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FOREWORD

Radiation processing, or "ecold” steriligation as it is frequemtly
called, has the potemntiality of yieldimg seafood preducts that have goad
military utility, geod storage stability, and good acceptability.
Therefore, research to develop process criteria that cam be used to
produce irradiation sterilized seafoods is underway. '

The work covered im this repert was performed by Oregem State University

uwader Comtract No. DA 19-129-AMC-853 (W) durimng the period from September
1965 to November 1967. . It represents a series of studies om factors
which are imvelved im mom-emzymatic browming of irradisted codfish
cakes, and the effects of selected anti-browning agents on the
acceptability and storage stability of the produet.,

Professor R. 0. Simnhuber was the Project Officer and Official
Investigator amd Mres., M. Landers the Collaborator im the research work
for Oregon State Umiversity. The U.S. Army Natick Laboratories’ Project
Officer was Dr, F. Heiligman and the Alternate Project Officer was

Dr. E. Wierbicki, both of the Food Laboratory. The work was conducted
under Project 100-25601-A033, Radiation Preservatieom of Foods.
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ABSTRACT

Prevention of the Wbr@@@m@g reaction” in radiatiom steriliszed @mzymea
inactivated and prefried ecod patties during storage at 22°C for 12
months was imV@Stlg@t@@ by several procedures which included leaching of
the fish, the sddition of br@wming inhibitors and low-temperature
1rradiami@@o

The brownimg reactiom, as determinmed by visual and photometric means,
may be partislly comtrelled and lessemed by leachimg the fish and by the
addition of certaim brownimg inhibitors such as SO amnd @3@12, However,
these treatments did not mecessarily improve flaver scores, as shown. by
panel evaluatiem, :

loy-temperature irradiatiomn did met materially aff@@t coler readimgs but
@1@ generally improve flaver scores.

The total-velatile-=base values correlated with the treatment variables.
- The values imcreased with irradiatiom, sterage at 22°C amd the additiem
of brewning 1mhibi@@rs and decreased with leaching amd low-temperature

frxa@uati@@o

Oux r@@@lts indicated that it is p@gglbl@ to pr@@@c@ @@gym@aina@tlvat@@
and prefried patties which give acceptable flavor scores after St@rag@
for 12 meuths at 22°C.

vi , {



STORAGE STABILITY STUDIES ON RADIATION STERILIZED FISH ITEMS

The objectives of this conmtract were to direct studies toward the
causes, control and prevention of "browning" and other adverse @ﬁamg@s
that occur during storage of two irradiated codfish ﬁrodu@ts, déveloped
in our laboratory under previous U.S5. Army Contracts DA 19n129wQE91356

 and DA 19-129-AMC=155(N) .  Various treatwments included the use of

selected browning inhibitors amd antioxidamts, leaching of the fish and
virradiati@n at sub-gzero temperature. The treatments were evaluated by
?chemical and physi¢a1 techniques including celer reflactance‘values, pH,
2-thiobarbituric scid number and total volatile bases. Subjective panel
evaluati@@s were obtained over a lZamonthA?@ri@d of storage at 22°C., In
addition, the @fféct_@f leaching and irradiation on ribose comtent of
‘thg‘fish was dgterminedo An a@@el@réte@ browning reaction test and 38%

storage tests were applied to a limited amount of patties to accelerate

and prediet pr@babl@ coler @hangés in the 229C storage samples.

| INTRODUCTION

:A review of the literature cané@fming the "br@wning” reagti@m suggésés
that the non-enzymatic browning reactiom in meat éﬁd fish is mainly due
to the imteraction of (1) reducing sugars an@ aminés and (2) @arbeéyls
and amines, Carbomnyls eriginating fr@m the autoxidation of fish lipids

may play a lesser role in the browning reaction of cod, a low-fat fish.



It has been shown in previous work-in our iab@rat@ry (1) that the
production of carbonyls from irradiated fish lipids cam be partially
controlled by the addition of antioxidants to the sample, Reasonable
success has been attaimed im the fruit and vegetable industry by the use

of bisulfites to prevemt the browning reaction by blocking the carbomyl

 group.

