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ABSTRACT

A study of flavor and texture of canned lake whitefish (C"fgggqg_q

clupeaformis) from 11 lots of f ish caught in i^Iillíam Lake, Manitoba,

between June, 1969 and June, 1970 showed hígh variability from month to

month in hedonic responses from 60rnember rtconsumerll panels, descríption

by a 6-member trained panel and textural assessments with the Allo-Kramer

shear press. No pat.tern of quality change was consistent with the

calendar year but October-caught fish seemed ínferior. Sensory and

instrumental measurements indicated that, over Ëhe year, female fish were

generally firmer than male fish.

Pre-canning freezLng and partíá1 drying applied to both sexes of

fish within each catch, in a factorial arrangement, showed that freezing

was benefícial to quality, while drying was detrimenÈal" Compared with

fish canned from the fresh staLe, f-rozen fish was firmer, had a betËer

liked flavor and texture, had less free fluid but more expressible fluid

and fewer textural dísadvantages. Furthermore, freezing minimized

Ëextural differences atËributable to monLh and sex.

Drying increased fish firmness, as detected by sensory and

instrumental measurements. However, compared with not-dríed fish, the

Ëexture and flavor of dried fish r¡zere less well liked. Dried fish had

more off flaiù.ors, a less intense chickeny flavor, and a higher incidence

of mealiness and tendency to felt along with decreased free fluid.

Drying emphasized variability due to sex and month.

11r



TABLE OF CONTENTS

]NTRODUCTTON

RNVIEI^I OF LTTERATURE

PAGE

1

aJ

3

4

1l

l1

T2

l2

13

L4

L4

L9

L9

L9

2t

25

27

31

32

JCr

t.1+J

43

The Effect of Canning on Fish Characteristícs

Flavor of Canned ![hitefish

Texture of Canned Whitefish 7

LIHardne s s

Oiliness

Flakíng

Fibrousness

Mealiness.

Moísture Characterístics

Pre-Canning Treatments

Freezing

Drying . .

Causes of Variability in

Sex Variation

Seasonal Varíation

Fish .

METHOD

Organoleptic Evaluatíon . .

t'Consumertt Panel Evaluation

The Profíle Method . .

Training Sessions

Evaluation Sessions .

InstrumenËal Methods of Evaluation

Force to Shear

Moisture Characteristics

l-v

'43



PAGE

Free Fluid

Expressible

Total Yield

Fluid

Analyses of the Data . 44

RESULTS AND DTSCUSSTON 45

CorrèlaËion Between Variables . 45

Flavor. . .45

TexLure 49

The EffecE of Freezing 51

Flavor . . 51

Texture 51

The Effect of Drying . . 6L

Flavor . . 6l

Texture 64

The Effect of Se>i . . . 72

Flavor. . .72

Texture 76

The Effect of Mont6 of Catch B0

Flavor . . B0

Texture 83

SI]MMARY AND CONCLUSIONS 9L

BIBLIOGRAPHY . 94

APPEND]XES 101

43

43

44



L]ST OF TABLES

TABLE PAGE

1" Flavor Scale for St,eamed Fish (Shewan eË a1., 1953) 6

II" Relations Between TexËural Parameters and Popular Nomen-

clature (Szczesniak, L963) 9

1II. Procedure for Evaluating TexËure (Brandt et aI., L963) " . 10

IV. The fnfluence of Sex on the Composition of Fish Flesh

(Jowett and Davies, 1938)

V'. Drying TemperaËures, Times, and Losses of W-hitef ish

Fillets " 28

VI. Anchored Scales Used by Panelísts for Texture Profiles 34

VIf. Definitions of Flakiness and Texture Overall ImpressÍon

of l{hitefish Used by Ëhe Profile Panel . " 35

VIII. Procedures Used by Profile Panel to Evaluate TexËural

Parameters . " 37

IX. Anchored Scales Used by Panelísts for Flavor ProfÍles . . 38

X. DefíniËíons of Color, and Flavor 0vera11 Impression of

I'IhiËefísh Used by the Profile Panel . . 39

XI " Correlation Coef f icíents(r) BeËr^ieen Parameters . " 46

XlI. The EffecË of Freezing on Flavor and Texture Varíables 52

XITI. Summary of Analyses of Variance " 54

XIV. The Effect of Drying on Flavor and Texture Variables 64

XV. The Effect of Sex of the Físh on Flavor and Texture

Variables 74

XVï. Mean Flavor Hedonic Scores of Male and Female Físh

20

v1



LIST 0F TABLES (Conrinued)

TABLE

XVII. Mean Texture HedonÍc Scores of Not*Dried and Dried

PAGE

Fish Each Month 85

XVIII. Force Required Ëo Shear Individual Cans of trühitefish

.88

v]_ 1



LTST OF FIGURES

F]CUR-E

1. Relation Between Denaturation of Actomyosin and the Amount

PAGE

of Extracellular Ice in Frozen, Stored Fish FÍ1lets (Tanaka,

T96s) . . ts
2. Lnf luence of Frozen Storage on Protein Solubility in l¡lhite-

fish and Cod . " L7

3. Seasonal Variations in the Fat and Protein ContenËs of Cod

Fillets (Dambergs, L964) " . 22

t+. Seasonal Varíations in the Water and tr^Iater Solubles Content

of Cod FilleËs (Dambergs, L964) . . 23

5. Experimental Plan for Evaluating the Effects of Month of

Catch, Sex, Freezing and Part,ial Drying on Canned llhitefish

CharacËeristics . 26

6" Questionnaire Used by trConsumertr Panel to Evaluate Canned

i^Ihitef ish Flavor . 30

7. Questionnaire Used by trConsumertf Panel t,o Evaluate Canned

üfhitefish Texture . 31

B. Questíonnaire Used for Flavor Profile Analysis of Canned

T¡,Ihitefish " 40

9 " Questionnaire Used for Texture Profile Analysis of Canned

l,IhíÈefish " 4t

10. The Effect of Freezing on Force to Shear Values of Male and

Female l^lhilefish Each Month . 55

11" The Effect of Freezing on Force to Shear Values of Not-Dried

vtl_l_



LTST OF FIGURES (Continued)

FIGURE

12. The Effect of Freezing on Free Fluid Content of Not-Dríed and

PAGE

Dried Fish Each Month . "

13. The Effect of Freezíng on Expressible Fluid Content of Not-

Dried and Dried Fish Each Month 60

14. The Effect of Freezing on Total Fluid Content of Not-Dried

and Dried Fish Each Month o1

15. The Effect of Dryíng on TexËure Hedonic Scores Each Month 66

L6. The Effect of Drying on Force to Shear Values of Male and

Female Fish Each Month . 67

17. The Effect of Drying on Force to Shear Values of Fresh and

Frozen Fish 68

18. The EffecË of Drying on Free Fluid of Fresh and Frozen

Fish Each Month 70

19. The Effect of Drying on Expressible Fluíd ContenË of Fresh

and Frozen Fish . .

20. The Effect of Drying on Total Fluid Content of Fresh and

Frozen Físh Each Month . 73

21. The Effect of Sex on Flavor Hedonic Scores Each Month . 75

22" The Effect of Sex on Force to Shear Values of Fresh and

Frozen Fish Each Month

23. The Effect of Sex on Force to Shear Values of Not-Dried and

Dried Fish Each Month 79

24. The Effect of Sex on Expressible Fluid Content Each Month 81

25. Mean Flavor Overall Impression, Chickeny Note and Off Flavors

58

7t

77

ax



LIST 0F FIGURES (Continued)

F]GURN

26. Mean Texture Overall Impression, Hardness and Undesirable

PAGE

Textural Characteristics in Fish From Each Catch . . " 87

27. Mean Free, Expressible and Total Fluid Content of Fish From



INTRODUCT]ON

i^Ihitefish (Coregonus clupeaformis) ís the most important commer-

cial catch from freshwater sources in Canada. fn L967, Canadals catch

of freshwater físh was 113021600 metric tons, of which 8r400 metric tons

were i,¡hitef ish. During 1967 aLone, 51600 metric Eons of whitef ish were

exported; 3r600 metric tons as fresh or chilled whole fish, 1,800 metric

tons as frozen whole or dressed fish, and 200 metric Lons as frozen

fíllers (FAO, L969).

Because r"/hiËefish is a highly perishable product, several studies

have been undertaken to determine meËhods of extending its storage life"

The exËension of sËorage life by fteezing was studÍed by Osterhaug (1956)

and by Awad et al" (1969). Gamma radíation was used to preserve both

fresh (Ostovar et al., L967) and smoked vühítefish (Slusar and Vaisey,

r97o).

Canning should extend the storage life of whirefish consíderably

longer Ëhan any of these methods, since the process excludes air, inacËi-

vates enz)¡mes, and destroys spoilage organisms.

Tn a report to the Manítoba Department of Industry and Commerce,

Arthur D. Little, Inc., reported that canned T^rhitef Ísh could compete

cost-wise wiËh canned salmon and tuna (Anonymous, 1965). Canada exported

28,200 metríc tons of canned fish in 1968, of which 18r000 metric Eons

r^/as canned salmon (F40, L969). Sínce canned f ish is such an acceptable

producÈ, the market for canned whitefish looks promising, if the product

is of sufficiently high quality.

It has been reported that the flavor of canned whitefish was

desirable and míld, but that there r¡rere two main drawbacks to the product,

its softness and Ëhe lack of uniformity even in físh canned from Ëhe same



lot (Anon)¡mous, L966, Lantz, L966).

One purpose of the present. study, therefore, T¡ras to evaluate

methods of firming Èhe canned fish. Flavor i,ras studied only to ascertain

whether treatments designed to improve the Ëexture of the fish had pre-

served the origínal flavor. The effect of sex of the fish and season of

catch on the flavor and texture of Ëhe canned fish were studied to deter-

mine if eíther or both of these factors contributed to the variability

of the canned product



REVÏEi'I OF LITERATURE

The EffecËs of Canning on Fish Characteristícs

Canning may be defined as the preservation of food in sealed

containers by Èhe actíon of heat (Erazíet, 1967; Van den Broek, 1964).

Canníng does not result in absolute st.erility of the food since some

organisms may remain viable even in adequately processed foods (Rowan,

1956). The heat treatment, however, must be sufficient to destroy the

microorganisms most likely to cause spoilage" TemperaËures in non-acid

foods such as fish must, be maintained at 115oC for several minutes in

order to eliminate the hazards of surviving spores of the bacteria

Clostridium botulínum, the mosL heat-resistant species of all food

spoÍlage organisms (triebold and Aurand, 1963). Bolton (L969) reported

Èhat, in canned salmon, more heat is required Ëo soften Ëhe bones than

Ëo sËerílize the product"

The temperature reached during the canníng process ís far in

excess of thaL required to cook fish. Griswold (L962) indicated that

fish is considered cooked when Ëhe myofibrillar proteins coagulate. This

process reportedly þegins at 30oC and is completed by 6OoC in several

species of fish (Kovalrchuk, L954; Sirnidu and Simidu, 1960).

Rasekh eË al. (i970) in a study designed to measure tuna quality,

reported that even though consumer panel members were instructed to con-

sider LexÈüre preference, they were ínfluenced ín their ratings first by

the appearance of the fish, second by its flavor and only third by its

texture. NeverËheless, as a resulË of the extreme softness reported in

canned whitefish (Lantz, 1966; Anonymous, L966), it was felt that preference

might r,¡ell be more dependent on texture in t,his fish than iË was in canned tuna.



Flavor of Canned Whitefish

The flavor of experimentally canned lake whÍtefish has been

described as pleasant, desirable, mild, acceptable and containíng sweet

fish aromatÍcs" Lower quality packs in this developmental work exhibited

an undesirable sulflde note thought to be indicaËive of some spoilage in

the físh before it was canned (Anonymous, L966, 1967).

The origins of the desirable flavors ín whitefÍsh have yet to

be defíned chemically, although they may be partially dependent on ribo-

nucleotide conËenÈ. HlLxz e_t__al. (1969) reporting on the work of many

researchers, reviewed nucleotide degradaËion in many fish species. The

usual sequence of events ín fish muscle is as follows:

ATP - A_DP - AMP - lMP - Inosine - HypoxanËhine

The speed of Èhese reactions is specíes dependent. The usual method of

measuring the rate of react,ion ís Ëo measure hypoxanthine, the end product,.

Woskoiv (L969) demonstrated the flavor modifying effect,s of a

50 : 50 mixture of 5r disodium ínosinate (fUe¡ and 5t disodíum guanylate

(CUf¡. In his sLudy, the ribonucleotides eirhanced süreetness and saltiness

and suppressed sourness and bitterness.

It may be-"suggested that the flavor of canned whiËefísh is at

least parLially dependent, on its ribonucleotide content, especially sínce

addition of Ëhese substances has been shovrn to enhance pleasanË flavor of

canned whitefÍsh (Anonymoús, 1967). Furthermore, unpublished work ín

these laboraÈories has shown thaË the chickeny flavor, measured by a

panel traíned in profíle techniques, r¡ras enhanced by addítion of ribo-

nucleotides Ëo the whitefish before canning.

In the absence of precise chemical information, Ëhe flavor of

fish in general, and of whitefish in parËicular, is largely confined to



sensory definition. Even within this area, most reports deal wÍth the

development of spoilage flavors, hence such work has been confined mainly

Ëo the description of negaLive characterístics. However, work by

Shewan et al. (1953) gave some idea of what top quality fish flavor should

be. ft can be seen from Table T. that loss of freshness is firsË evidenced

by a loss of flavor rather than occurrence of off flavors, although sour-

ness and biËEerness do occur in later stages of deteríoratíon.

As opposed to scalar analysís, the flavor profíle method of

descript.Íve analysis devísed by Arthur D. Little, Tnc., of Cambridge,

Massachusettes and reported by Cairncross and Sjostrom (1950) demands

more definitÍon of positíve flavor characteristics. This meLhod described

in detail by Caul (L957) has been designed for use with highly trained

panelists who describe the order in which flavor notes are perceíved,

their intensity and the overall flavor impression (Oel) in relaËion to

an agreed upon prototype. A rrgoodlt flavor described by this method of

analysis r^¡i11 have several flavor noËes occurring close togeËher with

desirable ones of high intensity.

fn contrast Ëo data obtained from other types of panels, data

obtained by profÍle panels are rì.ot sËatistically analyzed. Tnstead, a

composite profíle is agreed upon by all panel members after discussion.

There are several disadvantages to the flavor profile method,

including Èhe length of time required for Ëraining, Ëhe possíble dominance

by one of the members of t,he group, and the fact that the final profile

does not consisË of independent observations and, Ëherefore, results may

not be statístically analyzed (Amerine et a1. 1965). Nevetheless, a major

advantage to the meËhod, ín addition to iËs sensitiviËy to small changes

in flavor is iËs reproducibility (Caul , 1957). Discussion at the



TABLE

FLAVOR SCA_LE FOR STEAMED FTSH (SHEI^rAN E! Ær, 1953)

Flavor Score

Fresh, s\^reet f lavors characteristic of the'species

Some loss of sweetness

Slight sweetness and loss of the flavor characÈerÍstic of
the -specíes

Neutral flavor, definite loss of flavor but no off flavors

Absolutely no flavor, as if chewing cotton wool

Trace of off flavors, some sourness but no bitterness

Some off flavors, and some bitterness

Strong bitter flavors, some rubber-like and slight sulphide-
1íke flavors

Strong bitter flavors buË not nauseaËing

Strong puËrid flavors (e"g. sulphides) tasred wirh difficulry

t0

9

a

7

6

5

4

3

t

o



end of the session is intended to stimulate panel members to increase

their acuteness and re1íability, and to foster interest and self-confidence

(Cairncross and Sjostrom, 1950).

Texture of Canned tr{hitefish

As with other flesh foods, the Ëexture of cooked fish hínges upon

changes in proteins during heaËíng. Dqríng cooking the myofibrillar

proteins denaËure and coagulate. Coagulation of musclé proteins apparenË1y

begins at approximately 30oC and is compleËed at 60oC (t<ovaltchuk; L954);

Simidu and Simidu, 1960). The connective Ëissue protein, collagen, hydro-

Lyzes Ëo gelatin at ¿ lower temperaËure Lhan mammalian collagen (Conne11,

T962, Connell, 1964).

As proteins denature they lose their ability to bind water (Van

Den Broek, L965; Lassen, 1965). Also, sóme of the fat which has been

dispersed throughout the muscle is released (Stansby and Dassow, 1951)"

The net effect of thermal treatmenË on fish, then, is formaËion of free

fluid made up of water released from Ëhe tissue, fat, and gelatin, Ëogether

wiËh coagulaËion of the myofibrillar proteins. In normal cooking, protein

coagulation increases flesh fírmness; however, Ëhe excessive heat of

canning is knornm Ëo Índuce softness in both salmon and whitefish (Mann,

L969; Lanlz, 1966).

Texturál quality of fish has

various shearing devices such as the

(Mann, L969) and the shear press used

The disadvantage of these devices ís

to shear, while it is recognized thaË

relatively complex"

been esËimaËed insËrumentally wiËh

textometer used with canned salmon

wíth tuna (Rasekh et al., 1970).

that they measure maínly resisËance

texÈure, as a sensory m,odality Ís



Rasekh et al. (1970) descríbed certain mechanical aspects of Ëuna

texture, firmness measured by compression, fiber sËrength measured by

shearing, and mouËh-meltÍng quality measuríng by noting the change ín

resist,ance to shear over repeated shearíng actions. Moisture character-

istics \¡rere measured by compression aË various levels of force. These

instrumental measurements were related to scalar analyses by a trained

sensory panel and by consumer panels.

However, the bulk of the work in the literature described one or

more of an assortmenL of textural differences. Therefore, this author at-

tempted.to group the observations made by many workers,into the kind of

classifications defined by $zczesniak (1963) in order to describe

desirable fish texËure.

Szczesniak (1963) sorted ËexËural characËeristics of foods in

general into three disËinct classes (tabte lf). Mechanical characterisÈics

deperid on Ëhe react.ion of the food to stress. Geometrical characterisËics

are dependent on the constituênËs of the food, and are mainly sensed

visually, although, if sufficiently pronounced, Ëhey may produce an oral

sensaËion. lrOtherrf characteristícs are defined as factors which cannot

be de,ncribed as either mechanica 1 or geometrical properËies (Szczesniak,

t963).

