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FOREWORD

The availability of shelf-stable, h.ghlv acceptavle fish and
seafood products for use in mititary feeding systemes is considered a
necessity. The currently available thexmally processzd ilzms Zo not
fully meet requirements because of their linited uti:ity, stability
and eeneptab?iity. Rediation processing, or "ecld" siarilizalion as
it 1s frequently cellad, nus the potertislity of yicidting produvcis
that have good military utility, good storage stability, and gnod
acceptability. Therefore, research to develop process criteria Chat
can be used to produce irradiation sterilized fish and seafood prc-
ducts is underway,

The wesyk coverea ir ‘hiv r2port wes parlorved by Oregon State
University under Contract TA29-129-M-13,¢ 3urinz te period from
January 1955 to Jume 1963. i represeunts ar ‘nvestisation of the
effecte of s orage strbility of =edistion sterilized beet. Shuece
variables Includ> such factors a2 type andé quality of the rac mutsried,
enzyme inactivation rechniques, and the use of selectesa addiviver.

Ir. H. W. Schultz wvas the Prciect Cfficer and official investi.
gator and Professor R, 0. Sinnhubevw, Dr. . C. Yv, and Mrs, Mayy
Larders colizberatore rTor Oregon State Univovsity. The U. 5. ammy
Katick Iaboratory Projezxt Officers were Dr., G. D. Gernon and Mr. M.
Simon apd the Alternate Project Officers wers Mr. F. J. Krauass and
Dr. F, Hellligman, ail of tre Food Division,
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ABSTRACT

Results of a series of experiments have led tc the development
of five (prefried and enzyme-inactivated codfish patties, prefried
and enzyme-inactivated halibut patties, and halibut steak) radiation
sterilized (4.5 Mred) seafood products. Large consumer panels judged
these products acceptable initially, shortly after irradiatvion, and
after 6 months storage st 21°C. The siudy included investigation of
a large number of variables including {1) thirty commercial brends
of breaded seafood products, (2) enzyme-inactivation technique, (3)

a >:rge variety of breadings and batter, and binders, (4) methods

for preparing the various types of patties, (5) effects of seversl
different anti-browning and antioxidizing agents, and (6) effects of
searoning and flavor intensifying agerts. Both subjective and
objcctive anelytical techniques were used for determining the effects
f the various factors on acceptability and stability of the products.
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SUMMAKY

1. This prcject has led to che developmwent of five radiation-
sterilized sesfood products; iL.e,, prefried cod and halibut patties,
enzyme-inactivated cod and halibut pattics, and halibut steaks,
Large panels judged these products acceptable after storage at 70°r
for six months,

2, Thirty c¢comercis! orands of breaded seafood products that
were radiation-steriiized deterioreated during storsge at 70 and
100°F due to initisl pocr quality, autolysis and non-enzymatic.
browning.

3. Ensyme inactivation of cvod muscle, as measursd by the
formation of amino nitrogen, required 2 minfimum time-temperature
heat treatment of 300 seconds at 150°F or 15 seconds st 160°F.

4, A suitable batter (DCA batter mix #4005 for fish sticks)
and hreader (Mrodern Maid Redi-breader, medium brown) for irradiated
saafood products vere selected on the basis of flavor, tolor and
texture.

5. Vazious metheds of comminuting and rates of cooking cod
prior to irradiation did not materially <ffect flavor scores of
the stured irradiated product.

6. CTod cakes deep-fried afrec irradistion scored significantly
higher than cakes deep-fried prior to {rradiation.

7. Seafood seasoaning sult, barbecue sessoniug salt, ralt, onion
ealt, gerlic salt, MSG and pepper vera added to cod fish patties prior
to radiation-sterilization. These seasonings improved the flavor of
the irradisted pstties; textural changes wera also noted.

§. Bdible binders (2%9) were screened, and two bHinders,
Visccaix (gelatin by Swift and Co.) and white corn meal, added in
comdination, were found to improve flavor and taxture of irrsdiated,
storcd cod patties.

9. 8odium hydrosulfite added to cod cakes did not prevent
nou-encymatic browning of the gtored, irradiated cakss. Sodium
hydroavlfice and calcium chloride, added teo ground rockfish, gave
ro gignificant colur differences between treatments of the storsd
lrradiated fish.
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10. Seven antioxidants were evaluated in radiation-sterilizec
prefried cod cakes by small panels. There were no significant
differences in flavor scores of the stored, irradiated cakes.

11. Chemical tests (VOS, TMA and TBA) on stored irradiated
cod and rockfish containing antioxidants seemed to indicate that
Tenox VI anad 1DPA would be effective antioxidants.

12, Shortenings and oils (13) recommended for deep-fat
frying vere irradiated and scored for intensity of irradiated
flavor. Spry was selected for further testing. Eight antioxidants
added to Spry did not lessen the irradiated odor and flavor.