The reducing 5mgar and amine reaction may be comtrolled by the removal,
or lessening the amount, of one of the reactants. 4Th@ reducing sugars
found in fish are mainly fr@é”rib@s@ and ribose é@mp@unds, whilévglu@@se
is found in lesser qmamtitiega'iFte@ and bound rib@se‘im fish_mmécl@
seem to be major components r@Sp@nsible for the brewning reactiom.
Experiments were d@sign@d't@’mimim&z@ the br@wning’feacti@m by removal
@t reduction of th@"s@luble‘s@gars by léaching the fish and the additi@n

of bisulfite to block the reaction of the remaining sugars.

EXPERIMENTAL METHODS AND PROCEDURES

Frozen Pacific cod fillets (Gadus macrocephalus) were used in the

preparation of all samples,

‘leaching process, warm water method.  Free ribose and most other ribose=

containing compounds in fish (adenmosine, ADP, ATP, inosine, ete.) are

soluble in water, especially im warm water. A& method was designed teo



remove ribese from the fish by'lgaching'with.a large volume of water.
Since the temferatur@ of the water was k@pt at 7708, the leaching
process also inactivated enzymes present in the fish muscle (2). Five
pounds of thawed cod were cut inté small pieces and placed in a
stainless steei basket lined with nylon-preés glaﬁha The basket was
then placed in a double=jacketed steam kettle containing 6 liters of
warm water at 77°C. Water t@mperaﬁuré was maint#ined at 7700 for 10
.minnteso L@rge pi@eés of fiéh were broken up by stirring with a wooden
spoon. The basket was lifted éuts the fish drained, and again rinsed
with fresh warm wat@r'(38@é§ aﬁd éréinedo Additives were incorporatéd
in the 1eachéd fish whilehﬁfiil warm., This leaching method was used in
prelimiﬁary storage studies at 22° and 389C and the acceleréted“brewning

reaction test.

Leaching process, cold wat@r‘gg;heda A simpler leaching method, and as
_effective as the warm water method, was devised for preparation of the
. 12-month storage samples and utilized a cold saline solution, Thirty
pounds of cod were grouﬁd in a meat grinder with aallé inch plat@ and
added te 50 pounds of c@ld water comntaining 0.9% saltsywith censtant.
stirring. The fish was drained in a mylon bag.  The leaching ﬁr@@@ss
was repeated two more times, é@‘that the total leacﬁing water was five
times the weight of the fish. The leached £ish was -allowed to drain

oevernight in a cool room (19¢) and the fiﬁal‘m@istur@ content varied



from 81.5 to 85.5%. Moisture content was adjust@d to 85. 52 pri@r to

preparation of the fish patties t@ assure a uniform product.

Preliminary storage studi@s at 22@‘and 3800. ‘Fish patties were prepared
from I@a@h@d and unl@ach@d fish, TO'Somé.saNPIQS'SOZ in the form of
sodium m@tabismlfit@s 0 4% CaCly, rxb@sas binders or 50 ppm antioxxdants
qu@m@Xmé Eastman Chemical Pr@du@ts, Ine,, Kingspert, Tennessee,
ecentaining 10% butylat@d hydr@xyanlsale, 10% butylated hydroxytoluene,
6% propyl gallat@9 61 elitrie aeid, 12% pr@pylen@ gly@@l and 567%
vegetable 0il) were add@d The lea@hed flsh patti@s were prepared by
the warm water method and th@ f@llOWlng binder f@rmulati@n was added to
some of the Sampl@so 5 6% white cornm meal, 1. 5% Visc@mlx gelatin (Swift
and- G@.)Q 1,0% salt 8. 15% monosodium glutamate (MSG) and 10.0% water.

- The binder mixture was heated im a boiling water«&ath te a t@mp@ratur@
of 82°C, added to the wam' leached fish and mixed thoroughly. The fish
_was passed thr@ugh/am el@@tfic'grind@r without the cutter blade, stuffed
in sausage casings having a diameter of 2-1/2 imches, frozen at =28°C
and sliced inm 3/8 inch thick patties. The patties were packed im "C"
enamelled cens, sealed under 26 inch va@uumband stored frozen until
irradiation. Eleven treatments were evaluated by viswal color
@bserv@ti@ns by three judges after irradiation amd'stérag@ of the

samples at 22° and 38%¢.

