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ABSTRACT

The effect of brine- and plate-freezing and length
of‘sﬁbsequent frozen storage upon flesh pH, thaw drip, color,
flavor, TBA (2-thiobarbituric acid) values, and long chain
free fafty acids.of Pacific halibut, Chinook and Coho slamon
was determined. The effect of freezing method upon.sodiﬁm,
potassium, and chloride concentration was also détermined;

Flesh pH of all three species generallybdeclined
significantly (P £ 0.05) with length of Storage:

The thaw drip of Pacific halibut and Chinook salmon
was'less‘fof the brine- than the plate-frozen samples after
storage for 9 to 31 Weeks.whereaslsubsequently the brine-
frozen samples had approximately equal or greater thaw drip
than the plate-frozen. The thaw drip of all samples, except
those from plate—frozen’halibut, tended to increése with
length of storage.

The Hunter 'a' and a/b values of Chingok and Coho;
saimon generaliy incfeased during storage. -

The difference in flavor between brine- and plate-
frozen outside muscle of halibut and Chinook salmon reached
a-maximum at 31 and 26 weeks of>storagé respectively, ‘and
then steadily'decreased. In contrast, the difference in
flavor between brine- and plate-frozen Coho salmon outside
muscle steadily increaséd during storage.

Tﬁe differénce in flavor between brine- and plate-

-frqzen inside muscle of all species, except for the Coho



salmon at 10 weeks and halibut at 31, 62 and 8l weeks of
storage, was not sighifiéant.. |
| The difference in TBA values (an index of.oxidafive

rancidify) between brine- and plate-frozen outside muscle
samples rapidly increased-and reached a maximum at 45, 26, or
27 weeks (the brine-frozen samples‘ha?ing the higher values)
then decreased until there was approximately no difference at
81, 77 and 78 weeks of storage for halibut, Chinook and Coho
salmon, resﬁectively. )

Method of freezing.or iength'of storage had little
effect on the TBA values of insi&e muscle for éll épecies.

Method.of freezing had little effect on the
concentration of individual frée fatty acids (percentage of
total free_fafty acids analyzed). The concentrations of
several free fatty acids was affected by length of storage
but the pattern of change during storage was erratic.

Freezing method had an effect on the concentration
of some individual ffee fatty acids (pg per gram of neutral
lipid) of halibut and Chinook salmon but not of Coho salmon.
?n'general, with all species, the concentration 6f the
individual free fatty acids was greatest in the inside muscle.
Also for halibut and Chinook salmon, particularly where there |
was a significant difference among storage times, the
concentration of the free fatty acids rapidly increased
during the first 26 to 31 weeks of storage.

Method of freezing and length of frozen storage



had a significant effect on total free fatty acids énalyzed
for only Chinook salmon. Total free fatty acids significantly
(p £ 0.05)'differéd between inside and outside muscle of
halibut and Chinook salmon but notvof Coho salmon.

The effect of method of freezing upon potassium
concentration was small and varied with species.

The effect of brine—freezing.upon most variables
measured was‘eifher sméll and/or coﬁplex. For all three
species the sodium and chloride concentration was two to
three times greater in the brine-frozen outside muscle than
in all other samples. ‘The tasfe.panel resuité and thg TBA
values indicate that brine-freezing does impair the quality

of the outside muscle of halibut and Chinook salmon during

the early stages of frozen storage.



—iy-

TABLE OF CONTENTS

List of Tables
’List of Figures
Acknowledgements
INTRODUCTION
LITERATURE REVIEW
A. Freezing Fish At Seé
1) General Considerations
2) Pléte-Freezing
3) Brine-Freezing
B. Frozen Storage
Changes Occurring During’Frozen Storage
a) Lipid Hydrolysis
b) Changes 1n Protein Extractability
é) Changes in-Théw Drip
' d) Oxidative Rancidity
‘METHODS AND MATERIALS' | A
A, Catching and Freezing the Fish
B. Sampling and Analysis
a) Determination of Thaw Drip
b) Determination of pH
c) Color Determinafion
d) Determination of Flavor Differences

e) Determination of 2-Thiobarbituric Acid
Reactive Substances:

Page
ix
x1

xiii

o UMW W W

16
16
16
20
24
25
31
31
32
33
33
35
35

37



£)
g)
h)
i)
3)
k)

1)

m)

Lipid Extraétion

Removél of the Phospholipids
Isolation of Neutral Lipids
Removal of Free Fatty Acids
Esterification of Free Fatty Acids

Determination of the Weight of the
Neutral Lipids

Gas Chromatographic Analysis of
the Free Fatty Acids

Determination of the Mineral
Concentration in the Flesh

C., Statistical Analysis

RESULTS

A, Analysis of Variance

a)

b)

c)

Flesh pH
i) Pacific Halibut
ii) Chinook Salmon

$34) Coho Salmon

Thaw Drip
i) Pacific Halibut
ii)‘ Chinook Salmon

iii)v Coho Salmon

Color
1) Hunter Rd Values

i) Chinook and Coho Salmon
2) Hunter 'a' Values

i) Chinook Salmon

ii) Coho Salmon

Page
38
39
40
41
41

y2

43

4y

46
46
46

46
51
51
51
51
55

55
55
58
58

58



d)

e)

£)

g)

3)

4)

Cevi-

Hunter 'b' Values

1) Chihook»and Coho Salmon

Hunter a/b Ratios
i) Chinook Salmon

ii) Coho Salmon

Flavor Differences

i)

1i)

iii)

Pacific Halibut
Chinook Salmon

Coho Salmon

Mineral Concentration

i) Pacific Halibut

ii) Chinook Salmon

iii) Coho Salmon |

TBA Values

ii Pacific Halibut
Chinook Salmon

ii)

iii) Coho Salmon

Long Chain Free Fatty Acids

i)

ii)

Pacific Halibut

1) Free Fatty Acids Expressed
as Percent of Total Free Fatty
Acids Analyzed

-2) Free Fatty Acids Expressed

as pg Fatty Acid per Gram of
Neutral Lipid

Chinook. Salmon
1) Free Fatty Acids Expressed

. as Percent of Total Free Fatty
Acids Analyzed

'Page
63
63
63
63
63
67
67
70
70
72
72
75
78
81

- 81
81
87
87

87

87

88

gy

9y



-vii-~

2) Free Fatty Acids Expressed
as pg Fatty Acid per Gram of
Neutral Lipid

iii) Coho Salmon

1) Free Fatty Acids Expressed
as Percent of Total Free Fatty
Acids Analyzed

2) Free Fatty Acids Expressed
: as pg Fatty Acid per Gram of
Neutral Lipid

h) Total Free Fatty Acids (expressed as
Mng Free Fatty Acid per Gram of Neutral

Lipid - ‘
i) Pacific Halibut
ii) . Chinook Salmon

iii) Coho Salmon
B. Correlations

S a) Corrélations of pH, Thaw Drip and
Color with Each Other

i) Pacifiec Halibut
ii) Chinook Salmon
iii) Coho Salmon

b) Correlations of pH, Thaw Drip, Color,
TBA Values and Free Fatty Acids with

Flavor
i) Pacific Halibut
i&) Chinook Salmon

iii) Coho Salmon
DISCUSSION
a) Flesh pH
b) Thaw Drip

c) Color'u‘"“p

Page

98

1101

101

102

107

107

107

107

108

108
109
109

108

109

108

110

110
111
111
112
113



-viii-

d) Flavor Differences
e) Mineral Concentration
f) TBA Values
g) Free Fatty Acids
SUMMARY AND CONCLUSIONS
LITERATURE CITED

APPENDIX

Page
114
116
117
118

124

129



TABLE

I

III

Iv

Vi

VII

VIII

IX

XI

XII

XIIT-

-ix-
LIST OF TABLES
Page

Analyses of variance of pH values of
Pacific halibut, Chinook salmon and
Coho salmon ‘ u7

Duncan's new multiple range test on the
significant time effects from the

analyses of variance on the pH values of

Pacific halibut, Chinook salmon and

Coho salmon 48

Analyses of variance of the thaw drip
data of Pacific halibut, Chinook salmon
and Coho salmon _ 53

Duncan's new multiple range test on the
significant time means from the analyses
of variance on thaw drip , 56

Analyses of variance of color readings

for Chinook salmon 59

Analyses of variance of color readings
for Coho salmon ' 60

Duncan's new multiple range test on the

significant time effects from the analyses
of variance on the Rd, a, b and a/b
values of Chinook salmon and Coho salmon 68

Acceptability preferences for Pacific
Halibut, Chinook salmon and Coho salmon - 71

Analyses of variance of mineral concen-
tration of Pacific halibut muscle 73

Analyses of variance of mineral concen-

tration of Chinook salmon muscle .76

Analyses of variance of mineral concen-
tration in Coho salmon muscle 79

Analyses of variance of TBA values of

Pacific halibut, Chinook salmon and

Coho salmon . 82

Duncan's new multiple range test on

significant time means from the analyses

of variance of the TBA values of Chinook

salmon : ' 83



TABLE

CXIV

XV

XVI

XVII

XVIII

XIX

XX

Method, location, and time means from
the analyses of variance of free fatty
acids (expressed as percent of total
free fatty acids analyzed) of Pacific
halibut

Method, location, and time means from
the analyses of variance of free fatty

‘acids (expressed as ug free fatty acid

per gram of neutral llpld) of Pacific
halibut

Method, location, and time means from
the analyses of variance of free fatty
acids (expressed as percent of total
free fatty acids analyzed) of ChanOk
salmon

Method, location, and time means from

the analyses of variance of free fatty
acids (expressed as ug free fatty acid
per gram of neutral lipid) of ChanOk

salmon

Method, location, and time means from

the analyses of variance of free fatty
acids (expressed as percent of total
free fatty acids analyzed) of Coho salmon

Method, location, and time means from
the analyses of variance of free fatty
acids (expressed as ug free fatty acid

per gram of neutral 1lipid) of Coho Salmon

Method, location, and time means from
the analyses of variance of total free
fatty acids (expressed as ung free fatty
acid per gram of neutral 1lipid) of
Pacific halibut, Chinook salmon and
Coho salmon

Page

89

92

95

99
103

105

108



FIGURE
1

10
11
12
13

14

-%]-

LIST OF FIGURES

Page

A diagramatic representation of a

cross-section of a fish showing the

areas sampled as inside and outside

muscle : 34
Taste panel quéstionnaire used to

determine flavor differences between

frozen stored plate-frozen and brine-

frozen Pacific halibut, Chinook salmon

and Coho salmon : - 36
Average flesh pH of Pacific halibut

stored at -30°C 43
Average flesh pH of Chinook salmon

stored at -30°C , 50
Average flesh pH of Coho salmon stored

at -30°C ' . 52
Average thaw drip of Pacific halibut

stored at -30°C 54
Average thaw drip of Chinook salmon

stored at -30°C » - 54
Average thaw drip of Coho salmon stored

at -30°C | 4 57
Average Hunter Rd values of Chlnook

salmon stored at -30°C o 61
Average Hunter 'a' values of Chinook

salmon stored at -30°C : 61
Average Hunter Rd values of Coho salmon ,
stored at -30°C ) 62
. Average Hunter 'a' values of Chinook

salmon stored at -30°C } 62
Average Hunter b values of Chinook

salmon stored at -30°C 64

Average Hunter b values of Coho salmon
stored at -30°C 65



FIGURE

15
16

17
18
19
20

21
22

23

: -Xxii-

LIST OF FIGURES

Page
Average Hunter a/b ratios of Coho
salmon stored at -30°C - 65
Average Hunter a/b ratios of Chinook
salmon stored at -30°C 66
Taste panel (triangle test) results of
Pacific halibut, Chinook salmon, and
Coho salmon A ) 69
Average sodium, potassium, and chloride
concentration in the flesh of Pacific
halibut : 74
Average sodium, potassium, and chloride
concentration in the flesh‘of Chinook
salmon : : 77
Average sodium, potassium, and chloride
concentration in the flesh of Coho
salmon ’ _ _ 80
Average TBA values of Pacific halibut
stored at -30°C ' 84
Average TBA values of Chlnook salmon
stored at -30°C . ’ 85

Average TBA values of Coho salmon
stored at -30°C 86



-xiii-

ACKNOWLEDGEMENTS

The author is indebted to and expresses thadks’to
both»Dr. J.F. Richards, Associate Professor, Department of
Food Science, and Dr. N, Tomlinson, Acting Director, Vancouver
Laboratory, Fisheries Research Board of Canada, and Honérary
.Lecturer, Départment of Food Science, for their advice,
encouragement and help throughout the couréebof thié study.

The author also wishes to thank Miss Lynne Robinson,
Department of Food Science, for her assistance with the
étatistical analyses and Miss Shirley Geiger and Mr, Bob
Hurst, Vancouver Laboratory, Fisherles Research Board of
Canada, for thelr helpful criticisms and suggestions,

The author 1is extremely grateful to the Vancouver
Laboratory, Fisheries Research Board of Canada, for providing
laboratory space, chemicals and equipment which made. thils
study possible,
| The writer élso gratefully acknowledges the Fisheries

Research Board of Canada for providing financial assistance,



INTRODUCTION

The nutritional importance of fish has long been
recognizéd (Géiger and Borgstrom, 1962), As a pfotein_source
Borgstrom (1962) claims fish is superior to all other major
food products whether the protein content is calculated on
the basis of graﬁs of protein per 100 calories or as percent
protein of the dry matter in food,. |

Many people incorrectly believe that food supply
from the sea is "unlimited", Food proéuction from the sea
probably can bevincreased to an eventﬁal total of only 150'—
160 million metric tons of fish annually (about 2.5 times that
produced in 1968). Although world production of fish has
increased from 19.6 million mefric'tons in 1948 to 57.3
million metric tons in 1966 (Bligh, 1969) there have been
major declines in annual yields of certain commercially
important species. Production ofINorthwest Pacific Salmon
began declining about 1950 and there are as yet no clear signs
of recovery (Ricker, 1969), |

One possiblé way of compénsating'fOr this decline in
catches is to provide better means of preservatlion. Freezing
fish at sea insgead of preserving them with flake 1ce or
refrigerated sea water tRSW) would allow the boats (particular-
ly the salmon trollers) to remain out at sea fishing longer

and thus increase the number of productive daysAin a year in

addition to improving the quality of the catch (Eddie, 1962).
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- Freezing fish at sea would also reduce the quantity of spoiled
"fish sent to reduction plants. However, the method used to
freeze fish at sea méy affect the quality of the frozen stored
product (Harrison and Roach, 1953; 'derianoff, 1956).

The flesh of chinook salmon (Oncorhynchus tschawytscha),

coho salmon (Oncorhynchus kisutch), and Pacific halibut

(Hippoglossus stenolepis) is used primarily for the fresh and
frozen market. Depending upon the species, the flesh'may be
kepf in frozen storage for up to two years before marketing.

The purpose of the preéent study'was to determine
the effects of brine- and plate;fréezing at sea and the length
of subsequent frozen storage on flesh'pH, thaw drip, color,
TBA value, flesh content ofvvarious long chain free fatty acids,
mineral concentration (sodium, potassium, and chloride) and
fihally flavor df Pacific halibut, chinook salmon, and coho
salmon., Evaluations were conducted on inside and outside

muscle where appropriate,
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LITERATURE REVIEW

A, Freezing Fish At Sea

1) General Considerations

Fish are eithef killed in catching or shortly
thereafter, and as dead tissue, are subject to enzymatic
breakdown the rate of which is approximately doubled for each
10°F increase in temperature. In order that a frozen pack
of the highest quality can be obtained, it is necessary to -
freeze fish immediately after they are taken from the water,
(Lemon and Carleson, 1948).

Advantages of freezing fish at sea, as compared to
preserving them in flake ice are: (a) extension of fishing
to more distaht grounds, (b) landing fish of high and uniform
quality, (c) landing capacity loads, and (d) leveling out
supplies of raw materials for the processing plant through
frozen storage (Oldershaw, 1955; Eddie, 1959).

Dassow (1963) stated that an obvious solution to
the limited storage 1ife of chilled (1ced) Pacific halibut is
to freeze it at sea. Also Merritt (1969) stated that, in the
British fishéry, itiis concelvable that eventually freezing
‘at seé will be employed on.all vessels in which the bulk of
the catch must be stored on board for more than seven days
before 1ahding.

The different methods of freezing fish at séa as
- practised by several countries fishing for different or

similar fish were reviewed by Heen and Karsti, 1965; Banks and

N
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Waterman, 1968; and Slavin, 1968, The three principal methods
used to freeze fish at sea are air-blast, contact plate and
brine immersion,

Using a consumer taste panel Lantz and Carter (1951)
found that halibut air-blast frozen at sea at -17.8°C (0°F) and
stored at -23.3°C (~10°F) were preferred to halibut iced for
periods of 12 to 18 days. However, Lantz (1952) reported that
the consumer taste panel preferred halibut which were frozen
-after belng stored inAice for three to five days over halibut
air-blast frozen at sea.

Depending upon the rate of catching and the rate of
freezing or if freezing 1s purposely deléyed, freezingvfish
at sea can invoive freezing fish in various stages of rigor
mortis.' Freezing of pre-rigor and to a much lesser extent,
in-rigor fish, may present certain problems. Jones (1965)
stated '‘that changes in appearance associated with textual
Changes resulting from pre-rigor freezing of fish (Atlantic
cod) "on the bone" are uncémmon. This is because the muscula-
ture 1is attached'ﬁo the skeleton and the "thaw rigor" effects
(severe contracture and excessive drip):can occur only 1f the ~
connective structure fails, Partman and Gutschmidt (1963)
feported that the concentration of ATP remaining in fish
muscle after commercial freezing procedures are unlikely to
support "thaw" contracture, These results tend to support
those of Torry research scientists (Anon, 1961). However,
Tomlinson et al, (1969) observed severe thaw contracture and

high free drip in nre-rigor frozen fillets of lingcod and



Pacific cod.

Jones (1969) stated that the flesh of eviscerated
fish in rigor can, upon subsequent thawing, present a 'broken
appearanée' if handled roughly. However, this appearance is
commonly the result of passage into and through rigor at high
temperatures or the result of undue delay in freezing post
rigor. |

| With fish it is important to eviscerate the fish
immediately and wash the cut surfaces well., If this is'not
done the flesh will be discolored by blood that has hot escaped
the muscle, Also "belly-burn", proteolysis of the flesh |
adjacent to the visceral qavity, may develop (Jones, 1965;

1969)0

2) Plate~Freezing

Most British vessels that freeze fish at sea use
plate freezers, either the horizontal or more commonly the
vertical type. Plate freezers are preferred over air-blast
freezers for several reasons. The air-blast freezer occupies
2 - 3 times the space and islnearly twiqe the weight., Air- .
blast freezers are considerably more complicated in construction
than pléte freezers._ The refrigeration demand is considefably
greater than for plate freezers because of the forced-draught
fans, and lower refrigerant evaporating temperatures that must
be used., Desiccation and oxidation of the surface of the
fish may occur with fish frozen in an air-blast freezer, Heavy

mechanically operated doors are required in air-blast freezers.
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» All the ébéve disadvantages are obviated with'plate freezers
(Ranken, 1958).

It has beén reported (Anon, 1952) that Atlantic cod
which were plate-frozen immediately after death and kept in
frozen storage for one’month possessed abnormal qualities
which adversely affected accebtability. The texture of the
cooked fish was rather soft and 'short', and the smoke cure
had a rather poor '‘gloss' and 'cut', Also abnormally large
amounts of expressible fluid were obfained. However, after
a further two mohths storage these defects had largely disappear-
ed, It was also reportedvthét cod which had been iced one to
three days, and then stored at -30°C (-225F) for three months,
were of very good quality. They had an attractive appearance,
filleted well, and yielded exceilent smoke cures.

Investigations using a consumer taste panel at the
Torry Research Station, (Anon, 1954), showed that cod.which
had been iced for four days then plate-frozen to -30°C (-22°F)
was comparable with good quality fresh fish. Also cod which
had been iced for one day then plate-frozen to -30°C (~22°F)
"was Judged superior tb good quality fresh fish, It wés con-
cluded that the duration of storége in ice before freezing
should not exceed three days.

It has also been reported (White Fish Authority, 1957)
that Atlantic cod plate-frozen in-rigor or immediately post-
rigor yielded a satisfactory product. The thawed fish were
firm enough to produce smoothly cut fillets, However, the

fillets lacked the sheen of those obtained from iced fish.
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Apart from the dullness, the sea-~frozen fish possessed a 'sea
fresh' flavor, good texture, and made satisfactory smoke cures,
The fish could be stored without appreciable deterioration for
a period of eight to nine months at -20°F,

Dyer et al. (1962) observed that when Newfoundland
trap-caught cod were plate-frozen at sea, thawed and refrozen
at -18°C or -23°C there was a rapid decrease in taste pénel
~ scores and protein extractability as well as an increase in
free fatty acid formation during the first two months after
refreezing. |

MacCallum et al. (1964) showed that once-frozen
Newfoundland trap-caught cod ffozen iﬁ—rigor in a horizbntal
plate freezer yilelded an acceptable product. Treating fillets
with soéium tripolyphOSphate significantly improved the texture
of the frozen - thawed product but had no effect upon the taste
of the fish, |

It has also been shown that the quality of cod frozen
at sea then thawed, filleted, and refrozen ashore, varies with |
time and place of catéhing. Howéver, in all cases an accept-
able or better twlce-frozen product was;obtained (MacCallum
et al., 1966),

Tomlinson et al. (1969) studied the effect of the
stagé of rigor at freezing on the keeping quality of lingcod,
Pacific cod, ocean perch, red snépper, orange spotted rockfish,
rock sole, sablefish, and Pacific halibut, plate-frozen at sea
in the northeastern Pacific Ocean. In general, the thaw

contracture of the white muscle of pre-rigor halibut steaks
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was very slight (not measurable) while that of the red muscle
Qas quite severe. However, the thaw contracture of the red
muscle decreased with time of frozen storage. After nine days
of frozen storage the thaw contracture was 35%; after .455 days,
9%. The thaw contracture of the red muscle of the post-rigor
steaks was slight in comparison to that of the pre-rigor
samples, The in-rigor steaks had a thaw contracture between
those frozen pre- and post-rigor. The thaw contracture of the
in—fiéor sfeaks decreased from 10% after eight days of frozen
storage to 3% after 45U days of frozen storage. The free drip
of the post-rigor samples increased.more than that of the in-
rigor or pre-rigor samples, During frozen storage the pH of
the pre-rigor samples decreased the most while the pH of the
pbst-rigor samples decreased the least, At the beginning of
the first sampling périod the flavor was rated as 'very good’
and the texture rated as 'good', while at the last sampling
périod the flavor of ali samples was still good, with no
rancldity. However, the pre-rigor samples were preferred over
the in-rigor and post-rigor samples, the latter two samples
being drier,

The.magnitude and chanées in pH, free drip and thaw
contracture of lingcod, Pacific cod, ocean perch, red snapper,
orange spotted rockfish, rock sole, and saﬁlefish varlied with

the species,

3) Brine-Freezing

The majority 6f tuna harvested in the U.S. are brine-
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frozen aboard the tuna clippers, The hold of a tuna clipper

is divided into steel wells or tanks on both sides of'the

shaft alley. The wells are filled witﬁ sea water, the water
cooled to +29°F, and the warm tuna are loaded-into the well,

It requires 24 to 72 hours to bring the temperature of the tuna
down to +29°F, After the tuna are precooled, salt is added
gradually and mixed by means of the brine circulation pumps.

The brine and tuna are then cooled to about +15°F
at which time the chilled brine is pumped to another well or
overboard, The tuna are then held at from +10°F to +20°F
in the dry refrigerated_wéll. The fish may be unloaded frozen,
and thawed at the cannery; or 1if they'are to be processed
promptly at the cannery, the refrigeration in the well is shut
off and.the'fish thawed by means of circulating sea water during
the lést few days of the trip. Salt must be added to the sea
water during initial thawing to avoid freezing a solld mass
of tuna and ice in the well (Hendrickson, 1959).

There are seﬁeral advantages of brine immersion
freezing in tuna clippers (Slavin, 1956); it requires}minimal
product handling and also has a low maintenance cost; at rated
capacity, it produces a good quality frdzen fish in large ‘
volume and requires a ﬁinimum amount of space because fish are
vfrozen; stored, and thawed in the same tank. There are also
several disadvantages. It freezes the product very slowly
and requires careful coﬁtrol of temperature because, if proper
temperatures are not maintained within very close limits, spoil-

age of the product may result, This control requires careful
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loading to avoid overloading the well and thus exceeding its
-freezing capacity. It 1s not versatile, as this freezer is

not suitable for freezing grodnd fish, mackerel,'or shell fish.
The system requires large amounts of salt for both freezing
and thawing and requires~a high capacity refrigeration system
and considerable auxiliary power for large volume brine pumps,
With small tuna, like skipjack, a slow rate of freezing in
brine often leads ﬁo excessive absorption of salt into the

flesh (Slavin, 1956). )
| Some of the above mentioned advantages and disadvan-
tages apply only to the way brine-freezing'is used on tuna
clippers., Research conducted by the U. S. Fish and Wildlife
Service in the New England area, using the experimental trawler
Delaware, has Shown that groundfish can be satisfactorily frozen
in a 237% sodium‘chloride brine, thawed in fresh water, filleted
and refrozen and marketed as packaged fillets (Slavin, 1968),
The procedure used in brine-freezing gfound fish is
somewhat different than that used to brine-freeze t;;a aboard
ﬁuna.clippers. Uneviscerated gfoundfish are put into cylindri-
“cal baskets located in the‘brine tank (+10°F), the freezer- -
tank doors are 9losed, and the basket-drive motor 1is started,
,causiﬁg the baskets to rotate through the brine. The movement
"of the baskets through the brine provides adequate brine
circulation around each fish, thereby insuring uniform, quick

and efficient freezing. Fish of approximately the same weight

are put together in;phé same basket, bAfter the proper freezing
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time elapses, the fish are removed from their baskets, glazed
and conveyed by aluminuﬁ}chutes to the cold-storage héld. The
fish are held in cold storage until the arrival of the trawler
at port,'when they are discharged, tpawed,-filleted; and
refrozen (Slavin, 1956),

This type of brine-freezing has several advantages.
The fish are frozen quickly'and efficiently. The system 1is
versatile, as it can also freeze tuna or shrimp, quickly and
efficiently. It requires a minimum of handling, uses a sodium
chloride brine, which 1s relatively 1nexpensive, maintenance
cost is low and‘it produces a high-quality frozen fish, However,
in the Delaware experiments the brine-frozen fish'were only
compared with fish preserved with flake ice and then frozen
after lénding at port and not with other methods of freezing
fish at sea.

;There are also several disadvantages. Careful tem-
perature reéulation is required in the brine co&ler to eliminate
the possibiiity of the brine "freezing out" at -6°F, which
might result in bursting tubes within the brine cooler., Also
the‘penetratibn of salt into the flesh will be excessive 1if
fish are left in the brine considerablyllonger than the
required freezing time (Slavin, 1956).

