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·During the pa"st fift·een ·y'ears the production of - froze~ ·fillets 
from such east coast fish as· had.dock and cod has shown tremendous 
expansion. More recently an even more phenomenal development has 
occurred with respect to the production of .frozen rose fish fillets. 
At the present time a total of over fifty million pounds of frozen 
fillets is being prepared annually from these three species. Du.r­
ing · a . s.~mi-lar period no comparable increase in the production of 
fr9_zeXl fille.ts from west coa:st fish has ta.ken place, the total out-
put of all species being only slightly over 350,000 pounds during 1940. 

- · · ~hoj :r.eason .- for this hug.Er difference are both economic and ~ech­
noiogie·al·f~ ~he ~higher price~·- which many west coast fish comman(i have 

.! nqt b.~en·. f.avorabie to the expansion of the packaged fisl;l busine8s and, 
- in a4~itioa; various difficulties of a teehnical nature ·heve hindered 
successful freezing of some of the more important species. The present 
report relates to some of these difficulties and ~ossible methods for 
o~ercoming them. 

SCOPE OF INVESTIGATION . . 
The investigation was undertaken initially as a ~reliminary sur-

vey to ~et.e,rmine changes occurring iii packaged fishery products when 
frozen Bll;d- sto.red ·untl:er conditions comparable with existing local com­
merc~al fa.ci"li.tieh . :Since, under· this circumstahce it would be imprac­
tical .to att_empt ·a .•study of to·o bro.ad ,sc·ope, the investigative work was 
limited to but foUl'"·:species of fish·:·. ·ai'lver ·salmon .COncorh,ynchua 
kisutch). pink salmon (Oncorhynchus gorbuscha), chum· salmon (Oncorhynchus 
keta), and cape 11 sole 11 (Eopsetta .1ordani). These species, on account of 
their price and re·lat!Y.e··avai·lable: supply, were -chosen as being among 
those most suitii.ble· fo.r ·!roz'en fillet· production, and besides, the writ­
ers. believed they ~uid iJ£f13r. typical technical problems for study. 

!/ Present ad.dress is Fishery Products Laboratory, Ketchikan, Alaska • 
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Attention was directed to observation$ which ~ould indicate 
the effect of pretreatment, rate of freezing ; storage temperature, 
and method of packaging on the general appearance of the frozen 
and cooked fillets, flavor of the cooked fish, drip in thawed fish, 
and rancidity of extracted oils. These ·factors have been found to 
be of impqrtance in the case qf other species of fro~en fish and 
hen~ --wete su~pected- of being ~~ importance in the present ·instance • 

• - • ·~ • ~ • • 4 • • • 

The observations were intended to form the basis for future 
studies of more detailed natuJ;'e, after the various problems had been 
evaluated. However, when the 'work was completed, a number of find­
ings seemed to be of sufficient importance to be of value to the com­
mercial fish f r eezer, and ' it was decided to pubiiah the results even 
though they do nqt represent a completed inv~stigation. 

• r .•··,,. 

EXPERIMENT.AL PROCEIXJP.E 

Fish were ·obtaintid from local wholesale dealers in as frem 
a state as possible, the fish usually being .not more than 24 hourd 
out of the water when rece·ived. ·=-· 

Fillets wer~ preparecf fn the accepted manner by regular skilled 
:fillet cutters and were ··tli'en transferred to the· laboratory for pre­
~imina:ry treatment anapaekaging. Some were inimer~ed for 20 seconds 
·in a l&,(, brine prepared ·'ftrbm a -pure grade of butter salt; others _were 
packaged untreated; · ·· · 

Freezing was accomplished by both a QUick and a slow process. 
A plate froster was used for the ~uick freezing, 2 hours in the 
froster being sufficient to completely freeze the fillets. Slow 
freezing was carried out in a conventional sharp freezer at about 
-200F. for 24 hours. 

". 

Fillets which were q\iick frozen were wrapPed· af~er free1ing, and 
those slow frozen wrapoed before freezing. M.o .. et samples we,.-e wrapped 
in a moisture-vapor-proof transparent paper. · 'rn bne· series a number 
of different wrappers weTe ·tried, including ia'te~ ·tu.bber ba&s, and in 
another experiment· some 11 sole" fillets were ·frb·~eh in .i( block and pro-
tected with an ic'e glaze. ·· · · 

The frozen fish were stored in a commerc"iai cpl d storage ware-
• • J 

house,· the temperature of which averaged about lOOF., and at the lab-
oratori in an ice cream storage caoinet, the temperature of which was 
adjusted to -50F. After 1-, 2-, 4-, and 5-month intervals, •amplee 
were with~rawn for examination. . 

,, 

The frozen fillets were first examined for any alteration in 
appearance. The fillet with wrapper removed was then weighed and 

2 
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. •. 
allowed "to thaw overnight in a closed container w~ich prevented loss 
through evaporation. The next d~ the e:r.cess moisture on the sur­
face of the . ~amples was removAd with blotting paper, the fillets re­
weighed, and th~ loss in weight was cal~ulated as dr~p. In all cases 
three fillets were used for samples and the average drip calculated. 

The thawed fillets, ··'l{rapped in parqbment paper_, were dooked by 
immersing in boiling water; The appe~rance, flavo~ 1 and texture of 
the cooked fish were then carefully noted. Finally, the fillets were 
ground and pressed in a ~draulic ?ress. The oil so obtained was 
test~d2tor ~ancidity by tas~ing .an~ by ~he peroxide method of Wheeler 
( 1932)-1 wi ~h slight modifications. .. . · 

One series, wrap'Oed bi d~.fferent met hods, ·was 'tfeighed ·a\ .nionthly 
intervafs to determine desic'ceitlon losses ~ · .A!l . inejcpensive grease-
proof paP.!=I ~ ~ .~w~~d ,v~~~~a?l~. -P.~tc~ent paper: ~d ~wo brands of 
transpa~en~ ,mqis~~re~v,apo'r-prc.df P8:P~r were used. I.~ the l~'t case, 
some SSill:ples were 'PUt in· cart1.l1oard cartons and sealed by a .commercial 
method. i*··a heat' seal~ng ma.chin~• The ot her papers were wrapped 
.around ~l;le fil~et ·~i thout li.l!line; a .cardboard carto~~ .~d were held in 
place in some casea ·by rubber ~ands, in others by a special sealing 
compound. 

