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There are five Slstiaet speeie^ of salmon {0n» 

corhynclius) In the Pacifie Ocean and the rivers flowing 

into it. John M. Cobb, foraerlf dean of the college of 

fisheries at the TOhiversity of Washington* lists theta as 

foUowa; (5) 

*•'   Qhoorhynehua tsohat^rtsoha ^Walbaum)« This 

species Is frequently classified by the trade as Tyee, 

Quinnat, Chinookj Spring or King salmon. 

2, Oncorhynohus nerka (Walbausa). The trade names 

for this salmon are the Red* Soekeye, or Blaeback saliaon* 

3. 0ncorh3mohus kisutch (Walbama)* fhis salmon 

is often referred to as either the Silver* Coho* or 

ISadium led salmon. 

^* Qhoorhynehus keta '(Walbanm). ^hls species is 

referred to as the Chum or E>og saliaon by the trade* 

*•    OaoQ^yaohus gorbusoha (Walbaina) * The most 

common designation for this species is Fink or fiufflpbaok 

salmon. 

Of these five species of Pacific salmon Just 



lasntiomed above, three species, viz*, King or Chinook, 

Silver or Coho and Fall or Chum, have been preserved by 

freesijag on a large scale in coMaercial practice. 

fhe suaimary and coig>arison of stocks of frogsen 

fishery products held on December 1, 1949* are as 

follows; (8) 

Pounds• 
Species ..Salmon       iDeceiaber 1, 1949) 

Xing or Chinook 4,540,974 

Silver or Goho 4,474,443 

Fall or Chua 1^702^03^ 

Fink salmon. {Oacorhynus gorbuscha), the fifth 

species of the Pacific salmon, is not generally frozen 

conmercially. ^ha freezing preservation of this species 

has been limited because of development of discoloration 

and rancidity of the frozen fish after comparatively 

short storage periods* It  a successful aethod of storing 

the fish in the frozen state could be developed, it could 

be preserved by freezing on a large scale with greater 

eonsuaers* demands in the market. 

tn an effort to prolong the storage period of 

frozen pink salmon, xirithout any appreciable changes in 

color and flavor, pink salmon samples were prepared by 

packaging them as fillets into different kinds of paper 

cartons along with different treatments of sojoae selected 

and supposedly most effective antioxldants (Table I}* 



Freservatioa ©f pink saiaoa by freezing had bean a 

problem due to a rapid deterioration, but an equally im* 

portant problem was to aaasure the extent of deterioration 

by soiae suitable methods, pero&ide valu© as an index of 

OicidatiOK of the fish has been used .cLuite' frequently. 

HdVdrtlMldsSf a iEeat» rapid and Si^ie method was desir- 

ed to measure aoourateXy the deterioration of fish for 

routine work in the freezing industries. Hence, a 

©peotrophotoroetrio method was eng^Loyed in this analysis 

^of frozen piaM salaoa* 

fhe ofejeotivos in this investigation, then, are 

twofold. First, to investigate the sxtent and nature of 

the spectral changes in the ©xtraets of frozen pinfe 

salmon, when treated differently physiooeheaically under 

supposedly different conditions of oxidation, aad second, 

t© develop a speotrophotOiaetrio laethod to ©stimate 

tuantitaitiireiy the degre© of deterioration and its 

oorrgdpottdiag dlsooioration of some antiosddant treated 

frosen p.in& salmon fillets in auooesslvd periods of 

storage * 



OMPSEH II 

LrnsaRAsraaB HEVXEW 

Satimatlon of the  Quality of Wish 

1, Organoleptio aefchoa: Organoleptic opinion of 

aa investigator is aitnrays a p&ysioXogioal react ion whieli 

is a rdgt&t at past training^ «3perieac9 of tli© indicia- 

ual, iafXueae© of parstmax p.refei'eac© -and powers of 

poroeption. 0rgajiol©ptio oathoda ar®. \mlvorsaXXy appXi®i 

is estimating quality on tli© m&Fk®t  and at the tabX® for 

eoasiMers5 proferonoa purposes, Tim works of Maters 

(16) aad Brock (3) should M mterred to for further de- 

taiXdd Inforaation of the me  of this raothod in evaXua- 

tlon of tvQ%m pimls ©aimon. 

2. " Baeteri&XagioaX testj. BacterioXogiGaX methods 

my give a fairXy good picture of the sanitary history 

and handXing of the product hut a high bacterial count 

does not aXways iaean that the product is spoiled. 

Hunter (XX) stated that "attempts to correlate the 

totaX count with the physicaX condition of the saXsjon 

faiXed?'.. Others have come to aisiXar conoXusions* 

Koreoirer, bacterial grovjth 1$ checked to- a great extent 

in freezing conditions* Such raetho&s* therefore, are 

mot widely ussefi for evaluation of frozen fleh* 



3, Chemical tastsj 

a. folatiie aoid and trimeth/lafiiin© tests: 

Fyiadanann (10) showed a ohealcal method for th© deter- 

miaation of volatile aoid as an index for different 

staged of spoilage of fish. Ha 1937, Beattj and Gibbons 

(X) observed that th© increase in triaethylamin® in the 

wusele of iaarine fishes runs closely parallel to the 

degree of decomposition and concluded that "trimethyla- 

saiae value of fish ausel© fulfills all the conditions 

required of an effective teat for freshnessn.   later* 

Sigurdaaon (18) stated clearly, after a eoifrtete revleti? 

of aost of the CMaical tests used for the quality of 

fish at different teaperatures, that at tea^eratures be- 

low 00C, neither the volatile acids nor the trimethyla- 

joiae is an adequate test for the condition of the fish, 

although both are reliable when the product is stored 

at higher temperatures* 

be Bradley and Bailey (2) used the Folin 

and Ciocaiteu (9) colori^atrie determination of tyrosine 

m a Measure of the disintegration of fish jause&e. 