13, The effect of irradiation on natural fats (Active Oxygzen
Method) showed that the more saturated fats, such as lard and
tallow, were the most susceptible to radiation damage. Vegetable
oils showed & 30 to 50% decrease in ctability, while fish oils
were relatively stable,

14. Irradiation of four antioxidants {n Vream (Swift & Co.)
revealed that the antioxidants were relatively stable when
vacuum packed,

15. The effectiveness of antioxidants varied greatly in
prolonging the stability of different fats and oils. This work
indicated the usefulness of antioxidants in extending the storage
life of land animal fets and possibly of irradiated pork and beef
products.

16, High vacuum packing (2 mm or less) of shrimp and shortenings
did not yleld products of lesser irradiated flavor. However, pre-
liminary work indicated that high vacuum packing improved the flavor
of irradiated cod cakes after storage at 70°F for six months,

17. Total volatile bases, pH, TBA number and trimethylamine
nitrogen values ¢f irradiated halibut steaks increased with
storage time, and showed the value of adding antioxidant, such as
TDFA, to the irradiated stored fish.

18. Limited studies of color differences between trestments
of stored, irradiated seafood products indicated the advisability
of adding an antioxidant, such as Tenox VI, to lessen non-ensymatic
browning.




I. General Objectives

The purpose of this contract was to develop radiation-steri-
lized, shelf-stable fish and seafood products. 5terilizetion of
fish at high levels of radiation frequently imperts undesirable
odors and flavors. The general objectives were tc investigate
various methods of lessening these flavor changes which occur
during irradiation and subsequent storage at room temperature,
This work was chiefly concerned with the invsatigation of the
following: entioxidants and other sdditives for the improvemeat
of flavor and storaze stability; various methods of preparation
and enzyme inactivation; high vacuum packing and other specislized
proceduras, Subjective methods by taste pinel evaiuestion and
objective methods by chemical and physical measurements were
erployed to evaluate processing variablies and treatments.

This final report includes & summary of the work presented
{n detail in Interim Report #14, ¥ile $-590, which was largaly the
development of radiation-sterilized seafcod products, A detailed
account of results during the last year aru presented herein,
dealing primarily with storage studies of the most promising
irradiated procducts.

11, Irradiation of Market Seafood Products

During the initial phase of this contract, thirty commercisl
brands of breaded seafood products were subjected to irradiatfon
at 4.5 megarad and examined for gross physical and organolsptic
changes by small panels. Two of the products, French fried shriwmp
and prefried fish sticks were evaluated by large panels., Taste
panel scores ’ndicated only "borderline" acceptance of the irradiated,
stored products, The i{nitial poor quality of some of the products
may have been responsible fcr the rapid deteriorstion during atorage.,
Autolysis and non-engymatic browning cccurred, batter and breading
darkened considerably or became gummy and & tallow-iike flavor was
noted from the cooking fat. Since no commercisl, breaded seafood
producta seemad to be suitable for radiation-processing, it vas
decided to embark on product development to overcome these diffi-
cuities,

III. Product Development of Breasded Seafoods
Work was ‘nitiated on the development of a fish cake or patty
vhich would seam tu b2 the most flexible and sdaptable type of

product to use for this project. ?2acific cod, Gadus macrocephalus,
vas gselected for use in the preparaticn of ground fish cakes because
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it was readily available, economical, bland in flavor and low in
fat. The patties were sized to fit round cans (307 diameter) which
were used for irradiation and storage. The fish was ground to
facilitate the addition of the following: agents to prevent non-
enzymatic browning, antioxidants to prevent oxidative rancidity

on prolonged storage, and binders and seasonings to improve flavor
and texture. Various batters and breadings were tested for irradi-
ation effect on flavor, color and texture. The enzyme-inactivation
temperature for fish muscle was determined. Ccoking fats and oils
containing antioxidants, were screened to determine differences in
intensity of irradiated odor and flavor and storage stabllity.
Various methods of preparation, precook and packing of the fish
were investigated.

A. Experimental Methods and Procedures
1. Preparation of fish patty, prefried.

Fresh, Pacific cod fillets were ground in a
atainless steel meat grinder, using ¥-inch plate. Antioxidants
vere incorporated in the fish at this point by hand mixing for
timed intervals, with the untreated samples receiving the same
mixing. The ground fish was stuffed in meat casings (2%x32 E,.P.
Pibrous Visking Co.) by means of a hand stuffer. The ‘'sausagec"
were quick-frozen at -18°F, sliced in 3/8-inch cakes, dipped in
batter and breading, and deep fried in hydrogenated shortening
at 360°F for three minutes (minimum internal temperature 160°F,
15 sec.). The fried patties were spread on wire racks, quick-
frozen and packed in 307x202 "C" enamel cans, three patties per
can, sealed and returned to the freezer to await shipment for
irradiation. This produit was designated a prefried patty, a
"heat and serve' item.

2. Preparation of fish patty, enzyme-inactivated.

A second type of patty evolved through our
experimental work. This was designated an enzyme-inactivated
patty. The variation in procedure is as follows: Binders were
added to the ground fish before stuffing in the casings. The
"ssusages' were cooked in a boiling water bath to enzyme-inactivation
temperature, held {n a 34°F cooler overnight, sliced in 3/8 inch
cakes and packed in cans for irradition. Parchment paper was
placed between the cakes, and the samples were quick-frozen., These
patties were breaded and deep fried at time of ‘serving.




