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DETERMINATION OF THE QUALITY OF RADIATION- 
PASTEURIZED HALIBUT (HIPPOGLOSSUS STENOLEPIS) 

DURING STORAGE 

INTRODUCTION 

Radiation preservation of food has been the object of extensive 

research in recent years, its main attraction being the negligible 

temperature rise taking place even at sterilizing doses (25,   151, 

154).    The process involves interaction between the ionizing radiation 

and the biological target resulting in a chain of physical and chemical 

events which prove lethal to the living cell,  the lethality increasing 

with radiation dose. 

Although destruction of spoilage microorganisms is the prime 

objective of radiation treatment,  as in other methods of food preser- 

vation,   retention of flavor is of equal importance.    Most of the 

recent studies on radiation preservation of food have shown that the 

biggest problem involved is organoleptic acceptability.    Irradiated 

foods are wholesome and comparable to heat-processed foods in 

nutritional value (88).    However,   radiation odors and flavors which 

are either undesirable or foreign to consumers' taste develop during 

irradiation and increase in intensity with radiation dose.     Several 

attempts to minimize if not eliminate the "undesirable" radiation 

odors and flavors have met with some success (24,   80,   156,   158) 

but there has been no dramatic improvement of the off-flavor problem. 



The most promising introductory application of radiation to 

food preservation is  radiation pasteurization which is a compromise 

between bacterial destruction and retention of flavor.    It involves 

irradiation at such a level that radiation odor and flavor are barely 

perceptible,   reducing the total microbial load by 95 to 98 percent in 

the process (125). 

The application of radiation pasteurization to perishable 

commodities has been investigated (53,   129,   149) and the process 

has been extensively considered a useful tool for extending the shelf 

life of fresh foods, particularly when used in combination with 

refrigeration,  antibiotics and other auxiliary methods of preserva- 

tion (53,   149,   169,   177).    However,  the success of the process 

seems to depend largely on the nature of the food.    In fish,  for 

example,  preliminary studies have shown that satisfactory results 

are obtained with low fat fish but not with fatty ones (101,   177).    The 

search for species most suitable for radiation pasteurization is now 

in progress. 

The present study was undertaken to determine the applica- 

bility of radiation pasteurization to Pacific halibut,  Hippoglossus 

stenolepis,   to determine the quality of the radiation-pasteurized fish 

during storage and to study the different factors affecting the quality 

of the irradiated fish. 



LITERATURE REVIEW 

The main feature of radiation preservation of foods is the 

absence of heat (151).    This is due to very low energy requirement 

relative to that of heat sterilization.    The following is a brief review 

of the principle involved in the process. 

GENERAL PRINCIPLES 

Ionizing radiations are emissions from radioactive sources 

which are energetic enough to overcome the binding energy of the 

electrons.     For use in food preservation the choice is dependent on 

the penetrating power of the radiation and the absence of induced 

radioactivity.    Alpha particles and protons,  being massive charged 

particles have very low penetrating power.    Neutrons are ruled out 

for they induce radioactivity in foods.    This leaves electrons and 

electromagnetic radiations such as x- and gamma rays as logical 

choices.    Gamma rays emitted from gross fission products will 

penetrate six to nine inches of water before losing half their energy 

(33).   , Electrons are less penetrating,   the effective depth of penetra- 

tion into moist food being approximately half a centimeter for each 

Mev of particle energy (33).    However,, the degree of penetration can 

be improved by increasing the energy.    It is both feasible and practical 



to cause electrons to form into a beam and then to accelerate them 

in that beam to any desired energy (39, p.   59). 

When ionizing radiation comes in contact with matter,  an 

energy transfer occurs between the incident radiation and the electrons 

in the absorbing medium resulting in ionization,   excitation or dissoci- 

ation,    lonization occurs when an electron is completely ejected from 

its orbit.    Promotion of an electron to higher electronic,   rotational 

or vibrational energy levels causes excitation.    When the increase in 

vibrational energy is large enough to cause homolysis the molecule 

dissociates forming radicals. 

Mode of Action of Ionizing Radiation on Foods 

In the irradiation of foods the main objective is to reduce 

or eliminate the microbial load.    However,  as expected,  ionizing 

radiation interacts not only with the microorganisms present but 

also with the food constituents.    It has been speculated that radiation 

effects result from the impact of ionizing radiation directly striking 

matter (162,  p.   208; 200,  p.   178; 17, p.   143).    This theory is signi- 

ficant in the irradiation of dry materials and probably in the destruc- 

tion of microorganisms (162,  p.   208).    Hannan (65,  p.   51) suggested 

that each microorganism contains a well-defined target of much 

smaller volume than the whole cell and that a single ionization in this 



volume causes inactivation of the cell.     This theory implies as a 

corollary that the medium in which the organism is suspended should 

have no effect on the rate of destruction.    Several works however, 

have been reported to indicate that this is not entirely correct (156, 

158,   179).    Altering the medium such as the addition of radical 

acceptors affects the rate of destruction. 

Such phenomenon can be accounted for by the indirect effect 

theory which states that the energy is not directly absorbed by the 

molecule from the incident radiation but indirectly by transfer from 

another agent in the medium (17,  p.   143; 200,  p.   180).    In aqueous 

systems such as in food,  products of radiolysis of water play an im- 

portant role in energy transfer.    Radiolysis of water yields free 

radicals such as H-   and OH- .    In the presence of oxygen highly reac- 

tive peroxy (HO^' ) radical and hydrogen peroxide are also formed. 

These free radicals react with the lipids,   carbohydrates,  proteins 

and nucleoproteins in the food and microorganisms present initiating 

a chain of reactions which may involve degradation,  polymerization, 

substitution and other chemical reactions.    The indirect effect of 

ionizing radiation on microorganisms probably, involves destruction 

of the nucleoproteins in the cell (17, p.   150).    The real mechanism 

of the action of ionizing radiation on microorganisms and food constit- 

uents is not definitely known yet.    However,   it is expected to be either 



a hybrid of these two theorizes or an entirely new one. 

Radiation Odors and Flavors 

The optimism of food scientists toward the cold sterilization 

process slowly faded away as more and more adverse side effects 

became apparent.    Almost all spoilage organisms are destroyed by 

radiation.    The wholesomeness of radiation sterilized foods has been 

ascertained to a certain extent (87;   81, 86) and feeding studies with 

rats indicated no serious losses in nutritive value of the macronutri- 

ents (88,   173).    However,   radiation-sterilized foods are not always 

organoleptically acceptable.    Changes in the food constituents occur 

resulting in radiation odors and flavors which^to most people^seem 

undesirable (10,   24,  42,   63,   79,   144,   151).    Drake et al.    (44) has 

suggested that it may be just a new flavor not necessarily objection- 

able.    However,   the fact remains that it would take several long 

years before radiation sterilization of food reaches general accept- 

ance. 

In an effort to explain the origin of these radiation odors and 

flavors several investigators have studied the effect of radiation 

on major food components (9,   43,   66,   82,   105,   110,   121,   146). 

Role of lipids 

One probable source of some of the radiation flavors and 



odors appears to be the lipid components.    Mitchell (121) found that 

when milk fat,   soybean oil and cotton seed oil are irradiated at 0. 10, 

0. 20,   0. 25,  and 0. 30 megarep by a Van de Graaff generator in the 

presence of air,   the flavor changes three days after irradiation 

resembled those observed in corresponding autoxidized materials. 

Rancid flavors develop in some fats and oils while in soybean oil 

"fishy" and "painty" flavors develop. 

Astrack et al.   (7, p.   579) examined the effects of sterilizing 

doses of high intensity electron bursts on vegetable and fish oils and 

found that the magnitude of radiation effects depends largely on the 

composition of the individual oil.    In vegetable oils,   changes in viscos- 

ity,   iodine number,  peroxide value and Kreis test indicate that a 

rather complex reaction pattern involving partial polymerization, 

simultaneous peroxide formation followed by a limited breakdown of 

peroxides into aldehydes occurs.    The changes observed^particularly 

acceleration of peroxide formation in irradiated fish oils, were much 

more pronounced than those observed in vegetable oils.    It was noted 

further that the retardation of peroxide formation in irradiated cod 

liver oil,containing propyl gallate and butylated hydroxyanisole,, is more 

pronounced than in the nonirradiated control containing antioxidants 

indicating either formation of additional protective mechanisms in oils 

irradiated in the presence of antioxidants or additional retention of 

natural antioxidants. 
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Astrack et al.    (7,  p.   580) also reported that irradiation in the 

frozen state did not retard radiation effects in the anhydrous oils. 

