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AN ACCELERATED OXIDATION METHOD FOR THE
ESTIMATION OF THE STORAGE LIFE
OF FROZER SEAFOODS

INTRODUCTION

The highly competative nature of todays food industry coupled
with the digcriminating tastes of the consumer emphasize that only
those products maintaining striet adherence to high quality standards
will roceive favorable acceptance. It is to this end that much
research in food science and technology i¢ dediocated.

Deteriorative changes in quality resulting from bacterial,
chemical, physical and enzymatic action may begin at the time of
harvest or start at some point during handling, procsssing or storage.
This change of quality may seem insignificant at the time, but unless
corrective meagures are taken the ultimate result is spoilage and
econcnmic loss. NMany treatments are euployed to prolong the period of
product acceptability by inhibiting these deterdiorative changes,

These treatments msy include blanehing, smoking, salting, freesing,
packaging, dehydration and irradiation to name but a few. The variable
eonposition of food produets often reguires the application of geveral
treatments to achieve an extended shelf life. It must be ramembered,
however, that those treatments only offer a postponement of eventual
unacceptability.

Although great advances have besn made in the frozen seafood
industry since the first fish was commercially frozen in 1865, rancidity
is still one of the major problems. In its broadest semse, rancidity
may be defined as the development of disagreeable odors or flavors in
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fats and oils and the foods containing them. lLea (38, p. 200) lists
five causes for rancidity of fats and oils: (1) absbrption of odors,
(2) action of tissue lipase, (3) action of micro-organisms, (4) atmose
pherie oxidation, and (5) "reversion” and "fishiness”. The most
important form of raneidity oceuring in frozen seafoecds is that
produced by the action of the exygen of the air on fats and oils.
Atmospheric oxidation (autoxidation) occurs spontancously when any
material containing unsaturated fat is exposed to air, though the rate
of chenge varies enormously with the type of fat and the conditions of
storage (38, p. 206). This reaction, also known as oxidative
rancidity, is characterized by the formation of hydroperoxides. The
deconposition of these hydroperoxides yield ¢arbenyls which are the
ocompounda responsible for the off-flavors and odors that taste pancls
classify as "painty”, "fishy®, or rancid.,

Chemical, as distinct from biological, spoilage of foods is
mainly dve to two types of reactions: oxidative raneidity of fats and
oils and the so=called "browming"” reaction. There are, howéver, many
causes of chemical deterioration which lead to degrees of'deterioration
which searcely qualify as spoilage, since the result is a small loss
in palatability, appearance, and nutritive value with comparatively
1ittle effect on wholesomeness and edibility (3, p. 199). These mild
spoilage factors may be noted as the discoloration of meat by the
oxidation of myoglobin to metmyoglobin, the loss of vitamins dnring'
storage or processing due te oxidation or thermal decomposition, and
storage induced flavor changes (3, p. 199). Preliminary stages of
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oxidative rancidity may also be considered undor this classification,

Huech improvement has bsen noted in the quality of frozen geafecd
products but deletorious changes in the product otill occwr. Theso
changes may result Lrom prolonged freezer storage, fluetuating
temperature eonditions and the use of onygen-permoable packaging
naterials, The degive of oxidative rancidity resulting from these
variebles s very difficult to evaluate with thoe present methods availos
ble; partially because of the difficully of achieving repreosentativo
randen oamplings, and tho lengthy storape perieds required for cemplote
quality ascescments, Becanse of thece sampling and etorage problems,
the evaluation of antioxidants and synergiste is extremely difficult,

Seafood products are very susceptiblo to oxidative rancidity
bocause of the:'w high unsaturated fabt content., This 1iability 4 net
reduced ¢o any groat extent by the prosent nethods of handling,
progeseing and storage.

Several chemical and gengory mothods have besn suggested for the
evaluation of oxidative ranmcidity in frosen scafocd produects bub none
have proven entirely saticfactory. IL was not until the 2«thioe
barbituric acid (TBA) method of Yu and Sinnhuber (71, p: 104+108) wes
doveloped, that repreduccable results on intact samples were achieved
for fisheries producis.

This thesic is concorned with the dovelopment ef an accelerated
autoxidation procedure for the estimation of the storage life in
frozen seafood preducts. The effects of packaging materials, tomperas

ture, and antioxidants on the rate of autoxidation were studied as
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well as the existance of & possible cerrclation betusen chomiecal and
gensory evaluvations, This proposed aceslorated proeczdurs sghould
permit the rapid ovaluation of a procsssing verizble in a matter of

days or weeoks instead of monthe er years.



REVIEY OF LITERATURE

The quality of fish and fich products, like other foods, depends
upon such faotors as mtritive value; palatébility. flavor, odor, and
general appearance. It ié at its best,.as far as the fisherman and
consumer are aoncernéd;Lat the time the fish is removed fiom the water.
Little can be done to improve the original quality of the product, but
much ean be dene to retain it. Befofe wa.can intelligéntly approach
the problens involvéd with quality retention, we must first understand
the factors which ceuse these deletericus-changes.' o

. tutexidation of Fata

Oxddation by atmospheric oxygen, deseridbed as autoxidation, is
of great importance in both the development of raneidity im edible

' fats and in the drving of paint oils. Oxidative reactions in edible
fats zre undesirable and considerable investigation has been dipeeted
toward retarding or eliminating them, The reverse is true in paindt
oils where oxidative reactions are necodsary to achieve pr@pér hardene
ing of the finished surface (29, p. 1133 36, p. 79). Dorly studies
revealed the complexity of the reaction. o

In = very comprohensive review of early thoories pertaining to
the mechanism of auwtonidation, Iea (38, p. 86-92) points out that the
autoxidation of an organic substance with a carbon to carbon double
bond was recognised byrschgnbein in the case of turpentine as early
as 1858. Ho aldo indicates that modern theorics as to the mechanienm
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of reactions of this type date from the work of Bach and of Engler
and W14 in 1897,

The radieal chain theor& is the currently accepted theory of
autoxidation (29, p. 115-116; 35, p. 48-49; 37, p. 1303; 42, p. 126;
48, p. 238-240). According to this theory oxidation takes place not
at the double bond itself, but at the reactive methylene group
adjacent to a double bond with production of a hydroperoxide which
gtill retains the original unsaturation. At tho sams time a
resonance system set up by the free radical lsads to the production
of conjugated isomers. Since geometric isomerization of a considerable
proportion of the double bonds from the gis to the trang configuration
also oceurs, the product of this first stage of autoxidation is &
complex mixture of hydroperoxides with a high content of conjugated
and frang unsaturation (37, p. 1303). The fundamental concepts
leading to the acceptance of the radical chain theory have been
substantiated by the development of new or improved techniques in
low-temperature crystallisations, chromatography, counter-current
distribution, polarography, and spectrophotometry in the ultra-
violet and infrared ranges (42, p. 126).

