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SPECTROPHOTOMETRIC TECHNIQUES FOR THE EVALUATION
OF FROZEN PINK SALION

CHAPTER I
TITROBUCTION

Therse are five distinet gpecies of salmon (On-

L

corhynchus) in the Pacific Ocean and the rivers flowing

into it. John N. Cobb, formerly dean of the college of
fisheries at the University of Washington; 1ists them as
follows: (5) |

1. Oncorhynchus tschawytscha {(Walbaum). This

species is frequently classified by the trade as Tyee,
Quinnat, Chinook, Spring or King salmon.

2. Oncorhynchus nerke (Welbaum). The trade names

for this salmon are the Red, Sockeye, or Blueback salmon.
3. Oncorhynchus kisutch (Walbaum), This salmon

is often referred to as either the Silver, Coho, or
Medium Red salmori.
L. Oncorhynchus keta (Walbaum). This species is

referred to as the Chum or Dog salmon by the trads.
5. Oncorhynchus gorbuscha (Walbaum). The most

common designation for this species is Pink or Humpback
salmon.

Of these five species of Pacific salmon just



mentioned above, three species; viz., King or Chinook,
Silver or Coho and Fall or Chum; have been preserved by
freezing on a large soale in commercial practice.

' The summary and comparison of stocks of frozen
fishery products held on Decembsr 1; 1949, are as
follows: (8) |

: Pounds-
Species Salmon {December 1, 1949)
King or Chinook  hy540,97%
Silver or Coho 3E1E2§33ﬁép,

Fall or Chum - 1,702,01

Pink salmon {Oncorhynus gorbuscha), the £ifth
species of the Pacifie salman; is not generally frozen
¢ommerc¢ially. The freezing preservation of this speciss
has been limited bscause of development of discoloration
and rancidity of the frozea fish after comparatively
short storage perileds. If a successful method of storing
the fish in the frozsn state could be developed, it could
be preserved by freezing on & large seale with greater
consumerst demands in the market.

In an effort to prolong the storags period of
frozen pink salmpn; without any appreciabls changes in
color and flavor; pink salmon samples wereé prepared by
packaging them as fillets into different kinds of paper
cartons along with different treatments of some selected

and supposedly most effective antioxidants (Tabls I).
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Preservation of pink salmon by freezing hed been a
problem due to a rapid deterioration, but an equally im~
portant problem was to maaéure the extent of deterioration
by some suitable methods. Peroxzide value as an index of
oxidation of the fish has been used quite frequently.
Nevertheless, a neat,; rapid and simple method was desir-
ed to measurs accurately the deterioration of fish for
routine work in the freezing industries. Hencs, a
spectrophotometric method was employed inm this analysis
of frozen pink salmon. |

The objectivas in this investigation, then, are
twofold. First, to investigate the extent and naturs of
the spectral changes in the extracts of frozen pink
salmon, when tysated differently physicochemically under
supposedly-differeut conditions of oxidation, end second,
to develop a spectrophotometric msthod to estimate
quantibatively the degres of detverioration and its
corrésponding aiscoloraﬁion of some antioxidant treated
frozén pink salwmon fillets in successive periods of

storags .«



CHAPTER IIX
LITERATURE REVIEW

Estimation of bthe Qualivy of Fish

1., Orgenoleptic method: Organoleptic opinion of
an investigator 1ls always a‘physiOIOgical reaction which
is a result of past training, sxperience of the individ-
ual, infiusnce of personal preference and powers of
perception. Organoleptic methods are umiversally applisd
in estimating quality on the market and at the table for
consumers® preference purpogeé. The works of Mathers
(16) and Brock (3) should be referred to for further de-
tailed information of the use of this method in evalua-
tion of frozen pink salmon.

2., Bacteriological test: Bacteriological methods
may give & fairly good picture of the sanitary history
and handling of the product but a high bacterial count
does not always mean that the product is spoiled.

Hunter (1l1) stated that "attempts to correlate the
total count with the physical condition of the salmon
failed”. Others have come %0 similar conclusions.
Mnreovar; bacterial growth is checked to a great extent
in freazing conditions. Such mﬂthods; therefore, are

not widely used for evaluation of frozen fish.