The following alterations were observed during the cold storage 
of the frozen fillets: 

1. Alteration in color was of minor importance in the case of 
11 sole" 1 but drastic changes oc·curred with salmon. Pink se.lmon became 
yellow to grey in two months; chum salmon was badly discolored in six 
months; silver salmon showed ·some fading in six months but not nearly 
so m~h as the other salmon fillets. Definite fading could be ob­
served in the unthawed fillets Qut was much more pronounced af~~r cook-
ing, .especially in the case of the pink .salmon. -

2. Changes in flavor occurred wi~h .all species. The first change 
noted was a loss of the . no~al~ oqc1t1'ri~g flavors. A salt-fish flavor 
became quite pronounced after six ·months' storage in the case of 11 sole". 
~cid f'.lavors developed in the salmon, pi~ salmon becoming rancid in 
about two · ~onth~, and other off-flaV'"or~ forming simultaneously! Chum 
salmon remained relatively freSh for four months, but was rancid after 
six month~' storage. Silver salmon was stiil fairly fresh after six 
months, with only small amounts of ):ancidity. 

~/ Publications . referred to parenthetically by date are listed in 
the Literature Cited, p. 38. 
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. ?• .. The. te¥U:I:e of all samples became l .e.ss. fi:r;m :BD-d drip 
exuded upon tha:wing. . Texture was altered mu~ more in the 11 sole" 
fillets than .with any of the salmon samples •. 

The various .;factors studied were foood, §ci ):~ave the ·~ollo~ng 
effects on the storage life of the frozen fillets: 

1. Brine treatment reduced drip markedlY. j n the case of "sole" 
and to a less extent 

0

for the salmon .... :it also:'lla.d the bad effect of 
accelerating.the devel0pment of salt .fiSh .n~vor and odor in 11 sole11 

and of rancidity_ in salmon. -- · · 

2. Use of a low storage -temperature was beneficial in all 
cases. Drip was consistently lower in the fish held. at the low 
temperature, deyelopment of discoloration was minimized, end ran­
cidity and salt-fish flavors were reduced or were la~er in appearing. 

3. · Qµ.ick freezing reduced _ drip someWbat and improved the 
texture in:mediately after freez:\.ng. Upon subseauent storage the 
9enefits of qv.ick fre~:dng were less a-pparent. Some of the improve­
ment sometimes ascribed. to q¢ck fr~ezing ipay actually be dqe to 
improved packaging methods which are usually employed w~en fillets 
are g.irlck frozen. 

4. Satisfactory storage of the fillets was attained only when 
the fish were adequately protected against desiccation and oxi~ 
tion by means of.suitable moisture-vapor--or?of wra:poers. Freezing 
of fillets in blocks of ice gave SII¥lle pro~ection as long as the 
ice glaze remained intact. · .. 

. .. . .. ~ . 
EXPERIMENTAL RESULTS .. 

JraOZEN It SOLE" FILLErS 

Three types of changes were noted duriiig the storage of 
frozen "sole11 • These were (1) alteration in appearance, especially 
color; (2) µicre~e .i.n fo~ti~ of drip; and (3) develop~ent of 
abnormal flavor~ and_ odo~s. _ 

Cbapges in A:coearance 

. The brined and unbrined .fillets .a.iffe;red. ih- general appear-
.aµce during tpe' entire test period. The fol"!Der .. bad a ra'ther 
glossy surface and the latter a dull appearance. Also, the brined 
fillets had a very "slight ·blue-grey tint when compared. to' the 
rather white unbrined fish. The blue-grey color was barely suf-

. f.i.ci~nt -to be· ~ d.i.sa4vantage and was more than comoeneated for by 
the glossy "pellicle" associated; wi tp ~he brine tr~tment. 

4 
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As oxidcttiori occurred during storage .there was a slow darken­
ing of the streaks where the fillet~ were cut from the backbone. 
Whan the iillets.were fresh, and during the first month of stor­
age, these streaks were bright red in color, but after the second 
month, expecially in the case of fillets stored at the higher tem­
perature, thtf coior gradually began to tum brown, deepening in 
intensity wi:th ~urther storage. The brown color developed much 
more slowly at ~e0lower temperature and even after six months the 
fillets held at -5 F. were comparatively unchanged in this respect. 

Toward· the end of the storage period another abnormal color 
developed.. Although· 11sole11 are considered to be a non-oily fish, 
actually a stnall amount of oil· is present, and mch of this is 
concentrated· just beneath the skin. After six months' storage the 
color of this oil bad darkened:, giving· a yellow tinge to the sur­
face from 'Which the skin had been removed. The yellow color was 
·mµch more pronounced in the fillets held at the higher temperature, 
end in all instances this effect was intensified when the fish 
were cooked .. 

The fish Wra;pped. in a cheap grade of paper which was not 
moisture-vapor-proof desiccated rapidly at the surface. Even af'ter 
one month's ·storage .they were markedly dried. Also, the red streaks 
became brown mch sooner .than with the other samples, and the devel­
opment of the yellow color in the oil was greatly accelerated. 
These samples were so unsightly even after only two month's stor­
age as to be no longer salable. 

Formation of Drip 

Drip consists of water in which is dissolved protein and 
other nitrogenous substances together with various mineral aalts. 
Tpe chief opjection to drip lies in the appearance of the product 
~ich at on~e classifies it a.S frozen fish. In· addition, if the 
~ip is not.utilized, as is often the case, considerable nutritive 
substances ~e discarded. In' the freshly frozen fish the drip is 
a.nearly colorless, clear flul.d, but after several months' storage 
it is often clouccy, contains suspended protein or other material, 
and sometimes is distinctly yellow. The amount of drip from the 
thawed 11sole11 fillets varied from a minimum of a little over 1% 
in th9 freshly frozen fish to a maximum of nearly 10% in some of 
the samples after 6 months of storage. (Table 1.) 