Farmer (24, p. 86-93) stated that the formation of free radicals
from fat molecules is dependent on hydrogen lability; the latter
determined largely by the type of unsaturation pattern and algso by

the presence or absence of substitution on the ethylenic c¢arbon atoms.

To illustrate this, Farmer (24, p. 86-93) groups the four types of



unsaturated systems on the basis of bydrogen lability as follows:

B H H
" Group 1 | I Group II |- =
C=CauCalC=C C=2CwulCeCaualC=¢C
| B H - .
Growp IXI | | Group IV
CalezCacC ' CxzCalC=¢C

Group I shows the highest degree of Wogeﬂ lability since the alphae
nethylene group is £lanked by a&jacent double bomﬂa;‘ Group IX shoun |
less lability because ﬁw_ influence ofi the two double bonds is divided
between the two methylene groups. Group I1X shows still less hydrogen
lability, and Group iIV. being a cohjugatad olefin has lost most of

its hydrogen lability (42, p. 127).

According o Koch (35; p. 49), the cmevgy for free radical
production stems from the fact that the deuble bond is capable of
capturing outside sources of energy, such as 1ight and heat energy
which puts the ele’é‘tmm in a higher energy or ozcited state. Vhen
enough ensrgy hs;s been absorbed so that the ei@cwens reach a critical
excitation level, the excess ensrgy is dissipated by the electren
breaking away from the rast of the molecule and ﬁaﬁd.m@ 2 proton with
it. Both the £atty dcid moleculo m@aﬁng and the réleased hydrogen
aton are referred to as free radicals since they possdss unpairved
electrons., -

Free radicals are extremsly unstable substances and will tend
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to sesk another olectron to complete the stable electron structure,
Same of the mothods by which the fatty ester free radieal can ebtain

an electron are shown balow,

.6H26H=CHCH0H2-

%2

' + H, ; «CH=CHCH.
«~CH,CE=CHGRCR . <———— CH,CH=CHCHCH,.. — ﬁ%.cﬂzcﬂﬂﬂgﬁc%.

: ] :
~CH=CH

«CH,,CH=CHCH,,CH,,-

Y
CHpCH=CHCHCH»- + -CHZCMHCHG}L '

) |

| g ete.

The free radical has a high affinity for oxygen which is believed
to add as molecular oxygen to produce a peroxide. This peroxide may
react with a free hydrogen atom to form a hydroperoxide and thereby
terminate the reaction, or with another molecule of oleic ester which
would gtart a chain reaction that could enly be terminated by reaction
with another free radicsl or with an antioxidant.

Tho oxidation of polyunsaturated fatty esters, such as linoleate,
follows the same sﬁepa except that the hydrogen which escapes ig
believed to come from the active methylene group (35, p. 49-51).



The hydroperoxides which form the primary autoxidation product

are labile ecmpounds readily undergoing further reaction, accounting

for the decrease in peroxide values and iodine numbers during the
latter stages of autoxidation (29, p. 119).

reactiona of hydroperoxides arc as follows:

»l H¢Cﬁ=CH~
JOR

hydroperoxide

(1) o
(11) &,

—CH.CH=CH.

It should be noted that factors affecting autoxidation may be

+

- Ol CH=CH.

\+
«CH=CH.
LOH
_

-CH.CH

OF

&
———-——a-cn.ca.
0K 0,

~CHy=CH=CH- \
wCHaCHae- ~CHaCHa
O OOH 0K 00.

either catalytic or inhibitory in nature,

Some of the secondary

«CH.CH-

OR 08

glyeol
JOH

\

.CH.CH-

epoxide

+ RK.0

Many factors are known to
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aecelerate or catelysze autoxidative reactions. The proxidant sffact
of metals, either in metallie¢ form or in solution, on the rate of
autoxidation has been shown by many authors (15, p. 241-2uk; 36, p. 154w
161; 38, p. 2i%; b1, p. 119; end 66, p. 32-33). Other investizators
(8, p. 27-31; 56, p. 24.26) show thet there is a direct correlation
betwesn the hematineccmpound content of the various species of fish
and the satalytic effect on the linoleate omidation. Cos (15, p. 241w
244) states that the primary factors which aceslérate oxidation in
fats and 6ils are metals and light. That light has a definite
proxidant .eff‘ec’c is well substantiated (36, p. 139-152; 38, p. 213;
68, p. 36.37). This applies not only to photosensitization by
pigrents but also to photosxeited electron transfer due to the presence
of trace metals. Air, moisture, and temperature may bo considered as
contributory factors (15, p. 241.24h), Temperature, as a proxident
in thermal oxidation reactions is noted in the work of Bishov, Henick
and Kooh (7, p. 174w182) and also in conncction with the well known
Active Oxygen Method (&7, p. 3916-398). The e‘ffeeﬁ of fluctuating
temperatures on the autoxidation reaction has been reported by
numorous workers (b, p. 200.205; 46, p. 19-27; 68, p. 37-38; 69,

p. 311-318). |

Scme of the factors having an inhibitory effect on autoxidation
include ehemical antioxidants, natural antioxidants, low temperatures,
smoke, gpices, chelating agents, and packaging materials (18, p. 123
124; 38, p. 216-222; 48, p. 251.268; 65, p. R1.322; 66, p. 33«34;
68, p. 3&»’42’). The offect of these factors will be reviewed in
greoater detall later,



Il. Effect of Zemperature on the
M&DI ﬁ m Seafoods,

Mueh has been written on tho frecsing method of preserving
fichory products. As Yeung (70, p. 447) points out, ®The subject
has been covered fyom substantially every aspest of interest to the
technologist, so that if kmowledge &n itself were the key to high
quality, one would expect that nothing but exesllent frosen £ish
would be marketed in America Yeday™. Since this is not the casse,
it 1o deemed important to review some of the aspocts of temperature
and its effect on the quality of frozen seafoods. Tressler and Evers
(65, p. 7%7), in their voery comprohensive study en the frecuing
preservation of foods, point out that much of the early experimental
work on freesing was earried out on fich, Quiek freesing of fish

was & common commercial practice for a decade prior to ity adoptiecan

for the freezing of other {oeds.

Wheon fish which have bsen frogzen and held in eold momg@ for
an extended pericd of time are thawed and examined, a numbor of
changes mey be found to have taken place which may differentiate
them from urfrozen fresh fish. The flesh of the thewed £ish will
censist of two phases, the solid flesh plus a fluid known ag “"drip®.
which was not reabsorbed by the flesh after thawing. Also, fha
texture of the thawed f£ish may be soft and' the surface may have



iz

boeone desdceated by the less of molsture, After ocooltdng, the fish may
bo found to have acquired an off«flaver or the flech may be tough snd
fibrous, These thanges from the original condition of the unfrozen
fish aro sometimes oauged by the frocring procsss. Actually, almost
a1l of such @hzmgeé are caused, not by the frocsing of the f£ish, but
vather by the subsequent cold storage of the frozem produst (57, p. 2).