3. Irradiation procedure.

After preparation, the frozen samples were shipped
under dry i{ce, via Railway Express, to the Materials Testing
Reactor at Arco, Idsho for irradiation at 4.5 megarsd, and were
returned to Oregon State University under the same conditione.
Irradistion was effected in water at ambient temperature. Dosa
rates varied from 1.67 x 10% to 3.70 x 108 rad/hr average.

4, Storage conditions.

After irradiatior the seafood products were stored
in contrclled temperature rooms at the Department of Food Science
and Technology at 70°F for six months. Bacterfolcgical clzarance
vas obtained on all storage samples before presenting them for
panel evalustion. The toxicity crests were performed in the
Microbiology Department of Oregon State University,

5. Subjective methods of evalustion.

In the organoleptic evaluation of seafood produccs,
two types of taste panels were employed: the small trained panel aad
the large student panel., The small panel consisted of & to 20 staff
members and graduate students at the Department of Food Science and
Technology, Oregon State University who were trained to recognisze
irradieted odor and flavor. The students for the lsrge panelc were
neither trasined nor pre-selected, but rather z general notice wus
posted and 140 to 180 responded at various times. The swrall panels
wvere used for preliminary evaluations, and the student panels to
measure acceptance. These student evaluations may be used as an
indication of consumer preferences, since the students show generally
the same preference ratings as home consumers, accerding to Calvia
and Sather, (Food Technol., 13, 469, 1959.)

At time of serving the prefried fish patties wsre
heated in a 400°F oven for 12 minutes. The enzyme-insctivated
cakes were breaded and deep-fried at 360°F for three minutes. Tha
tasters were served the samples in raadnmly coded cups with each
taster receiving one-fourth of a fish patty per treatment,

Two types of ballots were used for this project.
The preference baliot, with & 9~point Hedonic scale, went pro-
gressively from a score of 1, indicating "dislike axtremely”, to a
score of 9, indicating "like extremely". A 6-point baliot was
also used by the small panel to score intensity of frradiated odor
and flavor., The ballot was scored from 0, indicating no irradiated
odor or rlavor, to 5, indicating very extreme intensity. Sta-
tistical analysis of variance was obtained at the 5% significance
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level.
6. Objective methods of evaluation.

Objective evaluations by chemical and physical
methods were employed. The chemical tests included pH, trimethyl-
amine (TMAYL, volatile oxidizable substances (VOS)}2, thiobarbi-
turic acid number (TBA)3 and total volatile bases (TVB)*, A
Photovolt Photoelectric Reflection Meter, Model 6105, with a tri-
green filter, was used to determine color differsnces between
treatments.

B. Treatment Variables
1. Enzyme Inactivation.

The importance of inactivation of the naturally
occurring autolytic enzymes of meat to be stored above the
freezing point hes been clearly demonstrated. However, no report
was available on the inactivation temperature of cod muscle
enzymes and a study was conducted in our laboratory. Ground cod
cakes were heated to internal temperatures of 150, 160, and 170°F
for 15, 60, 180 and 300 seconds. It was determined that & minimum
time-temperature treatment of 300 seconds at 150°F or 15 seconds
at 1609F was required prior to irradiation for inactivation of
enzymes in cod by the amino nitrogen method of Pope and Stevens,
(Biochem. J., 33, 1070, 1939). Results of this work are in press.

2. Batters and breadings.
Twenty combinations of batters and breadings were

tested, not only for irradiation effect on texture, but also for
flaver and color. Emphasis was placed on a breading mix that

lw. J. Dyer, AOAC, Vol. 42, No. 2, 1959

27. C. Yu (Unpublished)

3Yu and Sinnhuber. Food Technol., Vol. XI, No. 2, pp 104-108, 1957
4M. E. Stansby, Ind. Eng. Chem., Anal. Ed. 16, 593, 19k.
SPhotovolt Corporation, 95 Madison Avenue, New York 16, New York
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gave a light brown color during precook to 160°F {nternal temper-
ature and vielded s desirable medium brown-culor after irrediation
and reheating. The products were recooked by deep frying cr haating
in the oven before serving. The preferced tatter and breader for
£ish cakes were DCA #4005 batter! and Modarn Maid Redi-breader,
medfum brownZ., This batter cnd breading were usei exclusively in
all future resasrch alscusxed in this veport,

3, Methods of comminuting and anzymG snsctivation,

In an sndeavor to produce s fish party of wors
d-sirable flavor an¢ texture, varicus methuds of comninuting and
prehesating the fish fillets wace investigsted as foliows:

a. Chopping in & silent culter comparad
with grinding ‘n & meat griundes.

b. Conxing the fish quickiy in a bosliing
vater bath comparsd with covkiag by a
gradual increass in watsr bath teopes-
ature to a mexioum of 10%7 adove the
dasirzo inernel temperatuse.

c. The use of e Raytheon Radarange, Serial
#), FKodel 1151, to effact enayms in-
sctivation ot wn acseleraved rcate without
otherwisc altevring the product.

d. Enzyme-inactivated patty cospersi with the
prefried patty.