Brandt et al. (L963) developed the concept of texture profiles,

similar Lo flavor profiles, using the scales devísed by Szczesniak et al.(1963).

The texture pfofile r^ras defíned by Brandt et al. (L963) as the rrorganoleptic

analysis of the texture complex:,-of a food in Ëerms of its mechanical,

geometrical, fat and moísture characteristics, the degree of each present,

and the order in which they appear from first bíte through complete

masticationrr (table IIf)"



Primary Parameters

TABLE ]I

RELATTONS BETI^IEEN TEXTURAL PARAMElERS AND POPULAR NOMENCLATURI (SZCZESNTAK, Lg63)

Mechaníca1 characteristics

Hardness
Cohesiveness

Viscosity
ElasËicity
Adhesiveness

Geometrical characteristics

Particle síze and shape
Particle shape and orienËation

Other Characteristícs

Moisture content
Fàh -content

Secondary Parameters

BriËt lene s s
Chewine s s
Gummine s s

Popular Terms

SofË- fírm-hard
Crumb ly- crunchy- bri t t Le
Tender- chewy- tough
Short -mea ly- pasty-gummy
Thin-viscous
Plastic-elastic
Sticky- tacky-gooey

0iliness
Greasiness

Gritty, graíny, coarse, etc .
Fíbrous, ce1 lular, crystal line, etc.

Dry-moi st-wet-watery
0ily
Greasy



uutaãl

TABLE Ï]1

PROCEDURE FOR EVALUATTNG TEXTURE (SRAl,Dt ET AL. , L963)

-'/gunìml_ne s s

Mech

Iviscosity

rate of breakdown

Inítial

ùììtr",,",,

MastícaËory

--\\
adhesíveness

type of breakdown

any, dependíng upon product, structure

hanse s

Residual

trical

ary: depending u

cation

moistur'e absorpt.ion
----*outhcoating

H
O
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Usíng the

Szczesníak (1963)

a fairly accurate

Hardness

appropríate texËuraL charaeteristícs as defined by

, and descriptions of fish texture made by other authors,

descriptíon of good canned fish texËure can be formulated.

The literaLure agrees that f,ish should be neither too hard nor

too soft. Unlike meat in which tenderness is the ideal (Cover, and

Hostetler, 1960), Dyer and Dyer (1949) saíd Ëhat cod muscrle should be

fLrm, Ëender, should flake well and should be moist. Vaiseyet al.

(1969 ) adapted scales used by Baines and Shewan (1965). Their judges

agreed that a firm, resilient t,exture was ideal for smoked freshwater

r^/hiËef ish (Coregonus clupeaformis). BoËh mushiness and toughness \^rere

thought to be less Ëhan ideal. Excess softness was described as detri-

menËal in canned salmon (Bolton , L969 ) and in¡,,pilchards (Van Den Broek,

L965) while rubberiness, strÍnginess, and extreme chewiness were described

qualities attríbuted to lo'¡er quality cod (MacCallum et al., 1968). From

Ëhese resulËs, it appears that moderately firm fish flesh is desirable.

Flakiness

Flakiness in fish is a common Lest of doneness. Before cooking,

Ëhe flakes of fish, i.e. the myoËomes, are held together by thin sErands

of connective t,issue. During Ëhe cooking process, the collagen in Ëhe

connecEive Ëissue hydrolyzes to gelatin, the myotomes separaËe and Ëhe

f laky text,ure characteristicr,rof cooked fish is formed.

F ibrousne s s

Fibrousness has been found to be detriment.al to the texture of

several kinds of fish. Stansby and Dassow (1951) reported that freezíng

salmon before canning resulted in a fírmer Lexture of t.he fish. This

firmness was desirable when present only Ëo a slight extenË, but when
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Ëhe fish became dry, trr"üoodyrr and excessively tough, it was no longer

acceptable. Lncreased fibrousness also resulted in a lowerÍng of texture

scores f.or frozen cod (MacCallum et al., L966) 
"

Mea line s s

Mealiness occurs as an undesirable textural characteristic in

several animal protein foods. Cover and Host.etler (1960) described

mealiness in beef . In their study, high scores for crumbliness \^reïe

given to Ëhe meaË when the fibers broke readíly across their long axis

into very small pieces. Cover said lthigh scores for crumbliness vrere

assocíated with Liny, hard dry particles which seemed to ro11 out of Ëhe

connecLive tissue networkll.

Mealiness in frozen cod results in a lowering of overall LexËure

score. MacCallum et a1. (i968) demonsËrated that disappearance of meali-

ness in f.rozen-sËored cod resulted in Ëexture scores remaining the same

or even increasing, even though at the same tÍme, undesirable toughness

increased. Mealiness in smoked goldeye can be so undesirable that Lantz

and Lredale (L969) undertook a study Èo determíne the effects on mealiness

of smoking temperat,ure and cooking method in an atËempt to minimize this

characterisËic.

Moisture Characteristics

A moderate raËe and amount of moisture release would appear to

be desirable in fish. In canned fish, too much waËer released from the

proteins during the sterilization process is undesirable since it results

in unattractive packs by díluting sauces or 'oil. Also íf fish shrinks

excessively after it is packed in Ehe can, ít, takes on a shrunken appea-

ance. In addition, Ëhe fish cannoÈ be packed tightly enough to prevent

damage during shípping. Removal of some of the r¡iater is a common
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pre-canning EreaËment given to sardínes (Meesemaecker and Sohier, 1959)

and tuna (Lassen, L959). Tn sardines, Ëhe amount of free T¡rater in the

can musL noË exceed 2"5 - 3% f.or sardines labled rrExtrartfancy (Fourgoux

and Cheftel, 1956 and 1963).

Too little moÍsËure in fish can also be detrimental. KelLy (L969)

found that drynessrin cod was related to lowered acceptability. Excess

dryness is a problem whichooccurs along with Ëoughness in salmon canned

after freezing, (Stansby and Dassow, 1951). In appraising smoked white-

fish, panelists in a study byVaiseyet al.(L969) agreed that the flsh

should be moist.

Oiliness

Too little rather Ëhan too much oilíness seems to be a problem

with físh texture. One reason frozen safuhon is unsuítable for canning is

because fueezíng causes a decrease ín the amount of desirable free oil

(Stansby and Dassow, 1951). 1È has even been proposed that allorvances be

made for a Large volume of free oí1 when grading canned salmon, even

Ëhough increased oi1 is associated with sofËness (Bolton, L969). The best

sardines for canning are those containing 10 - 15% fat (Cheftel , L965).

In Scandinavia, sardines must have at least 7% fat to be canned, and the

canned product must have a final oil content of at leasË 30% f.or fancy

qualit,ies and 28% for other grades.(SËenstrom, 1965). Thus it appears

thaË a hígh fat content is desirable in canned fish"

In conclusion, it appears that a canned whitefish producË should:

1) retain Ëhe desirable flavor described by Arthur D. Little, Inc.,

especially if the sulfide note can be eliminated.

2) be moderately firn.

3) be flaky.
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4) not be excessively fibrous.

5) not be mealy.

6) have a moderate rate and amount of moisture release.

7) contain a fair amount of oil.

To achieve these ends, fish can either be given pre-canníng

Ëreatments which would change the flesh to meet these sLandards, or fish

for canníRg can be selected on the basis of the presence of these attri-

but,es. fn the present study, freezing and drying \^Tere used as pre-canning

treatmenLs. In addítion, fish were sorted according Ëo sex and season

of catch in an aËtempt t.o explain the variability in cairned \^rhitefish.

Pre-Canníng TreatmenËs

Freezing

The process of fleezing results in Ëextural changes in físh flesh.

Progressive Ëoughening of f.rozen stored fish flesh accompanied by a

decrease in protein soluble in cold, neutralr 5% NaCl has been demonstrated

in many species of marine and freshwater físh, such as cod (Dyer, 1951),

plaice (Dyer and Morton, L956), rosefish (Dyer er al. , 1956) and whírefish

(Awad et al. , 1969).

Tanaka (L965) demonstrated that this toughness was species

dependenË and seemed related t.o t.he amount of intracellular freezing,

measured histologically. Studying frozen Alaska pollack and yellowtail,

he demonstrated that development of Ëoughness and rate of actomyosin

denaturat,ion was greater in Alaska po1lack, which showed extracellular

freezíng, Ëhan in ye1lowtail, which showed intracellular freezing

(Figure 1)" ElecËron micrographs showed thaË, over Èhe 12-month storage

period, the myofilamenËs of Alaska pollack, only, became fibrous. This

was Ëhought to be due to dehydration of the myofilament.s by the movement

of the intracellular water to the extracellular field, since when
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actomyosin I^Ias extracted from the 2 kinds of fish and frozen stored, the

raËes of actomyosin denaturation were the same for both species of fish.

Awad eË al, (1969) found thar srorage of whitsefish fillers at

-1OoC resulted in increased toughness and decreased soluble protein.

Since no fresh control \^ras used, Lhe effects of f.reezing followed by

immediat.e thawing are not knovrn. However, since Ëhe decrease in amounÈ

of soluble protein of whitefish flesh during frozen storage is comparable

to ËhaË found by Love and Ironside (1958) in cod (Eigure 2)" ír might

be expected Lhat changes in cod flesh during freezing and irmnediate thaw-

ing would be good predicËors of changes ín whitefísh flesh given similar

ËreaËment.

The amount of protein soluble in cold, neutral 5% NaCl solutíon

has been relaÈed to organoleptically evaluated Ëoughness ín cod (Dyer,

1951) and is knowni-to dlecrease r,rith freezíng f.oLlowed by immediate thaw-

ing (Love and lronside, 1958). They reporËed thaË freezing and Ëhawing

cod fillet,s reduced soluble proteín fuom 96% for unfrozen fish to

aþ,proximateLy 87% for fish frozen and immediaËely Èhawed. The rate of

freezing did not seem to have an effect on soluble protein.

Using the paired fillet Ëechnique, in which sne fílleË from a

fish was Í-rozen and thawed and Ëhen compared, ín the same tasting session

wiEh Ëhe unfrozen fi1let, Connell and Howgate (1968) demonstrated organo-

leptically evaluated differences between fresh and f.rozen fisb.

trühen fresh cod was compared with that which had been frozen and Ëhawed

immediately, the fresh fish was found t,o be significantly softer and more

moist than that which had been ftozen. These resulËs are in agreement

with those of Luijpen (1957) who staËed that toughness ín f.rozen fish ís

always greater than that of. unfrozen fish.
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Thus ít seems possible that freezing beÊore canning whitefísh

might resulË in a firmer product"

Freezing is commonly used as a method of preserving tuna before

canníng. The quality of the canned product is usually not affected..

However, before canníng, the fish receives a pre-cook treaËment, unlike

salmon which is cooked ín the can. Since \^ihitefísh is canned much like

salmon, Ëhe effect of freezing on canned salmon must be examined.

Stansby and Dassow (1951) reported that frozen, Ëhawed salmon

could hot be successfully canned. During frozen storage, the fish deteri-

orated due Èo bacterial aèËíon and oxidaËíon of pigments and oils,

problems which cöuld be overcome by proper handling techníques. ïn

addition, increased curd formation occurred in the f.rozen, canned fish;

however, Ëhis r¡ras a factor of small importance in lighter colored salmon.

Curd formation would probably affect canned vihítefish only to a small

extenË due to the pale color of whitefish flesh.

Stansby and Dassow (1951) also noted a decrease in free oil in

Ëhe fish canned f.rom frozen salmon, probably as a result, of bindúng of

Ëhe oÍ1 as described by Bílinski eË al. (L966) and Bilinski and Clement

(L967), who hypoËh-êsized that physical changes in proteins, resulting in

a more fibrous texË,ure, míght be less favorable for the release of oi1

from the t.issue during canning. Thís decrease in free oil is deËrimental

Ëo sa':lmon acceptability (SËansby and Dassow, 1951)"

Increased firmness and dryness rárere associated with salmon canned

from frozen fish (Stansby and Dassow, 1951). These changes were described

as deËriment.al to canned salmon, but may be desirable in canned white-

físh rrhich ís excessívely sofË.

For these reasons, Lhe effect of pre-canning freezing on the
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characteristics of canned whitefish was studíed.

Drying

LanLz (L966) reported that drying freshwater fish Lo a moisture

loss of 20% resuLted in a canned product with no free liquid ín the cans

and with a saÈisfactory appearance. Del Valle and Nickerson (196S)

described t,he transport of water during drying as a two-stage process;

diffusíon of \nlater from the interíor of Ëhe fish, followed by evaporatíon

from its surface.

Sínce dehydration of actomyosin is known to cause its ínsolubili-

zation (Hunt and Matheson, 1958; Tanaka, 1965) and since insolubilizatíon

of myofibrillar proteins has been related to toughness in físh,:.(Dyer, 1951;

Tanaka, L965) dehydration of físh should result in a firm canned producË.

Causes of Variabilitv in Fish

Sex Variatíon

Although protein content of fish flesh is not related to sex in

such fish as Baltic herring (Kordyl, 1951), barracuda (Jowette and Davís,

1938), cod, haddock and coalfish (Lucke, L949), ít has been shom (Jowette

and Davies, 1938) ËhaË ín salmon, at least, the female fish contain

proportionally more protein than the males (fa¡te fV).

Tt has been suggested (Lanxz, personal communication) that the

flesh of female r^rhiËefish gapes more than that of male fish. Gaping ín

cod has been relat,ed to the biological condition of the fish. Cod fillets

from healthy físh gaped much more Ëhan those from spent or starved fish

(Love and RoberËson, 1963). Fish which have been starved and are Ëhere-

fore in poor condíËion, tend to have a lower fat and protein conËent. than

fed fish (Love, 1958); for example, cod in poor condition were found to

be extremely soft (Love, 1958)" The higher incidence of gapíng in female
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T]-IE INFLUENCE
FLESH

TABLE IV

OF SEX ON THE COMPOSTTION OF FISH
(.roinrstr AND DAVTES, rg:e)

Specie s SÈage of the
Sexual Glands

Sex P:roËeÍn
(% Fresh I^Ieight)

Australian salmon

Barracuda

Sea mullet

Tmmature

Mature

AË maturiLy

ImmaËure

M

F

M

F

20.6 - 2L"2

22. B

20 "o

20.6

¿¿")

2L.8 - 22.2

20.5

18. 4

M

F

M

F
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whitefish suggests that their condition may be better than that of the

male fish, that they may contain more protein and fat, and therefore, the

female fish may have firmer flesh than Èhe males.

Seasonal Variatíon

Variat,ions in Ëhe composition of fish and facËors affecting these

variations have been studied by a number of workers. Dambergs (L964),

working wit,h uniform size Nova Scotia inshore cod, found that fat and

protein conËents of cod flesh were lowest, during March and Aprí1, when Ëhe

fish were spawníng (Digure 3). Conversely, vrater contenË and waËer solubles

conLent r^rere at peak levels during spawning,(nigure 4)" Although sËarva-

Èion is known to íncrease Lhe vrater conËent of cod (Love, 1958), spawning

rather than feeding pat,tern appeared to account for the variation in

Dambergts sËudy since in the spawning cod the occurrence of empty stomachs

did not exceed 20%, a fígure consídered by DambergS:to be normal for the

size of fish studied. Similarly, lronside and Love (1958) could find no

shorÈage of food or loss of appetite during spawning of North Sea cod,

although Ëhe fish did not accept, baiË.

Spawning cycle and not food consumpËion also determines the

composition of Sockeye salmon flesh. Tomlínson et al. (1967) found that

feeding the usually fasting Sockeye salmon after Èhey had left the ocean

to spawn had little effecË on changes occurríng in the flesh. As in cod,

Èhe principal change associaËed with spawning \^ras an increase in water

content of Èhe flesh.

Variations in the \^/ater content of fish flesh resulË in textural

changes. Love (i958) reporËed Ëhat Èhe flesh of starved cod, containing

more \^raÈer than fed fish, was semi-liquid and sloppy. The flesh of

starved fish did noË develop any r^¡hite curd when steamed.
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!'l'hitefísh are known to spawn in October and November when the

I^rater cools. During spav,rning the fish leave the bottom of the lake and

sÈop feeding (Quadri, 1968). It might be expected that rhe far and proÈein

contenÈs of the flesh are depleËed during Ëhis time, giving rise to the

soft, flesh similar to that noted by Love (1958) in cod. Since excessive

sofËness is a serÍous problem in any canned, freshwater fish (LanEz,

L966), autumn-caught TnrhiLefish might be a poor choice for canning.
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METHOD

A factorial design as described by Steel and Torrie (1960) was

used to determine the Ínfluences of two pre-canning treatments, treezíng

and partial drying, and two methods of selecting fish for canning, by sex

and by month of catõh on the flavor and texture of canned freshwater

\^/hitef ish (-Apggælgq clupeaformls). These inf luences r¡rere assessed using

both organoleptic and instrumental measurements. The experimental plan

can be seen in Fígure 5. The eight treatments per month were evaluated

over eleven catches, giving rise to 88 treatment combinations.

Fish used for the study was caught by gill net at approximately

one month intervals from June,1969 Ëo June, L970 in william Lake,

Manit.oba. Itlhole, ungutted fish were packed in ice in styrofoam boxes and

trucked to the Freshwater Institute, Fisheries Research Board, UniversiËy

of Manitoba campus for processing. Upon arrival at the Freshwater Instí-

Èut.e laboratories, the fish were filleËed and sorted by sex during

filleting. Each group was further sorted ínto 4 lots of approxímately

equal weíght, and assigned to the pre-canning treatments shown in Fígure 5.

The drying times and temperatures varied slightly. Físh caught

in June' July, August, SepËember and October, L969 were dried ín a stain-

less steel kilnl where temperatures could be readíIy controlled. All

fish caught during thesevinonths were dried for 60 minutes at 52oC. Smoky

flavors were evident in fish dried by thís method, even though Èhere was

no smoke introduced into the kiln, and inside walls were cleaned before

the drying process began. However, ín order to límit smoke flavor from

latent tars in the kiln ducÈs, fish caught after October were dried in a

----------l Stainless steel kiln.
Ltd., Box 196, Lodi, Wisconsin.

