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1. INTRODUCTION

In the world as a whole, and more specifically in this large region of Central
America, with coas*lines on two oceans, the e are few fishing industries as important as
thei or the shrimp cr camarén. In English “he names "shrimp" and “prawn" are ueed
without any general distinction, in Spanish the term camarfm mesns the broad group of

FPeneides, although other ajecies tco can legally and commercially be termed camarfnes.

The outlook for the shrimp industry is at present a good one, particularly as regards
the internationul market for the product. Of course we must not ferget the fluctuations
in catches, which are subtstantial - although they are well known and are understandable
from the tiological point of view, because we know that the shrimp has a migratory oycle
from the shallow coastal waters to the deep sea-bed. Moreover, all shrimps processed
industrially are less than tuc years old, so that there can Ve no relaticnship between
the catch for one year anl the next.

But however great the biclogical importance of the shrimp's fluctuations and migration,
and however great its ecomomic importance, because of the growing market for it (in the
United States of America, Japan and Burope congumption and prices are constently rising
‘and today the shrimp is worth more than the most expensive meat), ites technology is no
less important, es;ecially if we consider canning. This is undoubtedly the mos. difficult
f*type of fish processing from the point of view of quality, a fact which is often over-
flooked, as is shown by frequent economic failures, including some known to have occurred
4n this region. For us, the important aspect of shrimp canning is that its adverse
;%festures cone within the scope of quality cuntrol, which clea.ly brings out the close
relationship between technology and the canning industry.

Having explained, then, the reasons - tcchnological and economic - why this topic
;nf the shrimp is importaut, I will now tum to the shrimp itself. But firet, it is
hy pleasant duty to thank UNIDO and the Central American Rescarch Institute for Industry
%(ICAITI) and also to confiim that at the end of my talk I shovld be glad to have a
ldiscussion, since the essemtial aim of the taik is to open up a mutual and friendly
iexchange of views, which is the only way oi getting to know what questions are of
interest to you and clarifying ovur ideas together,




v,  BIOCHEMISTRY OF THE SHRIMP: ITS EFFECT ON QUALITY AND INDUSTRIAL PROCESSING

2.1 - General Asgects :
o
Let us start by recalling that the adult shrimp (and here we wich to bring out its L
differentistion during the migratory cycle of its life) is caught — by night or day
ground - at varying though increasingly greater depths,

according to species and fishing
ggential that i

vut always in muddy arcas. In the interests of better quality it is e
hauling-in should last as sh can cay that it varies from
about 1 to 3 hours. We need only visualize a muddy bottom and. a shrimping net to i

high initial contamination is going to affect the whole sub-
g by a hot climate, wooden boats

ort o time as possible - We

realize ot once that the
aggravated in the majority of case

sequent processing,
ing on board and unloading on 1and.

and unfavourable conditions of har. 1

But the adverse initial conditions after the shrimp is caught are

to ite microbiology (today this is mitigated, especially in industrial proceseing, by
put also to its specific chemical composition.

onents, is a non-fat (whit

not due solely

the controlled use of chlorinated water),

the shrimp, by virtue of its basic comp

Let me cxplain this:
This composition has been thoToug

£ish the vomposition of which is highly consistent.

gtudied and may be cummarized as follows for the different species and commercial

products:

ter: The proportion of 80 per cent of water which is more OT less typicel for all
non-fat white fish is reduced to about 65 per cent (about 20 per cent lees) in |

cooked shrimps and to 12-15 per cent in dried shrimp.

Proteins: The basic propor.i2p of 18-23 per cent of protein in fresh shrimps risestto |
27-28 per cent in cooked ghrimps and to more then 75 per cent in dehydrated
shrimps. In canned shrimps the proportion is between 20 per cent and 27 pe

cent mccording to methods of packing, cooking, etce

we can put the average

Egts As already stated, this crustacean is not very fat;
proportion for cooked shrimps at 1.0 per cent, even less for canned shrimps
and of course much higher - up to about § per cent - for dehydrated shrimps.

they receive from the proportion of ealt added,

Ashs Negligibtle compared with what
de entirely on the method of processing.

thie is a variable thut depen
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2.2 - Non-protein components

But for all their uniformity (and high digestibility) the tasic components de not
indicate the characteristics of the shrimp, much less its industrial behaviour, Foar
.example, the nitrogencus non-protein components, thc propertion of =mirno acids, pH
variations, the enzymatic action e¢tc. are much more important than the basic analysis
given above. Let us look at some details, on the basis of commcrcial batches of shrimpe
caught in the Gulf of Mexico by United States boats (1-fresh, 2-beginning to undergo

sone change, and 3-with more advanced change):

