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§8 commen S1th Come sthe? Mok preduets of tropleal origin,
Py Per lantance, hee Trme Liae te tine besn rejected by the
PELIe ity sulharitlon -7 laporting ~ountl s as Lhe result of
Waeespter iy »igh eounle f siotoorve isme of public health significance,
e gualiiy contral selemtint oen £ive conslderable help to | lante
Ih Sovelnping eountirise in mminteinlig standarnie of hygiene and the
B intengrwrs «f sdeguete ohlorinmt ion  nditiohs in plant weater
Sappliion #te., for ive making amd the handling of iced fish, Undoubtedly,
haewver, there 1o stilil & Pequiresent for a ma jor educat ional programme
ofh ‘auwlling hygiene in s nusber o: devel ping countries, The author
s vivid recaiioctias of teo hundling stages in the separation of
shrisp fros lcs prior to (reesing iR South America and S, E. Asia
reapectively., In bot! instances, the cetch had been caretully handled
& stowed in the vessel, HRaskets f shrimp and ice destined for the
plamt in the firit country were simply immersed in the poluted water
of tre duchkaide until the {ce had relted., In the seand, ice and shrimp
8 taker it an ultra-sodern plant amd then left in the sun for the ice
to selt: wit)in seconds, the shrimp could not be seen for flies,

I 40 not propose to {ntruoduce into this paper the use of additives
o fce, In the past, substances such as nitrite have been advocated
e, morelatterly antibiotics such as the tetracyclines, Regulatory
comdit lons vury from country to country, Advantages in keeping quality
froa the use of the "safer" compounds are . ften marginal, Tarr(10)

has reviewed this field and there is an expensive 1iterature.(eg‘ 11,12,13)

a3 Ghii1ing with refrigersted ses water!'“r17:16)

Refrigerated sea water minimizesdevelopmentof spoilage caused by

sut lytic and bacterial activities in much the same way as ice, The
us® cof aea water does present its own problems, however, Problems of
salt penetration and water logping can arise., Potentially hazardous
ansearobic comditions musat be avolded. While refrigerated sea water

¢can be used, particularly on fatty specles, for longer-term storage,
its great advantage over ice is for shorter term chill storage when the
difficulties are minimal. Near water fisheries, producing material
for freezing sshore and, perhaps more importantly, freezer trawler
operations, come to mind particularly. 1In the latter, early chilling and
bleeding are necessary prerequisites for the production of high quality
frozen fish,

While there is, to date,only a limited evidence on the factors
that control, for instance, salt penetration into muscles of tropical
end sub-tropical species, 1t would appear from work on others that this
is unlikely to eccur significantly until the muscle is well into
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Iigor mortis. Work is required as a matter of some urgency on species
other than the tunas (already covered) since patterns of operation
which allow fish to be handled into chill conditimms rapidly have
obvious advantages in maintaining quality (other than'told-shock rigor"
effects), Studies on the optimal conditions for handling tropical

fish would be of particular value to developing countries contemplating
(or engaged in) freezing operations aimed at the export industry.

These should be conjoint biochemical/engineering exercises tailored

to the particular problems of individual tropical marine and lake fisher-
ies. The bases of such a pattern of operation have been worked out

by Polish, Canadian, British and Russian fishery technologists over the
last few years(1). With particular respect to the salt penetration
problem, it appears that lowered temperature controls the onset of
reactions reducing high energy phosphate content in the muscle and these
in turn control the rate of eantry of salt,

2,6 Super chilling

There have been various approaches to the super-chilling of &1;h18’19)
in which flesh temperatures have commonly been reduced to -1°C to —3°C.
One of the earlier procedures involved the hermetic sealing of whole
fish in g alvanized iron boxes which were then cooled in a continuous
stream of brine maintained at -2° to -3°C. More recently, fish have been
stored in ice initislly and the temperature has been reduced subsequently.
At —30 the fish temds to harden but above this it may be soft
(depending on time/temperature). The concensus of opinion appears to
be that temperatures of the order of -2° can give a considerable
extension of keeping time over a fish maintained at 0° 1in ice and
that fish so prepared may be suitable for smoking. The economics of
such preservation are debatable and present evidence would appear to
indicate that any advantage in the introducticn of such operations
into developing countries is likely to be marginal,

3. FREEZING, COLD STORAGE AND THAWING

321 Factors in choice of freezing at sea or ashore

In & discussion of fish freezing, two basic situations have to
be considered, The operation can be carried out entirely at sea or
the fi sh can bebrought ashore for freezing. Probably, the second of
these situations is of greater interest to developing cauntries
currently, but where such an operatiov . has developed in the past, 1t
has been found not infrequently that the near-water fishery ceases to

produce sufficient material to support the plant within a few years,
The company is then faced with the prospects of elther eliminating or
reducing operatiocns - or freezing at sea, possibly with a view to
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secondary processing (see below). Consequently, the forward planning
of an off-shore (as distinct from inland water) fishery in developing
countries should take into account the biologists' forecasts of
potential production, The possible necessity for a first stage in
which the chilled fish is brought ashore for process irng or freezing
whole should be considered, together with a second stage in which
freezer vessels bring back whole fish for thawing, reprocessing and
probably re-freezing ashore, A third stage, in which the vessels
undertake complete factory operations at sea,may also te contemplated,
Probably, it is unlikely that any country would wish to undertake the
last stage without prior experience in depth., Where such an operation
has been mounted from developing countries, this has usually been
carried out by vessels from developed countries with the port providing
backing-up facilities, Indeed, even the first stage has often been

a conjoint exercise in practice between a fleet of catchers from
developed countries coordinating with a shore based factory facility
in the developing country,

Heen(zo)

has recently discussed specific problems and techno-economic
considerations in shore based fishing industry and he has made some
interesting comparisons with the development in recent years of freezing
at sea, Undoubtedly, in developed countries, the proportion of fish

frozen ashore 1is likely to continue to decrease and,as indicated above,

it may well be that similar developments will be the pattern in the

underdeveloped couuntries,

Heen observes that it 1s generally accepted that fat fish tend to
lend themselves better to freezing and thawing than lean fish; and
that it is very important to understand the peculiarities of the raw
material when considering the best way to convert it into useful
products, Some of the physiological considerations have already
been introduced into this paper in the context of chilling and it
has been pointed out that the interdisciplinary approaches to fish
preservation are the key to successful preservation. In his
considerations on the basis of land based industry, Heen stresses the need
for continuity of supply-and,by implication, the necessity of combining
the first two stages referred to above in what the author takes to be
the current Norwegian situation, Thils requirement for continuity
is stressed particularly in relation to the labour situation., Quite
possibly for some time to come in some developing countries,a "casual®
labour force will remain a practicable proposition for operation,
Certainly, competition for labour tetween the fishing industry and others
often appears to be less intense than in most developed countries
currently. This, of course, is relevant to the cost/benefit analysis
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of any mttern of operations that an applied researcher may suggest,
2 Quality as improv by freez and cold sto

A comrmon comment of reviewers is that the cold storage of fish
cannot improve the quality of matcrial frozen and placed in store
from a condition that was unsatisfactory prior to freezing, Certainly
with respect to off-flavour and odour resulting from microbial
deterioration in the wet ¢ nditim, this is substantially a fair
observation. However, recent improvements in our understanding of
the factors that can affect the texture, oarticularly, in frozen fish
lead one to the conclusion that the statement is not invarilbly
corrects1) This 1is particularly the case of material frozen in a
pre-rigor condition, which is subject to thaw-rigor effect: at
defrosting., Such effects for instance, can lead to gross distortion
of very poor teature and considerable weight losses, and can be
controlled quite effectively by a short period of cold storage under
what would commonly be considered to be rather poor conditions., At
temperatures of the order of —5?3to _10°C the metabolic actions that would
cause contraction .t thawing, or cooking from the frozen state, proceed
quite rapidly while the tissue 1is held rigid by ice and the energy
is presumably dissipated as heat,

Recently, 1in our laboratory we have been examining the possibilities
of eliminating an off-flavour found in freshly caught Tilapia from a
number of tropical fresh water situations, This 1s variously ' :scribed
as "muddy" or "manurial" according to intensity and appears to derive
from the presence of an unidentified thio—ether521) We have succeeded
in removing this by leaching from wet fillets but, rather more
interestingly, we have also had some success in eliminating the
compound by manipulating an enzyme system innately present in the tissue,

at sub-zero temperatures,

In our experience, also, the acceptability of some very, soft fish
such as sub-tropical Melucius spp., can be improved by a period of
storage at temperatures somewhat above those that would common.y be
considered to be desirables1) Under these conditims, the flesh
undergoes @ certain degree of cold storage denaturation (see below)
and toughens without incurring too high a penalty in terms of"drip“loss
during thawing,

Having noted this, it must be recognised that a consliderable
body of information has accumulated over the years, particularly on
temperate water fish but probably of a quite wide applicability, on
the freezing and cold storage of fish ashore and on time/temperature.
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tolerances for lipid deterioration, protein denaturation and general
Quality loss, While recognising the necessity for an intelligent
flexibility in his approach to the unknown problems of freezing,
handling and processing unfamiliar species in developing countries,

the applied scientist must take due account of these soundly based
general principles{cr' 21,22)

o] deratio of i hni

It is not my intention to attempt to discuss the physical
considerations in the freezing and storage process. These have been
very well debated in recent years and excellent d iscuasions of the
basic prinoiples have been presented in publications simed at the
scientist and industry right down to factory forman levelszu’zs)
While it is no longer considered that extensive damage can derive

from the growth of ice crystals intracellularly, it is agreed generally
that the growth of large ice crystals during slow freezing operations
1s undesirable and that the fish should pass through the thermal arrest
a8 quickly as 1s possible within the framework ot economic operation,
Various maximum times have been debated for a passage tlirough the arrest
down to -5°C. For instance, in "quick freezing" as defined in the

U.,K. no part of the fish or packet of fish takes longer than 2 hours

to cool from 52°F. to 23°F, ensuring an adequate margin of safety;

in practice, differences in acceptability (as measured by texture
scores on the thawed cooked material) are usually not detectable

until the time taken to cool the centre down from 32-23°F exceeds
something of the order of 4 hoursS25)

3.4 Whole fish versus fillet freezing(1’23'26’27)

We have discussed above the prehandling of fish and its slorage
prior to freezing in the context of gquality; and, briefly, the minimum
requirements of equipment to freeze fish, We must now consider the
form in which the fish is frozen, and the conditions of storage.

Notwithstanding the desirability of gutting, it has been seen
above that some communities accept only intact fish., Whole fish or
gutted but unfilleted fish are frequently frozen also for other end ~uses,
For instance, they may be used to even out the market fluctuations in
wet fish supply and used in the thawed condition for reprocessing
such as smoking-or sold as steaks or fillets after thawing;
alternatively the gutted, but whole-frozen material may be sold direct
to the housewife, There is a growing world market in frozen fillets,
These may be packed either discretely or as blocks, possibly interleaved
with film, Steaks are also frozen individually,
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3.5 The use of ..““..(1.28.29)

Unlike the situation in whole-fish freesing, there are possibilities
of manipulating fillets prior to freezing so that a texturally improved
can be produced at thawing. Also, there are possibilities for the use
of edditives that 1limit deteriorative change in the frozen state or
improve flavour, Particular reference, perhaps, may be made to the
increasing use uf brining and polyphosphnte treatments as alds to the
improvements of yield and quality. Effects on yield are particularly
relevant to the high priced fishery commodities such as shell fish,

They are of considerable current interest in the c.untext of developing
tropical fisheries since studi es on the manipulation of water-
binding pruperties of warm water species are very scarce, In
relation to the tropical environment, with inherently higher microbial
contaminat ion risks than those occurring in most temperate climate
plants, attention should be drawn to the inherent risks of pathogen
contamination attending the use of dipping procedures for fishery
products, and the necessity for adequate control,

In some situations there may be advantages in comminuting fillets
prior to freezingSBO’sﬁ)
operation at sea and minces are also frozen ashore for use in fish

Certain Japanese trawlers carry out this

sausage preparation, With such materials,the possibilities for
exploitation with additives are enhanced considerably. Clearly, they
have implications in the technology of developing fisheries.

