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Preface

The joint UNIDO/FAO Expert Group Meeting on the Production of
Fish-Protein Concentrate (FPC), held in Rabat, Morocco from 8 to 12 De-
cember 1969, addressed itself to two principal questions. (4) commeraal
production of fish-protein concentrate (FPC) products and their distnbution
to people having the greatest need for such products; and (b) the development
of a commeraial enterpnise to produce FPC in Morocco, taking into account
the efforts made so far.

A report of the meeting, published by UNIDO as ID/60, Vol |,
includes general recommendations on FPC, recommendations for the
SONAFAP plant in Morocco, a summary of discussons, statements descnbing
the situation in Morocco and efforts made elsewhere to produce FPC.

The present publcason, Volume II, covers the proceedings of that
meeting, including papers presented 10 the meeting. The suthors review vanous
Wd&cmchd«um&cﬁc&dmththcmwbmathm

processing methods, peoduction and wtihzation of FPC as a viable source for

wamam
The paper *‘Fish- concentrase—hustory and trends i production”,
by Oswald A. Roels, the early efforts of other agencres of the United
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produce an FPC sutable for human consumpuion, and includes brief descrip-
tions of the extraction methods and other processes developed for the pro-
duction of FPC.
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concentrate”, by C. O. Chuchoster, F. Monche
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animals 10 detormine the prowan effisency, mutntuve value and scceptabibty
of FPC weed a0 » 12 deona.

The paper on rescurces for the mdustnal production of fish-
protein concentrase”, by Rudolf Kreuaer, provides data on the world wide
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industrial valization = the production of FPC.
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FPC » Canada, Clule, Morecen, Nerway the Unsead
Mm“'*mdﬂrnmubmm

v




sardines”, by John Blake; ““Description of operational FPC plants”, by James
S. Tolin; “Description of the demonstration plant of the United States Bureau
of Commercial Fisheries”, by George M. Knobl, Jr.; “Production of low fat
fish meal in Norway”, by Gerdt Lovold; “The Halifax isopropanol process
for the manufacture of FPC”, by David R. Idler; **Aspects of planning FPC
production facilities”, by Arnold Carsten; “An experiment using isobutanol
for the production of fish-protein concentratein Chile”, by P. Hevia, Fernando
Acevedo Bonzi, and S. Kaiser; and “Proteolysate of sardines”, by B. De Gero
and O. Skired).

The paper “Observations on fish processing™, by Noel R. Jones, relates
the various operations used for the freezing, storage and canning of fish at sea,
and describes other processes for preserving fish such as fermenting, salting,
drying and smoking, along with the characteristics, quality and nutritive value
of the products obtained. Another method of preserving the essential nutritive
clements of fish, which has been used for centuries in Viet-Nam and has
recently been introduced in the Ivory Coast, is discussed in the paper on “The
production and use of nxoc mam in the Ivory Coast”, by A. Faubeau.

A paper on the “Analysis, testing and uses of fish-protein concentrate”,
by Virgima D. Sidwell, Bruce R. Stillings, and George M. Knobl, Jr., compares
the chemical composition, nutnitive value and sensory evaluation of foods,
such as bread, pasta, crackers, cookies and beverages, supplemented in varying
amounts with FPC made from different species of fish.

The paper on “The US/AID programme for evaluating and promoting
FPC”, by ]. B. Cordaro, gives the results of feasibility studies sponsored by
the United States Agency for International Development for the location of
an FPC industry, and describes further expe:iments madein Chile, the Republic
of Korea and Morocco to obtain reliable data on consumer acceptance, product
stability and packaging requirements of FPC-fortified food products, with
the long-term aim of introducing FPC into the food system in countries
where the traditional diets are low in protein.

The concluding paper, “Utilization of FPC: an analysis to help formulate
national nutrition policy ”, by Gerald D. Bernstein, Sidney M. Cantor, and
Solomon H. Chafkin, analyses the economic aspects of using FPC as a forti-
fication agent—its cost by comparison with lysine, casein and other protein
sources—to serve as an ad to governments in formulating their nutrition

The data included in this publication are in general as presented at the
moeting in Decomber 1969, and were presumably the latest figures available
10 the respective suthors at that time.

Opsnsons expressed in % articles are those of the authors und do not
mcessarily reflect the views of the United Nations Secretariat.
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EXPLANATORY NOTES

Retference to dollars (3) w 1o United States dollars One cent (¢ equals § 3 C1
Reference to 10rs s 1o metric tons wniess otherw ise ade ated

Three dots (1 1n tables indhcate that data are not available or are not separately
reported

A dash i tables srdicates that the amwmnt s e gl i

Details and percentages in tabies do not necessanily aud to totals, because of

Numerals in square brachets | | refer to the references gathered at the end of the
article

The tollowing abbreviations are used 1n this volume

BHT  Butylated hydruay toluene
BU Brabender it
BV bologxal valwe

et cost, merince and freight
EDC  ethylene dichionde

FPC  fish prot1a concentrate
IPA sopropy | alcobol

NPU  net protein wtihzation
PER  proten sffiiency rato

ppm  parts per million
RNV  relative nutntive value

The following acronyms are used in this publication:

Umted Nations and specialized agemares

UNDP United Nations Development Programme

UNICEF United Nations Children’s Fund

FAO Food and Agriculture Organization of the United Nations
WHO World Health Organization

PAG Protein Advisory Group of FAO/WHO/UNICEF

Other orgamzanons

AOAC Associauon of Official Agricultural Chemists
BCF Bureau of Commercial Fisheries, Fish and Wildlife Service, United
States Department of the Interior
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INTRODUCTION

The papers presented at the joint UNIDO/FAQ meeting provide a wide
view of the many aspects of the development, preparation and use of fish-
protein concentrate (FPC).

The papers deal primarily with FPC prepared by solvent extraction of
ground whole fish, and they reflect the active research and development

ramme currently going on. This is evident, for example, from the several
similar but still differing definitions of FPC put forward by the various authors.

Basically, the term FPC covers a number of products, made in different
ways, which have in common that they are made from fish and contain a
more concentrated amount of protein than was present in the raw material.
This led to the definition suggested by the Ad Hoc Working Group on the
potential of FPC for developing countries, at a meeting held in London from
9—10 November 1970, to suggest the following definition as a basis for
discussion:

“Fish-protein concentrate is taken to be a stable product suitable for
human consumption prepared by a process involving the removal of
water from whole fish or parts thereof.” (PAG Document 2.8/30,
2 December 1970.)

Regardless of how it is prepared, the nutritive value of the product is
unquestioned. As summarized by C. O. Chichester, F. Monckeberg and
E. Yafez:

“First, as a supplemental food in wheat, com or other cereal diets,
FPC offers an excellent protein for fortification. Where it can be
incorporated with cereal mixtures—material to which it does not have
to contribute a functional property (for example, in bread pasta, cookies
and the like}—the product is acceptable to most populations at values
approximating 10 per cent of the total mixture. Second, the cost of the
raw material appears to be lower than that for most other good protein
sources. Finally, the stability of the protein is excellent in that it is able
to retain its nutritional qualities without special attention being paid to
conditions of storage.”

In the final analysis, however, FPC will only be of use if it finds its way
into the human diet, not as an occasional supplement on a give-away basis
but on a continuous commercial basis. It must be remembered that FPC, in
common with other food-protein concentrates, is a food ingredient, not a food

xi




per se 1ts use, therefore, depends on its incorporstion o acceptable fonds
at a prce admusmble to the comumer Thes opens the whole problem of
marketing food products The papers by Sudwell, Knobl snd Cor{aro owthae
some of the steps that have been tahen owards marhetng tnals. and prve the
results of market studies made 1n Chule and the Republ of Korea
A much greater step has been tahen recently with the of a
large and sull growing market for FPC in specialised ammal seafty,
arly in “calf starters”“, whach are mulh substitutes ueed n early calf
. These products requsre a quality, odourien and tastelen ammal
protesn concentrate. FPC precsely fills thes nesd The volume of the market
s such that ts can be run orofitably 1o meet the market domand Thee,
in turn, will hasten the wse of FPC i human foods unce the slow swep- by -nep
process of entering the human food market can now be undertahon w1 thowt
concern over idle plant capanty or the necesmty for 2 long-torm sbudy of
some sort while a profitable market in I man food » bang sbeaned.




1 FTSH PROTEIN CONCENTRATE - HISTORY AND TRENDS IN
PRODUCTION®

ACUTE SIORTALE OF HIGH QUALITY PROTEIN

Desprte the mcresse wn world food prodhctuon dunng the 19604, the per
twwm*&vméwrmta&thm{t)wmhm
CROOME 1 some P0ae &4 1o cauwer wriows concern The deficrent quality of food,
notably the lach of prosesms, wa an evem more cnticai factor than the
st ront quanaty, messured » (alones

A report of the Advesry Commttee on the son of Saence and
Tochnalagy w0 Development, sobmutted 10 the Umited Nations Economic and
Socsel Councs! i 1 988, noted that ane therd ot the populations of developing
couneries sffered from sn unbelanced deet commting of 1o many calones in
prepuruce 1o protews Varying but undenuable instances of a gap between
sutrimonsl requrements and actual conswmption of in were widely
evrdont » those sreas snd showed ugw of ncreanng. report concluded:

“H vee wtwatson worsens, the physcal, ecomomec, social and political

development of the populsnom vvolved may be completely arrested.

Prosnn colone malnutnuen not only increases susceptibility to acute

and chroms mbernons, but aleo couses a compensatory reduction in the

capenty for phyncal acuvity snd promotes apathy. These direct effects
u“m*&cem-:c:@mvnymddnmt
of cuntres whuch sre donperately n of improving the status and
mdﬁ*wxmaﬂ&mmmqimdvd.

“The grewwg sutntionsl have even grester impact on

j chuldren n develogeng countnies. [n some countries, as many as
ons thurd doe before reachung school age, and for most of the survivors
phyucel growth and development are impaired. Moreover, there is
meroanng evidmoe of sssocisied retardation in mental development,

bﬂ:“m,&nu ‘ 10 malnutrition in early child-
hoed the sutntional s cxisting at the present time in
”mmwmm&ezmhmy
sulhone of the world's poople. "

Pagor provemced 1 the mosting by Ovwald A Rorh, Professor, Lamont-Doherty
Genhagusd Ohsorvsrary, Cobumbns Umwernty, Palesadens, New York, USA.
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Among proposals to increase the availability ot protein, the report
recommended that until improvements were made in conventional agriculture
in the developing countries the diet be supplemented by protein-containing
foods of unconventional origin, such as oil-seed meal, fish-protein concentrate,
single-cell products and the effective use of synthetic essential amino acids and
non-specific nitrogen sources. This would require greater emphasis on nutrition
education and on the processing, marketing and promotion of food prod-
ucts. [2]

MORE EFFECTIVE USE OF FISHERIES

The animal protein shortage could be overcome rapidly by a more
efficient use of present fisheries. The annual world catch of fish amounts to
about 50 million tons, containing about 10 million tons of animal protein.
This fish could provide as much as 40 per cent of the total animal protein
requirement of the entire human race. Only a small percentage, however, is
used directly in human nutrition. The large commercial fisheries of the world
produce mainly fatty fish, such as herring, menhaden and anchovies. Most of
these fish are now used in the preparation of feed for poultry, swine and cattle,
and an appredable quantity is employed as fertilizer. Fish protein, used in
this way, will eventually increase the amount of animal protein available to
man but only after passing through a long and inefficient food chain.

An example of such a food chain occurs in connexion with the Humboldt
Current, which flows northward along the coast of northern Chile and Peru.
This Current is an area of extraordinary productivity and supports the life
of millions of tons of anchovies. For centuries the anchovies have been food
for a huge population of fish-eating birds that nest on the rocky islands and
promontories along the coast. The excrement from these birds is called guano.
It has long been used as fertiiizer and was one of Peru’s most valuable natural
resources as well as one of its major exports. The inefficiency of this food
chain lies in its many time-consuming stages: the birds eat the fish, the birds
defecate in caves along the shore, and the fecal matter, guano, is collected and
shipped long distances across the ocean where it is used to fertilize fields. The
fields produce crops which, in turn, support either cattle or pigs that are
destined to be eaten by man. The protein efficiency of such a food chain is in
the order of 10-%. In other words, one million pounds of fish caught by the
birds eventually will yield one pound of protein for human consumption. The
inadequacy of this trophic chain has led to its abandonment for the more
efficacious and remunerative system of harvesting anchovies directly.