: A@@@l@rat@d,br@wming r@g@ti@n test. The rate of the browming reaction

is dependent on the storage temperature of the sample. Fish stored at
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freezing temperature may remain unchanged in coler for a long period of

time, but develop a yellow te brown discoloration, depending on sugar

‘content, in one hour if heated to 120°C. This accelerated testing

method, as described by Tarr (3), was emplgy@dcfor'immediat@'@Valuaéi@m
of the-effec;iveness of various treatments such as irradiation
temperature, leaching and the additiom @f antiaxi&éntS'and su1fit@so
The treated groénd‘fish sample (appr@ximately 10 grams) was(pla@@d in a
test tube, covered with alu@inum foil and heatéd'in.an autepiave at 15

pounds steam pressure for 1 hour,

Determination of reducing sugars. The fish tissue was extracted with

perchloric aeid (4) and bound ribose was removed from the extract as
described by Miyauchi g§,§;° (5),~ Free ribose in the extract was

analyzed by the method of Mejbaum (6). - Total ribose was determined by

‘the trichloroacetic acid extraction method described by Hamoir (7). The

same extract was also used to determine the glucose content by the

anthrone method of Bartlett (8).

- Effect of sulfites on antioxidants. Previously (1), Tenox-6 was found

to be an effective anti@kidamt mixtur@.that protected lipids:in
irradiated fish from sutoxidation. However, the efficiency of the
anti@xidantsvmay be aff@ct@é by the presence of such reactive compounds
as'smlfités aﬁd ﬁiSulfiteso An secelerated fat gxidati@n test, th@‘

Active Oxygen Method @AOM} (9), was used to test the effect of added '



bisulfite on Temox=6, using lard as a substrate. Sulfur dioxide (400

ppm) was added to lard centaining 0.02% antioxidants.

reparation of wr@ducts,f@; 12-wonths storage at_ZZOCo

1. Enmym@ninactivat@d ¢od patties. To each 100 pounds of ground fish,
leached or unleached, was added & pounds white corn meal, '1 5 pounds
Viscomix gelatin, o& pound salt, 0. 2 p@und M56 and 30 ppm antioxidants
(Tenox=6) . Sulfur di@xid@ (500 ppmo and 0.4% ¢alcium chloride were
added as brownimg imhibitors to some of the test semples. The ground
fish was stuffed iﬁ meat casings, cooked in 2 boiling water bath to |
@mzym@ainaéﬁivatién t@mp@rétur@ of 71°C fér 15 séC@mds; cooled, quick=-
frozen at =28069 sliced int@ patti@é and ﬁackéd‘in 307 x 409 “c" .
@@am@ll@d cans f@r mradlati@n, Pércﬁm@nt paper s@parated the patties
and pr@t@@t@d the f@ur lmgram @har@@al pa@k@ts attached to th@ und@rslde
of the li&. The cans were S@aled under 26 inch vacuum and st@r@@ fr@z@ﬂ

until irradiation, approximately one momth.

2. Prefried cod pattigs. Pr@parati@ﬁ @fAth@ prefried cod patties was4
as deseribed for th@'@mzym@aima@tivgt@d patties with the follewing
@hémg@s: Salt (0.4%) amd 50 ppm anti@xi@ants (Tenox=6) were added to
the I@aéh@d and»@nl@éch@d gr@umd c@d° after slicimgs the patties were
dipped in batﬁ@r mixs br@ad@d am@ d@@peftl@d in hydr@g@n&ted sh@xt@ning
at 182@C f@r appr@xzmat@ly thr@@ mimut@s (minimum internal temperature,

71%¢) .



The nine treatmemts or variables that were evaluated were the same for
both the emzyme-inactivated aﬁd the prefried cod patties and included
rleaéhimg of the fish, the use of browning inhibitors and low temperature

irradiation. The treatments are presented in Table 1,

Table 1. Treatment Variables in the Evaluation of Radiation Sterilized
Cod Patties ‘

Ca

Browning Irradiation Irradiation

Sample Leaching inhibitors level (Mrad) temperature

1 = = : 0 ' -

2 - - e 4.5 * ambient

3 - - 4.5 ‘ =40°C

4 = *+ 4.5 ambient

5% = + ‘ 4.5 =409C

6 : + e 4.5 ambient

7% e - 4,5 40°¢

8 + ¥ 4.5 : ambient

9% + + 4,5 =40°¢

* Limited amount of sample for small panel evaluation.