Drip formation was markedly reduced by the preliminary brine 
dip. (Table 2.) In most instances the preliminary treatment 
caused a reduction of more than 5a.t., and in every case drip was 
less in the brined samples. The decrease was greatest immediately 
after freezing (a:verage 73%), but even after 6 months' storage 
there was 56% less drip in the brined samples. Of the 20 lo ts 
tested, an average decrease of 40% resulted. 
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TABLE l.~Average drip in frozen fillets.!./ 

rozen , Slow frozen 
Storage 
Time , ~....;...::~.,.-:.;,,::::;...:=::.-o-+-~~...:;:..;,~:::..:::~~~:.:..,..~~=::-:~-+-=~~-r:,~~~ 

"Sole 11 fillet$. 
.o 1.4 5.4 1.4 5.4 1.8 6.5 1.8 6.5 
l 2.4 7.1 1.4 3 .• 5 - .2.3 9 .1 2.0 5.3 
2 2. 7· 6.J 1.8 4.6· ' ·2.1 7.7 . 1..8 2.1 
4 . 2.9 7.5 1.3 4.2 3.9· 5.7 3.9 8.1 
6 . 4.6 7.1 1.7 5.1 3.9 . - 9.4 2.7 7.8 

Pink salmon fillets 

0 - - - - 0.6 1.5 0.6 1.5 
1 3.4 

,• 

5.4 4.2 5.4 - - - -
2 - - - - 3.9 5.6 1.7 4.3 
4 - - - - ~-9 ~-4 2.5 4.4 
5 - - I - - 3.3 4.9 J.3 5.0 
6 - - - I - · I 6.8 5·.5 3.8 5.3 I : 

' 
·Chum salmon fillets 

., 

0 - - - - 1.2 1.9 1.2 '· 1.9 
1 - - - - 2.0 · ~.8 l.J 1.3 
2 - - - -· 1.8 3.0 2.6 2 • .3 
4 - I - - - 2.8 .3 .8 1.3 ,3.6 
6 - I - ' - - ! 4.5 4 .3 3.5 I 3.2 

.Silver salmon fillets . ' 
0 0.45 1.8 0.45 1.8 I 1.8 ' 1.2 1.8 1.2 I 1 1.4 1.6 1.9 3.8 I 2.5 J .• l 1.9 2.8 
2 2.0 2.3 1.5 4.2 l 2.5 3:.o ,3.5 4.4 
4 .3.4 1.8 . 2.4 4.2 I 2.4 ' 4.2 3.4 .3.9 
6 4.7 .2.4 4.9 8.3 I 4.,3 4.4 1.7 5.8 

' 

1:./ Fach value in table ie an average of determinations 'on three fillets • 

... 

t • I ·~ . , 

. . 
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0 
1 
2 
4 
6 

0 
1 
2 
4 
5 
6 

0 
1 
2 
4 
6 

0 
1 
2 
4 
6 

I: 

74 
67 
57 

. 61 
35 

Reduction due to brini 

11Sole" fillets 
I 74 - - .-I 72 I 72 : - ., - I 

I 57 15 I 62 · 42 53 
60 I 13 14 33 1 21 

1 
I 69 67 I 52 55 I 44 

66 1 ;a , 65 63 28 I 

lJ . 1 
i4 . I 
3~ ! 

Pink salmon fillets 
. I 
i 

I 
I 
I 

60 
37 
30 
46 
33 

60 
22 
48 
43 
34 . 
28 

_-- l 
231/ i 
56 I 
14 I 

4~ I 
Chum salmon fillets 

42 
73 
301/ 
17 

0 
23 
19 

2 

Reduction due to auick freezi 

':8 
~/. 
~-' .26 
181/ 

I :i9 ! 17 I l 33 22 

I 6~ ~ht I 
I 37 24 i 

17 
38 

lli!./ 
48 
35 

; - YT I 37 I - . - . - I - - - - i -
I - :8 o I - - I 35 54 - - - -I - 4o ii!./ - - I 44 23 - - - I -
I - I 26 I 64 - I - I 53 - 5 - - - I -

- . 51/ l 91/ - . - I 22 26 I - - - I -
Silver salmon fillets 

75 ' I 75 
50 
64 
43 
41 

5011 I 
19 

501,/ 
32 
16 

- . 
261/ I -

1381/ 
s31/. 

1111} 
2461/ 

24 I 75 
48 
20 
421./ 

75 
16 
23 
57 
45 

50!/ I 

0 
5011 
~l/ 
32 

13 I 
13 
891/ I 
961/ I 

17 
43 
2 i 

13 
71 

I 

~ I 
41/ I 

401/ I 
471/ 
60 I 

10 
471/ 

7 
Ji!./ 91/ 

':8 
':8 

1901/ 
71/ 

261/ 

!/ Denotes increase rather than reduction in formation of drip. 
tJ 
°' ...... 
~ 
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Temperature of storage also influenced formation of drip • 
.Among 16 sets of samples examined, 14 lots showed a decrease in 
drip formation attributable to low storage teIIJ)erature, 1 lot 
showed no change. and 1 an increase. The quick frozen san:ples 
were affected more by subsequent storage at a low temperature 
(43% less drip) than the slow frozen sanples (19% less drip). 

Formation of drip was less consistently decreased by quick 
freezing than by the other treatments. Of 18 lots examined, 12 
showed less drip in the quick frozen fish. ; less drip in the slow 
frozen samples, and in 1 lot there was no difference. Immediately 
after freezing, the quick frozen samples had 23% less drip than the 
slow fro~en ones. but apon subsequent storage the difference be­
came less. The average reduction in drip forma.~ion caused by quick 
freezing for all the lots tested was only 11~. 

A few samples were wrapped in a cheap grease proof paper which 
was not moisture-vapor-proof. On account of the delzydration which 
had taken place these fish had considerably less drip than the 
o ·~hers. Other undesirable changes in these samples, however. pre­
clude surface desiccation as a means for reducing drip. 

Changes in Flavor and Odor 

Odor is sometimes more intense than flavor. yet there are 
types of flavors which do not have corresponding odors. In the 
discussion to follow, therefore, the ma.in emphasis will be placed 
on flavor with the implication that corresponding changes in odor 
IllE\Y accompany them. 

The flavor of all (cooked) SSlI!Ples wa.3 unaltered after 1 month's 
storage. After 2 months the fillets at 10 F. showed a slight de­
velopment of off-flavors. The fish bad a faint bitter or acrid 
taste and a very slight salt-fish flavor which was more noticeable 
in the case of the brined samples. The salt-fish flavor in the 
samples stored at the higher temperature increased upon further 
storage, the brined fillets al~s having the stronger flavor, 
until after 6 months this flavor was quite -pronounced. 

The samples stored at the lower temperature retained their 
fresh flavor longer, the unbrined sample being still fresh after 
six months. The brined fish held at this temperature first showed 
indication of the salt-fish flavor at four months' storage. (Table3.) 

11Salt-fish flavor" is difficult to describe, being the flavor 
typical of salt cod. It also uomewhat resembles certain types of 
rancidity, and since it usually is more pronounced in the oily 
l~er of flesh next to the skin, it appears likely that oxidation 
of the oil is associated in its development. 

s 
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TAl3LE 3.--Flavor of frozen sole fillets 

Flavor 
Storage 
time -5° F. st or Me +10° F. st or~ 

Months Brined tTnbrined Brined Unbrined 

0 good good good good 

l good . good good good 

2 good good Slight salt-fish Very slight salt-fish 
1also bitter flavor 

4 Slight salt-fish good Salt-fish !Bitter flavor; slight 
salt-fish 

6 Salt-fish good Strong salt-fish Moderate salt-fish 

sl/ -- -- -- Very slight salt-fish 

l/ Fish frozen in block. 