Taste panel scores after irradistion indicated that
the methoda of comminuting and rate of precooking the fish did not
materially affect the meen flavor scores. Much dsvelopmental work
is needeud before radar cooking ie practicable for the enzyms fan-
activation of fish, Flavor scures indicsted that cakes, deep-friad
after irradistion, scored esignificantly highsr than cakes deep—fried
prior to irradiation. Deep frying sfter irradistion ssamad to lasser
the irradiated odor and flaver and gave a mere scceptable product.

1DCA FPood Industries, Inc., 43 West 36th Strest, ¥Yew York 18, New York
2Modern Msid Pood Products, Inc., 110-160 Dunkirk Strsat, Jamatica 12,
New York




4, Additives,
a, $»asonings

Suasonings were added to cod fish cakes
in aa sttempt *o improve the accoptability of the irradiated cakes.
The following combinations of seazonings vere tested: 1) salt,

peppar, MS3, ) salt. onion salt, garlic salt, papper, M§G, 3) Stanga

flavoraid smoke salt, a) Joanay's Seafcod Seassoning Salt! eud 3)
Barbaicue Seasouing Saltl, After one month storage ut 70°F, a small
panel scored the smoke-flavored cake unacceptablc. Although the
smoke flavor masked the irradiated flavor, it had limited appeal
and acquired a medicinal or phenolic taste, With thias exception,
all of the sevsoned cakes roceived higher scores than the contrcl
ceke with no seasonings. All of the seasonings tested seemed to
kave a binding affect, while the control cake tended to fall apart
vhen sarved. The irradiated cakes containing Seafood 8alt and
Rarbecus Salt seemed to toughen and bacome slightly rubbery in
texture. Salt, pepper and MSG were added to prefried cod cakes in
combina*ion with high vacuum packing for large panel evaluation.
Results were !nconaistent, and {t was decided not to add salt to
the prafrisd cakes. Salt, however, was sdded with the binders,
Viscomix and corn meal, to enzyme-inactivated cakes and results are
discussed in the foliowing saction.

b. Binding agents.

Tventy-nine sdible binding agents were
screenad, inciuding gelatins, starches, gums and algin derivatives.
Tka binders weraz incorporated in the ground fish at levele from
0.425% to 5.0% a&ud zhe fish was cooked in the cans in & boiling
vater vath., The binders were judged on the basis of ease of
mixing, free-woisture levels after coocking, flavor and texture
scorea after ‘rradiation and the e¢ase of handling wvhile slicing
and breading prior tc trying. The formulation of 4% white corn
moel, 1%% Viscomix (gelatin by Swift & Co.) and 0.4% salt of the
total weight of the fish was selected for use in entyme-inacti-
vated fizh cakes.

1Johnny'n Dock Restaurant, Tacoma, Washington
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¢. Browning inhibitors.

The effect of sodium hydrosulfite as a
possible browning inhibitor was investigated. Sodium hydrosulfite,
at the rate of 100 ppm of sulfur diokide, was added to the ground
fish during preparation of prefried dakes. After 6 months' storage
of the irradiated samples, the hydrosulfite samples scored signifi-
cantly lower in flavor than the control sample with no additive.
There was no appreciable color difference between treatments. GSodium
hydrosulfite and 0.5% calcium chloride were added separately to
ground rockfish., Photovolt readings, using a green filter, were
taken after 0, 1, 2, 3, 4, 8, 16 and 24 weeks' storage at TOOF.

Three readings were taken on the surface of the rockfish immediately -
after cutting the cans, and three readings were taken on a center
slice and averaged. There were no significant color differences
between treatments.

d. Antioxidanﬁs.

Antioxidants which are stable toward gamma
irradiation and give a definite measure of protection against
oxidative rancidity are needed if seafood products are to be stored
for prolonged periods. Antioxidants may have a beneficial effect
in the prevention of radiation-induced browning reactions.

, Four antioxidants at levels of 0.02 to 0.05%
were evaluated in prefried cod cakes, in preliminary tests. These
antioxidunts included Tenox S-11 (20% propyl gallate, 10% citric acid
and TO% propylene glycol), Tenox IV1 (20% butylat=d hydroxyanisole,
20% butylated hydroxytoluene and 60% vegetable oil), 2,k4,5-trihydrogy-
butyrophenonel (THBP) and propyl gallate (PG). Results seemed to °
indicate no appreciable improvement in the flavor of stored, anti-
oxidant-treated, irradiated cod cakes over the control cakes.

