al., 2002). In order to enhance cohesion, a
diverse range of binders have been utilized. Many synthetic or natural casings (Gibson,
1988) have been used in order to enclose meat together during the cooking phase.

Tumbling or massaging improves the pliability of restructured products, largely
due to friction created during the mixing and tumbling process. Even though tacky
protein exudates may be present at the surface of muscle chunks, they must be pliable in

6

order to enhance contact. Once the product has become soft and pliable, it is ready for
shaping. Regardless of the shaping process, its main function is to force muscle pieces
into contact so that bonding will take place upon cooking.
Soluble proteins in restructured meats bind together, trapping insoluble
components (including fat) in a stable protein matrix and forming a stable system before
or after heat treatment, depending on whether cold-set or hot-set bonding is used. Coldset-binding agents include alginates, phosphate, sodium caseinate, corn starches, non-fat
dry milk, carrageenan, oat flour, and soy protein (Lauck, 1975; Means and Schmidt,
1986; Gao et al., 1999). Transglutaminase has also been reported widely in restructured
products (Schwartz and Mandigo, 1976; Shao et al., 1999; Téllez-Luis et al., 2002;
Téllez-Luis et al. 2004; Min and Green, 2008).

2.2

Protein Interactions and Gelation Capabilities
Many properties of foods involve the interactions of proteins and lipids. In

meats, emulsification is an interaction of high importance. Due to the presence of
insoluble and hydrophobic regions within proteic structures, proteins have a high oil
binding capacity. Non-polar side chains of proteins are the primary sites of lipid-protein
interactions. Thus, lipids and hydrophobic proteins congregate together, leaving polar
protein fractions facing water molecules. The main components of meats, i.e., water,
proteins and lipids, are regarded as the continuous phase, emulsifier and discontinuous
phase, respectively (Carpenter and Saffle, 1964).
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A protein-meat interface can be defined as the protein layer between meat
chunks that enhances bonding of restructured products. It can be obtained by using
natural proteins from the meat or by adding external “non-meat” proteins, such as soy
isolates, to the mixture. Bonding of natural proteins is normally achieved by salt
extraction. Proteins come from a meat emulsion matrix containing intact chunks or
pieces of meat or from solid pieces of meat that are tumbled or massaged (Krause et al.,
1978). Restructured products are processed in a manner that causes the meat pieces to
bind together in order to produce a consolidated mass (MacFarlane et al., 1977).
Binding is initiated through the mechanical formation of a protein exudate, which may
be found in non-meat additives, meat emulsions, or extractions of myofibrillar proteins
derived from the chunks of muscle themselves (Ishioroshi et al., 1979). Once enough
protein has been extracted, meat binding is induced in a heat-mediated reaction
(Vadehra and Baker, 1970). Heating is the final step in making sectioned and formed
products. Heat causes the tacky exudates to coagulate upon cooling and is responsible
for the ultimate binding of meat muscle (Theno et al., 1978). A final temperature of 5768º C is necessary for protein coagulation. Frequently, the final internal temperature
holding time is extended in order to destroy microbes on the product and increase shelflife. Some studies found that cooking at lower temperatures (even at small 5º C
differences) could render more tender products, with better flavor and appearance
(Bramblett et al., 1959; 1964); however, when lower temperatures are used some
proteins do not coagulate, even after long periods of time (Laakkonen et al., 1970).
Some types of processing require “ramping-up” strategies in order to avoid heat damage
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to the product. These strategies involve a series of cooking stages at different
temperatures, which prevent overcooking of the product on the outside and
undercooking in the interior.

2.2.1 Myofibrillar Proteins
Myofibrillar proteins are contractile proteins that make up myofibrils, which are
muscle cells contained within intracellular fluids known as sarcoplasm. These structural
proteins have a tendency to interact with one another and with non-protein ingredients
by chemical and physical means. Myofibrillar proteins are considered to be the most
important contributor to meat structure binding. Although actomyosin and actin are
essential to binding activity (Samejima et al., 1969), binding depends mostly on the
gelling properties of myosin (Damodaran and Paraf, 1997) and it has been reported that
myosin-poor muscle fibrils show a considerable decrease in binding quality (Fukazawa
et al., 1961). It has been suggested that heat-induced gelation of myosin involves two
main reactions: a) formation of aggregates of globular myosin through disulfide bonds
and unfolding of the tail portion, and b) formation of a myosin network as a result of
non-covalent interactions between tail portions of myosin and unfolding of the helical
tail segment (Zayas, 1997). Smyth et al. (1998), studied the effects of disulfide bonds on
chicken protein gelation, and found that while the formation of these bonds is not a
prerequisite in forming a gel, it does contribute to the strength of the gel network.
Myofibrillar proteins are abundant in fish, contributing up to an estimated 70% of total
protein weight (Park, 2005), compared to 39% of total protein weight in beef.
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Therefore, stronger protein bonds might be created in processed fish products than in
other meat products.
MacFarlane et al. (1977) found that sarcoplasmic proteins in muscles seem to
have a positive effect on binding by interacting with myosin. However, this occurs only
in the absence of salt, which can presumably denature sarcoplasmic proteins. Therefore,
its presence tends to affect negatively synergistic effects on binding strength. Fukazawa
et al. (1961) reported that keeping water-soluble proteins within a meat matrix had little
influence on the binding quality of meat, and they found no differences in binding
quality between sausage prepared from whole muscle and sausage prepared from intact
fibrils.
2.2.2 Mechanical Theory
Mechanical treatment of processed meats is used to improve meat-to-meat
binding and to contribute to the incorporation of fat into a protein matrix. Some of the
most frequent methods used for mechanical action are tumbling and massaging
(Cassidy et al., 1978). These methods can enhance extraction of salt-soluble proteins.
Tumbling is performed in a rotating cylinder known as a tumbler. Tumblers were the
first equipment specifically designed for the production of sectioned and formed
products. They are generally stainless steel drums, and are available in two forms: sideloaded impact and multiple batch tumblers (Pearson and Gillett, 1996). Side-loaded
impact tumblers have baffles which create a free-fall of muscle chunks. Baffles lift meat
as they move upward, and then let the meat fall to the lower parts of the cylinder.
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Impact energy can also be provided by friction of the contents with the baffles (Krause
et al., 1978). This impact creates muscle fiber disruption, which facilitates the
absorption of brine solutions and makes cell membranes more permeable. Increasing
permeability allows proteins to be released from cells and interact more easily with salt
and phosphate.

Multiple-batch tumblers are automated so that the drums are completely
inverted, causing muscle chunks to drop when the container reaches the end of its
rotation. This type of tumbling is known as intermittent, which increases brine
absorption, yields, sliceability and reduces cooking losses. Most tumblers currently
available can pull a vacuum, which opens spaces between muscle fibers, allowing brine
elements to impregnate muscle structure better (Tantikarnjathep, 1983). A vacuum is
also useful as it extracts air from the tumbler, preventing the formation of foam. Foam
is undesirable because it leads to protein denaturation and therefore reduced binding
strength in the sectioned and formed product (Kerry, 2002). Moisture content has been
shown to increase as tumbling time increases (Dzudie et al., 1999). However, if
tumbling time is too extensive, the binding strength of proteins decreases (Nollet et al.,
2006).

2.2.3 Effects of Salt and Phosphates on Protein Solubility
Sodium chloride induces solubilization of myofibrillar proteins, and the
exudates formed by solubilization of proteins with salt during mechanical action serve
as binding agents. It is believed that salt helps to open protein structures by adding more
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ionic strength to the meat matrix. The level of salt employed during tumbling is
important because it influences the amount of exuded protein, which thereby has an
effect on protein aggregation (Ramirez, 2002). Extracted proteins released from cells
become more soluble in the presence of salt and migrate to the meat surface to form a
creamy exudate. Sugar is usually added to processed meats, as it has the capability of
offsetting strong salt flavors. Because of adverse effects of excessive salt on health,
controlling the amount of salt in processed meats is of great importance.

Phosphates are added to processed meats because they create a small shift in the
isoelectric point of meat proteins. Addition of phosphate not only raises the pH of the
meat mixture, causing a shift away from the pI of myofibrillar proteins, but also
increases the total negative charges on the myofibrillar proteins (Lin and Lin, 2002).
When meat is at its natural isoelectric point, around 5.5, moisture retention is at its
minimum, but once phosphates are added more water can penetrate protein structures.
Water must be present in sufficient amounts in order to interact with proteins and to
penetrate muscle fragments in restructured meats during tumbling.
Finally, phosphates have a chelating function in meat products. By chelating
metal ions that act as catalyzers for oxidation, phosphates can delay or prevent
oxidation for a certain time (Cheng and Ockerman, 2003). Craig et al. (1996) reported
that treatments with 0.3% phosphate had less off-flavor and less hexanal after three days
of refrigerated storage, as compared to treatments without phosphate.
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Overall, salts and phosphates increase protein binding strength and decrease
cooking losses, and it has been shown that the greatest effects are obtained when these
components are used together in restructured products (Siegel et al., 1978).

2.3 Smoke and Cooking Theory
The preserving effect of smoke on meat and fish has been recognized for
thousands of years. Smoking impregnates food with many compounds that produce
changes in color, odor, and taste, thus giving additional sensory value to fish and meat
products. In particular, the smoking process is often coupled with other treatments, such
as salting, packaging techniques, and chilled storage, to produce synergistic effects
against spoilage microorganisms and increase shelf-life (Muratore and Licciardello,
2005).
The primary purposes of smoking meats and fish are: a) to develop aroma,
flavor and color; b) to create and preserve new products; and c) to provide protection
from oxidation. Smoking and creation of new flavors through smoking has led to the
development of a variety of unique food products. Although many products undergo
heavy smoking, the current tendency is to reduce the amount of smoke in foods or to
obtain new sources of smoke due to the presence of carcinogenic compounds in it
(Lawrie, 1998). Smoking and cooking are usually performed together and are involved
in the development of color. Furthermore, heating serves to stabilize color produced
during the curing process. The Maillard reaction is responsible for development of the
characteristic brown color on the surface of smoked products. This involves the reaction
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of free amino groups of proteins (or other nitrogen-containing compounds) with
carbonyl groups from sugars or other carbohydrates. As carbonyl compounds are the
major components in wood smoke, these play a great role in browning reactions during
smoking.
The most common chemical components found in wood smoke include phenols,
organic acids, alcohols, carbonyls, hydrocarbons, and some gaseous components such
as carbon dioxide, carbon monoxide, oxygen, nitrogen, and nitrous oxide (Pearson and
Gillett, 1999). About 20 phenols from wood smoke have been isolated and identified.
Just as phenols from plant extracts, smoke phenols have antioxidant effects, though they
also contribute to preservation with their bacteriostatic effects (Coronado et al., 2002).
Smoking of products has been shown to reduce the number of surface bacteria and
extend shelf-life. Removal of surface moisture during smoking also retards and reduces
bacterial growth.

2.4

Nitrites, Oxidation and Cured Meats
Curing of meats involves treatment of meat with sodium chloride and sodium

nitrite, often in combination with ascorbic acid (Ledward et al., 1992) to inhibit
microbial spoilage. The preservation of meat resulted from the necessity to keep food
for extended time periods for later consumption in seasons of short supply. It was
noticed that fresh meat could be maintained in good shape by treatment with a salt
solution or packing in dry salt. It was also found that using too much salt could result in
the formation of unattractive colors. Eventually, nitrite salts were discovered and
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became the preferred additive, as they provided a special color and flavor to meats.
Nitrite has four main functions in curing of muscle foods: a) stabilizing color of lean
tissues; b) contributing to characteristic flavors of cured meats; c) inhibiting growth of a
number of spoilage and pathogenic microorganisms including Clostridium botulinum;
and d) retarding the development of rancid flavors. In addition, the Center for Disease
Control has reported that since nitrite has been used in the meat curing process,
botulism cases have not been associated with these products (Kilic et al., 2002).
Lipid oxidation is a major cause of meat flavor deterioration. It is also
responsible for changes in color, texture, mouthfeel and nutritional value. It can occur
during various phases, such as processing, storage and heat treatment (Riznar et al.,
2006). Whether the product is cooked or raw, lipid oxidation will very likely occur with
time (St. Angelo., 1992). Cooked products are more prone to oxidation due to the
destruction of natural antioxidants, damage to cell walls and exposure of membrane
lipids (Ahn et al., 1993; Ahn et al., 1999). Lipids in muscle tissues vary from one
species to another, and therefore are responsible for species-specific flavors in cooked
meats. Major proposed initiators of lipid oxidation include singlet or triplet oxygen and
free radicals (hydroxyl, porphyrin cations, among others). Singlet oxygen oxidation is
very rapid in foods containing compounds with double bonds due to the low activation
energy of the chemical reaction. The oxidation rate of linoleic acid with singlet oxygen
is 1450 times greater than with triplet oxygen (Lee et al., 2003). As the main targets of
singlet oxygen are polyunsaturated fatty acids (Pokorny, 2007), lipid oxidation in fish
products is a major concern.
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In addition to lipids, oxidation can also be detrimental to proteins. Proteins react
with oxidized lipids by 2 different mechanisms: 1) reactions with free radicals produced
by cleavage of hydroperoxides (primary oxidation products), forming protein free
radicals and subsequent formation of polymers and protein scission, and 2) reactions of
secondary products from lipid oxidation (aldehydes, ketones, epoxydes, carbonyl
compounds) with amino groups causing cross-linking (Frankel, 1998). A major
secondary product from lipid oxidation is malonaldehyde (MDA). This substance can
react with proteins, phospholipids, and nucleic acids, producing covalent links and
cross-linking of large molecules (Crawford et al., 1967; Tironi et al., 2002).