For instance they may provide new b.ses for the produc:ion of
fermentated fish products or even out the supply pesition for
traditional industries in S.E. Asia.

3,6 Methods ot freezing

Three basic methods for freezing fish were availablesao’ 23, 32)

Refpigerated metal piates may be placed in contact with the fish;
a continuous stream of air may be blown over the product, or the fish

may be immersed in a low temperature liquid.

Fairly high air speeds are necessary to avoid excessively low
temperatures of operation if air blast freezers arc to produce a
successful product. Such freezers are of two types, operating either
on a continuous or batchwise basis. Continuous operation normally
employs & standardized process on a product of constant freezing time,
Batchwise systems tend to be more flexible but may be less economic
for many purposesS. A variety of cross—Flow =nd series-flow blast

freezers has been descrited,

In plate freezers, fish are frozen between pairs of refrigerated
metal plates, Usually these are spaced horizontally in shore-based
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equipment, The plates are movable to achieve the closest possible
contact with the fish and care is taken to maximize contact by design
features in the packaging on the one hand and adequate defrosting to

avoid the build up of nodules on plates on the other. Vcertical plates
are used at sea,

The third type of freezing is immersion in liquid such as refriger-
ated brine or some inert low temperature substance., Brine has been
used extensively in the tuna industry with great success over the
years, Operations of this type are conducted predominantly at sea,

2al Freezing at sea and ashore: current developments (1, 32)

Freezing at sea presents problems that do not occur in operations

ashore. These result largely from limitations of factory trawler opera-
tions, in terms of space and the times available for unit handling
operations,with their attendant pressures on crews. Essential ly, the
problem revolves on the balances between freezing rates, stowing rates
for the frozen material and the biochemical demands on f1ish as a

raw material for freezing. Such concepts were given little attention
untll considerable difficulties arose during the last decade in the
sale of sea frozen fish in competition with the wet fish, Baslically,
the problems have been the avoldance of discolouration and textural
deterioration - the latter in combination with severe drip losses either
prior to freezing or at thawing, Bacteriological considerations have
proved to he relatively unimportant,

The housewife in an importing developed country tends to look for
a white, translucent, glossy fillet of good odour, if she is buying a
wet fillet prepared from thawed material, The re-processor, on the
other hand, locks for high yield from frozen material, freedom from
textural and flavour quality difficulties and good processing character
generally, We have seen from an carlier section that
flavour change is reduced by chilling; and also that textural change
associated with accelerated rigor conditions of some types can be
reduced similarly, Also, effective bleedir.g, which is necessary
to produce a fillet of good colour can also be encouraged by chilling
although the optimum temperature is debatableSCf' 1, 33) Consequently,
the aim on modern factory vessels is to chill and gut fish as rapidly
a8 possible and to conirol the development of rigor csrefully in the
context of the subsequ-=nt freezing operation and any prior processing
such as mechanical filleting, In practice, the optimal time scales
will depend in lurge measure on the nature of the speclies, its
putritional status on a particular fishing ground at the time of the

year (very considerable seasonal variations) and the catching rate,
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The simplest situction is encountered in the freezing of whole
fishs1’ 26) If an acceptable bleeding regime nas heen emoloyed at low-
temperature, it does not matter much .hether the fish is frozen before,
durin, or after rigor vrovided thut tnis infcrmation 1s available to a
competent plant manaper when the amatcerial is ianded. In fillet
freezing however, the situstion is very much more complex, jarticularly
if the aim is tc prevare material for direct sale to consumers ratuer
than for inclusion in fillet blocks destined for the production of thawed

fillet portions, precooked- or precooked fish fingers,

Tre efficiency »f fillcting some species mechanical 1y while in rigor
is & matter~ for some dispute., Crnsequently, for safety, the fillets
must be frozen either befure or after tine develonment of rigor, Consider-
atimns of timing and space conservation are indicative of a pre-rigor
filleting operaticon at higher catciiing rates, The necess ity for adequate
bleed ‘ng is counter-indicative sc that, in nractice, a nice balance
has to be drawn by the factory manuger, Furthermore, the f'ish has to
be well chilled since pre-rigor fillets are very susceptible to

contraction prior to freezing.

The desirability of vre-rifor fillet freezing on economic grounds
on the vesuel, reicers tne closest collaboration with plant end cold
store managers ashore a matter of paramount consideration, since
the mishandling of this material prior to thawing can lead to
disastrous yield losses it the matcrial 1is allowed to contract
uncontrolled. Since rigor is itself deperdent on the physiological
condition of the fish at the time of death, it can be seen that
fillet freezin, at sea, if it is to ve successful must be a highly
sophisticated interdisciplinary exercise involving the collaeboration
of the biolopist, tiie Captain of the vessel or his Fishing Master
(who eftectively control the citcuing rate and the handling of the
gear) the Factory Manager on the vessel and the Store and Processing
Managers ashore, Unfortunately, this desirable state c¢f affairs is
not achieved invariably even in intejrated fishing companies in
developed countries, It is to be hoped that developing countries

will learn from the mistases of others,

Ranken(25) has rccently evaluated modern technigues and equipment
for freczing whole fish at sea from the designer-engineer's standpoint,
taking into consideration biochemical perameters, He makes the
point that vertical integration of catching, shore processing and
dist~ibutior within the industry has rot proceeded far enough in
some countries so that even whole f'ish freezing at sea is not always

done in the way best suited to the market, although it may be the
e owner's point of view., He points out

most economicable purely from th
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also that, in addition to the types of conaideration in icnted above,
the best methods for freezing whole fish at sea depend n the type of
vessel, port and shore rrocessing facilities, distribucion methods

and consumer preferences, Ranken(zj) relates the basic methods of
freezing, (air blast, ¢-ntact, vertical : late freczing at sea and
immersion)to the type of vessel and ti.e 'ishery as a whole, In
practice, pre-chilling,as it ig developed on vessels,has been almout
exclusively throush the medium ot refriperated sea water, Systems

of chilling tanks have becn integrated witn the various nanuasl and
mechanical lines operating in different vessels for head ing, washing and
gutting, After premration and bleeding, the fish arc reld criilled as
necessary to fit in with the freezer cyde as indicated above,

Commercially a wide range of vessels ig currently freezing a
range of nacks from a consumer .ize fillets, th®w ugh blocks of mince op
fillets for industrial processing aslore, to large blocks of whole
fish of the order of 50 kiles,

Moal and Gousset(3u) have described the development of freezing
at sea and ashore in the context to the consumption of frozen fish in
tropical West Africa. They voint out that the systematic "working" of
fishing grounds off W. Africa hag largely been the result of non-
African developmmts, They calculate that a consumption of frozen
fish in W, Africa will increase to something of the order of 10,000
tons in 19/0 but that a key factor in consumption will be an improvement
in quality and price. Efforts will be directed locally to encouraging
shipboard freezing in brine of all species suitable for processing,
whereas other fish will be plate-frozen,

Karnicki and Kordyl(35) have described the developments in
Polish tropical t'ishing since 1963 a.d the methods that the Polish
fleet have developed to combat the particular difficulties of
operating in V. African waters with an ambient deck temperature of
about 30°C. In addition to the use of the pre-chilling in refrigerated
8ea water tanks, these workers refer to tle use of f1ake ice for
handling larger fish and stress the necessity to control rigor
and autolytic activity generally in the flesh. Reference is also
made, in égreement withk other workers (-f. Jones'' )
to the necessity for control of catching rates,

3,8 Cold storage(zz’ 36, 37)

In its original conception,cold storage was used as an adjunct
to freezing in suppressing the developments of the spoilage microflora,

It was found quite quickly, however, that cold storage,in turn,
presented special problems inherent in this form of preservation ;and a
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putting theory into vractice in this field,

The keeping quality of fish in cold store varies very considersbly
accord ing to species and much work has been carried out on - ime/
temperature tolerances of economically important specles. The major
problems that can arise tend to centre around the stability of
1ipids in fatty species and the stability of protein more general lysla)
Additionally, gquestions of autolytic degradation relating to the
flavour deterioration and textural quality loss in other sens2s may
also be of concern(jg) together with carbonyl-amino reactions,

Deteriorative reactions, in general , are temperature-dependent, As

indicated above, thelr limitation in store has to be considered
against the general background of the economics of cold store operation,
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frozen storage prior to srocessing such as csnning, asoking «nd drying,
or refreezing aft = processing, The use of frozen fian for these
purposes as discussed in the relevant sectio:s on other types

of processing,
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In recent years, there have been considerable developments in
the use of liquid nitrogen as a refrigerant both for the freezing
process and for maintaining low temperatures during subsequent cold
storage ard transport, Thore has been some commercial involvement and
further developments are awaited with interest, Whether sufficiently
large sup:lles of 1iqQuid gas are li‘ely to be available in the
devel ping countries In the reasonable future appears to be an open
juest ian at the moment, However, it is interesting to n te thet earlier
A4ffi- ..t4es In contraliing rates o!f freezing to avoid cracking the
sureacunted sl thet Breyer, Wagner and Selib ave recently presented
s clan for the processing and cryogenic freezing or fish fillets on a

tissue and subsequent dlstruption on thawing égﬁear to have heen
{10
e

sother ship, The liquid nitregen for the operation wuld be
generated aboard ship and it is suggested that the method might be
specially suitsble for the developing nations since it proposes
ytiligation of sxtiating small fiahing vessels and provides flexibility
of operation without ~igh ca;ital uts, The factory ship itgelf
would not be a high apeed vessel but rather a mobile fish processing
plant, The [ossibiliity f incorporasting o« total energy power plant
ays‘em iz dlacusased in the [lan ‘ogether wits 8 tentative evisluation
of the sconcaica of suct a . 'ant a' s capecity of 2% tons per day
of ftreozen Tliiet, HBreyer M“ﬁ'}} cugEests the particular appylication
of ntividumliy julea frogen fi.lets 'o the expart market, They poeint
ou! alao trat tie by-yratucts of the ‘rogen fillet blocks, flah seel,
of Fisl _r teir - rwe '-ale are s lse profucts for export .r dosestlic
cConBuuept ion, )
, LY, W, Y

Karlier 1 this asectian, the jusstion of lrawing, processing and
refrecs ng was ntroduced, This 1z of getivular o wers Lo the
explo tativ: [ freeser-trawisors.b ik freeding whale Fiab at sea,

The probiess ' :. . an sflse, in lefas f diasclruration, 7 flasvoup
sawame T oare Leeh in%m“

3

development, ‘extural 1iflicuitles ae? ylel?
eclppwhiere, At t:is point [ eyid serel; doae the s%:‘l&ﬁti:’éﬁrafaihi
working jarty 'o 'he egoelient caper of Nacia . us arul é*ﬁif'mﬁ i
‘Commercial Aspects f Hoprowessing snd W-rke'ing of Ses Frosen Plen,’
Of particular intereat in tfis © nteat la the ¢ e tderal ton ¢ jeen,

in evaluating the overall mituation, o the juestion of thawing,

While in many smaller scaie cprrations thal one can shvionge,
(particularly in tropical situations) thawing say ; resent little
difficulty, the optimal usage of frozen fish "buffer” storea Lo S8Pve
processing industry or 'short' wet murkets can fnvolve demamie fop
very rapid thawing. Very little information is avai able on the
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behaviour of tropical species other than the tunas and pecles of
the N.W,./S.Y. African fisheries. One would expect that, in yeneral,
tronical and sub-tropical species should stand up to thermal shock
bett.. than the cold water specles reported upon to date, Merritt(u1)
has reviewed the various methods of thawing currently available,
classifying them b.roadly into those depending on heat conduction
through the thawine material and others, Methods of most current
interest ar« thawing by air blast, water, heated nlates,dielectric
treatment and electrical resistance. Other methods such as infra red
and microwave heating are considered to be of no value for large
8cale operations,

While natural ¢ nvection in air at ambient temperature may
be all that is required in many tropical plants, increase in air
velocity reduces thowi ng times and the economics of operat ion may well
in practice demand further increases in temperature and humid ification,
However, modern air blast thawers in uce for cold water species such as
cod commonly use recirculation of thumid air at temreratures as low as
20°C; and there are indications that this is the maximum temperature
that can be employed with safety. Obviously there is a potential
field for study here with tropical species of gruater muscle stability.
Indeed, thie whole basis of economic consideratia.s in the tropical
situation are likely to be aifferent when heating costs differentially
are aealculated, Continuous aipr blast thawers of two ty;es - cross-flow
and paralle! flow - are in use and it may be of interest that the
Torry kiln, commonly used for fish smoking (see below' is also adaptalt l¢
for employment s a batc:. thawer.