Prefried cod pattiee containing four anti-
oxidants, in combination with citric acid (.001%) and sodium
hydrosulfite (0.01% sulfur dioxide), were evaluated by means of
trained taste panels and chemical tests after irradiation at 4.5
megarad and Storage for six months at TO°F. The antioxidants
included Tenox VI+ (10% BHA, 10% BHT, 6% PG, 6% citric acid, 12%

lpastman Chemical Products, Inc., Kingsport, Tenn.



propylene glycol and 56% vcgetable oil), THBP. thiodipropionic

acid (TDPA)l and dihydroquercetin (DHQ) 2, added at the rate of

50 ppm in the product. Taste panel results gave no clear-cut
answers as the value of antioxidant addition to radiation-sterilized
seafoods.

Chemical tests included VOS, TMA and TBA
determinations, and values are given in Interim Report #14, File No.
8-590. 1In general, VOS values increased with radiation and de-
creased with stor:ce time. TMA values increased with radiation and
with storage time and temperature, TBA values increased with
radiation and decrzased slightly with storage. Chemical teste
seemed to Iindicate that santioxidants should be incorporated in
radiation-sterilized fish cakes that are to be stored,

Rockfish was selected for furthes tasting
of three entioxidsnts (Tenox VI, TDPA, DHQ) snd two drowning in-
hibitors (sodium hydrosuifite and calcium chloride). V09, TBA and
TMA determinations were run after six months storage st 70°7.
Results were generally the same as reported in the previous para-
graph with prefried cod cakes.

Although the taste panel ra2sults and
chemical tests were not conclusive, i seemed advisable to add
antioxidants, especially when oxygen is present. Other workers
have reported this. Such would be the case when samples are
packed in large cans for irradiatiorn (i.e. #10 cans)., Tenox VI
and TDPA were selected as representing two classas of antioxidants
for furcher storage studies.

5. Shortenings and cooking oils.

Radiation sterilization of breaded prefried products
frequently gives rise to tallow-like or oxidized flavors which are
believed to come from the cooking medium. Thirteen shortenings
and cocking oils recommended for deep fat frying were cvaluated
organolepticelly tc determine differences in intensity of ir-
radisted odor and flavor. Spry consistently ranked lower in
intersity of irradiated flavor than the other brands tested and
was used for deep-fat frying., Eight antioxidants were added to

lgvans Chemetics, Inc., 250 East 43xrd St., New York 17, New York
2Forest Products Laboratory, Corvallis, Oregon




Spryl at the 0.02% level and the Spry was irradiated at 3.0 megarad
to determine whether antioxidants lessen the irradiated odor and
flavor in fats. No significant differences were noted between the
samples.

The effect of radiation on fats, oils and shortenings
was investigated. Fifteen samples of fats and oils were analyzed
for decrease in stability by the active oxygen method (AOM),
American 0il Chemists Society procedure CD 12-57. Irradiation at
.5 megarad caused a decrease in the AOM stability of all fat
samples. The effect of irradiation on the stability of natural
fats appeared to follow a pattern that the more saturated animal
fats such as lard and tallow were most susceptible to irradiation
damages. The highly unsaturated fish oils showed little change in
stability time. The vegetable oils decreased in stability con—
siderably after irradiation, but were not as severely affected as
lard and tallow.

5 Four antioxidants were separately incorporated in
xxx Vream®, a shoriening recommended for deep-fat frying, at levels
of approximately 0.02% and 0.05%. The antioxidants included propyl
gallate, nordihydroguaiaretic acid, butylated hydroxyaniscle and
quercetin. The cans were vacuum sealed. There were no appreciable
increases in total carbonyls (Berry and McKerrigan), peroxides
(Amer. 0il Chem. Soc.), or malonaldehyde (Yu and Sinnhuber) in the
Vream samples after irradiation, after three weeks, or after six
weeks of storage at 100°F. From 82% to 98% of the irradiated
antioxidants were recovered, indicating that irradiation at 4.5
megarad did not severely damage the antioxidants when they were-
added to xxx Vream. We would anticipate & much greater loss of
antioxidants and destruction of the shortening if the irradiation
was carried out in the presence of air.

Additional studies were conducted to establish the
antioxidant protective factors for both irradiated and non-irradiated
fats. The protection factor may be defined as the ratio of AOM
stability time of the fat containing antioxidant to the staoility
value of the control sample containing no antioxidant. The ef-
fectiveness of antioxidants vary greatly in prolonging the
stability of different oils. Most antioxidants éff‘ciently retard

l?rcduct ¢f Lever Brothers Co.
2pProduct of Swift & Coc.
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the rates of autoxidation of the more saturated animal fato, such

&% lavd and tallow. On the other hand, the addition of antioxidants
to vegetable oils and highiy unsaturated fish oils gaeve only a
siight incresse in stability.

These studiea indicate the advisability of adding
antioxidsats to irrsdiated seafood products to extend the storage
life of the products., Specific sntioxidants %o be used in fish
cakes require furthkaer {uvestigatfon.

