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In studying the progress of deterioration in fro zen pink salmon, it wa s found 
that ther-e was a cons iderable change in color of the cut surface of the steaks , 
During stprage studies 'with f rozen W f'i sh , Stansby and Harri son (1942) fow1d that the 
normal pink to red color of t he s urface of pink salmon (Oncorhynchus gorbuscha) 
fillets would fade; turn yellowish, ~nd othervJise assume di scolored tints' of 
various degrees of intensity un til the fill ets ~ere no longer marketable~ Inasmuch 
as these alterations in color indica te a corresponding deterioration of the flavor 
Cind odor of the flesh, it may be a highly ' ir,1portant index to both the processor and 
the consumer. -

As a part of an investigation (author s , 19L~6) on the ke eping qualities ilIf 

froze~ . packaged pink salmon steaks , a study was ~:lo.de of t he effect of treatment of 
st~aks wi,~h brine and brine-sodium nitrite mixtur e on changes in surface color . 

II These . t wo. kinds of steaks and an untrea t ed contr ol wer e' obsel~ved at intervals ' 
during a nine .month storage periodo The method employed for r ecording and evalu
ati(lg the color of" the f l esh 'Aa s that pr evi ously described by the authors (1942) in 
which ' color .. photogrophs are taken, the t r an spa r encies placed ~n a spectrophotometer , 
and the spectral distribution curves ar e obtained. 

APPARATUS 
. ' 

Equipment used for recor.ding the color was modified slightly f rom t hat 
originally described by the authors. An Eastman 35 mm. camer a with, f 3.5 anastig~ 
matic lens ~v ith attached Eastman + 3 portrait l ens was rigidly fCJst ened to , the 
top of , a closed box. This combination of l enses pernut~ed sharp focus~ng at llt 5 
inches.' At this distance a fal se bottom in the box supported a wooden tray ap roxi
mately 8 by 9 inches; this t r ay wa s di vided into two sections and painted vlhite. 
With .one 3~000 Kelvin lamp located at t he upper edge of t he box near the camera and 
illuminating the ar ea through a 3 by 9 inches piec ~ -of opal flash glass , the c r
reet exposure was 1/50 sec'ond at f 305 using Type A Kodachr ome filmo Current ~or 
the l amp was supplied through a 110 volt autotr ansfor rner Q . ' . . 

The color film wa s pro~ e s sed by the manufacturer and returned in 2 by 2 inches 
eard~rd mounts; A slide carrier was made f:-om sheet micarta t o fit the cuv tte 
ehambe~ ~n a Colenwn Univers al Spectrophotomet er to enable transmission measure ents 
to be made on each half of the transpar ency . 



EXPERDvlENTAL PROCEDURE 

All s t eaks wer e pr epar ed in the SDm manner fronl ~ h ole pink salmon l ess than 
24 hours aft er r emoval of t he fish from ,vJ.J t er. ,Steaks VJe r e cut c;.; ppr oxima t ly one 
inch in thickness by commercial oper~ ~ors after the fish hod been dr essed , scaled 
and wa shed . After pre.trea.tmeQ,~ , steDks were wr apped in Dupont No , 3CO moistur -
vapor pr oof cellophane , packed in 'fi V8" pound- s i ze .waxe<;i cartons , q1;lick fr ozen in a 
pla t e freezer 3 and stor ed at OOF . (plus or minus 30F. ). ' 

Pr etrea t ments were as follows: -

1. Untr ea t ed . 

2 .. Steaks dippec.: for 20 s econds i n 5 percent sodium chioride 

solut ion ( 200 br ine ) • 

3. Steaks dipped for 20 s econds i n 5 perc ent sodium chloride-

0. 5 percent sodium nitrite sol ut i on . 

Sampl es wer e withdr awn for obser vat ion af t er thr ee , s ix and ni ne mon hs of 
stor age . After th~wing the steaks over ni ht in a cl osed con t ainer at r oom t em
per atur e , notes wer e ma de on t hei r appea r ance. 

Due to differ ences i n the flesh color of the individua l f i sh f r om ,hi ch the 
steaks had been pr epar ed , i t VJas not pr actical t o compar e the f aded s urface of 
s t eaks f r om one ser i es directly wi th that of anot her i n r ecording , t he color cha nges 
I n or der to r ecord the color changes of steaks i n each s er i es , four or fiv e 
t ypi cal s t eaks wer e s ectioned pa r allel to the s urf2ce cut to expos e the inter nal 
col or of t he fl esh . Sinc e t he color ChclD es \'ler " confi ned to the surface of the 
steaks dur ing t he entire, s t or age per iod , t he color of t his fr es hly cut sur fa ce 
closel y approximat ed the i nitial color of t he steaks bef or e storage . Half of the 
steaks vwr e arranged i n one part of t he tray ith t he faded surface uppermost , 2nd 
these wer e cut t o fit at t he cor'ner s in order t o e liminate ai r spa ces . The other 
half wer e s i mil arly arranged i n the ,second pa rt with the fresh inner ,cut uppermost , 

, - , 
thus gi vDlg a control exposure showi ng t he initial col or of the s t eaks on the same 
film ~ At each periodic examination exposures of steaks from ea ch s er i es were made 
en a s ~lgle r oll of fiLm; the exposed film wa s returned to t he factory f or pr oc
essing . 