Anotlier ap;roach to thawing is by immersion in (or spraying with)

wetor{"”)

eonaiders the! temprratures should 10t exceed 143°C, Hovever, as in

In ris discussion of physical considerations, Lerritt

the caase of alr thawing, water temperatures c o iderably in excess

of this are commonly ava lable without incidental hesting costs in the
tropice: and this, togetler with the likely preater stability of most
of the apecicrs of interest, | +ads © quite & t10l'erent situation,

Cemiuction theawing, eietiier b, alr or water at ' gl lemperat ifro
odvioualy rrjuires a steict bacteriological ¢ ntrol, This ts
Erilcuiariy 'he case 10 watesr thawi.ag, sfdl ePe again, 11 must be
pointed .u' tra’ the sltus ton ip very 1ifferest from tlat applying
o 8 cold sater siopPoflors conte tied by L ilbinge laPing pre-freeglng
handl ing,

Thaeing beteesn hesled [ letes preosents none of the 1ifTloulit les
with water-logeing Lhatl ocah socompsny the lncsuttous wee of waler
thesing tech. ljuss, Comsonly, ware ilguld is cireulsted through o dow «
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similar in many ways to a plate freezer, It would appear likely

that the incidental exvense of the equipment in the tropical situatlon
may well not be justified by comparison with simple air blast
facilities. Suchaguments are likely to apply even more in the

case of dielectric thaws and e¢lectrical resistance thaws,

It may pe of interest to note the comparative cost of thawers rated
at 1t/h. for use in temperate regions. Air blast thawers arec quoted
by Herritt<u1) in the region of gL5,000 - g60,000, with nore than half
the cost for conveyers; spray thawers at £51,000; plate thawers
£30,0.0; and dielectric and electrical resistance tiawers g72,000,
The batch Torry-t. pe thawer has been installed as several units at an
ini%ial cost of roughly $13,000, It would appear that with the
considerably reduced heating costs consequent u on the high ambient
temperatures v : connonly found in developing countries, some type of
air blast thaw, vossibly adaptable to smoking operatings along the
lines of the Torry kiln,is likely to be the method of cloice in
developing countries. Snould their fisheries develop along similar
lines to those c¢lsewhere, critical evaluations of cotential muscle

stability and bacteriolopical problems would be wortiwhile beforehand,

3,11 The Scientist as 8 "troubleshooter" in freeging Oggrgtigggs1)

From t'.e foregoing sectims, it will be apparent that a range of
disciplines can ¢ ntripu e to s lutlons of the economie, operational
and marketing 'roblems trut arise from time to time in the freezing
industry, The bacteri-luyist, cleurly, 18 f valae in identifying
and eliminating points °f ¢ n'amination that can ;resent a publie
health hazard, The hysicis?! and enyineer can fruitfully coliaborate
{71 the golution of desiyn yroblems, Both muat conault with the
bacteriolopist axd bichemist wen & ah roblems implnge (aa inevitably)
they sust}) on qual ity con iderntions, owever, it is perhaps the
biochemist ani chemist who can contribute most to the solution of the
general run of conuumer acceptat-ility problems that arise in preactice
during day to day; operatlons,

1f we consider the ribable oo urse of jevel poent of fizheries
in the tropicee, it woull appear e wille tre apecial  roviems af
envi=~ ment may lesd 'c 8 mewhat diTferent suluttio s tootesligh
reqiirements in Buach equl Bent as Liawers ah? slures, taslc englneering
conplderal . ia say no! be lissimlliar I sehernl froa thoese thatl have
apvlied in ther fiaberies, The ®major it uitien that are likely o
efioe Ih orac'ice, or toe basis [ experiesce st the variety of

apoeies 'aren if compereial flasheriss elseshere, arfe tidely to
sroblems of nandling and utllisstien

erise in the econtext of L .» soec ial
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on species not hitherto preserved by freezing,

Having noted this it should be r ecognised that certain general
principles have emerged, particularly in the last decade and that
these are of potential value to freesing operations already
in production in developing countries and in the avoidance of
difficulty in new projects.

I have not discussed in this paper the accumulated knowledge of
factors determining a flavourous gquality of fish in the wider sense;
but two reviews on the flavour chemistry of fish have appeared from
my laboratory in recent yeargogh it 1is clear that, where atypical
flavours for the species result from contamination of the flesh
on particular fishing grnunds, leaching techniques, or the use
of flavour additi/es (such as monosodium glutemate and 5'ribomononucleo-
tide mixtures) may often be of value on limiting or eliminating the
difficulty without resort to changing the grounds,

Burning .i'ter-testes and rancidity not uncommonly accompany
poor storage conditions, The position nway be aggravated by inefficient
bleeding, and hence haem catalyses of 1lipid oxidation; or pertial
deterioration of fish with attendant lipid degradation prior to
freeszing, The use of anti-oxidants, improvelglazing or packing
techniques, improved bleeding (with rapid gutting and chilling) or
more rapid operation prior to freezing may be indicated, together,
of course, with improvement of general cold storage technique,

Losses of sweet, meaty characteristic flavour and an increase
in bltterness are the result of autclytic deterioration of the flesh
either prior to, during or after freezing., The identification of the
point of autclysis leada to the production «f fish with the desirable
sttributes f sea-fresh material, Again the use of monosodium
glutasate/ ' prime ribomononucleotide additives is a useful palliative,

Amine-like or ammoniacal off-flsvours can resilt froa s number
of causes., Sp ntanecus degradat ion of trimethylamine oxide and ribo-
suclectides i cold atore is jonasilblegstorage temperatures should
be lower, Hacterial sttack prior to freeging can give rise to such
off-flavours whic' are carried t'rough to the frozen state: gore
rapild operstions prior 't freeping - ani adequate chilling - are
indioated, Attack by becterial enzymes (o med ,rior to freesing)
in store cat alsn M luce tncr ased ammoniscal off-flavour: agsin
lower oo i1 aturage temperatures are iniceted, Ar further control

prooedures, leaching prior to cooking and the use of the f1avour
sdditives referred to abeve muy be » help, particularly if the saterti al
is to be refrosesn after cooking, yrior to sale,
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"Su’nhydryl", "lower fatty acid", putrid flavours are also the
result of bacterial attack prior to freezing, (although some sulphide
compounds can be natural contaminants in flesh): control is as above,

A number of quality defects of texture, with "drip" and low yield,
are readily identified and controlled. Toughness, with attendant"drip'
loss can be associated with a number of causes. Low pli is comnonly
involved. This can be associated wit: nutritional status (related
perhaps to ground and season), with the fishing method( since, for
instance, a low degree of exercise prior to death results in high

lactate accumulation in the muscle post-mortem): or it can be

aggsociated with the processing regime prior to freezing.

The solutions »f chanying fishing grounds or even methods for
catching may be impracticable on economic grounds. If this is so,
there are possibilities of raising pH in fillets by the use of
polyphosphates., Alternatively, tiie crew can allow a maximum
period of struggling as the fish comes to the deck alive; some lactate
is then translocated and scme buffered physiologically. Or the crew
may even allow inciplent spoilage to raise pH if flavour is not a

prime consid.ration,

Another cause of toughness, very commonly occurring in cold stored
material, is protein aggregation reaction, This is more readily
recognized if accompanied by poor surface gloss at cut surfaces amd a
characieristic "grey" appearance of the flesh, together with high "qrip"
loss. Lower cold storage temperatures and pogsibly the use of

polyphosphate and/or brine dips arc indicated.

A third c ause of toughness and "drip" loss is the effect of high-
temperature rigor. This has b'en observed in some subtropical species,
but ver; little work :us to date been carried out on tropical species
proper. There are indications that effects, such as "honeycomb ing"
in canned tuna tfor instance, may be related to this type of condition
although bacterial spoilage is alsc involved, High-temperature
rigor effects take two forms. When the flesh is attached to the
skeleton, toughening is accompanied by gross "break up" at the filleting
atage and is seen at thawing. Control is by chilling prior to f reezing,
If the conditia. has not proceeded too far, polyphosphate/brine
treatment of tillets and interleaviny with plastic film prior to refreezing
can help., The other type of nigh-temperature rigor effect occurs in
fillets removed from the bone pre-rigor. 1In theue,"drip'is accompanied
by gross shrinkage of the muscle but little, if any, "break up".

Soft, mushy flesh can be the result of low acidity, This, again,
is associated with the nutritional condition of the fish and canditioas
of catching., Control is by procedures exactly the reverse for those
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used in the control of pH-dependant toughness., Direct acidification
of the muscle may be possible in some types of frozen ireparation
such as fillets or minces, As discussed elsewhere, a degree

of cold storage denaturation may be of advantage,

"Short", granular texture in cooked frozen vroducts results
essentially from the cooking of pre-rigor material, As control
procedures fish may be allowed to enter rigor prior to freezing:
they may be "conditioned" by higher temperature cold storage to
allow causative reactions to proceed in the frozen state; or they
may be thawed slowly and cooked from the thawed condition., 1In this
case the causative reactions ~roceed prior to and during the thermal
arrest,

Low yleld associated with"d rip"losses can occur either as the
result of contraction effects of protein denaturation or excessively
low pH and are controllable as above,

There are a number of common quality effects of appearance in
frozen fish, These, also, are readily controlled. The characteristic
grey colour accompanying protein denaturat ion has been referred to
above. Such fillets are opaque, they lack gloss, but have a smooth
surface, Pre-rigor frozen fillets also tend to be opaque but the
opacity is associated with a light-scattering effect from a surface
of sandpaper-like consistency caused by the cutting of pre-rigor
monofibrids "end on". The eating quality of such materiasl can be
excellent but, should tle appearance present an insoluble market ing
problem, filleting can he delayed. Alternatively, if the economics
of the operation allow it, the fillet can be recut at thawing, This
is a doubtful solution, however, as it would be better to freeze
the whole fish,

Badly broken or "gaping" fillets meet with considerable
consumer resistance in developed countries and the exporter from
a developing country w.uld be well advised to take advantage of the
earlier experience. Of the established causes of yaping, rough
handling when the fish is in pjgor (for instance, by manipulation on
deck or transference between catcher-and freezer-ves.els) should be
avoided, particularly with those species in which very strong rigor is
developed ad in which the connective structures are weak, Some
advantages :an be derived in the fillet freezing operation from the
use of polyphosphate/brine dips and compression in Iinterleaved blocks
prior to freezing.