3. Chemical tests:

&. Volatile acid and trimethylemine tests:
Friedemann (10) showed a chemical method for the deter-
mination of volatile acid as an index for different
stages of spoilage of fish. In 1937, Beatty and Gibbons
(1) observed that the incrsase in trimsthylamine in the
musecle of marine fishes runs closely parallel to the
dogree of decomposition end concluded that “trimethyla-
mine valus of fish musels fulfilis all the conditions
required of an seffective test for freshness”, .Later;
Sigurdsson (18) stated clearly; after a complete review
of most of the chemical tests used for the quality of
£ish at different tamparatures; that at temperatures be-~
low 09C. neither the volatile acids nor the trimethyla-
mine is an adequate test for the condition of the fish;
although both are reliable when the product is stored
at higher temperatures.

b, Bradley and Bailey (2) used the Folin
and Clocalteu (9) colorimetric determination of tyrosine
as a measure of the disintegration of fish muscle.
Sigurdsson (18) observed that at low temperatures;
especilally if there was a possibility that the fish
night have been stored at temperatures below 0°C or
frozen; tyrosine determination would be of considerable

value but a serious objection to use of this method



could be its incomsistent fluctustions in the resulis
reported thus far.
¢, Hydrogen sulfide is formed progressively
during putrefaction of meat and fish products, and its
use as an index of spoilage has been attempted, Sigurds-
son-{18) compared the validities of different chemical
methods and observed that hydrogen sulfide does give a
certain indication of the state of fish, but somstinmes
the changses in hydrogen sulfide, especially at low
temperatures, arse so small that it becomss difficult to
" gvaluate small chenges in fish analysis.
d. Peroxide valuss have been widely used as

an index of rancidity of oils and fatty tissves. 4
nunber of different procedures are available for making
such determinatliens, but Stansby (19) concluded that

“the results by different methods do

not always show good agresment, and

in using a given method, resulis aye

often not reliadble. At least with

the fish cils, preoision is often

poor, and points are vague, and

correlation between peroxide number

and organoleptic rancidity, so far,

has not bveen estvabliished™. '
Within a decade or s0, a considerable smount of work em
peroxide values has been done by many leéeading workers as
iea {13), Parr {22) and others, The necessary modifica-
tions in this method were being made from time to time.

The peroxide test still suffered certain limitations
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which could not be improved upom. However, further experi-
ments on frozen pink salmon for peroxide values were
carried on by Brock (3), this author and Mathers (16). A
faw definite improvements in the method wers made, The
method and procedure are well described by Brook (3).

L+ FPhysical tests: Stansby and Lewon (20) de-
vel@ped an @1e@trometrle mathod based on buffer cap@city
neasurement for detection of reletive frveshness of fish.
They observed serbain changes in buffer capacity of the
fish musele as docomposition procesds, Sidavay (17)
{1941) introduced a method based on refractive index of
the juice. OCharnley and Bolton (L) attempted to test
the quality of fish by fts firmness, but with fresh fish
none hasg met with success., Stansby and Dassow (21)
recorded the color changss in frozen pink salmon by the
use of photogrephic color transperencies and their
spsetral distribution curves were obtainad; using a
photoslectric spectrophotometer. TErrors due to varia-
tions in illumination during exposure and in processing
of the f£ilm are eliminated by tvaking pictures of objects
to be compared on the same negative. This method seems
%o be guite unigue and interesting. Dassow and
Stansby {6) further recorded and compared the color
| changess of freshly cut interior tissue with that of

surface tissue of frozen pink salmon. The method employed



for recording and evaluating the color of the flesh was
the same as descridbed above. In sach sample; they con-
sidered that the color changes were confined to the sur-
face of the fillet during the entirs storage period; and
the color of freshly cut surface closely approximated the
initial color of the fillet befors storags.

The use of surface pH as a measure of gpoilage is
deseribed by Dyer; et. al. (7). These workers emphasize
the importance of using samples from & thim layer of the
surface in detecting incipient spoilage of the fillets,
since all deteriorative changes beginm at the surface
long before they can be detected in the interior.