FROZEN PINK SALMON FILLETS 

Changes similar to those noted in the frozen "sole" were observed 
for the pink salmon. In addition, a rapid development of rancidity 
occurred which was evaluated by both organoleptic and chemical tests. 
The changes in the pink salmon, however, developed mu.ch more rapidly 
so that the fish were nearly unsalable even after only two months 1 stor­
a&e• The pink salmon fillets were all slow frozen. 

Changes ill APJ?earanee 

The fillets receiving the preliminary brine dip developed the 
usual glossy pellicle, but this was not nearly so pronounced as was the 
case with the 11 sole 11 , and after several months' storage, the difference 
in the sheen of the brined and unbrined fish diminished until at the 
end of the series there was no perceptible difference. 

Alteration in the appearance of frozen pink salmon fillets occurs 
in both the pink muscle and in the dark muscle and associated oil, the 
latter being the more phenomenal. Two typ~s of change develop. First, 
there is an intensification in tho yellow pigments which tends to give 
a generally yellow appearance to the fish, and second, a deepening of 
the color of the dark muscle tissue. These changes are also accompan­
ied by an increase in the grey-blue hue on the surface from which the 
skin has been removed. The unnatural colors develop very rapidly, so 
that within a month or two very little of the normal pink color is evi­
dent on the surf ace. 

9 



Apparently the disappearance of the normal pink color is less 
a matter of its fading than of its being obscured by the intensi­
fication of the yellow pigments, although both changes occur. Upon 
prolonged storage the grey color becomes spotted with dark yellow 
to brovm patches, making a very unsightly product. On the basis 
of color alone the samples were unsalable after four months, and 
even after two months were decidedly altered in appearance. The 
change in color was most noticeable after the fish had been cooked, 
but the unthawed samples al.so showed decided discoloration. 

The samples which received the preliminary brine dip developed 
the yellow color slightly more rapidly than did the 1mbrined fil­
lets. On the other hand, the brined samples seemed to retain the 
normal pink color better· than the untreated. ones. Both of these 
effects were very slight, however. 

The fillets wrapped in the paper which was not moisture-vapor­
proof showed all the above described. changes to a much more marked 
extent, and they were evident after a shorter storage period. 

When the various samples were cooked the yellow color usually 
darkened to brown, especially after the fish had been stored for 
four months or longer, and at the same t:i.me much of the remaining 
pink color faded. Even the fish stored at the low temperature 
which had a mini.nrom of the yellow color, developed a rather intense 
brown when cooked. 

In most cases the skinned pink salmon fillets (average weight 
21 oz.) had been folded over lengthwise with the skin side on the 
outside of the fold, and then wrapped in the moisture proof paper 
which did not fit absolutely tightly over the surface. Each fil­
let also contained a small oblone identification tag consisting of 

176166 

a piece of cardboard cut from a filing index card. These tags fitted 
tightly against the fish. It was observed that the flesh directly 
beneath the cardboard was of the original pink hue, while the adja­
cent flesh was of a nondescript grey to yellow color with no evi­
dence of pink whatever. It was also noted that the fiesh on the 
inside of the fold where the ·fillet was turned over remained pink 
almost to the end of the series. It was only on the outer sur-
face that discoloration occurred. 

It is therefore evident that the intensification of the yellow 
pigment and later development of the brown color is due to an oxi­
dation by air, and furthermore, that even the extremely small amount 
of air contained within the sealed package is ample to. cause the 
extreme discoloration encountered. 

It was also noted that in a fem instances where the fillets 
were folded so as to have the skin side inside, considerably less 

10 
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discoloration resulted. It is apparent that the e=~ct procedure 
used in packaging the fillet:.s is of critical i.mportance in deter­
mining the storac;e life of the product, and future tests are planned 
to cover this point. 

Fo:-mati_E!! of Dr~ 

Drip is less of a problera with the pink salmon than with the 
11sole11 • Thus the maximum amount of drip found in any case was 6.S% 
after six months' storage, and in most instances much less. In 
general, the various treatments showed the smn.e trends as for the 
"sole". (Table 1.) 

· The preliminary brirring process invariably resulted in less 
drip, the averase decrease being 40~. (Table 2.) The l'laJd.mu.."Il ef­
fect due to the brine treatment occurred immediately after freez­
ing (60% reduction in drip) with a ste2.dy decline jn the difference 
between brined and unbrined samples with increasing stora5e time, 
until after 6 months the brined sample had 28% less drip. 

Storaae at a low tenperature also reduced the formation of 
drip, but to a much less extent. Of nine lots of fish examined, 
six stored at the low temperature had less drip, one had more drip, 
and two showed no difference. 'rhe averace reduction in drip forma­
tion when the fillets were stored at the low tenperature amounted 
to only 15%. 

Fish wrapped in the cheap "paper which was not moisture proof 
had very little drip, but in these cases as vrl.th the 11 sole11 , other 
changes in appearance and flavor of the fish stored in this way 
were so extrE!l"le as to eliminate the advisability of penni tting sur­
face desiccation as a method of reducing drip. 

Changes in Flavor and ~ 

After one month 1 s storaae the principal change in flavor was 
a lack of the normal salmon flavor rather than the presence of 
undesirable off-flavors. The fillets stored at the higher tempera­
ture were especially tasteless. The sanples which had received 
the preliminary brine treatment had a very slight degree of ran­
cidity which was somewhat nore pronounced in the case of the fil­
lets at the higher temperature. All samples also had a slight salt­
fish navor. 

After two months' storage off-flavors bei;an to become pro­
nounced. The samples which had been brined were definitely though 
not eA-tremely rancid and all samples had a pronounced aromatic 
navor and odor resembling amyl alcohol. Since this odor resembled 
that of the compound used in sealing the packages originally, it 

11 
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is possible that this is the source of the odor. After four months' 
storage all fish were definitely rancid and with further storage 
the rancidity increased to an extreme degree completely overshadow-­
ing any othe>.r flavors. 