Frozen fresh Frozen cooked
Degriee of freshness 1 5 3 1 > 3
Humidity % 81,0 83.5 86.4 73.0 4.5 155
. H 700 703 705 7-3 704 705
ndol mg/100g 0.9 3.6 12.4 0.2 Seb 21.0
Nolatile acidity 12.4 14.0 21.9 14.1 11.0 12.6
uccinic acid mg/100g 2.3 2.5 4.4 3.0 1.8 3.5
otal VOlatilE besesn 13-1 17-5 29-7 1600 1506 1961
onias
By microdiffusion 12.8 15.% 25.9 15.5 13.8 16.3
By colorimetry 14.5 16,9 3l.1 14.5 11.0 21.8
rimethylamine:
By microdiffusion 0.3 2.2 3,8 0.5 1.8 2.8
! By colorimetry 0.2 3.1 7.0 C.d 240 o3
?gobic count 84::103 2.3::106 43:106 7,100 <100 <100
Although the informetior in the above table is much more detailed than the etandard

alysis of water, fats and proteins it does not reflect the full facts concerning the

| hrimp. In fact, for a score of years it hac bcen known that all crustatceans contain
high proportion (between 0.3 and 1.0 per cent) of glycine, an amino acid which can be
ost in processing (for exampl: while on ice or in weter on board, or in cold storage

| land). This lose of glycine is more pronounced with decomposition, so much so that
e sweetish flavour which is characteristic of fresh shrimps recently caught is largely
e to the proportion of glycine, and this is uscd as an indication of quality, Pro-
bly, glycine fulfils an intracellular osmotic rcgulating function (this is th: case
ith marine animals that migrate towards more or lces salty waters) like urea (in

asmobranchians) or taurine (in mussels); fus an indication of its importance, we may

that more than 60 per cent of thc mono-amine nitrogen in the shrimp is glycine, 1In

, from the point of view of quality and even processing, it is more important to
termine the glycine cortent during storage than to pursue the traditional =analysis
proteins; thc saiic applies to other components.




- -

2.} Melarosie in the chrimp: i3 industrial significanc?

The: complex biochemistry of the shrimp is nevertheless not confined io
ihe foregoing chericil anal yoes. OShrimpz contain iyrosinare, an ensyme which
reacts upon the tyrosine orcurring natnrally in their flesh and, in contact with
the air (oxyren) and other factors will result in ihe dark products genu rally known g

as melanins. These are of considerable importance 1in industrye.

The "black spot"® shrimp hae proved \roublesome for a long time. We have
been aware for some 20 yoars that thia is nol a micro~biolosrical phenomenon (althour
therc arc cases of black colorat:on in anellfish, even canned, arising froun
bacterial, i.e. hydrogen sulphide, formations), bui that it is of enzymatic origin, |
caused by an enzyme (prutcxn - copper) in the hoad and shell of the shrimp. This
explaine why there is less darkenmg when the shrimp's head ig taken ofi promptly
on board ship. In brief, then, we have an cnuyme which acts on the tyrosine
occurring naturally in the shrimp's flesh, oxydizinsz it and converting it to
dihydroxythenylaldnine (dopa), which in iis turn goes on oiydizing and evolving
until it forme orthoquinones, whose final product is the dark melanins.

Ci'ﬁ
\ cit SN 9“2\(;1;..009}{ Q
- -2
K/ w
Cil,~Cil, <COQk Cx» -CH-COOH
{ty-osine (tyrosinase) mop,\) yﬁz ORTHOQUTNONE INDOLCARBOXYLIC ACID

5,6~ QUINONE

The fnllowings scheme simplifies and summarizes the processs

Pyrosine (in flesh) + enzyme: tyrosinase (in head) + oxygen (air) + other
conditions (pH, tempcrature, etc.) = Nelanins (dark)

¥e should not be alarmed by thic coloration - the squid's ink contains a
great doal more melanin - but the fact that it ic harmless does not stop if from
being important commercially. Needless Lo say, the melanoti= (vlack or spotted)
ghrimp I8 unpopular in the trade and even more Go among importers.