Designed by Alkar-Rasmùssen Engineering
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Month of
Catch Sex

Freezing
Treatment

DryÍng
Treatment Symbol

"^r"<
¿---Not dried

-/u 
t "sh<------=--D r i" d 

( 2 )

Female(

\u,or"rt1r"r".l;;'

Fre sh
Not dried

Iri"¿( 2 )

MFr

MFrD

MFo

MFoD

FFr

FFrD

FFo

FFoD

- ( t)-----=--Not dríed
,Tozer,- 

\ri"¿(2)June, L969-
June, L970
( 11 catche.s )

(1) Sharp fuozen at -40oC, stored overnight at -37oC and thawed.

(2) Drying condiËions varied as indicated in the Lext.

FIGURE 5

EXPER]MENTAL PLAN FOR EVALUAT]NG THE EFFECTS OF MONTH OF CATCH, SEX,
FREEZTNG AND PARTIAL DRYING ON CANNED I^IHITEF]SH CHARACTERTSTICS.
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special drying chamber designed by the Freshwater f.nstitute. The maximum

and minimum temperatures occurring during the drying cycle \¡rere recorded.

It can be seen in Table V that the drying times and temperatures varied

considerably for fish dried in the drying chamber, although drying losses

\"rere no more variable than Ëhose fish dried in. the kiln.

After being subjected to the appropriate pre-canning t,reatments,

the fillets r¡Iere cut into st,eaks, packed in 2, Ib. enamelled cans, a salt

pellet (Lz tsP.) was added, the cans were sealed under vacuum and steríIízed

at 115oC for 60 minutes. AfËer cooling the cans were labelled and st,ored

aË room temperature for at least 30 days to obtaín good flavor and aroma

disËribution (Anonymous, 1966). After this aging period, the cans of

fÍsh were refrígerated in household-Ëype refrigerators untíl evaluation.

Organoleptic Evaluation_

llConsumerlt Panel Evaluation

The flavor and texture of whitefish from each catch with Èhe

exception of May, when there was ínsuffícient sample, were evaluaËed

separately by a consumer-type panel consisËing of 60 untrained judges.

PanelísËs were undergraduaËe and graduaËe sËudenÈs and staff members

from various departmenËs ín the University of Manitoba. No atËempË \^ras

made Ëo obt,ain the same panelists every sessíon.

Panel sessions were held in an.-'air;conditíonedi'foods laboratory.

As a result of the large number of samples involved (B for flavor evalua-

tion and B for texture evaluation by each panelist) it was impossible to

have all the panelisËs taste on the same day, so duplicate panels of 30

members each T¡rere held on Monday and Tuesday afËernoons of the same week.

Small chunks of fish \nrere porËíoned into ? oz. coded plastic
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TABLE V

DRYING TEMPERATURES, TIMES, AND LOSSES OF W}I]TEFISH FTLLETS

Drying
Temperature

(oc)

Drying
Time

(riinute s )
Male

Fresh Frozen
Female

Fresh Frozen

Dryíng Losses (% original weíght)
Catch

June, L969

July

August

SepLember

0ctober

January

February

March

April

May

June

52

52

52

52

52

24-29

43-52

40-54

49-66

49-60

49-63

45

45

45

4s

4s

85

B5

60

60

60

60

L4"0

7.9

11 .5

11" e

5.0

6"7

11.8

7.3

7.3

5.6

4.7

t2.5

8.9

10"8

o,

7.4

8.2

L2.2

10.0

7.8

7.0

6.0

11.3 9.7

10.3 7 "2

8.4 8. B

11 . 6 IL.4

10" 5 10. 1

7.0 7.0

10"3 9.0

6.L 9 "2

8.0 6"6

6.2 7.2

7.8 7.7
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creamers)k, covered with cardboard lids and refrigerated until evaluatj-on.

Panelists were asked to arrive at the taste panel area between 1 and 3 P.M.

trlhen each arrived, he was seated in an individual booth and served, in a

randomized order, eight coded samples of whitefish for flavor evaluation.

Questionnaires used were 9- point hedonic scales similar Ëo those descríbed

by Larmond (1967). A sample questionnaire used for flavor evaluation can

be seen in Figure 6. The eight samples evaluaËed consisted of fish frorn

Ëhe same catch given the pre-canning treatments seen in Figure 5.

trühen the flavor judging was completed, both the tray conËaining

the samples and the questionnaÍre were removed and panelists were given

a second set of 8 samples and questionnaire (Fígure z), this time Èo

evaluate fish texture. The samples for texture evaluation had different

codes and were served in a different order than those for flavor evalua-

tion. Different colored quest,ionnaires, yellow for flavor and white for

texture simplified service, since panelist,s were always given samples for

flavor evaluation and yellow questionnaires first.

Unsalted soda crackers and water weïe provided, and panelists were

requested to use both between samples. All samples and rínsing materíals

were swallowed or not, as desired. At the end óf the session, panelists

were given rewards of lemonade, candy and quart,ers and were thanked for

participatíng.

The Prôfi1e Method

A 6-member panel consisting of graduate students and staff members

of the Department of Foods and NutriEion, Universíty of Manitoba who were

willing to participate in the study were trained in flavor and texture

profile techniques. All members of Lhe group had prevíously taken part
Y. Lily brand.
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Name

TasÈe tlìese san¡lcs and chccl:
Rlil'flrl'ÍliER YOU /rlili TliI ONLY 0ì,fl;

Code Code

FLAVOR IIEDONIC SC/,ID

CAÌ.IN[ìT, WIIITEFISII

how nuch you li.ke or disllkc
I/,IIO C.4-\ TJJLL hHAT YOU LI}IE.

Codc

Date

rhc FLA\¡OR of ¿acìr one.

Code

Lfke
Extrcmely

Like
Very liuch

Llke
Ext remely

Like
Vcr¡' lfuch

t,ike
Moderately

Li lce
S1 Ígh c 1l'

¡\el thc r Llke
No¡' Dis liI:e

Dlsllke
Sligbtly

Dislike
lÍoderately

Dis 1.i]..c
Very lluch

Dis 1¡Llcc

Lx t reme ly

r,Íke
Iìxtremely

Like
Vcry ìÍuch

Like
Moderately

Llke
S l1gtr t 1y

¡*el thcr Like
Nor DisLÍke

Llke
Extrenely

Llke
Very }fùch

LÍÌ:e
Ifoderacely

Likc
SIiBIìcly

Nelther Like
Nor Dfsllke

Like
ìÍodera cely

Like
Sligh t Iy

Nelcl¡er Like
llor Díslike

Dis 1 ike
S1lgh t ly

Disl-ike
Iloderately

Ðisl-lke
Very ìfuch

Dis I ike
Extrenely

Diè11ke
Sligh lly

Dis Iike
Ifoderately

Dlsllke
Very l.fuch

DislÍke
Dxtrernely

Dislike
SlighEIy

DÍsl.ike
ModeraÈely

Disl.ike
Very }íuch

Dislil<.c
ExErcrneJ.y

. CommeuËs

ror analysls oI

from 1 =

. Commcnts Conìnerìts

Ëhe data, Ëhe above terms r¡rere

Dislike exËremely to 9 = Like

Conunen t s

gíven numerical values

exËremely.

FTGURE 6

QUEST]ONNAIRNS USED BY ''CONSUMERII PANEL TO EVAIUATE CANNED I{H]TEFISH FLAVOR



31

TEXTURE IIEDONIC SCÀLE

CANNDD Í¡IIITEFISII

' Name Date

Tastc thesc sanples and clreck how much you likc or dislfke chc TEXTUiìE of cach one.
R¡J}fT:}íDI:Iì, YOU AR5 TIiU, O:{LY ONE WIIO CÂN 1'I'I.L INIÂT YOU LI}(E.

Code Cod c 

- 

Code 

-
Llke
Ext remcly

' Like
-- Very ìfuch

' Dfslike
Ext renrelY

l.ikc
lfodera te Iy

Like
Sliglt t IY

Dfslfke
Slfgh t ly

Dis I ikc
lfodcra ce ly

Dis 1Íke
Very Much

Lfke
ExLrernely

Like
Very ìfuch

Like
líoderately

Ltke
SIlgh cIy

Dis 1 ike
S llgh t Iy

Dislike
¡foderåte1y

Disllkc
Very ÌÍuch

Dls líi:e
Exc rercely

Llke
Extrcroely

Like
Very ìhich

LÍke

Llke
Slighcly

DÍË11ke
SlighËly

Dis 1lke
llodcrately

Dfsltke
Very ìfuch

Dislll:e
Extreruely

Code.

Llke
Extremely

Like
Vcry líuclr

Like

Like
Sllght ly

DÍslike
Slightly

DÍslike
Ilode ra tely

Dis like
Very l'íuch

Dislike
ExcrerncJ.y

lfoderatcl.y ¡foderately

Hclclrcr l,lt<e Neithcr Li.ke Nelther Like Nelther l-ike
Nor Dislll:e Nor Dlslike Nor Dislil:e Nor DislÍke

. Cornnrcnts Comr¡enËs Co¡s¡cnts Conments

Fof analyÉis of the data, Lhe above terms \^zere given numericai values from

I = Dislike extremely to 9 = Like exËremely.

FIGURE 7

QUESTIONNAIRES USED BY IICONSUMERI' PANEL TO EVALUATE CANNED I^]H]TEF]SH TEXTURE
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ín various other serisory panels, although none had had previous experience

with descriptíve analysis.

Although the flavor and texture profile panels will be discussed

together, panelists were not trained for flavor and texËure evaluation

at the same Ëime. No rigíd schedule was followed because different. types

of training Ëook different amount.s of time. For example, it took several

days to become acquainted with all the texture scales, but the basic

tastes' sweet, sour, salt and bitter could easily be tasËed Ëhe same day.

Training Sessions. Training sessions for flavor and texture

evaluation took place between september, 1968 and october, L969. There

were five relatively separate stages in training Ëhe profile panel mem-

bers. The first sËage r¡ras Ëo have panelists became familíar wiËh the

terms which might later be useful in evaluating the fish. In order to

acquaint t.hem wit,h terms used in Ëexture descríptíon, panelists were

presented with the varíous texture scales devísed by Szczesniak et a1.

(1963) and examples of the geometrical characËeristics as defined by

BrandË et al. (1963). Samples of Ëhe four basic Èastes¿iand examples of

food irritants, íncluding astríngency, pungency, Ëickling, tingling and

cooling T¡Iere presented t,o panelists ín order to acquaint Ëhem wiËh terms

used in flavor description.

During Lhe second stage of trainíng, eíther Ëhe Ëexture scales

or the examples of taste and feeling facËors T¡rere presenËed along wÍËh

samples of fish. The texture scales T¡rere presented with samples of canned

whitefish and other canned fish and meat products, including turkey,

chicken, salmon, tuna and sardines, to acquaint panelists wiËh the range

of textural characteristics occurring in canned fish and meat products.

For flavor training, panelists r^ieïe provided with whitefish from two
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different lakes, Lake winnipeg and cedar Lake, which had been given

various pre-canning treatments, along with examples of taste and feelíng

factors.

After panelísts had become familiar with both the rating scales

and whitefish, the thírd stage of training r^ras begun. During this time,

practice profiles r^rere drawn up by the panelists, and the descriptive

terms used were clarified by discussion. The scales which were felt to

be useful in descrÍbing fish texture and flavor rlrere ret.ained; those

which were':,:not useful were discarded. Several terms noL found in the

original scales were added. Texture terms which i^rere retaíned included

hardness, chewiness, flakiness, fibrousness, mealiness and oilíness.

Chewiness was lat.er discarded because of the great variability among

judges in it.s evaluation. The term fibrousness vias later called tendency

to felt, because Ëhis phrase \^ras thought t,o convey morecctrearly, the con-

cept of amount of fibrousness present rather Ëhan the síze of the fibers.

Lt was decided that moisture characterisËics of the físh could best be

described in two terms; Lhe rate at which the moisture hTas released from

Ëhe físh and the toËal amount of moisËure present (RMR and AMR respectíirely).

f.t, was agreed that the four basic tastes were all useful in

descrÍbing fish flavor, but several other associative terms were also

needed for accurat,e flavor description, íncluding chickeny, fisþ and smoky.

During t.he fourËh stage of training, anchored scales for as many

of the texture and flavor terms as possible were formulated. The points

on the scales were )((threshord) 1r 2, and 3. The anchored scales used

for texture evalua.Èion are shown in Table VI, and two verbal scales, for

flakiness and text.ure overall::impression (Oel) are shown in Table VIT.

The agreed-upon methods of evaluating each of the t.exture characËerist,ics are



Parameter

Hardne s s

Tendency to )(,
Felt

Mealiness

Tntensíty Food Product(l)

TABLE V]
ANCHORTD SCALES USED BY PANEL]STS FOR TEXTURE PROFTLES

)(
1

2
aJ

l, 2
3

Rate of Moísture
Re lea se

Cream cheese
GelaËin eelt?¿
Gelatín sel)1¿
GelaËin gel\¿)

C"rrrr"ã t,rrr.

Green Pea Soup
nntt
illtil
lr tt tt

Gherkin
Gherkin
O1íve
Píneapple chunk

Pineapple Ëidbit
Amount of )(,
Moisture Release

0iliness

)(
I
2

3

)(
1

2

3

Brand

Phí1ade lphia
Carmel Kosher

nil
ilil

Gold Leaf

Campbell t s
tt
n
lt

Mclarenl s
Catellit s
Mclarenl s
LÍbbyt 5

Libby t s

(1) Ali foods r¡rere served at room temperature.
(Z) t"la¿e by combining gelatín and à C. cold water,

6-inch round pan, covering wíth plastic film

1, 2
aJ

)(
I
2
aJ

Part icul ars

10.5 g. g"i"air, .¡ I tbsp. sugar * I c. hrarer
14.0 g. gelatin * t tbsp. sugar * 1 c. water
L7 "5 g. gelatin * 1 tbsp. sugar * I c. waLer

Flaked, white tuna

Soda cracker trüeston-!,s Unsalted
Cai'leton cracker Christie t s
Shortcake biscuit,s Peek Freanrs
Triscuit wafers Chrístiet s

Diluted 1:3 (v/v) wirh warerüLz2nrril
il 1:1 ll rr il

Undi luted

Sweet pickled midget gherkin
Sweet pickled gherkin
Manzani I 1a_ Spani sh- PÍmento removed

Same as Rate of MoisËure Release standard

adding sugar and Z C. boiling water, pouring into a
and refrigerating overnight.

U)
N
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TABLE VT]

DEF]N]T]ONS OF FIAKTNESS AND TEXTURE OVERAI,L ]MPRESS]ON OF
hIH]IEFISH USED BY THE PROFILE PANEL

Parame ter Leve 1 Definition

Flakiness )( Fish flakes slightly, only. InsËead it
tends to be mushy.

3 Flakes separate distinctly and hold their
shape,

Texture Overall )( Físh ís soft, wiËh a rapid raËe of moisture
Impression release; it felts on masticaËion to Ëhe

point of being difficult to swallow and is
very mealy.

3 Fish is fairly firm, wíth sustained moderate
moísture release and minimum tendency to
felt and be mealy.
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shown in Table VIII.

Anchored scales for flavor evaluation are given in Table IX and

descriptions of color, r,rhich was evaluated at the same time as flavor,

and flavor overall impression (Oet) are given in Table X. In subsequent

sessions, profile panel members evaluat.ed the canned whÍtefish using these

anchor poÍnts in much the same I^/ay as Tilgnerts panelisËs evaluated hot

smoked fish againsË esÈablíshed standards (tilgner , Lg62).

At Ëhis Ëíme, the questíonnaires which would be used for flavor

and texËure evaluaÈion (FÍgures 8 and 9i respectively)-\ü,eïe drawn up.

As can be seen, the questionnaire used for flavor profiles (n$gure B) was

much less structured than the one used for Lexture profiles (¡'igure 9).

This was because flavor notes do not necessarily appear in the same

order in different fish samples, buË textural characËeristics occur in a

f.ai-rly ordered manner.

During the fifth and fÍnal stage of t,raining, canned \^/hitefish

flavor and texture were evaluated using all the scales developed in pre-

vious Ëraining sessions. The físh used was caught in either Cedar Lake

or Lake I'trinnipeg. All the fish evaluated was gÍven the same pre-canning

ËreatmenLs as the fish from ltrilliam Lake.

Evaluation Sessions. T.n early work, panel sessions were held in

an air-conditioned foodsr laboratory, but thís area was found to be

unsatisfacËory because noíse and interruptions made it difficult for

panelists Ëo concentraËe. IL was found that an empty class room where

the door could be closed and int.erruptions could be kepË to a minimum

was more suÍtab1e for profile work.

Descriptive analysis panel sessions

week at 11:30 A.M. Either the flavor or the

were held on four days each

ËexËure of two samples of



Parameter

Hardne s s

F1 akine s s

Tendency to Felt

Mealiness

TABLE VTTI

PROCEDURNS USED BY PROFTLE PANEL TO EVALUATE TEXT'I.JRAL PARAMETERS

Rate of Moisture Release

Place food between the molar Ëeeth and bite down evenly, evaluating the forcerequired to compress the food.

Judge the ease with which the físh flakes by eye and by gentle separation of
f lakes wit,h a fork.

Note the compactness of Lhe mass formed during masticatíon.

Note duríng mastication the extent of the coaËing of the mouËh with very t.inyparticles that cling. The number, rather than the size of the parÈ,ic1es isLo be evaluated.

Note the speed with which moisture leaves the food in response to inÍtía1pressure of the tongue to palate (for fish) or of force exerted by molars
when chewirg (for reference st.andards).

Note the amount of moisture released from Èhe food after 3 - 5 chews.

During mastication, look for film formatíon in the mouth.

Amount. of Moisture
Re lea se

Oiliness

MeËhod of Evaluation

(,
.\r
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TABLE ]X

ANCHORND SCALES USED BY PANELTSTS FOR FLAVOR PROF]LES

% Concentration ir wrt"r (1)

Parameter Chemical Intensity
L23

sweer s,r.to"" ( 2 ) 0.2 a .4 o. 6

sour círric rcid(3) o.oou o.ol4 0.016

salty sodium "htorid"(4) 0.52 1.00 r.50

BíLrer Quinine ".rlphrru(s) 0.0006 0.0012 0.0org

Chickeny MonosodÍum g1,rt"rur"(6) 0.10 0.20 0.30

smoky Liquid "*ok"(7) 0.01 o.o2 0.06

(1) Al1 percentages T¡/ere calculaËed on a weight/volume basis except
liquíd smoke which was calcurated on a volume/volume basis.