This was attributed to the absence of indirect effects caused by prod- 

ucts of radiolysis of water.    Hannan and Boag (66) working on elec- 

tronic irradiation of butter fat observed further that;contrary to the 

usual reduction of chemical effects on irradiation at low tempera- 

tures, the peroxide value of irradiated butter fat increased consider- 

ably with decrease in temperature. 

The irradiated flavor change in fish oils did not seem to cor- 

relate with rancidity development as determined by the peroxide 

value (7,  p.   580).    Hydroperoxides and peroxides are the primary 

products of autoxidation of fats but they are not responsible for the 

irradiated odor and flavor change observed.    The latter are usually 

associated with the secondary products of autoxidation,  the volatile 

carbonyls. 

The reactions which occur in lipid materials upon irradiation 

include oxidation,  hydrogen abstraction,  addition of H*   and OH-   to 

double bonds,  hydrolysis,  polymerization and decarboxylation (123). 

Oxidation reactions are considered most important from the viewpoint 

of off-flavors.    None of these fundamental reactions,  however,  have 

been definitely linked to "objectionable" changes in irradiated foods. 



Role of proteins 

In studying the action of ionizing radiation on amino acids 

and proteins there are two phases of interest to the food scientist. 

One involves the nature of the damaging effect of ionizing radiation 

on the proteins and nucleoproteins of microorganisms and its re- 

lation to microbial destruction.     Such a study would enable the food 

processor to maximize the lethal effect of radiation.     The other 

phase involves the study of the reactions that cause changes in the 

quality of food products.     It has been found that radiation induces 

deamination (8 2,   p.   9;   8 3;   190),   carbonyl formation (84) and libera- 

tion of H S and other volatile mercaptans (43,   p.   13 5) to which part 

of the irradiated odor and flavor may be attributed.     In irradiation of 

meat,   the major odor forming reactions have been found to involve 

the water-soluble proteins (10) and the irradiated odors seem to be 

closely related to the availability of functional groups since sulfation 

of the aliphatic hydroxyls,   sulfhydryls and phenol hydroxyls decreased 

the odor production (43,   p.   148). 

Batzer and Doty (10) trapped the odoriferous gas from irradi- 

ated meat by precipitation with dilute alkali or solutions of heavy 

salts.     Analyses of the precipitates indicated sulfur compounds as 

the source of some undesirable odors in irradiated meat.     It was 







12 

during irradiation (24) have been tried with some progress but there 

has been no dramatic improvement of the off-flavor problem. 

Radiation Pasteurization 

The most promising introductory application of radiation to 

food preservation is radiation pasteurization which is intended to 

prolong the storage life of perishable commodities.    The technique 

involves irradiation at such a level that irradiated odor and flavor 

are barely perceptible, destroying 95 to 98 percent of the total micro- 

bial population in the process (111,   123). 

Radiation pasteurization has been applied to fresh beef (111), 

eviscerated chickens (112),   strawberries and other fruits (80) and 

to some species of fish and shellfish (114,   120,   169).    In all cases 

the refrigerated shelf life was extended several fold,  but the degree 

of success achieved seems to depend on the number and type of micro- 

organisms present,  the storage conditions and the nature of the food. 

For further microbial and enzymatic control,  the treatment has also 

been used in combination with refrigeration (111,   114,   119),  anti- 

biotics (4,   101,   139,   140),  heat (80,  p.   114,   91) and antioxidants 

(7, p.   573). 

Radiation pasteurization of fish 

Although a rather extensive literature has accumulated on 
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radiation preservation of foods,   relatively fewer studies have been 

done on radiation pasteurization of fish.    Sufficient work,  however, 

have been presented to indicate the main features of the process. 

Various sources have indicated that,in general,  fish requires 

a dose of around two megarads to produce a commercially sterile 

product and a dose of 4, 8 megarads to produce one free from Cl. 

botulinvuxi (174),    It has been shown that these doses are beyond the 

threshold value which produces unacceptable organoleptic changes 

in the common species of fish.    Furthermore,  other defects such as 

bitter flavors,   rusting and discoloration of the flesh develop during 

storage (174),    Until these problems are solved radiation steriliza- 

tion will be mainly of academic interest as far as fish preservation 

is concerned.    Proctor and Goldblith (152) and Nickerson et al,   (133) 

have used radiation sterilization primarily to study the chemical and 

bacteriological changes in mackerel and haddock during storage and 

to determine the relative significance of bacterial and enzymatic 

activities in fish spoilage.    Proctor and Bhatia (147) irradiated 

haddock fillets at sterilizing doses to study the mode of action of high 

voltage cathode rays on amino acids in fish muscles. 

As of now, radiation pasteurization seems to be a more prom- 

ising application to fish preservation. Irradiation ,at doses lower than 

two megarads has been reported to destroy most vegetative types of 
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bacteria and retard growth of most spoilage organisms including the 

main spoilage organisms in fish associated with production of offen- 

sive odors (114,   17?).    Also,   objectionable radiation side effects 

such as changes in flavor,   odor,   color and texture are almost unde:- 

tectable.    Thus,   the preserving action of ionizing radiation is utilized 

while eliminating the undesirable side effects.    The possibilities of 

this type of irradiation are discussed in greater detail by Eukel and 

Huber (53),  Proctor et al.   (149) and Nickerson (129). 

As mentioned earlier,   the main feature of the process is the 

remarkable extension of shelf life obtained when the product is held 

at chill temperatures (0-5    C).    Miyauchi (119) found that irradiation 

of cod fillets at 0. 46 megarad increased the storage life at 32-35    F 

by about threefold.    MacClean and Welander (114) reported similar 

findings.    Retardation of spoilage and prolongation of storage life at 

temperature above freezing have also been reported for haddock fillets 

by Nickerson et al.    (132),  for shrimp and crabmeat by Scholz et al. 

(169) and for salmon steaks and sole fillets by Eukel and Huber (53). 

Shewan and Liston (177) found that irradiating frozen cod 

and lemon sole       with 250, 000-500, 000 rads of beta radiation gave 

fillets that were rated almost as highly as unirradiated controls. 

Mackerel and herring irradiated at 250, 000 rads in the frozen state, 

however,   were considered unacceptable. 
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Lerke et al.   (101) working on the complementary action of 

chlortetracycline and pasteurizing dose of beta radiation on low fat, 

medium fat and fatty fish,  found that in the case of medium fat and 

fatty fish,  fat spoilage during storage became a complicating factor 

in addition to protein spoilage.    Significant preservation of these fish, 

therefore, requires a suitable antioxidant to minimize or eliminate 

rancidity.    At present more effort is devoted to the search for the 

species of fish and shellfish most suitable for pasteurization. 

In the study of radiation preservation of fish it is important 

to know the mechanism of fish spoilage.    In general,   the radiation 

dose required to inhibit spoilage seems to depend on the type of 

spoilage, being much higher for enzymatic than for microbial deteri- 

oration.     Knowing the inechanism of spoilage of a given product,   one 

can therefore estimate the approximate radiation dose necessary to 

prevent deterioration. 

MECHANISM OF SPOILAGE OF FISH 

The mechanism of spoilage of fish is not definitely known yet. 

However,   it has been shown that deterioration of fish as of other foods 

is usually the result of enzymatic or bacterial action or a combina- 

tion of these two (163,  p.   345). 

Since microorganisms  seems tobe destroyedby direct hits of 
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ionizing radiation and enzymes inactivatedby indirect action, there is a 

big margin in the dosages of radiation necessary to destroy bacteria 

and enzymes.    Most types of bacteria are destroyed by 2x10    reps 

7 
of ionizing radiation.    Most enzymes,  however,   require around 10 

reps for inactivation (153,  p.   184).     Fortunately,   existing evidencer 

seem to indicate that bacterial activity is the primary factor respon- 

sible for the more striking and undesirable changes in the flavor, 

odor and appearance of low-fat fish (150,   163,  p.   345).     In the case 

of fatty fish on the other hand,   enzymic action on the lipids is con- 

sidered of greater importance (163,  p.   355). 