: The best way of dealing with this process is through the oxygor in tin arr. It

S will e clear why the usc of roducing agnts (of which the chenpesty most widely used .
: and most legully acceptable are bisulphite =alte of any kind, added in -ny wy),
antibiotics, disinfuctants, sequerirents, 4o, condbipod vith mechanical processes,
such as taking off the chrimpts head, cooking it on beoard ship, reirigeration in the
form of refrigezratea water or decp fre - 2iig; are methods ured in industry more or less
successfully to combat this procese, We shall not go inte detail here, because apart
from the chemical preccess itself, othoer foctors such s the {easitility of using the
method on board ship, legal zuthorization by the fishing or imperting country, later
sterage and supply conditions, ~tc. have 10 be taken into account. As far as the
latest dcvelopments in fiching erc concerned, the noew trawlers cquipped with decp-

frecze lacilities solve the rroblem completely.

It will be scen that ue have been getting deeper and deeper into biochemical pro-
blems, But the bactceria count and complex chomical or ¢nzymc compogition are not the
only factors to be taken into account. Although the flesh of the shrimp is initially
gneutral, its high nitrogencus nor-protein content means that alkalinity sets in fast
3(this is even used as a test of freshnese). This physico-chemical proccss ie of

i rewendous importance in canning, as wc shall sce.

‘f 3. INDUSTRIAL PROCESSES

3.1 - Freezing

This is by far the most interesting aspect for this region, and once the micro-
iological and molanosis problem is overcomc, the process is very simplet this is

all the countrics and incustries concerned begin with it., Although simple, the
rocess is not without some points of interest, which we shall summarize below:

(a) The practicc of preserving shrimps or board ship in refrigeruted brine,
ich is widespared, especially in the Gulf of Mexico and the central Pacific, initi‘ally
drates the shrimp. Prolonged use of this process, however, dissolves aoue components
f importance for quality. For this rcason, clthough the practice is widespread and
referable to other systems, it is not perfect.

(v) In factories chlorine should be used undcr control, in accordance with
emperaturc, contaminztion, dissolved organic matter (mainly), dcstination, etc. There
re objections to excess chlorinc, although too littlc would bc morc serious.
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(c) The United Stotes ninimum and maximum freezing specds ond time-limit of six

months in colda storage chould bLe gonerally ndopted whatcover the merket in which the

merchandise is sold, boczuse of the deterioration in quality that might otherwise be

involved.

(4) The industriclist'e boot methed of conscrving the cuality of the decep-frozen
product is by using additives {polyphosphates, glucose, -tc.) to the glazing;, the
health rcgulations ere fairly lemient in thic repard, although less so as rcgards

colorants,

(e) The usc of mechanical peclers is very questionable where labeur is cheap and
shrimp decar. All cther forms of mechanization, however, are highly rccommended:
conveyor belte, size sortcrs, continuous weshing machines, weighing and counting machines

etc.

(f) Apert from freezing on board ship, which is used for all species and pre-
parations of fish the most salient industrial developments ot the moment are in plastics,

tinplate, aluminium, ctc. Jor packaging frozen prcducts. The utilization and price of
these arc distinctly commercial, given the existing supply situation in the market.
From the technical viewpoint, the gre-teat rrogrees has been in additives and glazings.

3.2 - "Breaded”" shrimp prcparations

Somc years ago this type of preparation appcared - ecspecially in the Unitcd States -
to have n rore prouiuing future than it has nowe Conounption seems to have levelled

off, or at lcast ir not growing ae rapidly s in the pest. In brief, the processing

consists in "breading” the shrimps, cither fresh or frozen, with a scvies of additives
flour of various kinds, cggs, scasonings, ctc.) before frying or freezing them.
Naturally thc microbiological risk is thereby incrcased, but with strict control
(1including State contrel), rapid sale in a limited market of high consumer capacity,
a complete refrigeration chain and so on, this risk bccomes remote. Although much
processing of this kind is done in the United States with frozen shrimps from this rogior
for the moment the product is of seccondary iitcrest and there is no local market for it.
The varicty of scesoning and presentation that can be uscd in such preparations mecans
that the manufacturers! rcol concery ie with firding the best breading mix., Controls
notwithstanding, contamination on 2 large scalc, has becn reportced in the literature,
and this danger is constant, despitc the conditions laid down for cleanliness of staff
(United Statcs basiz hygicue law of 1068), ihc prohibi*ion on re-using one day's