irra@i&ti@@ Er@@@@mr@o The fr@z@m»samplés were shipped under dry ice,
via Air Freight, to the Co-60 source at Natick,. Massachusetts, for
irradiation at 4.5 Mrad, The dose rate was 3.65 x 10% rads/min and the
dwell time was appr@ximwt@iykIzg-minut@s&rwithfahmimimmm-d@SQ received
of 4.5 ﬁxad to & maximum of 5.6 Mrad. Ome lot of fish was irradiated at
-40°¢ £16°C) and held frozem for the return .shipment to Oregom State
University. The remaining sampl@s;W@r@ irradiated at ambient
é@mp@ratur@ and were approximstely 19C at the beginning of irradiation
and reached a maximum temperature @fi5@@cfat the end of the rum. These
samples were returned under ambient econditioms. The time interval

between irradiation and start of 22°C sterage was twe weeks.

Storage conditioms. The fish patties were stored im comtrolled

temperature rooms operating at 209-229¢ for 0, 4, 8 and 12 months, The

non-irradisted control samples were held at =22°C.

Flaver panel evaluations. Large student panels (100) and small staff

panels (20-24) evaluated the enzyme-inactivated and pt@fri@d cod
patties. The large panel evaluated 6 storage treatments of each

product, imcluding 1 patty irradiated at low temperature.

Mouse . lethality tests for th@ d@t@@ti@n of Cl@stridium b@tmlxmum toxin

were comducted on all sampl@s pri@r to pr@semtati@m f@r pan@l evaluatiom

to assure their safety. A composite sample for each treatment was
prepared by taking sampl@s’fr@m each can. Ho sampl@SVW@r@VI@thal to

mice,



The engyme-inactivated patties were breaded and deep-fried at 1829¢
(365°F) for 3 mimutes at time of serving. The prefried patties were
heated inm a 204°C (400°F) oven for 15 minutes te serve. The tasters
were seated in individual booths, illuminated by white light, and were
served the ssmples in randomly coded paper cups (1/& patty per
treatment), The 9-point hedonic ballet was used and all flaver data

were amalyzed by analysis of variance at the 5% significance lewel.

Objective methods of evaluation, Total volatile bases (10), 2=

thiobarbituric acid number (11), sulfur dioxide comtent (12), PH and
color reflectance values of the cod patties were determined at each
storage peried. The pH was measured with a Beckman Zeromatic pH meter
using 10 grams of samples mixed with 10 milliliters distilled water.
Color reflectance readings were obtaimed with a\ph@t@electrie reflection

Model 610 (Photovolt Corp., New York, N. Y.) usiﬁg a tri-green

meter,
filter, Color reflectance readings are presénted as percent reflectance
values and are the average of three readings from three cékes per

tr@atménto The pr@fried patties were sliced horigontally for a reading

of the fish flesh.

RESULIS AND DISCUSSION

Determination of reducing sugars. The leachimg process removed

considerable quantities of reducimg sugars from the fish as shown in



Table 2., Irrediation at &.5 Mrad caused no significamt chamge im ribese -

content of the leached f£ish. '

Egﬁlgngg Redueing Sugars im Cod Fisgh Samples -

.  Total ribeose . Free ribese Glucose
Treatment  pelg fish pel/g £ish uelg fish
Unleached | 1495 : 104 401
. Leached : : - 275 : 19 117
leached, irradiated o 258 ' 19 ‘ -

Accelerated brownimg reactiom test. Results of ﬁh@ a@@@l@rét@@ browming
r@a@ti@n‘t@st for irrédiat@@ and ﬁ@mairradiét@@ samplee aﬁ@ given in
Table 3. The uml@a@h@@\sampl@é @@V@I@p@d brown celer durimg the heating
test aﬁ@ the ad&iti@ﬁ @f bis@lfié@’and amti@xi@émtsg éimgly er in
combination, were not sufficemt té r@térd the browaning reaction for
either the irradiat@d @r’@@mairra&iat@dvsa@pl@s, The leached sa@pl@s
‘W@f@ white or light yellow after h@atimg° However, the additiom eof
ribose te the leached fish caused browning when h@at@d, The l@a@h@ds

irradisted semples showed varied color changes after the heat test, from

white te light brewn. The lesched sample containing antioxidamts,

16
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binders, 500 ppm S0y énd 0.47% GaClz'remaineé white after heating for 6

hours at 120°C and after irrééiation and heating.