Spectroscopic Analyses in Rancidification of Lard and
yegestable Oils ' - ' -

Lundberg, et. al., {(15) conducted spectrophoto=-
metric measuremsnts on lard, which had been oxidized to
various degrees by exposure to air in an oven at 6300.
It was found that in the ulitra-violet regionm there
occurred incréases in the absorption of light that wers
approximately proportional to the peroxide values of
the sample, at least in the earlier stages of raneidifi-
cation.

Williams, et. al.; (24) studisd the absorpticn

spectra of chloroform solution of the crude, refined and



bleached 0ils of cotton ssed. They showed a correlation
between the inoreasse in bleach color and the absorption
spectra of the crude oils. The decrsase in the height
of the absorption band of the orude hydraulic-pressed
cile at 378 to 370 mm. with coneurrent incresasse in bleach
¢olor indicates that deterioration of the piegments in
the crude oils or thelr precursors in the seed is
responsible for the development of high bleached coloy
during storage of crude oil and seed. The term "bleach
color” is used to designate the residual color, in terms
of Lovibond red and ye&iQW'units, of en 0il which has
been alkali refined.
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CHAPTER III
EXPERIMENTAL PROCEDURES

&+ Preparation of the Extracts

About 120 to 150 g. of the freshly out interior
tissue (deeper then )} cm), of the pink salmon fillets were
cut into small cubes, on a clean surface with a stainless
steel knife. Tne<diced tissue was placed in a Waring
blender with about 175 ml. of chloroform and 45 g. of
sodiwn sulfate (anhydrous), and stirred for 40 seconds,
The mixture was trensferred to a sSmall screw~top glass
jar. It was kept in a zero degree freezer room for half
an hour to break an emulsion formed in mixing. Then, the
mizture of the tissue and chloroform wes squeezed tightly
through a fine piece of nylon c¢loth into a 250 ml.
Erlenmsyar-flask to get almost a clear extract of the
fish tissue. About 15 g. of sodium sulfate (anhydrous)
was added again to the extract and allowad to stand for
two hours in the dark to abgorb any moisture present in
it. Finally; the extract was filtered through the
filter paper by use of the Buchner funnel and water
guction pump into a clean 250 ml. conical flask., About
150 ml. of cxear;-and pink_éelmmed extract was obtained,

The extract from ¢ach sample of salmon fillet was
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obtained in this way.

From 150 ml. of extract of sach sample, one 10 ml.
aliguot was withdravm at once for o0il content determina=~
‘tion and the vest of it was used for further spectro~
photometric enalyses,

One 10 ml. aliguot was placed in & pr@vi@usly taréa
220 ml. Erienmsyer f£lash. The echloroform was eVaporéted
on a water bath without any uze of inert gas, and dyried
'fOr a few minutes (10 minutes) to a constant weight in an
oven at 100°¢ * 190, This weight of the oil was used
to determine the oil comcentration in the sxtract of the
semple as well as for the poroxide value determination and
for the puipose of dilution to be made in absorption

,aﬁalysis.

B. Controlled Oxidation Experiments in Vitro

The experiments were designed to estimate, in vitro,
the extent of oxidation and decomposition of the oil and
its associated pigments in the exﬁract; when treated phy-
sicochemically under different conditions. DModerate and
extreme chemical changes waré brought about and estimated
by their correspomnding spectral ¢hanges.,

The rest of the extract after determination of the
oil dontent, was diluted to a desired volume (in this case

200 ml.) for appropriate concentration (in this case
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1.68 g./100cc.) of oil in it, so that the optimum value
of optical desity(d) of the solution might be near the
range of 0.2 to 0.8, the begt range to0 be used without
any considerable loss of accuracy (1h).

In order to determine if the oil and pigment
changes were due to free 0y, were photochemical, or were
dus to thermal effects, the following ex@erim@nts; in
vitro, were carried out. From the diluted exﬁrac@; four
35-ml. portions were withdrawn to be treated differently
in the following ways:

1., The first control portion had no treatmsnt.