The flesh of healthy live fish is sterile (163,  p.   347,   71) and 

it is generally accepted that no bacterial activity occurs until rigor 

mortis has been resolved.    Apparently,   initial autolytic processes 

prepare the way for bacterial attack. 

Bacterial spoilage in marine fish seems to occur in two 

stages (163,  p.   367,   13):   first,  the bacterial reduction of trimethyl- 

amine oxide to the amine base coupled with oxidation of lactic acid 

and sugar and second,  the degradation - largely bacterial - of the 

proteins. 

Trimethylamine oxide is either absent or present only in 

traces in the muscles of fresh water fishes but present in relatively 

large amounts in those of marine fishes.    Beatty (11) showed that at 
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least 95 percent of the trimethylamine found in spoiling cod mugcle 

arises from trimethylamine oxide.    Facultative anaerobic Achromo- 

bacter which is capable of proliferating^even at 2    C^was found to be 

responsible for the reduction of trimethylamine oxide with the evolu- 

tion of trimethylamine (163,  p.   369,   204).    Tarr (197) has established 

that trialkyl oxides are specifically activated by the bacterial enzyme, 

triamine oxidase,with liberation of the corresponding base.    The 

main reaction actually occurring in the muscle as postulated by 

Watson (204) is as follows: 

CH3 

CHOH +   2(CH3)3NO + H20    =     CH3COOH   +   2(01*3^ 

COOH +   C02   +   2H20 

Sigurdsson (180) has found that production of volatile fatty 

acids during storage of herrings at -2 to 27    C closely followed that 

of trimethylamine until the oxide was completely reduced and the 

amine were found in amounts according to Watson's equation.    After 

this point,  production of acids continued which probably came from 

proteins.    Increase in trimethylamine,  volatile bases and volatile 

acids seem to run parallel to development of spoilage. 

Beatty and Collins (13) have shown that following the tri- 

methylamine oxide reduction phase during which there was no signifi- 

cant change in amino nitrogen,  there was a marked increase in 
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deaminatidri.    Later at higher temperatures an increase in amino 

nitrogen was observed, indicating ihcifease in protein hydrolysis. 

Sigurdsson (180) studied thoroughly the effect of storage temperature 

on these two stages of spoilage and arrived at the following conclu- 

sions:   At 25    C proteolysis followed closely the development of 

o 
volatile acids and trimethylamine.    At 10    C proteolysis lagged be- 

hind considerably.    When the temperature was lowered to 0    C, pro- 

teolysis and production of trimethylamine and volatile acids began at 

approximately the same time,and the oxidation of fat as measured by 

peroxide formation became a significant factor in the spoilage. 

Proteolysis is the result of autolytic and bacterial degradation 

of proteins.    The primary cleavage of tissue proteins in autolysis is 

effected by an enzyme which acts only in acid media (21,  p.   468). 

It has been shown that although autolysis does occur it is not a signifi- 

cant factor in protein breakdown as compared to bacterial proteolysis 

(10,   136,   138).    Apparently,  autolysis is significant only at the 

minimum rigor pH,after which bacterial action becomes more signifi- 

cant. 

Spoilage Indices 

Reduction of trimethylamine oxide to its amine has been among 

the first chemical changes observed to parallel spoilage.    Hence, 
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increase in trimethylamine (30,  45,  46,   67,   77),  volatile base (47, 

51,   122,   175,   189),  and volatile acid (5,   74,   75,   192) contents have 

been extensively used as indices of spoilage of marine fish. 

Bradley and Bailey,  in 1939 (22),   developed a characteristic 

"tyrosine" reaction test to measure the autolytic and bacterial de- 

gradation of proteins in fish.    It is actually a measure of the reactive 

tyrosine complexes and other phenols,  tryptophane,   cystine,   sulf- 

hydryl compounds and other reducing substances which give a blue 

color with molybdic phosphoric reagent. 

In carp,  herring and salmon,  increases in tyrosine reaction 

were found before the ordinary evidences of decomposition such as 

softening and tainted odor became evident (22).    In general,  the 

tyrosine value increases fairly regularly from rigor mortis to com- 

pletely spoiled state.    A serious objection to the use of tyrosine value 

may be inconsistent fluctuations in the results due to variation in the 

mode of sampling.    Sigurdsson (180) studying the spoilage of herring 

also found that the tyrosine and amino nitrogen values ran closely 

parallel during storage.    Changes in free amino acids (2,   120, 178) 

and amino nitrogen (28,   136) have been used to follow decomposition 

of fish proteins. 

It has been observed that as fish pass out of rigor mortis and 

as bacterial spoilage develops,  the pH of the,flesh of lean fish rises 
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from thfc. rigor minimurft to the alkaline side (163,  p.   372).    Wood 

et al.    (210) and Dyer et al.    (48) developed a rapid test for detection 

of spoilage in sea fish based on changes in fish surface pH.    These 

workers emphasize the importance of using samples from the surface 

to detect incipient spoilage since all deteriorative changes originate 

from the surface.    Wood et al.   (210) also correlated the pH with 

other changes giving values corresponding to trimethylamine and 

tyrosine values of such fish as cod and haddock. 

The use of volatile reducing substances (VRS) as an index 

of spoilage was introduced by Lang et al. (98) and Farber and Lerke 

(55) to provide a general method that would be applicable for all 

kinds of fish,  for all types of processed fish and for all storage con- 

ditions.    The VRS method has been reported to be sensitive to protein 

spoilage,  applicable to detection of fat deterioration and correlates 

closely with organoleptic judgements.    Of all the fish spoilage tests 

reported to date it seems to be the method most closely approaching 

the specifications of a generally useful test for all kinds of fish and 

fish products and their diverse spoilage patterns under varying 

storage conditions. 

Other indices of spoilage that have been used are histamine 

(94,   95,   207) and piperidine (1),  bacterial decomposition products of 

histidine and lysine,   respectively. 
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MICROFLORA OF RADIATION PASTEURIZED FISH 

The microorganisms most often involved in the spoilage of 

fish are part of the natural flora of the external slime of fishes and 

their intestinal contents.    The microflora of fish has been studied 

by several investigators and it seems to vary among other things 

with the temperature at which the fish are held (1.63, p.   358-360). 

At chilling temperatures usually employed,   species of Pseudomonas, 

or Achromobacter are most likely to predominate,  with Flavobac- 

terium species next in order of importance (163,  p.   355).    Appearing 

less often and at relatively higher temperatures are bacteria of the 

genera Micrococcus and Bacillus. 

The genera closely associated with malodorous spoilage and 

discoloration of fish are Pseudomonag and Achromobacter.     Shewan 

and Liston (177) found that in newly caught North Sea cod the flora 

consists mainly of Pseudomonas (50 percent) and Achromobacter 

(40 percent).    During spoilage of cod in ice the Pseudomonas group 

gradually predominate until by the 21st day 90 percent of the flora 

consists of Pseudomonas. 

Fortunately,  irradiation appears to be particularly effective 

against Pseudomonas.       MacClean and Welander (114) found that 

Pseudomonas and Achromobacter have been virtually eliminated after 

irradiation at pasteurizing dose of 0. 14 to 0. 46 megarad.    Shewan 
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and JListon (177) reported that in fish irradiated at 0. 25 to 0. 40 

megarad,  the Pseudomonas count immediately after treatment was 

around three to five percent only of the total flora. 

Aside from Pseudomonas and Achromobacter,    MacClean 

and Welander (114) also found the following genera in samples irradi- 

ated at 0. 14 to 0. 46 megarad:   Micrococgus,  Sarcina,   Corynebacteri- 

um,  Bacillus,  mold,  Mycoplana and yeast,  Torulopsis.     Attempts 

to detect obligate anaerobes at 0. 2 megarad were negative indicating 

absence of Cl.  botulinum. 