Prelimimary storage studies at 22° and 389C. Visual celer evaluations

of irradiated fish patties stored at 22° or 38°C'for up to 300 days are
recorded in Table 4. There were two distinect color chamges in the
stored samples, The unleached samples developed the customary yellow to
taﬁ coloration usually associated with the browning reaction; the
leached sample containing no additives exhibited a light vellow celer
changé;vwhile the 1ea@hed‘saﬁplas with additives tended te go from white
to grey. The greyish-white celor may be due in,part te reaction of
propyl gallate present in the antiexidant mixgur@o An exception to this
color change was the leached sample“c@ntaiuing.antiexidants and'bimd@rs,‘

but ne S0y, which became brown after storage for 300 days at 38°C,

~E£§§g@'@£w§g;§j;§$Mgpﬂgppﬁ@ggggppgo The effect of sulfite added to lard
containing antioxidants om the AOM stability is shown in Table 5. The
number of hours required to reach a perexide value of 100 meq/kg sample

was used as the end point.

11



Table 3. Color Changes of Cod Fish Samples Buring the Accel@x’at@d

Browning Reactiom ‘I’est

+A.4% B-%» 500 ppmsoz-u-@&%@aclz

" White (6 br)®

Treatment ‘xo?r;;irradziét@& : Irradiated
_ Unleached control -Brown Brown
+ 250 ppm S0y Brown Brown
+ A% Bféwn ‘Brown
¥+ 250 ppm SOy + A Brown Brown
L@a@h@@ é@mtzc@l , 9ff=white’ ~ Light brown
+ riﬁ@sg (200 pe/g) Brmm - |
%)» & : ffawhit@ Light browa
+ & + 8P + 250 ppm 50, White Light tanm
+ A+ B+ 250 ppm SO + rib@sze . ‘Whi‘te =
+ A+ B+ 250 ppm SOy + 0,42 CaCly Wnite (2 hr)® Yellow
White

8 pntioxidant mixture,’

b. Binder mixture.

@_ Coleor remained white after 2 hours or 6 ‘hours heating at 120°¢. _

12
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Table 4. Cclor Changes® ¢f Radiation Sterilized Fish

£

Patties at Two Storage Temperstures

Storage time {(days)

: : 106 300 106 150 208 300
Treatment 227G 38 C
Unleached cod
Control 1y v it 1t . t t
4 AP £ 250 ppm 509 1y ly y y 1t t
4 A 4 1000 ppm SO iy ly y y | 1t y
Leached codv' |
Control ly 1y y  ly ly 1y
-f A 1g 1g w  1g i 1g 1g
i A4 250 ppm Sﬁé w W w ig lg ig
# A # 500 ppm 807 v o 1lg g 1z lg 1g
£ A # 1000 ppm SGQ w g w 1g ig =
VS ly oy y t b b
/A4 B4 250 ppm SO lg g w lg g 8
£ A‘¥ B 4 500 p?m S0 £ @04% Cally W 1g lg B g -

% Colors: 1 - light; v - yellow; w - white; g - grey; t - tanm; b -~ brown,

b Antio%idant mixture.

C_Binder mixture,



Table 5. The Effect of Sulfite and Antioxidants om the Stability of

Lard
Tr@:'atm@mt ‘ v AOM hours
Lard, comtrel 6.60
Lard + 400 ppm 809 . _ . . 3.80
Lard + 0.02% antioxidants _ 98,30
Lard + 6.02% antioxidants + 400 ppm 509 | 81,90

The addition of 809 to lard decreased the AOM stability of the lard by

about 42.4%, probably by destruction of the natural amtioxidamtso

- However, the addition of SO te lard comtaining Tenmox-6 reduced the AOM
~stability by emly 16% as compared to the lard sample containing Temox-6
31@@@, ‘Antiexidants appeared to be effective in counteracting the

adverse effects of 50y on the stability of the lard.