It was held at room temperature for the same
length of time as the rest of the portions.

2. Ozysen gas treatmsnt -~ The second portion of
the extract was refluxed in a 125 ml, Erlen-
meyer flask, on a water bath and a slow
stream of oxygen gas was bubbled through the
solution for 16 minntas; which seemed to be

~ a convenient lengbth of time.

3. Infra-red lamp treatment - The third portion
was refluxed in a 125.ml Erlenmeyer flask by
infra~red lamp (250 W; 120 v.); placed be~-
neath the flask also for 16 minutes,

ke Sunlight treatment - The fourth portion, in a
125 ml. conical flask; was placed outside and
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the flask was exposed to direct sunlight
for two hours.

After the above traatments; 5 ml. of each of the
treated portions were taken for absorption spectra
analyses.

The remaining 30 ml. of sach of the {reated por=-
tions was used for peroxids valuas; determined by the
modified Tarr's (22) methoed desecribed by Brock (3).

On the basis of observations of spectral changes,
in vitro; the chemical changes taking place, in situ,
in frozen fish; presumsbly at a very slow rate, were
astimated quantatively by absorption spectrun analysis.
It was decided %Yo compare the extent of deterioration
of the surfacs tissus with that of imterior tissue of
the frozen pink salmon., The freshly eut interior tissue
was assumed to be in the original fresh state, both in
color and condition of the flash.

Recently, Dagssow and Stansby (6) comparsd the
color differences between the surface and interior
tissues, assuming that alterations in color were con-
fined to the surface tissue and the color of the freshly

cut interior tissue was the same as before storage.
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Also, Sigurdssom, e¢t. al., (18) showsd by thres
chemical tsgts, {(trimethylamine value; tyrosine valus and
pH value), that the speilage changes begin at the surface
and prosced there at a much gréater rate than in the in-
tarior. In the lisht of this surfacs concept of spoilage
3% has been suggested that determination designed to de-
tect inciploent spoilage im Pish £illets should be basged
on the sample taken from the surface of the product rather
than on oross«gecbional segusnts as arg ordimarily employ-
ed for chemical analysis.

Hopce, extractions of the surface (1 cm. deep from
cuter surface) and interior tissues {(despey them 1 em.) of
the antioxidant treated ssmples were made as previously
deseribed in Chepter IIX, Section A, to get 35 ml. o 45
ml. of clear cxtracts, Absorption spectra analyses of
the extracts of both surface and interilor laysrs of each
sample were earried out. The difference of optiecal
density of two intericr and surface layers at their
maxima in each sample was obtain@d; which was evaluated
axbitrarily in terms of peyr cent optical density change
for measurement of the extént of deterioration taking
place in the surface tissus of frozen pimk salmon as
coppared to that of interior layer. In this way, values
of per cent optical densgity change of six duplicate anti-

oxidant treated samples of frozen pink salmon were
estimated (Table IIX).
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CHAPTER IV
RESULTS

A. Absorption Spectrum Analysis

Al) spectrophotometric measurements were made with
Beckman-quert¢z D.U. spectrophotometer, using fused silica
eells with en optical lisght path of 1.000 & 0.005 cm. The
slit width was 0.013 mm. $0 0.036 mm. Absorption spectrum
of cach sample was measured over the range 400 mu. to 570
mi. Qptical density readings were madse every 10 mu, The
concentration of the oil in all the extracts of the samples
was kept the sams. Absorption spectra curves of all four
differently treated portions of the extract of cach sample
in vitro; were then plotted against wavelengths on the
semi-logarithmic, 3 cycle paper. The highest maxima of
these curves were found to be at 490 mu. wavelength. The
gradual lowering of the maxima and changes in the shape
of the curves were observed. The chloroform extract of
the salmon tissue consists of mostly the fish oil and its
associated pigment. About the chemical nature of the
oi)l Lavern (12) states "that typical fish oils are the
penta and hexa ethylenic acid of 20 and 22 C atoms”.
Punison (23) pointed out that astacin and astaxanthin