Heme proteins and related products, as well as transition metals, have been
implicated in meat lipid oxidation. Because of heat processing, heme compounds in
untreated meats are rapidly oxidized and produce ferrous and ferric ions. However,
cured meats develop nitric oxide from nitrite, which reacts with myoglobin and iron
ions, and suppresses meat flavor deterioration (Kerry et al., 2002). By inhibiting
unsaturated fatty acid oxidation and formation of secondary carbonyl compounds in
cured products, the generation of volatiles is greatly reduced, as compared to uncured
meats.

2.5

Previous Studies with Restructured Fish Products and Fish Sausages
Though most work on sectioned and formed products has been carried out with

pork and beef, several reports exist on fish sausages and minced fish. There are very
few reports on restructured fish products by hot-set binding.
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2.5.1 Texture and Gelation
In order to evaluate the relationship between texture and mixing time in fish
products, Abide et al. (1990) investigated changes in textural properties of fried catfish
products at three different mixing times: 1 min, 5 min and 9 min. Using an Instron
texture analyzer, it was found that as mixing time increased the catfish products
hardened and became more elastic. In concordance with instrumental data, sensory
panels determined that the product became chewier with increased mixing times.
However, when shorter mixing times were used, the final product exhibited reduced
binding strength. These results indicate the importance of determining the optimum
mixing time for a specific fish product.
A study on the use of gelling agents during production of squid gels was
conducted by Gomez-Guillén and Montero (1997). The squid muscle texture was
altered by the addition of hydrocolloids or proteins, using two salt levels (1.5% or
2.5%) and three moisture levels (72, 76 and 78%). The non-muscle proteins that were
investigated included egg-white, soy protein, casein and gluten, while hydrocolloids
were in the form of starches and carrageenans. Results showed that stronger gels could
not be created using higher salt levels or a combination of colloids with non-muscle
proteins. However, combinations of starches, carrageenans and a non-muscle protein
could render highly pliable gels, with high folding capabilities. Lower salt levels usually
provided gels with equal folding capabilities as the higher salt level gels. Gel strength
increased as moisture decreased, but only to a certain point (from 76 to 78%). Gels with
72% moisture were softer than those with 76%, presumably due to competition for
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water between muscle proteins and added ingredients. These conclusions show that a
balance of moisture levels is needed in order to attain acceptable textures.
Uresti et al. (2003) made restructured sole (Cyclopsetta chittendenii) muscle
products using six levels of low-methoxyl amidated pectins (0-5%). Texture results
showed that gel strength and breaking force for gels without pectin were lower than
formulations with 1% pectin. However, formulas with more than 1% pectin showed
decreased strength and breaking force. Higher levels of pectins may cause negative
effects on mechanical properties due to hydrocolloid swelling or by modifications of
native muscle structures by pectin-pectin interactions. Swelling of pectins can reduce
the amount of moisture available, which could increase competition for water and
induce a disruptive effect (Gomez-Guillen and Montero (1997). Overall, these studies
have shown that reducing water below an optimal level can have negative effects on
textural properties.
The possibility of restructuring scallops using transglutaminase or alginates was
studied by Suklim et al. (2004). In the case of transglutaminase, scallops were mixed
with the enzyme suspension. For the alginate system, scallops were mixed with
phosphates and a slurry containing alginates and calcium, each of them at 0.75%. The
mixtures were transferred separately to cylinders (molds), where they were allowed to
sit at 5ºC for 2 to 24 h. Textural analyses were performed using flat compression plates
with the purpose of analyzing binding strength. These included apparent modulus of
elasticity (the slope of the stress-strain curve before the initial yield point) and secant
modulus at 5, 10 and 20% of strain. Results indicated that significant differences existed
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between measurements for modulus of elasticity for different time records for both
systems. Alginate systems resulted in stronger gels until 2 h, and thereafter the binding
strength declined. As for transglutaminase, protein binding strength increased with time,
as determined by the elasticity modulus.
Wiles et al. (2004) investigated restructured catfish products using six
experimental variables: belly flap, non-washed mince, washed mince, mince/rice flour,
mince/tapioca flour, and mince/locust bean gum. Texture measurements were
performed using texture profile analysis and a Kramer Shear force device. It was
concluded that the washed samples, which were higher in moisture, had significantly
less strength. This was likely due to the loss of sarcoplasmic proteins, which are known
to facilitate the setting of proteins (MacFarlane et al., 1977). Hardness of non-washed
mince and washed mince gels was higher than samples that had added binding agents.
No explanation was offered as to why this might have been, though there may have
been some interference from polysaccharides competing with water for proteins.
Moisture content in samples containing binders was not significantly different from the
samples with washed mince. Since washing of fish muscle can affect textural properties,
obtaining fish muscle as clean as possible should be a priority when trying to develop
products with acceptable texture. Fish muscle with few contaminants, such as scales or
skin fragments will need less washing, thus leaving fish muscle more intact.
Ramirez et al. (2007a) developed restructured fish products using species from
the Gulf of Mexico. With salt levels of 0.01 and 0.02%, and transglutaminase and whey
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protein concentrate as binders, they developed sausages from minced striped mullet.
The use of transglutaminase with 0.02% salt resulted in stronger gels than when 0.01%
salt was used. Cohesiveness and springiness also increased with the higher salt level.
Whey protein concentrate did not provide such strong, cohesive or elastic gels as
transglutaminase, though using higher salt levels with whey protein provided increased
texture parameters. This same group of researchers reported the development of
restructured fish products using Mexican flounder and striped mullet (Ramirez et al.,
2007b). Fillets from both kinds of fish were obtained and minced separately. The effects
of two salt levels and transglutaminase were studied on three fish modalities: Mexican
flounder (Cyclopsetta chittendeni), striped mullet (Mugil cephalus) and a mixture of
both fish minces. It was found that increasing salt levels could improve the
cohesiveness of striped mullet products, but otherwise had no effect on the other fish
gels. Springiness decreased for striped mullet as salt level increased. Salt levels made
no difference in cohesiveness for Mexican flounder, and springiness decreased slightly
with higher salt levels. The mixture of multiple fish species resulted in products with
lower cohesive and springiness, which suggests that the proteins were not very
compatible or that they interfered with the setting process. These findings suggest that
mixing of different fish proteins may result in lower quality products. This reduction in
quality may be due to incompatibility of fish proteins due to differences in charges.
Also, as textural properties may be affected by increases in salt, it is important that
accurate amounts of salt be determined.
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2.5.2 Microbiology Tests
Microbiology in fish processing is of great importance. Fish and meat in general
can become seriously contaminated if they are subjected to abuse storage, when
microflora is allowed to reproduce. Because fish are kept at low temperatures,
psychrotrophic bacteria are a threat to safety of the product. Another source of
contamination is due to contact with handlers or equipment with poor sanitation
standards. Bacterial growth affects shelf-life of the product. Major steps where
microbes can be controlled are smoking and cooking, though tumbling has shown to
reduce microbial populations slightly.
Fish sausages made from striped marlin (Makaira audax) and skipjack tuna
(Katsuwonus pelamis) were reported by Hing et al. (1972). Fish mince was mixed with
corn starch, spices and nitrites (7 ppm). The mixture was stuffed into polyvinilidene
chloride (impermeable) casings, and cooked to an internal temperature of 82ºC. The
sausages were then cooled in ice water until the internal temperature reached 70ºC.
Thereafter, sausages were separated into four groups that were stored at different
temperatures (-18, 1.6, 7.2 and 28.3ºC). Microbiological shelf-life studies lasted for 26
weeks and total viable aerobic bacteria were counted. Bacteria populations did not rise
above 300 CFU/g (colony forming units per gram) for samples held at the three lowest
temperatures. However, in samples stored at 28.3ºC, bacterial counts surpassed 106
CFU/g by the fourth week of study, though no noticeable signs of spoilage were
reported until week eight. This study shows that low temperatures play a critical role in
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controlling bacterial growth, and that it is possible to make muscle products at low
nitrite concentrations.

Vallejo-Cordoba et al. (1987) worked with frankfurters made from either pork or
ling cod. Each formulation was divided into two batches, which were supplemented
with soy hydrolysates. Samples were stuffed into cellulose casings. Pork frankfurters
were cooked in a 3-stage smoking process, after which they entered a shower phase and
then were kept at 4ºC overnight. Fish frankfurters were cooked with steam to a core
temperature of 80ºC, and showered with cold water. All frankfurters were removed
from casings and stored in aerobic or anaerobic conditions at 25ºC. Microbial tests were
performed on frankfurters at several time points. Frankfurters supplemented with soy
hydrolysates always had lower bacterial counts than their non-supplemented
counterparts. Regardless of oxygen availability or hydrolysate supplements, fish
frankfurters lasted only eight days, likely due to the fact that they did not go through a
smoking process. Thus, this study reaffirms the importance of smoking products, as
well as the greater hygiene of products stored in anaerobic conditions.

Bacteriological evaluations on catfish tumbled with egg white protein were
performed by Yetim et al. (1996) in order to determine if mechanical processing prior to
cooking had an effect on bacterial populations. They also studied the destruction of
thermophiles by stuffing some samples into 4 cm fibrous casings, and cooking them to a
core temperature of 77ºC. Samples were divided into four batches, two of which were
tumbled for 12 h at 6ºC, and two which were held at 6ºC with no tumbling. The effect
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of egg white addition was evaluated for each group. Aerobic and psychrotrophic counts
were significantly different when egg white was added, but the difference was not of
practical significance to the industry, as numbers were still above 106 CFU/g.
Thermophiles were detected only in cooked samples, which contained less than 100
CFU/g of catfish. The results from uncooked tumbled samples suggested that microbial
load could be reduced with improved distribution of the cure. Although tumbling alone
may not reduce microbial loads sufficiently for food safety purposes, it may help to
reduce the necessary cooking times required for adequate food preservation.

Preserving fish sausages with nisin, a strong anti-microbial agent, was attempted
by Raju et al. (2003). They tested four treatments (0, 12.5, 25 and 50 ppm nisin) stored
at two temperatures (6 and 28ºC). Fish muscle was separated by a reciprocating
machine and then minced. The mince was mixed with spices and nisin for 12 minutes at
15ºC, stuffed into krehalon casings, and heated at 90ºC for 45 minutes. Shelf-life was
evaluated until the samples became spoiled. Sausages held at 28ºC became spoiled after
2, 10, 18 and 22 days in the case of the control, 12.5, 25 and 50-ppm nisin treated
samples, respectively. Sausages held at 6ºC became spoiled after 30, 50, 85 and 150
days for the control, 12.5, 25 and 50-ppm nisin-treated samples, respectively. Even
though nisin addition enhanced the preservation of samples at 28ºC, the combination of
nisin with lower temperatures was far more effective. Samples kept at 6ºC with 50 ppm
nisin never reached counts above 106 CFU/g.
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African catfish (Clarias gariepinus) sausage was produced by Oksuz et al.
(2008). A batter with minced catfish, olive oil, salicylic acid and spices (~15% of the
formulation) was prepared and then stuffed into natural cow casings. Sausages were
stored at 4 and 22ºC. Sensory, microbiological and compositional analyses were
performed on the sausages. Samples kept at 4ºC had major reductions in moisture
content, going from 80% to approximately 35% over a period of 70 days. Sausages held
at 22ºC exhibited even greater reductions in moisture content, going from 80% to
approximately 20% over the same time period. The microbiological analyses that were
performed on these sausages included total viable mesophilic and psychrophilic
bacteria, total mold and yeast count, and total viable Enterobacteriaceae for both
temperatures. None of the samples surpassed 102.5 CFU/g throughout the entire time
period. This suggests that the loss of moisture contributed to keeping microbial counts
low. Also, salicylic acid addition reduced the pH to 5.5, which may have helped to
maintain low microbial growth. The high percentage of spices in the formulation also
likely helped to prevent microbial counts from rising.
2.5.3 Control of Lipid Oxidation
The effects of rosemary, tocopherol and butylated hydroxyl-anisole (BHA) on
lipid oxidation in frozen-crushed bonito were studied by Wada and Fang (1992).
Samples were divided into five treatment groups: 1) control, 2) rosemary and
tocopherol, 3) tocopherol, 4) rosemary and 5) BHA. Oxidation was monitored with
TBARS. Antioxidants were dissolved in hexane and then added to the frozen-crushed
bonito muscle. Samples were stored at 30ºC and analyzed for six days. During those six
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days, the rosemary-tocopherol mixture proved to have the best anti-oxidation effect.
Regardless of the treatment, all samples surpassed 100 mg of malonaldehyde (MDA)
per kilogram of sample by day 2 of the experiment.
The effect of a rosemary extract, Tert-Butylhydroquinone (TBHQ) and ascorbic
acid on cooked grey trout flakes was studied by Boyd et al. (1993). The fish were gutted
and cleaned before being placed on trays, where they were pressure-cooked to an
internal temperature of 71ºC. Fish flakes were manually separated and dipped in chilled
water solutions containing: (1) no antioxidant, (2) TBHQ and ascorbic acid, (3)
rosemary extract, or (4) a combination of TBHQ, ascorbic acid, and rosemary extract.
Samples were stored for 90 days at -20ºC, with an extra control sample stored at -70ºC.
Samples treated with rosemary extract showed significantly higher oxidation numbers
than those treated with the other antioxidants. Even though the treatment with all three
antioxidants was less oxidized than the one with only TBHQ and ascorbic acid, there
were no significant differences between the two treatments. All antioxidant-treated
samples were significantly less oxidized than the control samples. The control stored at
-70ºC had a significantly lower oxidation value than the control stored at -20ºC. As all
treatments resulted in oxidation numbers below 1 mg MDA per kg of fish flakes, these
antioxidants proved to be successful in preventing development of rancid flavors. Thus,
the use of antioxidants combined with lower temperatures can be of great help in
slowing oxidation rates.
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Clark et al. (1999) worked with canthaxanthins (CX), which are carotenoids
with high antioxidant activity, in a liposome model and in minced trout patties. Lipid
oxidation was measured using TBARS method. The liposome model had a thin layer of
lipids and three different concentrations of CX (0, 5 and 10 µM CX). Liposomes were
incubated at 37ºC for 2.5 hours. Throughout the 2.5 hour period, oxidation rose from
nearly 0 mg MDA per kg of sample to 0.12, 0.10 and 0.08, for 0, 5, and 10 µM CX,
respectively. In the case of the minced trout patties, the effect of CX on lipid oxidation
was studied in patties kept at different temperatures (4 and -20ºC). Minced trout was
obtained by filleting trout fish and passing fillets through a grinder. Patties weighing
approximately 25 g were formed and packed in oxygen-permeable film. Patties were
held at either 4ºC for six days or -20ºC for 24 weeks. In the first trial with the patties
kept at 4ºC, there was no significant effect of CX addition over the course of six days.
However, when the experiment was repeated, patties supplemented with CX showed
much lower oxidation numbers than those without CX. In both trials with the patties
stored at -20ºC, oxidation numbers were lower in samples containing CX. However, the
first trial showed a linear relationship between oxidation and time, whereas the second
trial showed no differences in oxidation until after week 12. The maximum oxidation
value reached in both systems was approximately the same. These results suggest that
lower temperatures can help to slow oxidation in restructured fish products.