Storage studies for twelve menthis at 229C.

1. - Flavor pamel evaluations. Mean flaver scores for enzym@=ima@tivat@d
‘cod patties are givenm in Tablé 6, . Ini;ially large panel evaluatiom
showed no Signifiéamt difference im flaver scores between the non=
irradiated contrel and the unleached sample without browning inhibitors

and irradiated at =40°C. All other treatments were judged significamtly

16
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Table 6. Mean Flavor Scoresa

L gy e

for Radiation Sterilized Enzymé-inaetivated Cévaat&ies Stored at 2200

VVStaragevtime (monthS)

Browning inhibitors - 500 pom S03 # 0.4% CaCly.

* Significantly different from the contrel at 5% significance level.

Radiaﬁion -0 o Q 4 -8 12
Treétment _temé.i‘gc _ Large panel Small E#F?I’,'f“ '
' Control (0 Mrad,,522°c>
 Unleached - 6.5 7.1 '6;6 _5.8 :  f§i8:
4.5 Qﬁad | : :‘
'~a§1éa¢hed | ambient 6.0% 6.6 6.0 6.1 :' S.1%
Unleached | - -40% 6.4 6.3. 6.8 = 6.7 f '5;9»
Unleached;¥ BibV:A ambignt | S;SQ ,. 5.9*> 5.5% 6.0  4;8*
. Unleached # BI . -40%¢ - 5.1%  5,3%  5.1% ,4~9*
Leached ambient ';5,2# 5.2% 5.8 5.4%  4.8%
Leached -40°C - 5.4% 6.0 5.8% 5.2
Leached'¥‘BI | ‘ambient 5.3% 4,5% 5.8 5.9 5.7%
Leached # BI . -40°¢ - 6,1» 6,1 5.6%  5.0%
2 Score 9 high, 1 low,
b



lower than the é@ntf@l, ‘A small panel géve similar results af&ér 12
months storage at 22°C,  As has be@m;m@tgd before, there S@@m@d't@ be an
impr@vem@ﬁt in flavor scores after aiShéft peri@é of storage &4'm@nths}
at»r@@m temperature. This is b@liév@d to be due te the lmssy@fr7
 irradiated odor amd flavor. Five of the irradiated samples received
Pacceptable” flaver scores (5.0 or ab@#@) after 12 months storage at

22°C.

Léa@hing of the fish in emzyme-inactivated patties significantly
improved flavor scores of the irradiated patties after 12 menths storage
when the Sampl@ contained browning iﬁhibiters and was irradiated at
ambient temperature. Low-temperature irradiation had no effect onm

- flavor scores between comparable treatmemts. The addition of brownimg

inhibitors lewered the flavor scores of the unleached sample irradiated

at =40°C éﬁd'sigmificantly improved the flavor score of leached samp Le

at ambient rediatien.

E@am‘flavér éé@f@s for prefried cod patties are shown in Table 7. At
th@‘b@gin@ing ef storage all irradiated samples received sigﬁifi@antly
lower scores tham the comtrol, with the exception of the small panel
megn flaw@r score f@r the unleached patty c@mtaiming‘n@ bf@wmimg
inhibiters and irradiated at ambient temperature. After 12 months

stérag@ the smali panel scored the leached patty containing no browning

16
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Table 7. Mean Flaver Scores” for Radiation Sterilized Prefried Cod Patties Storage at 22°¢

Rédiétion- , ;“”;fQVf?:¥

Treatment - _ temp. - °C -

-0

4

“"Stbrage'timé (months)
et = s AR

1'12.v.

) Sm§11P2anel

Control (0 Mrad, -22°C)

,,_Unleacheé S ' e L e 6.6

4.5 M;ad'7

Unleached | " ambient 5,7%
Unleached =~ - -40% | o 5,9%
 Unleached # BI® . ambiemt o 4.8%

Unieached # BIL g g - -40?C , . R

' Leached o " ambient | . 5.4%

Leached ' o -0 L -
Leached # BI - ambient 5,2%

Leached # BI | -40% -

6.7

5.8

5.6%
g

5.5%

5,0%

5,0%

5.1%

4, 6%

7.0

’ ‘5?._6'*

6.0%

N 404* |
4.8%

5.0%

5.3%
5.3%

4,7%

5.9

busx
5.7
4.8% |
4,5%
s
| 5.3

5.2

500

s

-:§i;*

4.5%
bt
5.8
5,0%

503*

@ gcore 9 high, 1 lew.

b Browning inhibitors - 500 ppm SO2 £ 0.4% CaCiQ.