In recent years the Peruvian anchovy fisheries have become one of the
world’s most rapidly expanding fishing industries. Their catch increased from
89,000 tons in 1955 to 10 million tons in 1967—1968. The fish is now
converted into fish meal to be used as feedstuff for animals. Hence, the food
chain has been shortened to three stages: from the fish to the pig to man.
Approximately 1,000 pounds of anchovies currently produce one pound of

protein for human use, or a thousandfold increase of efficiency over the guano
food chain. Still, even in this shortened food chain the protein yield is low
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and could be improved by a tactor ot at least ten it tish were consumed directly
by man.

The preservation of tresh tish, however, and parucularly of tatty tish,
presents a problem, especially in tropical chimates. In many developing
countries where protein deficiencies are greatest, the high cost of retrigeration
puts fresh fish out of reach of the consumers who need it most and tends to
discourage the fishing industry. For example, 1n the 1950s in the former
Belgian Congo the annual yield of sea fisheries was restricted to 6,000 tons
because of the low capacity of the e tactory 1in Ango-Angc, (3] the only
serviceable fishing port.

Although drying, salting and drying, and smoking are inexpensive ways
to preserve fish, they have disadvantages from the standpoint of quality.

The preparation of fish flours for human consumption could make better
use of the resources of fisheries, especially by converting fatty fish into an
inexpensive edible protein. The cost of processing fish protein could be
reduced by eliminating the need for refrigeration or canning. Finally, fish
flour represents an improvement from the hygienic and nutritional standpoint

over dried and smoked fish.

FISH FLOUR FOR HUMAN CONSUMPTION

Nearly twenty years ago agencies of the United Nations—notably
UNICEF and FAO—drew attention to the important contribution that fish
flour could make to human nutrition as an inexpensive protein with very high
biological + .lue. This was stressed by Autret in his address to the Third Inter-
national Congress of Nutrition in Amsterdam in September 1954, in which
he pointed out the importance not only of its high protein value but also of
its calcium and vitamin B,; content. For child and infant feeding a cheap fish
flour offers advantages with respect to price and storage by comparison with
canned, dried and salted fish. Autret also called attention to the acceptability
tests being conducted among the populations of certain developing countries,
and indicated that preferences varied markedly from country to country when
it came to a flavoured or flavourless flour. Children, however, did not seem
to show a preference.[4]

The argument for the development of fish flours with full fish flavour for
human consumption is based on economic considerations. The wholesale price
of fish meal for animal food in 1969 was about 0.9 ¢ per Ib. Since it contained
65 per cent protein, the cost of the protein in the meal was approximately 14 ¢
per Ib. If such protein could be utilized directly for human consumption with
relatively little increase in cost, few other sources of protein could compete
with it.

Several attempts were made in the 1950s to produce inexpensive fish
flours for human consumption. These products had a strong fish flavour.
For this reason they were accepted by consumers in African countries where
the staple food is usually a bland starch, and the fish flour was used to prepare
a sauce that added flavour to the diet.
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In many developing countries the population groups that require high
protein supplementation to their diet live essentially in a substistence economs
They grow and produce their own tood and have little or no means to bus
food. In the African countries where such an economy pertains, salt is a
regular purchase. Hence, when fish flour was introduced as a new type of
condimer.t, it sold well, ever in areas such as Rwanda and Burund: where the
population is traditionally vegetanan.

Ghana

In Ghana, the Government fisheries service built a prlot plant in Accra
in 1951 to produce fish flour for human consumpuon. [$, 6] The fish used
was Sardinella aunta, which 1s caught in the coastal waters from June to
September. The product was prepared by autoclaving the fresh fish, pressing
it to remove part of the oil, and drying the remaining cake. It sold for 21¢
per kg in 1955, but the small pilot plant could not produce ennugh to satsfy
the demand. A larger factory for the manufacture of fish flour was then
planned for construction at Tema Harbor.

The product prepared at the Accra plant contained up to 8 per cent fat,
This high fat content might be expected to cause rancidity and peroxidation
After storage at room temperature for nine months, [ 7] however, the peroxide
in the Accra fish flour was less than 0.5 per cent, and there was no detectable
rancid flavour. The product was then analysed for natural tocopherols; 1t
contained the equivalent of 18 mg tocopherol acetate per kg or 224 mg per kg
of fat in the fish flour, a quantity sufficient to prevent the oxidation of fats,

Uganda

The Uganda Fish Marketing Corporation (TUFMAC) constructed a
plant much like the one in Ghana on the shores of Lake George. (8] (A
detailed description of the process and of the equipment uuj has been
published by TUFMAC.)

The product from the Uganda plant contained 72.8 per cent protein,
3.2 per cent oil, 15.4 per cent ash, and the remainder was moisture. ‘lehe cost
of the preparation was 2.5¢ per kg of fresh fish in 1956,

Congo/Rwanda-Burundi

A pilot plant for the production of fish flour for human consumption
was built in Usumbura in 1956 on the north shore of Lake Tanganyika,
Burundi. [9] Two sardine-like species of fish from Lake Tanganyiks
(Stolothrissa tanganicae and Limnothrissa miodon) were treated by a process
very similar to that used in Ghana. The product was offered for sale in two
packages, 100 g for home consumption and 5 kg for institutional use. It con-
tained 68 per cent protein, 8 per cent water, up to 11 per cent oil, and 12.5 per
cent ash. The oil content of the product varied, ing upon the physo-
logical cycles of the fish and seasonal changes in their environment. The il
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CONTENT & a3 AN 2ssrt 10 thus drea where o vitamun A fetioenes o rruderman sl
s caused in part by the e tar ontent of the het The fmoogn b v diue w e
excellent, and the prixtuct was very well sceprad v Reands amd Burund:
Likhe the Ghana tish thnir the prondunt trom rhe L sumbura piant aithongh
hagh in tar, apparenthy confaned wohaent nareral antiosadant o prevens
rancdity and pcfnlnhmm ven when of was storad duning ong perwads of
tume in a2 tropecal Jimate It was protected trom messture, however by
polyethylene bags

SOLVERT EXTRAC TED FIes O Fied MEA:

Several attempts have been made w0 prepare tastelen fish proten
products that could be incorporated into staple hounds swach as bread The
umplest approach has been to remove the fish hpds by wivent extractnon

Sonth Afrces  extracnon with ethanil

One of the early efforts in thes area was undertahen by the Fioh -
Industnies Research Institute of South Africa n collaburation with 2 private
firm, Marine Orl Refineries of Afrca They prepared a dedon sed hoh protewn
concentrate by the extraction of whole tish | [ racbarns recbure | with ethanol
(10, 11] Up 10 8 per cont of thes deadorised, defarsed fuh fAowr was imor
porated in the formulae for bread baked @ Joharmesburg But when 1t was
ducovered that the populaton groups who needed the proten sepplement
most dod not buy bread, thie ghly mouvated government sponsared effort
was abandoned

Chele— exrracnon with bexane ethanal

The development of the South Afncan process led 10 the establohment
of s Umted Nations co- sponeored fuh protan concentrate plant e Chele

In hes report 1o the Nutrinon Congress n Amsterdam Autret onumerated
the following reasons for wlecting Chule a0 2 nutable country for wutistng
expenments t© determune th  cooptabnhty of wch flours the cowntry's
extenuve fish resources, the “fish conscousnen” of the pupulatien, the

avadabnlity of FAO wchncal and premoticn asmetance, the fact thet the
Ch&m“niﬁqnmdm and the general receptivity of the
local suthorities to the proyect (4]

Autret doscribed preperstory caperments m Chale i winch the fuh flowr
was muned w0 s number of foods, sech s Wup, potste up
taghane ( ) cachayvyo (edible algae), rul-dkl.a.hn
leaves poe, boef stew, banled pataton, cochiad crachon, caffer cahie and
winte bread Theer cominnstions were puignd i prehamasry 1ests by s hanesd

sumber of vho found the preper vaoms gemerally scceptable, encape
for the the cochaywye an the bouf sew (the westure of these vae
not normal) T beet losves pue. the crachers (29 por comt fash

flour), the coffer cahe (10 per comt fush flour) and the broad (10 per cont fush
flour) were unasemouddy sccepeed
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These prelumunary 'ty were tollowed by 2 larger tal involving
LOL whems cheldren, hive to tourteen vears oid Byvery day tor ux weeks each
chid recmved, as part of s whondl fumch, an 82 g bread roll made at a
vommerial bahery of fhonr comtaimang |5 per cent tish flour Each bread roll
vomtaned & | g of tieh thour, whah provided the child »ith a daily supplement
at 4 4 g prowesn. 118 my Lalium, 129 mg phosphorus and 3 mg iron, the roll
neelt seppied & 3 g proten The only ditterence trom normal bread was a
shghtly darker colimr s ell, taste, form and conmstency of crust and crumb
were aormal

The bread w as very well accepted by the children There was no rejection
or complany, and no digestiv: trouble ocourred

Ow the bass of these results, the Chulean Government requested UNICEF
and FAO 10 help them st up a plant for the manufacture of edible fish flour
© be weed manly in wpplementary feeding programmes.

Later, UNMCEF assisted the Government of Chile in the production of
fish prosewn conuentrate by providing the supervisory engineenng services
sl the mecewsary processing equipment, which was installed at the IPESA
(lndbaotria Pesqpuera de Altamar; plant at Quintero A report on the operation
ol the plant, the biodogial value of the product, and all cost details was
prepired by | avron b Allen, the senior engineer tor UNICEE [ 12

The plant veed fresh hahe (meriluiza), which 15 a lean, edible fish, and
rdima-haqhuaumdﬁhndfadnatrxtmdht

dovdonzation The was squepped with a honzontal, steam-
rachoted, sr swepe, raw fuh debydrator with craper, agitator and condenser;
s horisontal, weam jacheted rotary extractor with integral cloth filters and
the necemary comnexions for 3 vacuum solvent flow and steam stripping,
s wivent recovery and sorage system, an alcohol punficaton system; a
hamener mull bor the dehydrated meal. 2 hammer mull, flour seve and packing
arrangement for the deodonzed product. and the necessary hoppers, con-
veyors, buchet elevatons and cyclomes 0 transport the matenals between

Thraﬁdcuﬁnhnz“mahmwmd, steam jacheted vessel,
ghamw of wbes. The meal was extracted with
with henane/ ethanol. -dryng temperature could be controlled

ower & range of 70° w0 100° C by adyusring “Me rate of air arculauon. Under
those condiions, drymg about us hovn per batch of two tons of
whels, fresh merhezsa, mhmqmm@m
ground mesl was defatrsed and dovdorized by the batch n 2 jacheted rotary
mwracon vesesl through secossmnve w sshungs with solvent. Most of the solvent
was removed from the draned cahe by agitaton and heating under vacuum.
The pernally drwed cabe wos thee ntnpped of remdual solvent by reduced-
prossurs ssam ender vacuum. Matimum temperature dunng thus operation
wes 80° C The ywid of dned, desdonaed concentraie was about 16 per cent
i&m&‘“mpﬁma—u-d.uawmumwwam
mmsturs, apprenumetcly 00 pov cont prescn (N X 6.23), 1 6 10 ) per cent fat,
and the remamder vas ach. fluorde comtent vaned from 150 w0
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200 ppm, and the lysine content approached 9 per cent. Total cost of the
hexane/ethanol process was estimated to be $268 per ton of defatted and
deodorized fish flour. It was based on prices in Quintero, Chile, in December
1961, and included the price of raw fish, the fish oil recovered, electricity,
steam, water, labour, solvents and packaging supplies.

A recent publication describing the Quintero fish-protein concentrate
[13] quoted the price for the product as 35¢ to 55¢ per kg, but indicated that
the exact cost was hard to calculate since the plant was built with the technical
and financial aid of UNICEF, owned by the Government of Chile and
operated by private industry.