When a large run of Sockeye salmon enter Bristol Bay,
Alaska, the catch often exceeds the local cannery capacity.
Copsequently part of the Bristol Bay catch is delivered to

brine-freezer packers, This brine-frozen salmon is then
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délivered to canneries in Alaska, Washington, or Oregon for
proceésing. Salmon contains highly unsaturated oils,'and

thus the'brine—freezing operation may present serilous probleﬁs
from‘the salt-catalyzed oxidation of these oils during frozen
storage prior to canning (Yonker, 1963).

Dassow (1956) stated that salmon, brine-frozen for
later canning, should be handled, frozen, and stored with even
greater care than that practiced with tuna; because of differ-
ences in the subsequent canning process., Oxidative rancidity
may occur in the surface fatty flesh of both tuna and salmon.
However, with tuna, but not with salmon, the skin and dark
flesh are scraped off and not packed with the light meat. Thus
oxidative rancidity may be more of a problem with salmon,
particuiarly if it is kept in frozen storage for a prolonged
period befdre being marketed or canned,

Tomlinson and Gelger (l963) reported that with brine-
spray frozen tuné, penetration of sodium into thé flesh was
quite high in the outer layers (outer 3/8 inch) of muscle,
However, sodium penefration into the inner layers of muscle
was negligible. It was also found that water-thawing reduced
the sodium cbncentration In the outer 1/8 inch of muscle by
approximately 50%. Thus the sodium content of the fish after
water-thawing is accebtable for canning when a sultable
reductlion in the salt added is made to compensate for that
present in the muscle, .

Butler gﬁ al, (1952) reported that round brine-frozen

scrod haddock, when compared to iced haddock, offered no
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complications‘for scaling and filleting., The yield of fillets
obtained from the round brine—frozen fish was as high as that
'from_control lots of iced, dressed fish, The appearance of
the fillets from brine-frozen haddock was in all instances
comparéble'with that of good quality fillets from icedvfish.
The appearance, flavor, odor, and texture of the fillets from
round brine-frozen fish, thawed in fresh water at +53°F or
+72°F, were quite acceptable.

Pottinger (1952) reéorted that the free drip from
fillets of fish brine-frozen at sea was about the same as that
froh iced fish (3 to 4%). Also palatability tests revealed
no objections to the slightly more saity flavor of fillets
prepared from fish frozen in circulating brine at +5°F to +10°F
and theﬁ air-thawed in comparison with fillets pfepared from
fish frozen on cold plates ashore and then air-thawed. However,
when the brine-~frozen fish wére water-thawed the salt content
of the flesh was reduced to pre-freezing levels,

| Studies on salt contént of haddock which were brine-
frozen and water-thawed showed that salt penetration into the
meat of fish during immersion freezing yaried directly with
the temperature of the brine. The increased penetration
reached serious proportions from the standpoint of palatabiiity
when the brine temperature was +15°F or above, It was also
shown that an increase in brine concentration caused a propor-
tionate increase in the penetration of salt into fish during

brine-freezing., However, the addition of small quantities

’
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of calcium (1%) and of potassium (0.6%) salts to a sodium
chloride brine retarded the penetration of salt. It ﬁas also
reported that the salt content of commercial fillets prepared
from fish that were eviscerated prior to bfine-freezigg was
below the fange of 'optimum palatability' for salt (0.9% to
1.2%). Also, water-thawing of the fish prior to filleting re-
-duced the salt content to a level below the taste threshold
for salt (0;5% to 0,6%) in fish, Excessive salt penetration
occurred only in the nape of the fish, a portion whilch is not
normally inébrporated into the commercial fillet (Holston and
Pottinger,'l95Uj.

The results of Peters (1959), who investigated the
salt content of large eviscerated haddock frozen in brine at
+5°F, +iO°F, or +15°F, were similar to those of Holston and
Pottinger (1954).

Miyauchi and Heerdt (1954) investigatgd the salt
content of sockeye salmon frozen by immersion for 12 hours
in brine, cooled to about +5°F, then held in dry storage at
+5°F, After thawing in running water, in still water, or in
still air the fish were canned. The amqunt of salt added to
each can varied according to the thawing method used. It was
concludéd that the amount of salt retained by sockeye salmon
was not excessive, and that the salt retained from brine-
freezing can be compensated for by the reduction of the salt
usually added in canning by 20 to 50%. The salt content of

cannéd chum salmon stored in brine at 5°F for approximately
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two weeks prior to canning was also determined. When the fish
were thawed in running water less than 0.5% salt was bresent

in the canned product. This retained salt couldveasily be
compensated for by decreasing the amount of salt added during
the canning process, {

Harrison and Roach (1953) froze chinook and chum
salmon, and grey cod in an eutectic solution of sodium chloride
then rinsed them in fresh water immediately after freezing.

The flesh, even the first layer under the skin, had sélt
concentrations well below the.generally écceptablevlevel for
palatability. | |

Miyauchi (1953) observed that the salt absorbed by
brine~frozen sockeye salmon interferes with ice glazing of
fish atistorage temperatures of 0°F to +10°F. The glaze taken
by brine-frozen sockeye»salmon in this temperature range was
not considered satisfaétbry. However, the glaze taken at -20°F
"was considered 'good!', |

Peters et al. (1968) while investigating the effects
of stage of rigor, method of freezing (brine~freezing vs plate-
freezing), and the method of thawing (microwave vs water) on
refrozen cod showed that neither the avérage taste panel scoresm
nor the chemical tests for moisture, total lipid, titratable
free fatty acids, and extractable protein nitrogen showed any
difference atfributable to state of rigor,vfreezing method,

or thawing method,
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B. " Frozen Storage

1) Changes Occurring During Frozen Storage

a) Lipid Hydrolysis

In contrast to oxidative changes in fiéh lipids,
hydrolysis by itself has no obvious nutritional significance
(Lovern, 1962), In fish tissue, as such, any effects of lipid
‘hydrolysis on product quality are likely to be due té secondary
changes, e.g., possible increased susceptibility to oxidation
and de&elopment of off-flavors.

| Brocklesby (1933) obserQed a'gradual increase in
free fatty acids during the frézen stdrage of chinook‘and
coho salmon,

Dyer et al. (1958) repérted that there was almost no -
hydrolysis in rosefish stored at either +10°F or -10°F but in
Atlantic halibut while there was no hydrolysis at ~10°F, some
free fatty acid formation did occur at 0°F (up to about 10%
in 6 months) and when'ﬁhe halibut were stored at +10°F hydrolysis
was more rapid (about:20% free fatty acids in 6 months). With
plaice there was an increase in free fatty acids to about 32%
in 6 months at +10°F, Fresh Atlantic céd had free fatty acid
values.of about 15%, however, when stored at -10°F the values
inéreased to about 50% in 16 ﬁonths and when stored at +10°F
hydrolysis was very rapid, the free fatty acids reaching values
of about 60% in one month and eventually reaching values of

80 to 90% in 16 months.
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Wood and Haqq (1962) observed lipid hydrolysis
and free fatty acid formation in lingcod and Pacific gray cod
stored at +10°F., Fresh lingcod and Pacific gray cod contained
3.4 and 5.2% free fatty acid (%of total lipid), respectively,
After 15 weeks of storage at +10°F these values increased to
28 and 42%, respectively, Gray cod resembled Atlantic cod in
that there was a period of rapid hydrolysis followed by a slower
more uniform rate of hydrolysis, This period of rapid hydrolysis
was not observed with lingcod,

Olley et al. (1962) showed that with Atlantic cod,

lemon sole, Atlantic halibut, dogfish and eleven other speéies
there was a considerable increase in titratable free fatty
acids after 16 weeks at -14°C, The formation of free fatty
acids, éxpressed as a,percentage of the total lipid,.was very
similar in cod, lemon sole, and halibut but was much less in
dogfish. Phospholipase activity appeared to be pegligible in
the Elasmobranchs studied, but in all other species, phosphol-
ipase was at least as important as lipase ‘in producing free
fatty acids, and in the Gadoids and related species almost all
the free fatty acids came from hydrolysis of phospholipids.
It was also observed that the average lipid content (%of wet
muscle) of halibut varied from 0.75% in June to 1.05% in
December, lemon sole varied from 0.78% inlJuly to 1.04% in
January while dogfish varied fromvﬂ.27% in July to 14,0% in
February.

The course of free fatty acid formation in rainbow

trout stored at -4°C has been found to be similar to that
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in cod (Jonas and Bilinski, 1967).

. Free fatty acids of fresh-water whitefiéh mﬁscle,
stored aﬁ -10°C for sixteen weeks, have been reported to
increase from 4.6% of the total 1lipid to 21.4% (Awad et al.
1969). About 61% of the total free fatty acid increase was
derived from phospholipid_;and the remainder was probably
derived from triglycerides., |

© Olley et al. (1969) showed that the extent of the
initial rapid, first order hydroiysis reaction, appearedrto
be limited by the émohnt of free water available in the
frozen state. Other results of Olley et al,(1969) showed that
with haddock there was a preferential hydrolysis of Cig. .,
ClS:O and C20:5 phospholipids; and that the rates of hydrolysis
.of phoséhatidylcholine and phosphatidylethandlamine were
similar. Previously, Bligh (1961) had shown that phosphat-
idylethanolamine aﬁd phosphatidylcholine hydrdlysis were |
mainly responsible for free fatty acid increase in frozen stored
Atlantic cod. Also Bligh and Scott (1966) showed that with
cod stored at -12°C‘the rate of breakdown of phosphatidylcholine
was faster than that of phbsphatidylethanolamine. Bosund
and_Génrot‘(l969), while studying iipid.hydrolysis.in frozen
Baltic herring, also observéd that phosphatidylcholine was
‘hydrolyzed faster than cephalin (phosphatidylethanolamine +'
phosphatidylserine). They also observed considerably more
phospholipid breakdown and free fatﬁy acid formation in the
red muscle than in the white muscle. They estimated that only

45% of the free fatty acids in the red muscle and 75% of those
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in the white muscle are formed by hydrolysis of phospholipids,
the remainder being formed by hydrolysis of triglycerides.
Until recently fish muscle was known only to contain

a 1i§ase'able to catalyze the hydrolysis of short chain trigly-
cerides (Bilinski, 1969). However, the results of Bilinski
and Lau (1969) indicate that rainbow trout muscle also possesses
lipolytic activity capable of hydrolyzing depot fat which, in
fish, is composed of triglycerides cqntaining predominantly
fatty acids with 12 - 24 carbons. Thus, it is now known that
hydrolysis of long-chain triglycerides can occur in herring
(Bosund and Ganfot, 1969).and in rainbow trout (Bilinski and
Lau, 1969). Whether other épecies of'fish, other than Atlantic
cod, also possess this ability is not yet known,

" The work of Yurkowski and Brockerhoff (1965) indicated
that the phospholipids of frozen stored cod are broken down
by fwo enzymes, phospholipase and lysophospholipase. Also
their studies on lysolécithinaée showed that oléic acid had
a strong inhibitory effect. o

Although many researchers have iﬁvestigated.the

increase in frée fatty acid formation during frozen storage
of -various species of fish, little work.has been done to -
determine if this free fatty acld increase relates to organ-
oleptic changes during frozen storage. Fraser and Dyer (1959)
stated that with Atlantic cod the fact that taste panel scores
were still‘high after a_year's storage, although the percent

free fatty acids had increased to approximately 50% and 80%
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when the fish were stored at -10°F and +10°F, respectively,
'éﬁowed that free fatty acids probably do not affect taste.
Peters ggbgl. (1968), while investigating the effect
of stage of rigor, method of freezling and method of thawing
on the storage of refrozen cod stored at -18°C, observed that
~the correlation coefficlent of free fatty acld productioﬁ with
the average téste panel scores (average of odor, flavor, texture
and overall quality scores) of the frozen stored saﬁples was
-0.97k (P £ 0.01). However, Olley et al. (1969) stated that
if Peters had'attempted the correlation with samples stored
at a different temperature the significénce might not have |
been so high; Olley's results indicated that free fatty acid
productionvdoés not go to completion at all temperatures or,
if it does so, it is at two distinct rates, an initial rapid
reaction followed by a much slower one, Thus she is of the
opinion that free fatty acid production and actomyosin
insolubilisation cannot both equate to a taste panel for

texture at all temperatures of frozen storage.

b) Changes in Protein Extractabillity

Some workers have observed thaf, depending upon the
specles, protein extractability (in 5% NaCl) tends to decrease
during frozen storage. This phenomendn has been observed in
frozen plalce filleté (Dyer and Morton, 1956); in rosefish
(Dyer et al.,, 1956); in Atlantic cod (Dyer and Fraser, 1959;
Olley and Lovern, 1960); in Atlantic halibut, lemon sole, and

dogfish (Olley et al., 1962); in saithe, haddock, whiting, and
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mackefel (Olley et al., 1967); in Pacific cod, and Pacific
halibut (Tomlinson et al., 1969); and in fresh water whitefish
(Awad et al., 1969). No detectable change in the extractable
protein nitrogen of lingcod, ocean perch, red snapper, orange
épotted rockfish, and rock sole stored for 8 1/2 months at
-30°C was noticed by Tomlinson et gl., (1969). The decrease
in protein extractability was also quite slow for lemon sole
and dogfish (Olley et al., 1962). |

| The relationship between the_increase in free fatty
acid formation and the decrease in protein extractability thét
occurs dﬁring frozen storage appeafs to vary among species.
Olley et al. (1962) while Studying frozen stored Atlantic cod,
lemon sole, Atlantic halibut, and dogfish observed that the
rate of increase of free fatty acids was twice as high for
dogfish as for the other speciés; but the rate of decrease in
protein extractability was less for dogfish than it was for
cod., Also lemon sole, which was similar to cod in free fatt&
acid production, showed much less protein denaturatién tﬁan
cod. However, Hanson and Olley (1965) hypothesized that
neutral lipids protect protein from free fatty écid denaturation
in situ and not only af the homogenization stage of the soluble
,protein determination, Thils hypotheslis was supported by the
work of Olley et al. (1967) who showed that small quahtities
of neutral 1ipid may have a brotective effect on fish muscle
proteins, )

Using‘mq@el'éystems King et al., (1962) shoﬁed that

the addition of small amounts of linoleic or linolenic acid
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caused cod actomyosin to ﬁrecipitateifrom a solution of isolated
“cod actomyosin, Also using model systems, Anderson gt al. (1965)
concluded that the interaction of protein with fatty acid 
resulting in insolubilizétion of the protein is optimal at an
ionic strength of 0.5 at pH 7.2 and that 5u is the ilonic

strength that should exist in the cellular fluid of cod muscle

. as a result of freezing to -1.5°C,

In hié recent review Connell (1968) stated that the
protein extractability of rosefish stored at +10°F and of
skate and nursehound stored at -7°C, declined considerably with-
out the formation of free.fatty acld. He refers to unpubliéhed
data and concludes that free fatty acid production is merely
one change which coincides in some species with the decline
in protéin extractability.

D&ér and Morton (1956) observed that the texture ratings
of plaice fillets stored at -12°C, showed an increase in tough-
ness parallel to the decrease in protein extractability., Also
Dyer et al., (1956) found that with rosefish stored at -12°C
taste.panel results correlated reasonably well with protein.
extractability, However, with rosefish §tored at ~23°C (Dyer
et al., 1956) and Atlantic cod stored at -30°C (Love, 1956)
marked increéses in toughness occurfed before any appreciable
decrease in protein extractability had taken place. Luippen
(1957) observed a consistent close relationship between the
increase in toughness after boiling and the decrease in the
ratio of soluble nitrogen to total nitrogen in cod samples that

had been stored at -10°C, However, no correlation was observed
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with the samples that had been stored at -20°C and at —30°C.
Moorjani et al. (1960) reported that with filleted mofwong
packed iﬁ evacuated cans or seéled in cellophane bags and
stored at -18°C, the differences in protein extractability were
assoclated with texture differences after storage times of 2
to 6 months, Cowie and Little (1966)»studied toughness. and

. protein solubility of cod fillets during storage at -29°C for
82 months, There was a steady decrease in protein solubility
from 72% to U45% but the development of toughness during frozen
storage was extremely variable, In fact cod which had been
stored for 82 months Qere more tender than some of the control
fillets which had been freshly frozen but not stored. Also
Cowie and Little (1967) investigated the relationship between
-toughneés ahdvprotein extractability with cod stored at -7°C
and at —145C. There was a poor correlation between toughness
and proteih extractability. They concluded that prbtein
extractability alone cannot accurately describe £oughness and
suggested that'pH must also be considered, Tomlinson et al,

- (1965a) observed that protein extractability can change
markedly during the thawing of frozen flesh. The alteration
appeared to be related to flesh pH as eétractability decreased _
to a greater extent at lower pH. Thus one possible explanation
of the lack of correlation between protein extractability

and toughness of cooked flesh observed by Cowie and Little
(1967) and others is that the protein extractability was

measured by homogenization of frozen rather than thawed flesh.
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In contrast, Peters et al. (1968) found that taste.panel scores
of cod stored at ~18°C for 12 months correlated (r = +O.92)
significantly (P£0,05) with extractable protein, Connell,
(1969) while investigating changes in the eating quality of
frozen stored cod, observed that protein extractability |
correlated much better with flavor (r = -0.730) or firmness
“(r = -0,66U4) of cold stored fish than did either color ratio

or cell fragility methods.

¢) Changes in Thaw Drip

The amount of thaw‘drip or liquid that exudes wheﬁ
frozen fish tissue thaws is affected by several factors. The
amount of drip_formed is directly related to the ratio of cut
surface area to the:weight of flesh, With chinook, coho,
and chum salmon and Pacific halibut the rate of freezihg
influences the amount of drip; rapid freezing results in'the
.1east drip. Drip increéses with length of frozen storage and
is greater at higher temperatures., Brining of fish flesh appears
to reduce the amount 6f drip formed. Increases in drip are
probably related to decréased protein extractability
(Miyauchi, 1963). Young (1941) obsefved that with Pacifie
halibut, over 40 pounds in weight, the amount of drip increased
from head to tail but with smaller fish the drip was less and
did not always increase in the same sequence,

Tomlinson et al. (1969) reported that the free (thaw)

drip of Pacific halibut, frozen pre-rigor, increased during
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frozen storage from 5% after nine days to 7.6% after 455 days,
while that of the in-rigor samples. increased from 5% to 7.8%

and the free drip of the post-rigor samples lncreased frcm

6.6% to 10.8%.,

d) Oxidative Rancidity

One reason rancidity in foods is undesirable is

that off-flavors and off-odors develop making the food unsﬁit—
able for consumption, It 1is known that oxidized fats cause
the destruction of several fat-soluble vitamins and carotene,
It is also claimed that oxidized fats are carcinogenic or in
other ways seriously harmful, as very.highly oxidized and
onidatively polymerized fats have been shown to produce toxic
effects in animals (Lundberg, 1961). |

' The muscle of most fish is not uniform in color.
That part located just beneath the skin, the so called lateral
line muscle, is often brown or reddish in color, This red
muscle has a high lipid concentration and the lipids are

highly unsaturated. Atlantic halibut (Hippoglossus

hippoglossus) contains 23.7% lipid (wet weight basis) in the

red muscle whiie the white or ordinary muscle (Fig.l) contains
7.0% lipid (Love, 1970).

'The rate at which oxidative rancidification occurs
is affected by (a) the amount of oxygen present, (b) the
degree of unsaturation of the 1lipid components, (c) anti-

oxidants, (d) metals such as copper, (e) organic catalysts such
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as hematin compounds and lipoxidases, (f) cerfain salts,
(g) processing treatments, (h) packaging, (i) exposure:to light,
and (j) storage temperatures, In most types of lipid oxidation
it is eséential thatAsome oxygen be present, The more highly
unsaturated the fatty acids in the lipids, the faster the
rate of oxidation. Contamination of foods with inorganic ox-
idative catalysts such as copper from equipment or other sources,
often leads to rapid deveiopment of rancidi%y (Mitchell and
Henick, 1961)., It has also been shown that certain products,
such as frozen meats, become rancid at a slower rate if stored
without added salt, Autoxidation takes place at increasing
rates as the storage temperature of a food is increased,
provideq oxygen 1s present, Thus storage at low temperatures
is advantageous in those Instances where rancidity may be a
problem, Lipids in foods that have been. exposed to conditions
promoting oxidation may have already passed through the induc-
tion period of oxidative rancidity at the initial time of
storage and naturally will not have.a shelf 1life asviong as
that optimally possible (Mitchell and Henick, 1961).

| The mechanlsm of autoxidation of lipids, stored in -
the presence of‘oxygen, is the general chain mechanism out;ined

below (Lundberg, 1962; Ingold, 1968).

Initiation
RH + Oé > free radicals
?gggH);} free radicals (e.g.,R*, RO*, ROO",

© . HO*, etc.)
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" Propagation
LR* + 0, ’ =R00"*
ROO* + RH-———————=ROOH + R°
Branching |
ROO* ==R0* + HO*
ROOH + M . =>free radicals
Termination | |
R* 4 RS
R* + ROO* stable (non-radical inactive end
products)
ROO* + ROO®

ROO*® and ROOH represent a peroxy radical and a hydro-
peroxide,_respécﬁively. M represents a metal catalyst which
increases the rate of oxidation of the substrate by increasing
the rate of decomposition of the hydroperoxide to free radicals.
Heavy metals, particularly those'possessing two or more valency
states with a suitable oxldation-reduction potenﬁial between
them, e.g., cobalt, copper, iron, manganese, nickel, are the
most powerful catalysts (Ingold, 1968). »

Castell andeacLean (196ﬂ; a) in a study of copper-
catalyzed rancidity of cod fillets, obsérved that muscle from
the tail section becomes rahcid more rapidly than muscle from
the head br centre sections. They also observed that cod
caught in the Wihter and early spring develops rancidity at
a greater rate than cod caught in the summer and fall. The
seasonal differences were primarily concerned with the

induction period in the development of rancidity. Consequently
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they thought the seasonal differences could be the result of
differences In the natural antioxidants in the muscle;
particularly tocopherol, which are known to fluctuate with the
feeding cycle of cod. In contrast, Bailey et al. (1952) re-
ported that with chinook salmon the o¢l1l from the white muscle
is generally more unsaturated than oil from the red muscle and
that o0il from the flesh near the head is more unsaturated than
oil from the flesh near the tail., Thus, with chinook salmon
one would expect that muscle near the head would eecome rancid
faster than muscle near the tail althoggh no direct evidence
to suppoft this suggestioh has been reported in the literature.

Castell and MacLean (1964,b) showed that actively
growlng bacteria exert an antioxidant effect and suppress the
development’of coﬁper-catalyzed rancidity in cod muscle,

Castell et al. (1966,a) reported that the addition
of free aromatic, heterocyclic, and sulphur containing amino
acids retarded copper-catalyzed rancidity as meaeured by the
TBA test., 1In the absence of added metallic ions, however, the
aliphatic amino acids and cysteine showed stfong pro~oxidant
activity. Also those‘amino acids which»inhibifed metel-induced
rancidities did not retard rancidity-induced by the addition
of sodium chloride. _

'Castell and Spears (1968) added from 1 to 50 ppm of
ten different heavy metal ions to blended muscle taken from
'freshly killed cod, haddock, flounder, redfish, herring,

mackerai, scallops, and lobster stored for 24 hours at 0°C,
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The resulting rancidities were determined by TBA values and
2+ 2+ 2+ -
by odours., With some exceptions Fe , V , and Cu were the
most active catalysts. Fe2+ was always more effective than
3+ ) 2+ 2+ 2+
Fe while Cd , Co , and Zn produced rancidity with the
fatty species but not with any of the other species while
2+ 2+ 2+

Ni , Cr , and Mn did not accelerate rancidity in any of
the muscles, There was conslderable difference in the relative
susceptibility to rancidity induced by specific metals in
muscle from different species.

Banks (1937) found that salt .accelerated rancidity
in raw herring but not after it was cooked. Tarr (1944,1947)
reported that immersion of chinook saimon, pinkisalmon, and
chum salmon fillets in NaCl solutions increased the rancidity
(peroxiée values) during frozen storage. Also Castell et al.
(1965) reported that sodium chloride accelerated rancidity
(TBA values) in blended cod muscle at 0°C and thet the active
agent appeared to be Na+ ions rather than whole salt or Cl1~
ions. In addition, El1is et al. (1970) observed that sodium
chloride had a direct pro-oxidant action on the lard of
freezer-stored and dehydrated gels while hydrated gels con-
taining sodium chloride, when stored at 20°C, had an "inhibit-
ing autoxidation patéern" somewhat similar to the quantitative
influence of NaCl on pH., Also sodium chloride accelerated
heme catalysis regardless of the presence of antioxidants or

chelators,

The oxidative rancidity of frozen red salmon (chinook
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and poho) has been found to be accompanied by a fading of the
red and yellow pigments of the flesh (Tarr, 1947; 1955; Boyd

et al. 1957).
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METHODS AND MATERIALS

A) Catching and Freezing the Fish

Pacific halibut (Hippoglossus stenolepis) were caught

by long line in Queen Charlbtte Sound, Northeast of Cape Scott,
on June 7, 1969. The.fish weré eviscerated and placed on ice
immediately after being caught.' Approximately six hours

later three of the fish were frozen to ~30°C in a vertical plate
freezer during a period of about 3.5 hours. Another three fish
were frozen to =5.6°C (22°F) in a 13% NaCl solution. In order
to simulate the anticipated worst pbssible brine-freezing |
times aboafd commercial halibut long liners, the halibut were

brine-frozen over approximately a‘47 hour period.