6. Vacuum packing.

Higd vacvum packing (2 mm or less) of shrimp,
shortenings and cooking oils did not seem to indicate a lessening
of irradiated odor and flavor. However, favorable results with
high vacuur packing of fish cakes were obtained, Small panels
evaluated prefiried cod cakes containing salt, pepper and MSG, packed
under high vacuum, irradiated at 4.5 megarad and stored for 6 months
at 70°F. On the basiz of these scores, it seemed that s prefried
ceke should ba packed under high vacuum. Large panel evaluatfons
wers neaded to establish the validity of these vesults,

C. Balibut Steaks

Red Snapper fillets, cod fillets and halibut steaks
served with lemon and butter or tomato sauce were screened by
small panels., After firradiation at 4.5 megarad, the halibut steaks
with tomato sauce received higher flavor scores than the other
zacples. This product was selected for further ixradiation
atudies.

Whole, fresh-frozen Oregon halibut, Hippogioasus
gtenolepsis, weighing from & to 12 pounds, were sliced in %"
thick stesks with a band saw whils frozen. The steaks were
pertieiiy thewed, placed in wylar-polyethylene bags and enzyme-
inactivated in & hot water bath (170-180°F) to a minimum internal
temperaturc of 160°F, Bone, fat and skin were removed after
cooking, and the ateaks and liquid from the cook were sealed in
307x202 "C" en&mel cans at 25" vacuum. The fish was frozen and
shipped under drg ice for irradiation at 4.5 msgarsd. The halibut
was stored at 70 F ror six eonths for orgsnoleptic and chemical
evalvations. Chemical tests ircluded TMA, pH and total volatile
bases (TVR).

Results indicated that halibut steaks show promise as a2
radistion-sterilized seafood product, The steaks were lightly
covered with tomato sauce and heated in a 400°F oven for 15 minutes
to serve the panei. TVB values did not increase with irradiation,

-
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but showed a two-fold increase with storage of the irradiated
samples. The pH values increased slightly with irradiation and
storage. TMA values increased slightly with irradiation and con-
siderably with storage. It was concluded that halibut steaks be

subjected to large panel evaluation.
IV. Storage Studies
A. Subjective Evaluat*ono

The work previous to this point has dealt largely with
small panel evaluations of a number of additive and treatment
variables. As a logical extension of this research, it was de-
cided to combine the best of these treatments in a series of teste
for large panel eveluations. Although most of the work wss done
with ccd, the scope was enlarged to include halibdbut. After irradi-
stion halibut was found tc be superior in texture and lighter in
color than cod. However, since halibut has a slightly higher fat
content then cod, antioxidents were added to achieve greater storage
stabllity. Activated charcoal packets, as odor scavengers, were
included in the cans since other workers nave shown them to be
particularly effective with irradiated foods. Five products were
selected: Prefried cod and halibut patties, enzyme-inactivated
cod and. halibut patties, and halibut steaks.

1. Materials and Methods
'a. Prefried fish patties.

The method as given above was followed in the
preparation of the fish patties, with some modifications. After cod
or halibut fillets were ground, antioxidents (Tenox VI or TDPA)
were added at the rate of 50 ppm. The fish was stuffed in casings,
frozen and sliced as previously described. The sliced patties were
dipped in DCA #+005 batter and Modern Maid Redi-breader, medium
brown and deep fried in Spry, which contained 0.02% BHA. After the
fried cakes were packed in cans, & one-gram charcoal packet was
attached to the underside of each can 1id, protected with parchment
paper, and the cans were sealed on a commerciesl sealer under 29.5"
vacuum. After irradiation at 4.5 megarad, the samples were stored
at TOOF for O, 3 and 6 months.

P, “Beu-Ensjme-thactidatédhfistitpetties.

The modifications in the preparation of these
cakes were as follows: Tn each 100 pounds of ground fish were added
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4 pounds of corn meal, 1.5 pounds of Viscomix and 0.4 pounds of
salt. Tenox VI or TDPA was added at the rate of 50 ppm of the total
mix. After the patties were sliced, they were packed in 307x202
cans. Parchment paper was used between the patties and also between
the top patty and a one-gram charcoal packet attached to the under-
side of the lid. The cans were sealed on a commercial sealer at
29.5" vacuum. After irradiation at 4.5 megarad, the camples were
stored at 70°F for O, 3 and 6 months.

c. Halibut Steaks.

The final procedure in the preparation of
halibut steaks is as follows: Whole, fresh-frozen Oregon halibut,
weighing from 10 to 20 pounds, were sliced in 5/8" thick steaks
with a band saw. The steaks were skinned, boned, all visible fat
removed and the fish (6% oz.) was packed in 307x202 cans with
parchment paper to prevent sticking to the cans. Five ml. of an
aqueous solution of thiodipropionic acid was added so that the
concentration was 50 ppm TDPA. The cans were sealed at 29.5"
vacuum, cooked in a steam chamber to a minimum internal temper-
ature of 160'F (approximately 18 minutes). The cans were coolked
and held frozen until irradiation at 4.5 megarad and storage for
0, 3 and 6 months at 70°F. At the time of serving, the halibut
steaks were lightly covered with tomato sauce and heated in a
L00°F oven for 15 minutes.