Sigurdsson (18), observed that at low temperatures, 

especially if there was a possibility that the fish 

might have been stored at tex^peratures below 000 or 

frozen, tyrosine determination would be of considerable 

value but a serious objection to use of this method 



ttould fea its isoonsidt^nt fluottsfttlouQ in tfee resiilti 

r^portod thus far* 

c*.   Hydrogen gtalfide is form®, progressiTsXy 

during putrefaetiost. of meat and fish produefc©* aad its 

us©'as an iad©3E of spoilage haa fe^en attested*   Sigurda- 

son'JlS) oo^ared the vaiiditis© of different aheiaieal 

.aethods and ohaerrod that hydrogea euXtlde doe© giv© a 

oertaia iadioation of the state of fish, bat sornQtiaes 

th© ohaag©s is hydrogea sulfid®, ©specially at low 

ten^eraturss# are so saali that it heeonss difficult to 

©iraluate snaXl ehaage^ is fish aiialysls* 

4.   Peroxid© Tallies have beest widely used' as 

am iiid®^ of ra2i0idity of oils aad fatty tissues.    A 

nuHiber of different procedures are available for aakiag 

such determiaatiens* but StahSby (19) -eoacluded that 
??th® results by differeat methods do- 
not ali»ays show good agreeaent, and 
t& usiifig a giiren method,, results are, 
often not reliable.    At least x?ith 
the fish oils, preoislofe is often 
poor, and points are vague, and 
correlation between peroxide nuaber 
and organoleptlo rancidity, so far, 
has not been established9'♦ 

Within a decade or so,, a considerable 'amount of work on 

peroxide values has been done by many leading workers as 

i*ea (13)t S'ar*' (ZZ) and other?.    The necessary aodlfica- 

tions In this method were being aade from time to time. 

$he peroxide test still suffered certain limitations 



vfeloh eovM not b© Imp^ow4 mpoEu   Eotseves^ further dSQpdrl- 

mats on frozen piak salmoa. for pe^oxid© 'TQluoe iir^r© 

oaa?ri0d oa fejr Brook (3)'* this author and Hatii©rs (16)*    A 

faw definite ittrovsmests in th* inethod war® raate*   the 

aethod and prooadure ar© well i@*.serib6i fej Brools (>)* 

4.   F^ysieal testa?'   Stansby aad Leaois <20) fifi*» 

^a^oped an ©Xaetrometri© matMoa hased ©n buffer eapacitj 

xaeaeureaidnt for detection of relative freshness of fish. 

fMf ©feserimd 'eertain eliaag^s ia buffer eapaeitj of the 

fiah suaole as iseoffi^ositioa ps'ooesds*    Sidavny (1?) 

{1941) Introdueed' a aethod baaed ok ^©fraotiT© index of 

the juiea*    Ghamley and Bolt on (4) atteapted to test 

the quality of fish by its firmest, but with fresh fish 

none hag met iirith sucooee.    stansby an$ Daflsow {21) 

recorded the color ehangea .in frozen pinls salaon by the 

use of photographlo oolor transparencies and their 

spectral distribution eurres tnere obtained, using a 

photosiQotrio spaotrophotonater*   Errors due to varia- 

tions in illuaination during e^oaur© and in processing 

of tho film are eliMsated by taking piotures of objects 

to b© collared on the earn© negative*    fhis method seems 

t© bs quite unique and Sateresting.    Dassow and 

Stansby {6} further recorded and ooapared the eolor 

changes of freshly cut interior tissue with that of 

surface tissue of frozen pink salmon.   Uhe aethod employed 
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for recording aad evaluating the qolor of tbe flesh xiraa 

the same as described atoove. to. each saopXe^ they eon- 

sidered that the color changes vj©re confined to the sur- 

face of the fillet during the entire storage period, and 

the color of freghly cut surface closely approsiaated the 

initial color of the fillet before storage. 

The us®.of eurfaee pE m  a aeasura of spoilage is 

described by Dyer, et. al. (7). fhese workers eiiphasize 

the izqportanee of using ssaaples from a thin layer of the 

surface in detecting incipient spoilage of the fillets, 

since all deteriorative changes begin at the surfaee 

long before they can be detected in the Interior. 

Spectrogcoplc Analyaes in Rancidifloation of Xard 
Veffltable^lls,       '  '   '" —" 

.and 

Lundberg, et. al., $15) conducted spectrophoto* 

isetric laeasureiients on lard* which had been oxidiaed to 

various degrees by esgjosure to air in an oven at 630C« 

It was found that in the ultra-violet region there 

occurred increases in the absorption of light that were 

approximately proportional to the peroxide values of 

the sanpjie, at least in the earlier stages of raneidifi- 

cation. 