Tang et al. (2001) worked on lipid oxidation control in raw minced mackerel
and whiting patties. Fish was passed through a 4 mm grinding plate and then subjected
to one of three treatments: 1) 300 mg of tea catechins per kg of minced fish, 2) 300 mg
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of alfa-tocopherol per kg of minced fish, and 3) no antioxidants (control). Minced fish
was thoroughly mixed with antioxidants and formed into patties, which were then
wrapped in oxygen-permeable film. Samples were placed under fluorescent light for ten
days at 4ºC. Oxidation and fatty acid profiles were monitored every three days. Whiting
patties were found to have a larger percentage of polyunsaturated fatty acids as
compared to the mackerel patties, but the total amount of lipids in each species was very
different, with whiting lipids barely above 1% and mackerel around 18%. Mackerel
oxidation numbers rose very quickly during the ten day period compared to whiting.
Whiting oxidation numbers did not surpass 1.55 mg MDA/kg of sample during the ten
days of experiments. Whiting samples treated with tea catechin and tocopherol showed
reduced oxidation numbers as compared to the control. However, the mackerel control
and tocopherol-treated mackerel sample became greatly oxidized, both reaching values
over 20 mg MDA/kg of sample. Oxidation levels of mackerel patties treated with tea
catechin rose at a slower rate and remained below 10 mg MDA/kg. A comparison of the
results for mackerel and whiting patties indicate a direct relationship between lipid
levels and oxidation rates. The importance of knowing the lipid content and how to
prevent its oxidation is highlighted by these findings.

The effect of antioxidants in preventing lipid oxidation in horse mackerel mince
has also been studied (Sánchez-Alonso and Borderías, 2008). Mince was mixed with
three levels of grape seed antioxidant dietary fiber (0, 2 and 4%), placed in aluminum
trays, frozen and then stored in bags. TBARS values were measured for 6 months and
never surpassed 2 mg MDA per kg of minced fish. The control showed the highest
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TBARS values throughout the storage time. TBARS values for samples treated with 2
and 4% grape antioxidant increased at a slower rate, with no significant differences
between these two levels. This study emphasizes the fact that the addition of more
antioxidants to a food system may not necessarily render greater antioxidative
protection.

Vacuum-packaging is also an effective way to slow down oxidation. By
providing a barrier that is highly impermeable to mass transfer between the interior and
exterior of the package, oxidation can be controlled. One of the most common packages
for cured meats is polyethylene. Many studies have been performed in the past using
vacuum-packaging and modified atmospheres (Nolan et al. 1989; Sánchez-Escalante et
al., 2003); Santos et al., 2005; and Seydim et al., 2006).
2.6 Value-Added Albacore Products
Tuna fisheries in the Pacific are currently managed by international bodies
according to stock distinctions that generally coincide with the distribution of the major
fisheries. For example, yellowfin, bigeye, and skipjack tunas have been assessed as
Eastern Pacific and Central-Western Pacific, while the more temperate albacore and
bluefin tunas have each been separated into North and South Pacific stocks. While
maximum allowable catch quotas have been imposed on bigeye and yellowfin tunas,
there have been no quotas set for albacore (Fishery Management Plan, 2008).
Albacore tuna are harvested commercially off the U.S. West coast using troll
and hook-and-line gear. Postharvest treatment of albacore will often determine the
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quality and price of the fish. The majority of the captured fish are frozen at sea. Higher
valued fish have been bled immediately after capture and blast frozen whole as quickly
as possible. Brine frozen albacore are considered lower quality and usually receive a
lower ex-vessel price. Where the fish are ultimately sold depends on market demand
and in general, one-third of the frozen fish are sold overseas to the Spanish market, onethird to traditional large canning operations and another third for use in West coast
operations such as micro-canners or frozen fillets. However, cured fish products are not
very common in the U.S. market. Even though albacore products, such as sausages and
rolls, were once widely available in Asian countries, primarily Japan and Korea, they
have been replaced by surimi products (Ranken, 1997).
2.6.1 Consumer Trends
As the population in the United States ages and becomes more ethnically
diverse, the volumes and types of foods preferred can be expected to shift. For example,
older generations tend to eat out less often and prefer different foods than young adults.
An increasing proportion of elderly in the population, therefore, will have implications
for the types of foods demanded. Likewise, different ethnic subpopulations have some
distinct food preferences. Health, taste, and convenience are the factors driving changes
in the consumption of foods (Lin et al., 2003).
Although beef continues to dominate the protein food market share, its
consumption has declined during the last 25 years, along with pork. The consumption of
chicken, turkey, fish, and beans, however, has increased, reflecting a trend for low-fat,
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high-protein food sources. Consumers in many parts of the world will likely continue to
demand new food products, new packaging, more convenience, safer and more
nutritious foods (Blisard et al., 2002).

In response to shifts in consumer demand, different sectors of the food industry
are competing to identify and provide a greater variety of processed and value-added
products. The food service industry has benefited from Americans’ desire for
convenience. The retail food industry, however, is now responding to the new
challenges by offering consumers a variety of processed, ready-to-cook, and ready-toeat foods (Davis and Stewart, 2002).

Health-conscious consumers are driving increases in sales of organic and natural
food products. Specialized retailers, such as natural foods supermarkets, are benefiting
from this trend. Natural foods supermarkets offer products that undergo less processing
and are frequently free of preservatives, hormones, and artificial ingredients. These
stores are larger than traditional health food stores and offer a broader number of
departments, similar to traditional supermarkets (Davis and Stewart, 2002).

Several factors are driving changes in consumer trends towards convenience and
ready-to-eat foods, including the increased participation of women in the workforce, the
rising value of time, and the increasing inequality of income distribution, which has
likely divided consumers into “price-oriented” and “quality-driven” groups (Senauer,
2001). In the last two decades, widespread but inconsistent claims and advertisements
increased public recognition of the intrinsic connection between nutrition and health. As
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a consequence, regulations and advertising policy were subjected to significant changes.
The percentage of consumers that claimed they paid attention to nutrition labels rose
from 68% in 1982 to 79% by 1990 (Economic Research Service, 1999). By 2001, 88%
were concerned about the nutritional content of their food.

2.6.2

Benefits of Omega-3 Fatty Acids
There has recently been a surge in interest, both among the public and

professionals, regarding the health effects of the omega-3 fatty acids docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA). The main source of these fatty acids in
the human diet is from marine fish. Studies have concluded that omega-3’s are strongly
associated with a reduced risk of sudden death among men without evidence of prior
cardiovascular disease (Albert et al., 2002). Low levels of fish intake have been
associated with antiarrhythmic properties (Kang et al., 1996). There is some evidence to
suggest that omega-3’s have an effect on reducing cancer risk (Theodorateu et al.,
2007), as well as helping prevent age-related maculopathy (Chua et al., 2006), and
depression (Féart et al., 2008). Omega-3’s also contribute to improving circulation and
heart rates (Erkkilä et al., 2006), and improving conditions of people suffering from
nervous (Schlanger et al., 2002 ) and skin disorders (Mayser et al., 2002), among others.
EPA and DHA intakes are significantly below amounts that have been
recommended by different countries and agencies, as well as by nutritionists in the
United States. The average intake of total omega-3 fatty acids in the United States is
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~1.6 g/d. Of this, α-linolenic acid accounts for ~1.4 g/d, and only 0.1 to 0.2 g/d comes
from EPA and DHA. A number of countries as well as the World Health Organization
and North Atlantic Treaty Organization have made formal population-based dietary
recommendations for omega-3 fatty acids. Typical recommendations are 0.3 to 0.5 g/d
of EPA and DHA combined and 0.8 to 1.1 g/d of α -linolenic acid, which are well
below the current intake of these omega-3 fatty acids (Kris-Etherton et al., 2002). An
increase of poly-unsaturated fatty acids (PUFA) through increased fish consumption
would compliment the current dietary recommendations to reduce saturated fatty acid
intake and get closer to defining the ideal fatty acid profile of a diet that achieves the
optimum health benefits (Kris-Etherton, 2000).

2.7

Conclusions
Restructured meat and fish have been made into a wide variety of products, such

as sausages and sectioned and formed muscles. Sectioned and formed muscle products
can be produced by hot or cold-set bonding. Cold-set bonding uses enzymes, whereas
hot-set bonding uses protein exudates to make pieces turn into a cohesive unit or
structure. Myofibrillar proteins are indispensable for these purposes. Extraction of
proteins is usually done under vacuum, using a tumbler or massaging machine. To
enhance the protein exudates, salt and phosphates are used. Salt and phosphates are
known to interact and increase ionic strength, which separates muscle fibers, allowing
proteins to be extracted. Phosphates shift pH of proteins away from their isoelectric
point, which allows proteins in meat and fish to increase their interaction with water,
therefore augmenting the solubility of proteins.
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As consumer trends are shifting towards more natural, healthier and organic
products, fish consumption has increased along with other products. Albacore tuna is a
fish with high nutritional value due to its protein and omega-3 fatty acid content.
Currently, most of it is sold as canned products or fresh loins. The production of
albacore tuna rolls may help meet increasing demands for nutritious, ready-to-eat foods.

Many studies have reported work with fish sausages and cold-set binding of
sectioned and formed foods, with recent projects focusing on scallops, trout or flounder.
Many of these use transglutaminase and other binders, such as carrageenans or
alginates. However, no scientific publications have been found regarding the use of
albacore tuna in restructured products. Determination of shelf-life parameters and
sensory characteristics of new albacore-based products could assist local processors in
developing new value-added fish products that would benefit the consumer and local
economies.

33

CHAPTER 3

Changes in Compositional, Chemical, Textural and Microbial Qualities Of
Albacore Tuna (Thunnus Alalunga) Rolls Over Time

3.1

Abstract
The purpose of this study was to determine changes in composition, texture,

microbiology, omega-3 fatty acid content and oxidation in albacore tuna (Thunnus
alalunga) rolls during refrigerated storage. Albacore tuna rolls were developed using
three different treatments: sodium tripolyphosphate (STPP), STPP plus nitrites, and
STPP plus nitrites and rosemarinic acid) at albacore meat levels of 82 and 88% (Alb82
and Alb88). Shelf-life studies were carried out on albacore rolls packed in vacuumsealed bags and held at 1.5°C for 52 days (SL-1) and 120 days (SL-2). The rolls showed
small differences in composition over time. In general, oxidation numbers and omega-3
fatty acid content did not vary greatly. Microbial growth throughout SL-1 and SL-2
remained at very low levels. Textural studies showed that Alb88 rolls displayed less
cohesiveness and springiness than Alb82 products. Hardness was not significantly
different between Alb82 and Alb88. A third study was performed to determine shelf-life
of the albacore rolls vacuum packed and held at 1.5ºC for 1 month and then opened and
stored over 44 days at 8ºC to simulate home refrigerated storage. Microbial growth was
not detected until day 15 and psychrotrophic bacteria appeared in higher numbers than
any other group tested. Oxidation and omega-3 fatty acid content remained stable until
day 37 and fatty acid composition remained stable throughout the storage period.
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3.2

Introduction
A major concern in the storage of fish and meat products is food stability.