North America

The VioBin process—extraction with ethylene dichloride

At about the same time that the Quintero FPC process was developed
in Chile, the VioBin Corporation, Monticello, Illinois, was experimenting
with fish extraction using ethylene dichloride. This solvent extracts the oil
and removes the vater from fish by azeotropic distillations. (VioBin had been
using this process to extract oil and water from the liver, pancreas and other
organs of cattle and pigs on a contract basis for the pharmaceatical industry.)
This fist method of extraction applied to fish yields a product with a content
of approximately 73 to 75 per cent protein, 15 to 18 per cent ash, 1.5 per cent
fat, 0.5 per cent crude fibre, and 8.0 per cent moisture, when lean fish is used.
The product is now offered as a milk substitute in animal feeds, and sells for
about 1 5¢ per 1b (as of March 1969) if bought in fifteen-ton lots.

The advantage of this type of partially defatt=d fish protein is that it can
be used to feed chickens and pigs, for example, vaul slaughter time without
impairing the flavour of the meat. Regular fish meal cannot be fed to animals
for several weeks prior to slaughter because it gives the meat a fishy taste.

VioBin submits this product to a second process of extraction with
isopropanol in order to remove the last traces of fat and fish flavour.

The VioBin process, now licensed to several companies, is used by Alpine
Marine Protein Industries, Inc. to produce 1,000 tons of fish-protein concen-
trate for human consumption for the Agency for International Development
of the United States Government at approximately 42¢ per lb, or 60¢ per 1b
of protein. :

Alpine Marine Protein Industries, Inc. operates a plant in New Bedford,
Massachusctts, with a processing capacity of over 100 tons of fresh fish per
day. The plant can produce 20 tons a da’ of animal feed-grade (non-
deodorized) fish-protein concentrate, or 16 to.1s a day of human food-grade
fish-protein concentrate. The company has had difficulty in fulfilling its
contract with the Agency for International Development, because the United
States Food and Drug Administration regulation prescribes that only hake
can be used for the human food-grade product. The hake supply has become
scarce and expensive, partly as a result of the demands of the New Bedford

plant.
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The Cape Flattery Company of Seattle, Washington, has built a solvent
extraction plant for treating hake with the VioBin process—i.e. ethylene
dichloride extraction—on board a 196-foot surplus US Navy landing ship.
The plant on board the ship went into service early in Soptember 1968; it can
process 8 tons of fish per hour, or about 200 tons daily. The firm plans to
produce a high-grade fish meal using ethylene dichloride as the sole solvent.
This fish meal would be used for feeding chickens, pigs and other animals prior
to slaughter.

Bureau of Commercial Fisheries—extraction by the isopropanol process

It is difficult to sell foods and food additives, however, until they have
been approved and accepted for human consumption. In the United States,
the Food and Drug Administration has traditionally ruled out the use of
whole fish as human food on aesthetic grounds, because of the incorporation
of the intestinal contents in the product, although the practice is allowed for
sardines, shellfish and the like.

Recently, the United States Bureau of Commercia! Fisheries, under the
direction of Dr. Donald Snyder, demonstrated that solvent-extracted whole
fish—that is, fish-protein concentrate—is a wholesome food with high
nutritional value, especially as a protein supplement. [14] The Bureau of
Commercial Fisheries uses a multi-stage isopropanol extraction process to
remove both water and oil from the fish, and obtains a bland and finely
ground product. A detailed description of the isopropanol extraction process
developed by the Bureau of Commercial Fisheries is given in the brochure
Marine Protein Concentrate.[14]

After intensive toxicological and biological evaluation, the Food and
Drug Administration passed a regulation on 2 February 1967 admitting the
wholesomeness of the product, but restricting ite preparation to fish-protein
concentrate made from whole hake and hake-like species of fish, prepared by
solvent extraction of fat and moisture with isopropanol or with ethylene
dichloride followed by isopropanol.[15]

The Food and Drug Administration’s specifications for fish-protein
concentrate are the following: it must be made from hake or hake-like fish;
it should have a minimum protein content of 75 per cent; it should have a
maximum water content of 10 per cent, 2 maximum fat content of 0.5 per cent,
a maximum fluoride content of 100 ppm, a maximum isopropanol content
of 250 ppm, a maximum ethylene dichloride content of 5 ppm; and it shonld
be free of pathogenic organisms.

The Food and Drug Administration act states that fish-protein concen-
trateissuppooedtobeanadditiveintmdedforuuinthchoudddodysa
protein supplement. The additive must be packed in consumer-size units not
exceeding one pound in weight. This regulation effectively prevents the use
of FPC in formulated foods at the manufacturing level. The United States
Food and Drug Administration approval of whole FPC, achicved through
the determined efforts of the United States Bureau of Commercial Fishenes,
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was nevertheless extremely important despite its punitive aspects, and several
firms in the United States and outside are now seriously considering the
production of protein foods utilizing whole fish. [16]

The Bureau of Commercial Fisheries has recently awarded a $2 million
contract to Southwest Engineering, Inc. to build a pilot demonstration plant
at Aberdeen, Washington. The plant will be operated by Star-Kist Foods, Inc.
and will use the isopropanol process.

The Cardinal Proteins Company is building a plant in Canada that will
use the United States Bureau of Commercial Fisheries process for the pro-
duction of 30 tons of fish-protein concentrate per day from red hake. This
concern plans to debone the fish with a specially developed Japanese deboning
machine prior to isopropanol extraction. This should bring the protein
content of the FPC up to approximately 90 per cent and considerably reduce
the difficulty of high fluorine content. The plant is under construction in
Canso, Nova Scotia; it receives significant support from the Canadian
Government. The Canadian Department of Commerce and Industry is
actively promoting the use of the fish-protein concentrate to be produced by
Cardinal Proteins in various Canadian enterprises.

The Guttmann-Vandenheuvel-Gunnarsson process

As early as 1945 the Fisheries Research Board of Canada in its labora-
tories at Halifax, Nova Scotia, initiated a study for the preparation of fish-
protein concentrate. In 1954 this group studied isopropanol extraction of fish
to produce a tasteless and odourless protein product. In 1957—1958 pilot-
scale trials of the isopropanol extraction of whole fish were started. The
Halifax process was tested on a pilot scale with cod fillets, whole cod,
eviscerated cod, cod trimmings and whole herring. The process, known as the
Guttmann-Vandenheuvel-Gunnarsson process, is described in detail in
article 10 of these Proceedings by Dr. David R. Idler of the Fisheries
Research Board of Canada, and by Idler and Power in the Canadian Fisheries
Report No. 10, 1968, {17, 18]

Processes developed by private compames

Lever Brothers Company has developed and patented a process utihzing
fresh ground fish that i1s drum-dried and subsequently extracted with ethanol.

General Foods ation has developed and patented a process in
whach raw fish 18 ied in water, and the pH of the mixture is lowered by
the ac kition of acid. An antioxsdant 1s added 10 the shurry. After surmnag in
water for fifteen minutes, the suspensson 1s screened and pressed. The press
cake is then extracted with tertiary butyl alcohol or other umilar alcohol.

Perm—extracnion by the Verrando process

An mteresting process 1o prepare sivent-extracied fish-proten concen-
wmbahmhth,dmrmﬂumdym»-&thnb
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process. It has been described in some detail by the WHO/FAO/UNICEF
Protein Advisory Group (PAG). [19] In this process fish meal is extracted
with hexane vapour in a vacuum. Its developers claim that it extracts the fat
very efficiently and produces a fish-protein concentrate with less than 1 per
cent fat in a single-stage operation, using only 1.5 times as much solvent as
the weight of the raw material. The product is'manufactured from merluzza
or from anchovy or other fish.

The plant employs a batch process and requires 1,700 litres of n-hexane

to extract one ton of raw material. A 28-inch vacuum is produced in the
extractor and in the remainder of the circuit. The product is extracted for
90 minutes with hexane vapour. After removal of solvent, the product is
packed in polyethylene and Kraft paper bags and is offered to the local market
at $240 per ton, c.i.f. The PAG document referred to also includes complete
amino acid analysis and gross composition, including the results of nutritional
tests.
The product was authorized by the Government as a food supplement
for human use in Peru, and was used for the enrichment of bread at the
4 per cent level. Industrializacion de Productos Agricolas S.A. utilizes FPC in
the preparation of a mixture containing corn meal, malt sprut, mineral salts,
vitamins and condiments. This mixture contains 50 per cent FPC. Mr. Ver-
rando has also developed a powdered soup and a special type of enriched and
seasoned macaroni.

Sweden

A«tra Nutrition in Sweden also produces a completely defatted fish-
protein concentrate at Bua, a fishing village south of Gothenburg. The Astra
plant produces one and one half tons of protein concentrate per hour. Astra
Nutrition utilizes herring meal as raw material, extracts its fat and deodorizes
it with isopropanol. The defatted fish-protein product contains 80 to 85 per
cent protein, 10 to 15 per cent minerals, 5 to 8 per cent water and less than
1 per cent liquid. The product has high biological value. Extensive biological
evaluation of the product has been made through both animal and human
testing.

Germany

A process was developed in Germany during the Second World War in
which ground whole fish was stirred in 0.5 per cent acetic acid. This slurry
was then pressed and the cake extracted with ethanol. Following ethanol
extraction, the pres cag:u hydrolyzed with alkali and filtered. This
yielded a protein solution which was neutralized with acetic acid and spray-
dried. The product is a pure white, water-soluble powder which was used as
an egg white substitute in Germany, where it was manufactured on a large
scale during the Second World War.

Vogel and Company in Germany uses another process to extract fish with
ethanol after acid or alkali treatment. The fish is subsequently re-extracted
with acetone and dried i vacwo.
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Great Britain

Cavanagh and Inman produce a fish-protein concentrate by extracting
fish with solvent mixtures of acetone, ethyl acetate and ethanol.

OTHER PROCESSES FOR PRODUCTION OF FPC

New research has been undertaken recently in the laboratory of the
Lamont-Doherty Geological Observatory of Columbia University and else-
where in an effort to improve these products. [16]

Fish-protein bydrolysates
Chemical bydrolysates

A process using chemical hydrolysis yields a product containing 90 to
99 per cent fish protein. It is extremely low in oil (less than 0.1 per cent) and
of high biological value. The product is water-soluble up to 20 per cent
weight/volume. The process follows a number of very simple steps: chemical
hydrolysis is followed by filter press separation of the aqueous phase from
the oil-plus-skin-and-bone phase, the aqueous solution is then purified, and
the resulting liquid is spray-dried.

Enzymic hydrolysates

Various types of enzymic hydrolysis are also under study. The United
States Bureau of Commercial Fisheries in its laboratory at College Park,
Maryland, has undertaken a study of the utilization of various commercially
available proteolytic enzymes for the preparation of fish-protein hydrolysates,
and the Agri Consult Company in Sweden has developed what they call the
Tilamin process, which is essentially analogous. These processes are also
relatively simple: whole fish is finely ground with a buffer, a commercially
available proteolytic enzyme is added, and the fish is digested. At the end of
the digestion period, the mass is de-sludged in a centrifuge and the aqueous
and oily phases are separated. The aqueous phase is then dried by various
means, yielding a protein hydrolysate consisting essentially of fish amino
acids and small peptides.

Trytophan tends to be low in fish-protein hydrolysates.