Ono of the sarliest changes takimg place in fish oseurs shortly
after they are ¢aught.,  Thig change is known ag rigsor mortis and is
chavacteristic of perfectly froch fish., Ripor mertls is cauced by
tho ecoagulation of tho cell proteins and is recegnized by a general
bedy vigldity or stiffnesc. This condition comos aboul sconey and
lasts o sholer time ab higher tomporatures than at lower temgaéi*éﬁms
(64, p. 329). Although lov tomperature storage helps %o pravomd or
retard enzymatic autelysis and bacterial invasion (64, p. 334-335),
care mugt bo taken to provent othey ehamgeé taking plage in the Zrozon
produch because of the storage conditiens (57, ps 17-27; 6%, p. 335;
65, p. 317«328): These changes must be clearly recognized and
avolded as far as possibla. Ag indieated by Stansby, Potiinger and
Miyauchi (57, p. 2, 17+27), tho changes may be rocognlzed as desiccation,
offwflavor developmont, "drip®, and color changes. Thoy suggest that
ecoroful eontrol of humidity, air circulation, temperatura, and packaging
may bo very holpful in minimising these changes.

In many articles dealing with the storage of frosen foods,
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considerable emphasis hag been placed on the need for keeping foods
at a constant storage temperature at all times. It is obvious that
this condition is almost impossible to maintain, Scme fluctuation
alwvays ocours during the on-off cycle of the refrigerator compressors
as well as whon the freezer doovs are opened or when large quantities
of varmor fish are deposited in the eold storage rooms. Pottinger
{46, p. 19) listo numoreus items that ean cause fluctuations im
temperaturaes. These may include power failure, equipment breakdown,
and trangportation of the frosen product from the producer to the
congumer. A% ono time 4t was thought that fluvetuations in temperature
wore harmfel ié the quality of the frozen Lich by causing large ice
erystals to form within the tissve which might result in alteration
in texture. .Potiinger (%6, p. 19-27) has chown that this theory desg
not hold, According to Stansby ot al. (57, p. 21), Cluctuating
temporatures may accelerate oxidative changes and bring about an
insrease in the frost formation within packeges where alr pockets are
presont.

Hikkila and ldnko (&%, p. 200-205); Seagran (52, 106~109) and
Stansby, gt al. (57, p. 23-2%) cuggest that the alteratiens in the
_tenture of fishery preducts are duo, ad least im part, to protein

denaturation causcd by flustuations in temporature.



It has long been known that the reaction betwsen an autoxidizable

1T, Effsct of Antioxidante and Synersists
On the Quality of Frogen Seafocds,

1k

substance and oxygen can be delayed for leng periods eof time by the

presenee of very small concontrations of additives variously teimedl

inhibitors or amtioxidants.
Jacobs (32, Vel. IXI, p. 1937) points out that the following
eriteria for a chemical additive, as set by K. E. Barnard in 1911

still holds:
1,
2.
3.

b,

50
6.
7.

8.

It must not under any keascnabla condition injure
the health of th@b consumer,
It must not allow the utilization of unfit raw

| material,

fts use must not make possiblo the employment of
careless and fjwmperfect methods of manufacture.

It must be non-irritant.

It must be offieient in its aetion,

It must not retard the action of digestive ONBYIISE .
I¢ must have no tendeney to decompose within the
body inbte substances which have a groater toxicity
than that of the preoservative itgelf.

It shonld lend 4tsclf to simple metheds of
dotermination and thus simplify the control problem.

One of the biggest problems in the preservation of fats and
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fatty foods is rancidity caused by oxidation of unsaturated fats,
producing aldehydés and ketones that have strong and undesirable
odors and tastes. Antioxidants applicable for stabilisation of
ungaturated fats are of two general types (59, p. 73=74): (1) The
phonolies such as butylated hydroxyanisols (BHA), nordihydroguaiaretic
acid (MDGA), propyl gallate (PG), and the tocopherols which inhibit
fat oxidation by reacting with free radical intermediates of the
oxidiging fats; and (2) the synergists, or metal deactivators which
have no direct effect upon fat oxidation but supplement the primary
phenolie antioxidants, usually by forming steble chelates with trace
metal contaminants. Citric acid and ascorbic acid may be classified

as good symergists.

The effectiveness of the above compounds, either alone or as
synergistic mixtures, hag been demonstrated by many authors for a
wide variety of fats and fatcontaining foods: seafoods (5, 254=260;
20, p. 3713831 51, p. 1-6; 61, p. 137.154; 62, p. 237-247); cereals
(98, p. 585-587); turkey (3%, p. 308.311); irradiated cooked pork
(60, p. 635-639); and fats (19, p.U57-460; 27, p. 386-390).
Acoording to Lew and Tappel (39, p. 285-289), a synergistic mixture
of NDGA, BRA and ascorbic acid was very offective in retarding
rancidity in fat containing produets catalysed by hematin compounds.,
It is strange that with all this evidence ag to the effectiveness
of antioxidants and synergists, little or no application of their
use is noted in present-day commercial fisheries products. It may
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be as Stansby, et al. (57, p. 31) point out, that elthough antioxidants
are offective in retarding autoxidation of olls, when the oils are
present in the tissue, as in the case of frozen fish, the effective-
nose of the antioxidant is greatly diminished beecause of the meisture

present.

Tho action of antioxidants according to Koch (35, p. 52), lends
support to the free radieal chain theory. An antioxidant has an
affinity for froe radicals and will give up a hydrogen atom to the

free radical more readily than will a fatty acid molecule. The

actioﬁ of the free radical is stopped when it accepts the hydrogen

atom and consequently the chain reaction is terminated. The antioxidant
bacomes a free radical when it.gives up the hydrogen atom but it forms
a genbequinone structure which ig much more stable than a free radical
of the fatty acid type. The reasom for this stability is that the
electron is capable of a movement through the ring structure ag

illustrated for the structures written for the semiguinone.

OCH ?CH3 OCHy ﬁCHs
—He - - .
— ———
~C(CH3), ~C(CHa)y ~C(CH,), . \
\ | I =
OH o) © o 2
N

This is known as resonance and imperts stability to the structure.
This resonating structure is important sinee it is not strong cnough
to propagate a chain reaction by taking a hydrogen atom from an alphae
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methylene group of a fatty aoid., However, if the senieguinome should
encounter a £rao hydrogon atom the original antioxidant would be
restored (38, p. 52).