High-temperature rigor effects when the muscle is sttached to the
#keleton produce very bad "break up" in addition to tourhening and “drip"
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loss., Control is by the methods indicated above,

Bending and knocking in the frozen conditions can partially
shetter the fish which may be unfilletable at thawing. Uncontrolled,
over-rapid freezing in liquid gasses can produce similar effects,

Excessive delays in freezing, particularly of angutted whole
fish can lead to "break up" rroblems. Currently, these are
imperfectly understood. In some species they may represent some weak
form of "high temperature rigor" effect, even at relatively low
temperatures, on a weakened connect ive structure, Very little is
known sbout such effects in tropical species, if they do occur.
Polyphosphate dips, etc., as above may help,

Contracted fillets are of varying acceptability in developed
countries. In some, this condition is tsken as a sign that the
fish were frozen fresh, and welcomed. In others the unfamiliar
appsarance is rejected. In Britain, for instance, the fillets would
be regarded as shrunken and distorted. Such difficulty is commonly
associated with a pre-rigor cut and contraction prior to freezing with
the flesh unattached to the skeleton, in which case pre-freezing
operations should be speeded up under chilled conditions, avoiding rough
handling, Alternatively, the distortion can result from "thaw pigor"
in which caue, "conditioning" in cold store or slower thawing
are called for, It is debatable whether analogas "thaw-rigor" "oreak up"
effects are encountered in practice in whole fish thawirg,

In the coatext of secondary processing and refreezing, the
distortion of fish sticks can give trouble from time to time,
Invariably such sticks are found in practice to be cut from blocks
frozen pre-rigor. Control is by the substitution of in/post-rigor
frozen blocks or "conditioning" the pre-rigor frozen blocks in store
prior to thawing,

Various discolouration reactions can be encountered in frozen
fish, Generalized or sub-dermal red/brown discolourations in the surface
region can result from c arbonyl-amino reactions or, particularly 1if
more pronounced at the surface, they may result from haem pigment
contamination possibly associated secondarily with carbonyl-amino
reactions, Control of carbonyl-amino reactions is by (a) the
manipulation of reactant concentrations by suitable treatments such as
autolysis control, leaching, prior to freezing, (b) the use of
anti-oxidants or sulphite as vermitted by regulation, (c) the
lowering of store temperatures and the use of glazes and adequate

packaging. Haem pligment contamination is readily cantrollable, a8 we
have seen, by adequate attention to bleeding technigues and chilling,
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In the case of fillet freezing operati ons, delaying filleting, until
rigor is well advanced,also avoids a common situation where hlood

pigments are expressed to the surface of the fillet during incipient
rigor contraction,

Discoloured belly flaps resualt from gut breakdown and are
controllable by early evisceration,

Discolnured, desiccated surfaces are frequently associated with
"freezer vu-n": lower storage temperatures and the use of glazes or
more suitable packagings 1is indicated,

Tuna processors are seriously concerned with a problem of "green
tuna" associated with the chemical modification of thehsem pigment,
The picture would apvear to be still one of some confusion but there are
indicat jons that the breakdown of trimethylamine oxide (see above)
may be imulicated, In practice, processors commonly test small
portions of the flesh Lefore canning the main bulk,

For some special markets, the discolouration of skin pigment
may be a major factor in saleability, This field is currently under
exploration particularly by Japanese workers in the context of
carotenoid stability, It may well be of increasing concern for
industries serving popula tions dananding intact fish,

3,12 Transport of frozen fish(42s 46, 47)

Economic consideration in the transport of frozen fish are taken
to be somewhat outside the scope of this paper, Attention should
perhaps be drawn nevertneless to the presentation of papers on economics
of modern distr’'bution of frozen fish products, the transport of
frozen fish, and the economics of fish market ing at the F,A.0O,
conlerence on the Freezing and Irradiation of Fish in Madrid, 1967, by
Holiman, Foley and Crutchfield, It is indicated that far more
intensive economic studies should be carried out and naticnal and
international levels into the cost and operations of freezer vesgsels
for instance and the influence of seca frozen fish on national markets
in the context of transport costs, A9uestions of the economics of
consumer pack production as against industrial blocks at sea are raised,
in the context of processing and transport costs at sea and ashore,
Specifically in relation to the current situation in s number of
developing countries, it is interesting to note that Mpal and Gousset
point out that in W, Africa the state of the roads, and the dispersion
of the retail outlets at the present time, preclude the extensive use
of refrigerated trucks for the distribution of frozen product*s. They
point out that fundamental principles of refrigeration merchandising,
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as commonly understood, can be adopted only to the extent that allowance
has to be made for the African consumer who buys fish only when he
intends to eat it immediately.

4, DRYING, SALTING AND DEHYDRATION
L8,49)

L4 Backgrounq(j’

Primitive drying to preserve fish has been practiced for centuries
and quite sophisticated attempts of dehydration involving patenting
go back for elmost a cerntury,as Jas as pointed out in his excellent

review. The term "dehydration", as distinct from drying, has come into
conventional use, as being restricted technically to any process of
drying by controlled artifical means. Thus hard drying without salt to
produce stock fish in the Scandinavian manner, would not be regarded

in this sens: as dehydration, nor would the sun drying operations often
seen in developing countries qualify,

L,2 Physical consi@cratians(ua’ 50)

The physics of fish drying has, in the past, been the subject of

considerable research, "ork has been carried out on water migration
within the material, its removal from the surface,mixing with the
surrounding atmosphere - and,on the other hand, on the emmision of heat
from source, its transfer to the surface, conduction within the material,
providing latent heat for evaporation and partial enthalpy of dilute
solutions. Most work has been on basic theoretical aspects of fish
drying, howevsr, carried out on Gadus calarius and Clupea harengus

which are biochemically quite different in many respects of muscle
stability from fish of tropical waters,.

4,3 Natural drxing(j)

Natural air drying is found throughout the warld, The fish are
gutted, split, possibly beheaded and often hung on a drying rack. The
drying rate in the initial stage depends solely on the rate at which
water evaporates from the surface and this depends upon the surface
area exposed to such factors as temperature and the relative humidity
and velocity of air flowing. Obviously, these factors cannot readily
be controllable. When the surface of the fish is partially dried the
drying rate slows down and is determined by the rnte at which the
moisture can reach the surface from the inner layers by diffusion,
This, in turn, depends on such factors as the fat and moisture content

(3)

of the flesh., Cole and Greenwood-Barton have describrd a range of

simple arrangements for sun drying in the t ropics, Fish may be
set to dry in the open sun, sometimes on mats and scmetimes on drying
racks. Often they are laid on the sand, These authors stress the
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necessity to take full advantages of prevailing wind and the avoidance
of sandy or marshy areas to avoid contaminating with dust on the one
hand and the effects of high relative humidity on the other,

bl Dry salting

Dry salting may be regarded as a development of simple drying,
Jarvis(51), has described methods of preparing dry salted fish 1in
warmer climates, Where humidities are low, the appreoach is relatively
simple., In high humidity areas, artificial heat is required to lower
moisture content to acceptable levels, In the latter case, for instance,
in W, Africa the fish may be dried on frills over cpen fires - and hence
it is often broiled in the process, There has been some concern about
this form of drying as a Hossible contributor to the high incidence
of primary carcinoma of the liver commonly occurring in parts of the
tropical world., Nitrosamines can be formed and the flesh can be
contaminated with palyecyclic compounds from open fires, Presently,
no firm evidence on causal relationships appears to be available, but
this iv a field that obviously the chemist and the epidemiologist
should investisate, by comparison for instance, with a eurrent intcrest
in the contamination of staple tropical foods, such as groundnuts, with
mycotoxins,

Developments of such dryin;s ot tne simnle technological level
commonly involve salting ard smoking, Indeed the three approaches
are often used in combination,

Dry salting under tropical canditions reduces the moisture content
to varying degrees from the oripiral 7% to 80 per cent of water,
A survey of Singapore markets for instance measured water contents
ranging from 3¢ to 65 per cent, whereas those from Aden range from
33 to 39 per cent, the fish being prepared in the dry atmosphere of
the Gulf und Red Sea areas., At the higher end of the mois ture range,
S. E, Asian products have a lif'e of only a few weeks whereas most
of the dried fish sold through Aden is marketed in Ceylon and E. Africa

rd

s 2
three manths or more after QPOCGSSIHQS )

In such types of preservation, the main preservative action of
salt is the removal of water by osmosis rather than the suppressing
of the spoilage microflora, lieavily salted material is difficult to
dry naturally in the humid ¢ ropics, however, as it tends to absorb
moisture from the atmosphere., Obviously, a balance o:! {actors 1is
involved,

tlost salt used for curing in the tropics is prepared by the

direct evaporation of seam water, with occasianal refinements,
Cole(3) makes the observation that fish salted in pure sodium chloride
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tends to produce a "flabby pale yellow" product without the characteristic
flavour of salt fish. He notes that very small quantities of calcium
end magnesium salts are invariably present in commercial salt and

that these whiten and stiffen the fish, imparting a bitterness that

most salt fish consumers like, At the same time, the aathor has seen

a fish of very bad colour produced from material cured with some crude
commercial solar salts, The presence of copper and iron salts in

trace amounts is particularly condusive to a carbonyl-amino reaction
that, in additian to precursing excessive quantities of brown pigment
and the production of off-flavours, are also a potertial hazard to

nutritional quality,

A hazard in dry salting operations is the presence of a salt-
adapted microflora that cuauses "pinking" in fish of too high a moisture
content, The bacterial count cf salt can be reduced by long term
storage under tropical conditions. The microflora is relatively
inactive when the fish is held under concentrated brine or in fi sh of
very low moisture content, Consequently, where "pinking" difficulties
arise, a salt pickle technique should be used together with rapid
drying, possibly accompanied by hot smoki.g,

Acceptability of salt fish products in some developing countries
follows a pattern quite different from others. Fish that e European
would consider of good quality is not necessarily preferable of
those affected by the flavours of rancidity, pink or nartial decomposition,
It will be seen therefore, that there are possibilities of tailoring
products, with the help of chemists and bacteriologists, to market
requirements, The scientist can also slay a major mart in new product
development along the lines, For instance, a new salted fish mince cake
preparation currently under investigation by M.I.T., and the new
Fisheries Institute in Guayvmas, Mexico, shows considerable promise,
particularly for the utilisation of shark,

The more traditional approsch, 1f it 1s to be carried out
satisfactorily involves immersion of the fish in brine, In practice
in the troplcs this situation is best contrived by dry salting in
layers in a vat or tub so that the brine builds up and covers the fish
Tanks should be shaded to reduce the temperature. Prior to salting,

(3)

large fish, especcially tuna and mackerel, should be bled at sea
(haem pigment has undesirable effecte on oxidation and carbonyl-amino
reactions). Although, 1in some operations, fermentation inay actually be

encouraged, and in others relatively poor material - for instance, that

unsuitable for freezing-may be dry-salted, it is undoubtedly best
practice in most circumstances to nrocess fish as fresh as possible.
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At landing the fish should be washed immediately in 10 per cent brine,
beheaded (except when the market demands the head's retention and

then split to expose maximum surface for salting, Much of tie buckbone
1s removed except tfrom the smallest fish and scoring cuts are made,
Fish are then soaked in brine prior to salting as described above and
dried, commonly on racks, Ideally, fish should iot be dried on mats

a8 these offer very little protection from dust, Additianally, the

Dermestid beetle shelters under such mats during the heat of the day

and emerges at night, when the temperature falls, to consume tne deying
material, It is not my intention to introduce into this paper a

major consideration of the problems of insect infestation of fish, This
can be controlled in large part by attention particularly to the
evoidance of putrefraction prior to nandling in the case of the dry
salting operation; but obviously, the storage entomologist has a

major contribution to play in the preservation of dried produce

in many tropical situations,

Exposure to direct sunlight should be avoided with fat and semi-fat
species since light accelerates lipild oxidation, The situation is
aggravated by the knewn catalyses of 1ipid oxidation by high salt
concentrations, To take account of diurnal variations in humidity,

Cole and Greenwood-Barton suggest that fish be taken under cover at
night and subject to pressure to flatten the fish and equilibrate
moisture contents,

5,5 Dehydration

A number of more sorhisticated techniques of drying have been

developed that dispense with requirements for salting where natural
conditions of drying are not quick enough to avoid putrefraction
(although the simpler procedures can be used for overcoming the
difficulties and uncertainties caused by the weather in salt fish
drying). Much of the earlier work on wind tunnel drying was developed
in N, America and Norway. For instance, Linton and Wood 52 showed
that optimal air velocities over the fish should be between 200-300ft,
per minute, Slower veloclities decreased the rate of drying while
faster velocities led to little improvement and merely added to the
power costs, Optimal air temperature was cnnsidered to be ZMOC

(27°C max,) with relative humidities of 40-55 per cent, More recently,
Jason at the Torry Research Station, Aberdeen, has developed and
patented a programmed tunnel dryer together with e major British
shipbuilding company.