Williams, et. al.,. (24)' studied the absorption 

spectra of chloroform solution of the crude, refined and 



ljl<iae&@& oils <dt Qottm seed,   fhef Bh&mA a oorrelatioa 

fegtm^a %te lao^eaae ia bleach, color and th® absof^tlon 

0P9.Gtra of tbft erud© oils,    fh© deo^easd in thd Jtdight 

of %M atjaorptioa band of th© orude liydsmulie^presg^d 

oils at 37t to 370 jam* with ooncnirrent incrsaa© in bleach 

£0103? indieatas that deterioration of th© pigments in 

the crude oils or their fr©curaors ia th© eeed is 

rosponslfel® for the d^valopasnt of high bleached color 

daring, storage of crude oil and seed*    fh© term "bleaoh 

color™ la used to deslgaat© ths resldtial color, in terms 

of Lovi^ond red and yellou units, of an oil which has 

b@en atoll refined* 
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OHAPSQSB ZXX 

A.   Pre-paratioi^.of the .Batgaots 

About 120 to 150 g* of t&e fr®®&if out S^teafioi* 

tlssu®  (deepej? than % oa), of tho pink salojoa fillets wey© 

out iato cunaXX oubss* oa a eleam surfaoo with a stainleeg 

Steel kalfe*   Tla© diced tissue was placed in a W&i'iag 

biendef \7ith about 175 ad* of oMorofoam and 45 S. of 

sodiasi sulfate (an^ytoousj^ and stirred for 40 seeonds, 

9hd jnlx^ura was. transferred to a saall scret^top glass 

Jar.:   It was kept in a zero degree freeaer room for Mlf 

an horn to lireak an emulsion formed in mixing.   Thmp the 

aixture of the tissue and o&iorofora wa« squeezed tightly 

ttoough a fine piece of nylon eloth. into a 250 ail* 

Irlenaeyer flask to get almost a clear @.stract of the 

fish tissue.   About 15 g, of sodium S'Ulfate (anhydrous) 

vms added again t© the extract and allowed to stand for 

two hours in the dark to absorb any moisture present, in 

It.   finally,, the extract was filtered though the 

filter paper by use of the Buohner funnel and water 

suction puap into a clean 250 ml* conical flask.   About 

150 ml. of clear, and pink, colored extract was obtained, 

fhe extract from each sample of salaon fillet xms 
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obtained in this way. 

From 15® Jal* of extraot of fsaetj samplet one 10 ail. 

aliquot; was witMram at oaoe for oil Odntdnt deiemi&a- 

'tloa and %M rest of it was used for further spectrd* 

pfeot&m^trie analysed *■ 

One 10 al. aliquet me plaead In a previously tered 

120 ml*. Srlenneyer flash,. TM  ohloroform ?MS evaporated 

on a water feath without, any m®  of inert gas, -and dried 

for a feift minutes (10 minutes) to a constant weight in an 

©van at 1O0OC * lo0« ^his weight of the oil was used 

t© determine the oil eoneentratlon in" the eactract of the 

seuBple as well ag for the peroxide value deterioinatlon and 

for the purpose of dilution to be made in absorption 

analysis. 

B* Coatrolled.Oxidation grapey^ente. in^Vitro 

The ©^perimsats were designed to eetimate, in vitro, 

the'estent of oxidation and de©©i^@$ition of the oil and 

its assaoiated pigments in the extraot, when treated phy* 

3le.0ehemieaiily under different eonditions.. MoSerate and 

extreme ohemieal ehanges tuere brought about and estliMted 

by their corresponding spectral changes. 

The rest of the extract after dateralnation of the 

oil tiontent,- was diluted to a desired volume (in this case 

200 ml.) for appropriate concentration (in this case 



1*6$ g./100oc.) of oil in it, so tiiat tha optiama value 

Of optical desity(d) of $fcs aolutioa might be near the 

range of 0.2! to 0«8#. the feast rang© to be used without 

any coagiderafele loss of aoeuraoy (14). 

M order to determine if the oil aad pigaeat 

cha^geg were due to free 0%, were photooheaioai, or t?er© 

due to theraal effeets, the followiiig e^eriaeata, in 

vitro, %nm oarrled out.   From the diluted e&tr&ot, four 

3^-ial* port ions ware withdrami to b® treated differeatiy 

in the followiag m&at 

1.    the first eoatroi portioh had ao treatment* 

It wa3 held at room temperature for the same 

leagth of tiae as the reat of the portions. 

2*   O^rgea gm treatmeat • fhe seooad portioa of 

the egtraot was refluzed ia a 125 lal, Irlem* 

meyer -fladlEf. on a water bath and a slow 

gtreMi of oxygea gas was bubbled through the 

solution fof 16 minutea, which seemed to be 

a ooaveaient length of time. 

3. lnfra*red lafflgj treataeat - fh© third portion 

was refluxed in a 125 .ul SrlexuBoy^r flask by 

infra*red lax®  (2$0 w, 120 v.), placed be*- 

aeath the flask also for 16 ainutes. 

4. Sunlight treatment «■ The fourth portion, in a 

125 ml. conical flask, ms placed outside and 
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the flask it&s escposed to dlrset sunilght 

for two liours. 