are two ecaroctenoid pigments responsible for the colora-
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tion of many fishes. Thus, i% can be reliably stated that
the Tish o0il and its associated carotenocild pigments both
haeve polyenic molecular structures (possess a lergs number
of double bonds). Chemically, the two components of the
extract are very labile. Depenaing upon the conditions;
thers could be glow or rapid oxidaﬁion; decomposition and
polymeric changes of the original, long-chain, and
unsaturated molecules of ﬁh@ oil and its associated color
pignents in vitro and im situ as well., Under moderats
condivions, little changes havs %akeq place and in the
extreme cases severe changes have occurred. The spectral
changss are duse to chemical changes taking place in the
components of the extract of the tisgue of the fish. The
$otal optical density chamge, at 490 mu. wavelength, from
fresh state (control portion) to the extrems altersed

atate (supposedly completely oxidized state) was consider~
ed to be 100 per cent optical density chemge. The extract
of the fresh state tissué has the higﬁeat optical density
at 490 mﬁ. wavelsngth. Successive chgmical alterations

in the differsntly physicochemically treated portions of
the extrasct have taken place with the result that gradual
lowering of optical density was observed. Also, it was
considered that in the extremsly severe state thers would
ve zero optical density at 490 mu. wavelength. With the
view of 100 per cent optical density change in betwesn
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the two above mentioned states (fresh and extremsly
oxidized), the intermediary changes brought about in the
different portions of the extract of each of three samples
wers computed arbitrarily in terms of psr cent optical
density change to determine quanbtitatively the cztent of
deterioration occurring in differently treated portions
of the extract of three Aifferent seauples (Table II).

The same procedurée was followed in entioxidant
treated samples of frozen pink salmon. The two ab-
sorption curves of surface and interior $issus extracts
of cach sample were plotted on the semdﬁlogariﬁhmic,
two-cycle paper due to betier spreading of the @ﬁrveé‘
It could be plotted on thres~cycle paper as well,

Figure 3 shows a typlcal absorption curve of the sample
at,

Here the difference of optical density at the
maxime of two curves was estimated arbitrarily in terms
of per cent optical density ochange, considering 100 per
cent change taking place from fresh state to completely
eltered state,

Table I gives identity of frozen antioxidant
treated, pink calmon fillet samples stored for 200 days
at 0°C,
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B. Peroxide.valgg

After determination of the concentration of the
0il of each extract, a measured portion of the extrach
wa8 placed in 250 mi. eonieél flagk and titration was
carried out as in the method employed by Tarr {(22).

The amount of the oil by woight was kept comstant in all
semples. There was 0.2798 g. of the oil in each msasured
portion of the extract for determination of peroxids
valus. The method and procedure are well deseribed by
Broek {3).
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TABLE I

Identity of Frozen Antioxidant Treated Pink Salmon Fillet

Code

Semples Stored for 200 days at 0°C,

Fillets frozen in Canco container, dry.

Duplicate of AL,

FPillets plus water frozen in Canco,

Duplicate of BE,

Fillets plus 0.5% NDGA antioxidant solution frozen
in Cenco.

Duplicate of Ct,

Fillets plus 3.0% Na Cl solution frozen in Canco.

Duplicate of BL.

Fillets frozen in waxsed carton with waxed overvrap
after a 15-20 second dip in 0.5% Krim Ko Gel
plug) 3% ascorbic acid, plus Tuweens 81 (wetting
agent) in conc. of 0.001%.,

Duplicate of N,

Pillets frozen in waxed carton with waxed paper
ovexrwrap after a dip of 15«20 seconds in a
0.5% Krim Xo Gel and 0.5% NDGA solution., The
temperature of solution was L0«,5 degrees F.