Chinook salmon (Oncorhynchus tsawytscha) and coho

salmon (Oncbrhynchus kisutch) were caught by seining in Goletas

»Channel>and Queen Charlotte Strait near Duval Point on the
Northeast coast of Vancouver Island on July 21, 1962;_ The
fish were obtained from commercial salmon seiners on the day
of the cafch, Three fish of each species were frozen to
approximately =30°C (=22°F) in aAverticdl plate freezer during -
a period of about 3;5 hours. Another three fish of each species
were brine-frozen to -5.66C (22°F) in a 13% NaCl solution over
a 9.5 hour .period.,

After freezing (whether by brine or plate) the halibut

were stored in a home-type chest freezer and the salmon



(chinook and coho) were

at Vancouver. The fish were then glazed twice, using a water

and
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ice mixture, put in plastic bags, and stored at -30°C

(=22°F) until required,

B) Sampling and Analysis

Depending on specles, the fish were sampled and an-

stored in a plate freezer until arrival

alyzed 3 or 5 different times during the maximum frozen storage

time for that species, The maximum frozen storage times for

the three different species were: Pacific halibut 81 weeks,

chinook salmon 77 weeks, and coho salmon 78 weeks,

steaks from the anterior end of the fish, immediately reglazing
the reméindér and replacing it in a plastié bag for further
frozen storage.
the six fish of that specles were randomly divided into three
pairé, each pair consisting of one briné-frozen and one plate-
frozen fish. The pairé remained constant throughout the

experiment, and provided triplicate determinations per species

per
one
per
and
six

six

and

~Sampling consisted of sawing one-half inch thick

time period. Analysis of one species (six fish) required
week (three days for organoleptic aﬁalysis at one pair
day, three days for chemical analysis at one pailr per day
one day to prepare the samples and reagents for the next
days). Consequently.the steaks were sawn frdm each of the

fish at the beginning of the week, placed in plastic bags

stored over dry ice until needed for analysis,

Prior to the first analysis of each species,

The
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2-thiobarbituric acid (TBA) test, long chain free fatty acid
analysis, and taste panel evaluation were conducted oﬁ both
inside and outside muscle (Fig. 1). ‘Color and pH determinations
were made only on white muscle (inside muséle plus the white
muscle part of the outside muscle), The whole steak(é) or
cross-section(s) of a fish was used to determine free drip.
Immediately prior to all analyses, the glaze was removed and

the skin torn from the frozen steak leaving the red muscle

intact on the steak,

a) Determination of Thaw Drip

Thaw drip from the frozen muscle was determined by
a slight modification of the U, S. standard method for frozen
dod filiets (Anon., 1960)., The time of thawing at 20°C (68°F)
wés fixed at 2 hours for all samples. The samples were dralned
on paper toweling instead of using a U. S, Standard No, 8

circular sieve, The drip was expressed as percent by weight

of the frozen fish,

b) Detérminétion of pH

Measurements of pH were madevusing the method of
Tomlinson, et al. (1966)., A combination glass electrode was
inserted directly into the thawed flesh, A Metrohm Model E

280 A portable pH meter was used.
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Figure 1. A diagramatic representatidh of a cross-section
of a fish showing the areas sampled as inside
and outside muscle, '
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c) Color Determination

Hunter Rd, a, and b values were determined‘on the
thawed fiééh of chinook and coho salmon using the method c¢f
Schmidt and Idler (1958). The thawed flesh was placed in a
3.2 ecm diameter bléstic petri dish and the average of triplicate
measurements of Rd, a, and b were taken using a Model C Gardnéf
Color - Difference Meter, The sample in the petri dish was
turned twice after the initial measurement. The reference stan-
dard was identical to that used by Schmidt and Idler (1958).

The reference tile had Rd, a, and b readings of 8.73, 33.8,

~and 20,7 respectively.

d) Determination of Flavor Differences

Differences in flavor between fish brine-frozen and
plate-frozen at sea were determined using a triangle test
(Fig. 2) as outlined by Larmond (1967). The saﬁples were
- prepared for orgénoleptic evaluation b& wrapping the'stéaks
in aluminum foil énd.steaming them for 12 minutes, The steaks
were then unﬁrapped and divided into samplés of inside and
outside muscle (Fig. 1), The flavor of‘the samples was
evaluated by a taste panel consilsting of 5 experiencedbpanel
members, Each panel member was instructed to taste the red
muscle on all of the outside muscle samples, Taste panels
were conducted daily for three days per week. Each session

was devoted to the evaluation of one pair of fish, Thus
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TRIANGLE TEST

DIFFERENCE ANALYSIS

DATE TASTER

PRODUCT

Instructions: Here are three samples for evaluation. Two of
these samples are.duplicates, Separate the odad
sample for flavour difference only.

(1) : (2)
Sample | Check odd sample

(3) 1Indicate the degree of difference between the duolicate
samples and the odd sample.

Slight , Much

Moderate Extreme

(4) Acceptability:

0dd sample more acceptable'

Duplicate samples more acceptable

(5) Comments including texture and odor abnormalities:

Figure 2, Taste panel questionaire used to determine
flavor differences between frozen stored
plate-frozen and brine-frozen Pacific halibut,
chinook salmon, and coho salmon,
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after 3 sessions (days) the organoleptic evaluation of one
species was completed for that time period giving 30
dbservations on the outside muscle (10 observations per pair

6f fish) and 30 observations on the inside muscle.

e) Determination of 2=Thiobarbituric Acid Reactive

Substances

The thiobarbituric acid (TBA) test was conducted using
the procedure of Castell et al. (1966) with some modifications,
Ten.grams of frozeﬁ tissue and 1.10 grams of the disodium salt
of ethylenediaminetetraaéetic acid (EDTA) were homogenized with
:SO ml. distilled water for 90 seconds in a Serval Onmi-Mixer.
The homogenate was transferred to a 250 ml. beaker and.the
“mixer rinsed with two 20 ml, portions of distilled water giving
a total volume of approximately 100 ml; The homogenate was
stirred well after the addition of the water and was then
acidified to pH 1.5 - 1,6 by the addition of “N'HCI. The homo-
genate was then transferred to a 500 ml. round bottom flask
and the beaker rinsed_with 16 ml, of distilled water. Dow
Corning Antifoam A wés éprayed into the flask and the mixture
was then disﬁilled at a rate to give a éotal'of 50 ml; distilla%e
in 18 -« 20 min, Duplicate 5 ml. aliquots of the distillate
were combined with 5ml, of 0.02 M TBA solution in 90% acetic
acid, and heéted in a stoppered test tube in a boiling water
bath for 35 min. The solution was then cooled for 10 min, in

running tap water and the absorbance of the solution was'read
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in a Bausch and Lomb double beam Precision Spectrophotometer
~at 538 nm. Blank determinations, using distilled water, were

run at the same time as the samples,

) Lipid Extraction

The‘lipids were extracted from 20 g. of frozen
flesh by a procedure similar to that of Bligh and Dyer (1959).
Twenty grams of flesh, 40 ml.-methanoi and 20 ml. chloroform
were homogenized for 2 min., in a Serval Omni-Mixer; to give
a chloroform: methanol: water ratio of.1:2£0.8.‘ Twenty ml,
of chloroform was then added and homogenization continued for
another 30vsec; when 20 ml., of water was added and the ﬁixture
homogenized for a further 30 sec. This gave a homogenate with
a chloroform: methanol: water ratio of 2:2:1.8, The homogenate
was then suction filtered through Whatman No., 1 filter paper
on a No, 2 Buchner funnel into a 250 ml. side-arm flask., The
tissue residue, filter paper and 40 ml. of chloroform were
lhomogenized for 1 min. and suction filtered as before, The
.-mixer cup and the extfacted tissﬁe residue were riﬁsed with
20 ml, of a (1:1) chloroform: methanol mixture. The combined
filtrates were then tranéferred to a 250 ml, stoppered graduated
cylinder and the side=arm flask was rinsed with 20 ml. of a
(1:1) chloroform: methaﬁol mixture,

After the chioroforﬁ and alcoholic layers completely.

separated the volume of the chloroform layer was adjusted to
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105 ml., and the alcoholic layer was femoved by aspiration.
Anhydrous sodium sulphate was then added to dry the
éhloroform layer. The wéter free 1lipid chloroform solution
was then.gravity filﬁered through Whatman No, 1 filter paper.
into a 250 ml. round bottom flask. The sodium sulphate was
rinsed with 15 ml., of reagent grade chloroform, The lipid-
chloroform solution was then evaporated under vacuum to
approximately 10 ml, using a Buchler Flash-Evaporator, the
water bath temperature being 30°C, The concentrated lipid-
chloroform solution Qés then transferred to a 75 ml., culture
tube; the 250 ml. round bottom flask was rinsed with a total

of 25 ml, chloroform,

g) Removal of the Phospholipids

The phospholipids.were separated from the lipid-
chloroform solution using a procedure similar to that of
| Hornstein et al. (1967). Mallinckrodt 100 mésh silicic acid
was activated by heating it overnight at 120°C, Fodf'grams
of activated silicic acid was added to the chloroform-1lipid
solution, The tube was then stoppered and the contents mixed
on a Vortex mixer for 1 minute, allowed to stand for 5 minutes
and then suction filtered through Whatman No., 1 filter paper
on a No, O Buchner funnel into a 125 ml, side-arm flask., The
silicic acid residue was washed three times with successive

8 ml. portions of chloroform., The filtrate was then transferred

to a 100 ml. round bottom flask. The 125 ml. side—arm flask
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was rinsed with 15 ml., chloroform, The phospholipid free-
lipid chloroform fraction was then evaporated under vacuum to
approximately 2 - 5 ml. ﬁsing a Buchler Flash-Evaporator with.

a water bath temperature of 30°cC,

h) Isolation of Neutral Lipids

An isopropanol-KOﬁ solution was prepared by adding
6.25 gm,. KOH to 100 ml, isopropanol then heating and shaking
the mixturé until the KOH was dissolved. The solution was
alldwed to cool and then the supernatant was decanted leaving
any H2O present in the flask,

The neutral lipids were separated from the phospho-
lipid-free fraction by a prbcedure similar to that of HMcCarthy
and Dutﬁie (1962)., Four gréms of activated 100 mesh silicic
acid were weighted into a}lOC ml, beaker, Eight ml. of
the isdbropanol—KOH solution and 24 ml., anhydrous diethyl ether
were then added to the silicic acid. The contents Werebmixed
and then allowed to stand for 5 minutes, The mixture was then
slurried into a 2 cm, by 26 cm, glass column and washed with
.100 ml, of anhydrous diethyl ether, Thg 2 - 5 ml, of phospho-
lipid—free lipid was dissolved in a smail quantity of énhydrous~
dlethyl ether placed on the column and thoroughly washed 1into
the packing by several small portions of anhydrous dlethyl ether,
The phospholipid~free lipid fraction was placed on the column
under a nitrogen athosphere. Cholesterol, cholesterol eSters;

mono-, di-, and triglycerides were then eluted in one fraction
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from the column with 200 ml, ofvanhydrous diethyl ether. The
neutral lipids eluted from the column were collected in a

250 ml. Erlenmyer flask. When the fraction was collected,
the flask was flushed with nitrogen, stoppered, and placed

in a refrigerator for subsequent weight determination of the

neutral lipids.

i) Removal of Free Fatty Acids

The free fatty acids (FFA) retained on the column
were removed by two 10 ml, aliquots of boron trifluoride
solutlon, containing 125 gm. BF3 per 1000 ml, methanol

(Metcalfe and Smith, 1961).

J) Esterification of Free Fatty Acids

- The eluted FFA were trans-esterified by mildly
refluxing the eluted solution for 15 minutes, The solution-:
was then'transferred to a separatory funnel and the round
bqttpm flask rinsed with 5 ml. of n-pentane. Twenty ﬁl.

-6f distilled water waé added to the separatory funnel and the
layers allowed to separate, The<aqueous layer was then trans-
ferred into the original round bottom flask and the organic
layer was transferred to a 50 ml, Erlenmyer flask containing
-anhydrous'sodium'sulphate. ‘Five millileters of spectra-
scopically analyzed n-pentane was added to the agqueous layer
and the solution re-extracted as before, The two organic

fractions were combined and well dried with anhydrous sodium
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sulphate, The water-free organic fraction was then transferred
to a 15 ml. graduated test tube and the sodium éulphate rinsed
with two portions of 3 ml. n-pentane. Using nitrogen gas, the
volume iﬁ the test tube was adjusted to 2 ml, and transferred
to a 1 dram vial. The test tube was rinsed well with n-pentane.
The air spaée in the vial was flushed with nitrogen gas and

the vial sealed, labelled, and stored at -30°C for subsequenﬁ

gas chromatographic analysis.

k) Determination of the Weight of the Neutral Lipids

The neutral lipid content was determined by flash
evaporating the 200 ml. neutral lipid fraction almost to
drynesst Ten millileters of chloroform was then added to the
round bottom flask and the contents transferred to a pre-
weighed aluminum weighing disk. The round bottom flask was
rinsed well with chloroform., The weighing dishes were then
placed on a hot plate, (the temperature set at 1§w) in a fume
hood, in ordér to evaporate most of the chloroform.“hfhe
samples were dried to constant weight by placing them in a

vacuum oven at 70°C for 3 hours,

.1) Gas Chromatographic Analysis of the Free Fatty

Acids

‘The isolated free fatty acid methyl esters were
analyzed using a Micro-Tek Model 220 gas chromatograph equippéd

with a flame ionization detector. The column used was of
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stainless steel, 10 ft. in length and 3/16 in diameter, packed
with 3% EGSP-Z (an ethylene glycol-succinic acid diphenyl—
diethoxysilane polyeeter) on 100 - 120 mesh Gas-Chrom Q, Lot
4303, purchased from Applied Science Laboratories., Nitrogen
at 5.7 ml/min was employed as the carrier gas. The inlet
temperature was 250°C and the detector temperature was 2M0°C.
All analyses were conducted isothermally with a column
temperature of 185°C. Methyl tricosanoate (23:0) purchased
from Appiied Sclence Laboratories was used as an internal
standard. The fatty acid methyl esters were identified by
comparison of thelr retention times with those of herring
0il and cod liver oil. The reoorder was equipped with a
Disc Chart Integrator and quantitation was based on the
assumption that detector response was proportional to carbon
content. The results were expressed both es a percentage of

the total FFA analyzed and as mg. FFA per gm. neutral fat.

m) Determination 92 the Mineral Concentration

Sodium and potassium concentration in the first half
inch of muscle beneath the skin (outside muscle) and in the i
next adjacent half inch of muscle (inside muscle) was
determined on the frozen flesh using the method of Thompson
(1969). The dry-ash method was used and the sodium and
potassium concentrations in the solutions were determined using

an E,E,L, Flame Photometer, The concentrations were expressed

as mg/gm flesh,
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Chloride concentration in the first half inch of
muscle beneath the skin (outside muscle) and in the next
adjacent half inch of muscle (inside muscle) was determined
using Quantab Chloride Titrators S031 No, 1175, The
procedure used wvas similar.to that outlined in the instructions
fér Quantab‘Chloride Titrafbrs S041 No, 1176 except a totai

volume of 50 ml. rather than 100 ml., was used,

C) Statistical Analysis

The sodium, potassium, and chloride concentration
data as well as the color, thaw drip, and pH values were |
statistically analyzed using a randomized complete block
split-plot design. The TBA values and the lbng chain free
fatty acid data were statistically analyzed using a randomized
Qomplete block split-split plot design. |

Pairs of fish were the replicates or blocks, methods
of freezing were the whole ploté, locations (inside or |
outside muscle) were the split-plots, and times of ffozen
storége were the split-split plots for the analyses of the
TBA test and long chain free fatty acid déta. Pairs of fish
were the blocks, methods of freezing were the whole plots, and
locations'were the split-plots for the analyses of the sodium,
potassium, and chloride concentration data, For the analyses
of the color, thaw drip, and pH data pairs of fish were the

blocks, methods of freezing were the whole plots and times of

frozen storage were the split-plots.



Pairs were considered random whereas all other effects

‘were considered fixed in all analyses. The thaw drip values

and the free fatty acid data expfessed as percentages were
transforﬁed, using the‘arcsiﬁe transformation, before any
analyses of variance or correlations were conducted; The ab-
solute differences in the pH, thaw drip, color, TBA values,

and the free fatty aéidslbetween the brine-frozen samples énd
the plate-~frozen samples were correléted with the taste panél

scores (number of correct identifications).

All fatty acids in the text and in all tables are described
“using the shorthand notation; chain length: number of
double bonds, e.g. 18:2 where chain length = 18 carbons,
number of double bonds = 2. '
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RESULTS

A, Analysis of Variance

a) Flesh pH

Anzalysis of Qariancé of the pH'Aata showed that there
were no significant diffefences in pH between brine-frozen and
- plate-frozen samples of ?acific halibdt,'ehinook salmén, and
- coho salmon (Table I),
| The analysis (Tablq 15 also révealed significant
differences in pH among different frozen storage times for
Pacific halibut (P € 0.05) chinook salmon (P = 0,01), and
coho salmoh (P € 0,001), Also with'chinook saimon there was

a Significant difference (P £ 0,05) among pairs,

1) Pacific Halibut

The pH of Pacific halibut decreased steadily during
froéen storage (Fig.-3). Duncan's new-multiple range test
‘showed that the pH at 81 weeks of frozen'sﬁorage was not
'significantly different than the pH at 62 weeks butjéas
'ﬁsignificantly lower (P £ 0;05) than at 45, 31 and 14 weeks

(Table II).

ii) Chinook Salmon

The pH of chinook salmon did not change steadily
during frqzen storage. The pH increased from 9 weeks until
27 weeks, decreased until 58 weeks and finally increased until
77 weeks of frozen storage (Fig. 4). The pH of chinooklsalmoﬁ

at 58 weeks was significantly lower (P £ 0.05) than the pH



TABLE I Analysis of variance of pH values of Pacific Hallbut,

Chlnook Salmon, and Coho Salmon.

Pacific Halibut Chinook Salmon - . Coho Salmon
Source - d.f. M.S. ProbT  4.f. M.S. Prob  d.f. M.S. Prob
Pairs 2 0,0126 0.1542 2 0.0337 0.0299% 2 0.0009 O.815H
Methods 1 0.0059 '0.5168 1 0.0034 0.3236 1 0.0089 0.3128
Error a 2 0.0096 -2 0.0020 2 0.0049
Time 4 0.0265 0.0139% - 4. 0.0574 0.0014%% 2 0.1561 0.0001 %%%
Mx T 4 0.0010 0.9525 . 4 0.0057 0.5784 2 0.0145 0.0812
Error b 16 0.0660 16 0.0077 . 8 0.0042

-.Lf{—

1l Probability of type 1 error

2 Error a was used to test Methods-
Error b was used to test all terms except

# Significant at the 5% level

* ¥ Significént at the 1% level

Methods ¥%% Significant at the 0.1% level



TABLE II

Pacific Halibut

14 weeks(2)

~-48-

Duncan's new multiple range test on the
significant time effects of the analyses
of variance on the pH values of Pacific (1)

Halibut,

Chinook Salmon,

. Chinook Salmon

and Coho Salmon.

81 weeks

Coho Salmon

31 weeks 46 weeks 62 weeks
6.203(3) 6.156 6.138 6.118 6.023
26 weeks(z) 9 weeks 4o weeks 77 weeks 58 weeks
6.082(3) 6.067 6.018 5,972 5,838
27 weeks(2) 10 weeks .78>weeks -
6.310¢3) 6.298 6.025

(l) Means not underlined by the same line were 51gn1flcantly
different (P € 0,05) from each other,
(2) Weeks of frozen storage at -30°C.

(3) pH values,
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at all .other frozen storage times (Table II).

iii) Coho Salmon

The pH of the plate-frozen coho salmon decreased
steadily during frozen'storage.while_the pH of the brine-
frozen samples ihcreéséd from 10 weeks until 27 weeks then
decreased until 78 weeks of frozen storage (Fig. 5). The

<

pH of coho salmon at 78 weeks was significantly lower (P'— 0.05)

than the pH at 10 and 27-weeks of frozen storage (Table II),

b) Thaw Drip -

i) Pacific Halibut

Analysis of variance on the thaw drip of frozeh stored
Pagific~halibut revealed a highly significant (P 5'0.01) method
x time interaction (Tablé-III). At 1M,and_3l weeks of frozeﬁ
‘storage the thaw drip ofvthe brine—frdzen samﬁies was less
than that of plate-frozen samples. However, at 45, 62, and
81 weeks of frozen storage the thaw drip of the brine-frozen
~samples was greater than that of the'piate-frozen samples
1(Fig. 6). The thaw dfip'of the plate-frozen fish tended to
decrease during frozen storage while that of the brine-frozen -

halibut tended to increase (Fig. 6).

.
ii) Chinook Salmon

The mean thaw drip of plate-ffozen chinook salmon
was not significantly different'from that of brine-frozen

samples (Table III), However, there was a very highly
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TABLE III Analysis of Variance of the Thaw Drip Da
 Halibut, Chinook Salmon, and Coho Salmon

Ea of.Pacific

Pacific Halibut

Chinook Salmon

Coho Salmon

Source da.f. M.S;2 Prob(3)

Pairs () 2 0.3429 ~ 0,0018%*%

Methods X 0.0439 0.7788

Error a 2 0.4893

Time ] 0.0485 0.2863

Mx T 4 0.1358 « 0.0224% .
6 0.0352

Error o 1

dlf‘

16

2
1
2
L
4
6

M.S,

0.,0051
0.0074
0.0141
0.1138
0.0323

0.0114

Prob

0.6435

0.5441"

0.0003

0.0551

d.f.

SO PN N

M.S,

0.1509
0.61409

0.0159 .

0.2201
0.0937

0.0L412

-gg;

1 Analysis was conducted on the arcsin transformed percentages.

2 All mean squares are multipliedAby 1.0 x 107,

(3) Probability of typé 1 error

(4) Error a was used to test methods

Error b was used to test all terms except methods

¥ Significant at the 5% level

¥% Significant at the 17 level

2
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.significant (P 5'0.01) storage time effect. The thaw drip at
9 weeks was signifiéantly lower (P £ 0,05) at all other

frozen storage times (Table IV,‘ ?ig. 7). Mean thaw drip of
brine-frozen chinook salmon was less than that of the plate-
frozen samples at 9 weeks but approximately equal cor gréater

than the plate-frozen samples at other storage times (Fig. 7).

11i) Coho Salmon

Plate-frozen coho salmon had a significantly higher
(P £ 0.05) thaw drip than brine-frozen-(Tab1e III, Fig. 8).
There was also a significanf differenée (P £ 0,05) in thaw
drip among frozen étérage times (Tablé I1II1)., The thaw drip
‘at 27 weeks was significantly higher (p = 0.05) than at either
10 or 78 weeks (Table IV). This pattern was particularly

pronounced in plate-frozen samples (Fig. 8),
.c) Color

1) Hunter Rd Values -

i) Chinook and Coho Salmon

During frozen storage the Rd values of chinook‘salmon‘
appeared fairly irregular and variable (Fig. 9). The Rd
readings of coho salmon were relatively constant during frozen
storage (Fig. Il). Analysis of variance on Hunter Rd readings
, of botb chinook and coho salmon revealed ro significant effects

due to method or storage time (Table V. and VI).



TABLE IV

-56-

Duncan's new multiple range test on the

significant time means from the analyses
of variance on thaw drip.(1)
Chinook Salmon(z)
77 weeks(3) 40 weeks 26 weeks 58 weeks 9 weeks
10.03%¢") 0 9.1% 9.0% 7.85% 6/5%
Coho Salmon
27 weeks 78 weeks 10 weeks

10.7%

(1) The test was

o®

8.4% 6.9

conducted on the arcsine transformed data.

(2) Means not underlined by the same line are 31gn1f1cantly
different (P £ 0.05) from each other.

(3) Weeks of frozen storage

(4) Original (not transformed) values expressed as
weight of the frozen sample.

% of the
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2) Hunter 'a' Values

i) Chinook Salmon

The mean Hunter 'a' values of Chinook salmon were
.not éignificantly affected by method of freezing, However,
there Was a highly significant difference (P € 0,01) among fro-
zen storage times., Duncan's new multiple range test showed
that the 'a' value at 9 weeks was significantly lower
(P £ 0.05) than at-anytother storagevtime (Table .v). The
change in 'a' values during frozen std}age‘was somewhat
simiiar for both fhe blate-frézén and the‘brine—frozen chinook
salmon (Fig. 10). However, at 9 weeks of frozen storage the
brine-frozen samples had slightly higher ;a' reading while at
all other frozen storage ﬁimes the plate-frozen samples had

the higher reading (Fig. 10). .

ii)_Coho Salmon

The mean Hunter 'a' value of plate—frdzen coho salmon
was not_significantly different from that of brine-frozen,
There was a significant diffe:eqce (p = 0.05)'among the storage
- times means_(Table VI). The 'a' readinglat‘78 weeks wés
significantly higher than at all other éimes (Table VII). The
'a' value at 10 weeks was not significantly different from
thel'a' value at 27 weeks of frozeh storage (Table VII); The
general change in 'a’ valuesfduring frozen storage of coho
salmon was similar for both the brine-frozen and the plate-

frozen samples (Fig. 12).



TABLE V °

Analysis of varlance of color readings for

chinook salmon

Rd a/o
Source d.f. M.S. Prob (1) w,s. Prob M.S. Prob M.S.  Prob
Paivs 2y 2 13.963 0.0005 110.66 0,0000 1.9956 0.3063 0,1422 0.,0000
Methods 1 2.945 0.7596 36,81 0.1109 1.9051 0.5811 0.0375 0.4014
Error b 2 26,604 4,63 L, 4795 , 0.0334 .
Time 4 1.001 0.4739 28.33 0,0019%% 11,4369 0.4783 0.0708 10,0000
M x T Yy 1,023 0.,4736 5.65 0.2798 1.4199 0.4841 0,0132 0,0128%
. <.
i
1 .
Probability of Type 1 error. ¥ Significant at the 5% level (P € 0.05)
Error a was used to test methods. ¥% Significant at the 1% level (P € 0,01)
Error b was used to test all terms except ¥¥% Significant at the 0.1% level (P < 0.001)

Methods



TABLE VI~ Analvsis of variance of color readings for coho salmon

Rd a | b} a/b

Source d.f. M.S.  Prob‘l) mM.s. ° Prob M.S. Prob M.S.  Prob

Pairs 2 | '0,1518 . 0,9185 2.036 0.4963 .0,8065 0.7687 0.0078 0.1649

Methods(z). 1 0.3785 0.4181 0.009 0.9214 1.8241 0.2848 0.0029 0,4054

Error b 2 0.3677 4,878 0.8655 » 0.0027 :

Time . 2 _ 0.0682 0.9549 12,848 0.,0410% 21,2377 0.6740 0,0139 0,0048%%

M x T 2 0.0592 0.9591 1.255 0.6413 0.3297 0.8898 0.0045 0.3207

Error b - 8 1.9753 2.634 2,9438 0.0034 &
’ o

’ |
1 Probability of Type 1 error. ¥ Sign;ficant at the 5% level (P € 0,05)
2 Error a was used to test methods , ¥% Significant at the 1% level (P £ 0,01)

Error b was used to test all terms except ¥#¥ Significant at the 0.1% level (P £ 0,001)
Methods, : ~
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3) Hunter 'b' Values

i) Chinook and Coho Salmon

There was no significant difference in Hunterb'b'
values between'plate—frozen and brine~frozen samples of elther
chinook (Table.fV) or coho salmon (Table VI). All other main
effects and interactions were also non-significant for both
species (Table V. and VI)- Except for the 'b' values at
58‘weeks of frozen storage the values of the brine-frozen chin-
ook salmon samples remained fairly constant. With the plate-
frozen samples, except for a sharp decrease between 26 weeks
and 40 weeks the values were also relatively éonstant (Fig. 13).
From 9 weeks until 78 weeks of frozen storagé the 'b; values
of plate-frozen coho salmon decreased about 0,90 units while

the brine-frozen Samples decreased about 0.85 units (Fig; 14),

L) Hunter a/b Ratios

i) Chinook Salmon

The method x}time interaction of the a/b ratios for
:chinook salmon was significant (P = 0,05) (Table V ). Except
for the 9th week of frozen storage the plate-frozen had higher
“a/b ratios than ﬁhe brine~frozen sampleé (Fig, 16); Also | i
- except for the period between'26 and 40 weeks of frozen storage
the changes in the a/b ratio bf chinook salmon were similar

for both the plate- and brine-frozen samples (Fig. 16),

ii) <Coho Salmon

There was no significant difference in the mean

‘a/b ratio between brine-~frozen and plate-frozen samples
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(Tabie V1). However, there was a highly significant difference
. (P = 0.0l) among‘frozen storage times (Table vI), The a/b
ratio at 78'wéeks was'significantly higher (P £ 6.05) than at
10 ‘and 27 weeks of frozen storage (Table yII), From 10 until
78'week$ of frozen storage the a/b ratic of the plate-froéen
samples increased 0.173 units while the Brine—frozen samples

increased 0.127 units (Fig. 15).

d) Flavor Differences

The results of the triangle tests on inside and
outside muscle‘samples of Pacific halibut, chinook salmon and
coho-salmon are shbwn in Figure 17. LeQels of significant
difference were ébféined from tables prepared by Larmond (1967).

i) Pacific halibut

There were no signifiéant differences in flavor be-
tween freezing methodé for elther inside or outside muscle
samples at 14 weeks of frozen storage. At 31 weeks, however,
_there was a véry highly'éignificant difference (P £ 0,001)
 between the outside mﬁscle of the plate-frozen halibut énd
the outside muscle of the brine-frozen fish'(Fig.lﬁ ). These
differencesvbetween freezing methods éteadily declined éfter‘
31 weeks of frozen storage until they were just significant
Cat the 5% level after 81 weeks (Fig. 17).