After t&a above trsatmeats, 5 ml. of eaeh of the 

treated portions mve  taken for tibsotption spectra 

analyses* 

l^he reaiaiains 30 jal. of each of the treated por^ 

tlons was uaefi for peroxide values, determiaefi by the 

laodifiea $arr*8 (22.) methoa aescribe^ by Brook (3)* 

0. Ijayestigatlon of the Extent of Deterior 
"* gj&iu-^Jjl$jf5' f^tiOKi^ant frQ'atear'Sswplea .oT 

'atioa.. la 
r,,r ^.^ ^r rrrr7-,l -.-^-^^sgldanfc" Tra'atsd' SaM>l 
frozen ^n^gaaSoS" 

On the basis of observations of spectral changes, 

in vitro,, the oheaioal changes taking place # in situ, 

in frozen fish,, presusably at a very slow rat©, were 

estimated qualitatively by absorption spectrum analysis. 

It was decided to cofflpare the exfeent of deterioration 

of the surface tissue with that of interior tissue of 

the frozen pink saloon* the freshly cut interior tissue 

was assumed to be in the original fresh state, both in 

color and condition of the flesh* 

Be cent iy, Dassoxf and Stansby (6). coaagpa^ed the 

color differences betwaen 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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Aldot Sigordssoit* st* ai,.#  (X^) aiiowtd lay thgm 

oheaieaE feesfis* Hfia^t^iamiaa ^alue,, tyyoala© value and 

pM talm), that tbe spailaga dhan$Qd ^egin at the swjpface 

fttta parooeed ;feh©i?@ at a muoh gfeatar a?at© Shea in the ia~ 

terte*    $i the light of this surfao© ecmeapt of spollag® 

It Mas l3@©a duggd^t^d tHat ddtermination dssigaed to de'- 

teet iaeiplejit apollag^ In ffcsb f lixets ahotild be tea©<9& 

©u the s-ampli' tafcaa from'the otistaee of the p^odtiet ratlisr 

thA&. on Qroes^seotionaX eegweate as ayf ordinarily ejqpiojr-' 

©a for. ©healeal aaaly^is. 

Henoe* .extraetione of the aurfaoe 1% om». aeep from 

outer surfaoe) and interior tissues Cde^per than I cm*) of 

the anfeioxl&ent treated eeapXes wore made aa prwioualy 

deeorihed in Chapter HI* Section A, to get 35 ml* to 45 

iBi.. of eiear ©straots.*   A^sorftioa speotra aaalirses of 

the estraots of both aurf&ee and interior layers of each 

sample were earried out*   the1 difference of optical 

deneity of two interior and surface layer© at their 

mxim ixL each eau^le was obtaised4l which waa evaluated 

arbitrarily is terms of per cent optical density change 

for nteasurenent of the oxtent of deterioration tafeiag 
place in the surfaoe tissue of frozen pink aaimon as 
cos^ayed t® that of interior layer.    In this trnjr* values 

of per cent optical density change of sis duplicate anti* 
oxidant treated gaudies of frozen pink salmon were 
estimated (fable ill). 
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mmtgrn w 

MBWSB 

All apeetropHotoiaQt^io mgaswaaexits wars aad^ with 

B«o£9aan4-q,uiBVtz IMT. apeotrophotoiae^r, ming fua^d silica 

e©lls with aa optical ligM pat& of 1.000 » 0.005 em.    3Jhe 

slit width WBS 0.013 tta. to 0.036 i».    Absorption speot^iM 

©f «a©M sa^l© was usasured ovw the rang© 400 on. to 570 

an.   Optical density r©adiai$ w$r« aada ev&ry 10 au.   She 

csone©ati?atioii of the oil in all the es&fasta of the s^^les 

was kapt th© aaas.   Absent IDS spe&tra cyrirea of all four 

diffeyentlj treated poz'tioae of th® ©straot of ©aeh saii>l0 

itt tfitro, wsra then plotted against wavelength* on th© 

somi-logarithaie,. 3 ejele paper.   The highest aiasisa of 

these eurveB were found to be at 490 nau. wavelength.    'She 

gradual lowering of the siaslsaa and changes in the shape 

of the curves were observed.    The chlorofora extraet of 

the salmon tissue oonsists of mostly the fish oil and its 

aesooiated pigment.    About the chemical nature of the 

oil Lavern (12) atates "that typical fish oil® are the 

penta and hexa ethylenic acid of 20 and 22 C atoms'** 

Tunison (23) pointed out that astaein and ast&santhin 

are Kvm earotenoid pigmnta responsible for the colora* 
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tioa af naajr fieliea. Thus, it eaa ^® ^aliably stated that 

til© fish oil m&  its asooolated oavotonoid pigmaats both 

hm® polj^hie nwla^ular strueturaa {posdoss a large number 

of dombl® boaAa}* Cheaieallj* th® ti^o oanpoaantd of th© 

©xtraot ^@ v#3?y labile. DapendSng upon the eonditioas^ 

%tmm ©ooia be slo?j oi* rapid osidatioa, ddootBEfosltion ani 

polpiarie «ha»^^@ of th@ ox-igiml* loag-ehaiii, and 

uusatorated aoleoul©® of the oil and its asaooiated oolor 

pigments in vitro and in situ as wsll, mder aodorat© 

conditions, little ©hanges hafQ t$Jmm place and in the 

exfcrtee oases severe eha&gea have ooeurred. The speotral 

changes are due to chemical changes taking, place in the 

eoqponent& of the estract of the tissue of the fish. The 

total optical density change, at 490 rau. wavelength, froa 

fresh state (control portion) to the estreiae altered 

etete (supposedly completely oxidised state) ^as consider**' 