Cutting and his collaboratora(ug) have described approaches to
the drying of minced fish, This is a generally applicable approach,
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obviously cavable of extention to a variety of species, The flesh

is pre-cooked, removing some 20 to 4O per cent weight as liquor,

spread on trays and dried in a nlant based on the Torry mechanical fish
smoking kiln, Air speed is considerably lower tran in the Canadian
mractice referred to above (10-19ft, ner second, and temperstures

were higher (GQ—YOOC) at the end Hf the operation {having at the

start of drying been ¢ven higher at 60—8500). Wet bulb temperatures

in the operation wau .trolled at above bOOC initially to avoid
sroliferation of the microflora. It is believed that high temperatures
may be more generally acceptable lor tropical speciesg55

(50,53,54)

L4L,6 Freege-drying variants, varticularly AFD

Amon:- tie more exciting developments indehydration during the
last 20 years nhave been those of the variants of freeze drying,
particularly accelerated freeze drying (AFD! in its various modifications,
Heat is apvlied to frozen material from both sides, tne escape of
water vapour being facilitated by the use of, for instance, expanded
aluminium sheect between the product and heating plate, Under these
conditions, the removal of water vapour from the vacuum chamber
ratner tnan the {'ish becomes a 1 ' mitin- factor at the ccinmencement

of drying (pressure sbout 1 mm, Heo). With “harpes of the order of
a ton of fish the evacuation rate is about 86,000 litre: per second,
lieat tr-nsfer problems also arise as & limiting factor in the
reduction of ryin; times, and other modifkations to nlate surfaces
have becn advocated, involving physical penetration of the flesh with

heate. surtuces,

Prosuct stability 'roblems have been encountered, particularly
carbonyl-amino and 1lipid oxidation reactions, Control is by
packaging in inert atmospheres and by manipulation of composition

before freezin: (see above).

Other auproacnes, along the lines of dehydrofreezing, in which
the material is mart dried and then frozen, have been, in the main, less
well received; and, even accelerated ireeze drying lias severe
1imitations . an economic process fur fish gpecies other than those
of high ipnate value, Cutting b hau presented a very critical
view and the situation has not changed sipnificantly.

(S . £,
4,7 Fish vrotein councentrates (F,P.C.)()b’b6’)7)

In 1946, a patent was filed for a method of dehydration involving

heating in 0il under vacuum, It is understood that this method
has not been adopted commerc ially for fish, but it has certain

points in common with developments cf considerable interest currently
aimed at the economic production of fish protein concentrate, Lovern(55)
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pointed out in 1966 that it is ironic that some of the most protein
deficient populat ions are gaged in the larye sonle exportat ion of
protein i1 the form of fish neal, with Peru as the outetand ing

example, together with Chile, Southern Africs and Moroeco, This
situation has, of course, tren recognized by the Avenc ies and
considerable activity has been Arected n these countries te diverting
part of the fisheries product'on ta direct local 'uman use as P.P.C,.
Lovern comuented that none =i these exerci:.es had develored beyond the
point of pilo* plant product ion but there hav. been further developments
since 1966, for instance, in Morocco,

F.P.C. can be defined as a stable fish vrepration fop human
consumption, with the protein content higher tian that f the
original fish, While commercial fish meal itself tus notentialitiea as
a fish protein source for Man, it is not, in the ord :nary way, intended
for human consumption, being prepared to lower standards (see below),
Apart frcm the microbial hazard, f'ish meals ar. sub ,ect to, tor
instance, lipid oxidat ion. Such reactions are potential hazards to
Man insofar as feeding has to be considered in the long term rathep
than for a few weeks . p months as in the .roduction of pig or poultry
meat., Nevertheless, Lovern reports another intercsting facet of
the consumer-acceptability picture in this context. In Peru, the
Indian population in the Sierra apparently appreciated the flavour
of oxidised fat but eventually cuffered illness.

The Protein Advisory Group of the United Nations Agencies has a
close interest in the development of ¥ P.C. programmes, encouraging
the development and production of virtually odourless and tasteless
materials with very low lipid contents, of the order of 0.75 per cent
and below, with effect ive removal of "harmful" solvent residues,

Other apnroaches to *the F.P.C, production sroblem are fish
protein hydrolysis prodiuced chemicall, or enz,mically followed by
concentration, These, of course, have much in commor; with the
traditional S.E, Asian production of fish sauces. However, the
potentialities of such developments in tropical countries are best
considcred under the sectian of this paper that covers these
fermentation procedures,

In the extraction type of process for the removal of 1ipid and/or
water, progress has been made in the develooment of the use of improved
solvents but it would appear that the scientist may be able to make
further contributims to a process involving precooking and oressing
prior to drying, No oxidation problems occur up to that stage of

processing if fresh raw materials are used; but when the press cake
is dried further into meal, oxidation can set in rapidly, particularly
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If open Clame drying 1o ompleyed, Purther sort oh the suppressien

of ofinetlion would appear to be very well sorthohile Ia the e :pleatl

of the avoldance of 4ifficuities W the drying = tage, At least

one sanufacturer of sulvent-extreoted fiah measl sdds antionldant te
.al"nthQ); ardd this results in unifors dimtribut i of antiostiant
in the remaining oil 'n the seal as weil as stabilising the recaovered
o0il, 1t - uld seem though that the efficiont addition of sccepimdle
antloxidant st Lthe preas cake stage sould provide a sajor breakihrough
in P, P.C. technology.

Another approach to the probles of oxidation is the em loyment of
fig) with fleat. of low oxidation potential, An outstard ing enample
of tiiis 18 the prducticn of sesls fros sardines caught in aone
W. African waters, It would appear thet snalytlical prograsmes ained
st the identification of fish ipecies of hig' toecophervl content are
well wort:y of support, OUther ap roaches to the incorporation of anti-
oxidants,are the use «f wood sasoke, suitably prepared or treated
subsequently to remove possible contaminetion by carcinogen and the
aubatitution of relatively lnert ctle such as peanut oil for the
original oil, This, of course, is a varisnt on the Lype of drying
than referred to sbove,

Technically, the solvent problem remains an imaportant cmn siderstion
in the development of F.P.C.("” part icularly that of theMghest
quality (ilype A, PAG). Solvents must resove both lipids and the other
precursors of off-flavours and odours. Lower alcohols such as methanol,
ethanol and 2-propunol have veen employed. lowever, methanol is such @
poor fat solvent that it has been «f use ©nly for the uppprad iny of
eruder F.P.C. (type B, PAG). Questions of residual toxicity also
arise with solvents, Two-stage processes involving succes:uive
extract ions with hexane and ethanol may have advantages where olvent
costs are a major consideration in the secnomics of the process,
2-Propanol-water systems have pro ved of considerable valiue for white
fish meals, Fatty fish present more of 8 problem and the use of
solvent mixtures incorporalting non polar canstituents such as hexane
and ethal acetate is preferred. In this field as, in many others of
£ish preservat ion, all the indications are that an intelligent
flexibility of approach accord ing to the nature of the raw material
is indicated rather than the adoption of ever-r.gid patterns of
operation, It would appear that the removal of the last traces of
flavour precursors ls one of the areas that requires narticular
attention since the problem of "prevepsion" to fish-meal-like flavours

has not been fully resolved.
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Perhaps the major probles facing the food gsolentist am technoloyiat
ia the P.P.C. fleld 1o still thet of sccoeptebility., Undoubtedly, there
48 ¢ strong resletance in many popul:tions to the acceptance of high
protein foods as bland, white nwiers. At a time when trehinclogists
In the plant yrotein field are seeking to simulate Tleash-like
tekture, it seersms ludicrous in some respects concliousl, to dispupt
texture o8 in current F P.C, approsches. Une avenue of searct. and
developmen! thaet :eems well wort: pe suing In the present status of food
teshnology would be the applicetian of some of tie technijues used
An the preparatisn of defatted odourleas fish meals for F,F,C., production
%0 the processing «f structurslly integct fillets of fatty species,

Recent developments in flsvour cremlstry could undoubtedly be put
to good uve in eisulating Tlavours "tailor made” to local tastes,

Wa® Pish msais {ur snimel feed gig, ' 0-6C.61)

uch of the background to commercisl fish meal product fon has
been oconsidered in the ;receding section. Pish meal consists
essentialiy of the ground dried carcases f fish, the tody oils of
fatty spec.es being recovered before drying since oil roduciion is a

oritical economic considera’ ion,(Als~, as we have sren, oll content
affecte drying retes)., Moisture content must be of tre order of

10 per cent maximus since mould growth can be encountered u few per

eent above trls, iowever, If tre moisture content is reduced below

9 per cent, the meal mav be damaged during manufucture, by overleating -
Another factir 1s the anti xidant ;roperties of water: there is a
balance of considerstions of o!l sl water contents, Apart from the
obvious undesirability of oxidative rancidity development, there are also
very considerat le dangers of spontaneous combustian if precautions are
not taken,

Pormerly such of the fish mesl produced was used simply as an
NP fertilizer, but meals are now usually in:orporated into compound
feedingetuffs, often for feeding to livestock in the developed
gountriea, In the past, trie use of high protein concentrates mipght
well have been regarded uas highly wasteful when, with some relatively
ainor improvement they souid have been wed for direct human feeding,
However, the recent spectacular increases in conversion rates in
for instance, '"factory” poultry-raising exercises shows :rmomise for
the use of meals in the production of highly desirable an resdily
sgceptable tresh animal flesh protein in some developinyg countries,
In this context, the questims of potential long term toxicity in
meals subject to a measure of rancidity, or of contamination with
polycyclic compounds deriving from the operation of direct flame
dryers, are less relevant than those apulying for inatance, to the
long term feeding of children,
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In the common pattern of production, raw material (whole fish
or the waste from ether fish processing) is chopped mechanically,
and cooked and dried directly when the material utilized is of a non=-
fatty nature, Frequen .y indirect steam heating is used. such
operation is known as "dry reduction" and is of'ten continuous.

Usually, however, .n tropical industrial fisheries tne raw

materials arc densly-schooling clupeid species., With these, the

oil is pressed out aftecr cooxiny, the fish being pretreated by a wet
reduction process in which live steam 1s tre heating agent in direct
contact with the chopped fish. At the next stare, direct dryers are
commonly used, the material being hea.ed by arallel flowing flue
gasses and hot air from a furnace. Very high temperat.res arc used
and the drying time may be as little as 15 minutes.