* Significantly different from control at 5% significance level.



inhibitors and irradiat@d‘at:ﬁﬁe@evmg”n@t sigmificamtiy diff@réﬁt from
the nen-irradiated comtrel. Five of the jrradiated samplés SC@f@d on

the “1ike"” side of the hedonic scale. .

Leaching @f tﬁe fish in p:@fri@d patties gave m@_Significgﬂttﬁiff@rémc@si
in flavor scores of the irradiaté@ sampl@é after 12 months ét@rag@
between samples irradiated at ambi@mt'émd - G@CQ or with and without the
addition of antioxidanmts. Léw«t@mp@ratur@ irradiation sigmifi@émtly
improved the mean flaV@r‘se@r@ for the leached éampl@ without br@wmimg
inhibit@fs? The additien of browninmg inhibitors had m@_éff@ct on fla&@r

scores between samples treated in a similar manmer.

2, Objective metheds of evaluation. Total volatile bases (TVB) are
given in T@bl@ 8, TBA numbers for emzyme-inactivated cod patties in
Table 9, pH values in Table 10, sulfur dioxide values in Table 11 amd

color reflectance readings in Table 12,

18
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Table 8. Total Volatile Base Determinations® of Radiation Sterilized Cod Patties Durimg 22°C
Sterage
Storage time (months)
Radiation Q 4 8 12 0 4 -8 12
Treatment temp, °c Enzvme-inactivated patties Prgfried'patties
0 Mrad, -22°C
Unleached - 6.49 10.68 10.96 11,03 11,20 10.33 10,33 10.50
4.5 Mrad
Unleached ambilent 13.21 25.906 30,16 30,80 21.70 28,00 32,90 36,05
Enleacﬁed -40°¢ ~?;18 18.20 20,13 24.50 13,65 21,70 25.38 33.95
Unleached ¢ 31° ambient 30.37 39.03 42.70 46,38 32.75 41.30 44.80 47.43
Unleached # BI -40°¢ 23.72 32.99% 35.53 38.85 23.80 33.60 42,78 46.90
Leached | ambient 4,80 15,93 17.85 19.60C 5.95 9.98 10,50 11.90
Leached -40°¢c 4,59 8,05 11.20 13,13 2,80 5.75 8,75 9.63
Leached # BI ambient 11.11 15.40 17.50 18.81 5.95 11.03 12,60 14.18
Leached # BIL -406%¢ ?,35 12,25 14.35 15,31 6,65 9.28 13.48

11.%0

% mgN/100 g fish.

b Browning imhibitors - 500 ppm S8y # 0.4% Catl,,



Taeble 9. TBA Numbers® of Enzyme-inactivated Cod Patties Durimg 229C

Sterage
Ra@iati@ﬁ o . St@ggg;@ time gm@mths ) |
Treatment temp. 9C 0 4 . 8 12
0 Mrad, =229
Ualeached - 0.76  0.51 0.9% 0,97
4.5 ¥rad |
tnleached | ambient ' 1.68 0,62 0.86 0,81
Vnleached ~40°¢  0.65 0,67 0.70  0.69
Unlesched + BI® ambient 0.65 0.61 0,85  0.49
Bnleacked + BI ~40° 0.65  0.73  0.71  0.63
Leached ambient 0.49 0.58 0.79  0.71
Leached - «40% 0.58 0,66 0.77 0,64
Leached + BI smbient 0.73 0.52 0.7& 0.71
Leached + BI =406°¢ - 0.69 0.66 . 0.86  0.53

® mg malomaldehyde/1000 g fish.

b Browning inhibitors.

20
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Browning inhibitors.