©a to be 100 per cent optical density change. The extract 

of the fresh state tissue has the highest optical density 

at 490 m.  wavelength. Successive chemical alterations 

in the differently physioocheiaically treated portions of 

the eactyact have ta&en place with the result that gradual 

letseri&g of optical density was observed. Also, it ms 

eonaidered that in the extreiaely severe state there would 

be aer© optical density at 490 msx*  wavelength. With the 

view of 100 per cent optical density change in between 
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tha tw# a.Mm mdntioxkdd st&tes (frasli m& extres^ljr 

(l$idia<sd)t the iat^3?m3diai?y eMuges fesougiit about %n the 

dLitt®mtit portlom of tfee dact^iact of each of thred sampjLes 

^f^ ooiasputed' arbitrarily in t®Fm, of p©r eeat opfcieal 

dQaaitj change to datsriaia® quantitativ^JL/ th© ^stont ot 

dettritoatioia ooeurrlztg in dlffeipootly t'reatea povtioiui 

of the esrf^&et of thra© difforetrt saa^los <$abJLo 22). 

flie aaoo prooaduro wae followed in- antioxidaiit- 

treated samBlei of ffozm piaSc aalmon*   ffee t^u© afe- 

eorptioa eurras of stfffao© and intorioy tissu® aastyaetg 

of ^aeh Bmml® war© plotted oa the s©mi*'loga^ittoiie> 

two^oyoXe pap©3? dua to better «pa?®a&i3a@ of the ouwea*' 

It eouid be plotted on. th3?®s-«ojole paper as well. 

Figure 3 shows a typioai absoyptloa eurva of the aajeepla 

A1.     ■ . 

Sare the diffaranoa of optloal density at the 

aasima of Um ourirea was eatlaiatad arbitrarily in tarns 

of pea? ©ant optical denaity ohaage,. oonaidarlng 100 pe,3? 

cent change taking plae© from fresh state to co^leteiy 

altered state* 

Table I gives identity of frozen antioxidant 

treated, pink saiMm fillet aaiq^laa stored for 300 daya 

at 000. 
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Mb®? a*texuLliiatio& of the ^onoentYatlon of the 

oil of ®mh eaetrapt, a jasagured poytioa of the Bx%»aet 

was plaoed ia 250 ml. conical flaslg ana titratloB was 

©aa?H©& .out as in the a©tti©& ejaploydd by fa^y (22), 

fte amomt of the oil, fey v&ight ??as Kept ooastaat i» ail 

dai^i©^*   fher© was 0.2798 g. of the oil ia ©aoh aisas'urea 

pe^tioa of the extract to* d^terMaatioa of pefroglde 

yalrn©*    th<$ method aad pvooedure as8© well a©se3?ifeed by" 

Brook <3)* 
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tmrn i 

ideality of Frozen Aafciosdfiaat ©peated Piak Saliaoa fillet* 

Samples Sfcorefi for 200 days at 00C» 

oode 

& fillets fr@g©n in Caaco eontaiaar* 4jpy» 

A2 Duplioate of A1« 

Bl .fillets plus vatez* tTomn in Caaoo. 

# Buplleate of #, 

QX Fillets plus 0.^ IB^A aatioacidant solution frozen 
in caaoo. 

C2 Bupiieat© of C^, 

l^- fillets plus 3.0$ SJia 01 solution frozen in Canoo. 

■     Bus>iteata of I1. 

jjl billets frozen in 'taaacsd oarton v/ith wased ovemrop 
after a 15-20 second dip in 0*555 Sria E© Gel 
plus) .3$S a90or)>lo aeid* plus m-iaens 31 (ximtting 
agent) in eono. of 0.001^* 

Wg Duplioate of #. 

pl fillets frozen in waxed oarton with waxed paper 
oterfflrap after a dip of 15*20 aeeonds in a 
0.5fS Krim Ko Gel and p.5$ W&A ssolution.    The 
teaperature of solution was 40*45 degrees F. 

P2        Bupiicate of P2-.- 
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filBS-E II*   Qptieai DensityK Pea» G&nto OptioaX Daasity 
Grange aad Peroxide laaber-of the sxtraeta 
of ffe©0 SaapXes^ jta vitr^ Stored for 200 
day^ at 0OO«. 

d d ^^^^"^ *^ 

Seiqple fff<aat©i OptloaX optis^x Fas' Cent ?eroz^tde 
Itwfeer' Portions Paaslty De&eity Opt&eaX Iwabe^ 

at 490 Atftex-* Desteity 
aa wav^.- eiwe ehange 
Xeagtb 

tfOntroX 
.gogtign 

X ■&•* eontroX 0.XX4 o- 0 6.3S 
l>* ©ssygoa^ga® 0.XX3 o«ooX o.as 6.S9 
6« infra-S'Sd ©•102 0.0X2 10*53 0.2 
d» smXIgtot 0.003 o.xxx 97.35 X05.O 

2 a* OontvoX 0oX47 0 0 6*id 
b* oasygen-gas o.m 0*006 4.08 8.7 
w. iikHpa^ed 0*09X 0*056 30.1 X7.a5 
d. siaaXig&t 0*0X2 0,X35 92.0 129*0 