The taste panel results fof“halibut inside muscle

appeared ra little more erratic in comparison with those for



-68-~

TABLE VII Duncan's new multiple range test on the
significant time effects of the analyses
of variance on the R4, a, b, and a/b values
of Chinook Salmon and Cocho Salmon. (1)

Chinook Salmen: a values

58 weeks(2) 77 weeks 26 weeks 40 weeks 9 weeks

28.89(3) 28,66 26,63 . . 26.45 23.50

Coho Salmon: a values

78 weeks(2) 10 weeks 27 weeks

28.60(3) 26,11 26.02

Coho Salmon: a/b ratic

78 weeks<2) 10 weeks 27 weeks

1.25(") 111 1.10

(1) Means not underlined by the same line are significantly
(P £ 0,05) different from each other, ‘

(2) Weeks of frozen storage at -30°C,
(3) Hunter a values.

(4) a/b ratio.



Figure 17 Taste panel (triangle test) results of
Pacific halibut, chinook salmon, and
coho salmon,

x = significant at the 5% level
y = significant at the 1% level
z = significant at the 0.1% level
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outside muscle. There were highly significant differences

(P £ 0,01) between freezing methods at 31 and 81 weeké whereas
’thevdifferences were»non—significant at 14 and 45 weeks and
significant (P 5_0.05) at 62 weeks of frozeh storage (Fig., 17).

ii) Chinook Salmon

The taste panel results for chinook salmon were
somewhat similar to thqse for halibut., Tﬁere were no signi-
ficant differences'bétWeen freezing methods at the first
analysis (9th week of frozen étoragé) for eithef inside or
outside muscle sampleé_and with outside muscle there was a
highly'significant diffefencev(P £ 0.0l) between freezing
methods at the second analysis (27th ﬁeek of frozen storage)
‘(Fig. 17). Thié difference steadily declined until it became
non-sigﬁifiéant at 58 and 77 weeks.(Fig. 17 ) The‘taste
‘panel results for inside muscle sémbles wereldifferent from
those for-ﬁalibut és with chinook salmon the differences
between fréezing methods were nonfsignificant at each sampling
time (Fig. 17). D | o |

iii) Coho Salmon

"Taste panel results for coho salmon were very differ-
“ent from thoée'for halibut and chinook salmon. At the first —
ahaiysis (10th week of frozen storage) there was a non—signifi-
"cant difference between freezing methodsAfor the outside muscle
and a highly significant difference (P € 0,01) for the inside

muscle (Fig. 17). The number of correct identifications

steadily increased with time and culminated with a very highly
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TABLE VIII Acceptability Preferences for Pacific Halibut,
Chinook Salmon and Coho Salmon

. : Preferences
Species Location Length of Number of Plate- Brine- Nc
Frozen Correct Frozen Frozen Pref,
Storage Tdentificationt % % %
Pacific Outside 14 weeks 13 69 31
halibut muscle 31 " 20 60 40
45 " 18 ' 39 50 11
62 " 17 29 - 59 12
81 " 15 47 53
Inside 14 weeks 9 22 T8
muscle 31 " 18 50 50
g 45 n 14 b3 50 7
62 " _ 16 50 38 13
81 " .18 by 28 28
Chinook Outside 9 weeks 12 67 33
Salmon muscle 26 " - 18 56 gl
) . Lo " ' 7 59 35 6
58 " 14 50 50
77 " 9 33 56 11
Inside 9 weeks 14 57 43
muscle 26 " 11 55 b5
- 40 " 12 50 50
58 " 10 - 70 - 30
770" 14 50 .. 21 29
. "Coho Outside 10 weeks - 12 83 17
Salmon muscle 27 " 14 57 43
78 L 20. 4o 55 . 5
Inside 10 weeks 17 53 y7
-muscle 27 " 13 54 46
78 " 10 - 4o 30 30

1 Number of correct.identifications out of 30 observations,

2'Percentage of correct identifications.
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significant differeﬁée (P £ 0,001) between freezing methods
at‘78 wéeks (Fig. 17). With coho salmon inside musgle'there
was a éignifiéant difference bétwéen freezing methods only at:
the 10th week, Differences at all other tiﬁes were non-
significant (Fig. 17). |

Examination of the data for outside musclé revealed
that for all species plate-frozen samples were preferred to
'briﬁe-frozen at the.first sampling time. The preference
declined as storage time increaséd until at the last sampling
vperiod brine-frozen samples were slightly preferred over the
correépondiné plate-frozen ones, For both the inside and |
outside- muscle samples‘the percentage of "no preferences"
teﬁded to increase with increasing time of frozen storage

(Table VIII).

e)”Mineral Concentration

i) Pacific Halibut

Insofar as sodium and poﬁassium concentrééidns:in
ithe flesh were concerned, the differences between the two
methods of freezing were not statistically significant and no
cohclusidné.could be made ébout aifferences in chloride
ébncentratioﬁ as there was a very highly significant (P £ 0.01)
method times location interaction (Table IX). . However,
graphical analysis of the means indiéated that the sodium and
chloride concentrations of the plate-frozen inslde muscle, plate-
frozen outside muscle aﬁd the brine-frozen inside muscle were 

quite similar (Fig. 18). However, the brine-frozen outside
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TABLE ' IX Analysis of varlance of mineral concentration of Pacific Halibut muscle

Sodium :Potassium Chloride .

Source d.f. M.S, Prob(l) M.S. Prob M.S. Prob

Palrs (2) 2 0.,4532 HO.U373 0.4760 0.0321 - 0.007 0.8749

Methods 1 1.9764 0.1795 0.0675 0.7137 10.660 0.0131

Error a 2 0.4710 : 0.3954 . 0.047

LOCATION 1 2.3497 0.0817 2.2188 0.0037%% 12.669 00,0004

M x LOC, 1 1.6502 00,1241 0.1633 0.1445 g.031 “0,0006%%% 1
Error b b 0.4404 0.0501 0,050 3
Total 11 1

5 Probability of Type 1 error
Error a was used to test methods,.

¥ Significant at
¥%¥ Significant at

Error b was used to test all terms except methods¥*#¥ Significant at

the 5% level
the 1% level
the 0.1% level
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muscle had 3.82 times as much sodium and 4,09 times as much
chloride as the plateffroéen outside nwuscle (Fig. 18). The
potassium concentration of the brine-frozen samples wés

about 1,11 times greatef thaﬁ the ﬁléte-frozen samples for the
outside muscle and about 1.02 times greater for the inside
muscle (Fig. 18). ™The sodium and chloride concentrations did
" not différ significantly among pairs (Table ’IX);"Sodium
concentration did not differ_significantly between the inside
and outside muscle samples whereas‘potassium concentration
was significantly (P = 0.01) greater in the inside muscle
(Table I1X, . Fig. 18). No cgnclusions about differences in
chloridé concentfétion‘between the inside and outside muscle
samples’ could be made as there was a very highly significant
(p = 0.001) methéd times loéation interaction (Table IX).
Chlpride concentration in the_oﬁtside muscle was 6.03 times
greater than that of the inside muscle with the brine-frozen
samples andvonly 1,53 times greater wiﬁh the plate-frozen
;samples (Fig. 18).

11) Chinook Salmon

No simple assessment of the qﬂantitative differences
in sodium concentration between methods and between locations
could be‘méde as there was a highly significant (P € 0.01) method
x location interaction (Table X). Sodium concentration of
inside muscle was essentially;the saﬁe for the two methéds of
freezing but the concentration in outside muscle was about 3

times higher'in brine-frozen compared to plate~frozen samples

(Fig, 19).



TABLE "X Analysis-of varlance of mineral concentration of Chinook Salmon muscle

Sodium ) ,‘ _. Potassium ... : Chloride

Source d.f. M.S. Prob(2> M.S. ' - Prob | M,S, Prob
Pairs 2 0.0281 0.2453 - . 0,0652 0.2173 0.0893 0.5904
Methods (2) 1 0.4485  0.0371 1.1801 0.2372 1.3267 0.0824
Error a 2 0.1311 ' 0.4218 0.1139 .
Location 1 1.0208 0.0018 2.0750 0.0010%% - 3.7969 0.0083%*%

* Method x LOC, 1 0.5043 0,004g%% _ 0.0014 0.8158 0.9241° 0.,0661
Error Db L 0.0137 0.0284 ‘ ' 0.1469 '
Total 11 ' ‘

1 Probabillty of Type 1 error
2 Error a was used to test methods
Error b was used to fest all terms except methods

% Significant at the 5% level
#% Significant at the 1% level
¥%% Significant at the 0.1% level
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Potassium and chloride concentrations of chinook
salmon did not differ significantly between the plate-frozen
and brine-frozen samples (Table X,)._ The'interaction between
methods and‘loeations for chloride approached significance
(P £ 0,07) (Table X). The difference in chloride concentra-
AEion‘betWeen briﬁe—and plate-frozen samples was much greater
for outside than for inside muscle (Fig..19).

The'potassium concentration was significantly
(P £ 0.01) higher in the inside muscle than in the outside
whereas chloride concentration was significantly (P £ 0,01)
lower inbthe inside muscle (Table . X, Fig. 19);

'1ii) Coho Salmon

Assessment of differences in sodium, potassium, and
.chloride concentration between methods and between lecetions
ﬁas complicated by the presence of signifidant (P € 0,05) method
X location interactions (Table XI). Graphical analysis |
indicated that freeéing method had 1little effect on concentra~
‘tien of sodium or chloride in inside muscle, However, concen-
ﬁfration of fhese ions:in outside muscle were 2,65 times |
‘greater in brine-frozen than in correspdnding plate-frozen
' samﬁles (Fig. 20). Potassium concentrations of samples of
inside mﬁscle was higher in plate-~frozen than in.brine—frozen

fish but the reverse was true for outside nuscle (Fig. 20).



TABLE- XI Analysié of Variance of mineral concentration in Coho Salmon muscle

Sodium Potassium . Chloride
Source d.f.  M.S.  Prob(l) M.S. Prob M.S. Prob
Palrs - 2 0,0023 0;808U, 0.0485 0.1301 0.4096 0.3895
Methods(2) 1 0.5002 0.0577 0.0002 - 0.,9200 3.4027 0,1951
Error a 2 0.0270 ’ : 0.1022 _ 0.9115
Locations 1 1.1594 - 0,0010 3.1930 0.0005 6.“387 0.0133 -
Method x LOC. 1 0.4524 0.0037%% 0.4447 0.0059%% 3.4669 0,0337%
Error b 4 0.0101 ' 0.0137 - 0.3389

1 Probability of Type 1 error

Error a was used
Error b was used

# Significant at
¥% Significant at
¥%% Significant at

to test methods
to test all terms except methods

the 5% level
the 1% level
the 0.1% level

64
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- f) TBA Values

1) Pacific Halibut

The TBA values of thé brine;frozen‘samples were
sigﬁificantly'greater (p = 0.05)_than those of the plate frozen
samples'(Tabie XII), A significant (P £ 0,05) léqation X time
interaction precluded testing of location or time effects
(Table XII). "TBA valueé of outside muscle were génerally greéter
*tﬁan thoée of.inside muscle with the greatest différences at

45 and 62 weeks of storage (Fig. 21).

-31i) Chinook Salmon

The significant (p £ 0.0S) method x location inter-
action effect revéaled by analysis of ﬁariance of TBA values
of chinook salmon (Table XIi) is graphically represented in
Figure 22. It ié obvious that the extremely high TBA values
for outside muscle of brine-frozen fish at 26 and 40 weeks

fof storage were largely responsible for the interaction.

fThere were highly sigﬁificant differences (P € 0.01) in the
l TBA values among the different times of:frozen storage
'(Téble XII). Mean TBA valueé at the first and last two
.sampling periods were similaf'(Table XIiI). The highest mean
::TBA value occurred at 26 weeks of storage and was significantly
“'highep (P £ 0,05) thaﬁ those at 9, 77, and 58 weeks but was
';not significantly different from that at ho weeks of frozen

 storage (Table XIII),



TABLE XII Analyses of varlance of TBA values of Pacifilc halibut
chinook salmon and coho salmon

Pacific Halibut Chinook Salmon - Coho Salmon

Source a.f. M.s.t d.f. M.S. d.f. M.S,

Pairs 2 11,234 2 0.455 2 0.278

Method 1 20.,795% 1 87.5’51l 1 14,161,

M x P = Error a 2 0.333 2 11,498 .2 .19.664

Location 1 80,887 1 249,360, 1 212,210

M XL 1 14,260 1 74 .202% 1 12,469 \
Error b k 2.822 4 4,360, 4 6.415 @
Time 4 7.561 L 41.541 2 64,677 T
Mx T 4 L,510, 4 1 20.500 2 3.826,

L x 7T 4 12.004% 4 22.356 2 47.325""

MxLxT l 3.969 i 14,553 2 3.535

Error ¢ 32 b,418 32 9.032 16

5.388

1l All mean square values are multiplled by 1 x 10 -3

2 Methods were tested by error a

Location and M X L were tested using error b
All other terms were tested by error ¢

%
Sivnific nt a2t the 5% level

"*Signﬂficant at the 1% level
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TABLE XIII . Duncan's new multiple range test on
significant time means from the
analysis of variance of the TBA values
of chinook salmon,

26 weeksl 40 weeks 9 weeks 77 weeks . 58 weeks
0.21382,' . 0,1695 0,0929 0.0902 0.0820

1 Weeks of frozen storage at =30°C

2 The average TBA value in absorbance units,

~Each mean is the aversge of 3 observatlons,
Means not underlined by the same line are .
significantly (P = 0,05) different from
“each other,
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iii) Coho Salmon

No simple evaluation of differences between inside
and outside muscle or among different times of frozen storage

was possible a: there was a highly significant (P € 0.01)

location x time interaction (Table XJL) Graphical analysis

o

of the means iIndicated that exceptionz2ily high values for out-
side muscle at the first.twq_sampling periods with a peak

at 27 weeks were responsible for the interaction effect

(Fig. 23) and that by 78 weeks, di fferences betveew inside

and outside muscle had virtually disappeared.

g) Long Chain Free Fatty Acids

1) Pacific Halibut

1) Free Fatty Acids Expressed as Percent of Total
Free fatty Acids Analvzed

There was a significant difference (P = 0.05) between
freezing methods cnly for fatty acid 15:0 (Table I, Appendix)
which was greater in the brine-frozen than in the plate-
frozen samples., A significant (P = 0.05).meth§d x time inter-
action existed for fétty acid 17:0 (Table I, Appendix). . Vis-
val analysis indicated that the changes;in fatty acid 17:0
over time were qualitatively different for the two methods
and no obvious trends could be observed Table II, Appeﬁdix).

The percentage of fatty acid 18:0 was

significantly greater (P € 0.05) for inside muscle while the

percentage of fatty acids 16:1, 17:0, 18:2, 18:4, 20:1 and
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and 22:1 was significantly (P £ 0.05) greater for thé'outside
muscle (Tabics I angd II, Appendix). A significant (P € 0,05)
time x location interaction existed for both 14:0 and 20:5
and significant (P £ 0,05) method x location, and method x
location xlfime interactions forA18;3 (Table 1, Appendix);
Viéual analjsis ¢¥ vhe mezns for these threée fatty acids did
‘not reveal an& meaningful trends (Table II, Appendix).

There were significant differsnces (P € 0,05) between

frozen storage times for fatty acids 16:0, and 16:1, 16:2
& Iy > 3 ]

(o]

: 22:1, 22:5, and 22:6 (Table 1,

168:2,-18:4, 20:1, 20:2,

Appendix), No conclusions could be made about differences

between frozen storage timeé for fatty acids 14:0, 17:0,

1 18:3, and 20:5 as there were significant (P £ 0.05) lccation

X time interactions for lH:O and 20:5, a sipgnificant (P £ 0.05).

method x time.interaétion for i7;0 and a significant (P £ 0.05)

method x location x btime interaction for 18:3 (Table I, Appendix).
The cnanges in the percentages of.free fatty acids

16:0, 16:1, and 16:2 during frozen sﬁorage, althocugh signi~

ficant (P £ 0,05), wefe random in nature and no meaningful

trends could be observed (Table XIV). Free fatty aclds 18:2,

'18:u, 20:1, 20:2, 22:1, 'and 22:5 were lowest at 14 weeks of

frozen storage and increased erratlcally thereafter (Table

XIV).' In contrast, the percentage of free fatty acid 22:6

ct

declined steadily from 14 to 81 weeks of frczen storage,

tty Acids Expressed as ypg Fatty Acid per

2) Free ug
Neutral Lipid.

a
Gram of

—crr—n

1
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Method, location, and time means from the

L2

TS

"TABLE XIV
: analyses of variance of free fatty acids
(expressed as percent of total free fatty
acids analyzed) of Pacific halibutl.
14:0 15:0 16:0 16:1 16:2 17:0
M2 2.18 ns  0.35% 15.93 ns 5.33 ns 0.29 ns 1,21
M2 2.35 0.29  15.26 6.29 0.38 1.30
L1’ 1.94° 0.32 nsl6.29 ns 5.13% . 0,29 ns 1.15%
L2 2.60 0.33  14.88 6.49 0.37 1.36
1" 1.98 0.35% 15.99 ab 5.69 ab 0.27 ac 0.96
T2 2.13 - 0.35 a 17.62 a 4.91 b 0.39 ab 1.26
‘T3 2.33 0.37 a 13.69 b 6.40 ab 0.49 b  1.u42
Ty _ 1.68 0.30 a 14.67 b 4.95b 0.21 ¢ 1.13
T5 3.22 0.23 a 15.79 ab 7.08 a 0.31 ac 1.51
18:0 '18:1 18:2 18:3 18:4 20:1
M1 7.23 ns 17.58 ns 1.33 ns .4l 0.33 ns 5.28 ns
M2 4,90 15.36 1.30 0.L46 0.72 6.83
Ll 6.84%  16.24 ns 1.19% 0.u40 0,345 5, 74%%
5.32  16.63 1.43 0.u48 0.71 6.36
Tl 6.35 a 16.21 a 1.06 a 0.4l 0.3 a 4,90 a
T2 6.21 a 15.85 a 1.45 b 0.31 0.39 ab 5.30 a
T3 6.12 a 16.35 a 1.30 ab 0.53 0.62 bc 6.55 be
Ty 6.62 a 16.99 a 1.44 b 0.52 0.53 abe 6.39 b
4,17 a 17.00 a 1.32 ab 0.42 ° 0.74' ¢ 7.85 c
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Time means sharing the same letter are not significantly

(P € 0.05) different from each other.

20:2 20:4 20:5 2211 22:5 22:6

Ml 0.22 ns 2.61 ns11.80 ns 1.58 ns 1.85 ns 22.56 ns

‘M2 0.18 1.38 14,07 3.54 1.61 22,00

L1 0.20 ns  2.19 nsl2.99 1.96%% 1,67 ns 23.18 ns

L2 0.20 1.80 12.89 3.16 1.80 21.36

Tl 0.10 a 1.61 a 13.48 1.90 a l.44 a 24,76 a

T2 0.28 b 2.76 a 11.88 2.39 a 1.52 ab- 22.93 ab

T3 0.25 be 1.94% a 12.95 2.64 a 1.82 bc 22.48 ab’

ThH 0.20 ¢ 2.08 a 14,00 2.27 a 2,02 ¢ 22.13 b

T5 0.18 ¢ 1.59 a 12.38 3.62 b 1.86 bc 18.85 ¢

1 The analyses were conducted on the arsine transformed
percentages but the actual percentages (not transformed)
are recorded in TABLE XIV.

2 Ml = brine-frozen and M2 = plate—frozen and each mean is
the average of 30 observations.

3 Ll = inside muscle and L2 = outside muscle and each mean
is the average of 30 observations.

Yy Tl = 14 weeks, T2 = 31 weeks, T3 = 45 weeks, Th = 62 weeks
and T5 = 81 weeks of frozen storage. Each mean is the
average of 12 observations.

ns = no significant difference at the 5% level.

® Significant at the 5% level.

k% Significant at the 1% level.

#%% Gignificant at the 0.1% level.

‘5 If a column of methods, locations, or storage times 1is
completely blank (i.e. no *, letter or ns) then the -
methods, locations, or storage times for that fatty a01d
were not tested for s1gn1f1cance. '

6
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Free fatty acids 14:0, 17:0, 18:1, 18:3, and 20:2
were significantly greater (P 4 0.05) in the brine-frozen than
in ﬁhe plate—frozeﬁ halibut, There were no significant dif-
ferences between freezing metheds for fatty acids 15:0, 16:0,
©16:1, 16:2, 18:2, 18:4, 20:1, 20:5, 22:1 and 22:6 (Table III,
Appendix). Differences between brine-frozen and plate-
frozen samples for fatty acids 18:0, 20:4 and 22:5 were
dependent.upon location as indicated by a significant (P ¢ 0,05)
- methed x location interaction (Table III, Appendix). Visual
analysis of the means indicated that iﬁside muscle contained
more 20:4 and 2?:5 than outside muscle with both the brine-
and plate~-frozen samples but that the differences between .
freezihg methods was far gfeater for the inside muscle than
for the outside muscle samples; the brine-ffpzen samples
having the greater content of both free fatty acids (Table IV,
Appendix). In contrast the inside muscle contaihed more 18:0
than the outside muscle with the brine-frozen samples but the
reverse was true for plate-frozen samples, Consequently, the
imagnitude by which thé fatty acid 18:0 content of the brine-
frozen samples exceeded that of the plafe—frozen samples was
very much greater with the inside than with the outside
muscle (Table IV, Appendix).

-The inside muscle samples contalned significantly
(p £ 0;05) more 14:0, 15:0, 16:0, 16:1, 17:0,.18:1, 18:2, 18:3,
18:4, 20:1, 20:2, 20:5, 22:1, and 22:6 free fatty acids than

the outside muscle samples (Table XV and Appendix, Table III),
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TABLE XV  Method, location, and time means from the
' - analyses of variance of free fatty acids
(expressed as ug free fatty acid per gram
of neutral lipid) of Pacific halibut.

14:0  15:0 . 1610 16:1 16:2 17:0
M1' 2386.8% 423.4 ns 22737.8 ns 6365.9 ns 448.2 ns 1534, 7%
M2 1257.9 - 229.8  9183.0 3272.% 208.7 710.6
112 2889.9%% 551.5%  27299.1% 7871 . 3% 5u9.4 ns  1860.4%
L2 754.7  101.6 4621.7  1767.2 107.5 . 364.9
2%  571.2%3 119.9 a  5247.5 a  1385.7 a  93.3 a  285.4 a
T2  2140.3 ab369.4 a  25353.% a  6726.5 a 681.9 a  1656.0 a
T3  2662.8 b 636.5 a  18753.4 a  6795.9 a  S4h.L a  1636.6 &
T4  1087.6 ab236.9 a  10780.7 a  2803.7 a 117.% a  752.1 a
TS  2649.7 b 270.2 & 19157.1 a  6384.4 a  205.1 a 1208.2 a
18:0 18:1 18:2 18:3 18:4 20:1
‘ML 9858.1% 22245.2%  1513.8 ns  502.5%  260.9 ns 6255.4 ns
M2 3427.7  8636.5 696.7 252.5 264 .0 3706.4
L1 11463.7 25833.0%%  1783.6%%  617.8%%  366.uf%  8156,0%%

L2 1822.1 50u48.7 426.9 137.1 158.,5 1805.8

T1  221%.6 a 4861.2 a 360.9°'a  116.0 a 42.4 a 1206.4 a
T2  8340.7 al9580.9 a  1331.5 403.% a 238.8 b 5222.8 b
T3 9550.8 a21004.5 a  1524.8 b 607.2 a  384.7 bc 7665.1 b
T4  5507.5 al2?753.2 a 956.7 ab  359.1 a 222.9 b  4067.2 ab
TS  7601.0 ald0O4,4 a  1352.3 b 401.8 a 427.6 ¢  6742.9 b

o
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TABLE XV (Continued)

Tl

L I R

£

20:2 - 20:4  20:5 22:1 122:5 22:6
M1 304.4% 3239,7 1626.89 ns 1466.1 ns 2352.8 31428.6 ns
M2 125.1 .893.5 8268.2 lu4u41.5 928.2 13889.0
Ll 368.3% 3559.5 207u43.0% 2101.1%% 2747,8 38634,7%%
L2 61.2 573.8 3794.1 806.5 533.2 6622.8
- 38.4 a 546.9a3747.3 a 321.7 a 467.6a 7894.4 a
T2 376.8 a 3246.8 alub07.1 a 1648.1 b 1786.6a30118.8 a
T3 330.6 a 2708.6a16817.5 a 1891.9 b 2530.8a33630.,3 a
Y 44,9 a 1599.7a9834.5 a 1285.1 ab 1374.4a16815.5 a
T5 183.0 a 2231.,0a16336.4 a 2121.3 b 20392.1a2u4834,.8 a
Ml = brine-frozen and .
M2 = plate-frozen and each mean is the average of 30
observations.
2 L1 = inside muscle and
L2 = outside muscle and each mean is the. average of 30
observations.
3 Tl = 14 weeks, T2 = 31 weeks, T3 = 45 weeks, Th = b2
weeks, and TS = 81 weeks of frozen storage.
s = no significant difference at the 5% level
Significant at the 5% level
® Significant at the 1% level
%% Significant at the 0.1% level.
Time means sharing the same letter are not significantly
(P £ 0,05) different from each other.
If a column of methods, locations, or storage times 1is

"completely blank (i.e. no %, letter, or ns) then the

methods, locations, or storage times for that fatty acid
were not tested for significance.
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‘Fatty acid 16:2 concentration was not significantly different
between the inside and outside muscle samples,

There was a significant difference (P £ 0,05) among
frozen sﬁorage times for free fatty acids 14:0, 18:2, 18:4,
20:1, and 22:1 (Table IV, Appendix). In general, the conceﬁ—
tration of free fatty acids 14:0, 18:2, 20:1 and 22:1 was
vsignificantly different frqm the concentration at 62 weeké
of frozen storage (Table XV). With free fatty acid 18:4 the
concentration at 14 weeks was significantly lower than that
at any other frozen storage time while the concéptration at
81 weeks was.significantly greafer than the concentration

at 13, 31, and 62 weeks (Table XV).

ii) Chinook Salmon

1) Free Fatty Acids Expressed as Percent of Total
Free Fatiy Aclds Analyzed.