Concerns about stability include drip-loss, microbial stability and oxidation. Meat and
fish products are usually stored at low temperatures. Even though many of these have
been heat processed, some of them do not reach processing temperatures that ensure
long-term shelf-life stability, as with canned products. Thus, it is likely that microbial
populations may begin to rise over time. Microbes can find themselves in an
environment suitable for growth, where heat damaged cells can find nutrients to help
them regenerate and reproduce.
Although oxidation is not a major concern in vacuum-sealed packages, it can
rapidly accelerate as soon as products are exposed to air. Oxidation of fish products can
affect appearance, flavor, texture and mouthfeel. Oxidation can occur at a relatively fast
rate in fish, due to the presence of high levels of long-chain polyunsaturated fatty acids
such as eicosapentaenoic and docosahexaenoic fatty acids (Kaitaranta, 1992). Lipid
oxidation can be inhibited by the use of antioxidants, such as phosphates and nitrites
and even smoke. Rosemarinic acid is a strong antioxidant derived from rosemary
(Rosmarinus officinalis) which has been used previously in product development and
shelf-life projects due to its antioxidant activity (Tysen et al., 2006; Smith et al., 2008).
Previous studies on restructured fish products have reported that factors such as
pH and tumbling conditions can have a positive effect on extending shelf-life. For
example, Karmas and Lauber (1987), developed extruded products out of Whiting
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(Merluccius bilinearis) mince. Products were air-dried after extrusion, followed by a
pre-cook and fermentation process. The reduced pH resulting from the fermentation
extended shelf-life. Yetim et al. (1996), studied the effects of tumbling on microbial
counts, as well as destruction of thermophiles by cooking techniques. Thermophillic
counts remained below 100 CFU/g after 48 hours, though no extended shelf-life study
was undertaken. Although many studies on restructured fish have taken place, such as
Beltran-Lugo et al. (2005), Baxter et al. (2006), few have studied the shelf-life
characteristics of their products. Most shelf-life studies have been undertaken on fish
fillets, but not on restructured fish products. No studies examining restructured albacore
products have been found.
Albacore rolls were recently developed at the Oregon State University Seafood
Laboratory, but shelf-life studies have not been undertaken. The focus of this study was
to evaluate the effect of different treatments including nitrites, rosemarinic acid and two
albacore meat levels on the shelf-life properties of the newly-developed albacore tuna
roll product. Proximate composition, oxidation, omega-3 fatty acid content,
microbiology and texture were analyzed over time for each treatment group.

3.3

Materials and Methods
The following methods were used in three shelf-life studies. Two sealed package

studies (SL-1 and SL-2) and one open package shelf-life (OPSL) study took place over
different time periods. SL-1 was carried out for 52 days on albacore rolls tumbled in
six different formulations described in Table 3.1. During the SL-1 storage study,
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proximate composition, oxidation, fatty acid profiles, texture and microbiological
characteristics were monitored. The SL-2 storage study was carried out for 120 days on
albacore rolls tumbled with three different formulations (Alb82-P, Alb82-PN, and
Alb82-PNR, as described in Table 3.1). It was undertaken to confirm oxidation, fatty
acid profile and microbiological findings of SL-1, and extend the shelf-life parameters.
Albacore rolls for SL-1 and SL-2 were held at 1.5ºC for both studies. During the OPSL
study, rolls were held at 8ºC in a commercial refrigerator until the samples reached
bacterial counts greater than 106 CFU/g. The batches of albacore rolls used in SL-2
were also used for OPSL. Prior to the beginning of OPSL, albacore rolls were vacuumpacked and held at 1.5°C for 30 days. Two packages from each treatment were used in
OPSL, one for microbiological testing and one for oxidation and fatty acid profiles.
3.3.1 Preparation of fish
Forty frozen albacore tuna were purchased from Bornstein Seafoods in Astoria,
OR, and transported to the Oregon State University Seafood Laboratory, where they
were kept at -30º C until use. Prior to use, albacore tuna were taken out of the freezer
and allowed to thaw overnight at 1.5ºC. They were then skinned and loined. Trimmings
were set aside and the loins were cut length-wise in 5 cm increments. In order to
randomize piece distribution and account for possible variations in composition, pieces
from all fish were mixed together manually for 5 min. Pieces were then transferred to
bags and held on ice until preparation of albacore rolls started. Trimmings were passed
through a half inch grinding plate in an American Eagle AE-G12N (San Francisco,
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California) 1 hp grinder. Ground meat from the trimmings was then mixed with the 5
cm pieces in a 1:3 proportion.
3.3.2 Preparation of Albacore Rolls
Formulations of the albacore rolls are described in Table 3.1. Total batch size for each
treatment was 9.5 kg.

Table 3.1 Albacore roll formulations used in shelf-life studies.
Treatment
Description
Alb82-P
82% albacore meat mixture, 0.3% STPP
Alb82-PN
82% albacore meat mixture, 0.3% STPP, 150 ppm nitrates
Alb82-PNR
82% albacore meat mixture, 0.3% STPP, 150 ppm nitrates, and 38
ppm rosemarinic acid (RA)
Alb88-P
88% albacore meat mixture, 0.3% STPP
Alb88-PN
88% albacore meat mixture, 0.3% STPP, 150 ppm nitrates
Alb88-PNR
88% albacore meat mixture, 0.3% STPP, 150 ppm nitrates, and 38
ppm RA
Constant ingredients (on a total formulation basis) were 2.5% salt and 0.8% sugar. Formula was brought
up to its final weight with water.

STPP (Nutrifos 088, ICL Performance Products LP, St. Louis, Missouri), was
utilized for all samples. Rosemarinic acid was provided by Kemin Nutrisurance, Inc.,
Des Moines, Iowa. Nitrite cure was purchased from a commercial distributor (Market
Supply, Portland, Oregon). The amount of nitrite was chosen to be 150 ppm in order to
remain below the maximum amount specified by the FDA (200 ppm). Levels of
rosemarinic acid were recommended by a Kemin Co. specialist.
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3.3.2.1 Processing
All formulations were mixed in a Daniels Food Equipment tumbler Model
DVTS-30, (Parkers Prairie, Minnesota) rotating at 16-20 rpm for two hours. A 48.26 cm
Hg vacuum was pulled and maintained throughout the tumbling process. Following
tumbling, the mixture was introduced into a manual stuffer. The tumbled meat was
stuffed into 65 mm diameter fibrous mahogany casings, and allowed to sit overnight at
1.5°C in order to allow nitrate to react with heme compounds. The total weight of each
roll was approximately 500 g. Albacore rolls were hung in a CVU-200E Enviro-Pak
(St. Louis, Missouri) smokehouse and processed according to the parameters shown in
Table 3.2.
Table 3.2 Process used to smoke and cook albacore rolls.
Duration (min)
Temperature
Stage
(°C)
1
15
49
2
15
49
3
60
54
4
60
68
5
15
71
o
6
~90 (Core 74 C)
85
7
15
Off

Other Conditions
Smoke off
Smoke on, humidity 45%
Smoke on, humidity 45%
Smoke on, humidity 50%
Smoke on, humidity 50%
Smoke on, humidity 50%
Shower

Albacore rolls were removed from the smokehouse and hung overnight at 1.5
°C. The next day, they were vacuum packed in polyethylene packages at 8 milibars of
pressure using a Multivac C400 (Wolfertschwenden, Germany) vacuum sealer. Samples
were stored at 1.5 °C throughout the shelf-life test.
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3.3.3 Proximate Composition Analyses
Total moisture, lipid and protein content were measured using official methods
of the 1995 Association of Official Analytical Chemists (AOAC, 2005).
3.3.3.1 Moisture
Moisture was measured using the AOAC method 950.46 B Air Drying
Gravimetric method (1995). Weight of the sample was measured before and after
cooking overnight in a convection oven, and the loss in weight was reported as
moisture. Samples were analyzed in triplicate.
3.3.3.2 Total Lipids
Total lipids were determined according to a modification of the AOAC Official
Method 948.15 Fat (Crude) in Seafood, Acid Hydrolysis method (2005). A
representative 3 g portion from each sample was placed into a 50 ml centrifuge tube.
The exact weight of the sample portion was recorded, 10 ml of 8 M HCL was added and
the tubes were vortexed. Samples were heated in a water bath at 100°C for 90 min and
then the samples were allowed to cool. Five ml of methanol was added, and the tubes
were vortexed. To extract lipids from digested matter, 15 ml of diethyl ether were
added and the samples were shaken vigorously for 1 min. Fifteen ml of petroleum ether
was then added, and the samples were shaken for 20 sec. The samples were centrifuged
for 5 min at 3900 rpm using a Sorvall RC-5B (Newtown, Connecticut) centrifuge with a
JS-4.2 rotor. The resulting ether-fat layer was transferred to a pre-weighed, pre-heated
flask. The extraction step was repeated twice. Flasks were heated on a hot plate for
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approximately 1 h, allowing ether to evaporate. Finally, flasks were heated for 30 min
in a 107ºC oven, cooled at room temperature for 30 min, and weighed. The total lipid
content of each albacore roll was analyzed in triplicate.

3.3.3.3 Protein
Protein was measured using the Total Nitrogen Kjeldahl AOAC 2005, method
981.10. Samples of 1.2 grams were weighed, and a copper catalyst and sulfuric acid
were added to a Kjeldahl tube. Mixtures were digested for 1 h at 410ºC on a Tecator D20(Denmark) unit. Tubes were allowed to cool down for approximately 20 minutes, and
40 ml of deionized water was added to each one. Tubes were placed in a Fischer
Scientific 100 (Pittsburgh, Pennsylvania) distillation unit, which added 50 ml NaOH to
the tube, causing nitrogen volatilization through steam injection and a 5 minute
distillation. Nitrogen was condensed in a flask with trapping solution. The trapping
flask was titrated with 0.1 N standard HCL, until an endpoint light pink color was
reached. Protein content was analyzed in triplicate.
3.3.4 Oxidation
Lipid oxidation was measured with the thiobarbituric acid reactive substances
(TBARS) test, as described by Chaijan et al. (2006). In short, 2 g of homogenized
sample was dissolved in 10 ml of a solution containing 0.375% TBA, 15%
trichloroacetic acid and 0.25 N hydrochloric acid. Samples were vortexed for 20 s and
hand-shaken. Tubes were inserted in a boiling water bath for ten minutes, and allowed
to cool down afterwards in tap water. Fluid was transferred to centrifuge tubes and
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centrifuged at 3600 g at 25ºC for 20 min in an RC-5B Sorvall centrifuge. Absorbance of
the supernatant was measured at 532 nm. Malonaldehyde levels were calculated using
the formula below.
TBARS number= (Abs532/156,000)*(10ml/1000)*[(72.08g/M*106)/2g]

Where: Abs532 is the absorbance measured at 532 nm; 156000 is the coefficient of molar
extinction of Malonaldehyde; 10 ml is the volume of reagent added; 72.07 g is the
molar weight of MDA; 2 g is the weight of sample used in test.

3.3.5 Fatty Acid Profiles
3.3.5.1 Fatty acid methyl-esthers (FAME) preparation
Fatty acid composition was analyzed in all samples. Oil from albacore rolls was
extracted according to a modified version of the AOAC Official Method 948.15 Fat
(Crude) in Seafood, Acid Hydrolysis method (2005). After the first centrifugation at
1200 RPM, the ether-fat layer was transferred to a clean 50 ml Falcon centrifuge tube.
The tubes were held in a Labline Instruments, Inc. Analytical Evaporator, with the
water bath set at 45°C. The ether was evaporated under nitrogen gas for approximately
4.5 hours. The resulting oil was used in the production of fatty acid methyl esters
(FAME), as described below.

3.3.5.2 Determination of fatty acid composition by gas chromatography
Fatty acids in tuna oil were converted into FAME according to the AOAC
Official Method 991.39 and their composition was determined by gas chromatography

42

(GC) (AOCS, 1998). FAME analysis was carried out using a Shimadzu GC-2010
(Shimadzu Corp., Kyoto, Japan), equipped with a capillary column (OmegawaxTM 250
capillary column, 30 m × 0.25 × 0.25 µm film thickness, Supelco, Bellefonte, PA) and a
flame-ionization detector. The temperatures of the injector and detector were held at
250°C and 270°C, respectively. The column temperature was set at 170°C with an 8
min holding time and was gradually heated to 245°C at a rate of 1°C/ min with a 2 min
holding time. Helium was used as a carrier gas and the FAME mixture from each
sample was injected and analyzed in triplicate. Fatty acid composition was determined
by comparison of the sample retention times and peak areas with those of the reference
standards (Supelco™ 37 Component FAME Mix, Bellefonte, PA). Analyses were run
in duplicate and the results were expressed in terms of % wt of total fatty acids. The
four major fatty acids, palmitic acid (PA), oleic acid (OA), eicosapentaenoic (EPA) and
docosahexaenoic acid (DHA), were statistically analyzed. Fatty acid profile was
analyzed once a month with albacore rolls from sealed packages, and once a week in the
open package study.
3.3.6 Microbiology Tests
3.3.6.1 Mesophiles and Psychrotrophs
Levels of mesophiles and psychrotrophs were analyzed in all samples using
AOAC method 990.12 (2005). Twenty-five gram samples were taken from each roll
and blended with 225 ml of peptone water for 30 seconds. Dilutions were made in
peptoned water (10-1 to 10-7) immediately and 1 ml of each was added to Petri plates.
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Approximately 15 ml of Tryptose Soy Agar (TSA) were poured and allowed to solidify
before incubation. Plates were incubated at 37ºC for two days for mesophile
determinations and at 7ºC for ten days for enumeration of psychrotrophs.
3.3.6.2 Yeasts and Molds
Yeasts and molds were analyzed in all samples using AOAC method 997.02
(2005). Samples were prepared as described for mesophiles and psychrotrophs, except
that 1 ml of each dilution was added to a special Petri film for yeasts and molds. Petri
films were left at 25ºC for five days, after which point yeast and mold growth was
enumerated.
3.3.7 Texture Profile Analysis (TPA)
TPA was performed as described by Ramírez et al. (2007a). Cylindrical samples
measuring 12 mm in height and 15 mm in diameter were taken from the albacore rolls.
TPA was performed on all samples (15 cylinders at each sampling day), using flat
compression plates (10 cm) on a TA-XT texture analyzer. Samples were compressed to
one third of their height (4 mm) at 5 mm per second crosshead speed. There was a 5 s
pause between compressions. Basic measurements studied (as defined by Bourne, 1978)
were hardness, elasticity and cohesiveness. TPA was carried out at each sampling point
of SL-1, but not during SL-2 or OPSL.
3.3.8 Histamine Analyses
Histamine was determined as described by Phuvasate (2007) using a Veratox
Quantitative Histamine Test (Neogen Corporation, Lansing, Michigan). Histamine was
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quantified in raw albacore tuna before tumbling, as well as in cooked samples taken
randomly. Raw samples were taken from the tumbler (sample was already thoroughly
mixed after tumbling). Small cores were taken from cooked albacore rolls. A total of 10
samples, 5 raw and 5 cooked, were analyzed for histamine content during SL-1.
3.3.9 Statistical Analysis
Statistical analyses were carried out using SPSS 13.0. The results of all studies
were analyzed with the analysis of variance (ANOVA) using a pre-determined
significance level of two-tailed p<0.05. Tukey’s multiple mean comparison was used to
determine significantly different groups. Two-sample t-tests were used to compare
mean protein, lipid and moisture percentages between treatments in Alb82 and Alb88.
In TPA, Pearson’s bivariate correlation analysis was used to find correlations between
parameters.