Pagkaging is an important factor im the rotention of quality of
£rozen foods bocause effielent packages, among other things, prevent
deying out (dosiceation), contact with air (oxidation), and loss of
tho natural, frosh flavor.

Ball (2, p. 703-704k) suggests that the appraisal of a container
bo bazed on two series of £actors: (1) vasie factors such as price
to packager, sanitary qualitios, resistance to impact injury, ’
efficacy of interior surface, and absence of handling probloms; and
(2) consumey acceptance factors such as sizs, case of opening, reseal
features, pouring qualities, light protection, transparéncy, tempor
proofness, and easo of disposal. A method of evaluation is suggested
using the abeve faetors, accompanied by a very detailed czplanation
of cach factor and how it fits into the overall picture (2, p. 704+732).

Browme (9, p. 1992-2017) gives a very comproheasive coverage
of the functions of packaging and the materials uged in their manue
facture. He points out that packaging of food, for the most part,
ig striectly utilitarisn; and that tho primary purpose of the food
package is to preserve the flavor and kesp the product in good condition

until it reaches the consumer. %The functions which packaging perform
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are protection, convenience, economy, and appeal. Many different
materials are used for packaging containers: paper, plasties, fibers,
metals, coatings and laminations consisting of a variety of substances.
Bach type of food product mist bs evaluated as to the particular type
of packaging bast suiﬁ’ed to give it maximum protegtion.

Various protective coatings are used to protect fishery products
during frozen storage. | Probably the first "package" that came into
general use was an 1ce’\ glagze., WNot until the introduction of quieck
frozen foods in px‘_‘epiar’ed fpm was an,y serious attempt made to improve
upon protective covering for frozen fishery products (57, p. 41).
Stansby, et al. (57,: p. 41-63) list many types of protective coverings
used for frogen seafood products and explain the functions of each
type. These may include: (1) glazes, which include fee glases,
pectinate films, gelatine-base coatings, and thermoplastic waxes;

(2) 2ilms and wraps Such as cellophane, polyethylone, aluminum foil,
waxed paper, and plastic.paper laminants; (3) packages and cartons

that are generally madé out of pép?erbbard; and (&) metal containers
such as the hermetically soaled tin éan aﬁa the semi-rigid aluminum
pan package. | ' | |

As one can mgdﬁ,ly see, ”*the package plays an important role in-
the preservation of frozen seafoods. Undesirable changes in quality
due to the actio(l of ‘air, light, 'anfad:moistnm can be eliminated or
at leagt retarded by reasonable care in thoe selectiem of the proper

packaging contairier for the product to be frozen. '
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V. Acceleration Ree

Many aceeleration roactions have been proposed and evaluated
as a means of evaluating various treatments, additives, and relative
stabilities of fats and oils (7, p. 174182; 16, p. 47-72, 98.101;
33, p. 105.109; 43, p. 191.194; 45, p. 161.162). Gearhart, Stuckey
and Austin (28, p. 427.430) compared the conventional Active Oxygen
Method, the Schaal Oven Method, and a modified ASTH Oxygen Bomb Method
for determining the stability of fats and oils, and of fatty or oily
foods. They found that the ASTM bomb data ¢orrelated well with both
the other methods and has the advantage of speed, precision, and
simplieity of operation. Filer, Mattil and Longenecker (25, p. 196«
201), using a modified Swift Stability Test, studied the rates of
change of peroxide and icdine values, saponification equivalents,
and the amounts of "linoleic and linclenic acids® during the
accelerated ranvidification of hydrogenated vegetable oil ghortenings
and refined cottonseed oil., These asceeleration reactions nay be depens
dent upon heat, light, or a supporting media such as sand or cellulose
to achieve the desired results.

Vi. Evaluation of Guality

The majority of the present day methods for det«érmining quali’t'-:‘y.<
generally fall into ons or more of four categories: sensory, |
ohemical, mierobiologieal, and physical, Of these, the chemical
tasts for various indices seem to predominate.
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Ap was stated above, chemical detorminations as indieators of
quality in food products secn to i):-edeminate. Various indices are
uged, these include trimethylomine and trimethylamine omide (10,
pe 301.304; 21, p. 2325; 22, p. 292-294); succinie acid (31, p. 542.
%‘7): and volatilo scids and bases (30, p. 763-776; 33, p-.' 2272313
63, pe 61&61;?,) « Oood correlation ic shown between the content of
volatile reducing substeanses and organcloptic judgements of frechness
in a variety of fish and fish produeié (23, p. 677+680). The tm.on»
verbituric acid (TBA) test has been applied to a vardady of foods as
& moasure of quality as affocted by oxidative rancidity. These
ineludst butterfat (6, p. 138.145); oat coresls, oatmeal cookies
and soda erackers (12, p. 1854186); fish (26, p. 1-35; 71, p. 104.108);
cooked oysters (50, p. 76+82); and fats (54, p. 603-606). A quanti-
tative mothod for the determination of malonaldehyde (the red pigment
developed by the TBA test) is presented by Sinnhuber and Yu (55, p. 9-
12); the term, TBA number or milligrams of malomaldehyde per 1000 gram

of sample, is suggested.
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BXPERIMENTAL METHODS

I, Acceleration Beagtion

o8 sp.) wers purchased locally
as neéde&, Purchase@ vore mode on the same dw the fish wore delivered
theroby assur.‘mg relatively frosh sam;ales for sach tmatmem‘ |

Approzimately two pounds of the &eah fillet were passed through
a hand-operated meat grinder which had beon modified to prevent iron
contamination by chromo plating the internal parts and installing a
Formica face plate, After boing grownd, the cample was well mixed,
quartered, and tho slternate guarters discarded. This was repoated
three times after vhich 2 10 - 20 gram sample was removed.

A diatomaceous silica, 'Caliﬁe Analytical Filterefid, wag uged as
the support media for this acceleration procedurs. The surfactant,
a product of the Celite Division of the Johns.Manville Company, was
seleetod becauss it is commorcially availeble and uniform in quality.
Prolininary investigations indicated that this produet does not
interfere in any way with the 'TBA mothod employed for chemical
dotermination of oxidative rancidity. Manufacturer's specifioations
of this and gimilar diatomacoous carth products point out their 1argel

purface area per unit weight (i.e., from four to six square meters per
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gram). Chemieal analysis for the prosence of trace metals which wouwld
influence the oxidation reaction revealed appreciable amounts of iron
present, Purification by removal of the iron was accomplished by
reacting the surfactant with aqua regia for 48 hours, after which the
solution was transferred to a large percolator and washed continuously
with distilled water, using suetion, until a negative chloride test
was obtained with silver nitrate. Execess water was removed by suction

and drying then completed at 212°°p,

A random sample (10.00 g.) of the seafood to be tested was
obtained as previocusly deseribed and mixed with purified Colite
Analytieal Filter-2id (30.00 g.) by thoreughly grinding the sample
in a number six mortar with a small amount of svrfactant., The
rema&nder o£ the purified surfactant was added éfterla homogenous
mixture was achieved and blended into tho originsl to yield a final
proportion of 1:3 (fish to surfactant). Previous investigation by
tho author indicated that a homogenous mixture was achisved after
mixing for 20 minutes in 35°F roem, Standardisation of the wixing
procedure as to time and temperature is importent to achiove
uniformity between troatments. The mixture was next passed through a
20 mesh nylon serecn, to eliminate any caking that might ocour, and
placed in suitable containers for storage at the designatod temperatures.