Ranciditz 

The degree of rancidity was followed by means of peroxide 
values determined on oil extracted from the cooked fish. Peroxide 
values varied from 2.6 in the fresh fish to a maximum of nearly 20 
after 6 months' storage (Table 4.) In experiments of this kind a 
small increase in peroxide value indicates a larger increase in 
rancid navor than would be the case with a quantity of stored 
oil. This is true because not all of the oil in the flesh is 
oxidized to such a large extent as that at the surface of the fil­
let. Actually, we can suppose that when the oil near the surface 
(and hence with ready access to air) is quite rancid,, that near the 
center of the fillet it is still r;la.tively fresh. The small amount 
of rancid oil at the surface, however, is sufficient to iP-ve the 
entire fillet a rancid flavor. Thus a peroxide value of 20 in this 
case corresponds to an extreme degree of rancidity. Peroxide 
values up to 5 indicate a fresh to slight degree of rancidity and 
values of about 10 correspond to definite rancidity. 

The preliminary brine treatnent caused an increase in peroxide 
value averaging about 19%. (Table 5.) An increase was observed 
for 10 of the 11 lots examined, the eleventh lot showing a slightly 
higher peroxide value for the unbrined fish. This increase in 
peroxide value is paralleled by increase in rancid flavor and is 
in agreement wit~ other findings (Banks,, 1938). 

The samples stored at the lower temperature had lower peroxide 
values in 8 out of 9 lots tested, averaging 19% less. Again,, as 
vr.lth brine treatment, the peroxide values ran parallel to organo­
leptic rancidity. 

FROZEN CHUM SALMW FILLETS 

The chum salmon fillets developed changes upon storage similar 
to those occurring in pink salmon,, but at a considerably slower 
rate. 

Changes in Appearance 

The brined samples had the customary pellicle surface con­
trasted to the dull appearanca of the untreated fillets. The dif­
ference in sheen between treated and untreated fillets decreased 
somewhat with storage but a definite difference was still apparent 
even after six months. 
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TABLE 4.~Development of rancidity in frozen salmon fillets 

Peroxide value 
Storage lOOF. stor;:taoe -50F. storaee 

time Brined Unbrined Brined Unbrined 
Months Value!./ Value!/ i vaiuel/ vaiwd/ 

Pink salmon fillets 

0 2.6 2.7 I 206 2.7 
1 9.2 4.2 4.6 3.1 
2 17.2 13.6 I 10.8 10.5 
4 20.8 17.6 12.4 9.0 
5 19.6 14.3 l 13.4 12.0 
6 16.2 - 18.9 20.0 

Chum salmon fillets 

0 3.4 1.6 3.4 1.6 
1 2.1 1.8 1.5 1.7 
2 5.0 3.1 

I 
1.8 1.0 

4 5.5 - 3.5 3.5 
6 18.7 11.3 9.4 6.4 

Silver salmon fillets 

0 1.4 1.4 I 1.4 1.4 
1 2.0 2.1 1.5 1.9 
2 4.6 3.6 3.6 2.8 
4 5.6 4.7 3.6 2.9 
6 10.5 7.2 4.6 5.0 

1./ Milliequivalents of peroxide per kilogram of oil. 

' 
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TABLE 5.-Effect of test conditions on development· of rancidity 

in frozen salmon fillets 

Cha.nee in eroxide value 
Increase due to Iecrease due to 

Storage 
tizm 

Months 

0 
1 
2 
4 
5 
6 

0 
1 
2 
4 
6 

0 
l 
2 
4 
6 

I 
I 

I 

4 
12 
26 
18 
.37 
-

112 
14 
61 
-

66 

-
5 

28 
19 
46 

l / Ienotes decrease. 
2 / Denotes increase. 

brin· lower stor e te • 
-50 F. 
stor e 

Pink salmon fillets 

4 
48 

.3 
.38 
12 
51/ 

Chum salmon fillets 

112 I 
12!. I 
80 ' 

0 
47 

Silver salmon fillets 

-
2Jl./ 
'CJ 

v I a! 

14 

Brined Unbrined 

- -
50 26 
.37 2.3 
40 49 
.32 16 
17.2/ -

- -
'CJ 6 
64 68 
36 -
50 4.3 

- -
25 10 
Z' 22 
36 .)8 
56 I .31 



Detection of changes in the color of the chum salmon series 
was rendered difficult by the wide variation in the depth of the 
original pink color of the flesh of thor.e fish which ranged from 
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a very light orange-pink to a fairly deep pinl~ color. It was neces­
sary to compare the shade of pink at the surface of these fillets 
with the color of the flesh at t he cent er. Wherever any altera­
tion in color occurred, it was most pronounced at the surface and 
either entirely unaltered, or at least at a minimum, at the center 
of the fillet. By comparing t he color ~t the surface with that 
within the fillet, it was possible to follow any changes occurring 
in the color in spite of the lack of uniformity among the original 
unfrozen fish. 

Since the chum fillets were all slow frozen and were fairly 
large (average weight 1-3/4 lb.), the texture after freezing and 
thawing was somewhat soft with evidence of ice crystals at the 
center. The color showed no per ~eptible alteration at the end of 
the first month of storage. Aft ~r two months the samples stored 
at the high temperat1lre had develop9d a decided off-yellow shade 
which was mixed with the normal pink color. The latter, however, 
had. faded somewhat to an orange shade. These fish appeared a salmon­
orange hue with an overlying network effect of the yellow color. 
The samples at the low temperature showed but little change from 
their original color. The unbrined fish had only a very slight 
fading of the pink color t~ orange and no trace of yellow, while 
the brined fillets were orange-pink with some slight patches of 
yellow and they were definitely of a poorer color. These changes 
were all evident before thawing and were intensified considerably 
by cooking. 

After four months' storage the appearance of the s~mples was 
similar to that after two months, but with an increase in the amount 
of yellow color, especially in the samples held at +lQOF. The sam­
ples at the lower temperature were still almost normal in color, 
and there was less difference between the brined and unbrined sam­
ples, both showing some fading and a small amount of yellow color. 

After six months there was a very pronounced difference in 
color between the fish at the low and at the high storage temperatures. 
The former were ·still close to the color of the fresh fish with 
very little difference in color betwe~n the surface and center of 
the fillet. The fish held at the high temperature were completely 
yellow at the surface with no evidence of pink color whatever. 
The difference in color at this stage was the greatest encountered 
in any samples examined. No diff~rence was perceptible between 
brined and unbrined fish. 
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Formation of Drip 

Drip, as with p1nk salmon, was a relatively minor problem 
varying from an average value of 1.5% in the freshly frozen fillet& 
to an average of 3.~ after 6 months' storage (Table 1). 

The preliminary brine treatment was relatively unimportant 
in influencing the formation of drip (Table 2). In the 9 lots of 
fillets examined• 5 of the brined samples and 3 of the unbrined 
had less drip~ and in 1 lot there was no difference. Immediately 
after freezing the brined samples had 36% leas drip, but this dif­
ference decreased with prolonged storage ao that the overall aver­
age reduction in drip formation brought about by the brining 
treatment was only 18%. The samples held at the high storage .tem­
perature were benefited the moat by the brine treatment, showing 
a 25% reduction in drip as com~ared with 16~ for the samples held 
at the lower temperature. 