3.4

Results and Discussions

3.4.1 Shelf-life Study 1 (SL-1)
3.4.1.1 Proximate Composition Analyses
3.4.1.1.1 Moisture Analyses
Table 3.3 shows moisture content for samples in SL-1. The mean moisture
content for all SL-1 samples combined was 57.52%. In the case of Alb82, the mean
moisture content on days 0, 23, and 52 was 56.73%, 57.68%, and 58.02%, respectively.
In the case of Alb88, the mean moisture content on days 0, 23, and 52 was 56.72%,
57.86%, and 57.93%, respectively. The mean moisture values for Alb82 and Alb88 at
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each time point were not significantly different (p>0.05). This suggests that the
percentage of albacore meat used was not a major factor influencing moisture content.
However, there were significant changes in moisture over time within treatment groups,
with most groups showing significant increases (i.e., Alb82-P, Alb82-PN, and Alb88PN) and one showing a significant decrease (i.e., Alb82-PNR) by day 23. Groups
containing rosemarinic acid (RA) had significantly less moisture at day 23 than groups
without RA. Alb88-P was the only treatment that did not vary significantly over time.
One factor that could have affected moisture is the location of the analyzed roll within
the smoker (e.g., whether enough space was allowed between the rolls, or how close
they were to the air inlet).
Table 3.3 Moisture content (%) in treatments used in storage study SL-1.
Day Alb82-P Alb82-PN Alb82-PNR Alb88-P
Alb88-PN
0
56.88
56.49
56.83
57.69
56.72
(0.40)A, b (0.48)A,
(0.54)A, b
(0.54)A, a
(0.12)A, c
23
58.51
59.75
54.76
58.43
58.25
B, a
A, a
D, c
B, a
(0.09)
(0.16)
(0.25)
(0.03)
(0.27)B, a
52
58.35
57.83
57.90
58.35
58.02
A, a
AB, b
AB, a
A,a
(0.18)
(0.35)
(0.1)
(0.15)
(0.17)A, b

Alb88-PNR
56.71
(0.17)A, b
56.73
(0.17)C, b
57.42
(0.13)B, a

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same row with a different capital superscript letter are significantly different (p<0.05)
a,b,c
Values in the same column with a different superscript letter are significantly different (p<0.05).

A, B, C

3.4.1.1.2 Lipid Analyses
As shown in Table 3.4, there were differences in oil content for several of the
treatment groups. Lipid content in all groups, except for Alb82-PNR, decreased after
day 0, with most groups showing significant reductions by day 23. Overall, there was a
wide range of lipid content in the samples varying from 12.25% to 17.13%. Some of
the differences in lipid content may be explained by variability within the albacore roll
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product itself. Even though the muscle chunks were mixed before entering the tumbling
process, some variability may have been introduced due to differences in lipid content
among regions of the tuna meat and between individual tuna fish (Wheeler and
Morrissey, 2003). They noted wide lipid variation, especially in the discarded bell flap
sections of albacore, which could vary from 13-23%. Differences between treatments
were, for the most part, small but significant.

Table 3.4 Lipid content (%) in treatments used in storage study SL-1.
Day Alb82-P
Alb82-PN Alb82-PNR Alb88-P Alb88-PN
0
14.53
16.00
14.99
13.57
14.83
(0.19)B, a
(0.36)A, a
(0.13)B, b
(0.18)C, a (0.16)B, a
23
12.86
12.94
17.13
12.28
13.07
(0.41)BC, b
(0.22)BC, c (0.09)A, a
(0.19)C, b (0.39)B, b
52
13.11
14.43
14.79
12.25
12.37
(0.46)B, b
(0.63)A, b
(0.45)A, b
(0.31)B, b (0.52)B, b

Alb88-PNR
12.73
(0.13)D, a
12.38
(0.27)BC, a
12.53
(0.60)B, a

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same row with a different superscript capital letter are significantly different (p<0.05)
a,b,c
Values in the same column with a different superscript letter are significantly different (p<0.05).

A, B, C

3.4.1.1.3 Protein Analyses
Table 3.5 shows protein content changes throughout the first shelf-life study.
Protein content remained relatively stable with time, and there were no apparent effects
of nitrates or rosemarinic acid. A few samples showed increases in protein content, such
as Alb82-P and Alb82-PN. As was explained in the moisture analyses section, these
small but significant differences may be due to location of the albacore roll within the
smoker. It should be noted that the groups that were tumbled using 88% albacore meat
had a significantly higher protein content than those tumbled with 82% albacore
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(p<0.05; results not shown). This would be expected as the higher meat levels would
contribute to higher protein content.

Table 3.5 Protein content (%) in treatments used in storage study SL-1.
Day Alb82-P
Alb82-PN
Alb82-PNR Alb88-P Alb88-PN
0
23.16
22.22
22.69
23.66
25.96
CD, b
D, c
CD, b
BC, a
(0.26)
(0.61)
(0.14)
(0.44)
(0.44)A, a
23
22.41
23.25
24.15
24.16
23.78
C, c
B, b
B, a
B, a
(0.13)
(0.06)
(0.09)
(0.45)
(0.42)B, b
24.32
52
23.72
24.73
22.38
24.96
A, a
A, a
A, a
A, a
(0.05)
(0.15)
(0.24)
(0.18)
(0.34)A, a

Alb88-PNR
24.49
(0.53)B, b
26.99
(0.64)A, a
25.17
(0.04)A, b

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same row with a different superscript letter are significantly different (p<0.05).
a,b,c
Values in the same column with a different superscript letter are significantly different ( p<0.05).

A, B, C

3.4.1.2 Oxidation
Fig. 3.1 shows the oxidation values for SL-1 rolls tumbled with 82% albacore
meat. While oxidation levels remained low throughout the study, there were some
differences. Samples that have only STPP acting as an antioxidant had significantly
higher oxidation numbers (p<0.05) for all testing days. In general, rolls with
rosemarinic acid (Alb82-PNR) had the lowest oxidation numbers, though Alb82-PN
had similar values for most testing days, and in a few cases (days 10, 46 and 52) the
oxidation numbers for Alb82-P and Alb82-PN were not significantly different (p<0.05).
Throughout the study, oxidation numbers had a tendency to fluctuate. This can be
explained by the fact that not all parts of the albacore tissue advance at the same rate,
with some more susceptible to oxidation than others.

In Fig. 3.2, oxidation numbers for formulations with 88% albacore meat for SL1 are shown. It is apparent that albacore rolls with only STPP had the highest oxidation
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numbers on all testing days, followed by those with nitrate and rosemarinic acid
(p<0.05). Oxidation numbers in Alb88-PNR were significantly lower than Alb88-PN
for most testing days, except for days 0 and 23. However, differences between these
were minimal. Throughout the 52 days of experimentation, oxidation numbers never
reached 1.5 mg of MDA per kilogram of sample.

Fig. 3.1 Oxidation numbers of formulations tumbled with 82% Albacore
Meat (storage study SL-1).

Fig. 3.2 Oxidation numbers of formulations tumbled with 88% albacore meat (storage
study SL-1).
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These oxidation results relate well to those found by Freeman et al. (1982), who
studied oxidation on canned pork hams. Four formulations were used: (1) no nitrate, no
added spices, (2) no nitrate, added spices, (3) nitrate, no added spices, and (4) nitrate
with added spices. The effects of temperature abuse (i.e., no refrigeration) were also
examined. The samples without nitrates rose from 1.2 to 3.3 mg MDA/kg in the course
of nine days. All samples containing nitrates never surpassed 1 mg MDA/kg sample.
Towards the end of the experiment, samples containing nitrates with spices had values
between 0.05 to 0.1 mg MDA/kg lower than those with just nitrates. In the present
study, the albacore rolls were never subjected to temperature abuse and they were
vacuum-packed, which can explain why oxidation numbers never reached the 2mg
MDA/kg mark. Another possible reason for the stability of the oxidation numbers is the
fact that after cooking, albacore rolls were allowed to cool overnight before packing.
Thus, the initial oxidation products formed (mainly hydroperoxides), could have been
transformed into hexanal, pentanal, and other volatile compounds. By the time the
products were packed, many of these oxidation products could have left the meat
system, thus avoiding some oxidation propagation in the sealed packages. Other studies
on the benefits of antioxidants have been carried out by Fernández-López et al. (2005)
and Rojas and Brewer (2007). These studies reported a stabilization effect of
antioxidants on color and lipid content in stored meats. Rosemary extracts were
reported to improve shelf-life quality of the stored meats, as compared to the control.
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3.4.1.3 Fatty Acid Profiles
There were four major fatty acids in the albacore rolls: palmitic acid (PA;
C16:0), with a mean value of 21.53 + 0.63%, oleic acid (OA; C18:1n9), with a mean
value of 11.92 + 0.60%, eicosapentaenoic acid (EPA; C20:5n3), with a mean value of
8.03 + 0.39%, and docosahexaenoic acid (DHA; C22:6n3), with a mean value of 29.76
+ 1.19%. Changes in fatty acid profiles for these major components are shown in Table
3.6. Previous studies have reported similar levels of PA (21.7-21.9%) in raw albacore
tuna loins (Rasmussen et al. 2008; Wheeler and Morrissey 2003). OA levels in this
study were slightly lower than in previous studies, which reported OA to be around
13% (Rasmussen et al., 2008; Medina et al., 1992; Aubourg et al., 1997). EPA levels
were relatively low in this study, as compared to previous studies by Wheeler and
Morrissey (2003) and Rasmussen et al. (2008), who reported EPA levels of up to 13.3%
and 9.1%, respectively, but slightly higher than those of Aubourg et al. (1997) and
Medina et al. (2007), which both reported EPA content at 7.3%. DHA levels reported
by Aubourg et al. (1997), Medina et al. (2007) and Rasmussen et al. (2008) were
slightly higher (30.1%, 31.1% and 33.8%, respectively) than the values reported here.
There were few significant changes in fatty acid composition during SL-1 (most of
them taking place in EPA content), showing the stability of the omega-3 fatty acids in
vacuum-packed albacore rolls stored at low temperatures.
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Table 3.6 Fatty acid profiles of all treatments undertaken during storage study SL-1.
Da
y
0
25
52

Da
y
0
25
52

PA (%)
Alb88P
22.69
(0.06)a
20.93
(0.55)b
21.43
(0.07)a,b

Alb88PN
22.23
(0.2)a
21.25
(0.43)a,b
20.83
(0.25)b

PA (%)
Alb82P
21.78
(0.49)a
21.41
(0.18)a
21.19
(0.31)a

Alb82PN
21.88
(0.59)a
20.10
(0.77) a
21.06
(0.41) a

Alb88PNR
21.55
(0.51)a
21.74
(0.83)a
21.08
(0.19)a

OA (%)
Alb88P
12.0
(1.46)a
11.56
(0.2) a
11.70
(0.75) a

Alb88PN
12.65
(0.06)a
11.78
(0.32)a
11.92
(0.47) a

Alb82PNR
21.18
(0.35)a
21.57
(1.07)a
22.12
(0.61)a

OA (%)
Alb82P
12.20
(0.07)a
12.21
(0.16)a
11.33
(0.78)a

Alb82PN
12.14
(0.28) a
11.34
(0.26) a
12.17
(0.01) a

Alb88PNR
12.12
(0.43)a
11.80
(0.67)a
11.77
(0.1)a

EPA (%)
Alb88P
7.81
(0.19) a
7.75
(0.01) a
7.71
(0.04) a

Alb88PN
7.50
(0.01)b
7.91
(0.11)a
8.08
(0.01)a

Alb82PNR
11.87
(0.15)a
12.38
(0.69)a
12.89
(0.23)a

EPA (%)
Alb82P
8.51
(0.0)b
8.26
(0.04)c
8.72
(0.02)a

Alb82PN
8.00
(0.06)b
8.53
(0.08)a
8.15
(0.02)b

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same column with a different superscript letter are significantly different.

a,b,c

Alb88PNR
8.06
(0.04)a
8.06
(0.05)a
8.18
(0.03)a

DHA (%)
Alb88P
27.26
(0.4) b
30.10
(0.88) a
29.42
(0.38)a,b

Alb88PN
29.86
(0.48)a
31.24
(0.6)a
31.05
(0.36)a

Alb88PNR
30.05
(0.75)a
30.27
(1.05)a
31.64
(0.39)a

Alb82PNR
8.86
(0.09)a
8.50
(0.04)b
8.12
(0.06)c

DHA
Alb82P
29.52
(1.01)a
29.68
(0.31)a
29.73
(0.49)a

(%)
Alb82PN
29.47
(1.07) a
31.10
(1.19) a
30.87
(0.65) a

Alb82PNR
30.24
(0.41)a
30.09
(1.33)a
29.37
(1.09)a
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3.4.1.4 Microbiology Tests
No microbial count was detected up to day 52 for all SL-1 samples, with the
exception of group Alb88-P, which contained mesophiles at day 0 (255 CFU/g) and day
5 (360 CFU/g). This may be explained by contamination of the albacore rolls during
handling or packaging. However, as the rolls were stored at a low temperature (1.5 oC),
it is likely that the mesophile population declined with time. It is reasonable to assume
that cooking to a core temperature of 74o C combined with a low storage temperature,
treatment with smoke and the absence of oxygen due to vacuum packaging could all
have contributed to controlling bacterial populations. The addition of nitrites and
rosemary extracts could have further contributed to the control of microorganisms.
However, no reports dealing with restructured products (including sausages) have been
found where microbial growth was not present even in the initial stages of the study.