The Rohm and Haas Company in Philadelphia, Pennsylvania, has
developed an experimental proteolytic enzyme which hydrolyzes solvent-
extracted, completely deodorized and defatted fish-protein concentrate. The
enzyme is called “experimental enzyme 56”. Its pH optimum is 10.0. Rohm
and Haas claim that up to 85 per cent of the original protein nitrogen can be
solubilized by incubation of solvent-extracted FPC with this enzyme. They
recommend a temperature of 60° C for the enzymic digestion. The resulting
enzymatic digest is filtered and the filtrate, containing small peptides and
free amino acids, is spray-dried. The product is colourless and almost taste-
less, and contains 87 per cent protein.
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Dr Viator Bertuih: o the L mverwts o L ruguay has deveboped o
method to prepare a hsh prosewn hydroiveare sming & prosmdvin reast
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minture 1s then ixnulated with the yeast cwiture and termented how 18 w0
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60° 10 70" C The fungal proseulyne ensyme w added with wheat braa,
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32°wi’ C m'::xmmwu?e"g nd dried

The Central Foud Technologral Revearch Inotrtwte m Mysors, landha,
has prepared prosen hydrolysates trom fish unng papair s the protenty i
enzyme

The Proius Company of leraei prepares a fish proten hydrolysate by
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Maumai hipase production and growth were achieved within 36 hours
umder seribee conditions sith mild agitation in a 515 M phosphate-buffered
tish mechum, p” TS

A varety ot other lipolvtic organisms have been tound suitable for this
wirh. among them the veast ( andida lipolytca The work 1s sponsored by the
United States Bureau of Commercial Fisheres.

Pe cxsde prevennng fermentasion

In collaburation with Professor Paul Gyorgy, the author has developed
a process for umultaneous fermentation of soybeans and fish with Rbizopus
olbgosporns Thus procew 13 adaptable to cottage industry. The flavour of
woybeans fermented with Rbszopms oligosporss 1s already acceptable in
Indonesia, where termented soybeans ( tempeb ) are well known. When tempeh
+ fermented in the presence of fish in a ratio ot three parts of soybean to one
part of twh, acceptable products with high biological value are obtained.
Moreover, the fish i protected from ranadity and peroxidation by the natural
antondant 1n the tempeb (21 ]

Detergent processes

In another development detergents aie being used to extract fish oil from
fish 1 an aquevus tystem. [22] The Univeruty of Chile in Santiago recently
the results of the extracuon of fish ol and fish meal with sodium
seryl wiphate n an aqueous system. They used fish meal prepared from
cviscerated hahe (Merinccms gayr) and extracted it with a solution of $ percent
aquecns sodwm lauryl silphate. An analogous process was reported by
J Conmell of the Torry Research Station in Aberdeen, Scotland. [23]
had used detergents earhier to extract protein from fish, obtaining
products with a neghpble lipud content, but feared the cffects of the
remaming devergents in the product lomc detergents bind very strongly to
fish prosesn and mught be tonuc.
The Ussted Stares Bureaw of Commeraal Fishenes 1s also acuvely
za.d w the swedy of the use of detergents for the extraction of lipid from
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heading. The tempeb-fish mixture now under development could also come
into this category.

These products are highly flavoured and add taste to bland staple diets.
Their price is low, and given proper production controls they may well be
the best solution for people living in subsistence economies.

Solvent-extracted fish-protein concentrates

These products are bland, sometimes rather gritty because of their bone
and skin content, and therefore difficult to incorporate into foodstuffs. Recent
developments aim at removing skin and bones to overcome this obstacle. The
products lack “functional properties” such as solubility, whipability, water-
binding and fat-binding capacity—all very important in modern food tecl:-
nology and economics. Attempts are being made to improve the functional
properties of these products. The products are best adapted for incorporation
into bread, macaroni, pasta and similar foodstuffs. They lend themselves well
to protein supplementation for school lunch programmes, hospitals, maternal
and child health centres and the like. A major drawback is their high price.
Solvent extraction processes generally require sophisticated plants, frequently
not adaptable to primitive environments. Their major contribution in the
near future will be to improve the protein nutrition of urban populations and,
in general, of people living in a monetary economy.

These protein concentrates can be prepared from either fish meal or fresh
fish. Several small-scale plants now produce them and others are planned.
The experience of the few existing small plants has taught that such operations
should be integrated into a large-scale fishery and manufacturing operation
such as the fish reduction plants in Peru, where an average-size fish meal plant
has a capacity to handle 2,000 tons of fresh fish a day and operates its own
fishing fleet. If the fishery and the FPC plant are independent operations,
serious problems may arise.

New products under development

It is too early at this stage to predict the economic future of the fish-
protein hydrolysates or what the products from the fish-fermentation pro-
cesses will be. The major objective of those who are developing these processes
is to reduce the cost of producing fish-protein concentrate.

POTENTIAL DEVELOPMENT OF WORLD FISHERIES

One might argue that the fish resources of the oceans are not well known
and could be depleted if the demand for fish-protein concentrate increases too
rapidly. Moreover, present fishing technology is antiquated. Nevertheless,
just as mankihd has gone through a hunting and gathering stage and then
turned to agriculture and domestication of animals for food production, it
should not be long before rational and serious planning of marine harvests is
in
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R. D. Gerard and J. L. Worzel {24] recently developed a project that
opens up new possibilities for aquaculture. Their proposal is to pump up cold
sea-water from 800 metres deep through large-diameter pipes intoa condenser
area, located on shore to intercept the flow of moisture-saturated ade winds.
When this air is cooled, much of its moisture is condensed. This condensed
water will be conducted to storage tanks for use as drinking water. The deep
sea-water, which has been utilized as a source of cold for moisture conden-
sation, will flow into closed-off lagoons near shore, where it will act as a
fertilizer. This deep cold water, below the euphotic zone, is ten to fifteen
times as rich in the inorganic nutrients necessary to initiate the photosynthetic
process as the surface waters of the euphotic zone, since nutrients in the
surface waters are depleted by photosynthetic activity. The marine food
chain will be started off by stimulating primary production. Primary pro-
duction is the synthesis of complex organic molecules from simple mineral
salts, carbon dioxide and water, organized in living cells or protoplasm, by
radiant energy from the sun. This synthesis will increase primary production
in the coastal lagoons enormously, so that they can then be utilized as ponds
for breeding all kinds of fish or shellfish. Japanese yellowtail fish are now
raised at high density and with sequential cropping; annual yields are
280 tons per hectare.[25]

Such a brine-pump project is now in operation on the island of St. Croix
in the Virgin Islands. This location was chosen because 1,000-metre-deep
sea-water is less than one and a half kilometres from the shore of this island.

The brine-pump project aims at creating an artificial upwelling, just as
the Humboldt Current creates an upwelling off the west coast of the South
American continent. Its implications for potential protein production in the
sea are difficult to estimate at this time. The scheme is not limited to utilizing
lagoons or closed-off areas along the shore.

A major project for utilizing the brine pump was envisaged for 1970 in
the open sea. An underwater mining company, planning to harvest minerals
from the sea bottom, will employ huge pumps to bring up their product from
the sea floor. A by-product of this will be nutrient-rich water and genuine
marine pastures downstream from the mining operation. The economic
problem of pumping deep water for aquaculture will not arise since the deep
water will be a by-product of the mining operation.

The economic argument against artificial upwelling put forward in the
report of the Secretary-General of the United Nations [26] does not apply
in this instance. To pump water from the deep to the euphotic zone, where
the nutrient-rich water is available for the photosynthetic process, requires
only the energy necessary to raise the water about 18 feet—that is, enough to
overcome the friction in the pipes and a small difference in density.

It is hoped that the brine pump will contribute substantially towards
increasing the availability of protein resources from the sea, and that, along
with the development of suitable forms of fish preservation, it will help to
eradicate protein malnutrition.
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2. THE NUTRITIONAL EFFECTIVENESS AND ACCEPTABILITY
OF FISH-PROTEIN CONCENTRATE*

The production of protein-rich foods from the sca has centred about the
development of products that are not only low in cost, but stable without
requiring normal preservation techniques. In order to maximize the use of
marine proteins, it is obvious that fish stocks that are available in abundance
and easily harvestable should be used. The tremendous yields of fish meal from
the anchovetta in Peru illustrate how much protein may be taken from the sea
at low cost. By avoiding the interconversion stage—that is the food chain that
starts with teeding marine proteins to animals such as chickens or hogs destined
tor human consumption---the etticiency ot adding a high quahty protem to
human diet 1s increased.

Most marine fish used for the production of fish meal are fatty, a-~d the
resultant products are moderately unstable owing to the ready oxidation of
the unsaturated fats in the meal. The presence of the fats and phospholipids
contributes to a characteristic fish odour and flavour, and in populations
unaccustomed to fish-flavoured food, such products are unacceptable.
Reduction techniques in the manufacture of fish meal also leave much to be
desired in the way of sanitary conditions. The direct use of commercially
produced fish meal for human consumption presents serious problems, for
example, if the meal is to be fed to infants.

There is mounting evidence that proper nutrition is most important for
children between birth and two years of age[ 1] However, this age group is also
very susceptible to infection and disease and the addition of a supplementary
protein product to the diet entails risks. While the inclusion of fat in infant
nutrition is desirable, since food of high caloric density is highly beneficial to
growing infants, it is not recommended that they be fed fish meal as it is
normally produced.

Paper presented to the meeting by C. O. Chichester, F. Monckeberg and E. Yanez.
Mr. Chichester is Chairman, Department of Food Science and Technology, College ot
Agricultural and Environmental Sciences, University of Cahfornia, Davis, Cal, USA.
Messrs. Monckeberg and Yanez are with the Pediatrics Research Laboratory, School of
Medicine, University of Chile, Santiago, Chile.
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Tyres AND COMPOSITION OF FPC PRODUC ED FOR HUMAN ( ONSU M PTION

Imitial attempts to produce an adequate grade of fish meal for human
consumption involved the production of a fish meal under samitary conditions
which was subsequently deodonzed and defatted. Solvent extraction tech
niques were employed to remove the fat and at least part of the flavour By
using semi-polar solvents it was also possible to remove the phospholipsds,
which apparently contnbute substanually to the flavour Since solvent
extraction must be used in order to produce a relatively odourless and tasteless
product from fish, 1* 1s preferable to use fish with relauvely little fat.

The solvents must be recovered and punfied in order to make any
extraction system economically feasible. The uie of high solvent-to-product
ratios is not desarable, because of the mechanics of manipulating the solvent
and its subsequent recovery. The use of atvely low-fat fish mumanazes
the need for solvent and involves a um'w:htm for separating the
extracted fat and for recover.ng the solvent. Hence, fish of low fat content v
frequently used in the production of fish-protein concentrate from whole fish
suitable for human corsumption 2]

Tastel.  Aseino aCID cOMPOMTION OF FPC rROM 501 VENT ERTRACTED Pron
{Per cont of protem)
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Usiiod Staees Bursas of Commercial Fishenien, Park, Maryisnd.
K Vehorelt snd C O Chichester. Department Food Scwnce snd Techmology, Umiversty of
Caldorma, Davis, Calforma (unpublished data)
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EFFECT OF HEAT ON CHEMICAL COMPOSITION OF FPC

Although a fish-protein concentrate made from low-fat fish appears to
be quite stable for storage, 1ts use in food materials submitted to heat may
esent difficulties. Heating proteins or animo acids in the presence of carbo-
hydrates decreases the availability of many amino acids. The loss of lysine or
methionine 1s especially significant. Losses in the protein quality of bread have
beed noted when the bread is enriched with milk or other proteins high in
lysine. In the preparation of cereal products fortified with milk solids under
high temperature, significant losses in the protein efficiency ratio (PER) were
evidenced.[ 7] Heating amino acids with casein, or heating mixtures of various
plant proteins in the presence of lysine and carbohydrates also causes a
considerable reduction of the nutritional quality.[8] In experiments in which
FPC was used to enrich bread, the increase in the nutritional quality of the
bread was smaller than had been expected, and it was demonstrated that the
addition of lysine to the FPC-enriched bread increased its protein quality to
that predicted, indicating further that treatment under high temperature in
the presence of carbohydrates may damage the protein of FPC. This effect
has also been noted in milk-enriched bread.[ 4, 9] When lime-treated corn was
ennched with FPC and used in the preparation of tortillas, the protein
efficiency ratio was substantially reduced by cooking. Steaming the dough
reduced the protein efficiency ratio by approximately 10 per cent, while
heating at 350° F, such as in deep-fat frying, caused a further reduction in the
PER. These experiments demonstrated, however, that the FPC retained its
beological value better than mixtures enriched with soybean.[10]

UsE AS A NUTRITIONAL SUPPLEMENT

There have been few proposals that fish-protein concentrate be utilized
directly. It has been recommended primanly as a nutntious ingredient of
isting foodstuffs, or as a physically inert but nutntionally enriching compo-
nent of new food materials. Its nature, that of a rather tasteless and odourless
, suggests its usefulness in products that will tolerate the addition of a
ller. Physically, the extracted materials possess a slightly gntty character,
and since the protein is inert, it does not suspend well in water without the
addition of emulufiers and stabilizers. These characteristics mitigate against
its use in many products. The availability of a non-denatured or modified
marine protein could extend considerably the usefulness of FPC. The possi-
bility of producing a non-denatured protein from fish by hexametaphosphate
extraction or water extraction with the addition of fat is especially promising
in thas regard.