3 a* ooa^roX 0.2JSX 0 0 7*45 
^* oagyge&ogad o.w 0.004 X..82 12.90 

10*30 e* O.X94 
©•006 

0.037 18 • a© 
d. sunX&ght 0.2X5 97,30 84*2 

0       ^oiqputed ai?bi|i?ai?iXy i$om optioal detxeity »aast$rem9at, 

m    ml,  0f ..ooa S aodluathloAulJpate yeomlred/g* of oil. 
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Tmm in* Qptical Ooxtsitjr* $&$ CBttt Optiaal Sens&tjr 
diangQ and Peroxide Ifusibar of the E^t^aots 
Qt PqpIioatQ Antiozidaat'Vr^ated Sai^l®Sj 
in vitro 9 Stardd for 200' days at O^C* 

d 4* 
SaB©l9# Optical Optical d - i .d at 100* #* 

Coda saimity D^asitr PeroxMQ 
@f of sw per Cent HuqCb^r 
interior fae© Optical of sur** 
tisau® tissue Density fade 
dstract (Ssstraat oiiaag© tissue 

' &t 490' aw ,.at 490 sw >• er- 
tract 

4 0.221 0*148: 0.073 33*0 28.60 
A^ 0.211 0.142 0.069' 3 2. 6 13*42 

Amra^e S    32.0    - 21.01 

B| 0.296 0.147 '0.149 50,3 22.3 
a2 

0.391 0*292 0.099 25.*3 12.0 
iitrorag© s   37.®   « 17.15 

c| 0.097 0.072 0.025 25.a 6.64 
4.56 02 0.221 0.097 0.124 56.2 

Avorag© s   41.0    s 5.6 

1.1 0.371 0.236 0.133 35.8 9.4 
1^ 0.362 0.247 0..11J 3i;a 12.5 

Average s   33.S   « 10.9 

ii 0.172 0.104 0.06g 39.6 6.36 
S3 0.213 0.217 0.066 23.4 6.60 

Average t   31.5   s 6.52 

H 0.288 0.124 0.164 56.8 15.63 
V2 0.247 Q. 173 0.074- 29.9 13.70' 

Average s   43.3   * 14.66 

** 

C'omputed arbitrarily from optical density meaaure- 
meat:&.0 

ai.   of .002 I sodiumtkiosulfate retuir^d/g. of oil. 
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FIG.  I 

Typical absorption curves 

of differently treated   portions 

of the extract of the sample no. I. 
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FIG.    2 

Per-cent optical density change and 

peroxide number of different portions 

of the extracts of three samples   in  vitro. 
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FIG.       3 

Typical absorption  curves 

of interior and surface  tissue   extracts of 

anti-oxidant   treated   sample   A "A I » 
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Comparative view of 

average   per-cent  optical density change 

and average peroxide number of 

six duplicate  antioxidant treated   samples, in  situ. 
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mscmsio® 

Figaro 1 illustrates the typical abso3?ptios cuyiras 

.of the ph^icochaMc^liy treated p#*tlo&s of the ©sctract 

of th© aaaa^le lo. 1, 

M chemical alteration fiad& its specific expres- 

sion in the visible region and also in certain parts of 

yltra-violet region in spectrophoto«©trie analysis, 

different absorption cimres of differently treated por^ 

tioas of the extracts, in vitro, engender the following 

comments; 

1.   fhe first absorption carve (Figure 1) is of 

the first control portion of the extract of the aaople. 

It has the highest absorption m&ximm at 4?0 tm* wave- 

length.   This absorption curve depicts the existing 

chemical nature of the oil and its associated earotenoid 

pigaents in that specific condition. 

2..   if feet of oxygen gas treatment- * fhe absorp- 

tion, curve of the second treated portion of the ©srtraet 

is ver^ slightly changed,    Under such specific conditions, 

there seenas to be very little change,    fhe change is 

only 0.88 per cent, estimated arbitrarily by the 

differenoe of ma^imua of optical density of this curve 

from that of control - portion * curve at 490 m. wave- 
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l6fig$&»   THe obmgQ is peyoxi&a aumbar was aiao irety 

slight tfigw?® 1, Tabl© II) ♦ 

tioa our?-® of tfa© third p03?ti6B of ta© e,^t3?adt Ms 

0liaiig@4 A llttl© move*   ©i® ab30s*ptioB jaaxiimta at 490 ou* 

tmireXeagtli i© -ia:ueii towr than the ooat^oi ^ovtlon*   f&e 

ehaag® ia aasiisa beti?©®!! thia ®w?m ami ttet of the 

first * eoatroX * enrw at 490 ou. vravdleagth is 2.0*52 

per eent aad so is the felgfesr value of pepoxide auaber, 

whtth wm in this ease 8.2 Ifabls It). 