3.4.1.5 Texture Profile Analysis
Table 3.7 shows the differences in hardness, cohesiveness and springiness
between treatments. Treatments Alb88-PN and Alb88-PNR generally showed the
highest hardness values. Mean hardness values tended to be higher for Alb88, though
these were not always significantly different from their Alb82 counterparts. In general,
hardness increased with time (results not shown). Hardness values were significantly
lower in Alb82-P rolls as compared to Alb88-PN, Alb88-PNR, and Alb82-PNR rolls.
For the most part, cohesiveness and springiness values were significantly lower for
samples Alb88-P and Alb82-P. Hardness values for the treatment groups Alb88-P and
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Alb82-PN were not significantly different from any other samples. Overall, the results
suggest that nitrites may have an effect on textural parameters, likely due to the fact that
they add more sodium to the meat matrix. If more sodium is added, then ionic strength
can increase and more protein can be extracted. Due to the nature of this product
(mixture of pieces and ground fish) and due to the lack of a pattern over time for
hardness, it is difficult to determine whether changes come with time or are simply
different due to distribution of pieces and ground meat as they leave the stuffer.
Samples with nitrites and STPP were noticeably different compared to those containing
only STPP. As the standard deviations for hardness values are very large, the product
needs improvements in homogeneity along its structure. A possible solution could be
the use of binders such as alginates and carrageenans, or the use of high-pressure
cooking.

Table 3.7 Mean textural parameters for all treatments studied in storage study SL-1.
Alb82Alb88Alb88Alb82-P Alb82-PN
PNR Alb88-P PN
PNR
Hardness
1107.0
1322.8
1517.0
1294.5
1636.8
1628.2
b
a,b
a
a,b
a
(g)
(218.7)
(321.3)
(295.4)
(230.5)
(247.5)a
(334.4)
Cohesiveness 0.59
0.66
0.67
0.57
0.62
0.63
(no units)
(0.05)c
(0.03)a,b
(0.03)a
(0.02)c
(0.03)b,c
(0.03)a,b
Springiness
0.77
0.86
0.84
0.73
0.84
0.83
(no units)
(0.07)b,c
(0.04)a
(0.04)a
(0.05)c
(0.04)a
(0.05)a,b
Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same rows with a different superscript letter are significantly different (p<0.05).

a,b,c

As shown in Table 3.8, cohesiveness and springiness were found to have a direct
correlation (using Pearson’s correlation coefficient), so that as cohesiveness increases,
springiness can also be expected to rise (p<0.05).
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Table 3.8 Pearson correlations between springiness and cohesiveness for samples from
all treatments studied in storage study SL-1.
Day
Pearson correlation coefficient(p<0.05)
0
0.501
5
0.526
10
0.504
16
0.569
23
0.49
28
No correlation
35
0.478
45
0.49
55
0.536
Pearson’s coefficient ranges from 1 to -1, 1 being the highest correlation possible.

The values for cohesiveness and springiness found in this research concur with
those found by Dong et al. (2007), who reported that the addition of nitrite to
formulations can have an effect on textural characteristics. They reported finding a
negative correlation between nitrite levels and hardness, which means that the addition
of more sodium nitrites will soften meat products. However, that was not the case in
this study, as hardness also increased with the addition of nitrites. On the other hand,
Dong et al., 2007 reported positive correlations between nitrite and cohesiveness and
springiness, which the present study also found. Samples without nitrites showed
significantly lower values for cohesiveness and springiness, as compared to the same
parameters for samples with nitrites.

Wiles and Green (2003) found that texture changes can be triggered by
variations in water. These findings may explain some of the differences in texture
properties for the albacore rolls in the present study, in which different amounts of
water were used to make up the final product. An explanation for this is that as more
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water enters the fish pieces, the contents are solubilized more efficiently, and thus more
structural damage can be brought to the meat cells in the pieces. If contents are
solubilized more efficiently, then proteins can also be extracted better and provide
better binding capabilities. Even though hardness may be reduced, springiness and
cohesiveness can be improved. Thus, comparing Wiles and Green’s study (2003) and
the present study, changes can come not only with variations in composition but also
with variations in tumbling.
3.4.1.6 Histamine Analyses
Histamine values were determined after cooking and smoking. The maximum
histamine level allowed according to FDA regulations is 50 ppm. Values from 5 raw
and 5 cooked samples taken randomly were all below 5 ppm, indicating the product was
safe for consumption.

3.4.2 Shelf-life Study 2 (SL-2)
3.4.2.1 Oxidation
Figure 3.3 shows the oxidation progress for samples in the second shelf-life study.
Contrary to the first shelf-life study, oxidation numbers for the formulation with
rosemarinic acid (Alb82-PNR), were just as high or higher at some time points than the
other two formulas. The formulation with 0.3% STPP and nitrite (Alb82-PN) had
significantly lower oxidation numbers (p<0.05) for most testing days. However,
oxidation numbers remained around 1 mg MDA/kilogram of albacore roll in all
samples. These results are contradictory to the results of SL-1, but suggest that the
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albacore meat used for group Alb82-PNR could have been more oxidized (as it was the
last group to be tumbled, though this pattern was not observed during SL-1). This
consideration gains more force if one considers that group Alb82-PNR also had nitrites,
which should have made oxidation numbers somewhat lower than the group that
contained only 0.3% STPP. It should be noted that groups Alb82-PN and Alb82-PNR
had lower oxidation numbers in subsequent days, as compared to day 0. Alb82-P
reached a peak oxidation number (1.4 mg MDA/kg) at day 119.

Fig. 3.3 Oxidation numbers of formulations used in storage study SL-2.

3.4.2.2 Fatty Acid Profiles
Table 3.9 shows the results from the second shelf-life analysis of fatty acid
profiles measured for the three formulations tumbled with 82% albacore meat. The
fatty acid profiles remain very stable when albacore rolls are kept in sealed bags over
extended periods of time. The values presented in this section are in very close
proximity to those presented in SL-1. As with SL-1, only minor changes occurred in
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fatty acid percentages, and few of them were of statistical significance over time. EPA
content showed significant decreases after 120 days in groups Alb82-P, Alb82-PN, and
Alb82-PNR, whereas OA content increased significantly in group Alb82-PNR (from
12.59 to 13.77%).
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Table 3.9 Fatty acid profiles for all treatments undertaken in storage study SL-2.
PA
Day Alb82-P
0
30
60
90
120

22.72
(0.11)a
22.21
(0.13)a
21.58
(1.01)a
22.90
(0.97)a
23.31
(0.89)a

Alb82PN
22.61
(0.43)a
22.58
(0.30)a
23.23
(0.24)a
22.48
(0.42)a
23.34
(0.03)a

Alb82PNR
21.94
(0.28) a
23.05
(0.82)a
22.77
(0.03)a
23.15
(0.41)a
23.26
(0.49)a

OA
Alb82-P
13.71
(0.04)a
12.84
(1.02)a
12.90
(0.55)a
12.70
(0.13)a
13.91
(0.5)a

Alb82PN
13.33
(0.54)a
12.97
(0.0)a
13.67
(0.45)a
12.41
(0.18)a
13.20
(0.38)a

EPA
Alb82- Alb82PNR
P
12.59 8.36
(0.26)b (0.02)a
13.54 7.82
(0.01)a (0.02)b
13.38 8.18
(0.21)a (0.1)a
12.66 7.36
(0.17)b (0.1)c
13.77 7.75
(0.0)a
(0.07)b

Alb82PN
7.48
(0.06)c
7.96
(0.03)a
7.17
(0.04)d
7.65
(0.05)b
7.30
(0.04)d

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same column with a different superscript letter are significantly different (p<0.05)

a,b,c

Alb82PNR
8.07
(0.07)a
7.92
(0.06)a,b
7.67
(0.02)c
7.79
(0.05)b,c
7.81
(0.75)b,c

DHA
Alb82P
27.89
0.36)a
28.52
(0.05)a
26.88
(1.31)a
28.23
(1.6)a
27.24
(1.08)a

Alb82PN
29.40
(0.38)a,b
28.85
(0.52)a,b
27.99
(0.24)b
29.66
(0.6)a
27.90
(0.05)b

Alb82PNR
29.57
(0.34)a
26.72
(1.05)b
28.03
0.13)a,b
29.03
0.52)a,b
27.74
(0.73)a,b
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3.4.2.3 Microbiology Tests
Similar to the results of SL-1, no microbial growth was detected in all SL-2
samples throughout 120 days of storage. Smoke, nitrites, low storage temperatures and
the absence of oxygen likely contributed to keeping microbial populations at
undetectable levels. Cooking these products to a core temperature of 71ºC probably
reduced microbial populations to a minimum.

3.4.3 Open Package Shelf-life (OPSL) Study
As with the second shelf-life study, the OPSL study was focused on albacore
rolls tumbled using 82% albacore meat.

3.4.3.1 Oxidation
Oxidation numbers in OPSL samples rose slowly over time, as shown in Fig.
3.4. Alb82-PNR had the highest oxidation numbers up until day 25, when values for the
other two formulations surpassed it significantly (p<0.05) for all subsequent time
points. Oxidation numbers did not reach 2 mg MDA/kg of albacore roll until days 3040 of testing, after which was a rapid rise in value. The effects of nitrites and
phosphates on oxidation control have been described previously. Phosphate has the
capability to control the generation of volatile compounds such as hexanal, alkenal and
decanal. Nitrates also have excellent capabilities for inhibiting formation of oxidation
compounds (St. Angelo, 1992). Furthermore, the exterior layer of the albacore rolls
does not allow oxygen to cross easily into the core of the roll, which leaves only one
open end (where the sample is being taken from) available for full interactions with
oxygen.
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F
ig. 3.4 Oxidation numbers on formulations used in open-package storage study.

3.4.3.2 Fatty Acid Profiles
Table 3.10 shows changes occurring in the fatty acid profile during the 44-day
OPSL for all formulations tumbled with 82% albacore meat. There were no significant
differences over time in levels of PA, OA, and DHA. However, small significant
changes took place in EPA composition for all groups. Changes in EPA for groups
Alb82-P and Alb82-PNR fluctuated, with no steady pattern. EPA levels in group Alb82PN declined significantly from an initial value of 7.96% to a final value of 7.29%.
Group Alb82-PN showed corresponding but non-significant increases in oleic acid as
EPA decreased. These findings suggest that even though nitrites and rosemarinic acid
contribute to improving shelf-life stability, mainly by combating oxidation, they are not
major contributors to maintaining fatty acid profiles. Values shown in Table 3.10 are
comparable to those shown for the two vacuum-sealed package studies, though DHA
levels are somewhat lower in the open-package study than their sealed-package
counterparts.
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Table 3.10 Fatty acid profiles of treatments studied during the open-package storage study.
Day
0
6
13
20
28
37
44

PA
Alb82P
22.21
(0.13)a
22.43
(0.23)a
22.37
(0.95)a
22.26
(0.85)a
23.02
(0.47)a
22.18
(0.31)a
22.64
(0.64)a

Alb82PN
22.58
(0.3)a
22.52
(0.55)a
23.48
(0.73)a
23.96
(0.09)a
22.84
(0.31)a
23.83
(0.59)a
24.08
(0.05)a

Alb82PNR
23.06
(0.82)a
22.87
(0.19) a
22.95
(0.66) a
23.81
(0.06) a
22.82
(0.39) a
22.63
(0.39)a
22.55
(0.66) a

OA
Alb82P
12.84
(1.02)a
12.87
(0.57)a
12.28
(1.06)a
13.41
(0.62)a
13.05
(0.2)a
12.07
(0.51)a
13.08
(0.19)a

Alb82PN
12.97
(0.0)a
12.90
(0.81)a
12.76
(0.21)a
13.47
(0.15)a
14.47
(0.44)a
13.79
(0.69)a
14.20
(0.28)a

Alb82PNR
13.54
(0.01)a
13.76
(0.31) a
14.08
(0.5) a
14.41
(0.19) a
13.62
(0.07) a
13.63
(0.69) a
13.54
(0.39) a

EPA
Alb82P
7.82
(0.02)c,d
8.07
(0.01)b
7.82
(0.03)c,d
8.31
(0.08)a
7.64
(0.05)d
8.00
(0.02)b,c
8.04
(0.12)b,c

Alb82PN
7.96
(0.03)a
7.96
(0.01)a
7.57
(0.07)b
7.34
(0.07)c,d
7.68
(0.01)b
7.52
(0.06)c
7.29
(0.02)d

Values are the mean percentages of three replicates and the standard deviation is given in parentheses.
Values in the same column with a different superscript letter are significantly different (p<0.05).

a,b,c

Alb82PNR
7.93
(0.06)a,b,c
7.76
(0.05)c
8.02
(0.05)a,b
8.11
(0.0)a
8.02
(0.06)a,b
7.88
(0.03)b,c
8.02
(0.04)a,b

DHA
Alb82P
28.52
(0.05)a
28.57
(0.29)a
28.32
(1.4)a
28.27
(1.08)a
27.46
(0.53)a
28.37
(0.03)a
27.45
(1.13)a

Alb82PN
28.85
(0.52)a
29.28
(0.64)a
27.70
(1.2)a
27.39
(0.02)a
27.18
(0.48) a
27.32
(0.5) a
27.23
(0.03) a

Alb82PNR
26.72
(1.05)a
28.26
(0.43)a
27.78
(0.85)a
26.54
(0.1)a
27.55
(0.53)a
27.93
(0.52)a
27.76
(1.01)a
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3.4.3.3 Microbiology Tests
Figures 3.5, 3.6 and 3.7 show microbial growth during OPSL. Mesophiles were
detected at day 13 for the group with only STPP (Alb82-P). Mesophiles were not
detected in the groups containing nitrites until day 39. Psychrotrophs in group Alb82-P
grew at a faster rate than mesophiles, reaching 104 CFU/g by day 13, when mesophiles
were still between 102 and 103 CFU/g. Nitrites slowed down growth, which was not
detected until day 28 for psychrotrophs. Mesophile counts in groups Alb82-PN and
Alb82-PNR were significantly different at days 39 and 43 of the experiment (p<0.05).
Likewise, groups Alb82-PN and Alb82-PNR showed significantly different levels of
psychrotrophs growth from day 28 through 43 (p<0.05). Even though differences
between groups Alb82-PN and Alb82-PNR were very small, these were of statistical
difference, suggesting that rosemarinic acid can have some effects on slowing down
microbial growth.