The 2-thicbarbituric acid (TBA) method of Yu and Simmhuber

(71, p. 104-108), was used for the chemical evaluation of oxidative
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rancidity.

F., Ireatrments,

The'fallowing treatmonts were designed o show the effect of
certain variables on the aceclerated autoxidation raéction of scafoods.
The results of the TBA reaction for the deteormination of oxidative
rancidity, expressed és‘TBA nuzber, wore plotted against ¢ime in days.

1. Bffect of Pupificationt 'The followving method was used %o
determine the nced for puriﬁ’iééﬁ.@n‘ of surfactant and the effect of
netel {expressed ag percent ferrie oxide) on the accelerated
autoxidation test. A randem sample of fresh, ground rockfish fillet
was divided into thros portions and individwally mixed with the
three scleoted diatomaceous siliea products im a mortar using the
prescribed procedure. The products used werer Celite 319; Celite
Analytieal Filter-Ald; and the purified Celite Analytieal Filter-Aid.
The latter material was purified, as previocusly deceribed by treatment
with acid. The iron content (expressed as percemt forric oxide) of
Celite 319 and Celite Analytical Filter.fid, ag stated im the
manufacturer's specifications, wag 1.0 = 1.5 percent and 0.2 pereent
respectively.

Tho samples were placed in one ounce, scrowsgap glase jars, after
being sifted through 2 20 mosh nylon sercen, and stored at 0°F, for
subgsequent TBA determinations.

2, Effect of Temperature: A random pemple of fresh, ground rocke

figh £illet was prepared and mixed with purified swrfaetant as
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proviously described. After sifting, fish-surfactant samples were
placed in one ounce, gerewscap,glass jars and gtored at 09, 10° and
20°F, Bach jar contained approxinately 1.5 grame of sample and served
as an individual sample for chemical determination of oxidative
rancidity by the TBA methed.

3. Egffect of Fluctuating Temperature: The foilowing experiment
was used to determine the effeect of fluetuating temperatures om the
extént and rate of oxidative raneidity in fresh frozen rockfish using
the accelerated procedure deseribed, Thirty.six, one pound cartons
of commereially packaged. fresh-frozen rockfish fillets were purchased
from a commercial packer. Initial TBA determinations were made and a
similar sample was presented to av trained taste panecl for sengory
evaluation. The results, in sach case, indicated a relatively fresh
samplo. The remaining ecartons wore evenly divided into four lots
(0x, 1x, 2%, 3x)., Lot Ox (control) was held at 0°F, Lots 1x, 2x and
3% were placed in a 35°F. cool room and held for 12 hours, during
which time, the internal temperature of all the f£fillets uniformly
increased to a maximum of 29°F. as recorded by a electronic recording
potentiometor, using a copper-constantin thersiocouple. To assure
equilibration of temperature, the samples wore rapidly cooled to 0°F.
and held at that temperature for 24 hours between each fluctuation
period. Lot lx was held at 0°F,, lots 2x and 3x were returned to
the cool room and subjected to another 12 hour fluctuation in
temperature. After equilibration at 0°F., lot 3z was given a third
and final treatment. After this third fluctuaiion period, randomly



23
selocted f£illets from two cartons por lot were ground and mixed with
the purified surfactent in a ratio of 1:3 as previouely deseribed.
After sifting to osteblish uniforn partiele size, each lot was stored
in an eight ounce, serouv«cap, glass jar and held at OoF. ptoragze for
subsequent chemical determination of this accelerated autoxidation
procedure, For purposes of c¢omparisen, the remaining cartons of
£illets from cach lot were stored, as such, at 0°F, end evalusted by
TBA mothod at the same storage intervals as the ground, accelerated
sampled,

To assure that uniform temperatures existed im the samples
during tho fluctuation cyelo and the equilibration period, the
samples were ctored individually on chelves, with fiee ¢irculation
about each packasge, and without benefit of p'rot@ction £ron mass
packazing in a carton.

4, BEffect of Antioxidaentst Fresh silver salmon steaks,
(Oncorhynehug kisuteh), were prepared in the same mamner as the ground
rockfich fillets, after carefully removing the skin and bomes. The
sample was divided, 100 grams thoroughly mixed with 70 milligrams of
propylenc glyeol to sorve as the control, the other half carofully
nixed with 70 milligrams of a nordihydroguaiaretic acid (IDGA)
antioxidant solution containing 10 percent MDGA, 20 porcent butylated
hydroxyanisole (BHA) and oix porcent citrie acid; tho resulting
minture yielding a synorgistic concentration of 0,007 psrcent NDGA,
0.01%4 porcont BHA and Q.0042 percent citric acid on a £inal weight
basis.
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A 1:4 ratio of fish to surfactant was used in this treatment,
Mixing wes done in a mortar; as described previously, under standarde
ized conditions of time and temperature.
The semples were stored in one ounce, screvecap, glass jars and

held at 6°F¢ for chemical determination.

To insure the use of the froshest possible samples, 225 pounds

of fresh rockfish fillets were acquired from a commercial paeking
house in Astoria, Oregon, within two hours from the time they had
been removed from the fishing boat. The samples were less than four
days 0ld and had all been caught just off the Washington coast at
approximately 46° 30' ML (along Loran line 3700). The fish had been
well iced and were in execellent condition at the time of purchase,

The sample consisted of a random assortment of the following species:

red rockfish

)
g blaek rockfish

The fillets had all received a sodium benzoate-bengzoie acid dip to
retard baecterial action.
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The total sample wags divided three wayst 125 pounds of £illets
were held for organoleptic evaluation, 50 pounds of fillets were held
for chemical evaluation, and the remaining 50 pounds were ground by
passing the fillets through & Fitgpatrick Comminuting Machine, Model D,
£5.£t§d with a pumber three sieve.