Of these organisms,  Micrococcus was studied further due to 

probable occurrence of staphylococcal food poisoning (114).    Of 61 

cultures tested for ooagulase three were slow positive and none 

showed alpha hemolysin production.    Thus it would appear that 

micrococci found were probably not enterotoxin-producing organisms. 

No report on the presence of Shigella and Salmonella has been en- 

cpuntered.    True fecal coliform bacteria were found only at filleting 

stage and the numbers were very low (176). 
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MATERIALS AND METHODS 

Source of Samples 

Samples used were Pacific halibut (Hippoglossus stenolepis) 

of an average weight of 15 pounds each,   obtained frozen from a 

commercial source at Astoria,   Oregon. 

Pacific halibut is a typical flatfish with both eyes on the 

same side of the head.     The eyed side of the body is nearly uniform 

dark brown with paler blotches and the blind side^nearly white.    It 

has been reported to reach a length of nine feet and a weight of 500 

pounds.    It is found in Central California north to the Bering sea to 

northern Japan on the Asiatic side.     They are usually caught on long 

lines (166,  p.   125). 

Preliminary Studies 

Frozen halibuts were cut into steaks,  skinned,   boned and 

packed in     "C" enamel cans.    The cans were sealed and stored at 

o 
-18    F until ready for irradiation.    Samples were irradiated in the 

frozen state in the Co-60 Gamma Irradiator of the Oregon State 

University; Departrnent of Food Science and Technology at the following 

levels:    0. 00,   0. 25,  0. 5.0,   0. 75,   1,..00,   1. 50 and 2. 00 megarad (Mrad) 

5 
at an average dose rate of 2. 52 x 10    rads per hour. 
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A panel of 1 5 tasters, experienced in detecting irradiated odor 

and flavor^was then asked to rate the various samples according to 

the relative intensity of irradiated odor and flavor on an   11-point 

intensity scale.    A sample ballot is included in the Appendix.     Four 

replications were made.    Statistical treatment of data obtained showed 

that at a radiation level of 0. 50 Mrad the irradiated odor and flavor 

become significant at 95 percent level of confidence. 

Storage Studies 

Part 1.    Spoilage Studies on Irradiated Halibut Steaks 

Preparation and Irradiation of Samples 

Eleven halibut each weighing approximately 15 pounds were 

cut into steaks,  boned and skinned while still frozen.     The fish 

samples were then packed in half pound "C'enamel cans, sealed and 

held at -18    F until shipped for irradiation service.    The frozen 

samples were sent under dry ice to the Materials Testing Reactor 

at Idaho Falls,  Idaho and irradiated at 0. 50,   0. 75 and 1. 00 Mrad 

at an average dose rate of 2. 47 Mrad per hour. 

Storage of Samples 

A number of samples from both irradiated and unirradiated 

lots were stored at 0    F for use as reference samples for the 

organoleptic tests.    The other samples were stored at 34    F and 
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subsamples were withdrawn atO,   1,   2,   3,   4,   6,   9,   12,   15 and 18 

weeks for quality evaluations. 

Subjective Evaluation 

A flavor panel of 1 5 trained judges were used for the organ- 

oleptic evaluation of the stored samples.    For purposes of taste 

testing the fish samples were boiled in polyethylene bags for 10 to 

15 minutes.    Unirradiated samples held at 0    F were used as 

reference.    A blind reference and irradiated samples stored at 

0    F.   were also served together with those stored at 34    F. 

Samples were served at room temperature in small paper 

cups, each   coded   with a th r e e -d ig i t. numtoe r.   Judges were 

asked to compare the flavor of the samples with that of the 

reference and to rate them on a seven-point scale ranging from 

"much poorer flavor than reference" to "much better flavor than 

reference. "   A sample ballot is included in the Appendix. 

Objective Evaluation 

Total plate,   coliform and Shigella-Salmonella counts and 

toxicity tests were done on all stored samples by Pisawat 

Dutiyabodhi of the Department of Microbiology under the super- 

vision of Dr.   A.   W.   Anderson. 

Chemical indices of spoilage used were trimethylamine 

nitrogen,   volatile acid number,  pH and amino nitrogen. 
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A.     Toxicity Test 

Prior to flavor panel evaluation,  all samples were 

tested for toxicity as follows:   approximately ten grams of 

the fish sample was incubated overnight with physiological 

saline solution at 10    C.    Two mice were then inoculated with 

0. 1 ml of the extract and observed for toxic effects after 48 

hours.    A mouse inoculated with 0. 1 ml of heat-shocked (ten 

o 
minutes at 80    C) extract was used as control. 

~B.     Microbiological Tests 

The microbial load of the stored samples was deter- 

mined by using several media.    Tryptone glucose yeast ex- 

tract (TGY) was used to determine the total plate count, 

eosin methylene blue agar (EMB) for coliform count and 

Bacto-SS agar for Shigella and Salmonella.     All plates were 

incubated at 37    C for 24 to 48 hours prior to counting. 

C.     Chemical Tests 

1. Trimethylamine (TMA) Nitrogen 

The colorimetric method developed by Dyer (45) as 

modified by Hashimoto et al.    (.67) was used to determine 

the TMA nitrogen content of the fish samples.    Hashimoto 

et al.   (67) found that in the; Dyer method the extraction 

of TMA with toluene from the samples that have been 
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made alkaline with K^COo was sufficiently influenced 

by temperattire and shaking period to cause serious 

error in the determination and that replacement of 

K2CO3 by KOH gave better results. 

2. Amino Nitrogen 

The free amino nitrogen was determined using the 

copper iodometric method developed by Pope and 

Stevens (142).    Forty grams of fish sample were con- 

minuted with 80 ml of distilled water in the Waring 

blendor at room temperature.    The resulting solution 

was filtered and aliquots from the extract were used for 

amino nitrogen determination. 

3. Volatile Acid Number 

Volatile acids in the samples were determined by 

distillation with steam according to the method described 

by the Association of Official Agricultural Chemists (6, 

p.   236) and the results were expressed as volatile acid 

numbers,  that is ml of 0. 01N NaOH used per 100 g of 

fish. 

4. pH 

Approximately five grams of ground fish sample 

was thoroughly mixed with around ten ml of distilled 
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water.     The pH was determined with the  use of a glass 

electrode Beckman zeromatic pH meter. 

Part 2.     Studies on Radiation-induced Lipid Oxidation in Ground Halibut. 

Preparation and Irradiation of Samples 

Three halibut weighing around eight pounds each were cut 

into steaks,   skinned as in Part 1,  boned and ground twice in a 

meat grinder.    The ground fish was mixed thoroughly and three 

lots of around 2000 g each were obtained by a coning and quartering 

technique. 

To one lot a commercial mixture,   Tenox VI    was added 

to make the final concentration of the antioxidant in the fish 0. 005 

percent (B HA,    BHT   and   PG).       To   the   second   lot, 

thiodipropionic acid (TDPA) antioxidant (99. 3 percent pure) was 

added to make a final concentration of 0. 005 percent antioxidant. 

The third lot was left untreated. 

Each lot was then subdivided further into three from which 

samples for different radiation levels were taken.     The sampling 

procedure may be explained better by the following schematic 

diagram. 

Tenox VI is an Eastman Food Grade antioxidant containing 
ten percent butylated hydroxyanisole (BHA),  ten percent butylated 
hydroxy toluene (BHT),   six percent propyl gallate (PG),   six percent 
citric acid,   12 percent propylene glycol and 56 percent vegetable oil. 
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Original Lot 

No Antioxidant 

0. 00 Mrad 

0. 50 Mrad 

1. 00 Mrad 

TDPA-treated 

0. 00 Mrad 

0. 50 Mrad 

1. 00 Mrad 

Tenox Vl-treated 

0. 00 Mrad 

0. 50 Mrad 

1. 00 Mrad 

Schematic Diagram of the Sampling Procedure 

To provide uniform head space,   110 g of the fish samples 

were weighed into half pound "C "enamel cans, sealed and held at - 18   F 

prior to irradiation.    Samples were irradiated at 0. 00,   0. 50 and 

1. 00 Mrad in the U.  S.   Bureau of Mines Co-60 gamma irradiator in 

Albany,   Oregon at an average dose rate of 1. 00 Mrad per hour. 