Dupiicate of P,
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TABLE IT. Optical Dénsity, Per Cent Optical Density
Chenge and Peroxide Number of the Extracts
of Three Semples, in vitro, Storsd for 200

days ay 0°9C. |
| & x 100%
a a qd s
Semple Treated Optilcal Optical Por Cent Peroxide
Number Portions Density Density Optical Humbexr
at 490 differ- Density

my wave- ence change
length from '
control
e N portion e
1l a. conbrol @oll&b 0 ) 0 6038
b. oxygen-gas 0.113 0.001 0,88 6489
6. infra-rcd 0,102 0.012 10,52 8.2
d. sunlight 0.003 .  0.111 9735 105.0
2 a. control 06147 0 0 6.18
b . ng\ygﬁn‘*gag 0 . 1},@1 0 . 006 l&--o @8 8 o-:7
c. infra=red 0.091 0.056 38.1 17.25
3 a. oonbtrol 0,223 0 0 7eli5
b, oxysen-gas 0,217 0,004 1.82 12,90
¢y infrasrsd 0,194 0,027 12,20 10.30

» Computed arbitrarily from optical density measurement.
#x  ml. pof 002 N sodiuvmthiosulfate vequired/g. of oil.
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TABLE III. Optical Density, Per Cent Optical Density
Change and Peroxide Number of the Extracts
of Duplicate Antioxidant Treated Samples,
in vitro, Stored for 200 days a{ 0°C.

Sam@le# O@t%eal Opgi@al - a x 100* S

Cods  Demsity Demsity (& - at) ~ ¢ Peroxide
of of sur- Per Cent  Number
interior face Optical of sur~
tissus tissus Density faee
extract extract chenge tissue

Cab 490 mu.at 490 mu. e X~
| _ e tract
al 0.221 0:248 0.073 33.0 28,60
A2 0.211 0.142 0.069 32.6 1342
Average ¢ 32.8 2 21.01
B% 04296 04147 0.149 5043 22.3
B 0.391 00292 60099 2563 12 0 _
Average = 37.8 = 17.15
¢l 0.097 0.072 0.025 25,8 646
c? 0.221 0.097 012l 5642 Le56
Averege = 41.0 = 5.6
Bl 0.371 0.238 0.133 35.8 94l
B2 04362 0.247  0.1313 31.8 12.5
Average = 33.8 = 10.9
A3 0.172 0.104 0,068 39.6 636
N 0.283 0,217 0,066 234 6.68
’ Average =z 315 = 6.52
Pl 0.288 0.124 0.161, 56.8 15.63
PR 04247 0.173 0,074 2949 13.70
Average = b3.3 = 1k.66
ﬁ TABLE X.

st

Computed arbitrarily from optical density measure-

ments.,

ml. Of 002 I sodiumthiosulfate required/g. of oil.
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and average peroxide number af
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CHAPTER ¥
DISCUSSION

Figure 1 illustrates the typical absorption curves
of the physicochsmically treated portions of the extract
of the sample No. 1,

As chemical alteration finds its specific expres-
gion in the visivle region and also in certain parts of
ultra-violet region in spectrophotometric analysis;
diffserent absorption curves of differently treabed por~
tions of the-extracts; in vitro; engender the following
commentss

1. The first absorption curve (Figure 1) is of

the first control portion of the extract of the sample.
It has the highest absorption maximun at 490 md, Waye-
length. This absorption curve depiets the existing
chemical nature of the oil and its assoclated carotenoid
pigments in that specific condition.

2. Bffect of oxysmen gas troatment = The absorp-

tion curve of the second treated portion of the extract

is very slightly changed. Under such specific conditions,
there seems to be very little change. The change is

only 0.88 per cent, estimated arbitrarily by the
difference of maximum of optical density of this curve

from that of control < portion = curve at 490 mu. wave-
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length. The change in peroxide number wag also very
slight (Figure 1, Table II).
3. Effect of the infra-red lamp -~ The absorp-

tion curve of the third pordion of the extract has
changed & 1little more. The absorption maximum at 490 mu.
wavelength is much lower than the control portion, The
change in maxima between this curve and that of the
first ~ control - curve at 490 mu. wavelength is 10.52
per cent and 80 is the higher valus of peroxide number,
which was in this case 8.2 (Table II).