! ingredients the next day, the hygionic design of the machince used ~nd the fact that

they are washed down daily, the rapidity of proccssing and freczing, the supcrvision

of raw matcrials, cleanliness of uteneils, floors, walls, cloakroomg, ctc,

3.3 - Dryings: freezo-gzzigg

There is a market for naturally or artificially dried or dchydrated shrimps in

{ the Far East (brousht to the United States by people from that region a ccrtury ago
and to Nicaragua during thc last twenty yoars), Howcver, this is of littlc intorest
1o ue, either in natural fomm, i.e. just dried, or smoked, Moreover, thc cheoptest
§ ond smallest qualitioe (-Chacalin®) have traditionally becn uscd for this purpose,

and so jt is distinetly a product associated with popular taste, No oumplex techno-

¥} logical problems arc involved, only thosc common to all perishablc foods (the shrimps
§ are proserved by the addition of salt and imtensive dehydration), It gocs to popular
markets, very often in bulk,

Quite thc opposite, technologically speaking, is truec of freere-drying, which is

3 of great current interest. Spocial menus, including those for the first trip to the

moon, often include freeze-dried shrimp preparations, but \mfor'tunately a tremendous

iritial investment in machirery is necded and it is hard to make this pay with shrimps
: alones, We shall not go into detail on this, but it is intercsting tc note that vacuum~

: drying of the frozen product (i.e. frecze-drying) improves the quality of chrimps about
§ to go off becausc it eliminotes gasos, smells, eto,

To round off the freezc-drying process, therc is the final scaling in a vacuum
or inert atmosphere. This proceces is ueed fcor other foods as well, but it doos make

§ production more expensive.

3+4 - Capning
From the technologiocal though not the quantitative viewpoint, canning is of the

g (reatest interost to um, since comtinuous daily comtrol is the only wey of ansuring

uality., The Central American region, which has been exporting shrimps since 1953,

j 15 nevertheless still importing camnod shrimps. Preparations from the United States,

Denmark, Moxico, and so on are frequently found on the merkct, although all these
countries, except the last, are net importcrs - some from this very region.




Before tackling this subject, let ue note that deopite the t cndency for industry
in the United Staios to be of ginrt size, none ol the score of factories producing
canned shrimps exccods m aversge daily cutrut of 10,000 cons, which would be a totally
ridiculous figurc for other focde. Thic is the conly remaining fomily-style industry in
United Stotes fishing with an overage yearly output per factory of less thon 75,000

stondard cuses (24 cylindricel 4% ouncc or 125 c.o. cans) .

Simplifying the various processec, it can be said that the first otages in canning
- delivery or arrival ot the factory, woshing in sterilized chlorinated water to rid
the shrimps of ice (which floats) and mud, inspection or quality control (almost always
by direcot argenoleptical methods and often under State supervision), weighing and
classificatior by length or siuze - are common to ull processes, and indeed within the
continuour production lince that ore used o certain uniformity of models and systems

ir being achicved,

The peeling stage is worth a special mention. The two alternatives, manual and
rhec;umica.l, with their different possible variations, are not finel and it is hard
to say categorically which is bettert it all depends on the circumstances. The
machines which firet appeared some 15 years ago, are much faster, but hand peeling
produces & greater yield of meat and better appearance. We can summarize the situation
by saying that, generally speaking, raw shrimps are machine peeled and cooked ones are

hand pecled,

Acoordingly, since canned shrimps must be cooked before they cre put in the can,
£ll peeling has to be done by hands The eccoxing is very impo.tant. It should last
cight to ten minutes for wet-—pack preparations and cbout two minutes more for dry-pack
preparations (we return to this eubject below). If the cooking time or the salt
concentration (58 per cont) is inadequate, the tail of the shrimp will not curve. Out
of habit the buyer insists on this, without roclizing that in the sea the shrimp ie not
curved but straight. The cooking mcthod is the same as for dried shrimps,

Once the shrimps are properly cooked, they are allowed to cool and drain naturally
on a stainless steel toble or conveyor belt, sometimes with a stream of cold air as
welle The shrimps are then given a first cleoning (feclers, shell, eto.) and & pre-
liminary sclection is made (removel of shrimps of abnormal size, shape, curveture, colcur
or appearance, etc.) and a sample taken for the basic pH test,