Yeasts and molds did not develop for groups Alb82-PN and Alb82-PNR (Fig.
3.7). However, they did grow in group Alb82-P, reaching very high numbers by day 39.
It is very likely that molds and yeasts showed delayed growth because of their
preference for acidic pH. An acidic environment is created when bacterial metabolism
releases acid substances. As bacterial populations appeared first in group Alb82-P, the
pH may have been reduced faster, thus allowing a better media for molds and yeasts.
Because groups Alb82-PN and Alb82-PNR did not develop bacterial populations until
later, the pH may have not been reduced as quickly. Rosemary compounds have been
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included in antimycotic patented products. This suggests that rosemarinic acid could
have contributed to retarding the growth of yeasts and molds.

Fig. 3.5 Mesophile counts detected on treatments used in the open-package storage
study.

Fig. 3.6 Psychrotrophic counts detected on treatments used in the open-package storage
study.

64

Fig. 3.7 Yeast and mold counts detected on treatments used in the open-package storage
study.

3.5

Conclusions
This chapter discussed research on three albacore tuna roll shelf-life studies.

Two of these were performed on vacuum-sealed packages (SL-1 and SL-2) and one was
carried out with open packaging (OPSL). Albacore rolls were analyzed for composition,
oxidation, fatty acid profile, microbial levels, texture and histamine. Three treatments
were tested, which were STPP, STPP plus nitrite, and STPP plus nitrite and rosemarinic
acid. There were some significant changes in moisture, lipid and protein contents for
different treatments. Rolls with 88% albacore meat had significantly higher protein
content but significantly lower lipid content than rolls with 82% meat. Oxidation
numbers never surpassed 2 mg MDA/kg in sealed samples, and in open packages these
levels were reached by day 39. Fatty acid profiles remained fairly constant throughout
time, even with open packaging, which suggests that all systems were effective in

65

delaying fatty acid oxidation. Little microbial development was detected on sealed bags
stored at 1.5 °C. Samples with STPP alone were the first to reach unacceptable
microbial levels, while samples with nitrites and rosemarinic acid did not reach these
levels until ten days later. Textural analyses showed that samples tumbled without
nitrites are generally less hard. Samples tumbled with less meat were more cohesive and
elastic. Overall, albacore tuna pieces were a good raw material for developing a
restructured product such as tuna rolls.
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CHAPTER 4
CONSUMER TESTING OF ALBACORE TUNA (THUNNUS ALALUNGA)
ROLLS WITH DIFFERENT ALBACORE MEAT LEVELS
4.1 Abstract
A consumer test was undertaken to determine whether meat levels had an effect
on the sensory properties of albacore rolls. A total of 123 consumers were screened for
frequency of consumption of seafood, cured and specialty meats. Albacore rolls with
two albacore meat levels (Alb82 and Alb88) were prepared 12 days before the
consumer test, and all rolls were cooked simultaneously. Rolls were evaluated by
consumers for 9 attributes using a combination of 9-point hedonic scales and just-aboutright (JAR) scales. The attributes were: appearance, overall liking, flavor, texture,
texture JAR, moistness JAR, salt level JAR, oiliness JAR, and smoke flavor JAR.
Consumers also determined which roll they preferred. The preference percentages
indicated that both rolls had approximately the same degree of liking (49 and 51% for
rolls tumbled with 88 and 88% albacore meat, respectively). There were no significant
differences in the participants’ liking of appearance, overall liking, flavor or texture.
Nevertheless, attributes with JAR scales showed that there were significant differences
in texture, moistness, oiliness and smoke flavor. Compositional analyses of moisture,
lipid and protein contents were performed on the products. Even though one of the rolls
had been tumbled with additional water (Alb82), both products had a very similar
composition. Also, although products were cooked in the same batch, there were
significant differences in smoke levels. Taken together, these results suggest that using
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different meat levels had an impact on oiliness, texture, moistness and even smoke
flavor in the final product. It also suggests that using a less meat (therefore more water)
aided in the distribution of moisture more effectively. Regardless of these differences,
the albacore rolls showed no significant differences in the degree of liking scores, and
over half the consumers claimed they would buy their preferred albacore roll at least a
few times a month.

4.2

Introduction
With reduced consumption of pork and beef, there exists the possibility of

growth for the fish processing industry and value added products. As consumers look
towards healthier eating habits, foods with high protein and omega-3 fatty acid content
are gaining priority within the market. However, there is always some degree of
uncertainty as to whether a new food product will have success in the marketplace.

Most albacore products today are limited to canned goods and fresh fillets
(NOAA, 2008). Few reports exist about new, resourceful albacore products. Albacore
hams were once popular in Japan. However, since surimi gained popularity and Alaska
Pollock (Theragra chalcogramma) was found as a more inexpensive source for it,
albacore products have become less prevalent. Because albacore stocks are healthy and
the Northern Pacific stocks have been reported to show increases in numbers, re-visiting
the option of novelty albacore products has become a viable option.

Consumer sensory testing is a well developed science which can establish the
worth or acceptability of a commodity (Meilgaard et al., 1999). This science has been
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well established in the seafood industry as a tool for a broad range of goods and uses.
Consumer testing has been used to determine acceptable levels of flavors when
developing fish products (Daley and Deng, 1978); to compare flavors between farmed
and wild species (Jahncke et al., 1988); to determine the acceptability of alternative
species to a more popular species in the market (Geise, 2007); and to correlate shelf-life
studies with sensory attributes (Oksuz et al., 2008).

The objectives of this study were to determine the degree of liking of albacore
rolls based on a number of attributes, and to investigate albacore roll purchase intent in
the marketplace. A consumer test comparing two albacore rolls tumbled with different
amounts of albacore meat was carried out to answer these questions.

4.3

Materials and Methods

4.3.1 Consumer Recruitment and Demographics
A consumer taste test was carried out in March 2008 at the Oregon State
University Food Innovation Center (OSU-FIC) in Portland, OR. An OSU-FIC consumer
database of over 600 people located in the greater Portland metropolitan area was used
for recruitment of participants. Selection of participants was based on the frequency of
seafood, cured and specialty meats consumption. Participants had to regularly consume
at least two types of seafood per month, as well as cured and specialty meats at least 2
to 3 times a month. The test was completed by 123 consumers, 74 female and 49 male.

Eighty-five of the panelists consumed cured meats at least three times a month,
with another twenty-three consuming them once a month, and the remaining panelists
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consumed cured meats a few times a year. Seventy-two panelists consumed deli seafood
at least three times a month, and twenty-five others consumed it once a month. Age
distribution was: 5 panelists age 18-25 yrs; 31 panelists age 26-35 yrs; 31 panelists age
36-45 yrs; 28 panelists age 46-55 yrs; 21 panelists age 55-65 yrs; and 7 panelists age 65
yrs and above. Education level distribution was: 15 panelists with high school diplomas;
26 panelists with some college; 55 panelists with 4-year degree; 25 panelists with
graduate degrees; and 2 panelists in the “other” category. Seven consumers had an
annual household income of <$20,000; 29 consumers had an annual income of $20,000$40,000; 28 consumers had an annual income of $40,000- $60,000; 20 consumers
earned $60,000- $80,000; 25 consumers earned $80,000- $120,000; and 14 had an
income above $120,000.

4.3.2 Sample Preparation
Thirty frozen albacore tuna were purchased from Bornstein Seafoods and
transported on ice to the Oregon State University (OSU) Seafood Laboratory, where
they were thawed overnight at 1.5º C. Preparation and formulation of samples was
carried out as specified in sections 3.3.1 and 3.3.2. Formulations Alb88-PN (88% meat
with 0.3% STPP and 150 ppm nitrites) and Alb82-PN (82% meat with 0.3% STPP and
150 ppm nitrites) were taken to the consumer test. These albacore rolls were chosen
because they were deemed the safest options for a consumer test. Even though there
were no reasons to believe that the fish might be contaminated, treatments with nitrites
would inhibit growth of Clostridium botulinum. Processing of the fish into a finished
albacore roll was performed as described in section 3.3.1. All albacore rolls were
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cooked together in one batch. Albacore rolls were kept at 1.5º C overnight before
vacuum-packing. They remained in coolers in sealed, vacuum-packed bags at 1.5º C
until consumer testing. Albacore rolls were 12 days old at the time of the consumer test.
For the consumer taste test, albacore rolls were taken out of their bags and sliced
(approximately 0.5 cm slices). Each participant was served two slices of each roll on
plates labeled with random three-digit codes.

4.3.3 Questionnaire
The consumer panel evaluated 7 attributes of albacore rolls. Three questions
involved 9-point “just about right” (JAR) scales, and the remaining questions were
based on 9-point intensity scales. Panelists were seated ten at a time in individual
sensory booths under white lighting. The questionnaire was presented on individual
computers and data was entered in the Compusense® Data Acquisition System.
Panelists were presented with both samples at the beginning of the test for an “overall
appearance” likeability ranking question. Subsequent samples were presented
individually in randomized order for evaluation of overall liking, flavor, texture JAR,
Moistness JAR, salt level, oiliness JAR, and smoke flavor JAR. After individual
evaluations, panelists were asked to keep their samples until the end of the testing, when
they were asked to answer questions about purchase intent and demographic data. The
Panelists were compensated $20 at the completion of the taste test for their time.
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4.3.4 Proximate Composition Analyses
Composition analyses for albacore rolls were determined as described in section
3.3.4.
4.3.5 Histamine Analyses
Histamine was quantified as described in section 3.3.8.
4.3.6 Statistical Analysis
Statistical analysis of sensory data was carried out using Compusense®. This
software analyzed statistical differences using Analysis of variance (ANOVA). Tukey’s
multiple comparison test was used to determine significant differences. Significance
was predetermined at p<0.05; however, when p-values fell below 0.01, the results were
reported as such. Statistical analysis of composition of rolls was performed using SPSS
13.0. Two-sample t-test was used to determine differences between moisture, lipid and
moisture contents.

4.4

Results and Discussions
The condensed results of the sensory test are shown in Table 4.1. Further details

are explained in the following sections. Parameters that were significantly different
depending on the meat level were Texture JAR, Moistness JAR, Oiliness JAR, and
Smoke Flavor JAR.
The results of proximate composition analyses are shown in Table 4.2. There
were minor variations in the composition of the albacore rolls, with the only
significantly different parameter being moisture (p<0.001). Regardless of these minor
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changes, there were significant differences in sensory perception of moistness. Thus, it
can be implied that the main difference lies within the tumbling process. Because rolls
started out with different moisture levels but ended with minimal differences (~0.8%), it
is also implied that both rolls lost water at a different rate. Histamine concentration was
below 5 ppm, which indicated fish used for the process were suitable for testing in a
consumer evaluation.
Table 4.1 Condensed consumer test results.
Parameter

Alb82

Alb88

Mean (SD)

Mean (SD)

Appearance

6.39 (1.82)a

6.38 (1.68) a

Overall Liking

7.04 (1.54) a

6.98 (1.41) a

Flavor

7.11 (1.51) a

7.10 (1.44) a

Texture JAR

4.70 (1.03) b

5.07 (1.10) a

Moistness JAR

4.82 (0.87) a

4.27 (1.2) b

Salt Level

6.11 (1.29) a

6.05 (1.34) a

Oiliness JAR

4.95 (0.75) a

4.67 (0.93) b

Smoke Flavor JAR

5.06 (1.10) a

4.80 (1.01) b

Buy it 5-scale

3.73 (1.05) a

3.72 (1.10) a

Buy it for someone 5-

3.53 (1.04) a

3.48 (1.06) a

scale
a,b

The same superscript letter in the same row indicates no significant differences (p<0.05).
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Table 4.2. Proximate composition of albacore rolls used in consumer test.
Albacore roll
Moisture
Lipid
Protein
a
a
Alb82
58.42 (0.11)
15.18 (0.19)
21.84 (0.19)a
b
a
Alb88
57.63 (0.1)
14.54 (0.4)
21.48 (0.27)a
a,b

Values in the same column with a different superscript letter are significantly different (p<0.05).