Storage of Samples 

o 
After irradiation all samples were stored at 34    F for a 

total of 15 weeks.    Subsamples were withdrawn at 0,   5,   10 and 15 

weeks and subjected to rancidity tests. 

Chemical Tests for Rancidity Used 

A.     TBA Number 

The modified method developed by Sinnhuber and Yu (181) 
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RESULTS AND DISCUSSION 

Part 1.    Spoilage Studies on Irradiated Halibut Steaks. 

Flavor Evaluation 

During irradiation of foods some degradative changes occur 

in the macronutrients.     Fats are susceptible to oxidation yielding 

peroxides and carbonyls while proteins containing sulfur linkages 

may rupture yielding volatile mercaptans and sulfides.    Such 

changes are so minute that detection by conventional physico- 

chemical methods is extremely difficult.    However,  they are easily 

detected by flavor evaluation.    In this study,  organoleptic evalua- 

tion was done to detect in the radiation pasteurized samples the 

flavor change,  if any,   due not only to radiation treatment but also 

to storage.    Results of the flavor evaluation are shown in Table 1. 

Samples irradiated at 0. 50 Mrad were given to the panel 

on the 15th week of storage and were rated the same as the non- 

irradiated reference.    The "blind" reference was given a score 

of 3. 66 on the 15th week while samples irradiated at 0. 50 Mrad 

and stored at 0    F and 34    F were given mean scores of 3. 80 and 

3. 60,   respectively indicating that samples irradiated at 0. 50 

Mrad are organoleptically comparable with the reference sample 

even after 15 weeks of storage at 34    F. 



Table 1. Flavor svaluation of stored radiation-pasteurized halibut st eak. 

Storage Flavor Mean 
J, 

Scores^ 
Time 0 00 M rad 0. 00 Mrad 0. 50 Mrad 0. 50 Mrad 0 75 Mrad 0. 75 Mrad 1. 00 M] rad 1. 00 Mrad 
Wks. at 0° F at 34° F at 0° F at 34° F at 0oF at 34 F at 0° F at 34° F 

0 4. 06 4. 06 No data No data 3.33 3. 33 2. 53 2. 53 
1 4. 06 3.46 it 3. 06 2. 80 2.86 3.33 
2 3.66 4. 00 ii 3. 06 3. 40 3. 13 3. 13 
3 4. 06 3. 53 ii 3. 00 3. 13 2.66 2.93 
4 3. 80 2. 33 ti 3. 23 3. 20 2.66 2.93 
6 3. 57 1. 35 II 2. 28 2.92 3. 00 2,92 
9 3.93 spoiled II 2.47 3. 07 3. 27 3. 07 

12 4. 06 -- II 2. 73 3. 33 2.46 2. 73 
15 3.66 — 3. 80 3. 60 2.93 2. 66 2. 80 2.46 

Means of 15 flavor scores 

•OJ 
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The flavor threshoisl level found in the preliminary studies 

was 0. 50 Mrad.    However,   samples irradiated at slightly higher 

level were also subjected to storage quality tests since there have 

been previous reports concerning loss of irradiated flavor during 

storage (34,   169).    No significant increase in flavor mean scores, 

however,  •was observed in any of the irradiated samples.    Those 

irradiated at 0. 75 and 1. 00 Mrad were consistently rated lower 

than the reference.    However,  up to the end of the storage period 

no spoilage flavor was detected.    Apparently,  the inferior flavor 

score given these samples are due to radiation-induced flavor 

changes rather than spoilage. 

o 
Nonirradiated samples stored at 34    F for four weeks were 

rated moderately poorer than the reference and may be considered 

at the borderline of acceptability. After six weeks the non-irradi- 

ated sample -was judged definitely spoiled.    The shelf life of this 

o 
particular sample at 34    F seemed to be between four to six weeks. 

Rancid-flavor-not-spoiled was noted by some judges in 

several samples even at the start of the storage period.    In the 

preparation of the steak samples care was taken to remove most 

of the layer of fat close to the skin to eliminate the complicating 

fat spoilage factor.    However,  it seems that even at such a low 

level of flesh fat (two to three percent) lipid deterioration was 
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still detectable. 

Rusting of the fish after boiling in the bag was also observed 

in the irradiated samples.    Geiger and Borgstrom (20,  v.   II, 

p.   71) stated that vh en fish proteins are heated in the presence 

of carbohydrates,  a Maillard type of browning reaction occurs. 

Absolutely fresh meat contains,  insignificant amount of carbohy- 

drates,  but as spoilage starts,   ribose is released and in the 

presence of heat it undergoes a Maillard type of reaction with 

certain amino acids in the fish resulting in rusting (20,   v.   II, 

p.   71).    From the results obtained in this study it seems possible 

that irradiation might have induced the release of ribose from 

either ribonucleic acid or adenosine triphosphate.    However,   the 

rusting observed seems more probably due to a reaction between 

certain amino acids and carbonyls from oxidized fish lipids. 

Objective Evaluation 

A.     Toxicity Test 

The results of the toxicity tests were negative.    These 

tests were run primarily to ascertain absence of microbial 

rather than radiation-induced toxicity.    The wholesomeness 

of radiation treated foods has been extensively studied (18, 

81,   88) and from the experimental feeding data now available, 

it is evident that if radiation-induced toxicity is present it is 
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of an obscure nature. 

B. Microbiological Tests 

Results of the microbiological tests are shown in 

Tables 2 and 3.    No Shigella and Salmonella were detected 

in any of the samples and no viable aerobic microorganisms 

were recovered from any of the irradiated samples stored 

at 34    F.    Samples irradiated at 0. 50 Mrad gave a total plate 

3 
count of 1. 5 x 10    per g of fish prior to storage.    During 

storage,  however,  no microbial count was obtained. 

The results obtained indicate that pasteurizing dose of 

radiation was effective in eliminating the aerobic micro- 

organisms in frozen halibut.    However,  the effectiveness of 

a given dose of radiation seems to vary with the number and 

the nature of microorganisms present which in turn vary 

with a number of other factors. 

C. Chemical Tests 

1.      Trimethylamine Nitrogen 

The trimethylamine nitrogen content of irradiated 

samples did not increase significantly during the 18-week 

storage period (Table 4 and Figure 1).    The maximum 

value obtained was 3. 32 mg per 100 g fish.    Apparently, 

the number of TMA-producing microorganims was greatly 
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Table 2. Total bacterial count of stored radiation-pas teui rized 
halibut steaks. 

Storage T ime Total Bacterial Count Per Gram 
Weeks 0. 00 Mrad 0. 50 Mrad 0.75 Mrad       1. 00 Mrad 

0 3. 5 x 103 1. 5 x 103 NC NC 
1 3.2 x 104 NC NC NC 
2 9. 5 x 105 

8. 8 x 107 
NC NC NC 

3 NC NC NC 
4 2.4 x 109 

6.4x 108 
NC NC NC 

6 NC NC NC 
9 NC NC NC 

12   NC NC NC 
15 - - - NC NC NC 

Table 3.     Coliform count of stored radiation-pasteurized halibut 
steaks. 

Storage Time       Coliform Count,   Count Per Gram  
Weeks 0. 00 Mrad      0. 50 Mrad      0. 75 Mrad       1.00 Mrad 

7 x 102 

x 102 

5 x 103 

0 x 103 

7 x 106 

0 20 
1 8 
2 51 
3 44 
4 56 
6 46 
9 

12 
15 

NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
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Table 4.     Trimethylamine nitrogen cohtent of stored radiation- 
pasteurized halibut steaks. 

Storage Time Trime ithyl amine Nit: rogen;   mg/100 g fish* 
Weeks 0. 00 Mrad 0. 50 Mrad 0. 75 Mrad 1. , 00 Mrad 

0 1.22 0. 77 1. 27 0. 77 

1 1. 54 0. 76 1.66 1. 31 

2 1.27 2. 05 1.62 2. 05 

3 7.41 1. 58 0. 87 1. 57 

4 66. 00 0. 55 3. 32 0.94 

6 75.60 0. 96 1.36 0. 54 

9   1.82 1. 77 1. 82 

12   1. 82 1. 71 1.61 

15   1.81 2. 24 1.94 

18   no data 3. 22 1. 89 

Means of duplicate determinations 
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Figure 1.    Trimethylamine nitrogen content of stored radiati on- 
pasteurized halibut steaks. 