4.   Iffeot of. amii^t * tm absorptioa ounrs of 

tJi@ fotirtli port ion of th© o&traot of the saao aaiqpl« is 

rcoarkafeXy ohajig@i*,   "Phe absorptlos peak is wry low at 

490 au. wavelsagt^.    It ia intaresting to jaote that a 

mvete otos^ioal ehmg® in th© ©setract aad bleaoitiag of 

oaroteaoid pigments hatr© t^©a plao$.#   tHie piak colored 

evtraet la alaost wfe&ttt*   The ohaag© ia optioal deasl* 

tiea betweea this curve and that of first tooatrol 

portion) at their maxliaa,, at 490 mu wairaleagth, is 

97»35 J>®£ 0QBt| whieh is estiaated arbitrarily froia 

optioal denelty aeasurements*   Perozlda aaiaber is high^ 

60t ad ©oapared to other portions of the esrtract of the 
!0®ii$la  (figure 1, Table li).   Besides,, whea ohlorofor© 

was evaporated e©Ei>letely from this portios of the 

eactraot, the oil was fouad to be guaay and quite plastic 
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la nature* It hafi a -mzf etroag, repuls&76 ©dorr Pre* 

suiaabl^, it was extremely conoid and osidizad aja indicat- 

■sd by ytsyy high peroxide value. 

Idefttieal @2jp©rima.nt@ iTare carried out with two 

other samples<« fine spectral ehanges were observed to be 

la the saaa riiaBner. Per cant optical density change 

eoiqpatea arbitrarily from optlpal deB^ity aeasureaeats 

at the masim at 490 ®u, wairelength m&. peroxide uuiiber 

of each of the treated portions of the three samples 

were recorded (Table II)-. It was found that there was a 

distinct trend of increase of per cent optical density 

change with suoeesslve increase of peroxide number in 

the increasingly oxidised portion© of the extracts of 

all three gaqplea* in Titro., 

On the basis of preceding observations of three 

sanples* in Titro> the absorption curves of the interior 

and surface tissue extracts of all antloxidant treated 

sables were obtained* Figure 3 ©hoxws typical absorp- 

tion curves of interior and surface tissue extracts of 

saaple A*. Sliailar curves could be plotted for all 

other sanples* Both interior, and surface tissue ex* 

tracts had the same concentration of oil* It was 

aoeompXished by proper dilution* $he absorption maxiaa 

of both curves in each sasaple were observed to he at 

490 mu. wavelength* The changes between two curves •. 
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©ouii be attributed tO' eharooterifttle oiieMeai oiiaa^es of 

the oli and Its agsoelated pigmntB of fgoztrn £&m tajcing 

place, is'situ*   Diff'©a?©a#® between optioal dendtties of 

t&e twa ^tttws at tbeix' liasiaa la eaoh sa^l© was exralu^ 

atod arbitrarily jltt tarag of p*p eent optleai deadity 

e^aage to iadioat© th® exteat of d@t62si©jiatl©E taking 

pla<3e In ttes s^fac© tissud as eoa&arod to its. iatevidr 

tissue t tfhiQh m® s^)p®s$d to be father la ttetth m& 

origiaai etat^*   Ms ®saapl## ^ablt tXX,, shmw that 

©ptieal deas&ty dlftfejpeacd b©tw@0E two laj@^© of tbd 

saspid A^ at t&iir jaasdoa fjms 0*073» wMcfe was dotwsrtad 

ttpbltvariljr ia^© the valu^ of 33.0 pe^ eent optloal 

dansltf change,   fliat Is, ehenioaX oftaages in the ex* 

tv&et of BwnfAoo tiSfu© of thid pafftloi&ef sais|>le had 

ooettyj^ed 33,0 m% e@at la situ, as ooa&affed to that of 

toesloy tissue in 200 dajra1 dtorage period at 000* 

fhu^j, -opti^aX dsmsity ohanges of six antiosldeat 

treated B-mm%m w®m detexttaifted la duplicate and the 

opfeieal &m$itf difference of the exterior and imterte 

lay^ra of each sao^le was eonputed la per cent optical 

daaslty change to show the extent of deterioration taking 

PMOQ la the surface tissue of the fish*   the average 

Values of per eent optical density change of all dupli* 

cate antiojcidant treated sajqplea were suBuaariaed la 

fable Xtt.' 



30 

P'eroEide awabers of tha esctraot ©f surface tissue 

of eacli antio^idaat treated sample weare a&so obtained. 

XQ ail aiffeventljr auttoidaBt treated sauries, tlie. rang® 

of average pey oent optisai density ehangas of all 

dwplieat# aatieaddtat treated sauries was fomd to b© from 

31.5 per eeat to 43.3 per eemt is 200 dar3r storage period 

at 00C..   the raage of average iierojcid© auabea? of the 

durtaoe tisgu© estraet in all duplioate .aatio^idaat treat- 

ed saiqplde was from 5.6 t@ 21.01, 

Figure 4 giires a ©oaparative r%mv of average values 

■of per oe&t optioal deasitj change and peroxide number of 

all duplicate antioseldant treated saaples.. 
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OH^®B ft 

awmmi Mm commstom 

fhe ffl©ttod la a ae?j apoefcop&ofcoiaefcrie mthoA for 

tli© dstermlaatioa of oxidatiiro ehaagas taking plaoe ia 

tvmm 8&lmn tlix®%$^ 
Ooatroiled ©xi&atioa. o^erljaeata, In vitro,- were 

earried ©at with chioroform dsctraots of three saci>ies of 

frpzen pink saXsioa* tshleh had Men stored for a period of 

200 Sa^re at 0o0.    Different degrees of ehangesg were 

brought about phy&leoeheaioalXjr la different a^iquots of 

the chloroform ©xt2?aots.    The optieal density - (d) 

of each aiiquot \m& measured at 490 mx* vmv&l^ugth. 