L. Bifect of sunlicht ~ The absorption curve of

the fourth portion of the extract of the same sample is
remarkably changed. The absorption peak is very low at
490 mu. wavelength. It is inseresting to note that a
severe chemical change in the extract and bleaching of
carotenoid pigments have taken place, The pink colored |
extract 18 almost white. The chenge in eoptical densi-
ties between this curve and that of first (control
portion) at their maxima; at 490 mu, wavelength, is
97.35 per cent, which is estimated arbitrarily from
optical Gensity measurements. Peroxide number is high-
eat ag compared to ether portions of the exbtract of ths
sample {Figure 1, Table 1I). Besides, when chloroform
was evaporated completely from this portion of the
extract, the oil was found to he gummy and quite plastic
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in nature. It had a very strong, repulsive odor. Pre=-
sumably, it was extromely rancid and oxidized as indicat-
ed by very high\perozide valus.

Tdentilcal experiments were carried out with two
other samples. The spectral changes were obsarved 6 be
in the sams manner. XPer cent optical density change
computed arbitrarily from optical density measuremsnts
at the mazxima at 490 mu. wavelength and peroxide number
of sach of the treated portions of the three samples
were recorded (Teble IX). It was found that thers was a
distinet trend of increass of per cent optical density
changs with successive increase of peroxide number in
the increasingly oxidized portions of the extracts of
all three samples, in vitro.

On the basis of preceding observations of thres
samplas; in vitro; the absorption curves of the intericr
and surface tissue extracts of all antioxidant treated
samples were obtained. Figure 3 shows typical absorp-
“tion curves of interior and surfacse tissue extracts of
sanple A+, similer curves could be plotted for all
other samples. Both interior and surface tissue ex-
tracts had the same concentration of oil. It was
accomplished by proper dilution. The ébsorptien mazine
of both curves in sech sample were observed to be at

490 mu. wavelength. The changes betwesn two curves -
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could be attributed to characteristic chemical changes of
the o0il and its associated pigments of frozen fish taking
placs, im situ, Difference between opticel densities of
the two curves at ¢thelir maxima in each sample was evalu-
ated arbitrarily in terms of per cent optical density
¢hange %o indicate the extent of deterioration taking
place in the surfaee'ﬁ&ssue as compared %o its imterior
tissue, which was suppessd to be rather in fresh end
original stats., For example; Pabls IIX, shews that
optical density difference between two laysrs of the
sampls At at their maxima was 0.073, which was converted
arbitrarily into the value of 33.0 per cent optical
density change. That is, chem&aal changes in the ax~
tract of surface tissue of this particular sample had
ocourrad ﬁB.Q per ceat in situ; as compared to that eof

. interior bissue in 200 days' storage period at 09G.

Thus, optiecal éeméity changes of gix antioxidant
troated semples were determined in duplicate amd the
optical dengity difference of the exterior and interier
layers of each sample was compubed in per cent optical
density change %o show the extent of detevioration btaking
place in the surface tissue of the fish. The average
values of per cenb optical density change of all dupli~
cate antioxzidant treated samplea‘were summarized in
Table IXI.:
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Poroxids numbers of the extract of surface tissue
of each antioxidant treated sample were also obtained.
In all differently amtioxidant treated samplesg, the rangs
of average per cent optical density changes of all
duplicate antioxidant treatad samples was found to be from
31.5 per cent ﬁo L3 .3 per cent in 200 days' storage period
at 0°C, The range of average peroxide number of the
surface tissue extract in all duplicate antioxidant treat-
ed samples was from 5.6 te 21.01,

Pigure L gives a comparative view of averags values
of per cent optical density change and peroxide number of
all duplicate antioxidant treated samples.
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CHAPTER VI
SUIRIARY AND CONCLUSIONS

The method is a new spectophotometyric mefhed for
the devermination of oxidative changes taking place in
frozen galmon f£illets.

Controlled oxidatvion @xperiménﬁs, in vitro; wers
carried out with chloroform éxtracts of three samples of
frozen pink salmon, whieh had been stored for a periocd of
200 days at 0°C. Different degress of changas wWere
brought about physicochemically im different aliquots of
the chloroform extracts. The opticel density - (4)
of each aliquot was measuréd at 490 nu. wavelensth.
Peroxide numbers of each aliguot were also obtained.