The use of low storage temperature (Table 2) was somewhat 
more successful in reducing drip formation than was brine treat­
ment. In eight of the nine lots tested, drip was less for the 
fillets held at the low temperature, while in the ninth series 
the reverse was true. The average for all the · testa made showed 
the samples held at -5°F. to have an average of 22'% lesa drip than 
those at +10°F •• with the brined samples having the greatest re­
duction in drip (27% compared to 17% for the unbrined samples. 

Changes in Flavor and Odor 

The flavor of the cooked fish after 1 month of storage, so 
f~r as could be judged. was identical with that of the fresh fish. 
After 2 months the unbrined fish held at the low temperature were 
still perfectly fresh. Even the oil directly under the skin showed 
no trace of rancidity. The brined saorole stored at -5°F. had a very 
slightly rancid flavor. especially in the oil under the skin. ~oth 
the brined and unbrined samples held at the high temperature had a 
small but quite definite degree of rancidity. After 4 months' stor­
age the flavors remained much the same. The samples at the low 
temperature still were relatively free of rancid flavors, but some 
of the normal salmon flavor seemed to be lacking. 

After 6 months' storage a very large difference in flavor 
existed between the fish at -5°F. and +10°F. The former samples 
were still free of rancidity except in the oil just under the skin 
where definite though not pronounced rancidity was evident. The 
fish stored at +10°F. were quite definitely rancid throughout the 
main portions of the flesh. The discolored yellow portion at the 
surf ace and the oil beneath the akin were extremely rancid. 
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Rancidity 

Peroxide values correlated quite well with organoleptic ran­
cidity. The values increas6d from a miuimum of 1.6 in th~ freshly 
frozen fish to a maximum cf over 18 aft er 6 months' storage (Table 4). 
The brined samples ~uite ccn~iatently h~d higher peroxide values 
which averaged 46% higher than the unbrined ones. (Table 5.) The 
peroxide value of all 9 loto tested w~s lower in the samples held 
at the low storage temperature and the values averaged 4cp less. 

FROZEN SILVER SAIMON FILLETS 

Changes in the frozen silver salmon were less ~renounced than 
in the case of either of the species previously discussed. Color 
faded, drip developed~ and ran~i~ity and off-flavors increased 
with storage time. but the rate ~as so slow thet the samples were 
still in fair condition after six months. 

Changes in Appearance 

The usual glossy pellicle was present in the brined samples 
and also to a lesser extent in the untreated ones. The glossy 
appearance was retained with very little decrease throughout the 
storage period. 

With increasing storage time, the normal red color turned to 
an orange shade. At the end of six months' storage~ none of the 
samples which had received the ordinary treatment and was wrapped 
in a good moisture-vapor-proof wrapper had altered to more than a 
red-orange color~ and in most instances much of this alteration did 
not appear until after the fish had been cooked. The samples stored 
at the low temperature were the least altered, being of a bright 
red color with a few orange patches. Those at the higher tempera­
ture were of a uniform orange-red shade. Ro difference in color 
could be detected between sam-oles which had been brined and those 
which had not, or between quick and slow frozen samples. 

Formation of nrip 

Drip increased from an average of l.3i just after freezing to 
an average of only 4.6% after 6 months• storage (Table 1). This 
was a much smaller change than with the othar species. With such 
a small range of drip content it is not surprising that the effect 
of the various treatments was less significant. Thus the brining 
process showed an overall average decrease in drip formation of 
only 19% and in 3 of the 18 lots tested the brined samples had 
more drip than the untreated ones (Table 2). 
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Reduction ih storage temperature had no consistent effect on 
drip formation. In ten cases drip lvas higher at the low tempera­
ture and in six cases it was lower. Likewise the rate of freez­
ing did not show any regular influence on drip formation. In 
eleven cases the formation of drip was reduced by quick freezing 
and in seven cases it was increased, with one lot showing no dif­
ference (Table 2). 

Changes in Flavor and Odor 

Very little alteration i n flavor occurred even after six months' 
storage. Samples held at the low storage temperature had a fresh 
flavor which would scarcely be distinguished from that of the fresh 
unfrozen fish, except for an extremely slight aftertaste. The sam­
ples held at the higher storage temperature had a slight degree 
of rancidity after six months' storage, but these fish were still 
perfectly edible. No difference in flavor could be detected be­
tween brine and unbrined fish, or between quick and slow frozen 
samples. 

Rancidity 

The development of rancidity was followed by means of perox­
ide value determinations. Peroxide values were found for all sam­
ples but average values for the quick and slow frozen fish only 
are shown in the table (Table 4), since no appreciable ci:j.fference 
can occur in rancidity due to freezing rate. In the case of silver 
salmon where differences in flavor are ver<J slight, the determina­
tion of peroxide number is of especial value in showing slight 
differences in the development of rancidity caused by the different 
treatments. 

Brining caused a small increase in rancidity (Table 5). Five 
out of ei ght lots tested had higher peroxide values for the brined 
samples, and the average increase in peroxide value of the brined 
over the unbrined fish was 15%. 

Low storage temperature was a very definite factor tn reduc­
ing peroxide ntunber and rancidity in the stored fillets. In all 
lots examined the fish at the low storage temperature had the 
lowest peroxide values and the reduction caused by this factor 
amounted to an average of JO%. 

SPECIAL PACKAGING EXPI!RIMENTS 

In conjunction with the foregoins tests a somewhat more ex­
tensive set of experiments was conducted with silver salmon to 
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determine further data on packaging methods. Samples were pack-
aged in four types of virappers: (1) rubber la~ex baGs, (2) moisture­
vapor-proof wrappers (two brands), (3) parchment paper (not 
moisture-vapor-proof), ( 4) grease·-r·roof butcher paper. The pack­
ages were sealed in various ways, including heat sealinr for (1) 
and (2) above, use of a speci.:tl adhesive for (2), use of rubber 
bands to hold "Wrappers in pl~ce for (2), (3), and (4), and use 
of a large overlap of paper but no other sealing for (J) and (4). 
The samples in the rubber bags were sea1 ed in a vacuum, but the 
vacuum did not remain for long owing to small snags from handling 
developing in the rubber. 