(2) Household type.

(3) Source; Rexall drugs.

(4) Household type, iodized.

(5) Source; T. EaËon Company, Drug DepartmenL.

(6) Aócent Brand"

(7) Colgin Hickory Liquid Smoke.
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TABLE X

DEFTNTTIONS OF COLOR' AND FLAVOR OVERALL ]MPRESS]ON OF
I\IHTTEF]SH USED BY THE PROF]LE PANEL

Parameter Level Definition

Color 3 l,'Ihite to slightly pínk
Uníform
No serious díscoloration

2 YeLLow tinge
Fairly uníform
Slight discoloration

1 4typícal color (Dark yellow or reddish ringe)
Not uniform
DÍscolored

)( Very atypical
Serious discoloration

Flavor Overa11
Impression 3 llell blended flaþor

Strong, pleasant chíckeny flavor
Other notes typíca1 of fresh canned vühitefish
No off flavor - (,¡ncluding smoky)

2 Less well blended flavor
!üeaker chickeny note
Other notes Ëypical of fresh canned whiËefish -
perhaps a smoky note if still pleasant
Very slighr off flavors (fishy)

I Less well blended flavor
trüeak chickeny noËe
Other notes maskíng chickeny flavor - especially
smoke" Appreciable off flavors.

)( Poorly blended flavor
Very weak chíckeny note
Strong flavors masking chickeny note
Very unpleasant off flavors
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Name

Date

Month of Catch

Lake

SampIe Code

Flavor Overa11 Impression

ïnit ia 1

On MasËícation

QUESTTONNAIRE USED FOR

F]GURN B

FLAVOR PROFILE ANALYSIS OF CANNED I^IH]TEFISH
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Name

Date

Month of Catch

Lake

Sample Code

Flakíness by Eye

Texture Overall Tmpression

First BiÈe

Hardness

Rate of Moísture Release

0n Mastication
Tendency to Felt
AmounË of Moísture Release

Oiliness

Re s idua 1

Mealiness

F]GURN 9

QUEST]ONNA]RE USED FOR TEXTURE PROFTLE ANAIYSIS OF CANNED WHTTEFTSH
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fish per session were evaluated. All treaËments from one catch were

evaluated on successive days, buË wiLhin each catch, treatments were

evaluated in random order. To eliminate any sample bias, fish was Ídenti-

fíed by 3-digiË codes. The treaËment was made known to the panelisËs

only after evaluation was completed"

Depending on the type of evaluation whích ï,,ras to take place,

eiËher the anchored texture rat.ing scales or the anchored flavor ratíng

scales T¡iere provided along with the appropriate verbal scales and

questionnaires.

Text,ure reference scales T¡rere served in indívidual portions in
fluted paper cupsìk as can be seen ín Appendix PlaËe A. SufficienL solu-

tion of flavor noËes for the ent.ire panel \^rere served in small brown

boÈtles. Panelists poured indivídual samples into fluted paper cups>k.

cups of the same type were used Ëo hold Índividual portions of fish.

The drained contents of each can of fish T¡rere served inËacË to

Ëhe panel as a whole in coded pyrex custard cups. AË, least 10 minutes

elapsed beËween Ëhe Ëime the cans $rere opened and Ëhe color and flavor

were evaluated since a smal1, unpublished study in Ëhese laboratories

indicated that within this time, Ëhe color of the fish changed from pink

to Ëan- Also during this period, some of Ëhe chickeny flavor was lost,

and a slight fishiness became apparenË. This 1O-mínute delay v/as not

necessary beiore texture evaluation.

After each panelist..had drawn up either a flavor or a LexLure

profile independent.ly, the panel leader led the discussion to formulaËe

Èhe composite profile. trlhen agreement on the order of appearance _or

intensiËy of any parameÈer of the profíle could not be reached, the sample

\^/as re-evaluated in later sessions unËil the composite profile was agreed

:r Lily brand.
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upon by all panel members.

fnstrumental Methods of EvaluaLion

Force to Shear

An estimate of físh firmness T^ras obtaíned by measuring the force

required to shear draíned, individual cans of fish weighíng approxíma¡eIy

L34 e. (range = 133.0 - 139.0 e.). An Allo-Kramer shear press (uo¿el sp_

L2 rr'lP ) equipped with a recorder/ÍndÍcator (Model E2) was used. Measure-

ments were taken usíng a 5000 lb. proving ring wiËh range set at LO%, so

ÈhaË 100 chart units represented 500 pounds of force.

The drained contents of each can were placed intact in a hori-
zontaL position on the floor of the sample cell box assembly of the

sËandard shear-compression cell. The maximum peak height obtained during

a 15 second stroke I^Ias measured in charL unÍts, whích were then Ëransformed

into pounds of force. Ten replícates of this measurement \nrere taken for
each of the eíght treatments every month.

Moisture CharacterisËics

The moisture characteristics, free, expressible and total fluid
of 5 cans of fish from each of the eight Èreatments \Árere measured for
every catch excepË April and May, when only expressíbIe fluid was measured.

Free Fluid. To measure free fluid, each can of fish, weighíng

approximately 134 grams i^ras opened and inverted tor 20 seconds over a

funnel draining into a 25 mL graduated cylinder, care was taken not to
compress the contents of the can.

Expressible Fluid. An estimate of expressible fluid was obtained

by placing the drained fish in the succulometer cell of the Allo-Kramer

shear press" The 5000 lb. proving ring was used and the recorder was set

on the 20% range. The fish was pressed during a 4 mín. 30 sec. stroke
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until Lhe pen reached a reading of r0o chart uníts (i.e. total force 
=

1000 lb.). Irrhen 1000 rb" force was reached, the piston was stopped. The

fluid expressed through the porL Ín the succulometer cell was collected
during compressíon and for 30 seconds after the plunger had been stopped.

Fluid collected by this method T¡/as termed expressible f luíd.

Total Fluid. The volume of total fluid in rhe fish was obËained

by adding the volume of free fluíd to the volume of expressÍble fluid.

Analvses of the Data

Because each composiËe profile was arrived at by group discussion

rather Ëhan as independent observations, no statistícal analysis could be

applied to the data. However, the intensÍties of each of the parameLers

measured \,vere recorded from the composite profÍles and means of these

values were used to compare the effects of the various treatments on

flavor and texture of the fish. the sum of the intensities of each off
flavor (e.g. fishy, sour, etc.) or each undesirable Ëextural character-

istic (tendency to felt and mealiness) were calculated for each composite

profile and reported as off flavor and undesirable ËexËura1 character_

ístÍcs, respectively

Analyses of variance \^tere applied to the consumer panel and instru-
mental data using a computer program wriËten by Dr. c. F. shaykewich,

Departmenl of Soil Science, University of Manitoba. When the calculated

F values were significant at p-":.01, Duncanrs multiple ïange test as

described by Larmond (1967) was used to determíne signifícanË dífferences

between means.

Sirnple correlation coeffÍcients as described by Steel and Torrie
(L962) gave an estimate of the relationship between differenL variables

measured. A t-tesË was used Ëo deËermine the level of signifícance of
these correlation coefficÍents.
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RNSULTS AND DISCUSSTON

For ease of discussion, results in the text have been summarízed

according to main effecËs and interacËions" Individual flavor and texture

profiles, along wiËh mean flavor and texture hedonic scores and instru-

mental measurement,s for each of the eight treaÈments from each catch are

shown in Appendixes A - H.

Correlation Between Variables

Simple linear correlation coefficients as described by St,eel and

Torrie (1960) were calculated and results are given in Table XT. The

values shown were calculated on a minimum 72 pairs of values (8 treatments

per month X 9 months). I,trhile many of these correlation coeffÍcíenËs r^zeïe

sËatistically significant aË p<.01, only those with coefficíents of

deËermination (r2) greater than 0.15, that, is when more than 15% of the

variation in Ëhe values of Y is accounted for by a linear relationshíp

with X, will be discussed.

Flavor

Examination of Table XI indicalies that the profile panelrs flavor

0AI scores r¡Iere correlated wíth chíckeny noËe as well as with off flavor,

indícating Ëhat the evaluation of flavor OAI was based on both positive

and negative attributes" Both of these correlation coefficients were

high (r = "777 and -.726 respectívely), which'¡ras expected since the best

flavor OAf was defined as having a strong chíckeny noËe and no off flavor.

On the oËher hand, of all Ëhe flavor variables, flavor hedonic

scores \¡iere correlat.ed only with off flavors. These data suggest that the
trconsumerrr panel members were deËermining how much they liked the flavor
of the fish by the inLensity of the off flavor" The correlaÈíon between

flavor hedoníc scores and text.ure hedoníc scores (r : .44L) indicates Èhat



(1)

(2) Flavor oAT

(3) Chickeny Note

(4) Off Flavor

(5) Text.ure Hedonic Scores

(6) Texture OAT

(7) Hardness

(B) undesirable TexËural
Characteri st ic s

(9 ) RMR

(10) AMR

(11) Free Fluíd

(12) nxpressible Fluid

( 13 ) Total Fluíd

(14) Force ro Shear

Flavor Hedonic Scores

(1)

TABLE XT

CORRELAT]ON COEFFICTENTS (T) SNTI\EEN PARAMETERS

(2)

.324 .328 -.502

"777 -.726

-.670

(3) (4) (s)

.44r -.06s

"L74 .035

"324 .015

-.363 -.033

" 288

(6) Q)

- "265 -.249 .2BL .256

-.161 -.001 .2L7 "2L3

-.227 - "L76 "320 .238

"2L3 .246 -.3s0 - "376

.07 -.398 .lls ,293

.750 -.24 -.304 -.0g7

. 105 - "554 - .339

-.209 _.277

" 663

(s) (e) (10) (11)

.527 -.204

.385 - .091

.453 -.103

-.49s " 16r

- .0r3 .238

- "279 "s64

-.417 "563

- .079 .019

.348 . 2BB

.292 -.190

-.708

(12) (13)

.520 -.408

"45t -.28L

.493 - "370

-.;503 .387

.1BB -.069

" 153 .40

-.032' .59

-.002 "301

"r75 -.468

. 163 - .355

.693 - "654

.019 "684

-.193

( 14)

N

c¡\
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how much the panelists liked the flavor of the fish was also influenced

by how much they líked its texture. The lack of correlation between

hedonúc scores and chicken] nols suggesË that these panelisEs i^rere not
judþíng the flavor of the fÍsh on the basis of its posítive flavor
atËributes.

There is some evidence in the literaËure indicating that \ühen iloffil

or rrabnormaltt flavors occurred ín the odd sample of a triangle test, the

odd sample I^Ias identified wiËhouË dÍffÍculty. This was Ërue whether the

test product was beer, (Helm and Tro1le, lg46) irradiaËed and non_irra_

diated whole egg magma, (Grim and Goldblith, 1965) or smoked and unsmoked

frankfurters (Llasserman and ralley, 1969). trühen there were 2 samples wiËh
rroffrr or rfunfamiliarrr flavor, Ëhe od.d sample, in thÍs case the rrfamilíarn

one v/as difficult to identify. fË seemed that the panelists in these

studies looked for toff, flavors to help them pick out the odd. sample,

and became confused when Èhese flavors appeared in 2 of. the samples. They

díd not seem Ëo look for positíve characteristics. perhaps Ëhe consumer

panel members in the present sËudy looked for off flavors Lo hetp them

judge how much Ëhey liked the fish. lJhen off flavors occurred in the

físh, panerist,s knew Ëhey did not líke it. However, when there r¡ras no

off flavor, panelists did not look for positíve characteristics like
chickeny ¡ete to determine how much they líked the fish. For exampre,

fish from Ëhe February catch had low off flavors (0.47) but also had low

chickeny note (r"72). tfconsumeril panelists, not findíng any reason to

dislike it, gave ir a high flavor hedonic score (6"29)" The profire
panel, which was influenced by the chickeny note as well as off flavor,
reaLized that fish from thÍs catch had low flavor impact and thus gave it
a lower flavor oAr than, for exampre, fish from the April catch whích had
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both low off flavor (0.3g) and high chíckeny nore (2"06). Flavor oAf

scores were 1.94 and. 2.22 for February and April caught fish, respectively.

The explanation for thÍs phenomenon may lie in the characteristics

of the panel evaluating Ëhe food product. Panelists involved in Èhe

triangle tests reported in the líËerature cited, were Ërained to look for
differences between samples. Likewise, since all ,fish samples \^/ere pre-

sented simultaneously in the present sËudy, it is reasonable to assume -

ËhaË rtconsumertt panel members were looking for a difference beËween

samples to help them evaluate how much Èhey liked each one.

Profile panel members, on the oËher hand, were traíned not to

look for dífferences beËween samples, but Ëo judge each sample according

to a gíven seL of standards. The flavor OAï was defined in Ëerms of
positive and negative aspecËs. Therefore, it. is likely ËhaË this panel

would consider both chickeny no¡g and off flavors when assigning flavor
0AÏ score" This may account, in part, f.ot the lack of correlation between

flavor hedoníc scores and flavor OAT.

It ís clear from Table XI Ëhat flavor and Èext,ure of the fish are

closely related. Flavor hedonic score, flavor oAT and chickeny note, all
of which are positive at,tríbutes, r,^/eïe all negatively correlated \,,rith off
flavor (r = -.502, -"726 and -.670 respectively) and were, as well, all
posiËively correlared with total fluid content (r : .520, .45L and .493

respectively). That is, fish which had low flavor hedonic scores, flavor

oAI and chickenynotes tended Ëo have hígh off flavors and low Ëotal fluid
content. Of Ëhe two pre-canning treatments and the.two meËhods of selec-

tion of físh for canning examined in the presenË study, drying seems t,o

be implicaÈed since it was the only treatmenË whích significantly decreased

the total fluid content in the físh (x = 26.4 ml and 23.9 ml ËoËal fluid
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Ín noÈ dried and dríed físh, respectivery). Drying also resurted in
increased off flavors and decreased flavor hedonic scores and flavor oAI.

Flavor hedonic scores and chickeny no te r^iere both positivery
correlaÈed with free fluid (r: .527 and.453 respectively), and fravor
hedonic scores \¡rere negatívery correlaLed with force to shear values

(r = -.408).

TexÈure

Texture hedonic scoïes were positively correlated wiËh flavor
hedonic scores' suggesting that how much panelists líked the texture of

the fish was influenced by how much they liked its flavor. These results
are in agreement with those obtained by Rasekh et al. (Ig7O) who reported

thaË even when untrained panelists were asked to consider t.exture pr:e.fer-

ence, the best single correlations I^Iere between these Ëexture scores and

experË panel scores for odor and taste (r - .616 and.57B respectively).
As wÍth flavor hedonic scores, texËure hedonic scores also were corre-
lated wíEh negative attributes of the fish, in thid case..undesirable

texËura1 characterisËícs (r = -.398). These resulÈs are in contrasË with
Ëhose obtained by Ëhe highly Ërained profile panelrs evaluation of t,exËure

0Ar which correlated highly with íts evaluation of hardness (r = .75) and

l-ess we11, but still positiirely with the instrumenËal measurement of físh
firmness (r = .40). Hardness and force to shear values were well corre-
laÈed (r = .59) and both these measurements of fish firmness T¡rere nega-

tívely correlaËed with RMR (r = -.554 and -.46g respectively) and free
fluid (t = -.4I7 and -.654 respectively) and positively correlated wiËh

expressible fluÍd (r = .563 and .684 respectively), suggestíng that ËreaÈ_

menËs which firm the fish decrease RMR and free fluid and Íncrease

expressible fluid.
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RMR correlared fairly well wÍth AMR (r = .663) ¡ut AI4R was nor

correlated with any other variable. Hence, NR may be a more useful

measurement than was AMR. Free fluid was highly negatively correlated

with expressible fluid (r = -"708) and highly posirively correlated wirh

toËal fluid (r = .693) "
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The Effect of FreezÍng

F I avor

Flavor hedonic scores were signifícantry higher (p-.0r),for
r-rozen fish than for fresh fish. However, since freezing had no effect
on flavor 0AI, chíckeny noLe or off flavors (Table XII) these data may

reflect the effect of freezing on t,he t.exture of the canned whitefish,
since there \^Ias a correlaËion coefficient of 0.441 between flavor hedonic

scores and texture hedonic scores (Table XT).

Texture

The texlure qualiËy of frozen fish was higher than that of frebh
fish. Texture hedonic scores were significantly higher (p_.0f) for frozen
fish than for fresh fish. The texture oAT. was higher, and undesirabre
textural characteristics were rower in r.rozen fÍsh Ëhan in fresh fish
(table xrr).

Freezing firmed the canned fish. The profíle panelrs evaluatíon
of hardness T¡ras appreciably higher f.or frozen fish than for fresh fish.
Analysis of variance revealed that force to shear values of frozen fish
were significanrly higher (p-.01)- than rhose of fresh fish.