1. Packaging: Three representative types of packaging containers
wore used: (1) a commercial carton with overurap; (2) a heat-sealable
plastic pouch; and (3), a "C" enameled tin can. The commercial carton,
produced by Fiberboard, Portland, Oregon was a 0.015 inch solid,
bleached oulfite with a cold wax finish; the overwrap was a plain, SS
bleached sulfite, glasseal product of Western Waxside Divieion of
Crown Zellerback, Portland, Oregon. The plastie pouch, 1087 Durafilm,
was produced by the Dobeckmun Company, a division of the Dow Chemical
Company. This £ilm, a tri-laminent of Mylar/Saran/polyethylene, is
very strong, eapily hend secaled and guitsble for use in boiling water
baths. A 211 x 400, "C" enameled tin ¢an manufactured by Continental
Can Company was used as the third type of container.

Since nene of the packages were vacuum packed, care was exercised
while £illing the packages to eliminate any air pockets and to keep
the head space at a mininum. A damp gponge was used during the
sealing operation of the plastic pouches to foree out as much air as
pogsible.

The grinding and packeging operation was done at the Oregon State
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Collage Seafood Laboratory and the entire operation was ecompleted
within 16 hours from the time the samples were acquired. The packaged
samples were held at 001}”. prioy to shipmont under dry ie¢e conditions
to Oregon State Colloge..

2. Storago: The samples were held at 0° ¥ 29F, Observations for
chemical and seneory evaluations were made on random samples from each
packaging treatment at monthly intervals over a nine month storage
periocd.

D. Evaluations.

1. Chenical: Tho TBA mothod of Yu and Sinmhuber (71, p. 104~108)
was used to determine the extent of oxidative rancidity developing in
the sampleos prescnted to the taste panel ag well as the samples
designated for chemical evaluation. To aseortain the posoible
existonee of a correlation betweon chemical and sensery evaluations,
the results of the chemical deteormination were compared with the
degree of rancidity in the samples as described by the tasters.

Colorimetric evaluation of the results was accomplished using a
Beckman spectrophotometer, motlel DU, The resvlts were expressed as
TBA number (mg. of malonaldehyde per 1000 g. of sample) by multiplying
the B %ﬁcm. at 535 mm by the comstant 46 (55, p. 9-12).

2. Sensory: Tho semsory evaluations wore made by a trained,
staff panel of 14 tasters who wore present throughout the test. The
samples to be evaluated were removed from 0°F, storage 24 hours prior

to the time of sorving and thawed at refrigerator temperature. The
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£41llets were cut into approximately 1-1/2 inch squares and prepared
for deepefat frying by first coating them with an egg batter followed
by a coating of cracker crumbs. The samplos were deep~fat fried in
Vream, a hydrogenated vegetablo oil shortening manufactured by Swift
and Company. Experimentation indicated that a well cooked sample
resulted aftor cooking for three minutes at 350°F. Each packaging
treatment wag statistieally evaluwated, as indicated below, on the
basis of two replications. These replications were presented to the
panel on the first Tuesday and Thursday of each month throughout the
storage period., The samples woere served in randomly coded paper cups
and tasting was carried out in individuval booths designed for that
purpose. No seasoning was added to any sample,
| A faesimile of the evaluation sheet used for 'cast;e panel judge-
ments is shown on page 30, A seveﬁ-point line ballot was used for
scoring rancidity and tenderness with "1" being extremely tough and
oxtremely rancid, and "7 being very tender and no rancidity,

Samples were also scored on a seven.point hedoni¢ preference soals
with "1 as very undesirable and "?" as very desirable.

The judgements of the tasters were statistically evaluated by
analysis of variance (40, p. 309-324) and the means plotted against
storage time. It was understood that a taste pancl of fourteen judges
would not glve a proference score indicative of & consumer population,
but emphasis was placed on using the same judges throughout the test
and therefore the large student panel could not be utilized.



Faesintle of the Evaluation Sheot Used for Taste Panel Judgements.

Date: Namo
SEAFOODB
TENDERNESS RANCIDITY
erep—— W@W P, None
Tender
b, Hoderately ... Yery
Tender Slight
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b S1dghtly el Modorately
Tough
el Moderately k. Very
Tough HModerately
S L i Bbremely
Tough
‘ Tough Extreme

OVERALL,
DESIRABILITY
oo VOEY

Desirable
e Modoratoly
Desirable
Desirable
_ Heutral
Slightly
Undesirable
Moderately
Undesirable
Very
Undesirable
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RESULTS AND DISCUSSION

I. Accelerated Oxidation Methed

The catalytic effect of iron and iron containing compounds on
oxidative reactions has been shown by a mumber of investigators (8,
Pe 27<31; 36, p. 1541605 48, p. 200.242). The relationship between
the removal of iron by purification and the degree of catalyzed
autoxidation is shown in Figure 1. As indicated by TBA methed (71,
p. 104.108), purifiecation of the surfactant by removal of metal
catalysts (expressed as ferric oxide) gmatly decreases the rate of
autoxidation of the {rozen scafood sample. #As stated previously,
Celite 319 and Celite Analytical FiltersAid contain 1.0 « 1.5 percent
and 0.2 percent ferric oxide respecetively. The effect of this
reduction in pereent forric oxide vraé dramatieally illustrated in
Pigure 1 vhere the TBA number for Celite 319 at the ond of 16 days
gtorage was approximately 20 times greater than that of the Celite
Analytical Filter-—éms That the rate of autoxidation can be decreased
even more was shown by plotting the TBA numbers rogsulting from
chemical analysis of the aeid treated Celite Analytical Filter-Aid
and compayring them with the untreated surfactant,

It is believed that this procedure could be used te study the
catalytic oxidation action of metals, the pro-oxidant effest of
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FIGURE |. THE EFFECT OF PURIFICATION OF SURFACTANT ON THE ACCELERATED
AUTOXIDATION OF FROZEN ROCKFISH,
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hemoglobin, and the function of metal deonctivators or symergists in

frosen seafocds.

The use of low temperaturc storage has bsen recommended by
technologiste for the maintenance of good quality in frozen scafoods.
They emphasised the importance of storing fishery products at G”Fa.or
below and demonstrated that the necessily for low temperature storage
inereasos as the lemgth of tho storage poriod was inereased (67, p. 94).
The offeot of storage temperature on the rate of autoxidation of a
fichesurfactant mizture as shown in Figure 2 indicates that the rate
of eutoxddation ic approximately doubled for what would be an 18°F.
rise in temperature. This was also noted by Lea (36, p. 138) who
further states that the offect of temperature on tho oxidative reaction
is of the order wsually found for chemical processes.

It would seem apparent, that by this accelerated procedure, it
may be possible to evaluate the various storaze varisbles in a matter
of days. Provious experience has showm that weeks or even monbths
would be necessary to achieve a similayr state of oxldation with whole
or cven ground fillets. %The advantages of evaluating antioxidants or
other additives by this method are equally apparent.