Simpler direct driers are being replaced currently by air 1ift
systems on the larger scale industrial kevel, flowever, I would judge
that there is an extensive demand in many countries, trat are currently
taking an increasing interest 1in the devel vpment of their fishery
resources for effective, simple and cheap small scale £ish meal
manufac turing units. One 1.as in mind for instance, some of the Caribbean
jglands which have on the one hand a chronic shortase of f'irst-class
protein feed ingstuffs for their developiny pie industries (with a
consequent drain on their currency resources to import compound
feedingstuffs from . America) wnile at the came time there are
growing ef'forts to exploit the Caribbean fishery in general both by
local operatiam and in the basing of lar ran; ing shrimp vecsels, In
gome situations cons iderable amounts of offal can result fpom the
processing of the latter's catches, In recent years, fish meal has
increasingly been sold on its nutritional value rather than on its
orotein content alone. This followed the observation thnat nrotein
can be damaged quring nrocessing, notably by the resction between
the -amino residue of the protein ly:ine and cirbonyl compounds.
The limitation of temperatures and oxidising conditions helps 1n this
respect and there are also possibilities of cntrol through the
manipulation of fish after catching to minimize tl.e concentrations of
reactive sugars. Economically, the recovery of the "stick water",
by evaporatilon until the solid content rises to about 50 per cent
and either its direct sale, or admixture with ~resscake for the

production of meal, 1is important.

As mentioned above, f£ish meal is subject to oxidative heating,

if not treated carefully; this also tends to precipitate damage to

proteins, The material leaving driers contains very react ive oil
residues: 1t must be allowed to cool before grinding; and after
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grinding, sacks must be stacked loosely for a period of weeks before
the meal can be handled further safely,

Obviously, the production, utilieation and further development
of fish mesal is very much an interdisciplinary exercise in which

the engineer, chemist, merobiolosist and the nutritionist must o rk
closely together,

In the m ture of the fish meal operation as it has commonly
developed, yet another discipline- that of the odour chemist - has
been in cmmsiderable demand and may well become increi:singly so,

I have referred briefly to the reversion problem: in the vicinity of
meal factories, there is very comm.nly a major air polution problem,

A number of apvroaches to a Golution have been made: closed systemg

of meal nroiuction, a variety of "scrubbing" techniques and the
admixture of effluent gases witn odour-mask ing agents are being employed
or contemplated. The optimal economic solution may well vary according
to local ccnditions, Probably this last problem is not as relevant

to the situation in some newly developing fisheries as el sewhere,
Obviously, however, if vncontrolled, it could conflict, for instance,
with the development of new tourist industry.

5, suokIng3s 61, 62)

2.1 Background: factors in curing

Smoking is a method of preservation effected by the deposition of
naturally produced chemicals resulting from the pyrdlysis of wood in
combination with drying and often salting, The salting aspect is of
particular relevance to the situation in some developing countries
where communication difficulties limit the direct utiligation of fresh
fish by the population, Elsewhere the teacency has been towards
lighter curing and this would have to be taken into consideration
in the context of any proposed development of export industries,
Another divergent pattern of smoxing between developed and
underdeveloped countries is that the latter tend more towards the use
of hot smoking, which involves con:iderably greater degrees of cooking
than the methods of smoking commonly practiced in Euro pe,

522 Chemical and physical consideratimsg

Although the present day methods of smoking are essentially not
dissimilar from those in operation centuries ago, this has been a field
in whieh chemists and physicists have made major contributions to
economics cf operation and questions o quality; control, In the
latter context, there is continuing interest in questions of
minimizing notential hazards arising from the presence of polyecyelic

hydrocarbons in some smokes,
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Foster(a‘) in a physical analysis of the gaseous phase - aerosol
complex has shown by reference to Simpsor's chemical analysis 6L
that under a given set of conditions, concentration of the particle
phase has a fixed relation of that of the vapoursand that while the
chemical compositionsof hoth nhases are similar, perticles contain
a greater proportion of components of high molecular weight. In other
respects the early concentration of nhysical research on possibilities
of increasing rates of deposition of the particuldte phase on fish
surfaces vroved to be unfruitful, as it was shown later that the
vapour phase was the effective agent in the amoking operation,
Consequently, efforts devoted to the electro-static deposition
of particles were of relatively 1ittle value in improving kippering
technique. This abortive approach stemmed from a fallure to appreciate
that fish is essential a wet biological material rather than a dry
inert block. At the danger of over be-labouring the point. it seems
opportune to indicate that in smoking as in other processing
operations the interdisciplinary approach is a prime necessity.

Sophisticated equipment hag been devised for the continuous

monitoring of "smoke'" densit 188.61)

(64)

The chemistry of smoke has peen studied for many years.
Plowing compositlonal studies on the alcohols, carbonyls and low fatty
5

ac:lds( ), investigations extended to polyphenol and polycyclic aromatioc
compounds, Thls work has been of(gut):sequent value in refinements
L

of traditional smoking techniques, using the principle of dipping
in smoke sclutions followed by drying, Furthermore, it has been
relevant to the development of antioxidant studies of potential

value to the preservation of fatty fish in t'.e dry and frozen
conditions. The possible utilisat ion of some of the compounds for

the suppression of spollage nicrofloras has also been umder
consideration in view of tre known preservative actions of smoke,
While perhaps such backgrow.d work is of relatively little application
to the modification of some ~f the simpler, primitive smoking techniques
encountered in many tropical situations, jt has been together

with biological and bacteriological studl es end the development of
drying theorysof considerable value in the introduction of sophisticated
techniques of conslderable commerc ial application, such &s the well
known Torry kiln, now found thraighout the world, 2) Very probably,
gimilar approaches could be made to the automation of some of the
traditional hard-smoked, preoooked fish products of the Orient,
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5.3 Quality

When fish is to be smuked in the lightly salted and uncooked form
most populations prefer a lightly coloured, translucent flesh of good
surface gloss. In practice, this implies the use of raw material in
reasonably good biological condition. 1) Where, as is increasingly
the case in a number of countries, the product is prepared from
thawed, sea-frozen fish, this must be free from thie surface defects
considered in the sectim on freezing,

5,4 Methods

Space does not permit more than passing reference to the various
methods of preparing fish for smoking. There are a number of excellent
reviews on the subject, Neither do I propose to discuss traditional
smoking, A variety of kiln-types of varying degrees of complexity and
arrangement 1s available, The Torry kilns 2)deve10ped at the Torry
Research Station at Aberdeen, is one ot the more successful mechanic:d
kilns and this type of design has made increasing headway during the
past decade, This is perhaps the more surprising apainst a background
of a large number of unsuccessful commercial +«fforts ranging over %
years, Cutting comments in his excellent review on smoking 61) that
the comparative failure of many attempts in the nast had been because
kilns were designed either by practical fish smokers without the
necessary grasp of engineerin; or by engineers without an adequate
appreciation of the conditionz demanded in a satis factory smokling
regime. I. would appear that, even now, all the parameters have
not been established and that mwch useful work could be carried out
to extend the types of consideration mentioned above to smoking
operatians 1In developing countries attempting to introduce an
industrialiszd fishery. Such research should of course, take account
of local tastes,

Smoked fish can be frozen and there are possibilities for the
development of export industries, Requirements for cold storage are |
similar to those discussed with fresh fish,

6, _canning(58, 66, 67) |

Q,] Background

Canning preserves fish by killing e microflora by heat treatment
and the prevention of their invasion o1 che food subseguently.
Additives may be used to complement the preservative action amd to
increase acceptability through the manipulat ion of appearance, flavour

end texture,
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Microbliological co er

Bacteriology is undoubtedly of paramount importance among the
sciences in such operations. in practice, complete sterility is rarely,
if ever, attained so that the canning bacteriologist tends to
consider "statistical sterility" in his control work; or even
"oommercial sterility" or "commercial stability2(68’ 69) implying
that food 1is free of pathogens and that it w#il1 keep for two years or
so under normal circumstances. It should be emphasized in the
context of this paper, however, that considerations of the maintenance
of canned produce in accpetable condition in a tropical environment
are very different from those in many developed countries with lower
ambient temperatures. Keeping times tend to be much lower and there

is far greater tendency for cans to "blow" or corrode.

The weneral principles covering the differential heat stability of
microorganisms likely to present a hazard in fish canning are
reasonably well established. Particular attention has, of course,
been devoted to Salmonella, Staphylococcus and Clostridium sppe.

For safety, it is essent ial to ¢ arry out processing at a temperature
low enough to destroy the most dangerous of the pathogenic spores,
Clostridium botulinum which proliferates under cinditions of low
oxygenat ion and at non-refrigerated temperatures. Time/temperature
regimes equivalent o L4 mins, at 120°C are indicated. "F values"
(the equivelent time in minutes to treatments at 121% or 2%0°F)

are commonly used ir. calculations of this nature, n practice, other
microorganisms are often more heat presiotant than Clostridium botulinum.
But excessive heat treatment affects the organoleptic qualities of
the product amd 2 solution that frequently is sugrested 1s that
handling likely to contaminate the produce prior to canning with
thermophilic organisms Le avoided., Obviously, this 1s more

difficult under the environmental conditions pertaining in many
tropical developing ~ountries than elcewhere, Useful lines of
research, that could profitably be extended to the develo ment of
canning of unfamiliar species, have been prosecuted on the effects of
gsubstances that control osmotic environment within the can as an aid

to the suppression of the microflora.

It will be seen that an essential prerequisite in a rational
canning operstion {s the processin: of fish of minimal count and the
avoidance of contamination of the prck through the use of spices and
other additives of poor bacteriological quality. Consequently, when
the fish is to be canned some time after cutehing, careful attention
should be given to the principles of chilling, as indicated 1in

the earlier section, Or, if the f shery is 8 considerable distance
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from the point of catching, adequate attention should be iriven
to scientifically based chilling/freezing/thawing technigue,

$.3 Phyelcal principles and guelity considcrutdang

The physical principles determining passa,¢ 7 ' <1t into the ean
are well e steblishedgm) They relate to exteraal traistferenes
(such as the heat capncity and movement of liquid lira! ing 1od fu,
especlally in the context of flow along the ca, wali), transference
through the wall and convection and/or conduction w.thin the can,
Considerations of transference asccross the wall only srise practically
with non metal "cans", The heating regime of cholce depends in oaprt
on the balance of quality factors, which vary in turn with gpecies and
on the nature of the market, Heat -enetrntion can be accelerated by
a selection of suitable canned yeometry, as for instance, the flat
cans favoured for sardine and brisling canning. Van den 8:‘{;&3(&@‘)
refers to the ossibilities of aritating the can Juring . rocessing as
is used for ve,etable roducts, loweve., this is likely to ;rove

disastrous for dellicately textured species wiich normally requ re a
considerable "firming up” period subsequent t  cocling before they
can safely te giip-ed out o tie fuctory,

Ideally, 11 temperature/sicr’ time proce..i .y is advantageous in
minimizin, destruction of es ential nutrients durln canning cperations,
In canned ¢ istery nroducts, tovever, heat conduction problems & {thin
the can severely limit cossibiiities for the ad ot icn for suen
procedures, Com-only, steam heatliny under press.re s emcloyed, although
other poscibilities such as dlelectric heating ars £ commercial

interest with some peckaring materials,

Acceleration of cooling subseguent to retorting is usually carried
out by contact with :old water, As a number of unfortuna'e incide.te
(perticularly with canned meat ‘1 :ucts) ras 'mdicated, (xtreme care
must be taken !t ensure the purity of cooling water, The vacuum
set up withiin the cun f requently draws small gquantitics of the
eooling water into the pack, I'f tor lnotance, the water is contaminated
with salmonelli, the results can be unfortunate for the consumer,