However, significant inLeractions of fteezíng with other variables
in the force to shear data revealed that freezing did not affecË the tex-
ture of the físh from all catches uniformly over all Ereatments. A sÍgni-
ficant month x freezíng inËeractÍon in the force to shear data (Table xrrr)
reveâ'léd that alËhough in all months there r¡as a signifícant freezing
effect, the direction of the effect \^ras reversed in 1 of the 11 catches

examíned' Tn contrast wíth results obtained from fish from al1 other
catches, June, r97o- caught fresh fish had significantly higher force to
shear values xhan f.rozen fish from Ëhe same catch. tr{hen the force to
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TABLE XT]

THE EFFECT OF FR-EEZTNG ON FLAVOR AND TEXTURE VAR]ABLES

Variab 1e
Number of
Ob servations
Cont.ributing to
the Mean

Fish Form

Fresh Frozen

Flavor Profile Scores (Uax.=3.0)

- Flavor 0AI
- Chickeny note
- Off flavors

TexËure Profile S.orer(1)çllu*.=3.0)

- Texture 0AI
- Hardness
- RMR

- AMR

- Undesirable textural characteristics
tr consumerl! pane 1 score s (Max. -9 . 0 )

- Flavor Hedonic S"or"rtt-t*
- Texture Hedonic Scoreètl-tk

fnstrumental Data

- Force to shear ( lb " ¡'t''.- Free f luid (ml )'t''.
- Expressíble f luíd (ml ):k:t
- Total fluid (ml)

44
4lt
44

2.03

u.70

r "64
I .83
I.J4
I .09
O. BB

2.05
1 .86
u" /o

40
40
40
40
40

2 "OL

1.18
r .00
0. 65

6"04
6"00

2400
2400

440
180
220
180

227
15"0
10. 3
25.2

¿o+
'I LA,
13.1
24.7

5 .90
5 "70

(1) Parameters measured by the profile panel i^/ere not statistícallv
ana Iyzed

:k>"- Values in the same ro\^7 are significantly different at p<.01.
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shear data were sorted according to the sígnificant (p__.01) month x sex x
freezíng interaction (Table XIII), it was found that in físh from several

of the catches, only one of the sexes exhíbited a signífícant freezing

effect. From the data shown in Figure 10, it can be seen that of the

fish from the Ju1y, sepËember, october and May catches, only the males

exhíbited a significant freezíng ef.fect, while of t,he fish from the Febru-

ary and June Lg7o-cat.ches, only the females exhibited a significant
f'teezi:ng effect. Both sexes of fish from the remaining 5 catches exhibited
a significant freezing effect. Female fish were responsible for the direc-
tional difference in response to freezing in the June, L97O caught fish.
There r¡ras no significant difference between force Èo shear values of male

fresh and f.rozen físh from this catch.

From these data it is clear ËhaË, while there r^rere exceptions,

in general, freezing increased force t.o shear values of both sexes of

canned whitefísh. tr'Ihen f ish of 1 sex only, exhíbited a freezing effecË,

íL usually occurred in the males, suggesting Ëhat male fish were slíghtly
more susceptible to the effect of freezíng than female fish.

There was also a significant inËeraction of freezing with month

and drying in the force Ëo shear data (Table xrrr). Freezing sÍgnificantly
increased Ehe force to shear values of both not-dríed and dried fish in
only 5 of the 11 catches, June, 1969, AugusË, september, January and April
(Figure 11). Fish from the remaining 6 catches reflected a significant
fteezing effect in one of Ëhe drying treatments, only. Freezing increased

the force to shear values of not-dried físh, only, from the July, october

and February caËches and of dried físh, only, from,,the March and May

catches. Results from the June , L97O catch were erratic; fteezing resulted

in significanÈly lower force Ëo shear values in t.he dríed fish, but this



Source of
Variation

Total
Month(M)
Sex(S)
Drying( D)
Freezing( F )

Consumer Panel Data

MxS
MxD
MxF
SxD
SxF
DxF
MxSxD
MxSxF
MxDxF
SxDxF
Error

Flavor
Hedoníc Scores

4799
9
1

1

1

9

9

9

1

t
1

9

9

9

1
/,-710

TABLE XlT]
SUMMARY OF ANALYSES OF VARTANCE

6.s),,,,
0.20

lQl. QS:r:k

J .JQ)d:
| . J Q:k:k
ô ôt -r-¿.2L..
2.09;,
2.49
0. 18
3.4s
0.30
1.15
I "2I
0.00

Va lue s
Texture

Texture Scores

J . Ql:k:'c

1.10
| | . gg>k:k

29.7Ur:(
1.18
3.9Ti:
1 .88
2.62
0.95
0 .31
1"08
1 .00
1 .03
o':u

Significant at p-.01.

Significant aË p*.05.

df
F Values
Force to
Shear

879
10
I
1

I
t0
10
10

1
,. 

1

I
10
10
10

1

802

- 439
lpJ.lJ>k:t 10
63.62;d, 1

ll)$.JJr<;: I
IJJ . JJ;r>k 1

10 
" 
95?k:k l0

lg. lJ:'r:'r l0
Ç . JJ:k:k 10
0.00 1

3.18 I
0.r4 I
7 .37'H, 10
J. [SJr:k 10
J. gQ:k:k 10
0.39 I

- 362

Instrumental Data

df Expre ssible
Fluíd

1s. i9*,'.
J .Ç/)<rc

80. 5 4'k'k
ll¡l .Jl;c;:

J .le)ct<
1" 65
l. gJ:k>k

0. 00
0.02
3.46
L.47
L.L4
3 .72.t1t(

' 
.3'

df

3s9
a

1

1,
I
B

8
B

1

1

I
B

B

ö
1

296

Free
Fluid

3 s. is'r,*
L "96

J\$ .J $x::
l$). \\>v'::

1.54
1. B1
Q " $$1u,':t

0.77
I "34
r.72
0.94
I .67
J . SP;k>k

0.04

Tota I
Fluíd

1e ] 65,'.,'.
4.52;,

7 O "7 42'rt1

3.6L
). JÇ'::;<

1. B1
¿.+t,'
I A-7

I Ct

0"02
L "72
1.13
¿.öI,"'
0" 84

Ln
.Ê..



)í
- 

14
' >

i- 
P

r o
ø

H
T

]'
dt F

T
 

o.
Ë

i 
rt

 
p)

.B
Þ

-l-
t rã

o
F

I(
/)

H
E

ts
¡J

O
O

H
T

F
O

oã
H

r'J
Ø

oo
F

di
].5

ø
tt(

-t
o

f4
H

¡l:
.!

Õ
ts

.ø
f-

t
tl(

nu
Ø

'H

o{
rr

È
{Þ

F
r

H
o

F
{É '!O

B E
 

{.
'ß

i.n
ë¡

-¡
5

H
'z

o
Z

fF
Jo

O
é,

.'-
E

O
È

{l'
Jt

\)
o

z 
F

JO
O

S
O

('c
t

rd
N

:l'
o5

O
O

C
t

'd
5!

D
Ø

o
C

)Þ
o*

r
Ë

r,
H

lÈ
fi

H
.<

c)
F

J(
,)

rn
Ê

D
çD

c)
:'F

irt
ci

oH
.o

cn
N

O
Þ

-
+

re
¿

tT
'5

(/
)

Þ
E

'd
rd

F
fr

ÞH
H

'N
)H

Þ
q:

¡.
rt

tn
fñ

H
v

db
'J

{r
o

t:l
oÊ

)
C

N
H

C
I

F
.o

Ë
oo

(D
ht

 
(r

¡ 
Þ

H
. 

ct
B

oa
u)

Þ
5

rH
.X

fd
 

rr
r ts
.H

Þ
oo

Z
Ê

)
(J

Þ
F

T
cf

o
E

d 
t-

. 
'd

t4 E
H

.
Þ

O
.a

i
ti 

H
' 

s)
tr

l 
H

l 
rr

F
rr

fD
B

{o
(r

)o
id

H
vÞ

H
O

er
t

r-
lÞ

i].
fll

 
ct

tr
lo

H
Þ

rt
r

v)
 

rt
iË

l)
'(t

 
Þ

t{
t 

À
 

l-r
Þ

J'
¡¡

C
)O

¡]
.

id
H

a^
g¡

4
oo zt

s
F

I 
Ê

J

F
É

P
o (ß

Ju
n)

kr
þ 

F
(H

fl 
Ë

A
E

F
X

E
T

.ít
Ìfi

 E
tiF

ññ
fl 

E
H

il
\ 

\ 
\ 

\ 
\r

 \
 

-.
¡,

\'-
\\\

\\\
\l

ru
 l:

k?
k 

K
qq

q:
{q

t$
åt

s[
=

{s
$L

**
vx

n
A

u 
g 

;k
 -.

'r'
{q

E
iq

rå
U

i$
ff{

,'{
ttt

$f
f{

ìi€
K

K
ax

se
p*

:k
 |

${
[K

{lR
Q

.K
K

qå
*o

*.

Itz
tÍi

Ë
 r

E
E

fl.
:i 

il 
n

L)
cL

:r
)i-

 t
r\

\\r
.r

\\\
'

r^
 -:

,.+
 lF

-lI
E

l¡i
¡F

f 
;:f

rI
l:R

l\\
\'\

\'ñ
\\r

F
eb

 K
qK

{f
fq

fft
rt

rq
q'

|.{
¿

¡:
k:

,.-
 ;

K
{.

{Q
{*

.K
K

{u
xx

^ 
_ 

- 
-,

--
,¡

 lF
rT

$t
lE

É
rT

&
tlE

tÌt
ifl

¡È
f; 

I
¡lP

r"
 '

t 
r\

\\'
\"

s 
s\

\\\
\\\

M
ay

>
k>

,s
 lt

Q
{R

K
të

,."
{*

o*
Ju

n 
,ff

ffq
ff{

qq
q,

w
qu

'

H
H c(
¡

oÕ

F
or

ce
 t

o 
S

he
ar

 (
lb

,/c
an

)
N

) O
N

) 
(,

J 
(,

 
N

!4
ou

õ
O

O
O

O

r-
t-

-_
_-

-{
 

__
_l

__
__

+
-_

--
_+

__
-_

_{
_-

_-
_J

.

rs
¡>

k:
'.-

 e
qq

fff
f{

J.
U

.T
,ï*

fff
f{

o.
sq

.
Ju

l r
åq

K
qK

tr
tr

tR
qï

,q
.,T

{q
{s

qq
qq

{

A
u 

g 
:k

:,s
'K

i-€
ql

qq
{q

qq
q,

iq
iq

qs
ffi

tr
s{

s(
tx

È
\.

se
p 

rË
{t

{i1
qr

1(
1r

,IF
år

{.
ua

oc
r 

K
qq

qq
K

qå
K

\.
E

F
ltË

:E
F

E
ß

rE
E

Ë
H

t
Ja

n,
t,i

 
h.

\\\
\\\

\\\
\\

þs
þ:

k:
k 
K

ffS
dQ

tT
lff

t\n
"s

*
M

a 
r:

k:
k 

(l(
K

(q
lo

$f
,*

 o
q.

,
A

p 
r:

k:
k 

K
K

\(
q1

T
i*

 J
,$

.*
*u

{{
qs

.
M

ay
 u

rq
q€

'{I
.[q

{t
itK

*"

N (n o -.
1

çç

ru
nr

i,k
'e

w
{{

:{
tr

{*
tr

 n 
E

 E
E

 ã
r



{-
 tr

t
{-

Þ o
E

 
H

I'
ø

t3
H H

 
T

T
O

J
Ë

Ë
 :

'H
@

o
ts

Ju
,H

IË
 

fd
 

oo
F

¡l 
r-

t 
ió

o 
5F

t
tll

Ø
oo

F
¡l 

:].
 

jø
È

{ 
rt

o
F

4 
¡-

rr
 it

 
j

(-
Jt

s.
Ø

ct
F

lø
vo

D

O
 

<
ct

F
{Þ

5'
F

JO
14

Ê
Ñ

 
(D

ä
F

l 
'1

 
m

 
io

t-
dg

Þ
<

È
 

./ 
¡-

õ5
 3

7 
1"

9 
$

H
t

O
F

4H
N

)o
Z

F
JO

or
t) ot

r)
F

4 
N

 
:].

O
 

C
)

O
O

o'
Ê

)
ld

Þ
Þ

úr
cr

Õ
3o

a)
rq

 
H

l 
o-

ü 
Þ

-
-H

'
H

 
('J

 
H

rÐ
O

 
5 

fir
t 

Z
oH

. 
O

cn
N

oc
r

:E
(D

5 
I

tq
l 

5 
'(/

) 
o.

Þ
F

{H
F

 
H

 
F

+
l^

 
H

.
ô 

P
.N

) 
lD

Þ
 

ñ 
5r

r
f1

 
f'l

 
H

 
F

-r
)

c 
{o

 
H

.
.tq

t 
O

 0
J 

u)
(n

H
T

rr
S

-
H

oã
v

O
?D

rd
 

Ø
5

H
. 

ct
Z

 
oQ

rr
J

¿
H

 
l-4

X
IH

r
LJ

 
F

.H
F

 
oÕ

H
Ê

)
tq

, 
5f

i
u 

r-
ro

F
.-

 r
ú

Þ
qc

-
Z

H
.

u 
o-

o
P

.g
J 

O
C

, 
H

) 
ct

 
:J

F
 

F
ho

 
i-r

H
oØ

:f
tr

, 
tJ

v
u 

o.
 

o
5 

F
rt

rd
 

cf
H

a)
c/

)Þ
Ê

r
iË

rr
rf

a)
Ë

cl
 

'd
 

Ìf
Þ

^
C

)J
'^

H
V

U
H

 
t"

1

ts
\.H

.
O

Ô Z
o-

F
I :Ë
 

rt
r

H
.

(¡
,

v

o.
"Ë

u3
3å

û3
.o

oo
oÕ

oõ
oo

=
-+

 
--

r-
--

--
-1

--
--

-1
--

--
--

a-
.-

-_
.-

{
l'

¡s
n:

k:
i- 

$f
f 
{(

r{
ir"

T
(3

{k
""

xu
.

r 
-,

 1
 -

,-
-,

_ 
E

 [
: 

E
 [i

il 
iÌ 

li 
ij 

r 
il 

ij 
t1

 ?
 t 

:] 
it 

tj 
11

 iì
 Ê

 Ë
 rt

r 
u 
r,

,,i
 þ

\\.
\\_

.ti
\-

\\\
\\\

N
I

A
ug

:k
-.

'r 
l$

fl 
{*

l:*
**

S
.,{

(i.
t{

't{
ffR

o=
I

o 
_ 

-,
--

,-
 ì

l?
E

ci
rr

.fi
äü

E
F

i¡8
il

ùe
p^

^ 
,L

\\r
,t 

\\r
\\W

I

oc
pk

'k
 l{

I(
i{{

*o
*.

I

r¿
n.

;k
 :

k.
 K

\i;
t(

5f
f:t

îtu
v\

\\
þs

þ:
k:

k 
K

qt
å,

*ï
K

{.
\o

oo
I

M
ar

 L
K

{it
1ä

*Ç
q'

i

lìP
r 

;i 
;;,

.\\
\'i

.*
\\\

\\N
I

r¡
 - 

tr
E

E
i:i

:ii
f 

;r
E

l
rv

ia
y 

,\\
\\\

\N
- 

iu
fti

=
sF

:r
Ìl:

flä
nÈ

E
ui

r
Ju

n 
,q

'\\
'\\

\\
I

F
or

ce
 t

o 
S

he
ar

 (
lb

./c
an

)

¡g
nJ

c:
k

Ju
l

A
ug

:k
:t

S
ep

*t
''

[-
+

__
t_

__
__

__
J_

 
-F

-.
__

t_
 

_*
__

__
1

I ; ,E
T

l 
F

I 
ül

 ! 
jî 

LÎ
:Ì 

liã
Í,'

ì 
i q

 F
 E

 i.
" 
ij 

F
.í 

E
 t

; 
ÍJ

 f;
 Ë

 H
 fl

 A
 E

 I

,\ 
.q

.\'
s 

\.\
*<

,.à
\\\

\\ 
ss

\\\
\\N

i iK
q:

t't
qî

5t
K

,.f
T

ii{
T

{S
qR

K
r,

T
\L

K
sf

f{
*.

,L
ff{

:l.
l'u

tti
=

rq
ql

q]
.:Ï

Q
{it

í.å
{(

tt{
K

$i
s.

{-
K

åq
qu

r
i*

$o
ño

r,
or

u=
rt

*Ë
É

iiß
r;

'iï
*r

r1
=

r 
s 

È
 \q

qr
Þ

 \ 
\-

 \'
.\\

'.è
.\\

\.\
\\\

\\
oc

È
 H

$I
${

.i{
-{

tïq
r{

iq
q.

r¿
n;

k:
k 
K

qt
l.{

qq
qq

o*
*

F
eb

 K
tu

l¡i
gq

${
H

ilq
rå

qg
fff

f\
M

a 
r?

k:
k 
IK

K
\|{

{W
K

\\\
\\\

.
A

p 
r 

>
k:

k 
F

.V
q*

:-
t 

ql
tîq

{ä
.K

rd
\q

uo
N

Þ
ra

 y
 :k

:t 
lq

f{
q\

f"
q 

K
${

ii{
lK

oo
o

i

¡ 
un

:'r
:',

- 
fff

{:
{1

t{
{S

{9
ff.

*f
fff

 u 
e 

s 
n

9ç



57

treatment had no signÍfícant effect on the not-dried fish from this
caËch (Figure 11). Thus, except for fish from the June, 1970 catch, force

to shear values i^¡ere always higher for frozen fish than for fresh fish,
even though the differences were not always signifÍcant.

Fteezi-ng also affected the moisture characteristÍcs of the fish,
decreasing borh the RMR and the AMR (Table xrl). Frozen físh arso had

significantly (p<.01) less free fluid than fresh fish (Table xrr). The

significant monËh x drying x freezíng interaction in the free fluid data

(table XIII) revealed that this decrease r^ras not uniform over all months

of catch and drying conditions. The effect of freezing on free fluid con-

tent was much more apparent in noË-dried fish than ín dried fish. Data

in Figure 12 indicate that freezing significantly decreased free fluid
contenË in not-dried fish from B of the 9 caLches examíned, but the free

fluid content of dried fish was significanËly decreased in.lonl5r 4 caËôhes.

It 'may be seen from Ëhese data that drying tended Èo minimÍ ze Lhe effect
of. f.reezing on the free fluid conLent of the fÍsh.

examined for the

9 catches examÍned,

f.teezing sígnificantly lowered the free fluid contenË. These results are

in agreement with those obËained by Tarr (194L) who found that, cooking

losses i,¡ere less for frozen, thawed halibut than for fresh halibut. Work

with salmon has revealed that the free oÍ1 contenE of the canned product

is lower in fish stored in a f.rozen (SËansby and Dassow, 1951) or partially

f.rozen (Bilinski et al., Lg66) condÍtion b.efore canning. A decrease in
free oí1 would result in lower free fluid contenÈ as measured in the pre-

sent éxperiment.

ïf the more acceptable not-dríed fish, only,

effect of freezíng, it is readily seen that for B of

are

the

Freezing resulted in significantly higher (p*.01) expressÍble
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fluid conËent in the canned whitefish (fable XfI) to an extent varyÍng
wíth month of caËch and drying treatment. The significant inEeraction of
Íteezjng with month and drying (lable xrrr) shows that freezing Íncreased

Ëhe expressible fluid content of both not-dríed and dried fish in,only 2

of the 11 catches examined, January and February (Figure 13). Freezing

had no significant effect on the expressible fluid content of either not-
dried or dried fish from 3 catches, June, July and April.