Pottinger (46, p. 19-27) emphasized the nced for keeping frosen

geafoeds at o constant temperature. He found apprecisble differences,
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FIGURE 2. THE EFFECT OF STORAGE TEMPERATURE ON
ACCELERATED AUTOXIDATION OF FROZEN FISH.
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due to sterage tomperatures, in the storage life of the samples:. The
samples held at 0°F, or below had tuo to thres times the storage life
of the samples hold at 15°F, Ho also pointed out that rancidity and
digeoloration ocecurred much sooner and progressed more rapidly with
samples that were loosely wrapped and where care had riot been
exercised in eliminating the air pockets. In referring to the samples
held under fluctuating storage temperature conditions, Pottinger
(46, p. 19) stated that based on palatability seores, volatile acid
numbers, "drip® determinations and visual examination, there was no
adverse effect on the quality of frozen fish in the temperature
range covered (0° to - 10%. and 0° to 15°E). He concluded that the
average temperature encountered during the fluetuation periods would
soem to be the deciding factor on the quality of the frosen fillets.
The offect of fluctuations in storage temperature on the rate of
autoxidation of frozen seafood was shoun in Figure 3. The degree of
oxidative rancidity increases rapidly with an inerease in the
nunber of fluctuation periods. This rapid inerease in the rate of
autoxidation is in direct contrast with results shown in Table 1
where very little change is noted in TBA numbers of commercial
packaged rockfish fillets from the same lots evaluated over tho same
period of time. The somples deseribed (Figure 3) were ground and
mixed with purified surfactant prior to storage at 0°F. whereas the
samples referred to in Table 1 were stored as commercially packeged
£illets.
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FIGURE 3. THE INFLUENCE OF TEMPERATURE FLUCTUATIONS

ON THE ACCELERATED AUTOXIDATION OF

FROZEN ROCKFISH.
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Table 1 ,
EFFECT OF PRE.STORAGE TEMPERATURE PLUCTUATIONS

O¥ THE RATE OF AUTOXIDATION OF COMMERCIALLY
PACKAGED ROCKFISH FILIETS

Nunber of Days Storaze at 0°F,

Tempsrature :

Fluetuations 1 0 5 20
® . .
0 1.4 1.24 1.2}
2 1.20 1.43
3 1.38 1.56
, —

*(Zdentifiable to lots Ox, 1x, 2x, 3x).

The data shown in Figure 3 and Table 1 indicate that the
accelerated autoxidation methed could be used for rapid evaluation of
the various proceseing and storage variables associated with frozen
seafoods. As noted in Figure 3, very definite inoreases in the rates
of autoxidation were shown for the samples mixed with surfactant,
whereas little or no change was shown for the untreated samples even
after 20 days of storage. Application of the accelerated methed to
frozen seafoods would therefore permit evaluation of the product
before ghipment to the retail market. This experiment also suggests
the possible application of this accelerated autoxidation procedure
to the evaluation of processing variables in frozen vegetables and

procooked frozen feods as ﬁall,“



'i'he need '.for antioxidante to protect frozen seafoods and thereby
inerease their atorage stability has been the subjoct of considerable
research and developuent (4, p. 250256; 5, p. 254=260; 51 Pe 1»6;
| 61, p. 137-15#; 62, p. 237-247). In spite of the advantages shom by
the application of antioxidants to both fish and other foods, they
have not received a very emthusiastic ‘rece_ptﬂ.on by the fisheries
industry. m«s lack of aeceptanée, in spite of the great neced, may
be due in part to the difficulty of application and the costs
gnvoIVedl. émnple variations and lengthy storage requirements often

make & clear-cut ovalustion of an antioxidant treatment a formidable
task.
| Figure & drematically illustrates the effeet of a synerglstic
mixture of phenoli¢ antioxidants added to an accelerated oxidation
reaction involving ground silver salmon steaks.

The effectivensss of the NDGA solution in prolonging the induction
period is elearly seen. It should also be noted that less than 30
days is needed to evaluate the stabilizing effect of the antioxidant
instead of the many months uwsually required. The extremely high TBA
number obtained for the rancid salmon tissue is appareﬁtly due to the
high fat content (8.7 percent) and the highly unsaturated fats vhich

are present.
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FIGURE 4. THE EFFECT OF AN ANTIOXIDANT ON THE ACCELERATED AUTOXIDATION
OF FROZEN SALMON.
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II. Chepical and Sensory Evaluation
of the Packazing Iroatment

.Analyeis of variance (40, p. 309.324) calculations were made on
the sensory evaluations of “"Tenderness", "Rancidity® and "Overall
Desirability" and signifieance dotermined at the five percent level..
Since this investigation was initiated in August, no sensory evaluations
were made until after classes began and the panel was trained, The
f£irst scheduled taste panel session was set up to evaluate samples that
had been stored at 0°F. for four months. Thereafteor, taste panel
sessions were held on the first Tuesday and Thursday of each month,
with the exception of January, until the tests were completed with the
evaluation of the nine month storage saméle.

Results of analysis of variance calculations for the evaluation
of "Raneidity” and "Overall Desirability” indicated a significant
difference, at the five percent level, between the treatment means.
The method of least sigmificant difference (40, p. 233.238) was used
to detormine which treatments wore significant. It was shown that
the carton was significantly different from the pouch and can during
every storage period evaluated exeept the first one. This was not the
case with "Tenderness" evaluations where no significant difference was
noted between treatments throughout the duration of the storage study.

To elucidate the above statistical analyses, the means of the
obgervations for each package treatment pertaining to a particu;ar
flavor evaluation (Tables 2 - 4) were plotted against storage time.

The erratic results (Figure 5) shown for tenderness evaluations, as



Table 2

TENDERWNESS SCORES OF FROZEN
ROCKPISH FILIETS AS AFFECTED BY
PACRAGING TREATVENT AND STORAGE

(Mean Flavor Scorc)

L1

Treatment.