0 0. 00 Mrad 

a 0. 50 Mrad 
A 0. 75 Mrad 

A 1. 00 Mrad 

■i—h 
20 

Storage Time,  Weeks 
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reduced by the pasteurizing dose. 

For cod fillet tissue,   Dyer et al. (47) suggested a 

level of 10 to 15 mg TMA nitrogen per 100 g fish as 

indicating that the fillets are on the borderline of accept- 

ability.    In the present study,   after three weeks of storage 

the TMA nitrogen content of unirradiated halibut sample 

was 7 to 41 mg per 100 g fish and it had a high total plate 

count,  but was still considered organoleptically accept- 

able.    The unirradiated    samples were on the borderline 

between acceptance and rejection after four weeks of 

storage when the TMA nitrogen content was 66 mg per 

100 g fish.    Apparently the critical level of trimethylamine 

nitrogen for halibut is much higher than that suggested by 

Dyer et al.   for cod fillets. 

2.      Amino Nitrogen 

Decomposition of proteins in fish as shown by the 

increase in the free amino nitrogen content became evi- 

dent in the unirradiated samples after three weeks of 

storage (Table 5 and Figure 2).     The samples were judged 

definitely spoiled on the 16th week of storage when the 

amino nitrogen content was  113. 78 mg per 100 g fish.    In 

comparison,  the increase in amino nitrogen content of 
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Table 5.     Free amino nitrogen content of stored radiation- 
pasteurized halibut steaks. 

Storage Time       Amino Nitrogen, mg/100 g fish ::'  
Weeks 0, 00 Mrad      0. 50 Mrad 0. 75 Mrad l.OOMrad 

0 38. 80                30. 30 26. 10 24. 40 

1 50.57      31.60 27.39 27.39 

2 37. 82      31. 59 39. 99 31. 59 

3 75.90                37.90 29.50 29.50 

4 75.70 37.82 33.62 35.80 

6 113.78 31.60 31.60 23.18 

9                        ---                  65.00 59.00 54.80 

12                         ---                   88.50 88.50 88.50 

15                         ---                   76.90 71.50 64.20 

18                         ---                   no data 76.90 61.10 

*   Means of duplicate determinations 
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Figure 2.     Free amino nitrogen content of stored radiation- 
pasteurized halibut steaks. 

0. 00 Mrad 

0. 50 Mrad 
 A 0. 75 Mrad 

 H 1.00 Mrad 

I—T 

5 10 
Storage Time,  Weeks 

15 20 
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irradiated samples became evident on the 9th and 12th 

week after which a slight decrease was observed.    The 

decrease may be due to utilization of the amino acids for 

biosynthetic processes by anaerobic microorganisms 

which might be present. 

From the results obtained the threshold value for 

amino nitrogen may be considered to be around 75-115 

mg per 100 g fish for nonirradiated samples.    It was 

observed that although the amino nitrogen content of the 

irradiated samples went as high as 88 mg per 100 g fish 

on the 12th week,  no spoilage was detected.    It seems 

that autolysis occurred but not microbial proteolysis 

indicating further that the latter is more significant than 

autolysis in the spoilage of fish. 

3.      Volatile Acid Number 

The increase in volatile acids was found to follow 

closely the development of trimethylamine.     The threshold 

value for the volatile acid number seemed to be around 

66.    At a volatile acid number of around 120 the fish was 

judged definitely spoiled. 

Sigurdsson (180) found that when the volatile acids 

reached a concentration equivalent to approximately 60 
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ml of 0. 01N NaOH per 100 g fish,   off-odors may be 

detected and at 70 to 90 ml per 100 g,  the fish is definitely 

spoiled.    Results obtained in this experiment are in 

agreement with this finding. 

There was no significant change in the volatile acid 

number of the radiation-pasteurized fish as shown in 

Table 6 and Figure 3 up to the 12th week of storage.    A 

slight increase was observed on the 15th week.    However, 

the volatile acid number obtained was still much lower 

than the threshold value. 

4.     pH 

Wood et al.    (210) studied the correlation between 

surface pH and other changes occurring during spoilage 

of fish such as increase in TMA and tyrosine values and 

found that the surface pH may be a fairly sensitive index 

of spoilage.    The pH values found ranged from 6. 4 for 

fresh fish to 8. 4 for fish badly spoiled. 

The pH changes in stored radiation pasteurized 

halibut are shown in Table 7 and Figure 4.    There was 

no change in pH observed during the first four weeks. 

Starting from the sixth week a gradual increase was 

noted which levels off at around pH 6. 3.    The pH of the 
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Table 6.     Volatile acid number of stored radiation-pasteurized 
halibut steaks. 

Storage Time       Volatile Acid Number,  ml.   0. OIN NaOH/100 g fish 
Weeks 0. 00 Mrad      0. 50 Mrad 0. 75 Mrad l.OOMrad 

0 9.8                     8.0 7.0 6.4 

1 8.0                      6.8 8.4 7.6 

2 7. 0                      6. 6 7. 6 8. 2 

7.8 7.8 8.8 

6.4 8.0 6.6 

4. 4 5. 8 5. 2 

5. 8 6. 0 6. 6 

8. 6 8. 0 8. 0 

12.0 10.4 12.0 

no data 12. 4 12. 4 

*   Means of duplicate determinations 

3 23.2 

4 66.0 

6 121.6 

9   

12 ___ 

15   

18 V    w    • 
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Figure 3.    Volatile acid number of stored radiation-pasteurized 
halibut steaks. 

0. 00 Mrad 

0. 50 Mrad 

0. 75 Mrad 

1. 00 Mrad 
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Storage Time,   Weeks 

15 20 
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Table 7.    pH changes in stored radiation-pasteurized halibut steaks. 

Storage Time       pH *  
Weeks 0. 00 Mrad      0. 50 Mrad      0. 75 Mrad      l.OOMrad 

0 5. 80 5. 70 5. 70 5. 70 

1 5. 70 5. 75 5. 80 5. 75 

2 5.95 5. 85 5. 75 5. 75 

3 5.85 5. 75 5.95 5.85 

4 6. 30 5.85 5.95 5. 85 

6 6.60 6. 15 6. 05 6. 20 

12   6.30 6. 30 6. 20 

15 --,- 6. 30 6.35 6.30 

18 --.- no data 6. 20 6. 25 

*   Means of duplicate deternninations 
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Figure 4.    pH changes in stored radiation-pasteurized halibut steaks. 

6. 5   -- 

6. 0 -- 
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nonirradiated sample ranged from 5. 7 for good fish to 

6. 6 for spoiled fish. 

Correlation of Chemical Test with Organoleptic Evaluation 

The correlation coefficients obtained between the results of 

the chemical tests and those of the flavor evaluation for nonirradi- 

ated samples are shown below. 

Chemical index of spoilage 

Volatile acid number 

pH 

Amino nitrogen 

Trimethylamine nitrogen 

From these results it seems that the volatile acid number 

is the best index of spoilage of halibut steaks among those tried. 

The pH is a satisfactory index too and for most purposes re- 

quiring rapid detection of spoilage it is  recommended. 

In the case of irradiated samples no correlation was obtained 

between the results of flavor evaluation and those of the chemical 

tests.    This seems to indicate that the inferior flavor is not a 

result of spoilage but may be due to radiation-induced changes. 

Part 2.     Studies on Radiation Induced Lipid Oxidation in Ground Halibut 

It is generally accepted that frozen fish and fishery products 

Corr . Coeff. 

-0. 985 

-0. 918 

-0. 908 

-0. 706 
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are especially susceptible to oxidative rancidity due to the high 

content of unsaturated fats and relatively low level of natural 

antioxidants (212).    In fresh seafoods,oxidative rancidity is of 

negligible importance since the single most important deterioration 

is microbiological spoilage.    However,  when microbiological 

spoilage is inhibited or eliminated as with freezing or irradiation, 

then oxidative rancidity becomes significant in off-flavor develop- 

ment.    Furthermore,   several studies have shown that irradiation 

induces lipid oxidation (66,   78,   107,   108,   109,   121).    Astrack et al. 