The percentage of free fatty acid 17:0 wa§.signifi-
cantly (P £ 0.05) greater in brine-frozen samples than in
-plate-frozen saﬁples fTable XVI and Appendix, Table V).
| The percentage of fatty acid 18:3 was significantly
greater (P € 0.05) in the outside than in the inside muscle
of chinook salmon (Table XVI and Appendix, Table V). The
inside and outside muscle samples did not differ significantly
in the percentages of fatty acids 14:0, 15:0, 16:1, 17:0,
18}0, 18:1, 18:2, 18:4, 20:1, 20:2, 20:4, 20:5, 22:5, and
22:6 (Table V, Appendix)., Conclusions about differences

between inside and outside muscle could not be easily drawn
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Method, location and time means from the

TABLE XVI
analyses of variance of free fatty acids
- (expressed as percent of total free fatty
ac1ds analyzed) of Chinook salmonl

14:0 15: -16:0 16:1 16:2 17:0
M1 5.07 ns 0.26 ns 16.75 9.13 ns 0.45 T 1.17%
M2 4,58 0.28 16.16 -8,23 0.u49 1.04
113 4.89 ns 0.27 ns 16.56  8.98 ns 0.43 1.02 ns
L2 4,75 0.27 16.3u4 8.39 0.50 1.19

4 5 .

T1 u,43%g 0.33 a 20,40 7.89 a 0.32 0.78 a
T? 4,59 a 0.19 b 18.93 8.52 a 0.67 1.15 bc
T3 5.20 a 0.35 b 13.49 9.20 a 0.65 1.37 ¢
T4 4.82 a 0.27 b l4.87 8.80 a 0.31 0.97 ab
TS 5.07 a 0.18 a l4.40 9.02 a 0.39 1.24 be

18:0 18: 18:2 18:3 18:u 20:1
M1 3.26 ns 24.23 ns 2.19 ns 1.18 ns 1.72 ns 4.32 ns
M2 3.85 23.51 2.10 1.22 1.64 4,57
Ll 3.48 ns 23.72 ns 2.03 ns 1.16% 1.61 ns 4,40 ns
L2 3.63 24,02 2.26 1.24 1.75 4,49
T1 3.80 a 23,46 ab 1.35a 1.0l a 1.07 a 3.69 a
T? 2.99 b 21.83 b 3.12 b 1;23 ab 1.62 b 3.68 a
T3 3.89 b 24,80 a 1.97 ¢ 1.29 b 1.84 b 4,89 bc
Ty 3.71 b 25.10 a 1.88 ¢ 1.1 b 1.97 b 5.26 bc
T5 3.39 ab 24.11 a 2.41 4 1.05 a 1.89 Db 4,68 b
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TABLE XVI (Continued)

20:2 20:4 20:5 22:1 22:5 22:6
Ml -0.28 ns 0.50 ns 13.90 ns 3.05 ns 2.14 ns 8.62 ns
M2 0.25 0.u5 13.10 2.86 2.62 11,24
Ll 0.30 ns O.44 ns 13.56 ns 2.86 2.30 ns 10.1l4% ns
L2 0,24 0.51 13.4y 3.04 2.46 - 9.73
Tl 0.20 a 0.64 a 13.70 a 2.66 2.28 9,87 ab
T2 0.64 b 0.53 a 12.19 a 3.4y 2.06 10.84 a
T3 0.17 a 0.38 a 13.71 a 2.92 2.42 9,62 ab
Ty 0.18 a 0.42 a 13.63 a 3.16 2.54 8.70 b
TS 0.14 a 0.41 a l4.30 a 2.57 = 2.60 10.62 a
1 The analyses were conducted on the arcsine transformed

percentages but the actual percentages (not transformed)
are recorded in TABLE XVI,

2 Ml = brine-frozen and M2 = plate-frozen and each mean
is the average of 30 observations. .

3 L1 = inside muscle and L2 = outside muscle and each mean
is the average of 30 observations.

by Tl = 9 weeks, T2 = 26 weeks, T3 = 40 weeks, T4 = 58 weeks,
and T5 = 77 weeks of frozen storage. Each mean is the
average of 12 observations.

© ns = no significant difference at the 5% level
* Significant at the 5% level.
x5 Significant at the 1% level.
#*% Significant at the 0.1% level.
5 Time means sharing the same letter are not significantly
(P £ 0.05) different from each other,
6 If a column of methods, locations, or storage times is

completely blank (i.e. no *, letter, or ns) then the
methods, locations, or storage times for that fatty acid
were not tested for significance.
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for free fatty acids 16:0, 16:2, and 22:1 as there were signifi-
cant (P £ 0,05) method x location x time interactions fof
16:0 and 16:2 and a significant (P £ 0,05) location x time
interactién fof fatty acid 22:1 (Table V, Appendix). Visual
analysis of the means indicated that although the percentage
of 22:1 of both inside and outside muscle increased to a
maximum and then‘rapidly decreased, the outside muscle reached
a maximum at 26 weeks while that of the inside muscle digd
not reach a maximum until 58_weeks of frozen storage (Table VI,
Appendix). |
The percentages of free fatty acids 15:0, 17:0, 18:0,

18:1, 18:2, 18:3, 18:4, 20:1, 20:2, and 22:6 differed signifi-
cantly (P £ 0,05) among storage times (Table V, Appendix).
There were‘no‘significant differences between frozen storage
times for fatty acids 14:0, 16:1, 2034, 20:5, and 22:5, Differ-
ences befwéen frozen storage times for fatty acilds 16:0, 16:2,
and 22:i could not be simply evaluated as there were signifi-
cant (P € 0,05) method x location x time interactions for
'ﬁ16:o and 16:2 and a-significant (P € 0,05) location x time
inﬁeraction for 22:1 (Table V, Appendix)} -

| The percentages of fatty acids 15:0, 17:0, and 18:0
reached a maximum at 40 weeks while 18:1, 18:3,'18:M, and
20:1 reached a maximum at 58 weeks and fatty acids 18:2, 20:2
and 22:6 feached a maximum at 26 weeks of frozen storage
(Table XVI). In all cases the maximum concentration was
significantly (P.é 0.05) greater than the concentration at

one or more other frozen storage times (Table XVI),
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2) Free Fatty Acids Expressed as ug Fatty Acid
- per Gram of Neutral Lipid _ ‘

The brine-frozen chinook salmon contained signifi-.

-

cantly (P € 0,0%) less 16:0, 18:2, and 22:6 free fatty acids

-

than plate-~frozen samples (Table XVII and Appendix, Table

I

A

v

At

« There were no significant differences betwzen freezing
methcds for fatty acids 15:05 16:2, 18:0, 18:1, 18:3, 20:1,

20:2, 20:4, 20:5, and 22:5 (Téblé YXII, Appendix), No conclu-
sions could be made abouﬁ differences between freezing methods
for fatty acids -14:0, 16:1, 17:0, 18:4, znd 22:1 as there

were significant (F € 0,05) method x4location X time interactions
(Table VII, Appendix),

0.05) tetween

IN

There were significant differences (P
inside and outside muscle for free fatity zcids 15:0, 18:¢,
16:1, 18:2, 1833, 26:1, 20:4, 20:5, and 22:5 (Table VII,
Appendix). The concentration of all the above mentloned fatty
acids was greater in the Inside muscle than in the outside
musalé (Table ZVII), No conclusions could be made abtout dif-
ferences between inside and outside muscle for free fatty aclds

14:0, 16:0, 16:1, 16:2, 17:0, 18:4, 20:2, 22:1, and 22:6 as -

there were significant (P £ 0.05) method » location x time
interactions for fatty acids 14:0, 16:1, 17:0, 18:4, and 22:1

and signifidant (P € 0,05) location ¥ time interactions for
fatty acids 16:0, 16:2, 20:2, and 22:6 (Table VII, Appendix).
Visual analysis of the meané of fatty aclds 16:0, 16:2, 20:2,
and 22:6 indicated that.in each case there weré no obvious

meaningful trends (Table VIII, Appendix).
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TABLE XVII Method, iocation, and time means from the

. analyses of variance of free fatty acids
- (expressed ng free fatty acid per gram of
neutral lipid) of Chinook salmon.

i4:0 15:0 . 16:0 16:1 16:2 17:0
M1 622.7" 30.5 ns 2005,.6% 1143,2 61.1 157.6
M2 695,72 38.8 2350.7 1263.1 7.4 157.8
Ll 8595, 7 u7;1**_" 2987.0  16%51.8 £8.0 203.4
L2 422.2 22,2 1369, 751.5 Lh,5 112.0
Tl 272.5 21.1%a  1227.0 . 502.3 19.8 48.7
T2 558.1 24.0 a  2630.5 1073.5 35,4 162.3
T3 873.0 . 56.6 b 2362.1  1575.0 107.8 218.3
Ty 652.8 38.3 a  2036.6 1201.1 42,0 130.8
T5 938, 3 33.4 a  263L.6 1656.2 66.3 228.3
18:0  18:1 18:2 18:3 18:4 20:1
M1 390.0 ns3061.9 ns 278.4%%  150.3 ns225.7 535,.6 ns
M2 546, 2 3676,7 312.8  174.0 248.6 696.0
Ll 623.4%% 351,985 395,9 213.92% 312.8  820.1%
L2 313.6 2226.7 196.2 111.1 161.5 412.5
Tl 236,7 a 1502.4 a 87.0 a 61.0 a 69.2 241.4 a -
T2 371.3 ab2945.1 b 391.8 b 16u.5 b 206.2 4u41.3 b
T3 654.6 ¢ 4415.0 ¢ 321.5 bec 213.0 b 301.Y4 832.1 ¢
Ty 497.0 be3531.3 be 251.5 ¢ 185.6 b 255.7 697.9 ¢
T5 583.0 ¢ LL52,6 cC 426.1 b 186.6 b 353,2

868.7 c
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TABLE XVII (Continued)

20:2 20:4 20:5 22:1  22:5 22:6

M1 30.8 ns 55.4 ns 1682.4%4 ns 368.0 254.6 ns 1051.2%

M2 37.8 63.0  196u4.7 420.9  387.2 1715.5

Ll 51.7 78.5% 2u77.8%* 531.5 430, 7%% 1920.8

L2 16.9 ~ 40.0 . 1168.4 257.4 211.2 845.9

T1 7.0 3.1 a 870.9 a 164.2 145.0 a 681.5

T2 79.2 64.2 a 1535.8 b 392.6 265.8 b 1407.6

T3 33.5 69.0 a 2327.3 cd u483.3 418.7 ¢ 1721.5

Th 24,5 53.9 a 1822.3 be 432.5 307.2 b 1116.1

TS 27.5 75.0 a 2561.4 4 499.7 466.8 ¢ 1990.0

Mll Brine-frozen and

M2 Plate-frozen and each mean is the average of 30
-observations.

L12 = inside muscle and

L2 = outside muscle and each mean is the average of 30
observations. ,

Tl3 = 9 weeks, T2 = 26 weeks, T3 = 40 weeks, T4 = 58 weeks,
and TS5 = 77 weeks of frozen storage.

ns = no significant difference at the 5% level.

* Significant at the 5% level.

%% Significant at the 1% level.

*#%% Significant at the 0.1% level. _

4 If a column of methods, locations, or storage times is
completely blank (i.e. no *, letter, or ns) then the
methods, locations, or storage times for that fatty acid
were not tested for significance. :

5 Time means sharing the same letter are not significantly

(P € 0.05) different from each other.
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There were significant differences (P £ 0.05) among
frozen storage times for free fatty acids 15:0, 18:0, 18:1,
18:2, 18:3, 20:1, 20:5, and 22:5 (Table VII, Appendix). Free
fatty acid 20:4 daid not differ sigﬁificantly between frozen
storage times., No conclusions about differences between
frozen stbrage times could be made for free fatty acids 14:0,
16:0, 16:1, 16:2, 17:0, 18:4, 20:2, 22:1, and 22:6 as there
were significant (P € 0.05) method x location x time igteractions
for 14:0, 16:1, 17:0, 18:4, and 22:1 and significant (P £ 0.05)
location x time interactions for 16:0, -16:2, 20:2 and é2:6
(Table VII, Appendix).

The concentration of free fétty acid 15:0 appeared
to incrgase to a maximum at MS'weeks and then decrease until
~the 77th week of frozen storage (Table XVII)., In general,
with free fatty acids 18:1, 18:2, 18:3, 20:1, 20:5,:and 2235
there was a significant 1Increase in concentration between
9 and-26 weeks but the differences among the other frozen
storage times (i.e. 45, 58, and 77 weeks) were variable

" “(Table XVII).

iii) Coho Salmon

1) Free Fatty Acids Expressed as Percent of Total
Free Fatty Acids Analyzed

None of the free fatty acids analyzed differed
significantly between freezing methods (Table IX, Appendix).
The percentage of fatty acid 18:4 was significantly

(p € 0.05) greater in outslde muscle than in inside muscle
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(Table XVIII and Appendix, Table IX), Free fatty acids
14:0, 15:0, 16:0, 16:1, 16:2, 17:0, 18:0, 18:1, 18:2, 18:3,

20:1, 20:2, 20:4, 22:1, 22:5 and 22:6 did not différ'signi-

b
ficantly with location (Table IX, Appendix). No conclusions
about differsrces between insidevand outside muscle or
'between fﬁeezing methods.oquld be made for free fatty acild

20:5 as there wzs & significant (P £ 0.05) method x location

% time interaction (Table IX, Appendix).

—
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There was a significant .05) difference
among the different frozen storage timeé for free fatty acids
15:0, 16:1, 17:0, 18:1, 18:2, 18:4, 20:2, 20:4 ang
22:1 (Table IX, Appendix), No conclusicns about differences
among frozen storage times could be made for free fatty acid
20:5 as there ﬁas a significant (P £ 0,05%) method x location
¥ time interaction (Table IX, Appendix).

‘The concentrations of free fatty aclds 17:0, 18:0,
and ‘18:4 were significantly greater (P £ 0.,05) at 78 weeks
than at 27 and/or 10 weeks of frozen storage (Table XVIII).
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There were not any significant differences due to
freezing method, locaticn of or storzge time for any of the

18 free fatty acids analyzed (Table XIX, and Appendix Table XI).
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Method, location, and time means from the

analyses of variance of free fatty acids

(expressed as percent of total free fatty

acids analyzed) of Coho salmon.

iL:0 15:0 16:0 16:1 16:2 17:0
Ml 3,37 ns 0.23 ns 15.58 ns 8.44 ns 0.43 ns 1.05 ns
M2 3.49 0.18 14,49 9.07 0.50 1.19
112 3.,24%  0.20 ns 15.40 ns 8.78 ns 0.35 ns 0.95 ns
L2 3.62 0.21 14.67 8. 34 0.57 1.29
713 3.66'a 0.30 a 15.20a 8.37a 0.43 a 0.90 a
T2 3.13a 0.15b 14.44% a 10.06 b 0.55 a 1.15 ab
T3 3.44 a 0.17 b 15.47 a 7.26a 0.4l a 1.31 b
18:0 18:1 18:2 18:3 18:4 20:1
Ml 3.26 ns 21.60 ns 2.01 ns 1.10 ns 1.55 ns L4.24 ns
M2 3,09 20,81 2.01 1.00 1.51 4,56
L1 3.12 ns 21.05 ns 1.87 ns 0.99 ns 1.41% 4,30 ns
L2 3.23 21.37 2.15 1.10 1.65 4,49
T 3.19°a 20.9% a 1.49 a 1.11a 1.57 a 4.37 a
T2 2,20 b 22.81 b 2.47 b 0.93a 1.19Db 4.21 a
T3 4,15 ¢ 19.84% a 2.07 c 1.11 a 4.61 a
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'TABLE XVIII (Continued)

20:2 20:4 20:5 22:1 22:5 22:6

M1 ~ 0.68 ns 0.72 ns 15.11° 3.07 ns 2.87 ns 13.04 ns

M2 0.59 0.76 15.16 4.09 2.96 13.02

L1 - 0.70 ns 0.77 ns 15.16 3.b7 ns 2,66 ns 13.71 ns

L2 0.57 0.77 15.02 3.46 3.17 12,34

Tl | 0.339 a 1.06 a 15.23 3.69 a 2.62 a 13.78 a

T2 1.22 b 0.56 b 13.28 4.17 a 2.80 a 12.54 a

T3 0.29 a 0.60 b 16.88 2,89 b 3.33 a 12.78 a

Mll Brine-frozen and

M2 Plate-frozen and each mean is the average of 30
observations.

le = inside muscle and

L2 = outside muscle and each mean is the average of 30
observations. :

Tl3 = 8 weeks, T2 = 26 weeks, T3 = 40 weeks of frozen
storage.

ns = no significant difference at the 5% level.

® Significant at the 5% level. )

%%  Significant at the 1% level.

#%% Significant at the 0.1% level.

y If a column of methods, locations, or storage times 1is
completely blank (i.e. no *, letter, or ns) then the
methods, locations, or storage times for that fatty acid
were not tested for significance.

5 Time means sharing the same letter are not significantly

(P € 0,05) different from each other.
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T3 6735.1

TABLE XIX Method, location, and time means from the
' analyses of variance of free fatty acids
(expressed as pug free fatty acid per gram
of neutral lipid) of Coho salmon. '
14:0 15:0 16:0 16:1 16:2 17:0
Ml1 4817;8 ns 201.7 ns 17661.9 ns 9743.2 ns 632.9 ns 1876.0 ns
M2 804.1 Ll.0 3692.8 2120.8 100.3 3ge.
112 5288.5 ns 224.7 ns 20002.2 nsil064.2 ns 671.9 ns 2053.6 ns
L2 333.4 18.0 1352.5 799.8 61;4 130.8
71 372.2%a 31.1a 1640.7 a 872.C a 43.4 a  93.8 a
T2 371.4 a 18.6 a 1800.5 a - 1270.1 a 59.3 a 122.5 a
T3 7690.3 a 314.3 a 28590.8 a 15653.9 a 997.2 a 3060.3 a
18:0 18:1 18:2 . 18:3 18:4 20:1
Ml 3999,.3 ns?24819.3 ns2138.4 ns 1441.,0 ns 2789.6 ns 7468.6 ns
M2 904,2 5148.3 520.7 288.5 4231.0 1106.1
L1 4532.1 ns?27932.5 ns2u4b4,0 ns 1621.u ns 2056.0 ns 8162.9 ns
L2 370.4 35. 195.0 108.2 164,7 411.8
T1  344.8 a 2233.6 a 151.4% a 114.6 a 166.0 a  442.0 a
T2 275.2 a 2836.4 a 28S.4 a 112.7 a 133.9 a Q83,7 a
& 39881.5 a 3547.8 a '2367f1 a2 4531.1 a 11836.3 =&
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22:1

20:2 20:4 2035 22:5 22:6
Ml 804.5 ns 569.3 ns 19905.2 ns 4600.8 ns 2691.0 ns 14666.1 ns
M2 106.9 154.4 3998.9 ns 8L3.,0 779.3 3725.1
Ll 873.1 ns 66u4,6 ns 22377.3 ns 5165.5 ns 3152.8 ns 17163.9 ns
L2 38.3 59,2 1526.8 284,72 317.5 1227.3
Tl 37.9 a 104.5 a 1622.2 a 364,.4 a 253.3 a 1541.7 a
T2 158.3 a 70.4 a 1636.2.a  507.3 a 348.9 a 1637.5 a
T3 1169.9 a 910.8 a 32597.8 a 7302.9 a u4603,1 a 2u4u407.6 a
M1 Brine-frozen and _ :
M2 Plate-frozen and each mean is the average of 30
observations.
Ll2 = inside muscle and
L2 = outside muscle and each mean is the average of 30
observations. ‘
Tl3 = 9 weeks, T2 = 26 weeks, T3 = 40 weeks of frozen
' storage. ‘ -
ns - no significant difference at the 5% level.
# . Significant at the 5% level.
®i% Significant at the 1% level.
#%% Significant at the 0.1% level. .
y Time means sharing the same letter are not significantly

(P € 0,05) different from each other.
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h) Total Free Fatty Acids (Expressed ao- ug Free Fatty Acid
per Gram or Neutral Lioid)

r%) Parzific Halibut

There was no significant difference between method

of freezing or among storage times (Table XIIX, Ag ;»ndix,,

The concentration of total free fatty acids was significantly

(P € 0,01) greater in the inside than in the outside muscle

(Table XX and Appendix, Tadble XIII),

ii) Chinook 3z2lmon

The concentration of total free fatty acids was

C]

i
W

csater (P = 0,05) in the plate~frozen than in

=

significantly ¢

the brine-frozan samples (Table XX and Appendiz, Table XIII),.
> d 3

LN

Inside muscle contalined siznificantly (P 0,01) greater free

o

atty acids than the ocutside muscle (Table XX and Appendix

fde

Table XIII). There was also a very highly significant differ-

0

ence (P < 0.001) among storage times (Table XIII, Appendix).
The samples at 9 weeks were significantly (P € 0.05) lower
in total free fatty acid concentratidn than samples at any
other storage time (Table XX). The samples at,77“weeké were

significantly (P £ 0, 05) greater than samples at any other
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storage time except those at 58 wee

iii) Coho Salmon

There were no significant differences between

method of freezing, location of sampling, or among storage
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TABLE XX Method, location, and time means from the analyses
of variance of total free fatty acids (expressed
as ug free fatty acid per gram of neutral lipid)
of Pacific halibut, Chinook salmon and Coho salmon.

Pacific halibut Chinook salmon Coho salmon
Mt 12959.3 ns 1210.7% 12083.6 ns
M2 : 5739.2 1481.7 2506.9
112 15745, 6%% 1824 . 0  13647.2 ns
L2 28952.8 _ 868.4 gy3.4
B PACIFIC HALIBUT |
1u weeks3 31 weeks 45 weeks 62 weeks 81l weeks.
2952.24a 12433.9 a 12967.6 a 7070,3 a 11322.2 a
CHINOOK SALMON
9 weeks 26 weeks 40 weeks 58 weeks 77 weeks
619.2 a 1280.9 b 1698.5 cd  1327.7 bc 1804.8 d
COHO SALMON _
10 weeks gl_weeks 78 weeks
10&2.9 a 1213.3 a 19629.6 a
1 Ml =_brine—fbozen and M2 = plate—frozen.
2 Ll -‘inside muscle and L2 = outside muscle.
3 Weeks of frozen storage.
ns = no significant difference at the 5% level.
* Significant at the 5% level.
*#%  Significant at the 1% level.
4  Time means sharing the same letter are not

significantly (P = 0.05) different from each other.
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times (Table XIII, Appendix).

B. Correlatiocns

a) Correlations of pH, Thaw Drip and Color (Hunter Rd, 'a',
b, and a/b wvalues) with Each Other '

i) Pacific Halibut

There was a significant (P £ 0.05) negative
correlation (r = -0,358) between thaw drip and pH (Table XV,
Appendix).

ii) Chinook Salmon

‘/

There were significant (P € 0.05) correlations
among the three color parameters (Table XV, Appendix).

iii) Cohc Saimon

The negative correlations between pH and Hunter

'a' values (r = -0.596) and between pH and Hunter a/b values

<

(r = -0.721) were both highly significant (P € 0.01). There

were alsoc significant (P £ 0.05) correlations among the three

color parameters (Tablie XV, Appendix).

b) Correlations of pH, Thaw Drip, Color, TBA values and
Free Fatty Acids with Flavor

i) Pacific Halibgg

Flavor was not significantly correlated with any

of the other parameters measured (Table XV, Appendix).
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ii) Chinook Salmon

) dnly the Hunter b values (r = —6.527), the TBA
values (r = +0,460), and free fatty acid 20:1 (expressed as
percent of total free fatty acids analyzed (r = -0.410)
correlated significantliy (P £ 0.05) with fiavor (Table XVI,

Appendix).

iii) Coho Salmon

Only the Hunter 'a' values (r = +0.653) and free
fatty acid 18:0 (expressed as percent of total free fatty
acids analyzed (r = +0.515) correlated significantly

(P £ 0.05) with flavor (Table XVI, Appendix).
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DISCUSSION

a) pH

The presence of a small and non-significant dlLfePLhdé

in ﬁH between obrine~frozen and plate-Trozen halibut indicates

that brinenfreezing likely would not increase the incidence

of the undesirable chalky condition in halibut as it hss been

found that.chalkiness is related to the pi of the muscle (Tom-

linson et al., 1965),
The decline in pH during frozen storage of Paci

halibut agrees‘with the findings of Tomlinscn et al. (1969),

However, in both cases sampling was confoundsd with the

ol ]
posiéipn along the length of the halibut and Tomlinson et al.,
(1966) observed that the pH of halibut tends to be higher near
the head of the fish and lower near the center of the bedy.
Thus the observed decline in hH may be related tb the position
of sampling, or it may have resulted from a combination of
frozen storage time and pesition of sampling.