4.4.1

Sensory Attributes
The overall appearance rating was based on a 9-point hedonic scale, 1 being

“Dislike Extremely” and 9 being “Like Extremely”. The rating distribution for overall
appearance is shown in Fig. 4. 1. Mean overall appearance scores for Alb82 and Alb88
were 6.39 and 6.38, respectively, and were not significantly different. The median score
for both product types was 7, meaning “like moderately”. This suggests that visible
features are not noticeably different when using different albacore meat levels.

Fig. 4.1. Consumer response distribution for overall appearance scores, according to a
9-point hedonic scale.

Fig. 4.2 shows overall liking score distribution, based on a 9-point hedonic
scale. Mean scores for samples Alb82 and Alb88 were 7.04 and 6.98, respectively, and
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were not significantly different. The median score for both samples was 7,
corresponding to the “like moderately” option. These results show that overall first
impressions for the albacore rolls were not significantly different between meat levels.

Fig. 4.2 Overall liking score distribution, according to a 9-point hedonic scale.

Rating distribution for flavor, based on a 9-point hedonic scale, is shown in Fig.
4. 3. Median scores for Alb82 and Alb88 were 8 (“like moderately”) and 7 (“like very
much”), respectively. Mean scores for Alb82 and Alb88 were very similar, at 7.11 and
7.10, respectively. These scores were not statistically different, suggesting that the
different albacore meat levels do not have a noticeable effect on flavor.
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Fig. 4.3 Flavor rating distribution of albacore rolls, according to a 9-point hedonic scale.

Texture was evaluated with two consumer test questions. The first asked the
consumer to assign a score for product texture using a 9-point hedonic scale. There
were no significant differences between the Alb82 and Alb88 products, with sample
means at 6.7 and 6.82, respectively. The second question was based on a 9-point JAR
scale, where a score of 1 indicates “Much too soft” and 9 indicates “Much too firm”
(Fig. 4.4). Median scores for rolls Alb82 and Alb88 were both equal to 5 (“Just about
right”). However, mean sample scores for Alb82 and Alb88 were significantly different,
at 4.7 and 5.07, respectively (p<0.01). Differences in JAR texture scores can be
explained partly by the theory that as increased levels of water penetrate the fish pieces,
there will be increased interactions between the meat pieces and the rest of the food
matrix, thus decreasing structural stability and increasing product softness.
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Fig. 4.4. Consumer rating distributions of texture on a 9-point JAR scale.

Moistness was rated on a 9-point JAR scale, with 1 being “Not moist enough”
and 9 being “Much too moist” (Fig. 4.5). Median scores for Alb82 and Alb88 were 5, or
“Just about right”. Mean scores for Alb82 and Alb88 were significantly different, at
4.82 and 4.27, respectively (p<0.01). This suggests that moistness is noticeably different
when using different albacore meat levels. However, as shown in Table 4.2, moisture
content between the two products is only 0.76% higher in Alb82. Differences in
moisture JAR scores could be explained partially by the fact that formulations with less
added water do not have such an effective absorption of moisture into the meat core.
Any additional water not absorbed into the muscle pieces will be lost faster during
cooking, rendering a drier product. Also, in cases where water does not penetrate meat
pieces as well, the moisture will have a non-uniform distribution, and panelists may
perceive the moisture content differently.
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Fig. 4.5. Consumer rating distributions of moistness on a 9-point JAR scale..

Salt Level was rated on a 9-point JAR scale, with 1 being “Not moist enough”
and 9 being “Much too moist” (Fig. 4.6). Median scores for Alb82 and Alb88 were both
6 (one level higher than the “Just about right” option). Mean sample scores for Alb82
and Alb88 were not significantly different, at 6.11 and 6.05, respectively (p>0.05).
These results suggest that using different water levels does not noticeably change the
saltiness of the product.

Fig. 4.6. Score distributions of saltiness on a 9-point JAR scale.
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Oiliness was rated on a 9-point JAR scale, with 1 being “Not oily enough” and 9
being “Much too oily”. Fig. 4.7 shows score distributions for the Oiliness JAR question.
Median scores for Alb82 and Alb88 were 5, the “Just about right” option. Mean sample
scores for Alb82 and Alb88 were significantly different, at 4.95 and 4.67, respectively
(p<0.01). As shown in Table 4.2, lipid content in the albacore rolls was slightly
different. Mean oil contents for Alb82 and Alb88 were 15.18% and 14.53%,
respectively, and were not significantly different (p>0.05). This suggests that the meat
system processed with 82% meat had better capabilities for containing oil within the
protein network during cooking. The roll that was treated with 82% meat is also the one
that contained higher levels of moisture. Introducing additional water while tumbling
allows moisture to penetrate albacore pieces better. This likely facilitates liberation of
proteins within the meat structure, allowing them to have increased interactions with
lipids.

Fig. 4.7. Consumer score results of oiliness on a 9-point JAR scale.
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Smoked flavor was evaluated on a 9-point JAR scale, with 1 being “Not enough
smoke flavor” and 9 being “Too much smoke flavor”. Fig. 4.8 shows the rating
distribution for smoke flavor on a JAR scale. Median scores for Alb82 and Alb88 were
both 5, “Just about right”. Mean scores for Alb82 and Alb88 were significantly
different, at 5.06 and 4.8, respectively (p<0.05). As both types of albacore rolls were
cooked together, the amount of smoke available for both to absorb should have been the
same. However, since there is a significant difference in the amount of smoke flavor, it
is likely that Alb82 had better capabilities for absorbing and retaining smoke. The idea
that there are increased interactions between proteins and lipids as added water content
rises (less meat) may have also increased the ability of the food matrix to trap
compounds responsible for the smoke flavor.

Fig. 4.8. Smoke flavor JAR score distributions, according to a 9-point JAR scale.
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Consumers were asked about willingness to buy the albacore rolls for
themselves and for someone else. These questions were asked on a 5-point hedonic
scale basis, as seen in Fig. 4.9 and Fig. 4.10. The lowest score possible was 1 (would
definitely not buy), and maximum possible score was 5 (would definitely buy).When
asked whether they would buy the albacore roll for themselves, consumers responded to
both products with similar degrees of liking, with mean scores of 3.73 and 3.72 for
Alb82 and Alb88, respectively. When asked whether they would buy the products for
someone else, mean scores dropped to 3.53 and 3.48 for Alb82 and Alb88, respectively.

Fig. 4.9. Distribution of consumers’ willingness to buy albacore rolls for themselves,
according to a 5-point hedonic scale.
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Fig. 4.10. Distribution of consumer’s willingness to buy albacore rolls for someone else,
according to a 5-point hedonic scale.
Consumers were also asked about the potential frequency of purchase of their
favorite albacore roll. In response, 5.7% answered they would buy it a few times a
week; 19.5% answered they would purchase it once a week; 34.2% claimed they would
buy it two to three times a month, and 24.4% responded they would purchase it at least
once a month.

When consumers were asked whether they would purchase albacore rolls for a
price of $4.99 per pound, 50 consumers answered they would definitely buy, 47 said
they might buy it, and 17 claimed they might or might not buy it. Only 7 said they
might not buy, and 2 said they would definitely not buy. However, this retail price is
somewhat low due to the prices of tuna (around $1.40- $1.65 per pound of whole fish),
combined with the energy costs required for processing. It is likely that the selling
prices would be higher in the marketplace.
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4.5

Conclusions
The albacore rolls discussed in this section received scores of moderate

acceptance. Overall liking and overall flavor ratings both reached mean scores of 7, and
the mean appearance score reached 6.4. Even though the preference for one product
over the other was not clear, Alb82 had many features that apparently made it more
desirable, such as smoke flavor, moistness and oiliness. Although Alb88 and Alb82 had
significantly different scores for JAR oiliness and JAR moistness, the compositional
analyses for lipids and moisture were very similar, and only moisture was significantly
different (p<0.05). Regarding differences in smoke flavor, both groups of albacore rolls
were cooked in the same smokehouse simultaneously, so the possibility of having
received different amounts of smoke is unlikely. Regardless of differences in smoke
flavor, moistness, and oiliness, the albacore rolls showed no significant differences in
the degree of overall liking and flavor scores, and both rolls received approximately the
same preference scores (Alb82 was preferred by 51% of the panelists). Purchase intent
questions revealed that the majority of consumers would be more interested in buying
their preferred albacore roll for themselves than in buying it for someone else. Sixty
percent of the consumers expressed interest in buying their preferred albacore roll at
least a few times a month.

In conclusion, this consumer test showed that albacore rolls have good potential
to be a successful product in the marketplace. Mean scores for overall liking and flavor
were close to 7, indicating moderate liking, which means a relatively high degree of
acceptance. This study can be of great assistance to regional fishermen and processors,
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and could ultimately lead to increased economic opportunities for the albacore tuna
industry by providing an additional value-added product to the market.
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CHAPTER 5
GENERAL CONCLUSIONS
Albacore tuna (Thunnus alalunga) rolls were characterized in three separate shelf-life
studies using two different albacore meat levels (82% and 88%) and three different
treatment combinations. Treatments evaluated were STPP, STPP plus nitrite, and STPP
plus nitrite and rosemarinic acid. Albacore rolls were cooked to a core temperature of
74º C through a smoking process. The first shelf-life study (SL-1) lasted for a period of
52 days. Rolls were kept at 1.5 º C in vacuum-sealed packages. Composition analyses
showed that differences in moisture between meat levels were not of significant
difference. Samples in the Alb88 group had higher lipid content and lower protein
content. Oxidation numbers did not exceed 2 mg of malonaldehyde (MDA) per
kilogram of weight during the study period. Albacore rolls with STPP had slightly but
significantly higher oxidation numbers than treatments with STPP and nitrites. These
values correlated well with fatty acid profiles (FAP), which showed only minor
fluctuations during the same time frame. Samples in this study did not show microbial
growth for most treatments. The only treatment combination that showed some
microbial development contained 88% albacore meat and 0.3% STPP, but microbial
counts were no longer detectable after day 5 of sampling. Thus, cooking to a core of 74º
C and storing samples at 1.5 º C in vacuum-sealed packaging was effective for halting
microbial growth over the course of 52 days. Texture profile analysis showed that
formulations with higher meat levels were harder, but less cohesive than their low meat
counterparts. Samples with nitrites were significantly harder than those that only had
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STPP. The second shelf-life study (SL-2) lasted for 120 days. SL-2 was initiated to
confirm the FAP, oxidation and microbiology findings of SL-1. Oxidation numbers and
FAP were fairly stable throughout the study. Oxidation numbers did not surpass 2 mg
MDA/kg of weight during the extended shelf-life period, while FAP values showed
only minor changes during the same time span. Microbial growth remained undetected
throughout this study. SL-2 demonstrated that storing albacore rolls under vacuumsealed conditions, combined with low temperatures, can allow for a long shelf-life.
During the open-package shelf-life (OPSL) study, oxidation numbers remained below 2
mg MDA/kg of sample until day 28. Measurements taken on day 43 showed an increase
in oxidation numbers, up to 5 mg MDA/kg of sample. Oxidation numbers for treatments
with STPP and nitrites were lower than those for the treatment that also contained
rosemarinic acid. This tendency was reversed at day 25, when the treatment with
rosemarinic acid had the lowest values until the end of the experiment. This suggests
that the effects of STPP, nitrites and rosemarinic acid are additive and more effective
over an extended period of time than STPP or nitrites alone. Microbiology tests showed
that psychrotrophic bacteria develop faster than mesophillic bacteria (due to
temperature limitations) and yeasts and molds (due to their preference for acidic pH).
Psychrotrophic growth was first detected at day 15 in samples with STPP only.
Psychrotrophs were not detected in groups with nitrite until day 28. The group
containing only STPP reached mesophile levels of 106 CFU/g by day 28 of the
experiment, while the nitrite-containing STPP groups did not reach these levels until
day 37.
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Chapter 4 presented the results from a consumer study with 123 panelists.
Albacore rolls were tumbled with different meat levels (82 and 88%) containing 2.5%
salt, 0.8% sugar and 150 ppm nitrites. The albacore rolls showed significant differences
in consumer evaluations of moistness, texture, oiliness and smoke flavor perceptions.
Albacore rolls that were tumbled with less albacore meat had a greater number of
attributes closer to the just about right (JAR) scores. Both albacore rolls received mean
scores around 7 for overall liking and flavor. Questions about purchase intent revealed
that 65% of the consumers were highly interested in both albacore rolls, stating that
they would buy albacore rolls for themselves. More consumers showed high interest in
purchasing their preferred albacore roll for themselves than in buying it for someone
else, likely because they did not know what someone else would think of a fish
“sausage” or roll. An estimated 60% of the consumers specified they would purchase
the albacore rolls at least a few times per month.

This information suggests that albacore rolls have high probabilities of being
accepted in the market. Gelling properties of natural albacore protein combined with the
inclusion of antioxidant and antimicrobial components, have resulted in a product that
could bring value to the North Pacific albacore industry in Oregon and Washington.
Albacore rolls potentially could provide an additional marketing outlet that would
increase demand and price point for this industry. Advantages of albacore rolls over
meat products are the high amounts of omega-3 fatty acids and their high percentages of
natural protein. Shelf-life and sensory characterization data may provide useful
information for possible entrepreneurs.
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