Since 1t 1s pnmanly a nutnitional supplement with high available lysine,
the obvious use of solvent-produced FPC would seem to be in plant-protein
mixes that are consumed as food products. Bread, pasta and tortillas are
obvious vehucles for FPC. It can be incorporated, however, into many other
products in which its physical characteristics do not interfere with the
organoleptic properties of the product. Baked in yeast-leavened bread it
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tends to degrade the quality somewhat, producing a smaller loaf with an
atypical texture and colour.

ACCEPTABILITY TESTS

In a series of tests on the enrichment of bread with different levels of
FPC, individuals employed in a university hospital were asked to rate these
breads as to whether they found them as good as conventional bread, whether
there was no difference or whether they were bad. It is obvious from the
results of this experiment, shown in table 3, that at the level of 3 per cent
there is no significant difference between the non-enriched and the enriched
bread. At 6 per cent, differentiation begins to become clear, and at 9 per cent
and 12 per cent the colour is sufficiently differentiated to be clearly detectable.
In a series of experiments with 300 school children, for whom colour was of
no importance, bread enriched with 9 per cent FPC did not increase the
rejection rate.[11] The acceptability of enriched spaghetti was measured by
150 adults of a hospital staff and 150 patients. The spaghetti was enriched
to a 10 per cent level using FPC produced in Chile from hexane-alcohol
extracted hake. The analysis of plate wastes showed that the enriched
spaghetti was not rejected more than conventional pasta. A similar experiment
was carried out in a children’s day school where spaghetti was a principal dish
(served three times a week). The rejection in this case was identical to that of
the non-enriched product—that is, there was no difference. In a test conducted
in Brazil, FPC produced by the isopropanol extraction method was INCOrpo-
rated into macaroni, which was served as a portion of the diet in a school
lunch programme. A similar analysis of acceptance or rejection indicated that
from the pupils’ standpoint the enriched product was no different from the
non-enriched product[12] It thus appears that in most populations bread can
be enriched with FPC at moderate levels and pasta up to 10 per cent without
a significant rejection rate by consumers. It should be noted, however, that

most of the tests with bread and macaroni used FPC produced from non-oily
fish.

TABLE 3.  ACCEPTABILITY TEST OF BREAD ENRICHED WITH FPC AT vanious Leves s

Level of Good No difference fad
enrichment J— S P
(per cemt) w L v w o { w ] {
0 27 27 20 3 3 ¢ 0 2
) 22 25 16 7 b ] 13 i 2 i
6 20 26 15 8 3 i1 b4 l 4
9 14 24 16 12 5 14 4 i o]
12 18 22 16 S s 6 ? 0  j

# Ninety tasters were empioyed 30 workmen (W), 3C moathers (M}, 30 uncversty saudents iU
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By comparison with the FPU produced from non aly fish, the sardine
FPU seemed 10 be slightly lem well received, but aot suthaently 1o mingate
ag anet its use 1 the tormulas

Experrments with amemals

The nutntional etficrency of fish protan concentrates— those made both
trom auly fish or non -ouly fish—has been measured extenuvely in animals.
A large number of studhes were conducted umnng the fish-protein concentrate
1 ennch 2 duet representative of the staple food of the country In almost
every case the FPC, whether made from aly or non-ouly fish, demonstrated
that it was equivalent 1o casein as a source of protein. [n some cases the fish-
prosnn cuncentrate appeared to induce slightly better growth than skim-milh
powder when added to the mixed diet. [16—20]

When FPC was fed as the sole source of protein in a diet given to rats,
1t had in most cases as hugh a protan efficiency ratio as casein, and sometimes
hegher In a study by Schendel, four generations of rats were fed a diet 1n
whach 19 per cent of the total protein was spplied by FPC. The effects were
enamuned and compared with those produced in rats fed with casan. It was
noted that the females on the casein diet appeared to suffer from greater
nutntional deficsency than they did on the fish-protein concentrate diet.
Hissologxcal examunation of the organs, however, showed no abnormality and
no difference between the two groups. [21]

In 2 umlar expenment, three different groups of weanling rats were
fed for ux raunths on FPC at a ratio of 20 per cent protein calones. At the end
of the ux months’ persod, waights were determined for a large number of
orgams and hustological examunations were made on an even larger number.
A ugraficant difference in waight was noted in the organs of some rats that
had fed FPC, but since the histological studies revealed no alteration in
the organs, the waght changes appear to be of no particular significance. [11]

In a serses of studies made with rats on the proten cfficiency rauo of
defferent fish-proten concentrates, Mornson discovered considerable vanation
 the PER of different fish-protesn concentrates. In one that had been severely
heat damaged the dafference appeared to lie in the destruction of histidine
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or methionine, since weight gains increased significantly when these were
added to the heat-damaged mixture. {22,23] The conclusion from these studies
is that the loss of the limiting amino acid (which was shown in other studies
to be methionine) must be guarded against in the process of manufacturing,

A study of the isopropanol-extracted Moroccan sardine FPC in the diet
of rats revealed that the product has protein efficiency ratios of 2.98 and
3.04 per cent as compared with a casein control of 2.50 per cent. These
experiments were performed using 10 per cent protein in the diet. The fish-
protein concentrate had a concentration of 82.9 per cent protein. Weight gain
and acceptability in the animal-feeding studies were excellent. No rejection
of the feedstuff was observed, and the animals had normal growth patterns. [24]

NuTriTIVE VALUE OF FPC AS A SUPPLEMENT TO DIETS
Experiments with children and adults

In experiments with children and adults, fish-protein concentrate was
used to determine the effect of supplementation on the nutritive value of diets.
In a study of children nine to ten years of age, fish-protein concentrate denved
from oil-sardines was used to supplement a rice diet. Better nitrogen retention
was demonstrated on the rice-protein diet than on the normal or control diet.
All subjects retained a nitrogen balance and the diet was apparently accepted.
(28] Similarly, Korean diets supplemented with 10 per cent fish-protein
concentrate were found to be better digested and to effect a better retention of
nitrogen than an identical diet in which the fish-protein concentrate was
replaced by other protein sources. [26] In a study involving a large number of
premature infants the effect of FPC appeared to be equivalent to that of casein
or amino acid mixtures. [27]

Graham has reported from a study of convalescing malnourished infants
that a mixture of 10 per cent fish-protein concentrate with 90 per cent wheat
flour produced weight gains and nitrogen retention indistinguishable from
milk. Fish-protein concentrate fed to these convalescent children as the sole
source of protein also elicited responses similar to reactions to milk. [28] In
another study, fish-protein concentrate was fed as the sole source of protein
to normal infants in Chile. The formula consisted of FPC, sugars, carbo-
hydrates, water, salts and vitamins. The preparation was suspended at 2 level
of 22.5 per cent in water, and su lied 90 kcal and 2.4 g of protein per 100 ml.
Twelve normal infants two u? one half to five months old received this
formula for a period of from 30 to 90 days, with an average protein intake
of 3.6 g of FPC/kg of body weight per day. Figure 1 shows the weight gain of
such infants receiving FPC as the sole source of protein. Haematological tests
of the same infants indicated normal values. Lowering the total intake of
protein stepwise demonstrated that 2.5 g of FPC/kg of body weight can
support normal growth, but at 2.0 g/kg the growth reduced. This is the same
order of magnitude as might be expected from a milk formula[11]

In a study of the nutritive qualities of fish-protein concentrate in the
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convalescent diet of kwashiorkor! patients, it was demonstrated that cornmeal
diets supplemented with dried skim milk produced no statistical differences
in weight gain, nor in the protein and amino acid levels in the serum. The
conclusion from the results obtained was that fish-protein concentrate may be
of considerable value in the prevention of protein malnutrition. [29]
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Figure 1. Weight gain in twelve infants fed FPC as sole sowrce of protein

By contrast, other experiments appeared to indicate that for children
suffering from kwashiorkor, whose major source of protein was FPC, there
was a problem in acceptability. The clinical and biochemical responses were
similar to those receiving the diet containing skim milk, except that the weight
gain was lower on the FPC diet. It was thought that there might be a shortage
of available lysine in these diets. The addition of lysine to the diet, however,
did not cause any significant increase in weight gains. {30] It has been noted
carlier that the limiting amino acid in most FPC is methionine, and that its
availability is decreased considerably upon heating.

It should be noted that diets reported by Dr. Gopalan [30] were cooked
in the presence of sugar, and that it was assumed that lysine was the limiting
amino acid. It is thus possible under the conditions of the above experiment
with children having kwashiorkor that the limiting amino acid, methionine,
was further reduced by cooking andits deficiency led to the lower weight gains
evidenced.

In a similar set of experiments Graham found that in marasmic infants
aged 5 to 54 months who were fed wheat enriched with fish-protein

1 “Kwashiorkor” 1s defined in Webster's Third New International Dictionary

(unabridged) as “severe malnutrition in infants and children that 1s characterized by tailure
to grow and develop... and 1s caused by 2 diet excessively high in carbohydrate and
extremely low in protein™.
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concentrate as the only source of protein the weight gains observed were
closely similar to those produced by milk. A sgnificant difference, however,
was noted in the ability of the FPC diets to correct hypoalbuminaemia. | 28] The
exact reasons for this difference have not been deterrnined. In the ronvalescing
subjects the fish-protein concentrate did support mitrogen retentions and
growth equivalent to that of milk-based diets.

The data thus far reviewed indicates that there 1s 10 question as to the
nutritive value of fish-protein concentrate in normal ammals and humans
from infancy onward. From a nutritional standpoint, however, there are some
data that at the present time are not entirely explained.

REFERENCES

1. Moncaesmac, F. (1969) in Western Hemusphere Nutnition Congress n
Proceedings, pp. 216—220.

2. Wunsrsc, B. (1967) in Fishing News International, Part 1. January 1967,
pp. 16—22; Part I, February 1967, pp. 35—39.

3. Unirep STaTes Derantmant or THE InTanion, Fisu anp Witouirs Seavice,
Burzau or CommanciaL Fisuanins (1966) Marime Protesm Comcentvate.
Fishery Leaflet No. 584, Washington, D. C.

4. YiRzz, E. 1. Banja, F. Moncxaneac, A. Macciom and G. Domoso (197)
in Food Technology 21 (16): 20—66.

s Monckeaea, F. and C. O. CHicnesTaa, unpublished data.
6. Raxjar, L. M. (1958), “Indo-Pacitic hish”. Conme Proc . 7 (2. 97 v
7. CricHastin, C. O. (1966) in Eighth International Congress of Natrinon,

pp. Y132

8. Pianaiia, L, D. F. Owan, G. Seiiian and C. O Cuicnesten (1969) »
Western Hemisphere Nutritsom Congress I Proceedings, pp 110—11)

9. Jansay, G. R, C. F. HutcHisow and M. E Zanern (1966) i Food Tech
mology, 20 (3): 91—04.

10. SipwiLL, V., as quoted by B. Weinberg (1967) Fisheng N rws Internanondl,
Part |, January issue, p. 20.

11. Yifsz, E, D. Baiimsraa, A. Macciom, R Seapa. | Banja. N Paa,
C. O. Cricnestia, G. Dowoso and F Mowcazsenc (1969) wn Journal of
Climcal Nutrstson (USA), 22 (7): §78—886.