(7, p.   581) however,  observed that whole fresh fish when radiation- 

sterilized in hermetically sealed containers does not undergo 

rancidity development on prolonged storage at room temperature. 

They postulated that conditions prevailing in the oil-bearing cells 

are essentially anaerobic thus providing a naturally inert container. 

In the case of fish fillets,   steaks or ground fish the condition is 

changed.     Large cut surfaces are exposed to air and considerable 

impairment to cell structure has taken place.    In this case increase 

in rancidity on irradiation in the presence of air is rapid. 

The lipid content of the edible portion (which probably includes 

the skin) of Pacific halibut was reported to be around five percent 

(20,  v.   I,  p.   183,   201,  p.   289).    A major portion of the lipids are 

found close to the skin and most of these were removed during the 
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preparation of the samples, thus leaving approximately two to three 

percent lipid in the skinned fish. Even at such a low level rancidity 

was detectable upon irradiation. 

The fish steaks were ground to obtain homogeneous samples. 

By grinding,  however, more oil-bearing cells are ruptured thus in- 

creasing the susceptibility to oxidation of the fish lipids.    Further- 

more,   there is the possibility of introducing metallic catalysts from 

the grinder into the samples. 

Visual examination of the samples after each storage period 

revealed a significant difference in color between the nonirradiated, 

irradiated without antioxidant and irradiated with Tenox VI.    Rusting 

was observed in all irradiated samples except in those containing 

Tenox VI.    The discoloration seemed to be induced by radiation since 

no rusting was observed in nonirradiated samples.    Thiodipropionic 

acid (TDPA) did not seem to have any protective effect.    The color 

difference can be seen from the photographs taken of the samples on 

the 15th week of storage as shown in Figures 5 and 6.    The cross 

sectional view shows that rusting occurred on the surface and extended 

to a depth of approximately 3/8 of an inch.     From this result it seems 

that rusting of the irradiated samples is limited by the availability of 

oxygen to the fish lipid.    Stansby (186) suggested that rusting in 

frozen fish and darkening of the color of fish meal result from a fish 
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Figure 5,    Top view of the irradiated canned ground halibut 
with and without antioxidant after 15-week storage 
at 34° F. 
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Figure 6.     Cross sectional view of the irradiated canned 
ground halibut with and without antioxidants after 
15-week storage at 34    F, 
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oil-protein reaction.    The mechanism is said to involve two types 

of reactions:   oil oxidation and the carbonylamine reaction.    Of the 

two,   oil oxidation seems to predominate (186).    The oil-protein 

reaction and hence discoloration may therefore be retarded by factors 

influencing oxidation. 

It was observed further that TDPA-treated samples seemed 

to have a more intense brown color than the irradiated control.    It 

appears that TDPA or products of irradiated TDPA might have some 

color promoting effect.    It has been established that hematin com- 

pounds,  myoglobin,  hemoglobin,  and cytochromes of animal tissues 

are the predominant biocatalysts of unsaturated fat oxidation (194). 

It is speculated that rusting in fish may be partly due to products of 

hematin-catalyzed lipid peroxidation since products of hematin 

catalysis and autoxidation are similar (193, p.   122).    The heme of 

cytochrome c was found to be built into the protein component by 

means of thioether binding from the side chain of the porphyrin to 

the protein (199).    TDPA being a thio compound might possibly be 

involved in the hematin catalyzed oxidation. 

TBA Number 

The TBA number has been extensively used as an empirical 

measure of oxidative rancidity. A number of workers have shown 

that a good correlation exists between TBA number and results of 
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organoleptic evaluation (3,   93,   170,   181,. 196).    Z-Thiobarbituric 

acid reacts with malonaldehyde forming a red chromogen the 

intensity of which is a sensitive measure of the concentration of 

malonaldehyde.    In 1958,   Sinnhuber et al.   (182) showed that the pig- 

ments found from malonaldehyde and from a substance in rancid fish- 

ery products are identical based on elemental analyses,   spectropho- 

tometry and paper chromatography.     Dahle et al (37) proposed a 

mechanism for the formation of TBA reactant from methylene 

interrupted p o lyun s a tu r a t e d   c o mp-o tnrds  which involves 

a cyclic peroxide as an intermediate in the formation of malonal- 

dehyde.     Existence of a cyclic five-membered ring peroxide   in 

the oxidation products of polyunsaturated acids  was postulated. 

From the study it was concluded that the TBA   color 

developed from the autoxidized lipids of tissue samples will vary 

with the profile of polyunsaturated fatty acids existing in each 

sample.    At equal levels of autoxidation,   a tissue rich in highly 

unsaturated fatty acids would develop more TBA color than one 

rich in less unsaturated acids.     They stated further that knowing 

the composition of a lipid one could use the TBA reaction as a 

quantitative measure of the extent of oxidation.     Otherwise,   the 

TBA reaction can have only qualitative and comparative significance. 
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Sinnhuber and Yu {'181) and Yu and Sinnhuber (212) developed 

a colorimetric method for determining the TBA number of fish and 

fishery products using 1,1,3, 3-tetraethoxypropane (TEP) as 

standard and found that for frozen fish of good quality the TBA 

number was less than three.     Products of poorer quality gave 

TBA numbers ranging from 4 to 27.    Based on these findings 

results obtained in the present experiment with ground halibut 

may be interpreted as follows: 

Sample 

0. 00 Mrad, No antiox. 

0f 50 Mrad, No antiox. 

1. 00 Mrad, No antiox. 

0. 00 Mrad, TDPA 

0. 50 Mrad, TDPA 

1. 00 Mrad, TDPA 

0. 00 Mrad, Tenox VI 

0. 50 Mrad, Tenox VI 

1. 00 Mrad, Tenox VI 

TBA Number1 Organoleptic 
Rating 

2.6 Good 

4.2 Rancid 

3. 1 Borderline 

3. 1 Borderline 

2.4 Good 

3.4 Borderline 

1. 1 Good 

1. 2 Good 

1.3 Good 

1 o 
TBA numbers obtained prior to storage at 34    F. 
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The TBA numbers obtained on irradiated and nonirradiated 

halibut with and •without antioxidants during the 15-week storage 

at 34    F are shown in Table 8 and Figure 7.    All samples were 

o 
rancid after five weeks of storage at 34    F except those treated 

with Tenox VI.    TDPA had a slight protective effect on samples 

irradiated at 0. 50 Mrad based on the results of the TBA test. 

However,  it did not seem to have any beneficial effect on either the 

nonirradiated or the irradiated sample at 1. 00 Mrad.    No definite 

conclusions could be drawn from these results. 

The development of TBA reactant was markedly inhibited by 

Tenox VI.    No significant increase in the TBA numbers of 

Tenox Vl-treated samples was observed during the entire storage 

period. 

It was noted that while the increase in peroxide value of the 

irradiated samples over the control was significantly high,  the 

increase in TBA number -was very slight.    It seems that the 

conditions prevailing during and immediately after irradiation 

are more favorable to formation of peroxide than its decomposi- 

tion into aldehydes and other secondary breakdown products. 

o 
After five weeks of storage at 34    F there was a significant 

increase in TBA number of all samples except those treated with 

Tenox VI.    After the fifth week,  however,  no appreciable change 
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Table 8.    TBA number of stored radiation pasteurized ground halibut. 

TBA_Nm*iber, _mg_5/^-!j?^yehy^?_P£r kg^i?^1' 
Storage Time at 34<^F " 

Sample 0 week        5 weeks 10 weeks       15 weeks 

0. 00 Mrad,   control 2.6 6.8     

0. 50 Mrad,   control 4.2 9.5 9.6 10.7 

1.00 Mrad,   control 3.1 10.1 9.4 8.9 

0. 00 Mrad,   TDPA 3. 1 8.4 

0. 50 Mrad,   TDPA 2.4 8.8 8.4 10.2 

1.00 Mrad,   TDPA                   3.4               8.5                  9.3 9.9 

0. 00 Mrad,  Tenox VI 1.1 1.6 

0. 50 Mrad,   Tenox VI             1.2               2.0                  2.0 2.5 

1. 00 Mrad,   Tenox VI             1.3               2.1                   1.7 1.6 

*   Means of duplicate determinations 
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Figure 7.     Effect of antioxidants o.n the TBA number of stored 
radiation-pasteurized ground halibut. 