It was found that thers was a distinct trend of imecrease
of per cent optical density chaﬁge(gﬁ*gaégg') with
successive inarease of peroxide numbers in the increasing-
1y oxidized portions of the extracts of all the three
samples.,

On the basis of observations in the thres samples;
in vi%ro; the values of per cent optical density changes
of six duplicate antioxidant treated samples were obtain-
ed which had also been stored for 200 days at 0°CG. The
optical density (d) of the extracts of imterior and

surface tissues of each sample were obtained. The mexima
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of optical depsity of both inmterior and surface tissue
in cach sample were observed to be at L90 mu. wavelength
as previously. The optical density (d4) of the extract
of the interior tissuve was always higher than surface
tissus at L9Y90 mu., wavelength. As a result of the in-
vitro experiments, the o@ﬁical density of the completely
oxidized state of the extract of the sample was regerded
to be zero at 490 mu. wavelength. Difference of optical
density {e d) of interior tissue of any sample %0 26ro
optical density was considered arbitrarily to bs 100

per cent optical density change. Difference of optieal
densigies (o d) betwesen interior tissue to that of sure
fece tissue was thus computed arbitrarily into per cent
optieal density change to indicete the extent of
deterioration talking place in the surface tissue during
storass period of 200 days at 0°C.

The values of all duplicate antioxidant treated
samples were averaged, All antioxident treated samples
had the range from 31.5 t0 43.3 per cent optical density
chenge during 200 days’ storege period at 0°C. With this
in vi&w; it could be eoncluded that chemical changes
taking place im the surface tissuss of different anti-
oxidant treated samples have the range of 31.5 to 43,3
per cent as compared to their interior tissues which

wore assumed to be in original fresh state during
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storage period of 200 days. The mors oxidative changes
had taken place in the surface tissus during longer stor-
age period, the greater would be the value of per cent
}op%ical'dehsity change.,

For axample; in all antioxidant treated samples;
sample g which was frozen im canco container; dry, haé
undergone 32.8 per cent change. Other antioxidant
treated samples had slight veriations in their per cent
optioal density change from that of control sample A.
Sample N had lower value than sample A and others had
81lightly higher values than sample A. A&so; the aver«
age peroxide number of duplicate antioxidant treated
samples were shown by bar-graph (Figure 4). It was ob-
served that there were considerabls fluctuations in
peroxide number from one sample to another in all anti-
oxidant treated samples.

Based on the results of this investigation it may
be concluded thate: 1

1; On the basis of per cent optical density
change the extent of deterioration in the surface tissue
of the frozen pink salmor as compared to its interior
tissue could be es%imated.during the frozen periods. The
author belisves that more work needs to be dome to
validate the applicability of this method in frozen fish
industry.
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2. The highest valve of per cent optical density
change among all antioxidant treated samples was 43.3
in 200 days® storage period at 0°C. To what extent the
value of per cenbt optical density change for any frozen
pink salmon fillet would be acoepted or rejacﬁea; could
be determined further organolgptically.

3. The peroxide number of only surface tissue
extract of all duplicate antioxidant treated samples was
determined. This shows the outer surface condition in
200 days' stHorage period but not a comparative view with
regard to ite interior laysr as in the case of per cent
optical density change of a sample. Perhaps this might
be the cause of inconsistency of péroxide number in all
antioxidant treated samples. '

4. ‘The method is neat; simple, rapid; and in-
volves only a few determinations. Preparation and |
standardization of chemical solutions are not required.
No high dilution is necessery. The extract of the tlissue
should be clear.

The preeision of the method depends upon the method
of sampling and ¢the instrument itself. This spectro-
photometric technique could be used in routine analysis
work as the spectrophotometer is becoming very common in
meny places because of its versatile applications.

In fatty fish; like pink salmon, oxidation and



polymerization of the oil and its associated pigments
are most important chemical reactions taking place in
storagé period. The overall chemical changes, in situ
or in vitro; were svaluated by the use of the spectro«

photometeric method described im the foregoing pages.

35
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