Table 13, pﬁlﬁalsag @f Radiation St d Eanzyme-inactivated Jod Patties Duriag 22°%¢ Stovage
___ Storage time (months)
Radiation o - & 8 17 0 & 8 12
Treatment temp, °C ‘Bozyme- inactivated pstties Prefried patties
0 Mrad, -22°C
Unleached - 6.8 6.8 6.8 6.8 6.6 6.6 6.6 6.5
4,5 Mrad o | |
Unleached ambient 6.9 6,9 6.9 6.9 6.6 6,6 6.7 6,7
Unleached -40°¢ 6.9 6,9 6,9 6.9 6,7 6,7 6.7 '53?
Unleached # BI” . ambient 6.8 6,8 6,8 6.8 6.5 6.4 6,6 6,5
Unleached # BI -40°C 6.7 6.8 6.7 6.8 6.6 6.6 6.5 6.5
Leached ambient 6,8 6.8 6.8 6.8 6.2 6.1 6.2 6.1
Leached | ~40°¢ 6.9 6.9 6.9 6.9 6.3 6.1 6.1 6.2
Leached ¢ BI ambient 6.5 6.5 6,6 6.5 6.5 6.5 6.4 6.4
Leached # BI ~40°¢ 6.5 6.5 6.5 6.5 6.4 6,5 6.5 6,5
a



Table 11, Residual Sulfur Diexide Content?® in Radiation Sterilized Cod

Patties During 229C Storage

Aft@r ra@iat1@n

Radiation
Treatment temp., ©C
Em@y@@=im@@&ivat@@
Unleached ambient 107 87 99 87
Unleached =40°¢ - 88 106 128 135
leached ambient 45 32 23 20
' Leached | ~40°¢ 135 81 80 77
Prefried
Bnleached ambient 78 39 30 29
Unleached | =40°¢, 160 62 30 30
lLeached ambient 85 9% 81 163
Leached =40% 140 141

203

127

8 809 reported im ppm, 500 ppm added to each sample,

22
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Table 12. Color Reflectance Values® of Radiation Sterilized Cod Patties During 22°C Storage

, Storage time (months) '
Radiation - 0 = 4 8 12 R 8 12

Treatment temp. °C Enzyme-inactivated patties Prefried patties
0 Mrad, -22°¢C . : |

Unleachea - 55. 52 53 51 51 49 55 54

- 4.5 Hrad |
Unleached o ambient " 46 44 42 43 52 43 38 39‘
_Unleached . -40°¢ ' 50 47 47 49 6 46 40 38
Unleached LI ambient 46 42 52 49 59 S5 48
Unleached 7 BI | 4% 50 43 51 49 58 53 44
Leached ambient 4 41 38 41 54 s 45 45
Leached | -40°¢ . o® 45 44 41 61 55 46 47
Leached # BI  ambient 58 55 51 55 63 59 53 51

leached £ BI -40%¢ | 48 . 55 50 53 60 56 52 53

Percent reflectance, higher values indicate lighter color.

b Browning inhibitors - 500 ppm S@Z # 0.4% CaCl,,



Total velatile ba@és increased with st@rage for each tr@atm@mt; - The
leached samples had 1@@@r TVB values thanm the unleached samples. Inm the
enzyme=-inactivated saﬁpl@s after 12 wonths storage the i@a@he@ samples
irradiated at -40°C hadyvalm@s cemparable to the eontreol. All leached
prefried pattiecs had values comparable te the contrel after steorage. |
The highest values were obtained iﬁ the vnleached sampl@s\@@mtaimimg
browning inhibitors. All velues were lewered im similarly treated

samples whem temperature of irradistion was lowered.

TBA number and pH values changed only slightly during storage of the
samples and seemed to have little value as indicators of quality of

irradiated stored ced preducts.

Sulfur diexide contemt was gemerally lower in samples irradiated at
ambient temperature tham in similarly treated samples irradiated at
~46°C. Lesched samples had higher S0, values than the wnleached samples
in the prefried patties while the reverse was true for emngyme-=

inactivated patties.

'Gol@r reflectance values indicated a greater degree of brownimg in the

.pr@fri@@ patties ﬁham in the enzyme-inactivated patties during 12 months
sterage at 229C, Both enzyme-imactivated and prefried patties which had
been leached and contaimed browning imhibiters were similaf,im color to

the contrels after storage. Other treatments showed varying degrees of

24



browning. The addition of browning inhibitors and leachimg of the fish
generélly retarded browning ﬁhilg lqm—temgsr?ture irradiation had little

effeect,

25
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