.4 Operational and chemical ¢ ngiderations

Present~day canning operations it develoned countries are often
of very larpe scale and highly nutomsted, Considerable care is taken
to avoid spoilage, In some operatinus, preprocessing storage ls
accompanied by salting so that the atdition of salt later in the

actual canning process is eliminated,
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Pish is commonly precooked before retort ing, Precooking say take
place either before or after packing into cans, The object is to
resove the water releansd from the flesh during coagulation of the
proteins sc as to avoid a mushy pmck, Inaofar as this water loss also
represcnts potentially soume economic loss, approaches to tts avoidance
by the sddition of comeounds such as carboxymethylcellulose
and polyphosphutes have been made, An increaain: knowledye of the
5 asibilities of nanipulating water-binding capscity of proteins
aay well be of value in this context,

Precooking can be carried out by a varlety of processes, Por
instance, in the Yorweglian brisling cann oy, vegetable oils have been
used as heat transfer medism, 10 some operations such as that
of W, African sardine cannery of my scquatntance, it has been “ound
in practice that precooking in oil can yive rise to serious stability
problem: in the can, {f the fresh o1l sup: ly 1s not replenished st
sn altogether uneconomic rate, In suchs ftust lonas, hot air cooking
is commonly practiced, ten in the cans, which arc then inverted
mechanically for Araining. Alternatively, infra-red heating can be

uged to pood effect with 8 ome apecles,

A voluminous literature has described the reaearch and
development ctfopt over the yrars oR the deve lopment af suitable cans
for fish, particularly tn the context of {ifficulties -rtuin? frog
the opyanic suljhur content and that of trimethylamine oxide.'eﬁ 66)
A number of crotective coatings or lacquers temd to hecome soft on
heating and ti.is can ,ive rise Lo st joxing problems, The phenclics
ere ol relutively limited value, present ing usome problems of off-rlavoul
development and heing flexible anly in very thin layers, Oleoresin
lacquera have good all-round prope ties being of wood chemical
resistance and of low price and veppatility, Epoxide lacquers have
also good all round properties in many respects, Inorganic additives
such ag zinc oxide are of value ai alditives to lacquers for sope
purposes. Otner {norganic trestmenty such as the ";irmnctmtin"
proceas (rstabiliamlnn with phoaphate, chromate and o wett lng sgent at
high pH) are useful in some gituations, In others, vegetable
parchments are« of value, for lnstance, in the canning of crustacesiis
and some gmoked fish, T™e object i8 to avold sticking ad "hreak up"

within the can and discolourat {on reactions,

It is not propoaed to cover other types of pack (for instance the

glass ,jsr) in this puper. Canning operations in general follow much

the same type of train, After prec.oking the material is placed in

suitable cans (if this 18 not already been dme), together with any
The can is then " axhausted" to remove air from the can

additives,
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whioch ia then closed and sealed, It is then heated ("retorted"),
and cooled, Bome of the additives in use have been discusased above
and many of these have firmly estublished scilentific as well as
empirical bases for use, Por inatance, glutamates are well established
flavour additives and there are further possibilities of development
with the newer “'ribomongnuclectide .dditives, Vegetable oils are
used frequently, so t hat the questions of oil stability and flavour
arise, Tomsto sauces are also extensively in use and can present
probleme, for instance, with dlucclouration through browning reactions,

Bxhausting cen be carried cut by a variety of processes, includiny
the hesting of the can contents either before or after ;.acking,
filling the Lead space with steam or sealing under a mechanically
applied vacuum,

Processing and retorti:rg are a critical stage in the canning
operetion, involving, as we have seen, a delicnte balance betwecn the
requirement to lower th® bacterial count to acceptable limits on the
one hand and toa vold acceptability problems on the other, Sticking
and scorching of fles! adjacent to the walls, undesirable off-flavours
remi 1ting from curbonyl-amino reactims and the breakdown
of trimethylamine oxide (toyether with associated discolourations in
the product and excessive ghrinka, ¢ .f the musculuature) have all to
be avoided, Batch syatems of operation have considerable advantages
in terme of flexittlity at thia oint of the operation although in the
large scale production of standard size packs, continuous systems are
often more economical,

Retorts are of s variety of basic types. horizontal, vertical,
static and rotating., During retorting, it is essential to avoid air
pocketing in the retart if rapid heating rates are to be obtained,

Cooling subsequent to retorting is a critical stage In the
operation, As well as the bacteriological hazards referred to above,
the processor must consider the avoldance of any aggravatlon of
undesirable reactions set in train by the sterilization process,

After cooling, a period of storage prior to ghipping is indicated
for many species., Not only 1s a period of "firming up" a useful
fnsurance againat damage during ransit: alsq flavour often improves
very considerably, Indeed, under some circumstances, material that
showed incipient 1lipid oxidation prior to canning, with attendant
rancidity, often imgrOVea in flavour considersbly after a period of

storage in the eunS
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Obviously, the author is unable to cover the very wide range of
considerations that arise during the canning of individual species,
Reference has been made elsewhere to the discolouration problems of
tuna resulting from the reactions of haem pigment. In relation to
other types of product,some coverage has been given to carbonyl-amino
reactions which can be very troublesome in some canned produce,

This is a general field of operation In which the scientific
w¢poubleshooter'can be of very considerable velue to the industry.
In addition tc the types of reaction touched upon above, ¢ nsiderable
advances have been made for instance, in such varied canning problems
as the control of struvite formation in the can and the ultra-rapid
freezing of brisling direct from the net when they are destined for
subsequent canning. The volumes edited by Borgstrom(71) 2 ntain
a considerable coverage of the individual p;roblems of the major
gpecies of commercial canning interest and doubtlessly much of this

knowledge can be extrapolated to new speclies,

;. prsi_ sausaggl /2273

Fish sausage manufacture is a large scale industry in Japan
although it started as recently as 1993, It has been watched with
keen interest in other countries, aid provides an excellent illustration
of the beneficial effects ~f a well trained body of fishery scientists
and fish technoloyists working closely with a developiny industry. As
Amano has pointed out, the traditional "kamaboko" industry (manufacturing
a unique type of fish prodi. © resembling in some respects meat loaf)
provided an excellent basis tor the development, which accelerated with
an introductinn of vinylidene floor casings and improved closures.
Perhaps the key to the acceptibility . roblem in Japan has been the
utilisation of chemical additives to suppress the activity of the micro-
flora in the absence of any significant heat sterilisatim,
together with an understanding of the factors controlling a resilient
factor (“Ashi") in the product wh ch is oparticularly desirable
to the Japanese consumer, This in turn fcllowed work on the factors
controlling the stability of the muscle myosins ~ work which was also
a major importance in connection with the development of freezing and
cold storage techndquesSCf‘ 50’31) Much work had als o been carried
out in Japan on the preparation of fish jellies, in lhe context of

treatment with salts, including the polyphosphates.

Starch, animal fat and 3p ices are commonly mixed with fish for
sausage production together with permissible colour additives and

preservatives, 1t will be interesting to see how this industry
progresses 1in a ger.eral world atmosphere of increasing legal restrictions
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o the use of many bacteriostats,

In eddition to the e of more common additives and flavours, it
mey be of interest to note that the Japanese fish sausare industry
was one of the first food preservation operations to bring into use
5%wibomononucleotides as flavour enhancersSB Keeping qﬁality is
varisble, Conventlonally prepared sausage are said to keep up to
some two weeks under refrigeration but only 3 days in the absence of
preservatives ut ro.m temperature, Amano comments that with the use
of "legally permitted clemical rreservatives" fist sausage can be
distributed at normal amblent temperatures in Japan for consumption
over a period of three wecks, Of the recent developments in the
world field of fish preservation in general, this has perhaps been the
most striking, in terms of the intimate involvement of the muscle
biochemist and the food microbiolorist,

8. FERMENCED propuctgl’s 4r 700 70)

§a1 Background

During discussions in the earlicr sections of this paper, reference
has been made to consumer preferences in some developing countries for
#¥rongly flavoured vroducts rather than the bland or sweetish character
commonly appreciated in many European countries, Japan and North
America. Frequently, strongly flavoured fish products are used as
condiments. particularly when dry. In 5, E. Asia, a number of unique
patterns of preservation have developed that produce often very
strongly flavoured sauces and pastes, These may well lave potential
for development in other tropical countries where aquestiong of
economics may limit the adoption of the more expensive drying

techniques or refrigeration,

Van Veen in his excellent peviews of this fie{éﬂgomments that
the tastes and dietary habits of the rice eater differ from those
of the American or European, The diet is often mor.otonous and
dominated by rice so that 1'ish astes and fish sauces with curries
and spanish peppers are much 1in demand as flavorous additives,

He indicates also that, as in the case of almost all other types
of processing that have been considered, the quality of this class of
fish products is influenced not only by the method of preservatlion
and the kinds of microorganisms present but also by such factors as
the nutritional condition of the fish, the activity of the enzymes
of the tissues and impurities in salt,
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A wide range of fish sauces is prepared throughout S, E, Asia
- in Thailand, Cambodia, Vietnam for instance - and also in
parts of China. They are less well known in Indonesia and practically
unknown in India, Some progress is being made in their development
in W, Africa. They are produced particularly in countries where
sun drying presents difficulty. Consequently, they are potentially of
value throughout the humid trop‘cs, Essentially they are a composite
products of near-total lysis by the tissue enzymes and a highly adapted
microflora in the presence of high concentrations of salt.

8,2 Preparative methods

Nuoc-Mam is produced mainly in Vietnam and adjacent countries.
In its simplest form it is a clear brown liquid prepared by the
maeceration of small fish,which are salted, nlaced in earthenware
pots, tightly sealed and buried in the ground., Pots are then dup up
after a period of months und the supernatant liquid that is formed
is decanted, Commercially, larger vats are used commonly with a ratio
of 5 parts of salt to 6 of fish,

The length of tire for fermentation varies cmmsiderably with
the nature of the fish and the salt concentration, A yzar or 1¢ months
is not unusual for the fermentution of larger fish, Often, additives
of high carbohydrate content such as caramel, roasted rice or corn,
or mollases are added later in fermentation, orior to sepzration of the
s0l11d materials, This produces an improvement of flavour and colour.
By lowering the pH through the production of lower fatty acids it
also improves keeping quality. The main nutritional value of such
products lies in the ¢ ntent of lower peptides and amino acilds

produced from the lysine of protein,

Q.} Microbiology

The microblology of the fermentation has been studied to some
extent and is of a particular relevance since the development of a
suitable microflora is a basic prerequisite for the production of
Nuoo-Mam of desirable flavour, There appear to be considerable
possibilities of developing this potentially useful field further,
possibly in combination with the study of enzyme additives, For
instance, fresh proteolytic pineapple julce is used in some areas and
there has been some success with the utilisation of fungal enzymes,

lavo hemistry

Some work has been reported »n the flavour chemistry of fish

sauces. The free amino acid composition is of course, of considerable

relevaiice, The aromas appear to relate predominantly to the lower
fatty acid composition, although it has been suggested that the lower




ID/wG.28/7
Page 49

"carbonyls" are of the ma jor significance, In our laboratory currently,
we have a programme of work on the basic flavour chem istry of

fish sauces in terms of the differential @ mpositian of the flavour
volatiles on the one hand and the nitrogenous non-volatiles on the
other, This is aimed at the provision of racticable Quality

control standards for the develooment of fish s auce productim

in Vi, Africa although, of course, it is also relevant to S, E, Asian
oractice,

8.5 Variants

Other types of fish sauces are made throughout S, E, Asia,
"Patis" is a product of the Philippines prepared from the fermentation
of a number of species of fish and shrimps, Progress has been made
in increasing speeds of fermentation by the use of suitable fungal
enzymes and undoubtedly work along these lines could be of
considerable significance for the area in general,