12. Causan, E. M. Wossow and C. O. Coucuestaa, unpubiuhed cheervauons

13. Sen, D. P, T S. Savanasavana a0, $. B Kassor, M. A Karssmmaswamy,
. VansaTa 8a0 and N. L. Laniay (1969) in Food Technology. 1) A2

14. Gomm, F., R. Ranos-Gaivan, J Caavoro, Fames and | Lasaasem
(1958) in Boletsin Médico Heospual Infont (Mensco), 19 (4) 48%--49)

18. Wossov, M. and C O CrrcumstEn, abeerv stions

16. ALCARAZ-Bavan, A (1960) in Phelsppone Foram, 10(1) 33— 4G

17. Duwsai, B. L. M, K. Hansanan, A Paui Javasay. S Vemara Rao and
M. SvAMINATHAN (1968) 1 Joarnal of Nairmen end Desesncs, § (1) 4331

18. Goveo, ] A and C F Asswjo (1%J) = Archbowes Lonmoamers enos
Nutrcion, 17 (3) 241251




s

SNUTRITHONAL BFFRC TIVENESS AND A PPTARITY (B ™ b

19

13

22

2)

14
1%

4

Sraraicuan 8 R OA A kwerw N L D amnay M ON Moaca e
M Seamimarsan N Narasaa A SesEscaas 2od ¥ WoBMasmMamTAN
100 . Found Swme Mymws Imidia. o/ DoAY ad

Sonaraichan S R A A josers M N Mooesiae N oL L ammer
K Inraasenma M Voamimarnan A Saspwivesan amd ¥ smArrM AN AN
(1982 m Fosd Sesemce Mysore ladia, 1/ AU . TR 3

Scwgwne:. H B and B ( Joswsom  198] = Journal »f Norsmon !
S wve,

Mosaisom. A B (19)m ( W}Wﬁdﬁlﬁm;umhvm‘”
61 (7) 188% 1%%

Moasisom A B and 7 | Sanay (198) m( anadson |ourasl of Boo bowmstry
ond Phynalogy 4! (Vi 4% . £%%

Warssnrii, K ond C O Crcnusran. wapebliohed data

Siaraicaan. $ AV A Dumns, T R Dosasswamy, N | 1 amiay,
M N Moosjam snd M Svammarnas (198 w Indsan [owrnal of
Pedestrees. X0 (187) 272278

MHeoans, Woo la (198)) m Kovesn Modocal jonrnal 8 (1) ¥

Geurrwen, R snd B H Snares (1999) » K hmsoche Wachonscbrfr )7
195288

Gaanant. G G. ] M Basar: nd A Coapanc (1986 ) n Joarnel of Clmxel
Noemmon (USA) /8 1619

Pasroarvs. P | and A 8 Wasnsvea (1904) i Jomrn.od of Clomse ol Nutressen
(USAL 14 167199

Saaantia. 3 G and C Goosian (1908 ), ‘Frh prosen concontrste 1 the
mdivM“.}“JC&dﬁm(W; e -y







3. UTILIZATION AND QUALITY CONTROL OF FISH-PROTEIN
CONCENTRATE*

Itis paradoxical but nonetheless true that in countries where malnutrition
and in particular protein deficiencies are prevalent, huge tish catches are
processed into fish meal and exported to the developed countries tor amimal
feeding. Equally discouraging is the fact that the ample supply ot tresh fish
from the sea does not enter the diets of people who live just a tew kilometres
away from the seashore. The lack of adequate handling, ot storage and
transport facilities for fresh fish account for this distressing situanon. Food
habits, taboos and low purchasing power also play a role. Finally, the lack of
fishing fleets and landing facilities, owing to a scaraty ot investment tunds,
limit the exploitation of fish resources for human feeding.

MEASUREMENT OF NUTRITIVE VALUE

The nutritional effectiveness of FPC 1s determined by ammal teeding
studies as well as by clinical studies with humans. In studies with animals,
values such as the protein efficiency ratio (PER), net protein uthzation (NPU)
and biological value (BV) are the main indices tor assessing the nutnitional
effectiveness of the proten. In human teeding, n particular with growing
children, nitrogen balance studies and bodv-height determinations are the
standard methods accepted; and serum albumin, plasm a amino aad and
enzyme levels have been proposed as useful critenia

When FAO, as early as 1953, started explonng the nutninve value of
fish meal (the term FPC had not yet been introduced) through animal teeding
studies, wide variations in net protein utihzation and brological valuc were
observed, as shown in table 1. These discrepancies resulted partly trom the
different sources of raw material, but mostly from the ditferent processing
methods which were still undergoing development and gradualiv beng
perfected. The studies were conducted for FAO at the Bovnlltd Laboratories
by Dr. A. E. Bender. By 1958 the samples ot FPC from the same sources
displayed digestibility at about 95 per cent, NPU ranges between 64 to
78 per cent, and BV between 67 to 83 per cent. | 1]

4

Paper presented to the meeting by George D Kapuotis, Chiet Fond Saende
Branch, Nutrnition Division, Food and Agriculture Orgznization ot the United Nvations,
Rome, ltaly.




)2 PRODUCTION OF FISH PROTEIN CONCENTRATE

Tamis ! NUIRITIVE vALUE OF FISH MEALS MADE FROM VARIOUS RAW MATERIALS [1]
i Per cent:
Chem i composiinns Nwrrinive valne
© wir Dicesn

Bpu o orsiar PO, oinerai {apeds YPL ey KA
| eam hish 782 1y ol 73 93 78
{ ean fish 71y 248 12 77 % 80
| eam Hinh 782 248 o}8 } 49 93 53
| enn biab 64 7 14 8 12 77 94 82
Soms leon fioh s X 194 01 &7 9% 14!
Sems lean hish 747 194 Q2 8 % 58
Fatty hsh 7y e 28 o 3 'Y 4
Facry toh b 34 n2 o1 e ]| 3
Foery fooh %6 0 ot 42 " 59
Wheie cod ’e? 149 ol | o4 L) 6’
Whele . od 'y ? 2 2 a7 93 71
Wiksie cond T4 G 226 3 &% 9 69
Cod tiileny " 44 =2 o4 L2 ) 'Y
Gurred hoddinh 3o 19¢ S 4 ” 7y
Herrmg 8’3 | ] 2) T4 ) ’e
Herring 9o 13 ¢ S s ho) 0
Sordones $! 8 e cH % " T4

The avadable lynne, becawse of 1ts importance n wpplementng the
prosemms of the lysne-defioent cereals, sch a0 wheat and maize, and the
relatrve cane of 1t devermunstnon by chemecal procedures, u 1 practice a very
sestable ndes for amesnng the nutntive value of FRC Actually, # correlates
quite satniacronty with the PER and NPU values The avalable lynne of
carebully FPC u, & a rele, very lugh The values cbtaned from
srdne FRC [ 2] appear 10 be hagher than thes cbtaned from hake FPC,
but both are wril sbove the value 63 g 16 g N set 20 2 numsmum by the
FAO/WHO/UNICEF Prosan Adviesry Growp (PAG) 1 1937 and smended
n 19!

The sepplementary vakor of FRC o the pretan of lyune-deharont deets
hae boen domenserated by many wvestagstors. Metts () reported thet the
m:&-dudbhhﬁqud&d“m
Whtﬁh cont fuh flowr The Comtral Foud T

Ressnrch lnstesee § ) o Mysre, s, (4] compered the value of fish
foue, forubiod wrh caloum srd vvamuns snd sdded ot the level of ) por come
» paor ladan duovs based cn deflorent covenls and mullon, wrh the value of
thsa =l o s dotary wgploment ot the lovel of 7 3 por comt and

same smount of prosen. The rosuine showed that 5 2 spple
mont besed cn ree, wheat, nasr ( sorgham valgers) and { dhommme
coracans) foh foner fossered shghthy bevser growth than dhum powder
Sessnwv seen |3 | found lagh value @ coven! daew mppiomented wvih fish flours
produced fram wi serdunse ot 8 lovel of 1 w0 ) por cont. Kb (6] has mdcated
ot FRC addod 2o anlled whuee rie ot the ) por cone level mncrensss s NPU




UTILIZATION AND QUALITY CONTROL OF FPC 33
from 64 1 to 85.9 per cent. Bressani made similar findings in an experiment
with rats [7 ] using lime-treated corn. The maximum PER was reached at the
3 per cent level. Although the higher levels of FPC did not significantly
imprve the quality of the protein, the rais gained more weight as a result
of the higher protein level of the diet.

In 1957 UNICEF in consultation with FAO arranged and financed a
study undertaken by the food technology department of th. Massachusetts
Institute of Technology (MIT). Its purpose was to ascess the effects of
processing variables upon the composition und quality of protein and the
organoleptic characteristics of the final FPC. This investigation covered the
processing methods available at that time. It was the precursor of the work
undertaken later by the United States Bureau of Commercial Fisheries which
resulted in their use of the isopropanol extraction process.

At the present time the available processes, for example, the 1sopopanol
process of the Bureau of Commercial Fisheries, the modified VioBir process
adopted by the Alpine Marine Industries, the Astra process, the SONAFAP
process and the Halifax process, while utilizing varying sources ot tish, are
able to produce products displaying high nutritional values, although with
differing c-~anoleptic charactenstics.

FPC has been evaluated in the treatment of infant malnutrition by
vanous investigators. Graham et al. [8] directed an experiment in which a
group ot malnounshed intants with and without kwashiorkor? were bottle
fed with a liquid preparation of wheat flour enniched with 10 per cent
deodonzed fish flour (VioBin). This test was compared with bottle feedings
with a modified cow’s milk preparaton and with a vegetable mixture of high

wal value. Similar weight gains and mitrogen retentions indicated that
the FPC -enniched preparation migl.t well be a good substitute for milk in the
chet of nfants and children. By contrast, Snkantia and Gopalan [9] found
that the same fish flour (VioBir,) administered to children suffering trom
kwashiorhor met with poor acceptabihity, and the intake of the FPC was
wneats dactory in 19 out of 33 children. The reason for the difference might
be that Graham used modified cow’s milk to initiate recovery, to stabilize
bod, composition and to obtain a steady gain in weight, whereas Snkantia
and Gopalan put the children on the FPC diet immediately without any

on

The SONAFAP FPC was tested in infant diets through a senes of
fowding (riaks carned out by F Tavill and A Gonik at the Casablanca maternal
and cheld health centre (MCH) (“Oeuvre de secours aux enfants”) [10] The
uiale were conducted over a penod of \ix months (August 1966—January
1967) with a test group of 30 weamng infants, five to seven months of age,
10 determune 10 what extent FPC could contnbute to basic cereal and vege-
table deets in meeting the total proten requirements of this age group. A total
daly qu vy of yust over 10 g of FPC (see table 2, SONAFAP, note d)
dev nto two meals served daly at the centre was the maximum amount

! Ype mevke 3t Besttom of g 07
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permissible to the mothers—a hmiting factor in determining acceptance.
(Thus earlier SONAFAP product did have some odour and taste of fish.) The
daily protein intake ot the group not under control was brought in line with
that ot the control group by a daily quantty of 10 g of skim mulk. This
quantity was based on the allowance established by the United States National
Research Council. No statistically significant differences were found between
the two groups with respect to length and weight growth, blood urea levels
and morbidity pattern. This experience indicated that FPC can make a
significant contribution to the prevention of protein deficiency in weaning
infants.

FPC made of oil-sardines, processed in a pilot plant at the Central Food
Technological Research Institute, Mysore, India. was tested in vegetable
mixtures (25 per cent FPC) on boys of six to twelve years of age belonging to
low-income population groups for a period of six months. [11] A highly
significant increase in height, weight, red blood cell count and haemoglobin
level was observed as compared with the control group.

Hygiene

The nutritive value of FPC, as of any other food, depends to a great
extent on the hygienic conditions of its production. The raw material used,
the handling practices before, during and after processing, the residues of
solvents and other processing aids used, the possible interaction of the fish
flesh with the solvents are 1actors that can influence adversely the nutritive
value of FPC or jeopardize its safety in use.