2. Results.
a. Comparison of prefried cod énd halibut patties.
Panels were conducted to compare cod and halibut
patties after (1) irradiation at 4.5 megarad and (2) storage for

six months at 70°F. The storage cakes were served with non-irradiated
cakes held at O°F for six months. Results are given in Table 1.

ety b
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TASLE 1. Meen PFlavor 8corcc‘ for Prefried
Cod and Halibut Patties.

Irradiation Storage Storage Time (Months)
Treatment Level Temp(©F) 0 ]
Cod pattiss 0 Mred 0 6.32
Halibut petties 0 Mred 0 6.64
Cod patties 4.5 Mrad 70 6.42 5,96
Halibut patties 4.5 Mrad 70 6.29 5.82

L8Dyg a4t O mon. - 0.25 (159 tasters)
6 mons.- 0.24 (158 tasters)

13cora 9 high, 1 low

Haitbut patties scored significantly highar than
cod patcies prior to irradiation, but there were nc significant
diffarences after irrsdiation snd storage. Although both {rrediated
sexples wcored signifi-ently lower than the non-irradiated samples
at 6 months, the scores werse on tha "like" side of ths scale.
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b, Prefried cod pactiaes.

Panein were conducted to evaluate the effect
of irradiation, storsge and antioxidants on the acceptance of pre-
fried cod patties. Results are given in Table 2.

TABLE 2. Mean FPlavor Scores! for Prefried
Cod Patties Containing Antioxidants.

Storaje Storage Time (months)
Treatment Temp (°F) 0 3 6
0 Mrad, w/o antioxidant 0 6.78 5.80 6.15
4.3 Mrad, w/o antioxidant 70 6.00 5.86 6.17
4.5 Mrad, w Tenox VI 70 6.03 6.01 6.19
4.5 Mrad, v TDPA 70 6.10 5.68 6.19

L3n05 at 0 mon. - 0.23 (151 tasters)
3 mos., - 0,25 (172 tascters)
6 mos, - 0.23 (144 tasters)

lgcore 9 high, 1 low

The control sample (0O megarad) scored sig-
nificantly higher at 0 time than the irradiated samples. However,
there was no significant preference for the control sample over
the treated samples after storage. All scores were within the
range of acceptability.
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¢, Prefried halibut patties.

Large panels evaluated the effect of {rradi-
ation, storage and the addition of antioxidants on the scceptance
of prefried halibut patties. Results are given in Table 1.

TABLE 3. Mean Flavor Scoresl for Prefried
Halibut Patties Containing Antioxidants.

Treatment , Storaga Storage Time (months)
Temp(°F) 0O 3 6

0 Mrad, w/o antioxidant 0 6.87 - 6,11 5.88

4,5 Mrad, w/o antioxidant 70 5.66 3.77 5.89

4,5 Mrad, w Tenox VI 70 5.99 5.68 5.94

4.5 Mrad, w TDPA 70 5.88 35.73 5.86

L8Dy¢ at 0 mon, - 0.23 (162 tasters)
3 mos. - G.22 (170 tasters)
6 mos, - 0.23 (156 tasters)

lgcore 9 high, 1 low

The control sample was scored significantly
higher than the irradiated samples at 0 and 3} months. After 6
months storage, however, there vers no significant differences.
The antioxidants did not seem to affect the scores.
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d. Enzyme-inactivated cod cakes.

Panels were conducted to evaluate the effect of
irradiation, storage and ancioxidants on the acceptance of enzyme-
inactivated cod cakes. Results are givaen in Tavle &4,

TABLE 4, Mean Flavor Scoresl for Enzyme-Inactivated
Cod Cskes Containing Antioxfdanis,

Storage Storega Time (mcnths)
Treatmeut Temp (°F) 0 3 [
Q9 Mrad, w/o antioxidant 0 6.87 6.28 6.42
¢.5 Mrad, w/o antioxidant 70 6.83 €.25 6.7%
4.5 Mrad, w Tenox VI 70 6.93 .49 4.60
4.5 Mred, v TDPA 70 6.78 .44 €,7%

+23 {1466 taaters)
<22 (174 tasters)
19 (150 tasters)

L3905 st &G mon, - 0
31&‘!5."3
¢ mos. ~ O

1gcore 8 high, 1 low

Initislly Thera werc no signirficant differencaes
batween trescmants. After 3 months storage, the samnloes with
antiox{diynts scored higher than the semples withoct, All irrscleted
samplas acoréd highey than the G megares ssmple &Ztar & months
storage. Ail wers acceptable products.




e. Enzyme-invztiveted halibut patties.

Larze panals evaluated the effect of frrsdiatian,
storage and antioxidants on the acceptance of enzyme-inactivated halibut
patties. Results are given in Teble 5.

YABLE S. Mean Flavor Scuresl for Exzymi-Inactivated
Halibut Psttiss Containing Antioxidanis.