For the remaining 6 catches, the effecËs of freezing on the expres-

sible fluid conÈent varied wiËh the drying treatment. For 3 of Ëhese

catches, september, March and June, Lg7o, freezing díd noÈ significantly
affect the expressible fluid content of Ëhe not-dried fish, buË Ít signi-
ficantly increased the expressible fluid contenË of dried fish. fn the

oÈher 3 catches, August, october and April , f.reezing díd not affect the

expressible fluid contenË of the dried fish, but ÍË resulted in signífi-
cantly higher expressible fluid conËent, of the not-dríed fish.

rf data from Èhe not-dried físh, only, are examíned (Fígure 13),

it is evident that freezing significantly increased the expressible fluid
in only 5 of the catches, although even in the remainÍng catches, Ëhe

expressible fluid contenË of. f.rozen fish was higher ín every case. Thus

íË appears Èhat f.teezing increased the expressible fluid content of canned

whitefish" Stansby and Dassow (1951) reported that f.reezing salmon before

canníng decreased the free oil in the cans buL díd noË affect the Ëotal

oil conËent. Therefore, fxeezíng must result ín more oil being held within
Ëhe tissue of the fish. This oil, which could be removed by centrifuging

intact cans of fish, (Bilinski and clement, Lg67) probably T¡ras responsible

for the increase ín expressíble fluid of the canned whitefish.

A significanË, month x drying x freezing ínteraction for the Èotar
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fluid content of canned whitefish (rable xIIr) revealed that in onLy 2

of the 9 caËches examined, did a sÍgnificant difference between the total
fluid content of fresh and frozen fÍsh exist (Figure 14). Moreover, this
difference occurred for only one of the dryíng treatments. rn fÍsh from

the September caËch, freezing significantly decreased the total fluid
content of the not-dried fish but did not affect the dried fÍsh while
for the OcLober catch, f.reezíng increased Lhe Ëotal fluid conËent of Ëhe

dríed fish but did nor affect the not-dríed fish. For Èhe remaÍning 7

catches, r.teezing had no significant effecË on the total fluid content.

Therefore, it may be assumed that the total fluid contenË of the fish was

not markedly affected by freezíng.

Tt has been shown thaË the decrease in free fluid and increase

in expressible fluid of frozen canned \^rhitefish may be due to Ëransloca-

tion of oil, as it occurs in canned salmon. The influence of freezing on

toËal fluid contenL of cans of whitefish is ín agreement with resulËs

obtained on canned salmon by several workers (stansby and Dassow, r95r;
Bilinski er al. , 1966; and Bilínski and clemenË, 1967). Thar is, freezLng

has no effect on totar oil-(or toËar fluid) content of canned fish.
As a result of the possible improvemenL of flavor, and the obvious

ímprovement of Lextuïe, f.teezing appears to be a useful pre-canning

ËreaËment for whitefish"

The Effect of Drvine

FIavor

DryÍng had a deleterious effect on the flavor of canned whítefish.
The flavor hedonic scores of noË-dried and dried fish were 6.23 and 5.7L

respecËively (table xIV). These values were significantly different at
p-"01 (table XTI]). The profile panel indicaËed Ëhat flavor oAT and
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chickeny notes were lower, and off flavors were higher in the drÍed fish
than in rhe nor-dried fish (table XIV).

Since fish caught from June, L969 to October was dried in a kÍln

which had prevíously been used to smoke fish, an increase in off flavors,
which included smoky, might be expected, even Ëhough no smoke i¡ras geneïated,

and the tunnel was cleaned before the drying process took place. However,

even ín fish caught afËer october, off-flavors increased on dryíng.

Oxidation of the highly unsaturated faËty acids at the elevated tempera-

tures ínvolved during Ëhe drying process is probably responsíble for aE

least some of the off flavors. Since flavor notes described as smoky

appear even in fish caught after October, it is probable t,hat the profile

panel used the Lerm, smoky, Ëo describe the flavor of the oxidized oils.

TexËure

Drying also influenced the texture of the fishe as can be seen

from Ëhe profile panel dala, rrconsumertr panel data, and instrumental data

given in Table XIV. The profile panel found thar dried fish had higher

hardness scores and a higher incidence of undesirable t.extural characËer-

isËics than not-dried fish. According to this panelrs definiLion, firm-

ness \^Ias Ëhe most impörtant characteristic of Ëextural quality. Therefore,

in spite of Ëhe increased undesirable Ëextural characteristics observed

in the dried fish, the profile panel gave it high texËure oAr.,.scores.

Analysis of variance of the rrconsumerrr panel data índicated that

Ëherre vras a signifÍcanr (p=.0r) drying effecË (table xrrr) bur rhe signi-

ficant (p=.01) month x drying interaction indicated that the effect of

drying T¡¡as noË Èhe same over all catches. AlËhough the main effect of

dryíng I^7as to decrease texËure hedoníc scores (Table XIV), the significant

monLh x drying ínteraction revealed thaË in onry 2 of the 10 months
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TABLE XTV

THE EFFECT OF DRYTNG ON FLAVOR AND TEXTURE VARIABLES

Variab 1e

Number of
Ob servatíons
ConËributing to
Ëhe Mean

Fish Form

Not-Dried Dríed

Flavor Profile DaËa

- Flavor 0Aï
- Chíckeny Note
- Off Flavors

( t ) ("r*. 
=3. o)

44
44
44

L.7B
t.69
1.10

- Texture OAI
- Hardness
- RMR

- AMR

- Undesírable Textural CharacËeristics

rrConsumerf r Panel Data (Max. =9.0)

- Flavor Hedonic Score?k:k
- Texture Hedonic 9"g¡s:k:k

f.nsËrumental . Data

- Force Ëo shear ( lb ' )'t't
- Free Fluid (ml):r:'r
- ''Expressible Fluid (¡nl):t''r
- Total Flui<i' (ml):'c:t

40
40
40
40
40

2.30
2.02
0.36

L.73
t.74
T.4T
T.L7
0 .66

6 "23
s.94

204
15.6
10.6
26 "L

L.93
2.25
1.11
0. 91
0. B7

2400
2400

5 "7r
5.76

440
180
220
180

287
TL "2
L2.8
23 "8

(i) Parameters measured by Ëhe profile panel r^reïe not sËatisËically
analyzed"

:"-:k values in the same ror^r are significanËly different at p<.01.
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examined, June, L969 and July, \,rere texture hedonic scores significantly
higher for the not-dried físh (Figure 15). Dried fish from rhe February

caËch, only, had signíficantly higher texture hedonic scores than not-
dríed fish from the same catch (Figure 15). There r,üas no signifícant
difference between the texËure hedonic scores of dried and not-dried
fish for the remaining 7 catches, although Ín all cases, scores for not-
dried fish were higher Ëhan for dried fish. Thus iË appeaïs that the

texËure of the dried físh was generally liked less than the texture of
not-dried físh.

Although there were significanË interactions of month x drying,
monËh x sex x drying, and month x drying x f.reezing in the force to shear

data, the F values of the 3-way ínteractíons, in particurar, were smarl

when compared with the F values of the simple effects (rable xlïr). An

examinatíon of the effects of drying by month for each sex separately
(FÍgure 16) and for each freezíng condition separately (Figure 17) show

that fish from the January catch behaved differently from fish from the

oËher catches. of the 11 catches examined, with the exception of January,

the dried fish always had higher force to shear values Ëhan not-dried
fÍsh' rn these 10 months, the drying effect was always sifnificant except

in fresh fish from the March catch; this inconsistency accounts in part
for the 3-way interaction. Even Ëhough the magnitude of the drying effecË
from month to month varied wiËh the sex of Ëhe fish and freezíng conditíon,
drying increased force to shear values.

Drying also affecÈed the moisËure characteristics of the físh.
The profile panel determined that dried fish had a lower RMR and less AMR

than noË-dried fish (Table XTV)

0f the 3 instrumental estimates of moísture characËerisLics, free,
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6.6

6.4

6.2

6.0

5.8

s.6

5.4

5,2

No values for May"

Each bar represents the mean of

:k* f¡ t.hese months, values for
different at p<.01.
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expressibre and total fluid content, free fluÍd content showed the effect
of:'drying most crearly. The drying effects on Ëhe other measurements were

more obscured by the confounding effects of month and freezing conditÍon.
Dried fish had significantly less free fluid than not-dried fish

(table xrv) but a signifícant month x drying x freezing interaction
(table xrrr) indicaLed that the effect of drying \,ras not unif,orm over

all treatments all months. For 7 of the 9 catches examined, dried fish
had significantly less free fluid, whether or not the fish had been f'ozen
(nigure 18)" For the remaining 2 catches, August and June, !g70, only
the fresh fish exhibited a significant drying effect. Nevertheress, dried
f'tozen fish úrom these 2 catches had less free fluid than noË-dried frozen
fish from the same catches, although the dÍfferences \^rere not sÍgnificant
(nigure 18). Thus, ít ruÊy be stated, wiÈhouË reservation, that dryíng
significanËly lowered the free fluid contenÈ of cans of whitefish.

Drying resurted in a significanË Íncrease in the expressibre
fluid content of the fish (Table XIV). However, a significant month x

drying x Êteezíng interacËÍon (Table xTrr) revealed ËhaË for 5 of the 11

catches examined, there üras no significant drying effect for either fresh
or f.tozen fish (Figure 19). Furthermorég,in the remaining 6 catches, the

drying effect was significanË only in fresh fish or only in frozen fish.
For 2 of Ëhe catches, sepÈember and March, only the frozen físh exhibited
a drying effect, and for the remaining 4 catches, october, February, April
and May, only the fresh fish exhibited Èhe drying effect. Nevertheless,
except for the June, L97o-caught fresh fish and Ëhe AprÍl_caughË frozen
fish, dried físh had higher expressÍble fluid content than not-dried fish,
even when the differences r,vere not significant. From these data, Ít
appears Èhat drying may have increased the expressíble fluid conËenË of
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Ëhe fish, but more testing is needed to confirm the validity of these

ob servations.

The simple effect of drying \^ras to decrease the total fluid con-

tent of the fish (table xrv) although a significant month x drying x
f.reezing ínteraction (Table X]TI) indicated thaË for 5 of the 9 catëhes,

drying did not significantly affecË Ëhe Lotal fluid content of either
fresh or f.rozen fÍsh (Figure 20). OnIy fish from one catch, January,

exhibited a significant,, decrease in total fluid content of boËh fresh
and frozen fÍsh- Two of the caLches, June, L969 and, september exhibíted
a sígnificant drying effecË in fresh fish, only, and one catch, october,
exhibited a significant drying effect in frozen fish, only. However,

excepË for october-caught fresh físh and september-caught frozen fish,
noË-dried fish consistently had higher total fluid Ëhan dried fish, even

though differences I^lere not significant. Thus it seems that drying did
decrease the Ëotal fluid conLent as measured by this method. Since the

drying process was designed to remove approximaËely 10% of the moÍsture

irom Ëhe fish, these results are reasonable.

The Effect of Sex

Flavor

The sex of the fish did not have any simple effecËs on any of the
parameËers of flavor measured (table xv). Examination of results sorted
according Ëo the signíficant (p=.01) month x sex interaction of flavor
hedonic scores (table xrrr) revealed thaË the scores for male fish appeared

Ëo be slightly more consistent oveï months Ëhan were those for female fish
(Figure 21). A comparison of scores of male and female físh for each of
Ëhe 10 caËches examined revealed that for 5 ôf the catches, scores for
female fish were slightly higher Ëhanv.for male físh, whire for the
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TABLE XV

THE EFFECT OF SEX OF THE FISH ON FLAVOR AND TEXTURX VAR]ABLES

Variable

Number of
0bservatÍons
Contributing to
the Mean

Fish Sex

Male Fema 1e

llavor Profile Drtr(1 ) 
11.0"*. =3 , o)

- Flavor OAf
- Chickeny NoËe
- Off Flavors

Texrure Profile Dara(1)çuax.=3.0)

- Texture 0AI
- Hardness
â RMR

- AMR

- Undesirable textural characËeristics

trConsumertr Pane I DaËa (Max. :9 . 0 )

- FIavor Hedoníc Scores
- TexËure Hedonic Scores

Ï.nstrumental Data

44
44
44

2.02
1.83
0 "72

1 .80
1 .9s
7.28
I "07
0.7 4

2.06
1 .88
0.74

1.85
2 .05
L "23
1.01
0. 80

40
40
40
40
40

2400
2400

s.96
5.82

5 .98
5.BB

Force to Shear (1b. ¡''.''.
Free Fluid (ml)
Expressible FluÍd (ml):t:t
Total Fluid (m1)

440
180
220
180

236
L3 .4
TL.4
24.4

255
L3 .4
t2.L
25 .5

(1) Parameters measured by the profile panel T^rere not statistically
anaLyzed.

:k:k values in the same ror¡r are significantry different at p<..01.
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remaining catches the reverse

ficant in any of the catches.

did not appreciably affect any

Texture

\^ias true. These differences T¡rere noL signí_

Thus it appears that the sex of the fish

parameter of flavor.

The sex of the fish did not affect t,he texËure hedonic scores of
the fish, nor did it appear Ëo affect texture oAf or the incidence of
undesirable texÈural characteristics as determined by the profile panel
(ra¡le xv). However, female fish did seem to be firmer than male fish,
as esËimated by Ëhe profile panelrs evaluaËion of hardness and by the
force to shear values (fa¡te XV).

The occurrence of interactions between sex and other variables
in the force to shear data (Table XTII) revealed that sex did noË have a

uniform effect over arl treaËmenËs and arl months. A significant (p<.ol)
monËh x sex Ínteraction among force Èo shear values showed that there
was a significant difference bêtween males and females only in fish from
6 of 11 catches examíned; Jury, August, october, February, Aprir and May.

of these 6 catches where a significanË difference exisËed, female fish
had higher force Ëo shear values than male fish in all catches wíth the
exception of February. However, Ëhe significant (p=.01) interactÍons of
sex with month and fteezing and with month and drying (table xrïr) indicated
ÈhaË Ëhe effect of sex over Ëhe 2 freezíng conditions and over the 2 fuying
conditions r^ras not the same for all catches.

Examination of the data of the month x sex x freezing interaction
revealed that the effect of sex was evident to a much gïeater exËent in
fresh fish than in frozen fish (Figure 22). Results from fresh fish were

similar to those obÈained from the month x sex ínteracÈion. That is,
there hras a signifícant difference between mare and femare fish in the
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same 6 catehes; July, August, OcËober, February, April and May. Tn all
cases except February catch, female fish had sÍgnificantly higher force
to shear values than male fish. r.n conLrast to these resurts, among the

ltozen fish, only the AugusË catch exhibited a significan¡ sex effect.
Again, female fish from this catch had higher force to shear values than

male fish from the same catch.

These results suggesE that, when there is a difference ín firmness

atÈributable to sex, fteezirng before canning helps to obliËerate it. Thus,

in addition to iËs abirity to improve fish texture, freezing appears Eo

be useful in minimizíng varíability attributable to Ëhe sex of the fish.
The sígnifícant interaction of sex with month and drying Ín Ëhe

force to shear values showed that drÍed fish exhibited the same variabilíty
due Ëo sex as occurred in the month x sex interactÍon; that is, male and

female dríed fish had signíficantly differenË force to shear values in 6

of the caËches, JuIy, August, OcËober, February, April and May (Figure 23).
In all these catches except February, the female fish had significantly
higher force to shear values (p..01). Tn conËrasË to this effect of sex

on dríed fish over months, not-dried female fish had significantly differ-
ent force to shear varues in onry 3 of Èhe catches, July, AugusË and

october" Femalevfish from these catches had higher force to shear Values

than male fish from Ëhe same catch. There r^/eïe no sÍgnificant differences
atLributable to sex for the remaining g catches.

These data suggest. that whereas tþe effect of freezing was to
obscure the dífferences in force Ëo shear values beËween the 2 sexes of
fish, drying accentuaLed them.

None of the esËimaËes of moisture

Ëion of expressible fluid, appeared to be

characteristics, with the excep-

affecLed by the sex of the
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fish (Table XV).

The amount of expressible fluíd was higher for female fish examined

over all monËhs collectively, but examination of the data sorLed according

to the signifieant month x sex interact,ion (Table xrTr) revealed that
femaleifish had significantly more expressible fluid in only 3 of the

caËches, June, L969, August and October (Figure 24). For all other months,

sex of Ëhe fish did not significanËly affect Ëhe expressible fluid content.
Therefore, iL is questionable whether oï noË Èhere hras a real difference
beLween the expressible fruid conËenLs of the two sexes of fish.

These data suggest that while Lhere seemed to be a difference in
firmness atËríbutable to sex, it is doubÈful wheËher any of Ëhe other

texËural parameËers measured were affecÈed by thÍs varíable. ft Ís of
practical interest that the variability attributable Ëo sex ín the force

Ëo shear data can be almost eliminated by freezing the fish before canning.

Thus it appears that the two sexes of whitefísh can be canned

succe s sful ly.

The Effect of Month of Catch

Flavor

Flavor hedonic scores did not vary a great deal from month to
month (lable XVT). Data in this table have been sorted according to the

significant month x sex interacËion (Table XIII). TL can be seen in Table

XVI Ëhat February and Apríl-caught male and female,fish were well liked,
while July and August-caughË male and female fish weïe not as weII liked;
however, there were few clear cut dífferences between fish from differenË
catches" 0n the whole, male and female fish had fairly similar scores,

although the extent to which September and oct,ober-caught fish were Iíked
varied wiËh Lhe sex of the fish.
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TABLE XVT

MEAN FIAVOR I-IEDON]C SCORES(I) OF MALE AND FEMALE FTSH EACH MONTH(2)

Fish Sex
Month of Catch Male Female

June, 1969

July

August

September

October

January

February

March

Aprí1

June, 1970

5 .89ab

5.7Lb

5 .88ab

6. oSab

5 .7 6ab

5.930"

6.204

6. 13ab

6. toab

5 . g0ab

6. o6ub"

5 .42cd

5.78cd

5 "72cd

6.07^b"

5 .82cd

6.3Bab

5.g6b"
. ,-a
o .4J

6 . 15abc

(1) Each value is the mean of 240 observations (4 trearments x 60 repli-caEes) when 1 = Dislíke extremely; 9 : Líke extremely.
(2) No values for May.

abcd values in the same column with the same superscript are not signífi-cantly different at p<.01.
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Flavor profíres from the trained panel showed that Jury-caught

fish had poor flavor characterístics (Figure 25). A low chÍckeny nore
and a high degree of fishy.,and smoky off fravors (Appendix Tabre A) con_

Ëributed Lo a rower flavor oAT for fÍsh from this catch. The profire
panel considered the october-caught fish to be the poorest of the year.
A higher rrliverytt off flavor (Appendix Table A) in the october_ caught
físh penarized it.s score in all 3 fravor cat,egories. This rrliveryrr note
apparently I^ras not as objectionable to the consumer panel (rable xvr) as

Ëo the small Ërained panel (Figure 25)" Tn all other months, relatively
low.,levels of off flavors occurred.