By definition FPC must be produced from edible fish or edible parts of
fish. While there are several large groups of fish whose flesh is poisonous, [12]
it is quite unlikely that industrial producers of FPC could have recourse to
poisonous fish. For economic reasons fish catches destined for FPC must come
from an abundant supply of schooling fish, which would not be mixed with
poisonous fish since the latter live and thrive in entirely different ecological
environments.

An inconvenience that might at least affect the colour of FPC produced
from whole sardines—as in Morocco—involves the contents of the intestinal
tract. The sardine canneries, for example, refuse to accept sardines caught
during the day when their intestines are heavily loaded with dark green
plankton. These sardines are routed to the fish-meal plants. The difference
in colour observed in the FPC of SONAFAP extracted by ethanol and
1sopropanol might well be attributed to the difference of the raw material as
well as to the different extracting characteristics of the two solvents.

The handling practices before extraction can definitely influence the
quality of the final product. Obviously, refrigeration is indicated from the
tume of the catch until delivery to the FPC plant. Long delays at the landing
and in the plant would favour bacterial action on the proteins as well as
enzymatic oxidation of the unsaturated fatty acids. Samples of oil from
sardine FPC examined on thin-layer chromatography were found to be in a
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state comparable to that of trying o1l heated tor several hours (1Y Thi
indicates that the o1l had been severely oxidized at some stage, either betore,
during or after the extraction. Furthermore, sampies of the same FPC on
gas-liquid chromatography produced several peaks attnbuted to amines or
mercaptans. This clearly suggested that the raw tish--betore catracnon had
been subjected to bacterial acuon. Apparently, tlavour reversion v apt to
appear and, in fact, did. Perhaps the best method to prevent this tvpe of
trouble is to immerse the fresh fish upon landing or upon arrival at the plant
in the solvent used for extraction.

The type and ongin of the solvent might aftect the wholesomeness of
FPC. As a rule, the use of chlorinated hydrocarbons  avoided 1n the
extraction of fuod or feed procucts. Ethylene dichlonde (1.2 dichlorocthane:
is an cxception that appears not to react substanually with the components
of fish flesh. Actually, the United States Food and Drugy Administration
permits the use of ethylene dichloride as a solvent for FPC, provided that the
extraction 1s completed with supplementary washings ot the FPC with
isopropanol. However, the MIT investigation mentioned earlier detected that
methionine was heavily reduced by this process, and Mornison [14] tound
that both methionine and histidine were probably affected by ethylene
dichloride. Later Munro and Morrison {15 ] reported that they had 1solated
chlorocholine chloride, a fairly toxic substance (LD, of 500 mg kg) trom
FPC treated with ethylene dichloride. The subsequent washings with 1s0
propanol apparently removed the chlorocholine chloride from the FPC.

The residues of solvents are of particular importance for the wholesome-
ness of FPC. So far, tolerances have been established for ethylene dichlonde
and for isopropanol. However, other solvents such as n-hexane are also used
for the extraction of lipids from foodstuffs, including FPC, for which no
tolerances are as yet established.

Another feature to watch for in solvents is their punity. Impurities that
are non-volatile or that have boiling points high above that of the solvents
could constitute a potential hazard. FAO and WHO are now looking into
this problem. The Joint FAO/WHO Expert Committee on Food Additives
considered the problem during its session in June 1970. The Committee plans
to elaborate specifications for identity and purity and to examine the
toxicological evaluation of the solvents used in the extraction of lipids trom
foods. Ultimately, a determination is expected to be made of acceptable daily
intakes that carry permissible amounts of residues.

The flavour reversion, often experienced with FPC, is a deterrent to its
ultimate utilization in human feeding. It is claimed that FPC from isopropanol-
extracted red hake (lean fish) does not und~rgo a flavour reversion, but FPC
made from menhaden (fatty fish) reverts in taste over a peniod of time, despite
the fact that the level of the residual lipids is the same in both FPCs. [16]
Preliminary investigations suggest that this effect may be due to the oxidation
of lipids whose composition might differ in the two species, and not
necessarily to residual amines.

The use of hot solvents such as isopropanol and even n-hexane, combined
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Parucular attention has been given dunng recent years o the fluorde
content of FPC. Fluonde 1s a phywologically active clement and n small
quantities—1 ppm 1n dnnking water— has been universally applied n the
prevention of dmntal caries in chuldren. However, n regrions where the
drinking water contained a hagh fluonde content, at the level of 8 ppm,
persons between fifteen and sixty years of age showed hgh mardence of
mottied enamel of the teeth and of osteoscleronss. (17| The Twenty-Second
'oddHedthwy.oathcba«althnpeﬂdtb&mm-Gmd
of WHO, [18] requested that “continuing research be encouraged into the
etiology of dental caries, the fluonde content of dsets, the mechamsm of action
of fluonde at concentrations in dnnking water and 1nto the effects
of greatly excessive intake of fluonde from natural sources . . "

Fish-protan concentrates show diffening degrees of fluonde content.

Table 2, which compares the chemual compostsion and nutnuve value of
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velected FPC | indicates that sardine FPC from Morocco had a fluonde content
that varied trom 20C ppm to one case ot 7C.2 ppm It the tolerance must be
sccepted. the FPC of SONAFAP presents great problems. If the bones are

ethaently separated, however, the fluonde content could be considerably
reduced [ 19]

Usk IN HUMAN DIET

Texture, organoleptic charactenstics and cost are the most important
factors that influence the use ot FPC. In general, the vanous solvent-
extracted FPC have a gnitty texture that 1s detectable in the mouth even after
fine gnnding In terms of its functional charactenstics, FPC 1s quite neutral
with no binding and very low dispersibility qualities. Increased pH improves
its desperuibility and solubility . 1t becomes almost completely soluble at pH 12.

Work conducted at MIT on behalt of the Bureau of Commeraal
Fisheries demonstrated the improved characteristics of such a moditied FPC
A textured product in a mixture with soy protein 1solate was produced with
a smooth consistency and good tensile strength. Such a modification could,
however, increase the cost of FPC considerably above the cost of normal FPC.
However, 1t could be used in milk-type products for large consumer groups,
probably at comparable or even lower cost than similar products now being
introduced in the western world as well as in the markets of Hongkong, Brazil
and Singapore.

The lack of binding qualities, unless some binding additive is used, imits
the usefulness of introduang FPC in pasta products FAO has conducted
some work with the Morocco FPC at the Braibanti Technical Laboratory in
Parma, ltaly. Spaghett: and other pasta products lost some 20 to 30 per cent
of the FPC to the wheat flour in the process of boiling. By modifying
the cooking method this loss was lowered to 5 per cent, but 1t 1s difficult to
persuade consumers to change thair habits of preparing food.

Holme ({21 reported that with the addition of “5 per cent and more
FPC, the quality of bread, as we know it, is decreased. Colour, taste, volume
and structure are detnmentally affected”. This observation may be true of
bread ““ as we know it”. However, the bread of North American countries has
little 1n comenon with the bread made in countries where it is the staple food,
for example, flat breads such as balads in the United Arab Republic, samoon
in Iraq, chepatis in India and other thin flat breads that consist essentially of
wheat flour, salt and water with little or no yeast. Texture, colour and volume
in these breads are hardly affected. Here, FPC might find ready acceptance if
flavour and cost do not present insuperable hurdles. From the experience
encountered 1n Morocco with the leavened local bread, the addition of
) per cent of partly deodorized and partly defatted (1.5 per cent lipids) FPC
was largely acceptable 10 the consumers since the fish flavour was hardly
nouceable. The drawback of added cost remained, however. In most devel-
oping countnies and even in countnes in advanced stages of development
where bread 1s an emential part of the diet, the price of bread is 2 matter of
sencus economsc, soaal and also political concern. Many governments absorb
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the added costs by subsidies or other means, rather than increase the price of
bread. Even at 3 per cent of FPC in bread, at a cost of 42¢ per |b of FPC, the
cost of bread might increase as much as 15 to 25 per cent and could have
serious social and political repercussions. On the other hand, governments
are often reluctant to increase the burden of their subsidies.

Disregarding the cost factor, FPC can find its way into staple foods and
national diets in developing countries with spectacular nutntional benefits.
Odour and taste can easily be masked either by synthetic or natural tla-
vourings and spices that form purt of the customary diet in developing or
developed countries. However, introduction of FPC into family foods or in

ein food mixtures for infants and young children poses a number of
problems [22] The ideal method 1s for the housewife or mother to mix the
FPC with the traditional constituent of the family diet and add to the infant
food preparation. This might be feasible in sophisticated socicties, but the
expenence with FPC in the United States where 1t can be sold only 1n one-
pound packages makes this method impracticable. In developing countries
a long and difficult educational campaign is necessary to teach mothers in
low-income population groups to adopt the method. Instruction is necessary
in both the nutritional value of FPC and its preparation according to a
formula. The use of too much or too little FPC will nullify the effect of the
supplementation.

The preparation of baby food in maternal and child health (MCH)
centres or in hospitals does not pose problems if those who are responsible
understand the value of FPC. As a matter of fact, the centres offer useful
gpommitia for teaching mothers the importance of protein supplementation

the traditional staple weaning food.

Experience to date has shown that rcady-mixed infant food, in small
packages containing enough for one to three days, will be readily accepted by
mothers. Price is, of course, a critical factor. The success of a campaign to
introduce FPC will depend primarily on adjusting the price as closely as
possible to the purchasing power of the sector of the lation in need of
this food. Hospitals and MCH centres can afford infant food mixtures
packaged in large containers, which are sold at a substantially reduced price.

The introduction of FPC into institutional fecding programmes (i.c.,
organized feeding of groups such as in schools, industnal canteens, MCH
centres, hospitals, orphanages, prisons, public works programmes, the army)
presents the problem of convincing authorities of the nutntive value of FPC
and of the economic importance of its use. The development of recipes is a
minor problem that can be easily solved with some imagination on the part of
the nutritionist responsible for menus.

QuaLrry conTRoL OF FPC

The necessity for establishing carefully prepared guidelines for the
selection of raw matenals, for processing techniques, chemical composition,
safety in use, nutntive value and wholesomeness of vanous protein concen-
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trates was obvious from the initiation of the protein food programme of FAO,
WHO and UNICEF and the creation of the Protein Advisory Group (PAG).
The first “Tentative Specifications for Solvent Extracted Fish Flour—Defatted
and Deodonzed” were prepared by FAO and reviewed by PAG n 1957.
These were revised by a working group dunng the FAO International Con-
ference on Fish in Nutrition, held in Washington, D. C. in 1961 and they
appeared in a report entitled “Tentative Specifications for Fish Protein
Concentrate’. At its 1962 meeting in Rome PAG agreed that these specifi-
cations could be applied tentatively with the stipulation that the fat content
of defatted, deodorized products be revised to 2.5 per cent. At that time the
solvent extraction could not be reduced below 2.5 per cent by the available
processes, and consequently no completely deodorized and defatted FPC was
available.

With the development of FPC from hake by the Bureau of Commeraal
Fisheries the United States Food and Drug Administration issued a “food
additive regulation to prescribe the safe use of fish-protein concentrate”. [19]
This regulation, however, is restricted to FPC extracted from hake and hake-
like species. Nevertheless, it covers adequately the stipulations for quality
control, and it introduces elements not covered by the PAG tentative specifi-
cations, such as residues of solvents, fluoride content and minimum radiation
for heat treatment.
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¢  POTENTIAL RESOURCES FOR THE INDUSTRIAL
PRODUCTION OF FISH PROTEIN CONCENTRATE*

SEL B TIOW OF SPRCITS POR PRODUC TIOM OF POOD <. aADE FPC

While the United States Food and Drug Administration allows the use.
within United States terntory, only of red hake Urophycrs chussi as raw
material for tie production of a refined (solvent extracted) FPC for direct
human consumption, the protein of the flesh of all fish has approzimately the
same amwre: aod composition and 2 wmalar nutntive value (not consdenng
fish o) If tood grade FPC is 1o become a2 widely used commodhty ., the selection
of fish wpecres 26 raw maserial must be broad and flexible. The same processing
method can be applied 10 every hind of fish, and in the industnal production
of food-grade FPC the price of the raw material 1s one of the most important
conuderations. As in the production of fish meal for ammal feedstuff, only
those species that are in great abundance and readily accessible to highly
wnve types of gear can be considered suitable raw matenal on which to

an FPC industry  Each fishery must ascertain which species of fish can
be landed at a feasibly low cost. Another reason for the need for flexibility in
the chowe of raw matenal 1s that many fisheries can have an adequate supply
of raw matenal only if 2 mixed catch 1s used. In tropical countnes, in par-
ticular, the landings that are likely to be used for the production of FPC will
often consist of vanous species (including fish that are usually discarded from
shrimp trawlen or other fishing vessels).