In general, no difference v:as observed within a single type 
of wrapper caused by sealing methods. Accordingly results for 
each type of wrapper have been averaged, and are presented in 
Table 6. In 6 months' storage th:3 samples in the rubher bags lost 
no weight and those in the moisture-v.?.l:>" ir-proof wrappers only O.~. 
The other wrap!,)ers allowed considerable l oss in weight (3. ~, 2.7~) 
and the surface of the samples show·ed considerable sign of freezer 
burn, beina covered with l>hite frost and having a coarse, !loney­
comb appearance. The sarnpl'3s which were i\Tapped in the rnoisture­
vapor-proof wrappers, although losing very little weight, actually 
had more desiccation than the fieures indicat:J. The transparent 
wrappers did not cling closely to the surf ace of the fish, a con­
siderable air space being left. ~Ti thin this air space, quite a 
large amount of frost formed, giving a slight but definite dehy­
dration ·which caused some fading of color. Dehydration vd.thin the 
wrapper is increased by fluctuation in storage temperature, as 
well as by large air spaces. The samples within the rubber latex 
bags had a minimum of frost within the container. Where tJ1e rub­
ber fitted tightly against the fish no frost was visible, while 
at the ends where some air space was left, small amounts were 
formed. Drip vras slightly less in the 111ore desiccated samples, but 
the improvement in drip was slight compared with the other altera­
tions in these samples. 

The color of the samples within the rubber latex bags closely 
resembled that of the fresh fish. Vil1ere small snags had developed, 
a strictly local discoloration occurred, and in the vicinity of air 
pockets some fading was observed, but these diflcolorations were 
small and on the whole the color was excellent. The samples wrapped 
in the moisture-vapor-proof wrappers had faded slightl,y to an orange­
red color, the discoloration being fairly unifonn over the entire 
surface. The samples in the other wrappers showed marked discolora­
tion to a yellow color. 

None of the samples had a very bad flavor. They ranged from 
a nearly fresh one with only faint traces of rancidity in the case 
of the samples in the rubber bags to a definite though not at all 
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Packaging method 
·-

Latex rubber bag 

Moisture-vapor-proof 
transparent wrappers 

Parchment paper; not 
moisture-vapor-proof 

Grease proof butcher 
paper, not moisture-
vapor-proof 

TABLE 6.--Effect of packaging method on alteration in frozen silver salmon 

Alteration after 6 months' storage!/ 

·- - - · --·-.. - ·- · --
Total loss 
due to de-

Loss in hydration 
Color Flavor weight Drip and drip 

% % d 
,a 

Same as original fish 
except for discolora-

Nearly same as fresh fish. 
Very slight rancidity 

o.o 2.2 2.2 

tion at air pockets 

Slight orange llearly same as fresh fish. 0.4 3.0 3.4 
discoloration Slight rancidity 

Marked fading to Slightly rancid 3.4 1.5 4.9 
orange-yellow • 

Marked fading to I Definitely rancid 2.7 1 .. 7 4.4 
orange-yellow 

I 

!/ Storage temperature l0°F. 

Peroxide 
value 

6.9 

?.9 

8.0 

12.0 

~ 
~ 
°' 
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extreme degree of rancidity for the sampl es in the grease-proof 
butcher paper. Peroxide values conformed with organoleptic ran­
cidity ranging from 6.9 for the sampl es in the rubber latex hags 
to 12.0 for those in the cheapest 'vrappers. 

Future tests are planned in which an outer protecting wrapper 
will be added to the rubber bags to prevent developnent of small 
snags. These snags not only cause some local discoloration beneath 
but also cause a loss of vacuum. If a vacuum could be maintained 
within the bag throughout the storage period, rancl.di t y should be 
almost completely inhibited and the sliGht discoloration adjacent 
to air pockets eliminated. · 

Another method .of minimizing undesirabl e ch?nges is to pack-
age the fish so that.it coMplet el y fills the container, l eavine; a 
minimum of air space. '£his can r eadily be att.ained when the fish 
are quick frozen in semirigid containers under pressure. YJhen the 
fish is cut to fit the container properly, freezing under pressure 
forces it into all the corners, flush •vi.th the top of the container, 
leaving no space for frost to accumulate or f or air to oxidize the 
oil or pigment to produce rancidity or discoloration. One lot of 
silver salmon frozen in this way showed much l ess rancidity or dis­
coloration than other fillets 1mich had a srna.:P. air space left within 
the package. 

GfilffilAL IJISCUSSION 

EFI<'ECT OF &am: mF.ATI· ~UT 

The preliminary brine treatment was very effective in minimiz­
ing drip in 11sole 11 and also enhanced th€' appearance of the fillets. 
On the other hand, it was definitely detrimental in accelerat.inG 
the development of rancid and salt-fish odors and flavors. Since 
salt has no odor the cievelopment of more pronounced so-called salt­
fish odors and flavors in brined11sole11 fillets cannot be attributed 
to the salt per se; but rather to its contributing to change in the 
treated fillets. 

These results suggest the need for further experiments to try 
to devise a way in which the beneficial effects of the brine dip 
can be utilized without encountering .the. acceleration of off-flavors. 
Future experiments are contemplated t ·o. study the effect of varying 
the concentration of brine and the time which the fillets are dipped 
in the brine. other experim~nts using different grades of salt of 
higher purity and different chemical salts may also prove of value. 

The brine treatment reduced drip somewhat in the salmon fil­
lets but since drip is not a serious problem with these fish, the 
advantage of the slight decrease was more than off set by the ten­
dency for the treated samples to dev~lop rancid flavors more rapidly 
than was the case with the untreated fish. 
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EFFECT OF RATE OF FREEZING 

Immediately after the fillets had been frozen and thawed 
there was a definite difference between the quick and slow frozen 
samples, the former being scarcely different from fresh fish, 
while the latter were of a softer texture which was fairly notice­
able when the cooked fish were eaten. Upon subsequent storage at 
+100F. and -5°F. this difference diminished ranidly and after two 
months little difference could be distinguished between the quick 
and slow frozen fish after they had been cooked. The quick frozen 
fish, especially the 11 eole 11 , had somewhat less drip throughout the 
run, but even this difference was but slight after prolonged stor­
age. Little if any difference in color, odor, or flavor could be 
distinguished at ~ point during storage between the quick and 
slow frozen samples. 

EFFECT OF STORAGE TllMPERATURE 

The two storage temperatures used in these experiments, +lQOF, 
and -5oF., probably represent the upper and lower extremities which 
are commonly used in the average cold storage houses for storing 
fish. The results obtained indicate that the lower temnerature, 
-5°F., gives a far better product in every respect, especially after 
prolonged storage. The lower stor88e temperature is especially help­
ful in retaining the normal fish flavor and in minimizing the devel­
opment of rancid and salt-fish flavors. The use of the low temperature 
also materially aids in preventing drastic discoloration, and the 
products stored at this temperature had definitely less drip through­
out the tests than had those stored at the higher temperature. 