No data could be found ih the 1iteréuure regarding
flesh pH at dlff nt peints along the iength of chinook and
coho salmon.» Neverth ss this does nct preclude a posipional
effect on flesh pH, particularly in view of the findings for
Pacific halibut (Tomlinson 9t al, 1966), Therefore the results

are inconclusi
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b) Thaw Drip

The mean thaw drip of Pacificihalibut and chinook
salmon, at the first and/or second sampling time, was less
for the briné-ffozen than for the plate-frozen samples, At
all other frozen storage times the brine-=frozen samples had
approximately equal or greater thaw drip than the plate-frozen
 samples (Fig. 6 and Fig., 7).

| Fish frozen slowly tends to form more drip than those
froéen.quickly and drip increases with increased frozen stor-
'age.tiﬁe (Miyauchi, 1963).» Also Tarr (1942) showed that
NaCi can markedly reduce free drip from fish muscle, vThe
brine~frozen halibut were frozen over a 47 hour period and
the chiﬁook salmon were brine~frozen over a 9.5 hour period
whereas'both the halibut and chinook salmon were plate-
frozen in approximately 3.5 hours,

Thus, the fact that the brine-frozen halibut and
chinook salmon had less thaw drip than the plate-frozen samplés,
'Qﬂduring the early'part~of_frozen storage, may be related to
&he.effect NaCl Has on reducing drip. Whereas brine~frozen
. halibut and chinook had approximately the same (particularly
the chinook salmon) or more (particularly the halibut) thaw -
 drip thén the plate-frbzen samples durilng the later part of
frozen storage suggests that freezing rate may have been a
determinant; However, this explanation does not apply to the

thaw drip from coho salmon as the plate~frozen samples
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consistently had greater thaw drip than the brine-frozen samples,
The decline in thaw drip during frozen storage of

plate~frozen halibut has been observed in other work with this

species (Roach et a2l., 1966)., The thaw drip values of Pacific

halibut were hiéher than those reported by Tomlinson et al,

(19695 but this may be due to diffefences in the ratio of cut

' surface areé to total weight of the fish flesh as the amount

of drip formed is related directly to the above mentioned

ratio (Miyauchi, 1963)., Differences in pH may also be involved

as Toﬁlinson_gghgl. (1966) found that thaw drip of halibut

increaséd continuously with decreasing pH in the raﬁge'pH

6.8 - 5.7. The flesh pH of the halibut in the present work

varied'between pH 6.25 and pH 5.85 whereas the flesh pH of

the halibut used by Tomlinson et al. (1969) varied between

pH 6.66 and pH 6.25.

¢c) Color

The Hunter Rd, a, and b color readings on raw salmon
'thave, by themsel&es,'iiﬁtlé practical meaning.' However,

. Sehmidt and_Idler (1958) found that‘théf'a' reading alone -
was a suitable measure of the color of brocessed'salmon and |
that it could best be predicted from the a/b ratio of the raw
flesh, The higher the a/b ratio of the raw flesh, the higher
the.'a' value of the resulting processed product and the higher
the visual redness. | |

Analysis of variance indlcated that in comparison
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with plate-freezing, brine-freezing did not significantly
decrease the ‘a/b ratio of coho salmon, For chinook salmon,
between 26 and 77 weeks of frozen storage, the brine-frozen
samples always had a slightly.lower a/b ratio than the plate-
frozén (Fig. Iéj.
| Oxidative rancidity of frbzen red salmon (chinook

and coho salmon) is accompanied by a fading of the red pig-
ments of the flesh (Tarr, 1947; 1955; Boyd et al., 1957).
Thus, if oxidative rancidity wés occuring during thé frozen
storage of chinook and coho salmon one would expect a decrease
in the a/b ratio. However, with both species the a/b ratio
increased during frozen storage. With the coho salmon thev
a/b raﬁio at 78 weeks was significantly higher (P € 0,05) than
- the a/b ratio at 10 and 27 weeks of frozen storage (Table VI),
With brine-frozen chiﬁook salmon the a/b ratio increased from
“a low of 1,003 at 9 weeks to a high of 1,203 at 58 weeks of

frozen storage (Fig. 16). Thus either oxidative ranqidity

_wés not taking place to a sufficient degree to reduce the a/b
' %ratio or QxidatiQe rancidity does not_significanﬁly affect

- the red pigments of salmon,

d) Flavor Differences

For halibut and chinook salmon the taste panel found
that the differences in flavor between outside muscle samples
from brine-frozen and plate-~frozen fish reached a maximum at

the second period (i.e., at the end of approximately 29 weeks
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of frozen storage at -30°C) and then steadily decreased. This
relationship'may be related to the higher salt content in the
brine-frozen outside muscle samples, The higher.salt content
may have accelerated the induction period of 1lipid oxidatibn
as in thelchinook salmon. the greatest difference in TBA values
between the brine-frozen and plate-frozen outside muscle sémples
occurred at the second sampling period and in halibut at the
third sampling period. After approximately 30 weeks of frozen
storage the plate-frozen samples may begin to 'catch-up' with
the brine-frozen saﬁples in development of rancidity and
off-flaﬁors. |

The fact that, with all three species, the plate-
ffozen-outside muscle samples weré preferred at-the first
two or three sampling periods while at fhe last sampling period
the brine-frozen outsidé muscle samples were slightly bre-
ferred suggests that saltApossibiy masked increasing deteripr—
ation in flavor. B

It is unknown to whét degree the higher salt content
?of the brine-froéen dﬁtéide muscle samples influénced the panel
members ability to identify the odd sample and no explanation -
is apparent'for the difference between coho and the other two
species.'v | |

The tasﬁe panel élso>detected little difference in
flavor between the brine—frdzen and platé-frozen inside muscle

samples from the two salmon species, One possible reason for
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the difference detected between inside halibut muscle samples
is that halibut weré brine-~frozen during a 47 hour peribd
while the salmon viere brine-frozen iﬁ 9.5 hours. The fact
thaﬁAthe presént_results differed from those of Peters et al.
(1968) may be related to the fact that Atlantic cod is a

much leaner fish than salmon and to a lesser degreé halibut.

e) Mineral Concentration

The sodium cohcentfation in the brine-frozen inéide
muscle, plate-frozen inside muscle aﬁd'plate—frbzen outside
muscle of Pacific halibut, chinook salmon and coho salmon was
similar to that»reported by McBride and MacLeod (1956) but
potassium concentration was slightly lower, |

The fact that tﬁe percentage change in potassium
‘in the outside muscle Was much less than the percentage change
in sodium and chloride concentrations may be related to'the
length of time the fish were in the brine. Tomlinson gg al.
1(1965 a; 1965 b)_reported thaf the decrease in potassium con-
 centration of coho ana sockeye sélmon and rainbow trout was
‘"much slower than the increase in sodium;concentration that
occufs durihg storage of'fish in refrigerated sea water (RSW)
or fortified refrigerated sea water (FRSW) . |

Even though there was an increase in sodium aﬁd
. chloride content of the brine-frozen outside muscle of all

three spécies, the salt concentration was still below that
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generally accepted for palatability, which is usually taken
to be 1%, Similar results were found by Harrison and Roach
(1953) for chinook salmon, chum salmon and gray cod and by

Holston and Pottinger (1954) for haddock,

£f) TBA Values

The TBA values for the inside muscle of all three
species were relatively similar for both brine- and plate-
frozen samples suggesting little difference in degree'of
oxidation in inside muscle frozen by‘the two different methods.
In outsiae muscle, by contrast, between 26 and 45 weeks of
frozen storage (depending on the species) there occurred a
relati&ely large maximum difference in TBA valués between
the brine-frozen and plate-frozen samples, The differenées
then decreased as storége progressed until at approximately
80 weeks the differences in TBA values between the inside and
outside muscle éamples were relatively small, The fact that,
:except at the first of last analyses, (depending on the
'?species) averagelTBA'Qalues of the brine-frozen outside
muscle were greater than those of the cérresponding plate-
frozen sambies indicated that oxidative rancidity, particularly
aﬁ appro#imatelyl29 weeks of frozen storage, was greater in
the_brine;frozen outside muscle than in the plate-frozen
outside muscle,

- The observatibn that the brine-frozen outside and

the plate—frdzen outside muscle of chinook and coho salmon



~118-

as well as the brine-frozen outside muscle of halibut reached
a maximum and then steadily decreased are not in agreément
with the results of Awad et al. (1969). They observed

that the TBA values of fresh-water wnhitefish, stored ét
-10°C, steadily increased with time of frozen storage; In
contrast, Castell et al. (1966) observed that the lipids of
cod muscle stored at -18°C and at -25°C did not undergo
oxidation as measured by the TBA method. Castell et al.
(1966 b) also found that during frozen storage the lipids of
cod became markedly more resistant to metal - (Cu2+ or Fe2+)
or to hemoglobin-catalyzed oxidation, They suggested that
the free fatty acids may have reacted with proteins or

some other component'of the muscle in a manner that pro-
tected their double bonds against oxidation, An analogous
reactlon may ekplain.the decrease in the TBA values that
Voccurred during the present study.,

' The‘TBA teét is bzsed on the reaction of malonalde-
hyde with 2 Thiobarbituric acid to form a pink tolred colored.
éprodgct in solution. - Consequently, a pdssible explanation
xifor'the observed decréase in TBA'Values of the outside
muscle samples 1is ﬁhat malonaldéhyde maé héve reacted with
somé other components éf the muscle and thus would have
been unavailable for the TBA reaction. Buttkus (1967) showed
that malonaldehyde reacted with the E-amino groups of trout
myosin, Thé rate of reaction at 0°C was less than that at
20°C while the reaction rate at -20°C was almost equal to that

at +20°C, Buttkus (1969) also showed that malonaldehyde



~119-

reacted with cysteine and methionine, Kwon et al. (1965)
feported that thiobarbifuric acid reactivé substances react
with protein and in tuna stored at -18°C became partially
unrecovefable for the TBA test. |

An additional factor probably contributing to the
decrease 1in TBA values observed in the present study could
be the fact that the presence orf oxygen 1s necessary for
oxidative rancidity to occur (Lundberg, 1961). Prior to
freezing, the fish fleéh was exposed to oxygen whereas after
the fish were frozen and heavily glazed access of oxygen to
fhe flesh would.have been very greatly impeded. During
each sampling, the fish were reglazed immedlately after a
sample was taken, Thus even at this point very little
oxygen would penetrate the flesh, Consequently, oxidative
_ rancidity could only proceed whlle oxygen was stlll present
in the flesh, Once the original oxygen was used up randidity
éould nollonger continue as no 'new' oxygen (or very little)
‘should have been éntering the flesh., Awad et al. (1969)
'fobsérved increasing oxidative rancidity (TBA values) with
incféasing storage'timé.' Although the fish used in théir
“study were-Wrapped in saran film;priOr to freezing, the

fish were not frozen until approximately 5 days post-mortem,

g) Free Fatty Acids

. The percentage of free fatty acid 17:0 was sighifi—

cantly (P € 0,05) greater in the brine-frozen than in the
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plato—frozen chinook salmon (Table XVI and Apoendlx Table V.
The concentrations ( 0 g free fatty acid per gram of neutral
1ipid) of fa%ty acids 16:0, 18:2, and 22:6 as well as the

concentrationrns of total free fatty acids analyzed were signi-
ficantly smallier (P = 0,05) in the brine~frozen than in the
plate-=frozen chincok salmon. (Table XVIL and Appendix, Table

VII)., With haiibut the percentage of fatty acld 15:0 and the

(‘a

o

7:0, 18:1, 18:3, and

-

concentrations of free Fatty aclds 1lé4:0,

2C:2 were 2ll significantly greater (P £ 0,05) in brine-frozen

than in plate-frozen fish (Tables XIV and XV and Appendix,
Tables I and I1II). There were no significant differences in

b

the percentages or concentrations of any individual free fztty

cids bet”oen freezing methods for cohe sazlmon (Tables IX and

L

XI, Appendix), Alsc there were no significant differences

3

between ffeezina methods in the concentration cf total free
fatty acids analyzed for either ccho salmon or hdl but (Table
XIiI, Appendix), Thus brine-freezing appezared to affect the
formation of some'ihdividual free fatty acid in both chinock
salmon and halibut but brine-freezing did not éign ficantly
alfect theitotal free ratty qcii_fOrmation‘in either coho

salmon or halibut while it did significantly decrcase the

concentration of total free fatty acld analyzed in chilnook

)

salmon. The fact that there were many neore significant (P £ 0,0%)
differences between methods when free fatty aclds were ex-~
pressed as Ju g per gram of neutral lipid rather than as per-

cent of free fatty acids analyzed indicated that brine-freezing
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alters the composition of the free fatty acids fofmed,by a
very slight degree., The fact that brine-freezing significanfly
affected the total free fatty acid concentration (total of
those anélyzed) of chinook salmon but not of coho salmon or
of halibut may be related to the higher lipid content in
chinook salmon. "

In general, where there was a significant difference,
the inside muscle contained more free fatﬁy acids per gram
of neutral lipid than the outside muscle, This may be the
result of the higher neutral lipid content of the outside
muscle, |

The concentration of the total free fatty acids of
chinook.salmon and the individual free fatty acilds of chincok
salmon and halibut that differed significantly (P £ 0,05)
~among frbzen storage times tended to increase rather rapidly
during the first 26 or U5 weeks of frozen stérage and then
increase (if at all) at a much slowef rate. Even with the
concentration of total free fatty acids_bf halibut,'éithough
'Ifthey did noé différ significantly ahong frozen storage times,
fhe greatest increase occurred between 14 and 31 weeks,  This
trend (if pfesent) was not very evidént with the coﬁo salmon.
This rapid increase in free fatty acids followed by a mﬁch
slower increase is somewhét similar to the pattern observed
in Pacific gray cod and Atlantic cod (Wood and Haqq, 1962)
except in the present study the slower rate of increase (if

any) was not as uniform as that observed by Wood and Hagq (1962).
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The results of the presenﬁ study differ from those

of Varesmea et al. (1969) who observed that with rainbow
trout stored for 8 months at -18°C or at —32°C the percentage
of fatty aéid 18:1 decreased from 23% to approximateiy 0% while
the percentage of fatty acid 18:0 increased from 6% to approx-
imately 24%, - Olley et al. (1969) showed that with haddock
and lemon sole there was a preferential hydrolysis of 16:0,
18:1, and 20:5 phospholipids. In the present study the con-
centration of fatty acids 16:0, 18:1, and 20:5 of Pacific
halibut, chinook salmon, and coho salmon did not significantly
increase‘as time of frozen storage progressed (Tables XIV,
.XVI, and XVIII and Appendix, Tables I, V, and IX);

| The significant diffefences in total free fatty acid
concentration.between brine-frozen and plate-frozen chinook
salmon differs from the findings of Peters et al. (1968) who
observed no significant difference in total titratable free
fatty acids between brine-frozen-and plate~frozen Atlantic
:cod.. The discrepancy between the two observations may be
'Yrelated to the much higher lipid content of chinocok salmon
(Stansby and Olcott, 1963),

. The results suggest that lipid hydrolysis may occur
at a greéter rate in Pacific halibut than in Atlantic halibut.
In the~present study, although there were 1o significant
differences among storage times and.the concentration at 31
weeks was not significantly greater than that at 14 weeks the
concentration of the total iong chailn ffee fatty acids in-

creased from 2,952.2 u g per gram of neutral lipid at 14
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‘weeks to 12,433,929 p g at 31 weeks of frozen storage at

~30°C whereas Dye et gl. (1958) observed’no lipid hydrolysis

in.Atlanéic halibut stored at -10°F% for ap?r oximately 6 months,
It should be emphasized that when the free fatty

cids were expressed a u g free fatty zcid per gram of neutral

a
iipid it was eassumed that the increase in Tree fatty acids

arises from hydrolysis of plOSOhO]lpjﬂQ znd not from hydrely-
sis of triglycerides. During the course of this study Bilinski
and Lau {(1969) showed that rainbow troﬁt possessed lipolytic
activity towards long-chain triglycerides. Also Beosund and
Ganrot (1969) showed that hyvdrolysis of lon ng-chain triglycer-
ides occurs during the frozen storage'of‘nerrfﬂb However,
with othe- species, notably Atiantic cod a2nd related species
(ling, saithe and hake) several workers have shown that

o

1Lty acids arise from hydrolysis of

-4
3

almost all the free T

phospholipids (2lley et al., 1962; Bligh, 1861; and Eligh
and Scott, 1966),

It should also be emphasized that the free fatty
acid called 22:6 prcbably also contains (aopen ng on the

species) 5 to 10% fatty =¢id 24:1 (Ackman, 1966; and Cruger

t al,, 1964),

e
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SUMMARY AND CONCLUSIONS

Experiments were conducted to determine the effect

of brine-

and plate~frezzing at sea znd the length of
subsequent frozen stoerage upon flesn pH, thaw drip, color,
flavor, TBA values, and various long cnaln free fatty acids

-

chinook salmon, and

]
.
m

o cific halibut, ccho salmon. Tne effect

of the

.Y

two freezing methods upon mineral (sodium, potassium,

and chloride) concentration was also determined. Evaluations

were conducted on cutsids and inside muscle, where appropriate,

Method of freezing had no significant effect upon

the flesh pH of anv of the 3 species. Flesh pH significantly

(P £ 0,05) decreased (the pattern of decrease varied witt

n
('\
e

pecles) as length «f frozen storage increased but this

in pH mayv have been the result of the mesthod of amDJAn@.

The mean thaw drip from Pacific halibut and chinook

salmon was less for the brine-frozen than for the plate-frozen

samples after stora:evfow 9 to 31 wee&c Wuereas subsequently

the brine~frozen samples Hdd aoproyimeteTV eoua1 or greater

thaw drip than the platem rozen samples, The plate-froczen

<

coho salmon had 2 significantly (P € 0.05) higher average

thaw drip than the brine-frozen,
During frozen storage the thaw drip of the plate-

of the brine-

(9

frozen halibut tended to decrease while that

frozen halibut tended to increase. In general, with both

chinook and coho salmon,

and plate-frozen samples

the thaw

drip of both the brine-

tended to slightly increase.
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In general, redness ('a'-value) and the a/b ratio
tended to increase with length of frozen storage of both
brine- and piate-frozen chinook and coho salmon.

The differences in flavor between brine- aﬁd plate~
frozen samples of outside muscle of both halibut and chincok
salmon reached a maximum, which depending upon the species
was either highly (P € 0,01) or very highly (P € 0,001) signi-
ficant at 26 or 31 weeké of frozen storage., The differences
then steadily decreased, In contrast, the differences in
flévof between brine- and plate-frozen cono salmon outside
muscle sfeadily increased., With the exception of the samples
of c¢coho salmon stored for 10 weeks there appeared to be little
differénce in flavor of inside muscle of the saimon species
frozen by the two different methods, Conversely, significant
(P £ 0,05) differences in flavor between brine- and plate-
frozen samples of halibut inside muscle were detected at
31, 62, and 81 weeks of storage.

In general, with all three species, during frozen
}Storage the TBA valueé of both brine- and plate~frozen outside
muscle increased to a maximum then decreased. With all three
species, the differences in TBA values between brine- and
plate-frdzen outside muscle samples rapidly increased and
reached 2 maximum at 45, 26 or 27 weeks then decreased until
there was‘approximately no difference at 81, 77, and 78 weeks
of frozén storage for halibut, chinook, and coho salmon,

respectively.
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The TBL values for the inslde muscle of all three
species were relatively constant'during frqzen storage and
there apﬁeared to be little difference hetween semples frozen
by the two different methods, |

When exorassed as percent of tetal free fatty zcids
analyzed thers was s significant differe ice between freezing
~method% for only frese fatty acids 15:0 of halibut and 17:0
of chincék sazlmon, In btoth cases the percentagé was greatest
in the brine—frqzen °ﬂﬂp1 « Although for cach species fthere
were a2 falr number of free fatty'acids thet differed signifi-
cantly (P £ 0,05) amonz frozen storage times the changes were
erratic and no meaningful trends could be discerned,

When exﬁressed a Mg per gram of nsutral lipid
brine-frozen halibut contained significantly (F € 0,05) more

free fatty acids 14:0, 17:0, 18:1, 18

w
-
j$Y)
3
jor
o
(@]
n)
-

and brine
frozen chinock sa]wor‘cohtained significantly (P 0,05) less
16:0, 18:2, and 22:6 thar the corresponding plate—fgazen
samples. In general, with all three spec ics,_althoug“ not
always significant, the concentration of the Individual free
fatty acids was greater in the iﬁside than in the outside
muscle, Also for halibut and chinook éilmon, partiéularly
where there was a significant difference among storage times,
the concentratlon of the free fatty aclds appeared to rapildly

increase during the first 26 to 31 weeks of frozen storage.
it .
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Total free fatty aclds analyzed per pg of neutral
lipid was significantly (P € 0,05) lower in the brine-frozen
than in the plate-frozen chinook salmon whereas there were

£

no significant differences between freczing methods for

1

hbalivut and coho salmon,

ey

.\
i~
w

was

{
A

The concentration of total free fatty

highly significantly (P € 0.01) greater in the inside than
scle for halibut and shinock salmon., With

in the outside mus
coho salmon the concentration of tot al free Tatty acids did

‘not differ significantly bhetween locations.

t

otal free fatty azcids differad

f

The concentration of
gnificantly (P £ 0.05) among storage tiues for orly chinoock
salmon, Thefe was é large significant (P € 0.05) increass
between 9 and 26 weeks of stofage. Althcough not significant

concentraticn cof

hH
)
*3
'_l
<«
,_J
)
3
Q
)]
{1
=
o
=
4]
W
%))
]
}-J-
]
joy

there was a

ceks

6]

o
M
o}
1
Noneg
o
o
[
w
P
=,
(0]

total free fatty acids bet of storage for
halibut,

With all three species the sodium and chloride con-
centrations of the brine-~frozen Qutside-muscle'was two to three-
times greatef than that 5f the brine-frozen inside, plateé
frozen inside and plate~frozen outside muscle samples. Method
of freezing had a small and variable effect upon potassium
concentration of the flesh,

There was a significant (P € 0,05) negative correla-
[ 3 2

tion (r = -0.,358) between pH and thaw drip of halibut. There
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were also highly significant (P £ 0, Ol) negative corrﬁlatlons
between pH and Hunter 'a' values (r = -0,596) and pH and
Hunter 2/b ratios (r + -0.,721) for coho salmon,

With halibut flavor was not significantly.corrélated
vith any of the other parameters measured

velues (r = -0,52), the TBA values {(r = +0.,460) znd free

’

fatty acid 20:1 (expressed as percent of tofal free fatty acics
analyzed (r = =0,410) correlated significantly (P = 0.01)
with flaver of chinook salmon., With ccoho salmon only the

Hunter 'a' (r = +0,653) values and free fatty acid 18:1

=5
s

(expressed as percent of total ee fatty acids analyzed)

& ¥

0.515) correlated signd

~
o]
]
4
U
("

TNl

; f

o

Fficantly with flavor,

The effect of brineufreezing upor: most variables
méasured was elther small and/or complex, TFor all three species
the sodiuﬁ and chloride concentration was two to three times:
greater in the brins-frozen outside muscle than in all other
samples, When the conéentration (pg per gram of neutral 1ipid)
of free fatty aéids differed significantly (¢ £ ¢,05) among
frozen storage times the free fatty acids'incfeased most
rapidly during the first 26 to 31 weeks of.stcrage. The taste

ne-frecezin

e

panel results and the TBA values indicate that bri
does impailr the quality of the outside muscle of halibut and
chinoock salmon during the early stages of frozen storage in

comparison to plate-freezing.
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APPENDIX



TABLE I Analyses of variance of free fatty acids (ex
free fatty acid analyzed) of Pacific halibut

Rressed as percent of the total

lu:0 15:0 16:0 16:1 17:0 16:2
Source a.f M.S.° M.S. M.S. M.S. M.S. M.S.
Pairs 2 7.80 0.50 77.07" 4.55 2.19 0.38
Method? . 1 4.09 0.49% 77.41 145,03 1.27 1.27
Error a 2 3.6 1 0.02 6.21 25.47 2.11 0.53
Location 1 65.32 0.01 335,06 281.93% 6.53% 0.90
M x L i 1.39 0.05 41.66 0.58 3.97 1.21
Error b 4 0.37 0.20 231.86 33.28 0.57 0.25
Time Y 40.94 0.40 3710.04% 108.84% 5.90 1.43%%
M x T m 0.66 0.07 62.89 12.87 3.33% 0.4
L xT 4 9.50% 0.37 63.40 29.24 2. 44 0.67
MxLxT m 2.53 0.14 45, 4L 24.56 0.90 0.35
Error c 32 2.97 0.23 95,72 28.62 1.22 0.29

18:0 18:1 18:2 18:3 18:4 20:1
Pairs , 2 2.93 184.12 1.40 0.03 1.98 58.55
Method 1 847.16 865.61 0.15 0.40 23.64 372.47
Error a 2 62.13 396.77 0.95 0.u48 1.69 S5y.,21
Location 1 358.40% 52.72 8.79% 1.09 20. Bl 60.69%%
M x L 1 0.68 30.40 0.05 0.5u4% 4,11 0.50
Error b 4 40,77 13.49 .86 0.06 0.56 1.14
Time m 30.51 36.15 3.10% 9.98 3.14%%  418,08%%%
M x T Y 20.41 9.07 0.81 0.18 0.80 1.86
L xT 4 14.52 21.91 1.40 0.17 0.51 16.77
MxLxT 4 6.45 62.51 1.00 0.39% 0.69 3.00
Error c 32 519.89 37.97 1.02 0.13 0.75 6.L5




TABLE I (Cbntinueﬁ)

20:2 20:4 . 20:5 22:1 22:5 . 22:86
Pairs 2 0.24 36.20 218,05 9.52 4.98 192.54
Method 1 0.18 225.39 843,65 . 582.37 8.89 61.52
Error a 2 0.32 96.67 127.79 68.65 265.62 865.71
Location 1 0.00027 23.01 - 1.u46 216.,54%% . 2.36 - 676.40
Mx L 1 0.00027 37.25 15.03 28.96 1.23 67.85
Error b L 0.17 32.95 ‘ 57.60 5.42 1.21 96.62
Time 4 " 0,59%%E 27.22 94,81 50,54%% 7.17%%* 724 ,28% %%
T x M L 0.069 28.99 8.40 18.13 0.80 43.63
T x L 4 0.088 24,02 161.01%* 19.16 l.64 213.04
T xMxL .4 0.027 31.37 21.u8 0.43 2.24 236.95
Error c¢ 32 0.070 27.74 - 29.43 11.04 1.80 96.756

Analyses of variance was conducted on arcsin transformed percentages.