To analyze the color char acteri stics of ea ch sample , the color t r ansp8r ency 
was examined in the spectrophotomet er and a spectral distribution curve of the 
transmission r eadings was plotted e The , r eadings wer e made at 25 millimicron in
t ervals throughout t he sPectrum of 400 to 800 millinucrons of wavel ength . The 
t r ansmission r eadin8's for t he outside surface of t he steak and the fresh cut sur-, ~ 

face wer e made alter nat el y a t e a ~h wavel engthe The r eadings for both surfaces 
wer e pl otted on thE: s ame graph sheet in ord'3r to disclose 'all s Jii.gnifican,t differ
ences. 

- ,.:. -
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EXPERIMENTAL RES UL TS 

In order, for the results of the me t hod to be consider ed valld , the followirig 
information was' affirmed during the course of the exper iments: 

1. S{rlce the color: of the fresh inner cut of e ach steak was used as the es-:
timate of initial color, it wa s necessar y to de t ermine that any color chenges in 
the steaks "as "a r esult of storage wer e l imit ed to t he initially cut sur f ace 'or the 
steak. At ea ch examination steQks cut froD. fro zen whole (in the r ound) sal Jilon' wcr e 
compared to the fresh inner cuts of the packaged steaks. In no cas e wa s the 'vari- " 
ation outside the normal linuts of color variability. stora ge of pa ckagedpirik , 
s almon steaks for a period of f i ft een months wa s found to be necessar y bef or e color 
changes aff ected the entire steak. ' 

2 . Transmission da t a on duplicete exposures of a s ampl e and exposures of 
duplicat e samples from the same s er ies did not show any appreciabl e diffe r ences . 

3. The readings of percent ,transmission of t hl! film ' wer e not affected by 
slight displaceme nt i'n the holder, Dnd r eadings were r eptioducibl e . 

4. The exit slit of the spectrophotome ter was slightly small er 't han t he film 
surface showing the sample , thus ther e wa s no t r ansr.ussion of light through ex-
traneous f!l.Ll t erial" ' 

Dat a t aken after three , six and nine f.l.Onths of stor'age showed that the surfa ce 
color of the steaks aft er six months best illustrat ed the differ ences due to trea t 
ment. At the end of three months of stor age , s urf ace color had not changed suf":' , 
ficiently to be indicative of det eriora t ion. Aft er nin<; months of storage ~ ther e 
were major change:? in ,color in al l thr ee s er i es . 

The untrea t ed steaks were s ever c.!,y f aded and discolored eft er six [,lari ths of 
storage'. The spectral dist r ibution curves for this s er i es <J r e :'eproduced in 
Figure 1. and show thE; ,uniforr.t f ading of col or in t he pa ckaged steaks. Th e in
creased t.r ansmi ssion of light for. t he surface ::; oJ or of sto r ed steaks as compar ed 
wi tri th3t of the freshly cut s urface i ndicat e's ihe degr'ee of fading that has t.::lken 
place. The degree of surface dis coloration is not r eadily obvious trom the per- .. 
cent t 'r ansmi ssion curves , although it can be judged in part by the dec'r ea sed t r ans:
mission in the r es por tion of the spect r illfl at 675 and 700 nm. Pr eswnably , the ' 
eff ect of sli ght discoloration would be t o decrea s e the high t r ansrris sion r eadings 
caused by loss of col or . 