Storage ftorsge Tims (xmonths)
Treatmernt Temp (9F) 0 L3 6
0 Mrad, w/o sntiox{dant ¢ 7.1% 6.%53 3.ns
4.5 Mrad, w/o sntioxidant 70 6.61 6.4% 6.52
4.5 Mrad, w Tenox vI 10 6.8 5.3/ 5.67
4.5 Mrad, » TDPA 70 G.55 6.53 5.71

¥

G.4: (149 cacters)
0.22 (163 teosayrel
£.23 (137 raste-s)

LSDQ5 at 9 way,
3 mos,

-
? ~
d e, =

~- T et PR PV e o~y P s TS

*$ccre 9 high. ! low

Althougty the panel prefecred the non-irrsdiated
saxpie inftislly, this was no lenger trus alter storage, Afta?
5 oonths, there were no signifi-ant diffcronces dus Zo traatmaants.
All sawples received s~ores indicet{ug acceptance.
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f. Haliibut stesks.
Lorge panels were conducted to evaluate the
effect of irradiation, storage and TDPA on the acceptance of halibut
steaks served with tomsto sauce, Resuits are given in Tablae 6.

TABLE 6. Mean Flavor Scores! for Halibut Steaks.

Treatnert Storage Storage Time (months)
Temp (°F) 0 3 6

O Mrad, w/o antioxidant 0 6.68 5.94 6.34

4,5 Mrad, w/o antioxidant 70 5.91 5.30 5.69

6.5 Mrad, v TDPA 70 5.9 5.15 5.33

LSDOs at 0 mon, - 0.27 (157 tasters)
3 mos. - 0.24 (158 tasters)
6 ms. - 0.21 (159 tastere)

1Score 9 high, 1 low

The tasters preferred the non-irradiated
halibut steaks to the irradiated steaks at all storage times,
However, the irradiated steaks received scores on the "like" side
of the scale after 6 months storape. The eddition of TDPA did aot
affect flavor scores.
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B. Objective Evaluations.
1. Chemical tests.

The halibut steaks prepared for large panel evalu-
ations were also subjected to s number of chemical tests --- pH,
TMA, TBA, &nd TVB. Determinations were run at each storage time
and results are given in Table 7.

TABLE 7. Results of Chemical Determineztions on
Irradiated Stored Halibut Steaks

TMA TV TBA
Storage & Storage mg TMAN/ mg Np/ mg malonaldehyde/
Iregtment Temp(°F) pH 100 g sample 100 g sample Kg sample
0 months
0 Mrad 0 6.4 1.4 7.0 10.6
4,5 Mrad
v/o anti-
oxidant 0 6.4 2.5 9.0 10.8
4.5 Mread
w TDPA (4] 6.4 3.1 9.4 5.9
3 months
0 Mrad 0 6.3 2.8 9.3 12.9
4,5 Mrad
v/o anti-
oxidant 70 6.4 9.3 14.0 25.0
4.5 Mrad
v TDPA 70 6.5 9.0 11.9 21.4
6 months
0 Mrad 0 - 1.2 7.8 22,9
4.5 Mrad
w/o anti-
oxidant 70 - 8.8 17.3 12.7
4,5 Mrad
v TDPA 70 - 8.5 16.4 11.7

The chemical tests indicated an increase in vslues due
to irradiation and storage. The low TMA and TVE values correlated
with the panel scores, which indicated that the halibut stesks were
acceptable &fter 6 months atorage. TBA numbers show the value of
adding antioxidant to the irradiated, stored fish., TDPA, after
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6 months storage, was effective in preventing the formation of &
rancid product, malonaldehyde,

2., Color reflectance measurements.

Visual color differences were ncoted between treatments
of the stored, irradiated seafood products. Photovolt readings,
using a tri-green filter, were taken on the surfaces of einzyme-
inactivated cod and halibut patties after &-months storage at 70°PF,
Prefried cazkes were sliced horizontally for a reflectance reading
of the fish flesh. Four readings were taken on three patties of
each treatment. Scores were averaged anc results are presented in
Table 8. The per cent reflectance for 0 megarad, enzyme-inactivated
halibut patties was 62.1.

TABLE 8. Reflectance Measurement! of Irradiated Fish
Patties Stored for Six Months at 70°F.

w/0 With With
Treatment Antioxidar TDPA  Tenox VI
Enzyme-inactivated cod patties 48,6 46.9 51.8
Enzyme-inactivated halibut patties 44,9 49.3 55.4
Prefried cod patties (Table 2) 40.6 40.1 45.4
Prefried patties (Table 1)
cod 43.8
halibut 54.2

1Per cent reflectance

Table 8 shows the effectiveness of Tenox VI {n
lessening non-enzymstic browning of the patties.

7. Conclusions
Thia project has led to the development of five acceptable
irradiation-sterilized seafood products that will withstend
storage at 70°F for six months. These products are as follows:
(1,2) Breaded, prefried cod patties and breaded, prefried

haiibut patties. These products are "heat and serve"
items.

(3,4) Enzyme-inactivated cod patties and entyme-inactivated

&
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halibtvt patties. These products are bruaded cnd fried
to serve.

Halibut steaks, servaed with tomato saouce., Thiuv is &
"heat and serve' f{tem.