2 Methods were test by error a. ,
Location and M x L were tested using error b.
All other terms were tested by error c.

3 ' ' 5

Mean square values are all multiplied by 1.0 x 10"

*  Significant at the 5% level (P £ 0.05)
%% Significant at the 1% level (P £ 0.01)
%%% Significant at the 0.1% level (P £ 0.001)



TABLE II. Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as percent of totil free fatty acids
analyzed) of Pacific halibut-. - ’

Free - Length of Inside Muscle OQutstide Muscle
Fatty Frozen Brine Plate Brine Plate -
Acid Storage Frozen Frozen Frozen Frozen
14:0 14 weeks . 1.98° 1.99 1.97 1.99
31 " 1.54" 1.78 2,66 02,52
45 " 1.91 2.27 2.41 2,73
62 " 1.54 1.39 - 1.71 2.06
81 " : 2.06 2.90 4.06 - 3.85
15:0 14 weeks 0.4l - 0.34 0.38 0.27
: 31 " 0.31 0.21 0.u6 0.u3
45 " 0.36 0.50 0.38 0.26
62 " 0.38 - 0.23¢ 0.34 0.26
g1 " 0.22 0.21 0.26 0.22
16:0 14 weeks 18.27 - 15.19 16.09 14.43
31 " 18.39 ° 20,37 16.19 15.76
us " 4,12 i4.u3 13.37 12.88
62 " 15.56 15,14 13.92 14.47
g1 " . 15.54 15.75 17.82 14.02
16:1 14 weeks 4,67 5.90 5.47 6.70
31 " 4,73 5.03 3.52 6.37
ys 5.47 1 5.94 7.30 6.91
62 " 3.61 3.67 . 5.70 6.81
g1 " 4,88 7.39 7.83 . 8.22
16:2 14 weeks 0.28 0.28 0.33 0.17
31 " 0.37 0.53 0.22 © 0.u45
ys5 " . 0.51 0.34 O.uu 0.67
62 " . 0.16 - 0.13 0.16 0.40
81 " 0.14 0.20 . 0.26 0.62
. 17:0 14 weeks - 0.94 0.83 1.05 1.01
) 31" : 1.29 1.38 0.99 1.37
45 m o 1.60 1.156 1.57 1.35
62 " - 1.13. 0.75 1.05 1.59
g1 " 0.97 1.47 1.50 2,11
18:0 14 weeks 8.91 5.62 6.51 4,25
31 " 8.01 5.58 6.62 4.58
45 " 6.64 6.06 6.59 5.19
62 " 8.65 6.52 6.90 3.92

g1 " _ 7.90 4,38 5.66 2.94



TABLE II (Continued)

Free Length of Inside Muscle Outside Muscle
Fatty Frozen Brine Plate Brine Plate
Acid - Storage Frozen - Frozen Frozen Frozen
18:1 14 weeks 17.23 14.71 17.75 15.16
31 " 17.11 - 14,965 16. 31 15.31

ys " 15.78 16.01 19.1u 14,38

62 " 18.68 15.56 17.u8 16.20

81 " 17.07 15.23 19.54 16,10

18:2 14 weeks 1.19 1.02 1.09 0.92
' 31 0" 1.46 1.19 1.42 1.75

ys5 " 21.03 1.33 l.42 1.40

62 " 1.26 1.26 1.54 1.70

81 " 1.14 1.03 1.73 1.30

18:3 14 weeks . 0.36 0.4y 0.34 0.52
31 v 0.33 0.22 0.35 0.35

ys5 0.u46 0.55 0.59 0.52

62 " 0.51 0.32 0.49 0.78

g1 " 0.34 0.u3 0.37 0.53

18:4 14 weeks 0.09 0.37 0.23 0.66
31 ¢ 0.18 0.22 0.26 0.92

ys5 " 0.41 0.54 0.62 0.90

62 " 0.23 0.28 0.43 1.19

g1 " 0.21 0.85 0.60 . 1.28

20:1 l4 weeks 4.17 6.01 3.96 5.45
31 "¢ 4,23 .5.56 4,84 6.u47

5 " 5.91 6.49 6.24 7.55

62 " 5.04 7.41 5.85 7.27

g1 " 7.41 7.27 7.08 8.82

20:2 .14 weeks 0.16 0.11 0.06 0.07
31 " 0.29 0.31 0.25 0.28

ys " . 0.27 0.20 0.29 0.23

62 " 0.21 0.19 . 0.20 0.21

g1 " 0.17 0.12 0.29 0.14

20:4 14 weeks 1.72 1.21 2.01 1.49
31 0" 6.32 1.11 2.11 1.47

ys " 2.29 1.68 2.23 1.54

62 " 2.50 1.54 2.73 1.54

g1 - " 1.10 1.73 1.13

2.41



TABLE II (Continued)

Each value is the average of 3 observations.

Free Length of Inside Muscle Outside Muscle

Fatty Frczen Brine Plate ‘Brine Plate

‘Acid Storage Frozen Frozen Frozen Frozen

20:5 14 weeks 11.11 14,06 13.17 15.74
31 " 9.75 12,37 ..11.78 13.59
45 " 12.23 14,03 11.12 14,40
62 " 12.70 15.11 13,15 15.01
g1 " iu4.20 iu,17 8.9u 12.05

22:1 14 weeks 0.96 2.33 1.00 3.30-
31 " 0.98 2.52 1.75 4,33
us M 1.72 2.40 2,34 4.11
62 " 1.46 2.53 1.59 3.51
g1 " 0.88 3.87 - 3.12 6.58

22:5 14 weeks 1.33 1.48 1.85 1.07
31 " 1.36 1.37 1.87 1.50
ys " 2.03 1.84 1.95 1.47
62 " 2.14 1.56 2,31 2.08
81 " 1.88 1.71 1.83 2,02

22:6 14 weeks 23.94 25,84 24,62 24.64
31 " 21.83 23.09 25.89 20.88
45 " 25,14 22.48 20.35 21.96
62 " 22,23 24,25 22,59 19.u45
g1 " 22.64 20.23 156.75 - 16.77

1 The analyses were conducted on the arcsine transformed

percentages but the actual percentages (not transformed)
are recorded in TABLE II.
2



TABLE III Analyses of variance of free fatty acids (expressed as ng free fatty acid per
gram of neutral lipid) of Pacific halibut

14:0 15:0 16:0 16:1 16:2 17:0

Source d.f. M.S.% M.S. M.S. M.S. M.S. M.S.
Pairs 2 2 12.54 0.98 2203.00% 162.5% 1.37 7.31%
Method 1 19.12% 0.56 2756.00 iu3.52 0.86 10.19%
Errcr & 2 0.61 - 0.0b 259,28 17.586 0.13 0.15
Lecation 1 68.38%%* 3.04 7T714.00% 558, 88% " 2.92 32.66%%
Mx L i 5.65 0.20 1663.20 71.75 0.87 6.52
Error b i 1.66 0.23 514,28 30.74 G.40 1.06
Time 4 10.79= 0.46 772.06 77.54 0.85 4,23
MxT 4 3.02 0.25 - 409.26 33.15 0.33 ' 1.05
L x 7T iy 5.13 0.30 589.17 53.00 .70 3.11
MxLxTT y 2.33 ' 0.23 4oy.0u 38.90 0.3 - : 1.35
Error ¢ 32 3.85 0.26 628.72 45,13 0.60 ‘ 2.16

18:0 : 18:1 18:2 18:3 18:4 20:1
Pairs 2 203.,07% 1247,.80% 5,13 0.88% 0.12949 79.43%
Method 1 620.20 2777.30% 16.072 0.9Y4% 0.00014 97.46
Error a 2 27.83 121.54 0.90 . 0.01 0.02179 30.06
Location 1 139u.40 6479.80%% 27 .61 3.47%% 0.64833%** pgQu,g0%%
Mx L 1 355.31* 1318.50 3,51 0.39 0.00006 46,30
Error b 4 37.76 186.11 1.08 o 0.12 0.00280 21.45
Time L 93.47 539.84 2.59% 0.37 0.2789)%%% 76.35%
MxT b 52.56 294.60 1.55 0.21 £.05578 15.34
L x T 4 74,01 384.27 1.75 0.24 0.06824 35.09
MxLxTT by 47.98 306.€3 1.33 , 0.25 0.08484 11.19
Error c¢ 32

52.05 303.20 0.93 0.20" 0.04440 20.31




TABLE III (Continued)

20:2 20:4 20:5 22:1 22:5 22:%6

Pairs 2 0.411 - 16.65 1126.60%% = 8,964%%* 11.u8 233%6.10
Method 1 0.483% 82.57 - 960.18 0.008 30.44 4614.60
Error a- 2 0.007 1.16 160.09 3.601 0.2l 481.0u
Location 1 1.u41y% 133.72 4309.00% - 25,141%%* 73.57 15429,00%%
M x L 1 0.264 48.28% © 581.08 g.o0u48 15.85% 2788.40
Error b 4 - 0,10 3.09 223.02 0.726 1.11 500.91
Time 4 0.230 13.08 363.73 5.857% 7.25 1298.70
MxT b4 0.1313 10.37 162.53 - 1.561 1.87 397.36
L xT L 0.163 -12.29 288.89 1.734 5.22 1035.00
MxLxT 4 0.116 10.96 138.36 1.778 1.83 334,46
Error c 32 0.178 5.06 206.95 1.530 4.53 817.26
1l 6

All mean square values are multiplied by 1.0 x 10 .

Methods were tested by error a. ,
Location and M x L were tested using error b.
All other terms were tested by error c.

* - Significant at the 5% level (P € 0.05)
*%  Significant at the 1% level (P £ 0.01)
- ®%%  Significant at the 0.1% level (P £ 0,001)



TABLE IV Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as ung free fatty acid per gram of
neutral lipid) of Pacific halibut

Free Length of Inside Muscle Outside Muscle

Fatty Frozen Brine Plat= Brine Plate

Acid Storage Frozen frozen rrozen Frozen

14:0 14 weeks 1128.41  368.2 682, & 99,4
31 " 5903.7 1474,8 785.9 29€6.8
ys5 " 4215.7 4671.0 BT7u.5 880,11
62 " 2732.6 760.7 549.9 307.4
81 " 4826.0 2819.2 2161 .4 762,72

15:0 14 weeks 237.4 66.2 '162.4 3.6

' 31" 1132.2 166.6 128.9 48.9
us " 817.6 1377.8 188.,7 161.8
62 " 666.5 129.4 112.3 39.4
81 677.8 2u3.8 109.3 50.1

16:0 14 weeks 10515.6 3221.1 £513.8 739.3

' 3 " 78619.9 16563.6 4301.5 2368.5
ys " 33961.1 27829.4 6189,7 7033,2
62 " 28666.6 8285.5 4018.0 2152.5
81 " 43944 ,3 20383.9 e0M47.5 3252.7

16:1 14 weeks 2661.7 981.2 1560.0 330.1
31 " 20494,9 - 4272.3 1058.1 1080.5
5 v 9872.9 120u48.4 2927.6 2354,7
62 " 6555.7 1945.6 1662.7 1050.8

.81 " 12971.6 6898.1 3ge3.4 17584, 6

16:2 14 weeks 196.3 53.7 114.,5 8.7

' 31 " 2122.3 437.6 66.8 101.1
s " g28.8 - 822.6 175.1 261.2

62 " 294.3 66.3 52.8 56.3

g1 " uou,3s 167.3 ,126.1 122.1

17:0 14 weeks 572.4 168.2 353.5 51.6
.31 " 4841.9 1269.5 274 .8 245.,7

ys5 " 3025.8 2361.3 600.9 558.,5

62 " 2026.7 426.1 329.1 226 .4

g1 " 2543,7 1368.¢9 778.6 429.,7

18:0 14 weeks 4705,8 1231.0 2705.1 .216.6
31 " 26261.2 4353.4 2001.7 746.6
5 M 17485.6 luu38.8 3193.5 3685.1
62 " 15887.5 3728.7 18544 559.4
81 " 21239.3 5306.0 32u47.3 611.2



TABLE IV (Continued)

6236.5

Free Length of Inside Muscle Outside Muscle
Fatty Frozen Brine Plate Brine Plate
Acid - Storage Frozen Frozen Frozen Frozen
18:1 .14 weeks - 9917.2 2589.4 . 6181.8 756.2
31 " 60580.9 10543.3 4913.0 2286.3
ys5 " 34699.3 34752.9 8820.8 5744 ,7
62 " 34814.0 8471.5 5319.3 - 2408.0
g1 " 46622.3 15338.8 10582.8 3473.7
18:2 o 14 weeks 682.9 209.9 504.4 46.3
31 " '3708.4 923.1 433.4 261.4
ys5 " 2233.0 2877.6 567.3 421.3
62 " 2347.9 685.6 553.9 239.4
81 " 3152.7 1015.2 g5u,2 287.1
18:3 14 weeks 200.3 o 73.1 l64.8 25.7
310" 1275.9 175.4 100.6 - B61.6
ys oo B46.5 1162.2 256.1 164.1
62 " 946.5 189.2 188.4 112.1
81 " 846.6 462,56 199.0 98.8
18:4 14 weeks 40.6 uy, 2 52.4 32.6
' 31 " 527.3 193.6 77.9 139.6
ys " 390.4 762.0 213.2 173.3
62 " 405.2 152.4 162.9 171.1
81 ". 455.9 692.4 283.5 278.6
20:1 14 weeks 2237.5 1079.1 1236.6 272.5
31 " 14121.2 4320.5 1505.9 943.,8
us5 " 12216.5 12826.8 2670.,7 2946,2
62 " 9278.1 4198.2 1757.8 1034.8
g1 " 13691.3 7580.9 3838.4 1851.1
20:2 - 14 weeks 108.6 23.0 18.9 3.3
31 " 1191.0 209.0 . 70.9 36.1
5 " 549,2 543,.6 137.6 . 82.0
62 " 375.1 122.5 53.4 28,7
81 " 397.5 163.0 142,0 29.3
20:4 14 weeks 1089.,2 219.5 804.3 4.7
31 " 11207.2 auy , u - 612.8 222.9
us " 5224.5 3890.8 983.06 735.5
62 " 4390.5 830.2 961.8 216.7
g1 " 1562.2 886.,7 238.5



TABLE IV (Continued)

Free Length of Inside Muscle- Outside Muscle
Fatty Frozen Brine Plate Brine Plate
Acid Storage Frozen Frozen Frozen Frozen
20:5 14 weeks 6735.7 2534,2 4926.6 783.0
31 " 42408.6 10155.9 3604.,7 2258.2
us " 26434, 3 29085.8 5017.2 6734.7
62 " 23352.8 8771.1 - 5028.89 2185.0
81 40346.8 17606.1 4834.3 2557.9
22:1 14 weeks 477.4 355.3 283.9 170.4
31 3455.8 2000.9 540,3 599.5
us 1829.9 3659.7 943.1 1134.6
62 " 2680.9 1381.6 553.8 524.,0
g1 " 13981,6 3188.3 1914.6 1400.8
22:5 14 weeks - 851.7 269.1 694,11 55.4
31 " 5252.6 1113.6 543.5 236.7
ys " 43813.2 3832.8 726.4 651.0
62 " 3718.9 824,1 663.0 " 307.5
81 " 5133.8 1567.9 1030.0 423,83
22:6 14 weeks 14342,0 58u4.1 10092.0 1299.6
31 " .88118.4 20767.9 8051.7 3536.9
us v 65744.5 48089.6 8737.8 11349.2
62 " 41765.0 14384,6 g1u0.7 2971.7
81 " 61u437.8 26u452,8 7855.4 3593.1

Each mean is the average of 3 observations.



TABLE V Analyses of variance of free fatty ac1ds (ex
free fatty acids analyzed) of Chlnook Salmon

Eressed as percent of the total

14:0 15:0 16:0 16:1 16:2 17:0
Source d.f. M.S. 2 M.S. M.S. M.S. M.S. M. S.
Pairs 2 2,39 0.26865% 73,91 23.58 0.46 2.67
Method 1 36.13  0.04507 61,36 128.30 0.28 2.28%
Error a 2 74.31  0.00522 166.03 14.5Y4 0.13 0.03
Location 1 3.16  0.00007 9.95 54,81 0.72 4,17
Mx L 1 10.24  0.00427 9.12 5.86 1.06 0.38
Error b y 0.7%  0.01277 90. 32 18.96 0.5Y4 3.00
Time y 12.31  0.69965%#% 1332.90 33.30 3.65 6.y0%
M x T 4 3.68  0.06573 26. 30 16.86 0.17 0.65
LxT X 4.10  0.07073 143,45 2.21 0.01 0.28
MxLxT y 0.71  0.03168 179.50% "2.98 0.78% 2.91°
Error c 32 6.49  0.07954 58. 34 12.92 0.27 1.27

18:0 18:1 18:2 18:3 18:4 20:1
Pairs 2 11.20 292,34 0.55 0.069 5. 24 85.230
Method 1 52.58 70.45 1.18 0.232 0.87 9.463
Error a 2 11.61 543.81 2.92 2.695 18.06 75.09Y
Location 1 2.87 12.17 8.L6 1.110% 3.04 1.147
M ox L 1 4.60 3.02 0.12 0.003 1.9y 0.006
Error b 4 1.21 47.50 5.25 0.070 1.18 12.523
Time 4 16.55% 275.47#%  52.29%E&  3.352%%  15.87%%%  §3, 175%%%
M x T Ty 9.64 37.62 5.23 0.623 1.49 3.324
L x T Y 6.15 19.33 1.70 0.904 0.63 . 2.019
MxLxT y 3.08 67.47 1.15 0.190 1.43 4,149
Error c 32 5.70 69.60 2.53 0.736 2.38 4.667




TABLE V (Continued)

20:4

20:2 20:5 22:1 - 22:5 22:6
Pairs 2 2,33% b,1920% 109.54 55.92 2.86 123,94%
Method 1. 0.11 0.3174 106.20 5.23 25.46 1090.90
Error a 2 0.05 0.5202 192.63 71.55 28.25 128,92
Location 1 0.60 0.6017 2.48 5.08 S 4,24 25.48
M x L 1 0.04 - 0.0006 0.09 0.21 3.03 1.38
Error b 4 '0.29 -0.3078 13.16 3.35 5.94 8.77
Time 4 5.27%%% ]1,3597 80.98 15.51 . 5.67 80,21%
MxT 4 0.26 0.7080 8.95 8.47 S 4,27 19.96
L x T 4 0.17 O.uu1l 24,67 26.97%%* 4.66 65.52
MxLxT 4 0.u8 0.4775 7.u42 7.88 2.53 2,82
Error c 32 0.50 0.5207 38.u44 5.85 4.0u 33.55
i Analyses of variance was conducted on the arcsin transformed percentages.v
2 5

Methods were tested by error a.
Location and M x L were tested using error b.

'All other terms were tested using error c.

W Significant at the 5% level (P
ok Significant at the 1% level (P
%%% Significant at the 0.1% level (P £ 0.001).

€ 0.05).

€ 0.01).

All mean square values are multiplied by 1.0 x 10



TABLE VI Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as percent of total free fatty acids
analyzed) of chinook salmonl ‘ '

Free . Length of Inside Muscle . Outside Muscle
Fatty Frozen Brine Plate Brine Plate.
Acid Storage Frozen = Frozen Frozen Frozen
14:0 3 weeks 4,702 4,58 4,81 3.64
26 " 4,63 4,18 . 5.20 4.35

4o " 5.42 5.06 5.46 4,85

58 " 5.39 4,83 5.02 4,05

77 " 4,89 5.26 - 5,13 4,99

15:0 9 weeks 0.31 0,38 0.27 0.37
26 " 0.17 0.19 0.23 0.18

g " ' 0.30 0.33 0.38 0.38

58 " 0.30 0.30 0.28 0.21

77 " 0.18 0.19 - 0.14 0.22

16:0 9 weeks 21.39 17.1u4 19.62 23.35
26 " 20,47 20,14 18.45 16.28

uo " 13.93 14,80 - 13.27 12,87

58 " 14,66 14.23 15.u49 l4.16

77 " 14,09 lu4.38 15.69 13.64 "

16:1 - 9 weeks . 8.33 8.33 7.87 7.03
26 " 9.10 8.26 8.67 8.03

yo v 9.93 8.78 9.49 8.61

58 : 9.96 8.u43 9.72 7.07

77 " 9.34 8.70 -8.83 8.u47

- 16:2 ‘9 weeks 0.30 0.31 0.38 - 0.32
26 " 0.73 0.51 0O.u46 0.96

yo " . 0.62 0.61 0.60 0.75

58 " ’ 0.23 0.33 0.32 0.38

77 " 0.38 0.30 0.43 0.u43

17:0 9 weeks 0.59 - 0,81 1.02 0.71
26 " 1.45 0.81 0.99 1.35

yg v v l.u49 1.01 1.52 1.45

58 " 1.04 0.79 1.15 0.90

77 " 0.97 1.2y 1.4y 1.33

18:0 9 weeks 3.26 4,21,  3.28 4.u5
26 " 2.45 ©3.23 2.65 3.61

yo " 3.29 3,89 - 3.77 4.82

58 " 3.60 h.uy . 3.1 3.67

77 " 3.80 2.70 3.37 3.69



- TABLE VI (Continued)

0.33

Free Length of Inside Muscle Outside Muscle
Fatty Frozen Brine Plate Brine Plate
Acid . Storage Frozen Frozen - Frozen Frozen
18:1 9 weeks 23,73 23.89 24,25 21.98.
26 " 20.87 22.40 23.09 20,98

g " 24,52 24,88 24,66 25.30

58 " 25,27 23.83 25.35 '25.95

770" 25.28 22.50 25.28 23.38

+18:2 9 weeks 1.17 1l.u46 1.45 1.33
26 " 3.38 2.32 3.65 3.10

g " 1.76 l.84 2.09 2,18

58 " 1.90 1.94 1.93 1.76

77 " 2.22 2,28 2.35 2.80

18:3 * 9 weeks 0.98 0.99 1.06 1.02
26 " 1.21 1.u45 0.98 1.29

g " 1.26 1.08 1.42 l.41

58 " 1.36 1,32 1.50 1.u48

77 " 0.87 1.06 1.17 1.11

18:4 9 weeks 1.08 1.01 1.22 0.98
26 " 1.61 1.61 1.70 1.57

o " 1.88 1.46 2.11 1.88

58 " 1.87 1.79 2.19 2.04

77 " 1.49 2.26 2.01 1.80

20:1 9 weeks 3.42 4,00 3.76 3.56
- 26 " 3.42 3.55 3.83 3.92

yo " 4,69 ‘4,98 5.16 4,74

5 " 5.u48 5.32 . .83 5.u42
77 " 4/32 4,78 - 4.21 5.37 .

20:2 9 weeks 0.u47 0.07 0.10 0.1y
26 " 0.67 0.73 0.63 0.53

o v 0.24 . 0.18 0.13 0.14

58 " 0.11 0.23 0.23 0.16

77 " 0.11 0.18 0.10 .0.18

20:4 9 weeks 0.77 0.52 0.78 0.47
- .26 " 0.u8 0.37 0.53 0.75

4o " 0.46" 0.31 0,37 0.39

58 " 0.29 0.37 0.61 0.38

77 " 0.53 0.36 0.4l



TABLE VI (Continued)

-—

Free Length of Inside Muscle Outside Muscle
Fatty Frozen Brine Plate Brine Plate
Acid . Storage Frozen Frozen Frozen Frozen
20:5 9 weeks 14,3 14,02 1398 12.69
26 " 12.09 11.37 12.57 . 12.73
Lo " 14,30 13.07 14,29 13.19
58 " lu4.1b lu.40 13.42 12.56
77 " 15.03 013,21 14.99 13.98
©22:1 3 weeks 2,51 2.51 3.34 2.27
26 " 3.29 2.08 4,16 4,24
.40 " 3.21 A 2.u48 3.17 2.84
58 " 3.89 3.60 2.39 2,717
77 " 1.96 3.06 2.53 2,73
22:5 . 9 weeks 1.83 2.55 - 2.37 2,36
26 " ‘ 1.99 2.17 1.76 2.32
yo " 2.56 2.32 A 2.20 2.60
58 " , - 1.,75 2.49 2.24 3.69
77 " 2.49 2.80 2,18 2,92
22:6 9 weeks 8.71 11.42° 8.28 11.08
26 " : 9.83 12.65 8.58 12.30
yo " 9.51 10,97 8.05 9.94
58 " 5.76 8.60 8.19 11.28
77 " - 10,4y 12,47 8.7 10,83
1

The analyses were conducted on the arcsine transformed
percentages but the actual percentages (not transformed)
are recorded in TABLE VI. .

Each value is the average of 3 observations.



TABLE VII Analyses of variance of free fatty acids (expressed as ug free fatty acid per
gram of neutral lipid) of Chinook salmon.

1u4:0 15:9 16:0 16:1 16:2 17:0

Source d.f. M.S.* M.S. M. 8. M.S. M.S. "M.S.
Pairs , 2 33.86% 0.0u5 408,40%% 1310, 50% 0.83% 3.83%
Method 1 7.87 0.105 178.72 20.49 0.16 0.0008
Error a 2 © 14,32 0.021 4,00 1.96 0.14 0.32
Location 1 336.19 0.930%% 2925,20 1215.80 2.85 12.54
Mx L i 31.83® 0.107 283.44 90,73 0.006 . 0.33
Error b Iy 1.94 0.01% 106.88 13.19 0.5u 1.44
Time 4 85.01 0.237%%% 411,48 255,43 1.60 6,38
Mx T L 12.08 0.041 . 73.31 38.40 0.40 1.08
Lx T L 7.33 . 0.009 273.12% 32.70 0.52 1.10
MxLxT L 20,10% 0.011 171.0u 51.22% 0.30 - 2.84%*
Error c 32 6.72 0.037 . 69,00 20,00 0.18 0.98

i8:0 18:1 18:2 18:3 i8:4 20:1
Pairs 2 12,92 809,55% g3,21% 1.69 8.61%% 66,267 %%
Method i 36.21 567.07 1.78%% 0.88 0.79 38,09
Error a 2 - 8.32  126.58 0.01 S QL Lk "1.96 26.37
Location 1 143,97%% 7833,20%% 50,22%% 15.63% 3y, 32 249,11%
Mx L 1 15.56  815.31 1.35 1.26 4,21 22,93 -
Error b 4 3.48 197.07 2.09 0.76 1.35 © 3,53
Time 4 33.52%%%1787,50%% 21.,73%%%E 4.19%%%  Ju .13 86.43%
Mx T 4 3.01 136.20 3.06 0.3: 2,45 10.07
LxT 4 2,49 259.96 5.53 1.09 1.62 5.22
MxLxT y 2.062 237.21 5.45 1.00 6.22% 12.27
Error c 32

4.99 lo4.01 2.27 . 0.53 1.u48 5.76




TABLE VII (Continued)

Significant at the 1% level.
Significant at the 0.1% level.

20:2 20:4 20:5 22:1 22:5  22:8
Pairs 2 0.11 0.86%%  130.41% 4y, gO%EX  11,02%%%  276,10%%H
Method 1 0.07 0.09 - 119.55 T 4,20 26.38 661.92%
Error a 2 0.12 0,17 41.95 17.81 .65 25,54
Location 1 1.82 - , 2.22% 2568.00%"* 112.67 72.26%%  1733.20
M x L -1 .0.10 0.21 200,37 2.71 , 7.04 283,04
Error b L 0.06 0.18 52.69 4,81 . 1.91 37.94
Time 4 0.87 0.31 ~ 536.58%#% 22,03 . 19.56%%% 334 1]
Mx T L 0.02 0.15 26.04. 8.02 1.12 19.01
LxT 4 4 0.5u%s* 0.18 ’ by .52 2.33 3.32 g1.,up*®
-Mx L x T L 0.02 0.22 96.87 13,19%% 2.91 33.64
Error a 32 0.11 6.13 38.00 2.49 1.u48 28.76
1 All mean square'values are multiplied by 1.0 x 10'“.
2 Methods were tested by error a.
Location and M x L were tested using error b.
All other terms were tested by error c.
* Significant at the 5% level.
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TABLE VIII Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as ug free fatty acid per gram of
neutral 1lipid) of chinook salmon.