8,6 Fish pastes

As with the case of fermented fish sauces, curbohydrate materials
are often added to fish pastes in their preparation, Such pastes
are usually used as condiments for rice dishes, The ground fish is
commonly mixed with salt in the ratio of three to one, and matured
in vats for consumption either raw cr cooked. "Bagoong", prepared

from shimp is primarily produced by the lysing action of the natural
enzymes rather than the microflors. \While some chemical work has
been carried out in relation to nutritional evaluation in terms of
the crude nitrogenous cnstituents and inorgaric salts, little
information is available on the flavour contributing compournds other
than an early study on amino ac 1ds$77)

While touching upon S. E, Asian nractice, reference should be
made perhaps to the traditional hot brined and lighter salted products,

Undoubtedly, this general area of 8. E. Asian fish products,
particularly those prepared by fermentation and possessing strong
cheese-type flavours, have cnsiderable potential for use in developing
countries more penerally, Equally there is 1ittle doubt that there
are considerable possibilities of improving and speeding production
methods through a scientific understanding of the basic requirements
for quality products in terms of the flavour chemistry, the
microbiology and the biochemistry,

8.7 Other fermented products

Bacterially fermented herring and trwt(78’79) are items of

commerce in Scandinavia. They are not fermented to the degree common
in 8, E. Asia and retain structure,
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Many consumers consider that a degrece of fermentation is
desirable in the more conventional anchovy packss78

9.,  IRRAD1ATION(80»81,82)

It is perhaps symptomatic of the inbalance in fish technological
work in the developing countries that when we turn from the traditionally
well-established and effective but scientifically largely unexplored
fermentation products of S, E. Asia to the highly sophisticated and
controversial field of food irradiation we find very much more
activity., It would, of course, be invidious to refer to specific
examples, Undoubtedly, the successful developments of unequivacally
safe vroducts capable of being handled without recourse to refrigeration
techndques is a glittering prize calculated to challenge the best of
our young sclentists.

(80)

sterilisation as seen from the European standpoint, It has long

Hobbs and Shewan have reviewed the current views on irradiation
been recognized from laboratory experiments that fish and fishery products
in general can often be preserved by irradiation. However, sterilization
is not yet precticable because of the undesirable organoleptic changes
that occur. Rather, radiation pasteurization 1is usually advocated, at
doses in the range of 0,3 to 0,5 M rad or less. While a process would

be economically feasible, the do' bt preventing use is the possibility

of increased health hu.zards,

With respect to the steriljsationc irterion in relation to the
Clostridium botulinum problem, doses of the order of 4 to € M rads are
required. This of course, 1s unacceptable organoleptically and some
efforts have been made to increase safe doses by the use of chemical
additives. On balance, Hobbs and Shewan conclude from the data
available on the destruction of Clostridium botulinum toxins by
irradiation, (rather than the organism) complete inectivation of
preformed toxin in foods, cannot be expected.

Nevertheless, success has been obtained 1in some measure in
the reduction of food infection microorganisms in sea foods more genersqg,

. 8L
although "tailing off" phenomena appear to present a major problems )

As we have seen, in practice organoleptic considerations govern
the choice of pasteurizing approaches, These must of necesslity be
considered in conjunction with packaping, mrticularly that
calculated to inhibit oxidation as in the case of vacuum packaging,
The greatest extention of shelf-1life is obtained by irradiation in

vacuo at 0,3 M rad. However as Shewan and Hobbs point out, commercial

utilisation of such a process must take into account use cf good
While also cautious in their

hygiene and low temperature storage.
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approach, American workers(81) present perhaps a more hopeful
appreciation of the field attempting to discuss the Clostridium botuliM
Type E problem in perspective, Obviously, however, considerations

for use in developing countries must be supported by bacteriological
servicing of the highes®t order, and demand the detailed assessment of

the incidence of occurrence of clostidia on individual species on
specific grounds. It is of interest to note that an exper imental
irradiation unit has been operating at sea on an Amer ican research

vessel., It appears that as in the case of freezing at sea, the rigor
condition may be critical since ?rewrigor fish were more suitable for
irradiation than post-rigor fish.85)

Goresline(sz)

has summarized a recent status of legislation
on irradiation foods, A definitive statement on probabilities from a
sister Agency at the working party would be of considerable vaglue

to our diliberations,

10, MARINADES ETC,.

Marinades are produced mainly in Germany although found to a
lesser extent elsewhere in Europe., Cold marinades are made from
herrings and sprats by treatment with salt-vinegar brine, often
together with special Sauces., Cooked marinades uare sub jected to
heating prior to packing in jelly, Fried marinades are heated in oil
or fat prior t»n immersion in vinegar solutions,

A considerable volume of microbiological work(86) has beéen
carried out on the spoilage microfloras that develop, more particularly
in the context of additives,

Another group of semi-preserves, that is pe~haps of debatable
significance to the conditions apnulying in tropical developing
countries, are tne "tidbits" and anchovies produced in Scaadinavias78)
Salt, sugar and spice: are added,

Maturation is mainly autolytic in origin, In many products of
this type, however, a degree of microbial proliferation is taken to be
involved in the development of desirable flavours,

A rather drastic variant on this theme for the production of fish
ensilage for animal feeding by the AIV process,

11, FISH OILS(SB)

While it may possibly be less relevant to the subject matter of
the working party than some of the other operati ons disaussed
in this paper, the production of fish oils is a major industry, still

contributing a significant proportion of the world oil supplies. The
fish liver oils particubkrly were formerly the most important sources of
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vitamins A and D, Vitamin A can be manufactured synthetically,
relatively cheaply but vitamin oil production should sti 11 be of
interest in the developing countries where, as Cole had pointed out,
that any manufacturing processusing local resources reduced the
strain on foreign exchange, It is8 kn-sm that some tropical species
posess livers rich in vitamins and that these pepresent a little
exploited resource of considerable potential mutritional significanee
that may well be worth developing, Tunas and, particularly, sharks
of some species have potential, While the body oils are commonly

a by product of fish meal production, liver oils are quite readily
prepared by heat treatment and separation,

412,  CONCLUSION

It will be seen that a very wide range of scientific disciplines
contributes to the development of fish preservation technologies, Pre-
eminent among these have been the blochemists, bridging the gap between
the physicel and blological sciences: but it 1s to be expected
that the biophysicist will play an increasing role if only because
frequently he has perhaps a readier appreciation of the engineer's
problems, The successful exploitation of the work with industry
must also involve close collaboration with the social scientists,

The role of the microblologists in the practical control of
putrefractive deterioration of fish species must on balance be
considered somewhat disappointing. It appears to the author that the
great contribution of the microbiclogist in the development of the
wide range of fish preservation ‘echnologies, and particularly as
exemplified in the recent emdeavours towards an acceptable
irrediation technology, lies in the identification of potential
public health hazards and their control, It could be argued therefore,
on past experience that, where limited bacteriological service
is available for research or control purposes, in developling countries,
he should concentrate on the potential hazards to Man, rather than
attempts at the identification of spoilage microorganisms and their
complex changing interrelaticnships as putrefaction progresses, This
is not to belittle the considerable volume of useful work that has
been carried ou’ in the field bui rather to indicate a desirable
order of priority in the context of useful, practically relevant work,
The possible exception to this is the urgent requirement for work on fer-

mentation. (see below).

Although there is still a place for the analytical chemist,

interested in proximate analysis, the specialist for instance,
in sophisticated 1ipid chemistry is more likely to make a contribution
to an improvement in the technology of fatty fish preservatim. Indeed
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both the 1ipid and protein chemists have played a major nart in the
development of freezing and rold storage,

It is interesting to note that flavour chemistry has now
progressed to a stage where it is undoubtedly making very significant
contributions to comnercial preservation operations, Perhaps the
outstanding exemple lies in the field of early flavour deterioration
in fish muscle as explained by the nmuscle biochemistry of ¢£lycolysis
<nd ribomononucleotlide degradation, This has provided, on the one
hand a new group of flavour e¢nhancers, for use on g variety of foods,
including fish Sdusage; and n t'e other hand recent developments
in raoid anal ; sis, including completely automated systems, provide the

most satisfuctory objective indices of quality currently available for
a number of species,

This paper has mot, in fact, dwelled on the major contribution of,
particularly,the chemist and microbiologist to quality control operations,
The prime necessity for trese in the develnpment orf export industries
in a new fishery is self-evident,

Throushout the baper, areas of likely potential in which the
8cientist could usefully make a contribution have been indic ated together
with the outline orf 'reservation nwrocesses, It is apvarent that the
physicist can often give a le:d tn tie engineer in his sroblems and
that the engineer and the biochemist nust work very closely together,
as is evidenced by the develonment of ree;iag at sea,

A useful lession can be tuken here for potential extrapolation
to the situation as it may zrise in the newer fisheries, Initially
the approaches lay mainly in the hands of the engineer concerned
with his refrigeration technijues 'n the one hand; and on the other
with the chemist {rathcr than t e biochemist) interested essentially
in the iroblems of time/temperaturc tolerance in store, Both these
lines of work, of course, were ol considerable value to particularly
the shore-tesed industry. But it was found that when the operation
went to sea, at the commercial level rather than the research trawler
vessel, entirely different conciicrationa arose, For instance, fish
was often stored only for relatively short periods, little longer than
the fishing exredition, Consequently, work on extended storage
was of little relevance, . 'ore to the point, however, the very high
catchirg rates encountered raised major new vroblems, particularly in
relation to the avoldance of undesirable rigor effects and the
preperation of fillets free from discolouration, Crash programmes of
aprlied biochemical/engineering work were mounted and the problems were

resolved within a few years, ™hese difficulties might well have bsen
anticipated had the vessel designers and the marine biologists,
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calculeting likely catching rates and crewing requirementsg engaged
in adequate prior consultstion with the freezing technologist and

the muscle biochemist,

Among the greater challenges fecing the fish preservation
scientist currently, is the rationalization of fermentation procedures,
Tnis paper has discussed priefly current approaches of varylng degrees
of sophistication in S. E. Asia 21d elsewhere. Space has not
permitted a discussion of fish silage preparations to any 31 nificant
extent althouph this 1is essentlally the apnroach t» the preparation
of F,P.C. from autolysates. Motwithstanding the comments above on the
role of microbioloiicts in more traditional, ‘cster. presavation
technicues, there is a strong nossibility that he, together with the
engineer, the enzymologrist, the qutritionist and flaveur chemist
could revelutionize nrocensing methods, quite pousibly with
repcrcussions in fish ~peservation patterns clsewlhere in the tropical
wvorld and cven in the developed cou..irics,

In conclusion, it ma; be indicated that larje numbers of
practically relcvant sroblems in figheries tecrnolcpy have been
all too rcadily a paren’ on any occasion that I have had privilege of

visiting fishing covmmunities in develoning countries. This beinrg

I

the case, it 1is a matter +f enncern to cbserve, from time to time,

competent scienticts nire¢ for fish »reservation work but cngaged

in bagic ~roblims of 1li‘tle relcvance ‘o the immediate nrcblems of

the country. Therc is a ,roeat nced for puidance in the identification

of problems and of srioritics, =auwlly there is an urgent need for
intejrution of scientific work in whst must of

the adequate
they are to be effectlive,

necessity be interdiscinlinary aproaches if

Finally, the quection of trainin;s scientists for this t.me of work

is worthy of rather more careful attertion than is frequently the

case, Not only is much of Lie e€rnericnce pained by visiting workers
csecrch laboratories of the

from develoning countries to tre v
t - much of it canbe actively

Northern fishing countries irrelevan

misleading.
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