Texture

There T^ras a sÍgnificant month x drying Ínteraction (p .01) in the
texture hedonic scores (table xrrr), so the data in Table xvrr have been

sorted according to the dryíng treatment. rt is evident that there were

few clear differences between how much the texËure of the fish from dif-
ferent catches was líked. scores of boËh noL-dríed and dríed fish indicaËe
that the Ëexture of fish from the september and April catches was liked
quite well. The texture of not*dried físh from the June, rg7o, July and

February caEches was liked least, but scores for fish from these months

were noË signi,ficanËly different from those of many other catches.

Rasekh et al. (L970) recently found that even when the B0 members

of Ëheir consumer panels were asked to score canned tuna for LexËure

preference, Ëheir scores were besL correlated with odor and taste, rather
than any of the texture variables measured. This was also found Èo be

true ín the present study where hoi^¡ much rrconsumersil 1íked the texËure

of the fish was correlated with how much they riked iLs flavor (r = .44L).
Ïn addition, ÈexÈure hedonic scores were wé11 correlated wiËh undesirable
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TABLE XVTI

MEAN TEXTURE mDONïc scoRES(t) ou NoI-DRTED AND DRIED FrsH EACH 
"o*rn(r)

Fish Form

Month of Catch Not-Dried Dried

June, L969.

July

August

September

October

January

February

March

Aprí1

June, 1970

6.L2ab

5 . Bgab

5.g2ab

6 .304

5 . g0ab

5 . gBab

5.40c

6. o5ab

6.224

5.67bc

5 .58bc

5 .35c

5.75tb.

5.g2ab

5.7zabc

5.52b'

6 . O2ab

5. gOab

6. 184

5. 60bc

(1) Each value is the mean of 240 observations (4 treatmenËs x 60 repli_cates) when I = Dislike extremely; 9 : Like uxtr"*"Iy.
No values for May.

values in Ëhe same corumn with Ëhe same superscrÍpt are not signifi-cantly different at p<.01.

(2)

abc
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textural characteristics (r = .398), but \^rere correlat.ed onry to a

small extenË (r = .07) with hardness.

very

As a result of Ëhese influences in the consumer panelrs evaluation
of fish texture, the profile and insËrumental data may be more useful ín
describíng the texËure of the fish from the various catches.

ExamÍnation of the texËure profile daËa reveals that there r^rere

2 obviously poor catches, January and ocËober (Figure 26). Fish from both
had low textuïe oAÏ and hardness scores, although undesirable textural
characteristics were low in both cases. The three catehes with the highest
texture oAï were July, August and september, even though undesirable

ËexÈural rrcharacteristícs were hígh in the July catch and moderate in the

August catch. Fish from the september catch had high texture oAf although
hardness and force to shear values were only moderate (table xvrrï). The

high texture oAr may have been a reflection of the low undesirable textural
characËeristics (Figure 26).

In the force to shear daËa there \^/ere many significant interactions
of month with other variables; month x sex, month x drying, month x

f.reezíng, month x sex x drying, monËh x sex x freezing and monËh x drying
x freezíng (table xrrr). The implicatÍons of these interactions have

been discussed in Ëhe secËions dealing wiËh sex, drying and freezing.
In this section, resulËs from all LreaËment,s have been combined, and mean

values for each month are shown in Table xvrrr. Fish caught in the surmer

of. L969 had high force to shear values, and october and January-caught,

fish had low force to shear values. since no fish caught ín November or
December was evaluaËed, íË is noÈ known wheËher this softness is charac=

teristic of winËer-caughË físh.

Although sofËness díd not seem to lower the llconsumern panelrs
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TABLE XV]I]

FORCE REQUIRED TO SHEAR INDTV]DUAL CANS OF I^IHTTEF]SH EACH MONTH( 1)

Month of Catch Force to Shear (1bs. per can)

June, L969

July

August

September

0ctober

January

February

March

April

May

June, L970

268:.,

32Lb

3674

22Beî

19 ls
s

202"

z4td'

20t8

25Ld

206s
î

2261

(1) Each value is the mean of g0 observations
replícates ) .

abcdefg Values with the same superscrípt are notat p.,.01.

(B treatmenrs x l0

signif icanËly dífferent
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evaluation of whitefish texture (table xvrr), softness \^ras still felt to
be a problem' unpublished work in this deparËment using canned \,ühítefish
in recÍpes indicated Ëhat Íts softness and friability definitely rimited
Ëhe usefulness of Lhe fish. For these reasons, it was felt that fish
from the October and January catches was less desirable for cannÍng.

Examinatíon of the moisture characËeristics data (Fígure 27)
índicates that the free and expressible fluid content varied only Eo a

small degree from month to monËh, arthough the sum,.:of the free and ex_

pressible fluid, defíned as Ëotal fluid, was considerably lower in
ocËober-caught fish than in fÍsh from other catches.

Thus the texture data índícates that Èhe fish was firmest during
the summer months of- L969; June, July and August, arthough the rrconsumerfr

panel did noË especially like fish from;:Ëhese catches. Both the frconsumern

panel and Ëhe profÍle panel indicaËed Èhat september-caughË fish had

desirable texture. october and January-caught fish are probably not
useful for canning, due t,o the excessíve sofËness ín fish from these

catches.
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SUI\ß4ARY AND CONCLUS]ONS

The effects of 2 pte-canning treatmenËs , freezing and partial
drying, and 2 meËhods of selecting fish for canning, by sex and month of
caËch on Ëhe characËeristics of canned freshwat.er whitefish (coregonue

clupeaformis) were evaluated. Eleven catches of fish were obtained from
tr{illiam Lake, ManiËoba, from June, L969 to June, Lg7O.

Panels of 60 untrained judges províded an estímate of the consumer

acceptance of Ëhe fish by evaluating both the flavor and the Ëexture of
all treatmenLs from each catch" Although flavor and texÈure r^rere evaluated
on differenË fÍsh samples, consumer scores from 9-point hedonic scares
were significantly correlated (r = "44L) showing Èhat judges r^iere unable
Ëo dissociaËe these LI^io impressions. consumer scores generally reflected
the incidence of negatÍve atËríbutes,:€Xpïêssed by a 6-member sensory
panel trained in profile Ëechníques. correlation coeffícients beËween

consumer scores and undesirable físh characteristícs r¡rere - .5oz and - .39g
for flavor and texture, respectively.

The profile paner also conËributed descriptions of positive
characterisËics of the físh which were less relaËed to rrconsumerrr scores.
The posítive fish characterisLics were correlated wiÈh the quarity ratings
assigned by the profile panel; chickeny note r^rith flavor oAï (r = .777)
and hardness with texture OAI (r . .750). The instrumental measurement

of firmness, force required Ëo shear the fish using the Allo-Kramer shear
press, \^/as also correlated with Ëexture OAI (r = .40).

Free fluid in the cans r¡¡as measured by drainíng Ëhe fish. Ex_

pressible fluíd \4ras measured by compressing the drained fish in Lhe

succulometer ce11 of the A1lo-Kramer shear press and measuring the volume

of fluid released during compression. The sum of free fluid and expressíble
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fluid was termed total fluid. These inËrumental

characteristics did not correlate well with the

tion of moisture characteristics.

measurements of moisture

profile panelts descrip-

Freezing was definitely advantageous as a pre-canning treatment.

for whÍtefish" consumer panels liked both the flavor and the text,ure of
canned whitefish. more if it had been frozen than if it was canned without
prior f'reezing. Profile descriptíons suggested that the main effects of
fteezíng v/ere an increase in fish firmness togeËher with a decrease Ín
Ëhe amount and rate of release of moisture. Force to shear daÈa supporËed

the panells observation of íncreased finnness due Ëo freezing. Free fluid
was lower in fish ftozen before canning, but expressÍble fluid was higher.

Partial drying before canníng had a deleterious effect on fish
qualiËy, especialry with regard Ëo flavor. consumer paners liked both
the flavor and the texture of fish less if it had been dried before
canning. T.n comparing dried and not-dried fish, the profile panel noted
thaË dried fish had a higher íncidence of off flavors and a less ÍnËense

désirable chickeny flavor; however, dried fish was crearly firmer both
from profile panel and force Ëo shear measurements. Dried fish seemed

Ëo have lower amounLs of moisËure and a lower raÈe of moisture release
in Ëhe mouth. Free and Ëotar fruid r¡ras appreciabry decreased by pre_

canning drying, but expressíble fluid was increased.

compared with Ëhe marked differences associated with the pre_

canning Ëreatments, varíability atËributable to the sex of the fish was

small' Female fish were slightly firmer than males, but freezíng before
canning was found to mÍnímize the difference in firrnness of Ehe 2 sexes

of fish"

The fish r^ias extremery variabre from monË,h to monËh, but seasonal
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patterns were not readily apparent. Fish caught in the sunmer of L969

was firm, and october and January-caught fish was soft. Fish frorn the

october catch had a rrliveryrt flavor which resulted in a low flavor over-

all ímpression rating, but this flavor did not seem to influence how

much the flavor of the fish was liked"
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APPENDIX TABLE A

FLAVOR PROFILES

June, 1969 Catch

Trca Ëmcn L

HFr If Fo ìl Frl) l'¡¡ OIJ ¡¡r ffo FFrD f l,ol)

Color

Overall
Impression

IniÈial

¡fa st ica t i on

Re sidu a I

2-2\

2à

Sal

2)¿

14-z

Sal

ch rL-2
Su¡ )(
Fit

Fi )(

21

2-22

Sal

ch t-:- 2
s*k
soå

chà

2\-3 
.

&

Sal

Sml
ch 1-1å
sw )(

Fi )(

a¡-¿2

2\-z

Sal

Ch 2-D¡
Sw .!- I

24

21-t

sa 1-1!

2\

1]¿- 2

Sa 1à

¡'i )(
ch )(

2

+

rå
)(
)(
)(

)(
)(

Sa

Clì ch2 chlå ch
Srà srvI SwîtZ sm

sm )( so

Llz-2
swl

ch )( chL chà ch
TI

July Cacch

Tre a tmen È

ÌlFr ìf Fo llFrI) If FoD FFr FFrD FFoD

CoIor

Overa I I
Impre ssion

Initial

ÌlasËicaÈion

Re sidual

24-3 ':

2+

SaI

chå

a

IL:Z

2

L]¿-2

rL-z

L+

2

2-Ì:

Sal

ch r4-2
s*å

Ff )(-å
ch )(

L4

Sml
Sa 1|

ch1
Sr,¡ ) (
so )(

Fi r-lå

Fi )(

2+1å t4

L4
2+

sa 1å Sa I Sn r-1.! Sm t_Iå
Sal SaI|

th 3 gh l:rå ch i_råsw å sw )(-à Fi i
So I So .ì<

Fiå Fii

!il sm)( FitFi å Fi )(

ch2
s*å

ch .Ì
¡'i )(

Sml
Sa 1.!

ch lå
Sr.r ) (
so )(

Fi )(
ch )(

ch2
SwI
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APPENDIX TABLE A (CONTINUED)

Augusf CaEch

Trea tnen t
IfFr Il Fo If FrD l.lFoD r¡r FFo FFrD FFoD

Color

Overa I I
lrnpre ssion

fniÈial

lfastication

Residual

2

2-24

Sa I-Ià

3Là

24's D¿

rL-z

L\

SaL

Ch I¿
sm )(
Srv )(
so å
f L 4

Fi )(
chå

LL-z

2

Sal

)

Sa l-1å

al-

ô1,¿2

¿-¿ä 2.

Sml
Sal

vn¿
sw )(

ch1à ch2
Sr¿ )( Sc. )(

Sal Sml
SaI

ch 2 ch t_là
S,o å sw )(

Fi à-t

ch2
swå
¡re )(

ch2
sw )(
Fi )(
soà
MeL

ch )(
ch )( ch å-i Fi )(

Sal

ch+ch )(
Fi )( CTi L

sm )(

September CaEch

Trca tnent
IlFr IlFo IfFrD MFoD FFr l¡Fo FFrD FFoD

Color

Overa 1 I
ï.mpression

IniËial

Ìfa s ti ca Ë Íon

)L

2-24

Sa1

2¿

)L

Sa 1-I|

D¿-3

2

Sal

rj¿-2

L,

Sal

24

¿4

Sal

2

¿- l2z

Sa l-1|

ch2
s'à

Ch2 S'å
sw i-1 ch 2

Srv !
so )(

ch)( chà

ch 2>2

swà
Fi )(

sm )( ch 2-2,chI¿ srà
Srv )(
Fi )(

2L 2>

21 r4-2

sa 1-Iå Sa t-tå
sm )(

ch 24 ch l_';_2
sw à s" )i-à

Fi )(

Residua I chà ch)( ch)( chà ch )( ch )(_å
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APPENDIX TABLE A (CONTINUED)

ocEober Catch

T¡ea Êmen t

IfFo IfI'oD FFr FFo FFrD FFoD

Color

Overall
Impre s sÍon

InitiaI

ìla st i ca t ion

Re s idua I

2à2\

LL

L,

t+L4

2'
I

L2

¿

S¡a2 Sm2 Sal Sat
Sal Sal

th l? ch 1¿ ch 1å ch 1_1à
sw )( sw )( s'.¡ )( s, ji
so )( Fi )( so å'

Li )(

ch 1à
LiI

24

r-rà

saà

2¿-3

1t-1'2

Sa 1- 1-!

ch2
sw )(-å
Li )á

ch )(

t\ ]-rz

2

L-ù

Sn 2-24 Sm
Sa 1-1à Sa

ch 1-1å ch
Srv ) ( Srq

Bi )(

Lí4
ch )(

sm -Ì
ch )(

sm )(-à
ch )(

ch )( ch )( s*å ch)(ch)( sml

January CaÈch

Trea tmen t
MFr ìflìo MFrD IfFoD FFr FFrD FFoD

Color

Overa I I
Impre ssion

fnitial

MasL ica t ion

Residual

t-t,

2-24

sa 1-1|

¿a

,',-'

Sa l!¿

ch 2-24
Srs )(

11,LA ,1,L'2

)L

Sa là

ch 2z
s' )(

ch )(

2+

LL-z

Sa l|

2

L4'z

Sa 1|

Sol
ch 1à
sw )(.

ch4

r+

Sa 1| sa l-ll¡ Sa I-l.r¿

1 L-)
)(
)(

: )(

)(

2

1
)(

)(
)(

ch2 ch2
Sç')( Sr+ )(so)( Fiå

soà
ri )(

ch )( c)r )(
Fi )( Fi )(

Ch

Sw
Fi
L¿

ch

ch2
s* )(
so )(

Ch

Fi
Sm

Fi
ch

ch )( clì )(
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APPENDIX TABLE A (CONTINUED)

IlFo IIFrD ìlFoD FFr f¡o FFrD FFoD

Color

Overall
Irnpre s s ion

IniËia I

MasËicaËion

Residual

24-s

2L.

sa 1-lå

ch2
S¡v )(
Li )(

ch )(

2+-3

2

Sal

2-2L

2

2

2-24

Sa LLz

r+

r4-z 22-z

2

SaI

L\-z 2

Lr-2 Lle

Sa 1-1à

ch
So
Sm

Fi

l" t¿

s'à
ch r2-2
Srv )(
Fi )(

ch
Srv

So
¡r

ch2 sm)( ch
Sw )( Ch tl Srv
Li )( sw )( so

ch
So
Sw

L+
t1

)(

TL

)(
'l ¡/

2

)(

)(

L+

)(
)(
)(

Sa 1-1å Sa I-1à

ch )( ch
Fi

Fi )( ch )( ch )(ch )( )(
)(

Trea tmetì È

March CaÈch

Tre a tmen t
If Fr IIFrD IIFoD FFo FFrD FFoD

.Color

Overa 1 I
lnpression

lni tia I

Mastication ch 1-1à Ch 2-Zlt
sw )( s' )(
LÍ1 Li)(

2+

L-L4

Sal

24

¿

Sa lå

J

Sal

24

Sal

2¿

LL-z

Sal

2

Sal

r.r+

Sal

s't
ch 1-it,
so )(.