1. 00 Mrad NA 
1. 00 Mrad + TDPA 
1. 00 Mrad + Tenox 6 

0. 50 Mrad NA 
0. 50 Mrad + TDPA 
0. 50 Mrad + Tenox 6 

0. 00 Mrad NA 
0. 00 Mrad + TDPA 
0. 00 Mrad + Tenox 6 

5 10 
Storage Time,  Weeks 
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in TEA number was noted until thfe end of the 15-week storage 

period. 

Peroxide Value 

When irradiation is conducted in the presence of either oxygen 

or water the reactions involved appear to be similar to those in- 

volved in autoxidation.    The universally accepted mechanism of 

lipid autoxidation at present involves a free radical chain mecha- 

nism (106,  p.   36).    Considering that radiolysis of water results 

in a number of free radicals it is not surprising that irradiation 

of biological materials could initiate such a chain reaction. 

Most authors are agreed that the major portion of the prod- 

ucts of lipid oxidation are hydroperoxides and peroxides which 

polymerize to form higher polymers or decompose to form acids, 

aldehydes and other carbonyls (99, p.   5,   106, p.   33).    Peroxides 

do not have rancid flavor,  but they are precursors of off-flavor 

compounds and thus have been used as index of rancidity (99, 

p.   6-7). 

Anderson and Danielson (3) in their storage studies on 

frozen herring fillets   made a comparison of subjective and ob- 

jective tests for rancidity and found that peroxide does not give a 

reliable measure of rancid taste.     On the other hand,   Naumann 

et al.    (127) working on rancidity in frozen ground pork reported 
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that flavor was found to be M6re closely associated with the perox- 

ide value than odor.     Lea (99,   p.   7) suggested that any correla- 

tion the peroxide value can have with rancid flavor must be 

empirical and liable to vary considerably with the composition of 

the substrate and the conditions of oxidation. 

The peroxide values obtained on the radiation pasteurized 

ground halibut during storage are shown in Table 9 and Figure 8. 

There was a marked increase in the peroxide content of irradiated 

samples over that of unirradiated control.     Considering that fish 

are rich in unsaturated fats this finding is- not in disagreement 

with those of Chipault et al.   (32) and Chipault and Mizuno (31) who 

reported that much larger amounts of peroxides were found in 

samples of unsaturated than those in saturated fatty acid esters 

such as methyl myristate and methyl palmitate when irradiated in 

the presence of oxygen. 

TDPA had no visible effect.    On the other hand,   Tenox VI 

showed a well-pronounced retarding effect on peroxide formation. 

Astrack et al.   (7,   p.   582) postulated that the accelerated peroxide 

formation observed in irradiated fish oils was probably due to 

the destruction of natural antioxidants since it could be retarded in 

the presence of added antioxidants and by irradiation in vacuum or 
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Table 9.     Peroxide value of stored radiation pasteurized ground 
halibut. 

Peroxide Value, meq.   I/kg Oil* 
Storage   Time at 34    F 

Sample 0 week 5 weeks 10 weeks 15 weeks 

0. 00 Mrad, control 6.7 13. 5     

0. 50 Mrad, control 43. 0 124.9 40.8 35.6 

1. 00 Mrad, control 40. 5 101. 2 59. 0 37.6 

0. 00 Mrad, TDPA 7. 0 5. 7     

0. 50 Mrad, TDPA 46.2 105. 0 24.8 32. 5 

1. 00 Mrad, TDPA 26.6 94. 0 70. 7 26. 7 

0. 00 Mrad, Tenox VI 0. 0 5. 8     

0. 50 Mrad, Tenox VI 4. 7 22. 7 10. 0 7. 1 

1. 00 Mrad, Tenox VI 0.9 12. 7 7. 7 7.6 

*   Means of duplicate determinations 
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Figure 8.     Effect of antioxidants on peroxide value of stored 
radiation-pasteurized ground halibut. 
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inert* gases. 

In all samples the peroxide content was observed to increase 

up to a certain maximum after which it started to fall.    The de- 

crease in peroxide content may be attributed to polymerization or 

breakdown reactions of peroxides.    Results of the TBA test seem 

to indicate that the former is more probable. 
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SUMMARY AND CONCLUSION 

The optimum pasteurizing radiation dose for Pacific halibut 

was determined and the quality of radiation pasteurized fish stored 

at 34    F evaluated subjectively and objectively over a period of 18 

weeks.    No spoilage was detected in any of the irradiated samples 

during the entire storage period.    However,   oxidative rancidity was 

noted in a number of samples. 

The effect of pasteurizing radiation dose on the development 

of oxidative rancidity in fish as determined by the TBA number and 

peroxide value was investigated.    Ground halibut was irradiated at 

0. 50 and 1. 00 Mrad with and without antioxidants.    Antioxidants 

employed were thi o dip r op ionic acid and a commercial mixture, 

Tenox VI.    All samples were stored at 34    F and observed for 

rancidity development over a period of 15 weeks. 

The conclusions drawn from the foregoing results and ob- 

servations may be summarized as follows: 

1. Based on organoleptic acceptability and storage quality of the 

treated fish,   the optimum pasteurizing radiation dose for canned 

halibut steaks may be considered to be 0. 50 Mrad.    At this level, 

the shelf life at 34    F was extended more than threefold while 

radiation odor and flavor did not seem to be detectable. 
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2.        Very little increase in t rime thy lamine nitrogen,   volatile acid 

number and pH was observed in all irradiated samples.    An 

increase in free amino nitrogen content was noted on the ninth 

week of storage up to the twelfth after which a slight decrease 

was evident.    No spoilage was observed which seem to indicate 

that autolysis occurred but it did not appear to be as significant 

as microbial proteolysis in the spoilage of fish. 

3. Most of the aerobic microorganisms found in the halibut were 

rendered nonviable by pasteurizing dose of radiation.     The de- 

crease in amino nitrogen after the twelfth week of storage how- 

ever,   seem to indicate probable presence of anaerobes.    The 

results of the toxicity tests on mice indicate absence of micro- 

bial toxic ity. 

4. Pasteurizing dose of radiation induced oxidative rancidity as 

determined by TBA number and peroxide value.     Rusting of the 

fish occurred even when most of the fat was removed.    How- 

ever,  both were markedly inhibited by the addition of Tenox VI 

at a level of 0. 005 percent antioxidant (BHA, BHT, and PG). 

5. TDPA added to make a final concentration of 0. 00 5 percent was 

ineffective in preventing rancidity and rusting in the irradiated 

fish. 
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IRRADIATED SEAFOOD PROJECT 

Name Products Date 

The reference sample is a normal non-irradiated sample. 
Please score the intensity of irradiated odor and flavor in the coded 
samples.    Mark sample numbers opposite horizontal lines where you 
think the flavor intensity lies.     Do not mark between the lines. 

IRRADIATED ODOR IRRADIATED FLAVOR 

None None 

Slight Amount Slight Amount 
of intensity of intensity 

Moderate Amount Moderate Amount 
of intensity of intensity 

Large Amount Large Amount 
of intensity of intensity 

Extreme Amount Extreme Amount 
of intensity of intensity 

Very Extreme Very Extreme 
intensity intensity 

Comments: Comments: 



89 

FLAVOR TEST BALLOT 

Date Product Name 

INSTRUCTIONS: 
The side dish contains a reference sample.     Compare the 
flavor of each sample directly with the flavor of the reference 
sample. 
a. Taste the reference and the sample as many times as 

necessary; 
b. Write the number which is on sample container in a space 

after the statement which indicates your judgment: 

Much better flavor than reference 

Moderately better flavor 

Slightly better flavor 

Neither better nor poorer flavor 

Slightly poorer flavor 

Moderately poorer flavor 

Much poorer flavor than reference 

Comments: 

BE SURE YOUR NAME IS WRITTEN ON THIS BALLOT.    When 
finished,  please open the sliding door,  push tray through,  fold 
the ballot once and place it in ballot box. 

THANK YOU. 