Honths ' '
Storage Comereial Plastic Tin
at 0°F, Carton Pouch Can
6 ' 5.16 .87 4,85
7 %.58 5.37 541
8 5.28 5.86 5.23
9 5,93 5.03 4.93
Table 3
RANCIDITY SCORES OF FROZEN
ROCKFISH FILIETS AS AFFECTED
BY PACKAGING TREATMENT AND STORAGH
{(Mean Flavor Score)
Troatment
Honths ’ _
Storage Commerecial Plagtie Tin
at 0°F Carton Pouch Can
L 4,85 5.26 553
5 %.36 5.18 543k
I3 4,62 5.16 5,67
7 5,98 5.96 5.48
8 b.57 5.62 5.66
9 5.03

*@.411'8 5. 32




Table &

DESIRABILITY SCORES OF FROZEW
ROCKFISH FILIETS AS AFFECTED BY
PACKAGING TREATMENT AND STORAGE

(Mean Flavor Scores)

Treatment

NMonths
Storage Commercial Plastie Tin
at 0°F, ) Carton Pouch Can
b b,58 L7y 5.14
5 4,30 k.51 5.16
6 4,33 4,98 5.49
7 .51 5.66 5.30
9 4,32 5.05 3.68
Table 5
CHEMICAL DETERMINATION OF OXIDATIVE
RANCIDITY IN FROZEN ROCKFISH FILIETS AS
AFFECTED BY PACKAGING TREATMENT
(TBA Number)
Treatmont
Months .. |
Storage Commereial Plastie Tin
at O F, Carton Pouch Can
4 2.21 1.33 1.24
5 3.08 2.42 1.77
é 3.86 2.29 1.98
7 &,76 2.70 1.58
8 3.26 2.12 1.85
9

4,00 2,07 1. ?8
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FIGURE 5. EFFECT OF PACKAGING CONTAINERS ON TENDERNESS
OF FROZEN ROCKFISH FILLETS AS INDICATED BY
SENSORY EVALUATION. '
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by

affected by packaging containers, clearly indicates that the tasters
could not ¢onsistently differentiate betweon the treatments. This
substantiates the results indicated by analysis of variance
eoleulations. Figure 6 shows the offest of packaging containers on
the develepment of raneidity as @valuatéd by a trained taste panel.
That the tastors consistontly noted a differcnce betwecn the treatments
is quite apparent. It should also be noted that'the fillets packaged
in commoreoial ecarton wore rated much lower than those péckaged in
plagtic pouches and tin cans., This would tond to indicate that
seafoods packaged in ecommorcial cartons do not have the sanp protection
£rom atmospherie oxygen as those packaged in the pouch and can. Thie
result was also showm by the method of least significant difference.
This some preference for fillets packaged in plastic pouchos and tin
cans was shown in Figure 7 vhere the tasters wore asked te evaluate
tho gamples as to "Overall Desirability™. It was interesting to note,
in revicwing Figures 3, 6, and 7, that overall dosirability is
primarily dependent upon the evaluation of rameidity. It should alse
be noted that although changes in flavor seores were detected during
the overall storage poried, 1little or no difference was shown between
the s¢ore for the fourth and ninth month evaluation. This camnot bo
adequately explained oxcept o note that sensory evaluations are
influenced by outside factors that cannot be controlled.

To ascertain if a possible relationship existed between sensory
and chemical evaluations, TBA determinations were made on random

semples of each treatment gserved to the panel. The results (Table 5)
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FIGURE 6. EFFECT OF PACKAGING CONTAINERS ON DEGREE OF

OXIDATIVE RANCIDITY IN FROZEN ROCKFISH FILLETS
AS INDICATED BY SENSORY EVALUATION.
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FIGURE 7. EFFECT OF PACKAGING CONTAINERS ON OVERALL
DESIRABILITY OF FROZEN ROCKFISH FILLETS
AS INDICATED BY SENSORY EVALUATION.
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7
were plotted against storage time (Pigure 8), and clearly substantiate
the results indicated by the sensory evaluations for rancidity.
However, the chemical analysis indicated that the degree of rancidity
increased with storage time and that this increase was greatest in
those £fillets packaged in commerelal cartons.

Although both mothods of evaluation (Figure 9) point out that
the ¢ommereiel carton offers the least protection against autoxidation
of frozen rockfish fillets, a positive relationship eould not be showm
due to insufficient data.
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FIGURE 8. EFFECT OF PACKAGING CONTAINERS ON DEGREE OF
OXIDATIVE RANCIDITY IN FROZEN ROCKFISH FILLETS

AS DETERMINED BY CHEMICAL EVALUATION.
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FIGURE 9. A COMPARISON OF SENSORY AND CHEMICAL
EVALUATIONS FOR OXIDATIVE RANCIDITY
RESULTING FROM VARIOUS PACKAGING

TREATMENTS OF FROZEN ROCKFISH FILLETS.
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SWMARY AND CONCLUSION

An accelerated awtoxidation procedure foé.frozen seafoods and
fats aﬁd oils was presented. This method depends enr the use of a
purified diatemacecous silica, Celite Analytical FiltersAid, as a
support for the material to be tested. The inerease in surfaceé area
that results, permits the'autoxidaticn reaction to-procee@ at an
accelerated rate, even at subefrecsing temperatures.

The effect of tamperature on the rate of autoxidation was
doternined as well as the eoffect of fluectuating temperatures on the
storége of frozen seafoods. The apﬁlicatioﬂ of this procedure to
eveluate antioxidants was demonstrated, |

Represgentative types of packagiﬁg‘containers werd used to
demonstrate the effect of packaging on the rate of oxidative rancidity
in frozen seafoods. A possible rélationshiﬁ betwesn ohemieal aﬁd
sensery evaluations was also shown.

The use of this accelerated autoxidation procedure for the
evaluation of processing variables pertaining to certain frozen

vegetables and precooked frozen foods was sugzested.

Conglusions,

1. The necessity of an inert matrix as a support media for the
proposed accelerated autoxidation procedure was shown by the catalytie
offect of iron (éxpreased as ferric oxide) on the frozen seafood
samples.

2. An increase in storage temperature, as well as £luctuating



temperatures, is shown to greatly increase the rate of oxidative
raneidity in frozen seafoods. The need for storing seafoods at a
constant temperature of 0°F. or below was demonstrated.

3, The storage life of frozen silver salmon, as evaluated by the
TBA method, was noticeably extended by the incorporation of an NDGA
antioxidant solution with the ground fish flesh. |

b, The proposed accelerated autoxidation procedure permitted the
very rapid evaluation of quality in frozen seafoods as affected by
temporature, ¢atalysts and antioxidants.

5« Analysis of variance caleulations of taste panel evaluations
for tenderness, rancidity, and overall desirability indicated that a
significant difference existed between the treatment means for
rancidity and overall desirability but not for tonderness.

6. The method of least significant difference indieated that
both the plastie pouch and the tin can were significantly different
from the commereial carton as concerns rancidity and overall desirabile
ity. There was no significant difference between the pouch and the can.

7. It was shown that sensory evaluation of frozen rockfish fillets
ag to overall desirability is primarily dependent on the degree of
rancidity present in the sample.

8. The greater susceptability to autoxidation of frozen fish
packaged in commereial cartons as compared to Mylar/Saran/Poly
laminated pouchs and “C" enameled tin cans was shown by both sensory
and chemical evaluations. %This would tend to indicate that a possible
relationship existed between gensory and chemical evaluations foy
oxidative raneidity in packaged, frozen seafoods.
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