T
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He have already said that because of its composition the shriup passcs from a
neutrel state to an incrcasingly slkaline one, d:cpending on its own biochamistry,
spccies, habitat, sex, ctc., and on environmental factors (time when cought, tcemperature,
whether the hecad has been taken off or not, trawvling conditicns, <te.). This meons thet
cech consignment can be and is diffcrent from the next. Morcover, the finished canned
product hos to have & pH betweon 6.3 and €.,6 or, to be very demanding, betwcen €.5 and
6.6, Since this product has o tondency to beeome slkaline with time, acids have to be
added: the most often used is citric acid or a preparation containing it. But the
conoentration must not - for rensons of taste, inter alia - excced 2.5 per cent (with
salt, possibly suger and other products addcd). The amount to be added must be cnough
to kcep the pH within the limits mentioned. Too much results in corrosion, a bad taste
and excessive acidity, whilc too little lcads to the bluish colour produced in shell-fish
by the copper in their blood homocysnine, just as we have iron. Only by strict pH
control can the whitc-pink colour and the swectish but slightly acid tastc expected of
cenmed shrimps be attaincd and corrosion aond gelatinous liquids eliminated (the covering
brine must be practicslly transparent).

The last stagoe in the process arc purely mcchanical: the camned weight of the
shrimp must be checked (there is less in a wet pack then vhen paper iv used, i.c.
in a dry pack), the can must bc pre-hcated or sealed under hcat, and above all sterilized
and cooled as quickly as poseible, if possidble in an autoclave with stirring under

pressure,

Obviously, when the finished product is sent off to thc warchousc, thc troubles
are not over, for the abmormal bluish colour can always rcturm. Even if it does not,
struvitc (an ammonium mengmnese phosphatc crystallizing with six weter molcoulies) is
frequontly found, Thies hoas ofton been mistaken, especially in war-time, for crystals
improperty edded to the conned product but in fact it is found in all canned crustaceons
kept for long pericde. Storage may also producc formaldchyde (in some cascs over 100 ppm
have becn found), which in many countrics may be uscd as a preservative for fresh fish
products, but which here is tho result of the natural, slow degradation during storage
of the trimethy) smine oxide which is part of the shrimp's notural composition. The
same is tTuo of indol: both are hard to detemminc, not so far os the substances
thameelves are oonoemed but becouse of the other natural components that accompany thom.




But nonc of these phcnomena arc as important for ceans in sterage os sulphurization,
by which we mecan the sulphur compounds which ottack the tin of the tinplate (lacquered
or not) end the iron in the stecel undernceth. In the first cas:, the tin sulphide .
results in a light groy-bluish tingc, vhorcas the iron sulphide ic much black.r. For
over twenty ycars this problem has bcon studicd and it has boen practically solved by
the usc of the so-called "C" lacquers, which contein zine and hence produce whitc
sulphatcs which do not show. But thc lacquering is never perfect and de-tinning resulis,
(sti1l more s0 in the case of unlacqucred ting), the process being accelcrated by the
protcins vhich absorb froe tin, so that the iron then comes under attack. The attack
is grecater when acidity is strong, hencc the nced not to excecd tac dosc of citric
acid. None the less, to show once again that thesc processce, which at first sight
appear to be limited to pH control, arc cxtromcly complicated, we might point out that,
although thero is no differcnce from the pH stondpoint between using pure citric acid and
using it with lemon juice added, thc can rcacts differently because the latter’s flavonoids
prevent sulphurization much better. Lemon juice is therefore uscd in many preparations,

although the rcason for this improved pcrfommance is not quitc clcear.

All thosc biochemical considerations and quality requirements arc very intercsting
to us but not at 21l intcresting to the ordinery consumer, whosc standrrds for asscesing

quality are much simpler and morc commcrcial,

We 211 know that sizc is ¢ criterion for classification (ounce or 100-gramme units),

ond onc which is recognizcd intermationally, The natural colour of the shrimp, without

any symptoms of spoiling, is uscd to classify fresh, frozen or carned shrimps (white,
pink, red, ctcs). Other factors which can cnhance or detract from the commcrcial quality
arc whother the tail is duly curved, thce salt contont, the proportion of solida to

ligquids ond whether the liquid is turbid, contains dissolvyed solids, cte.

All these aspocts, togcthor with the usc of suthorized colorants (EDTA, orthophosphori

acid, citric or tartarin ncid, sugars, ctc.), end now cven the obscnce of pesticides,

which thc shrimp can pick up when cloee to agricultural arcas, cre other factors which
make constant control necessary. I have tricd to give you ¢ general survey of the subject
and to show that shrimp conning is the most technical aspect of the fish canning industry,
and honce the ideal one for this group. Simply by attcnding and toking part in the
Scminar, participants have given tha best possible proof of their technical intorest,
for which I om sincerely gratcful,

NOTE
Although it does not rofer to thc subjeet of the confeence, a full and varicd
bibliography of the shrimp will be provided separatcly, arranged in chaptors.