EFFECT OF PACKAGING METHODS 

The samples wrapned in the moisture-vapor-proof wrapper showed 
no signs of desiccation even after six months' stor88e• When paper 
which was not moisture-vapor-proof was employed the fillets lost 
considerable moisture from the surface even within one month of 
freezing, and this resulted in a dry, tasteless, 11 woody11 fish when 
it was cooked and eaten. After further storage, oxidation led to 
considerable discoloration, and both salt-fish and definite rancid 
flavors were soon evident. 

Use of the paper which was not moisture-vapor-proof was to 
furnish an extreme contrast in order to determine the maximum 
changes that might occur if the fish had the minimum of wrapping 
protection. It was not expected that such a wrapper would ever 
be used commercially. Actually, a com'Promise wrapper might be 
selected, one costing less than the very efficient but expensive 
transparent moisture-vapor-proof wrapper. With such wrappers hav­
ing intermediate characteristics with respect to resistance to 
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pass~ge of moistU:,re, vayo~, and_ air, these changes would develop 
much more slowly. Further test s may be included in futtire studies 
to investigate this:; qua st ion. · 

Some n s'olei< fillets were frozen in blocks arid protected by an 
ice glaze, as·~~ . practiced extensively in the Pacific ~orthwest. 
As long as a tnick, unbroken ice_ glaze remained on the. surface, 
excellent protec~ion was afford~d, ·but unless the glaze was renewed 
by frequent spr~ing, the fish ~t . the outside of the ~lock became 
exposed or even if a thin layer of ice remained, the outer fillets 
showed considerable darkening i11 color and development of 11 off­
flavors. u The fish at . . the c;ente~ . of th.e .block were always of ex­
cellent color, odor, and· flavor• They were sometimes, however, of 
~~ther porous texttll"e, .soft, ~ow~d consi~~rable drip, and large 
ic~ crystals ,could, be seen :1n ~he fresh_~ Thi .~· is pr~b-~~g "'ac:­
counted, for by · the ·e~~-emefy, ~lo.w rate . _tjf "fr~ezilig "".h!ch re·sulted 

, at. the centeI: _ oell.auae ot the thlckness of "the block of fish. . ,. . · .. ..; ,. ,. / . . . 
I~ ... j . . ~ ... 

.. 
. · coMP4IsoN O]' KEEPING !iUALITY · o:F:' DIFFERENT ·sPEOIES · · 

• • I 0 • .,1 

Aft~r 6 mo"nthst storage at +100F • . untreated, siow r'ro.zen 11 sole" 
samples had nearly twice as much dr:i:p as the· various· species of 
salmo.n (Table 7~"! .In .all .o~her respect".~olor, fl~vor, and perox­
ide V,alue...:...the pink s~lmon were by far the ~orst, and the silver 
sW.mon the . l:!est. · - · · · · · · 

' The keeping _qudi i ty .of .th$ chum salmon differed ~rom that· of 
-the, .ot)leJ Bp,Elc·ia ~ in tha~ ~qes~ .fish k~~ i1:l · fairly · go_od cori?-ition 
for f9ur ~on~~s :and then . ~~4enly, .sometime between the fourth and 
sixth !~onths, repid17 deteriorated. · · 

!lo ,., ' °' : -, • • . , I 0 t 

TA:BLE ?.--Comparison of deterioration in various SP.ecies of fish 
. . ' · · ' : fille"ts· after six ·months' · storage!/ . . . ~ ·. 

'Snecies Driu' 
~~ • I 

. 
"Solelt .• ., 9.4 

• . . 
• 

Pink salmon 5.0 
Si~ver saimon .4.4 

Chum salmon 4.3 

Color· 

Some yellow di,acolor.ation 

Extreme diecol9ration 
.. 

Some fa~ing of red co~or 

Qon.sid9rabl9. dfscolora ... 
tion, 

~ . 

Flavo~ - · Ranciditv 

• • 1 

Co;n.siderable 
salt-fish 
flavor 
Very . rancid. 
Slightly 
rancJ d 
i)efini t ~l.y 
rancid 

Peroxide 
' value 

·17.5 

'" 5. 8 

11.3 

1/ All fish were untreated, slow frozen, end stored at +10°F. 
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From the results obtained, the maximum storage life for the 
various apecies is indicated to be ·as fallows: 

SI?ecies at -10°F..:. .at -5°F. 

Pink salmon · · 
Chum salmon 
"Sole" 
Silver salmon· 

1 month 
4 months" 
4 months 
6 months 

•1 

2 months 
over 6 months 
6 months 
over 6 ioonths 

- PBOBLEMS lroR FUTURE INVESTIGATION 
. . . 

As indicated in the introduction, this report was undertaken 
with a view of learning the various problems encountered in the 
freezing of the species studied and to obtain some indication as 
to bow these problems might be solved. The most serious changes 
observed during the experimental work invmlved changes in color 
and flavor. It is believed that both of these types of change are 
largely caused by atmospheric oxidation of the fish oils and pig­
ments, and hence the most . urgent -problem is · one of finding methods 
of minimizing this oxidation. 

Probably the most promising ·a:pproa.ch to. this problem is by 
means of improved packaging methods whereby less air is · left in 
contact with the packaged. fish. Several methods of accomplishing 
this are possible; · Two fille.ts might be packaged. together with 
the skin side out, thus exposing a minimum of surfac;:e. The use of 
a wrapper which would stick tightly to the flesh, avoiding any air 
space might also be of benefit. A third possibility is packaging 
under vacuum in a moisture and air proof container. Experiments 
are now being planned to test out these possibilities. 

The use of a low storage temperature was so uniformly suc­
cessful in minimizing deterioration that fur~her_ experiments will 
be tried. Possibly a combination of an improved packaging me.11.hod 
with the use of a low storage temperature would provide the solu­
tion to the problem of successfully storing pink sa.lnXln • 

.Another problem for future consideration is ·a more detailed 
study of the preliminary brine treatment. This treatment was 
highly successful in minimizing drip but caused the development 
of undesirable off-flavors. It !Dey' be possible to work out a 
treatment which will eliminate these undesirable features and 
still retain the. desired effect. It is also possible that the ad­
dition·· of certain antioxidants· or other chemicals to the brining 
solution would minimize rancidity formation and retard the de­
velopment of off-colors. Tests of this type are now being started 
and will be reported in a future paper. 
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