Free - Length of .. Inside Muscle OQutside Muscle

Fatty Frozen Brine Plate - Brine Plate
'Acid Storage Frozen Frozen Frozen  Frozen
14:0 9 weeks 275.0l - 531.8 1%6.0 137.5
' 26 " 920.9 783,77 227.1 - 302.7
wg "o 1102.4 1270.4% 588.8 530.4
58 " 806.0 758.6 5€0.9 385.5
77 " 728.5 1681.3 771.4 .5731.9
15:0 9 weeks | 18.3 ue 7 7.9 13.6
26 " 37.2 37.8 9.1 1l.8
4g v 539.6 87.2 38.7 40,8
58 " 5C.9 48,2 34.7 ig9.4
77 " 27.6 59.8 20.9 25.2
16:0 9 weeks 1200.6 2135.0 613.6 958.,7
26 " 4380.9 4071.8 800.7 1268.2
yg v 2659.7 3881.9 lus4.2 lu52.6
58 ¢ 2650.0 2333.6 1779.7 1343.1
77 ¢ - 2053.9 Byg2,3 2u22.8 1599.3
16:1 9 waeks . 465.9 . 1010.2 233.7 299.4
' 26 " 1820.7 1561.7 348,2 563.5
Lg ¢ 1977.% . 2347.7 . 1019.7 955.0
58 " 1713.4 1343.8 1090.2 656.9
77 " 1374.3 2902.4 1388.1 959,8
16:2 9 weeks - 14,3 40,3 11.6 12.9
: 26 " 175.2 117.2 20.5 68.5
yg ¢ E 12u4.,9 l6i.5 63.5 78.3
58 ¢ 38.6 53.1 41,2 35.3
770" 56.5 85.6 65.0 47.9
17:0 9 weeks 36.9 96.7 31.7 30.2
' 26 " . 324.,9 1806.2 43,2 100.9
g ¢ 300.9 256.9 159.3 156.1
58 ¢ . 176.9 ljzu,3 137.4 gu .6
77 " - 139.8 386.6 225.4 151.5
18:0 9 weeks 159.7 505.4 96.7 185.0
26 " 502.6 629.4 10L4.,6 248.6
yo o 627.8 1085.3 387.3 517.9
58 " 608.7 703.1 333.5 - 3u2.9

77 " 575.3 837.1 512.4 4g7.4



TABLE VIII (Continued)

—

Free Length of Inside Muscle Qutside Muscle
.Fatty Frozen Erine Plate Brine Plate
Acid Storage Frozen Frozen Frozen Frozen
18: 9 weeks 1235.6 3081.7 755.0 937.3
26 " WLyus,7 4785.6 986.4 1562.,7
g v 5012.3 6958.1 2757.7 2932.0
58 " 4524,0 4012.9 3041.4 2546.9
77 " 3961.5 7101.5 3898.9 2848, 4
18: 9 weeks 66.3 185.3 43.4 52.9
: 26 " 747,86 466, 6 139.7 213.1
40 " 346.0 486.3 216.4 237.4
58 " 317.5 307.9 211.3 169.1
77 " 335.7 690.0 359.5 319.3
18: 9 weeks 46,7 123.2 32.0 42,1
26 " 272.6 254 .4 38.6 92.4
yo 253.6 295.4 152.5 150.4
58 " 229.7 208.9 167.1 136.5
77" 131.6 315.4 178.3 120.9
18: 9 weeks 69.8 129.3 37.3 40,4
: 26 " 369.6 257.4 74,1 123.8
yo " 397.9 378.4 233.3 196.1
58 " 311.5 286.9 234,2 189.9
77 " 225.,2 701.5 304.,0 . 182.1
20: 9 weeks 201.8 496.5 114.6 152.8
26 " 668.1 639.3 156.3 301.4
Lo " 964.3 1281.8 540.4 541.7
58 " 913.7 857.8: 520.1 4389.9
77 " BuL4 .6 1532.0 641.9 656.1
20: 9 weeks 9.8 9.0 3.2 6.2
26 " 122.8 S 142.0 26.8 25.3
g " 52.6 54,5 12.9 13.9
58 " 18.9 36.2 28.6 14,3
77 " 17.0 54.8 16.0 22.0
20: 9 weeks 38.5 53.9 ©23.7 20.4
26 " 103.8 84,6 25.5 42,7
yo " ~101.3 93.9 37.8 42.8
58 " 50.7 60.3 68.9 35.6
" 49,7 1u48.2 54,3 4L7.8

77



TABLE VIII (Continued)

~

Free Length of Inside Muscle - Outside Muscle

Fatty Frozen Brine "~ Plate Brine Plate
Acid Storage Frozen Frozen Frozen Frozen
20:5 9 weeks 737.4 1778.1 421.5 546.6
26 " 2409.3 2344 ,1 530.9 859.1
4o v 2848,2 3ug4.,8 15056.1 1461.1
58 " 2503.6 2330.,2 1274 .4 1181.1
77 " 2270.9 4061.2 2322.7 1590.9
22:1 9 weeks lu45.9 305.1 102.5 103.3
26 " 680.3 410.4 - 179.9 2939.8
yo " 674,2 600.6 341.1 317.1
58 " 626.8 588,8 255.89 258.7
77 " 291.6 8381.2 381.8 334,1
22:5 9 weeks 83.3 325.8 69.2 101.8
26 " 377.9 460,2 74 .6 150.7
4o " 515.7 640.9 225,72 296.9
58 " 306.7 402.8 185.0 324.5
77 " -366,.8 826.2 331.5 342.5
22:6 9 weeks 459,2 1534,2 248.6 483,7
26 " 1803.4 2543,9 365.4 917.6
yo " 2000.6 2907.3 869.5 1108.4
58 " 1009.5 1557.7 8u3.,7 1053.3
77 " . 1584, 4 3807.5 1327.3 1240.9
1

Each value is the average of 3 observations.



"TABLE IX Analyses of variance of free fatty acids (expressed as pércent of the total
free fatty acids analyzed) of Coho salmon+, .

14:0 ' 15:0 . 16:0 16:1 16:2 17:0
Source d.f. M.S. 2 M.S. M.S.  M.S. M. S. M.S.
Pairs 3 2 22.00% 0.147%% 227.31 115.81% 0.61 3.46
Method 1 - 1.28 0.187 120.15 36,27 0.39 1.65
Error a 2 38.36 0.206 21.24 5.94 0.09 4,31
Location 1 12.48 0.009 54.69 0.10 4,35 10.47
Mx L 1 0.66 0.008 0.18 0.01 0.35 0.43
Error b Y i.61 0,024 37.34 17.82 ' 0.84 3.29%
Time 2 6.73 0,787%%% 39.u48 335.62%%% 0.68 5.13%
Mx T 2 1.33 0.004 , 20.50 78.46 0.25 0.4y
LxT 2 3.05 0.003 51.28 6.28 0.20 0.65
MxLxT 2 0.u40 0.002 248.00 6.96 0.55 0.03
- Error c 16 3.05 0.019 102.80 . 29.33 0.35 0.84

18:0 18:1 18:2 18:3 18:4 20:1
Pairs 2 4.62 131.72 0.2707 1.93 6.3806 3.50
Method 1 2.60 73.23 0.0001 0.84 0.1691 9.36
Error a 2 57.64 935.48 0.0751 6.17 14,9650 107.93
Location 1 1.1 11.43 _ 7.2296 1.06 5.1376% 3.14
M x L 1 11.09% 35.25 0.4142 0.uh 0.0001 2.78
Error b Yy 0.88 83.52 0.5400 - 0.19 0.5353 4,24
Time 2 114, 54%%% 357 Lg% 29.1910%%% 1,32 1].3670%%% 4,79
MxT 2 2.67 12.56 1.u4854 0.38 0.9405 0.02
Lx T 2 0.40 97.98 2,7911 0.14 0.0568 L,24
MxLxT 2 16.73 173.87 7.0184 0.10 0.5089 5.18
Error c 16

8.00 59.89 2,0885 0.55 - 0,6689 3.46




TABLE IX (Continued)

20:2 20:4 20:5 22:1 22:5 22:6

Pairs 2 2.43 . 2.13% 151.82 . 4,85 2.29 282.89
Method 1 .71 0.12 291.67 "G4,10 0.75 0.05
Error a 2 0.07 0.50 139.56% 207.95%%% 7,90 95.90
Location 1 1.50 0.37 0.22 5.46 22,72 187.03
M x L 1 0.62 0.01 33.u47 0.35 1u4.57 2.67
Error b i 2.21 0.42 34.97 i.20 3.82 - 82.31
Time 2 30, 79%%% g,11%%% 449,19 49,75% 16.77 56.91
T x M 2 0.15 . 0.65 35.16 2.60 8.38 2.97
T x L 2 1.80 0.14 7.59 11.76 8.65 8.16
TxMx L 2 1.10 0.27 115.60% 2.69 6.65 56.39
Error c 32 0.88 0.53 25.76 6.18 4,99 152.23
1

All mean square values are multiplied by 1.0 x 10

Methods were tested by error a.

Location and M x L were tested using error b.
All other terms were tested by error c.

Significant at the 5% level.
Significant at the 1% level.
“#% Significant at the 0.1% level.

5

\

Analyses of variance was conducted on the arcsin transformed percentages.



TABLE X Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as percent of_total free fatty acids
analyzed) of coho salmon©™.

Free - Length of Inside Muscle Outside Muscle

‘Fatty Frozen - Brine Pliate Brine Plate
Acid Storage Frozen Frozen Frozen Frozen

14:0 10 weeks 3,512 3.63 3.60 3.93

27 " 3.14 3.05 3.36 3.20

78 ¢ 3.03 - 3.10 3.58 4,04

15:0 10 weeks 0.32 - 0.27 0.33 0.27

: 27 " 0.16 0.12 0.18 0.14

78 v 0.17 0.15 0.20 0.1u

16:0 . 10 weeks 18.u48 13.98‘ 13.29 15.02

27 " 13.71  14.80 15.21 13.77

78 " 15.63 15.64 16.92 13.65

16:1 10 weeks 8§.78  6.90 9.39 7.92

27 v 9,74 11.77 10.42 11.02

78 " 6.87 7.53 6.42 : 8.20

16:2 10 weeks 0.27 0.36 0.58 0.49

27 ¢ 0.52 O.u4k 0.55 0.69

78 " 0.26 0.26 0,u0 0.73

17:0 10 weeks 0.73 . 0.90 -1.00 0.97

' 27 ¢ 0.79 1.10 1.24 l1.48

78 " 1.03 1.16 1.54 1.53

18:0 10 weeks 3.22 3.06 3.u49 T 2.98

27 0" 2.26 1.90 2.u48 2.15

78 " - 4,66 3,63 3.46 L.83

18:1 10 weeks 21.46 19.58  20.57 22.09

27 v 21.44 22.61 25,39 21.74

78 " 21.48 20.57 20,00 18.20

18:2 10 weeks 1.u45 l.48 2 1.77 1.26

' 27 " 2.37 1.94 2.38 3.18

78 " 1.88 2.08 2.20 2.11

'18:3 10 weeks 1.20 0.95  1.25 1.0u4

27 " 0.98 0.80 0.92 1.00

78 " 1.05 0.97 1.18 1.22



TABLE X (Continued)

Free Length of Inside Muscle Outside Muscle
Fatty Frozen Brine Plate Brine Plate
"Acid Storage Frozen Frozen Frozen Frozen
18:4 10 weeks 1.49 1l.45 1.80 1.52
27 " 1.06 1.08 1.16 1.46
78 " 1.74 1.64 2.04 1.88
20:1 10 weeks 4,01 4,76 4,40 4,27
‘ 27 " 3.54 .24 4,56 b,.47
78 " 4,58 - 4.63 4,26 4,92
20:2 10 weeks 0.56 0.24 0.26 0.50
: 27 " 1.45 1,39 1.15 0.87
78 " 0.34 0.21 0.31 0.32
20:4 10 weeks 0.99 1.14 1.06 1.04
27 " 0.53 0.74 0.43 0.55
78 " 0.72 0.54 0.60 0.57
20:5 -lo.weeks 14.99 16.53 15.23 15.06
27 " 15.11 11.85 12,29 13.80
78 " 17.03 16,26 16.84 17.38
22:1 10 weeks 2.75  4.33 3.27 4,37
27 " 4,34 4.91 3.05 4,33
78 " ' 2.57 3.29 2.43 ) 3.28
22:5 10 weeks 1.30 2.94 3.24 2.99
27 " - 2.91 2.75 2.95 2.58
78 " 3.05 3.04L 3.78 3.47
22:6 10 weeks  13.55 14.93 © 13,98 12.59
27 " 14,25 12,72 11.12 12,00
78 " 13.12 13.67 12.18 12.15
1

The analyses were conducted on the arcsine transformed
percentages but the actual percentages (not transformed)
are recorded in TABLE X,

Each value is the average of 3 observations.



TABLE XI Analyses of variance of free fatty acids (expressed as ug free fatty acid per
gram of neutral 1lipid) of Coho salmon. E

14:0 15:0 16:0 16:1 16:2 17:0
Source d.f M.S. M.S. M.S. M.S. M.S M.S.
Pairs 2 2 16.11 0.02¢ 215.82 8L . 44 0.28 21,90
Method 1 14,50 0.023 175.62 52.23 .26 22,12
Error a 2 18.05 0.026 208,99 66.80 $.30 28.67
Location 1 22.10 $.038 313.03 94,82 C.34 33.28
Mx L 1 14,83 0.023 178.00 54,10 0.28 22,59
Error b 4 17.67 0.028 220.22 53.35 0.31 27.84
Time 2 21.42 g.03u 288.81 85.11 0.36 34,86
MxT 2 iy.83 0.023 178.28 54,96 0.26 22,85
L =T 2 18.80 0,030 251.99 75.38 0,30 30,24
MxLxT 2 15.486 0.024 181.89 58.05 0.25 23,59
Error ¢ 16 17.38 0.027 216.07 68.53 0.31 27 .47

18:0 18:1 18:2 18:3 18:u 20:1
Pairs 2 11.19 422,40 3.09 1.u5 5.98 42.82
Method 1 8,52 348,25 Z.36 1.20 5.09 36,64
Error a 2 10.27 405.71 3.08 1.59 5.36 4y, 20
Location 1 15.68 5032.561 L.63 2.0 7452 54.07
Mx L 1 9.51 352.09 2.44 1.26 5.21 37.52
Error b 4 11.20: 437.03 3.22 1.55 .25 44,30
Time 2 16.51 558.01 .43 2.03 7.67 52,65
MxT -2 " 8.81 257.71 2.41 1.22 5.23 37.78
L xT 2 13,27 4838.40 3.80 1.75 6.79 u7.74
MxLxT 2 16.16 372.20 2.50 1.30 S5.41 39,36
Error c 16 11.00 432.9% 3.290 1.53 6.13 43.61




TABLE XI (Continued)

20:2 20:4

20:5 22:1 22:5 22:6
Pairs 2 0.48 0.18 270.26 16.07 4L.61 150.27
Method 1 O.44 0.15 227.71 12.67 3.28 107.74
Error a 2 g.u6 0.21 285.96 16.55 4.69 lu48.06
Location 1 0.63 - 0.33 391.27 21.45 . 7.35 228.58
M xL 1 0.45 A 0.16 235.33 13.46 3.44 111.u47
Error b L 0.u6 0.21 276.43 16.55 L.oh 154,42
Time 2 O.46 0.27 383.62 18.87 7.41 208.27
T x M 2 0.u44 0.17 232.17 13.65 3.64 112.25
Tx L 2 0.45 ' 0.23 328.47 17.33 5.74 179.59
TxM=xL 2 0.46 0.18 2k, 04 i4.26 3.91 119.98
Error c 32 283.41 16.1u4 4.76 151.29

0.u8 0.20

Methods were tested by error a.

Location of M x L were tested using error b.

All other terms were tested by error c.

*  Significant at the 5% level (P € 0.05).
*#% Significant at the 1% level (P £ 0.01).
®%% Significant at the 0.1% level (P € 0.001)

7

All mean square values are multiplied by 1.0 x.10°



TABLE XIT

Method x location x time interaction means from
the analyses of variance of the free fatty acids
(expressed as ug per gram of neutral lipid) of
coho salmon. ' :

Length of -

8052.3

Free Inside Muscle OQutside Muscie
Fatty Frczen Brine Plate Brine Plate
. Acid “Storage Frozen Frozen Frozen Frozen
14:0 10 weeks 1466.7l 649,2 238.2 ls5u,7
27 " 540.,7 598,2 172.0 174.9
78 " 26986.,9 2509.5 522.5 738.2
15:0 10 weeks 41,3 52.5 20.0 10.7
27 " 29.7 27.1 9.8 7.9
78 " .1082.2 115.4 27,3 32.1
16:0 10 weeks 2590.4 2514 .0 848, 5 610.0
27 " 2u31.5 3180,3 803.1 787.2
78 96914.8 12382.6 2383.0 2683.0
16:1 10 weeks 1126.3 1424.,4 620.9 316, 3
27 ¢ 1661.2 2300.8 4g3.4 624.9
78 v 53468.6 6uoy,l 1089.1 l654.,0
16:2 10 weeks 38.1 67.7 48.1 19.6
’ 27 ¢ 92.1 77.4 27.6 40,2
78 ¢ 3522.6 233.4 63.0 163.7
17:0 10 weeks gy, 7 169.9 72.1 38.7
27 151.3 196.3 63.2 79.1
.78 " lo643.0 1066.7 231.8 299.8
18:0 10 weeks 431,.9 606,0 22“.3.' 117.0
27 " 385.6 462.6 130.,6 122.0
78 " 22326.5 2985.8 4396.8 1131.5
18:1 10 weeks 3034,8 3605.5 ’ 1377.8 9le6.u4
27 " 3792.8 4866.1 1404.8 1281.8
78 136144.9 16151.0 3160,7 4069,0
18:2 10 weeks 187.5 262.1 106.1 49,7
: 27 v 431.7 430,2 121.1 174,7
78 ¢ 11669.0 1803.7 31,7 403.7
18:3 10 weeks 150.2 198.5 69.0 40,5
27 " l6y4.2 183.0 46,1 57.6
78 ‘" 980, 2 16k, 3 271 .4



TABLE XII (Continued)

Each value is the ayerage'ofl3 observations.

Free Length of Inside Muscle Outside Muscle

Fatty Frozen Brine Plate Brine Plate
Acid Storage Frozen : Frozen Frozen Frozen
18:4 10 weeks 188.0 304.3 112.5 59.0
: 27 " 175.4 220.86 56.2 83.u
78 " 15982.1 lues5.h 283.7 393.2
20:1 10 weeks 515.2 807.2 274.7 170.8
‘ 27 " 605.6 859.9 222.9 246.2
-78 " 42595.8 3593.4 597.0 958.9
20:2 10 weeks S 78.1. 43,9 9.7 19.9
27 " 246.7 287.7 -53.2 49.6
78 *© 4407.3 174.9 32.2 65.1
20:14 10 weeks 119.9 195.0 61.5 41.6
27 " 99.3 127.7 23.4 31.1
78 " 3021.7 -423.9 90.3 107.1
20:5 10 weeks 1822.1 3061.3 997.3 607.9
27 " 2726.6 2384.0 662.2 772.0
78 " 110697.7 13572.0 . 2525.1 3596.3
22:1 10 weeks 364,.6 720.0 198.0 175.0
27 " 746.1 899.9 150.8 232.2
78 v 25813.9  24u8.7 331.1  617:9
22:5 10 weeks 167.0 549.5 179 .4 1174
27 " 517.3 590.8 lu3.2 luh,5
78 " 1457.3 2517.8 56u4.,7 755.5
22:6 10 weeks 1821.9 2816.5 1025.5 502.7
27 " 2526.3 2816.5 530.7 676.4
78 ¢ g802u8.7 12753.5 1843.5 2784,.8

1



TABLE XIII Analyses of variance of total free fatty acids
(expressed as g free fatty acid per gram of
“neutral lipid) of Pacific halibut, chinook
salmon and coho salmon. ‘

Pacific Chinook Coho

B ‘ Halibut ., Salmon Salmon
Source df M.S. df M.S. df - M.S.
Pairs 2 497.51% 2 l;SUB** 2 1015.60
Method’ 1  781.96 1 1.102% 1 825.41
Error a 2 | 54,37 2 0.041 2 1025,.00
Location.' 1 245y ,80%%* ‘l- 13.698%% 1 l1452,50
MxL 1 433.13 1 1.225 1 848,29
Erfor 5 L 83.88 . 4 0.257 Y- 1062.§0
Time n 217.85 oy 2.603%%= 2 1369.30
MxT 4 92,55 4 0.234 2 851.34
LxT & 162,04 4 0.u38 2 1191.40
MxLxT 4 88,36 4 | 0.5686 2 832,84
Error c¢ 32 128.75 32 O.él3 16~ 10u44,80
1 All mean sqﬁare values are multiplied by ]..0.;;"10-6
2 Methods Qere tééted by error a, Location and M x L

were tested using error b. All other terms were

tested using error c. ‘
*  Significant at the 5% level (P £ 0.05)

%%  Significant at the 1% level (P £ 0.,01)

#%% Significant at the 0.1% level (P € 0.001)



TABLE XIV Method x location times time means from the
-analyses of variance of total free fatty acids
(expressed as pg free fatty acid per gram of
neutral lipid) of Pacific hallbut, chinook salmon,
and coho salmonl.

Length of Inside Muscle Qutside Muscle

Species Frozen Brine Plate Brine Plate
Storage Frozen Frozen Frozen Frozen
Pacific 14 weeks 5670.1 1834.0 3705.8 498.9
Halibut 31 " 37222.4 7988.5 2967 .4 1567.1
Ly M 22538.,6 20503.3 4321.4 4507.1
62 " - 18090.5 5535.3 3186.3 1459.1
gL " 266%1.0 11282,7 5189.0 2125.5
Chinook 3 weeks 526.5 1238.6 298.2 4312.5
Saimon 26 " 2016.4 1976.8 415,12 715.4
g " 2002.0 2628.6 1060.3 1102.9
58 " : 1689.7 1601.5 1081.8 827.8
77 " 1483.5 3066.5 1522.2 1146.8
Coho 10 weeks 1321.9 1804.,7 48,4 396.8
Salimon 27 " 1732.4 2050.9 511.4 558.6
78 " 66814.9 8158.2 1472.7 2072.5

Each mean is the average of 3 cbservations.



TABLE XV Correlation coefficients (r) for the correlations
of pH, thaw drip, color (Hunter Rd, a, b, and a/b
values) with each other for Pacific hallbut,
Chlnoox salmon, and Coho salmon.

PACIFIC HALIBUT

Variable pH .Thaw Drip
pH 1.000

Thaw Drip -0.358% 1.000

CHINOOK SALMON

. ' "Thaw. '

Varlablg | pH Drip Rd a b a/b

pH ©1.000 '

Thaw Drip 0.074 1.000

Rd -0.336 0.163 i.000

. a : -0.017 0.187 -0.232 - 1,000

b 0.290 0.021 0.417%* 0.263 1.000

a/b © -0.103 0.193 —0.398* 0.928%%.0,112 1.000
COHO SALMON

Variable ~ pH Thaw Rd a b a/b
Drip

Thaw Drlp -0.132 1.000 ;

Rd -0.033 0.124 1.000

a’ -0.596%% 0.04] 0.556% 1.000

b 0.270 0.237 0.774%% 0,217 1.000

a/b -0.,721%=% 0.201 -0.062 0.725%%-0,511 1.000

* Significant at the 5% level (P £ 0.05).

%%  Significant at the 1% level (P £ 0.01).



~

TABLE XVI Correlation coefficients (r) for the correlation of pH, thaw drip, color
{Hunter Rd, a, b, and a/b values), TBA values, and free fatty acids with
flavor (number of correct identifications) for Pacific halibut, Chinook
salmon, and Coh¢ salmon.

.Pacific Chinook Coho

‘ . Pacific Chinook Coho .,
Variable halibut salmon saimon Variable halibut salmon salmon
pH -0.258 -0.102 -0.737 %C 22:1 -0.160 -0.338 0.223
Thaw Drip -0.198 0.116. -0.136 %C 22:5 0.012 0.113 0.075
Hunter Rd -0.375 - 0.u55 %C 72:6 ~0.077 0.008 -0.240
Hunter a ~0.012 0.853% FFAZ
Hunter b -0.527% 0.0589 C 14 F 0.016 0.0u6 0.038
Hunter a/b 0.024 0.147 C 15 F -0.051 -0.029 0.038
TBAl -0.039 0.460%* 0.152 C 16 F 0.070 -0.059 0.031
FFA , 'C 16:1 F 0.028 -0.038 0.032
scl 1y 0.086 0.038 0.147 C 1l6:2 F 0.052 -0.127 0.0uy
%C 15 0.11l4 -0.271 0.3088 cC 17 F 0.0uy -0.024 . 0.032
%C 16 0.006 -0.099 0.261 C 18 3 0.0u6 2.065 0.031
%C 16:1 0.08% -0.,057 0.17% C 18:1 F 0.069 -0,139 0.038
%C 16:2 0.108 ‘ 0.058 -0.115 C 18:2 F 0.030 -£.093 0.020
%C 17 D.215 o 0.1u2 -0.0u0 C 18:3 F 0.017 -0.069 0.028
5C 18 ~0.180 0.332 §.,21¢ C 18:4 F 0.261 0.06%0 g.04l
%C 18:1 6.121 ~-0,048 0.515% C 26:1 F 0.017 0,023 0.0u4Yy
3C 18:2 0.114% 0.192 0,308 C 20:2 F C.02% -3,102 0.053
%C 18:3 6.076 0.110 o 6.117 C 20:4 T 0.091 0.053 0.023
%C 18:4 0.063 0.20% 6.193 C 20:5 F 0.055 -0.276 0.032
%C 20:1 -0.,315 -0.u410% 0.141 C 22:1 F 0.247 -0,112 0.0u43
%C 20:2 0.064 : 0.156. 0.060 C 22:5 F -0.0003 -0.00023 0.021
%C 20:4 0.0¢%6 -0.131 - -0.385% C 22:8 ﬁ 0.023 0.036 N.020
%C 20:5 -0.017 ~0.2586 -0.020 TFFA/GF® 0.036 -0.053 0.031
1 Free fatty acids expressed as percent of total free fatty acids analyzed.
2 Free fatty acids expressed as ug free fatty acid per gram of neutral fat.
3 - Total free fatty acids expressed as ug total free fatty acid per gram of neutral fat.
% Significant at the 5% level. : :
b

Significant at the 1% level.