Peroxide nwiabers of each aliquot 'ware also obtained, . 

3»t wai3' found that there was a distinct tread of inereaae 

of per cent optical density change^1' ■^"; "■'-■" } isrith 

Sueeessivt inorease of peroside nusbers in the inereaa&ng- 

%y oxidized portions of the ©xtraota of all the three 

$aisples, 

®n the basis of oheervatioiis in the three samples, 

In vitro, the values of per cent optical.density changes 

of six duplicate aatioxidant treated saqplee were obtain* 

ed which had also been stored for 200 days at 000*   fh@ 

optical density (d) of the esctracts of interior and 

surface tissues of each sample were obtained.    The maxiiaa 
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&t optical ddasltjr of botJ* interior aad aurfaee ti$su© 

iut (iaoh saii^le t^ri observed to b© at 490 aUo w&veleagtfo 

aa p^s^iousl^.*    fhe optical ftandlty (d) of the esctraet 

of the interior tissue ms always higher than surface 

tissue at 490 &n* waveleiagth.    As a result of th© ia- 

titro ©3©©rim$sitB,, th® opt leal density of the completely 

oxidised state ©f the extract of the sample was regarded 

to be ^ero at 490 au. wavelength»   difference of optical 

density (^ d) of interior tissue of any saqple to aero 

optical density was considered arbitrarily to to© 100 

per eeiat optical density change*   Difference of optical 

densities (* d) feetween interior tisau© to that of sur* 

face tissue was thus eoagmted arbitrarily into per cent 

optical density- change to tadicate the extent of 

deterioration taking place in the surface tissue during 

storage period of 200 days at 00G. 

the Unities of all duplicate antiosidant treated 

ffaiqple* "were averaged-.    All antioxidant treated saai)ies 

had the range f^om 31*5 t* 43*3 per cent optical density 

change during 200 days' storage period at 0o0.    With this 

in view,, it could be concluded that ehemicai changes 

taking place in the sttrfaee tissues of different anti* 

osidant treated saaples have the range of 31.5 ^o 433 

per cent m coa^ared to their interior tissues which 

were apsuaed to he in original fresh state during,   . 
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storage period of 200 day$.   Th® aora ox&datlirai ohangos 

fcad tak©» plao® in- tbQ ©urfaee tlasua durlag loago^ ator^* 

ago p@riod:, ttie greater tirould be the mlue of per edtrt 

optleal deasiti?1 cJiaBge, 

For ©3Ea8S>le';f in all antioxidaat treated sang&da, 

saaple A tshloli teras frozen in eaaco container, dr^t. had 

tmdergon© 32.8 per cent ehasg9-»   Otlier antiosEidssnt 

treated sables tod slight variations An tteir per oent 

optical aenslt j efiange froa that of oontrol s-etsple A* 

SaEple Jff had lo&rar value tkan saapl© A and others had 

slightly higher values thaa aanpla A*   Also, the awr* 

age peroxide number of di^lieate antio^iiaat treated 

$@apl©0 i?ere shotw b^ bar-graph {Figure 4)»    It was ob- 

served that there were oonslderabl© fluotuations in 

pero&id© .ntsmber from one saEple to another in all antl*- 

©^idant treated sasples* 

Baged on the results of thia investigation it say 

be eoncluded that: 

1.   Oa the basis of per eent optieal density 

change the esteat of deterioration An the sarfaee tlssme 

of the frozen pink salmon as coogpared to its interior 

tissue could be estimated during the frozen periods.,   The 

author believes that more work needs to be don© to 

validate the applicability of this method in frozen fish 

industry. 
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2* $h6 highest -raltj® of per oeat optical density 

Chang© aoong all aatioxidaat treated sampias was 43.3 

in 200 days* storage period at O0G<, To what eactant the 

valqfi of per coat optical density change for aaj frozen 

pinl£ aalmn fillet rmwld l>e accepted or rejected^ could 

be deteyfflined further organolepticaliy. 

3. fhe pefoside nwaber of only surface tissue 

eztyaot of all duplicate antioacidant treated saKplea was 

deteraln^d* Shis shows the .outer surface condition in 

200 days* storage period but not a oofitmyatiire view with 

?6gar& to its interior layer as la the case of per cent 

optical density ehang© of a $a%le* perhaps this might 

fee the eause of inconsistency of peroxide auaber in all 

antiosidant treated samples. 

4. fh& method is neat, siaplej rapid, and in- 

volves only a few determinations. Preparation and 

standardization of chesioal solutions are not required. 

Ho high dilution is necessary. The extract of the tissue 

should M  cl@ar. 

The precision of the ia@thod depends upon the method 

of sampling and the Instrument itself. This spectro* 

photometric technique could be used in routine analysis 

worls as the speetrophotoiaeter is becoming very common in 

nany places because of its versatile applications* 

In fatty fish* like pink salmon,, oxidation and 
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poi|rm®3?laatioa of the ©il an& its assooiatsd pigmenta 

are .most i^)02?taat ohemleaX react ioas takiag place in 

storage period*   The overall chemical Giaaagas! la situ 

or in vita?o,, mme evaluated by tM use of tiie spectro* 

phetomete^io mfithod dascafibed la tlie fore$oiii$ page a* 
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