The color of the br ine-·trea t ed steaks f aded to about the same degree as ·that 
of the con,trols; but the di scoloration was greater with the untreat ed ~tje_~ks . Due 
mainly to this fnctor, the appea r ance of t hes e steaks wa s consider ed super ior ,to 
the untrea t ed, however~ the translTtlssion readings fo r the brined steaks ,(Figure 2) 
shows 'a grea t er ,los s of color i n the 'r ed portion of the spect rum (600 to 70.0 mu). 
Evidently thi s i s due t o the f act that ' no sur f () c9 discoloration wa s pr es ent ' to off:
set the loss of color. Yellowing of t he fl esh n arth e skin wa s not enough' to 
cause a ma rked eff ect on the t r ansmission r e8dings a Also noticeabl e in the trans- -
rnission readings for the brined steaks is t he f 3ct that t he shape of the curve for 
the f aded su.rface mor e closely r esembles the cur ve fo r the color of the freshly cut 
surface. 
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The appe ar ance and color of the brine-sodium nitr ite-trea t ed steaks at six 
.months wer e ver y much superior to both untreated and br i ned steaks,. Aside from a 
slight yellowing of the edges , the important al t er ation in appe5r ance vias a ' spotty 
effect on the surface due t o uneven f ading and darkening of the color o The graph 
of thes e steaks (Figure 3) reflects t heir superior condition. Exc ept for a oder at 
increase in the r ed portion of the spectral curve fo r the exposed s urface , the curv 
cl ear ly par all el ea ch other. To a ce::-t (J in extent the curve for the sur fa ce repr e
s ent s an average beca.use the slightly f aded a r eas t ended . to balanc e the <tr ea s of 
slight dar kening . It is (~ lso noteworthy tha t both curves for these steaks closely 
r es embl e "the curve for untrec t ed steaks in Figur e 1. . The sodi wn nitrite did not in 
t ensify the col or of the pink salmon but acted ma inly as a pr eservative . The color 
of the sodium nitrite- t r ea t ed steaks aft er cooking was much more attr active than 
t e color of the untreat ed steaks . 

DISCUSSION 

Examination of the figures indicates tha t the transmission r eadings.-f r the 
sampl es have shown to a consider able degree the e.ffect of the pr etrea t ments on 
pink saloon steaks . Fadi ng of the nor mal flesh color caused an increase in trans
mission r eadings. In the untrea t ed and brine- sodium nitr ite- trea ted steaks this 
wa s offset by decr ea s ed t r ansmission r eadinGs in the discolored ar eas . Because no 
surface discolor at ion of the saraples wa s pr es ent, the curve for the brine- t r ea t ed 
steaks repr esent s most accurat ely the r el ative ef fect of the great er f ading in the 
r ed portion of the spectr um. 

The (Jpplication of this method of color analysis to det ermining stor age 
changes appear s to be liLi ted ma inly by the f act that any discol or ation and dar ken
ing will obscure the actual color change . Concl~sions drawn fr on val ues obtained . 
under t hese conditions must be temper ed by such modifications as visual obser va
tion warrants . 

. 
In cases wher e the shape of the absorption curve i s alter ed , actual changes 

in the rel ation of the flesh pigments nay be expected . This wa s shown by other ex·
periments when silver salmon steaks .were stor ed under conditions sirnilar to those 
of the pink salnlon . Thes e steaks wer e of ma r ketabl e quality and had not f aded to 
a serious extent, but there w(] s a marked decrea s e in the transmission r eadings in 
the red portion of the spectrum. By clos ely comparing the color of the exposed 
surface and tha t of the freshl y cut sur f ace of the steaks, it appear ed a s if the 
bri ght red pi gme!1ts hE.d be en changed to an ordnge-red col or with a sli ght bluish 
cast. 

ExaID1nation of steaks f rom the othe r species of salmon has further indicated 
that t he spectral 'distribution curv es .ofthe color of the flesh may be used as a 
measure of the deterioration wh.ich t akes . pl ace during fro zen storage e For exa lple 
the excell ent keeping qU(Jlities of either brined or unbrined r ed (or sockeye ) 
SallnDn steaks was r eaff i r med by the close correlat i on of the color analysis with 
the freshness of the product aft er s ix months of stora ge~ . 

. / 
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Further r efinements in the method can undoubtedly be made. The method might 
be render ed more sensitive by a more uniform ma nner of arranging the steaks , such 
as fr eezing the steaks in a mol d suitabl e for photogr aphing or pl acing 0 glas s 
plate on the s urface . Also when using fil l ets, one mi eht package the fil l et f r om 
one side of the fis h fo r a contr ol and utilize the other fill e t for t he test treat
ment. The effects of antioxidants ond pr es ervatives could be easily deter mined in 
this way . The most importcmt f actor in utilizing the method aPlJea l's to be the use 
of a control which accurat ely indicat es initial ~olor so changes in coJ_o r can be 
accurat ely estimated. 
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F IG. 1 - PERCENT TRANSMISSION OF LIGHT AT VARIOUS WAVELENTHS THROUGH 
KODACHROME EXPOSURES OF FROZEN PINK SALMON. UNTREATED 
CONTROL STORED AT OOF. FOR SIX MONTHS. 
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FIG . 2 - PE RCENT TRANSMISSION OF LIGHT AT VARIOUS WAVELENGTHS THROUGH 
KODACHROME gXPOSURES OF FROZEN PINK SA LMON. BRINE TREATED 
STORED AT 0 F. FOR S IX MONTHS . 
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FIG. 3 - PERCENT TRANSM ISS ION OF LIGHT AT VARIOUS WAVELENGTHS TH ROUGH 
KODACHROME EXPOSURES OF FROZEN PINK SALMON. SODIUM NITRITE
BRINE TREATED STORED AT OOF. FOR SIX MONT HS. 
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