..'tL :i

2

t2-z

Sa 1-1|

th? ch2 ch2 ch2
srv I sw )( sw )( s;; i(

Li )â S o )(
so )( sm )(

ch
Sv¡

Srn

So
ra

Fi
Ife

tl-

)(
)(
)(
)(

)(
t,
2

Re s idua I Li )( ch )( ch ,á chå ch )( ch )(
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APPENDIX TABLE A (CONTINUED)

AprÍl Catch

Trea tmenÈ

ìl Fo ÞlFoD FFr FFrD ¡fou

Color

Overa I I
lmpre s si on

Ini tia I

Ma sËicaÈion

Re si dua I

2z ch 21
ä s' )(-å

Cu à-1
Irq ]¡- 1

so )(
ch Lz-z
sw )(

24-t 21-3

2-ùz 2-2.te

1-rå sa lå

ch2
Srv )(
Fi )(

L4

Sa 1å

ch rz-2
Sr¿ )(
sm )(
FíZ
ùo4

Fi )(
ch )(

a

2+-3

Sa1

¿1

âl- â42- r

4t- ¡L2- J

2-2L

ch2
Srv )(
Fi )(

Sa 1l¡ Sa I-l| Sa I Sa

1l-1-tâL

2+

âl-a'2

r+

ch2
sw )(
Fi )(

Sa1

ch2
Srv )(
Bi )(

ch
Sw

ch ) (--Ì ch )(-à ch )( ch )( ch )( ch )(-à ch )(

May Catch

Trea tment

I'lFr lf Fo MFrD If Fc¡D FFr FFrD FFoD

Color

Overal I
Impression

Tni t.ia I

lfasticacion

'L

Sal

ch 2-2);
Srq )(
Li )(

chå

24 24

2-21

Sal

al, a¿2- J

+

Sa l-1à

nl,L'2

I ôl-L- ¿-2

Sa I-1|

ch 2-2):
sn')(
¡]- .r\

ch )(

22-3 2-22

14-z

Sa r-1|

s*å
ch rz-2

S¡v )(
Fí4

ch')(
Fi )(

2)¿-3

) -tL

SaI

24

Sal

L2-2

Sal

ch 2-21 ch 1å-2
Srv )( Srq )(
Lí )á Li )(

Fi 2'

ch )( ch )(

Fí lá

ch2
Svr l¡

sw )(

ch )(
Fi )(

ch
c.,

So
Li

Ch

ch2
s\{ )(
soå

11.
,)
./(
)(
)(

)(Re s idua I ch )(
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APPENDIX TABLE A (CONTINUED)

June, 1970 Catch

Trea tmcn t
If Fr IlFo lfFrD If FoD ¡¡r FFo f r,rlJ FFoD

Color

Overa I I
Inpression

Initial

ìla st icat i on

Re sidua I

:_2-24 24

2 ,-)\

Sa là sa 1à Sa t;¿ Sa 1_Ià Sa

24-3 2-2Lz 2\

2'21 z t

L-I'1 Sa 1-1|

2

L2-z

24-s

24

l.-L|' sa

ch 2-2, ch 2_2]i ch rL_2
_src )( sw )( s, j(Lí )a so )( Fi i(Fi )( Li )(

Ch 2-21¿ Ch 2
Srv )( sw )(
Fi )( so )(

Li )(

ch )( ch )(

ch
Sw

Sm
Li

2

)(
)(
,(

ch 2z
sw )(
Bi )(
so )(

ch )(

sa 1-1|

ch r1-2
sw )(
soà

.!'r lf¿
ch )(
Fi )(

ch )( ch )( ch )( ch )(

4Þ¡:Cy¡¿trolS

Sw - Srveet
So - Sour
Sa - Salt

Each profile
panelisËs.

Bit te r
Chickeny
FÍshy

Smoky
Metallic
Livcry

Mo
Cu

¡i
ch
¡a

composite from discuss,Íoh :of

Mou Idy
Cucumbcr- 1 ike

judgements by 4

Sm

Me
Li

l_s a
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APPENDIX TABLE B

TEXTURE PROFILES

June,196J

lrea tmenÈs
Parame ters

MFr l-lFo I'lFrD MFoD FFr FFo FFrD FFoD

Flakiness

Texture Overall
Impression

Hardness

RaEe of Moist.ure
Re lease

lendency Èo FelE

Amount of ÞloisEure
Re lea se

Oiliness

Mealiness

2-24

2

11á

L4L4

Lla-2

+ 24

t4Lz

I

L)¿-2

L-L4

2-
tá-

r4

L,

I
2\

I

2-22
I

L 2 2_2U

L 4-t 4-t

)¿ )(-4
Lr]-

¿

1-rà

4-t

I

z

I - lL

)(

1

I

)(

I

4

L+.

)(

11

\

L

)(
Ju ly

Treâ Èmen È s

MFo MFrD I'lFoD FFr FFo FFrD FFoD

Flakiness

Texture Overall
ïmpression

Hardness

Rate of Moisture
Re lea se

Tendency to Felt

.AmounL of ìfoisture
Re lea se

Oiliness

ùfealiness

2,24
ô l-a'2 2à

Ilz-2

2

LLr-2

2-22

L4-2
¿4

2+

I

)(

1

LL

4

-2 2t1 2-2tt 24

-1 2 t4 r

4-t
r-tz 4

tL ,LL2

LZ

4-i )(_2
r 4-t

4-t 4-t

)(-2 4-t

+

L4

4

t(

L
'2

)(

I

1

L2

Èt
L4

l-lLz

)(-4
2-t

0

4-t

rl.
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A?PENDIX TABLE B (CONTINUED)

August

TrcacmenÈs
Parane te rs

IlFr ìf Fo IIFrD l.lFoD FFr FFo FFrD Ft'oD

Fl akine s s

TexLure Overall
Trnpre s sion

lla rdne ss

Rate of l.foist.ure
Re lease

2L
17-L2

24

2z

24

r1

2'z-l 2Z 2

l_ Lle-2 1

)( o-)( )(
L ,-t ,2

t4-z

+-
)

2

14-z

2

LL-z

)(

1

I

í
'2

2-24

z

2t

L-L4

2-2t¿

1L

2

14-2

2)¿ -

¿

1

1

I

)(

1

0

Ià

Tendency to Felt

Amount of ìfoiscu¡e
Release

Oiliness

lle aI ine s s

0

L-Tà

I .1

)()()(

I

)(-L
September

Trea trnen È s

IfFr Ì'f Fo IJFrD IIFoD FFr FFo FFrD FFoll

F1 akine s s

Text.ure Overall
Impre ssion

Hardne s s

Rate of ìloisture
Re lea se

Tendency t.o FelE

.Amount of ìfoisture
Re lcase

Oiliness

Mealiness

L+

2 - 
,2U.

Là-2,

t4

2

L]¿-2

al,L2

Là-z

L1

rlz2z
a1,a'z

nLt+

3 rZ LZ L4-z 2

l2rLt

1 1_

Lte f,

0

1

)( o

L4 1

2z

3

L-14
2L

1

0

I

4

+

)( )(

ITU

0-
1-

\

)(

L-t

)(

l-2-

1

t-
2

)(

¡-
'z

0 - )(

0

r-Lz

I
a

)(-4
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APPENDIX TA3LE B (CONTINUED)

October

TreaÈmcnts
Para¡¡e Ëers

ìlFr MFo MF¡D Ì( It^h FFr FFo FFrD FFoD

Fl akine ss

TexÈuxe overall
Impre ssion

.rHardness

Rate of }loisÈure
Re lease

Tendeucy'

Amount of
Re lea se

Oiliness

lfeali¡ress

co Felt

Moisture

L+
al-L2rL21L¿

23
L4 )(

L)(
1 )( - ä

2u

t-Lz
LL-z

2 L1 -zLteL4

L4

Di

1

LZ

L4

L,;

0

1

z

L2

o )( o-
L L.-L T-

t

1

4-t

1

4-t

\-t
t

.o

r-! - ?

'2

)(

0

1

)(

14

)()()(
0

January

Trca tmen Es

lfFr UFo IfFrD IÍFoD FFr FFo FFrD FFoD

Flakiness

îexLure Overall
Impre ss ion

Hardness

Rate of }foisture
Re lea se

Tendency

AmounL of
Re lea se

Oiliness

Ifea I iness

Èo Felt

¡loi s ture

1,al-42L42),al-L4 a1-L'2

Lta-2

24-3

2

L2

2 LL.

2

rà

L-tL 1l

I]¿-2 2

)(

I

)(

I

0

L4

z

L4

)(

1

4 à-t

)(

2

'l - lL

0 - )(

1

1

L

0 - )(
I

\-t

)(

)(

I

4-t

)(

\

4-t

LL L'z-z
tL4

)()(
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APPENDIX TABLE B (CONTINUED)

February

Treatment s
Parame ters

MFr MFo I'f FrD IJFo.D FFr FFo FFrD FFoD

Fl akine s s

Texture Or,'eral1
Lrnpression

Hardness

RaEe of l4oisture
Release

2

l-1à ù

ru

L-L4

Lr.-2

T-T4

L,

Lu

22

-22

1à

2-2¿

J

4-t

2

t)-L'2

2+

4-t

1

LL

)(

Lz

o

4-t

24

1

)(

1

)(

I

a

I

)(

I
44
L 1-t

Tendcncy

Amount. of
Release

Oiliness

llealiness

to Felt )(

lfoisture I

lå)()(

4-t

)( )(
I'larch

Trea Lmen Ls

I'lFr I'JFo If FrD IIFoD EÈ- FFo ¡¡rI) FFoD

F1 akine s s

TexËurc or'eraIl
Impression

Ha rdne s s

RaÈe of }fo'isUure
Re lease

*-z 24 LL-z | 2_2rz2z

24

2)z

t4

L-lLz

L4

t4

2 2 t'_i
L+ i-Ià L4

_, o )( 2

ù t L-L4 I

o

r+

.¿4

2-2U

I

rz-2

lL.-2

2

L-L\

I-t

L+

I

)(

I
)(

1

t1

)(

4

Lz

1L

I
'2

I

Tendency

Amount of
Release

0iliness

l.lea 1 Í¡rc s s

Lo Felt

l.lo i s Èurc

)( )(

I

)( - ,,)()(-+ L-t )(
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APPENDIX TABLE B (CONTINUED)

April

TrcaÈmcnÈs
ParameËers

IlFr ilFo I'IFrD IfFoD FFr FFo f .t'tu FDoD

F1 akine s s

Toxcure overall
ïmpres sion

Hardness

RaEe of MoisCure
Re Iea se

Tcndency to FelE

AmounC of }loisture
Re lea se

0iliness

llealiness

2]¿

2>,

tt

I

21

2ri 1

I

tL-z

4

2-2)¿

l-rà

r-ù
L4

)(

ù

2u

2à-s
I

0

L-I4

I

U

3

L-Ll,

2Z

2\

t4

)(

1-1¿

+

0

2L 2-2¿ 2-24

22

L+

)(

r+

L-t

1

4-t

)¿-L

)(

LZ

L
'2

0

L+

L2

t- )(
Juner 1970

Trea Èment s

IfFr MFo Þf FrI) ìfFoD FFo FFrD FFoD

Fl akíne s s

Texture Overall
Impression

Hardness

RaËe of I'loîsture
Re lea se

Tendency to Felt

AnounË of MoisÈure
Re lea se

0iliness

Mealiness

L+a7,L2

11,L\

t4

I

L4

2 t¿-z 3

L'Tb1
L4

I

L1 -z

LL

21 -s

¿

4

)(

'L

-22

¿4-J

¿

2-24
I

2-24
L+

2z

I

)(

4-t

4-t

t
a

Dt

I )(

1

I

I

4-t

'e't

)(

I

L
'z

u

)(

I

\

)(

-z
I

1

0

4-t

)(

Each profile is
panelists.

a composite from discussion of judgements by 4 _ 6
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APPEND]X TABLE C

FLAVOR HEDONIC SCORES BY MONTH AND TREATMENT(1)

Treatment sMonth of
Catch

MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, 1969

July

AugusË

September

October

January

February

March

Apri I

May

June, l97O

5.82 6.60

5 .62 6 "32

5 . 83 6.40

6.53 6.48

5.93 6.32

6.05 6.32

6. 10 6.47

6.32 6.13

6.65 5. 85

5.62 6.18

5.33 5. B0

5.38 5.52

5 "32 5.97

5.63 5.68

5.57 5.22

5.77 5"58

6.27 5.98

5.87 6.20

5.97 5.95

5.98 5.80

6. 13

5 .57

5.90

6 .4s

6.33

6. 13

6 "L7

6. 0B

6.72

6.28

6.75

5.83

6 .43

6.00

6 .4s

6.22

6.68

6 .37

6.62

6.50

5 .45 5 .92

5.27 5"03

5.65 5.13

5.37 5.08

5. 35 6. 13

5.20 5.72

6.47 6.20

5.93 5.45

6.18 6.27

5 .82 5.00

(1) Each value is the mean of 60

1 = Dislike extremely; 9 =

índividual judgemenËs where

Like extremely.
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APPENDTX TABLE D

TEXTUR.E HEDONTC SCORES BY MONTH AND TREATMENT( 1)

MonËh of
Catch

Treatments

MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, L969

July

August

September

Oc t,ober

January

February

March

Apri I

May

June, I970

6. l3

5. 60

5 .52

6.33

5.95

5.67

4.63

5 .87

6.37

5 .43

6.00

6.10

5.73

6.32

5 .83

6.52

6 .35

6 "63

6.4s

5.75

4.93

5 .47

5.32

5.90

5.50

5.82

5.75

5 .47

s .95

5 .38

5 .87

5.27

5. 85

5.72

s.77

5.58

6.20

5.92

6. 15

q o,)

5.92

6. 03

6.32

6. 13

s.63

5 .83

4.93

5.73

6.03

5 .53

6.52

5.83

b. Uð

6.38

6.18

q o,

5 .67

5.97

6. 03

5. 95

5.43 5.87

5.23 5.43

5 .88 5 .95

5.82 6.23

s.60 6 .02

5.22 5.67

5 .72 6.40

6. 13 6. 08

6.07 6,53

5 .73 5.38

(1) Each value Ís the mean of

I = Dislike extremely; g

60 individual judgements where

= Like extremely.
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FREE FLU]D CON]ENT OF

APPEND]X TABLE E

CANNED I^IHTTEFTSH BY MONTH AND TREATMENT(ML.)(T)

Trea tment sMonth of
Catch

MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, 1969

July

August

September

0ctober

January

February

March

April

May

June, I970

18. s

L5.4

15. B

2L.6

14.3

L7 .0

20.3

19.1

20.2

17 .2

11.6

11.1

12.3

L2.3

15 .0

15.4

l5"s

L5.7

10. 8

9.0

11.1

14.7

11.8

15.0

1? O

15"3

L7 .3

1t.s

7.9

9"7

t0"B

6.7

7.4

L2.2

8.3

13. B

rB.4

11. 4

13.1

19 .8

16.8

L8.7

2L.3

10 .)

20.0

L2.4

L2.9

11.1

14.4

L3.2

r4.0

17 .0

16.0

L6.3

10.6 LI.2

7.7 8.3

9.7 7.6

11.3 9.9

9.5 9 "3

I2.4 7.2

15 . 8 10.9

L6.9 8.6

L6.9 L2.9

(i ) Each value is Ëhe mean of readings on 5 cans of whÍtefish.
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EXPRESSIBLE FLUID CONTENT

APPENDTX TABLE F

OF CANNED I^]HITEFTSH BY MONTH AND IR-EATMENT(ML. ) 
(t )

TreatmenË s

Month of
Catch MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, L969

July

August

September

0ctober

Janûary

February

March

April

May

June, L97O

8.0

10"5

9.7

Q)

4.5

8.9

6.0

8.2

8.9

9.5

8.6

10. 0

LT.7

13 .3

10. 8

9.0

L2.L

13.9

10. 1

L7 .0

L3.6

LT.7

9.5

L4.L

L2.6

10. B

o/,

9"6

t2.8

9.8

L3.7

11.9

L0.2

9.6

r6.1

L4"T

13. B

9.6

13.4

L5.2

L6.2

15.0

t4.L

L2.8

9.0

13 .6

LL.9

8.5

7.5

8.0

6.L

9.4

Q)

7.8

11.6

12.B

14.4

16 .3

10.9

LL "4

L4,5

L2 "5

9"4

L4. s

9.6

11.1

L4.4 L2 "o

L5.2 L2"6

15.0 17 "9

11 .8 14.8

L2.B L2.5

8.5 L6 .3

11 " 0 L4.9

9 .2 15.0

I4.7 I4.4

LI.7 15 . I

8.5 L2.5

(1) Each value is the mean of readings on 5 cans of whítefish.
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TOTAL FLU]D CONTENT OF

AP?END]X TABLE G

CANNED I^TH]mFISH BY MONTH AND TREATMENT(ML. )(i)

Treatment s

Month of
Catch MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, L969

July

August

September

0cËober

January

February

March

Aprí1

May

June, L970

26 .5

?< o

25 .5

30" 8

18.8

,q o

26.3

a1 a

28. B

27.2

ZJ.J

24.4

23.L

2L.3

27.t

,o 2

25 .6

27 .4

20 "3

23.L

23.7

25 .5

2L.2

24.6

26.7

25.L

27 .5

2L.L

24.0

23.8

24.6

Ib.J

20. B

27.4

24.s

26.6

27 .4

25.0

25.0

¿Õ. J

24.3

26.7

29.5

28.6

31.6

2s.2

27 .3

27 .4

25.3

24.6

28.5

)oq

25.4

27 .4

25.0 23.2

22.9 20.9

24.7 25.5

23.L 24.7

22.3 2L.B

20 "9 23 .5

26.8 25.8

26.L 23 "6

25.4 25.4

(i) Each value is the mean of readings on 5 cans of whitefish.
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APPENDTX TABLE H

FORCE REQUTRED To SHEAR CANNED i^THTTEFTSH BY ITONTH AND TR¡ATIIENT(LB.)(l)

Treatments

Month of
Catch MFr MFo MFrD MFoD FFr FFo FFrD FFoD

June, L969

July

AugusË

September

October

January

February

March

April

May

June, L970

350 2t0

405 260

4L5 315

295 t75

225 I45

225 155

305 180

275 L65

315 200

230 165

260 i95

285 345

435 395

420 5to

255 2Bo

255 240

r95 245

225 285

185 265

29s 34s

255 295

290 245

IBO

2L0

250

165

110

L70

160

160

180

155

185

245

255

280

205

160

¿2)

195

185

230

200

180

280

315

380

240

200

170

345

185

¿¿5

190

280

260

295

365

205

195

240

230

190

225

L65

L70

(1) Each value is the mean of readings on 10 cans of whitefish.
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APPENDTX TABT,E I

GLOSSARY OF ABBREV]ATIONS

Treatments

MFr

MFo

MFrD

MFoD

FFr

FFo

FFrD

FFoD

Terms Used by profÍle panels

Flavor 0AI _ Flavor overall impression

Texture 0AT - Texture overall impression

RMR - Rate of moisture release

AMR - Amount of moisture release

- Male fish canned from fresh state

- Male fish frozen, thawed, then canned

- Male fish partially dried, then canned

- Male fish partially dried, Í.rozen, Ëhawed, then canned

- Female fish canned from fresh state

- Female fish frozen, thawed, then canned

- Female fish partially dried, then canned

- Female fish partially dried, frozen, Ëhawed, then canned