";m of the fishery resources referred to in the following descnption of
supplies for fish-meal production may be used for the industrial production of
solvent-extracted FPC for direct human consumption if, in future years, there
15 2 market for such products.

WorLD risH prODUCTION (1]

Dunng the last seven to nine years the world catch has increased at an
annual rate of 7.0 per cent per year while the rate of increase in human
population has been in the order of 2.0 per cent per year. The increase in the

Paper presented 10 the meeting by Rudolf Kreuzer, Chief, Fishery Products and
Marketing Branch, Fishery Industry Division, Depariment of Fisherier, Food and Agry
culture Orgamzanon of the United Nations, Rome, l1aly
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fish catch has been uneven both in terms of the types of species and with
respect to their geographical distribution. A substantial part of this increase
has been used for reduction to meal and oil.

A high rate of increase in fish landings has been recorded in northwest
Europe, mainly due to technological improvements in locating fish which
have enabled a more economic exploitation of certain pelagic fish stocks,
primarily for fish-meal production. For a modern trawler the actual finding
of the fish occupies about half of its total time at sea, and for a purse seiner
the proportion s even higher. Thus, the value of innovations in locating fish
is obvious. The application of modern fishing techniques is one of the factors
responsible for sustaining the extraordinarily high rate of expansion in the
Peruvian anchovetta fishery which, in turn, has been mainly responsible for
an annual average increase of fish catch in Latin America of 25.9 per cent
from 1958 to 1965, the highest increase over a period of seven years recorded
in the history of modern fishing.

The application of modern fish location and fish-catching methods was
an important factor in stimulating the rapid expansion of fisheries in western
South America. A more important factor, however, was the market offered
by a rapidly increasing demand for fish meal, due to the growth in the
developed countries of pig and poultry breeding on an industrial scale.

Other important considerations have been the recent developricnt of
distant water fishing operations and advances in the freezing methods at sea
and in producing fish meal on board fishing vessels. These improvements are
responsible for the sharp increase in fish landings in some Mediterranean
countries, in Japan and in the USSR.

The rate of increase of fish landings in developing countries, in general
higher than thatin developed countries, varies widely. In the case of Peru and
Angola, a high rate of increase has resulted from the rapid development of
reduction industries; inother countries, it has been affected by the motorization
of traditional vessels and other technical achievements, improved training
of fishermen and the expansior: of fish marketing. In a few countries industrial
high-seas operations have been introduced. It seems that while in the future
the growth rate of fisheries in developed countric- will decrease, the growth
rate in developing countries will continue to increase.

Figure 1 gives the world catch in 1968 of marine fish, crustaceans and
molluscs for the various ocean areas.

The potential of the presently important groups of species are approxi-
mately as follows:

Millions of tons
Large pelagic fish (mainly tuna) 3
Demersal fish (cod, bream etc.) 43
Shoaling fish (herring, anchovy, mackerel etc.) 61

Crustaceans (shrimp etc.), excluding Antarcticknill 2
Cephalopods 9
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The estimated demand for fish for reduction to fish meal in 1985 may be
38 million tons and that for food fish 70 million tons. To satisfy this demand
it will be necessary to develop unconventional resources such as small pelagic
fish and Antarctic krill. The potential catch of the latter has been estimated at
50 million tons and upward.

RESOURCES FOR POSSIBILE INDUSTRIAL UTILIZATION
The northeast Atlantic area 2]

This includes some of the fishing grounds with the oldest tradition in the
world, such as those off Iceland and Norway and in the North Sea and the
Baltic Sea. An important development within the last ten years has been the
cstablishment of fisheries whose catch is specifically earmarked for the
production of fish meal. The catches include herring, sprat, capelin and
mackerel. In addition, hitherto non-fished stocks of sand-eel (Ammodytes spp.)
and Norway pout (Trisopterus esmarkii) are now being exploited.

In the countries adjcining the northeast Atlantic Ocean herring are
mainly used for reduction to fish meal, although appreciable quantities are
also used in some countries for direct human consumption. Stocks seem rather
heavily fished with the exception of those in the waters west of the British
Isles, which have a potential of about 200,000 tons.

Sprat fishing in the North Sea is a coastal industry. A great part of the
catch is used in fish-meal production. In some areas an increase in the catch
may be possible. In 1965, 75,000 tons were caught, but the total potential
yield may be at least 150,000 tons.

Mackerel stocks are commercially exploited in the Kattegat, the
Skagerrak and the southern waters of the North Sca. As a result of the
expansion of the Norwegian purse seine fishery in 1963 and subsequent years,
there has been a very large increase in mackerel catches (1964, 40,000 tons;
1966, 500,000 tons; 1967, 870,000 tons; 1968, 780,000 tons). The mackerel
are used mainly for reduction to fish meal. The decline in catches in 1968
suggests that the stocks off Norway are fully exploited, and the sustainable
annual yield may be in the range of 500,000 to 700,000 tons. Little is known
about mackerel stocks in other parts of the northeast Atlantic area, e.g. in the
southern waters (ca. 30,000 tons, according to the International Council for
the Exploration of the Sea).

Horse mackerel landings in the North Sea amount to 5,000 tons a year.
This seems to be well below the sustainable yield. In the southern waters this
species is of greater importance and in 1966, 100,000 tons were caught in the
Bay of Biscay off the coast of Portugal. It is believed that catches could be
moderately increased.

Increased production of fish meal will require the development of
fisheries to catch less exploited and commercially unattractive species, such as
capelin (Mallotus spp.), sand-eel (Ammodytes spp.), Norway pout (Trisopterss
esmarkii), argentines (Argentina spp.), blue whiting (Gadus powtassox) and
macruridae.
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Capelin, a species of the northern part of the North Atlantic area, has
been exploited in recent years for industrial purposes. In 1967, 50,000 tons
were caught off Iceland, 500,000 tons off north Norway and 500,000 tons
off the USSR. In 1962 the total catch in the area amounted to only 3,500 tons.

Recently, new fisheries, especially in the North Sea, have started to
oxploit stocks of sand-eel and Norway pout for industrial purposes. The size
of catches has fluctuated, with a peak in 1967 of 210,000 tons and a low in
1965 of under 70,000 tons. There seem to be other promising stocks ot sand-
eel west of the British Isles and off the north coast of Scotland. Catches of
Norway pout (possibly including some haddock) aniounted to a little under
500,000 tons in 1968.

One of the commercially unattractive species at the present ime is the
blue whiting, with an estimated potential of about 300,000 tons in the areas
northwest of Ireland and northeast of Scotland. Argentines (A. silus and
A. sphyraena) are another unexploited species in the North Sea. Argentines
and macrurids have been found in depths of between 200 and 1,000 m in the
waters west of the British Isles, but probable catch rates do not seem high
enough to support a fishery for the production of fish meal.

The eastern central Atlantic area [ 3]

This includes the Moroccan coast in the north and the waters around the
Cape Verde Islands and the Gulf of Guinea in the south.

In 1968, the catches of pelagic fish in the northern area, from the Strait
of Gibraltar to Dakar, were as follows:

Small pelagic fish: 280,000 .ons—principally sardine landed in
Morocco but also small quantities of Surdinella

spp. landed in Senegal.

Medium pelagic fish: 100,000 tons—principally horse mackerel (7ra-
churus spp.), bluefish (Temnodon salator) and
mackerel (Scomber spp.), caught mainly b
trawlers from the USSR and other East Euro-
pean countries.

Cephalopods: 150,000 tons—these are taken mainly by
Spanish and Japanese vessels and include squid.
cuttlefish and octopus.

In the southern area (Dakar to the Congo river) the pelagic inshore
fisheries are based mainly on Ethmolosa fimbriata and Sardinella. Sardinella
species ate present where there is an upwelling. They are therefore abundant
mainly off Senegal, the Ivory Coast, Ghana, Gabon, the People’s Republic
of the Congo, and in northern Angola. Increased fishing of Sardinella seems
possible. Studies on pelagic species, especially Sardinella, are now being
carried out under FAO/UNDP Special Fund Projects in several West
African countries.
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Quantitative estimates of the potential of pelagic resources are difficult
to make, although it seems that none of these have been tully explonted.
Catches of sardine (pilchard) oft Morocco increased in 1966 to 280,000 tons
(from 100,000 tons in previous vears), but it 1s too early to sav what effect
this increase is having on the stock. The potential of the sardime stocks south
of Gibraltar 1s estimated at 400,000 tons. The other pelagic stocks ot the
eastern central Atlantic may have a similar potenual of some hundreds of
thousands (but probably not millions) of tons. Estimates of the potential of
pelagic fish species are summarized in table |.

Tasit 1. ESIIMATES OF POTENTIAL PEIAGIC FISH CATCHES IN THE EASTERN (ENTRAI
ATLANTIC AREA
(Thousands of tons)

North of 167 N South of 10 N
Jees Potential 198 Porennal
Sardines 280 400 —— —
Anchovy - 400 — (x100)
Sardineila 3¢ i00 (?) 70 { % 100)
Mackerel, horse mackere! etc. 100 200—500 — —

Increased catches would probably be possible from the stocks of mackerel,
horse mackerel and other larger pelagic fish. These fisheries, however, have
recently been expanding rapidly and more data are required for a better
estimation of what effect the present catches have on the stocks. The present
catches of mackerel, horse mackerel etc. can mest iikely be increased two to
five times, that is, to a total of 200,000 to 500,C00 tons.

Anchovy stocks off Ghana and the Ivory Coast (Anchoviella guineensis)
and others are untouched. Detailed exploratory fishing is required to deter-
mine whether the fish can be landed at a sufficiently low cost to support a
fish-meal industry.

Among the demersal stocks are many of low economic value, such as
elasmobranchs, sonie croakers in the north and Brachydenterus auritus in the
south, which could provide the main raw material for a fish-meal industry if
they could be fished economically. Cephalopods and small fish such as
myctophids are important and still unexploited resources of the open ocean.

The southeast Atlantic area (4]

This extends from the mouth of the Congo river (6° S) around the Cape
of Good Hope to south-west of Durban (30° E). The Antarctic waters south
of 50° S are Latside the area. In this area there are the large sardine and
maasbanker (Trachurus) fisheries of South Africa, South-West Africa and
Angola, and, in addition, Soviet vessels are catching pelagic fish. Pelagic fish
support large-scale fish-meal industries.

The pilchard (Sardinops ocellata) is the most important coastal pelagic
species of the area. The potential of pelagic fish is given in table 2.
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Famie 2 ESUIMAIES OF POTENTIAL PELAGIC FISH AND SAND EFI CATCHES IN  THE
SOUTHEAS | AT ANTIC
( Thousands of tons

Porentiai

S;m (3] 1967 Anxnf.l Su:tf:”bdfﬂ Sowrh 4foiu Forail
Snock 15 20 20 40
Pilchard 1,106 20C 2,000 150-- 3CC 2,5CC
Anchovy 30¢ 200 (x 10 200—75¢C 70C
Maasbanker 19% 600 200 150—40C 1,068
Mackere! 140 — (% 10) 50--150 150
Sardinella — 1,000 (x10) {(x1; 1,00C
Round herning — — e (% 100) 300
Sand~ee| —— S e ( x |0) 5¢

1,740 2,000 2,300 1,300 5,600

There are signs of the presence of other species that are not yet exploited
commeraially, such as saury (Scombresox sawrus), myctophids and squid
(Loligo regnandi). Saury and squid are obviously not confined to waters
relatively close to the coast, as are the species discussed above. The extent to
which these stocks can be exploited depends on the possibilities of extended
fishing. The supply of myctophids is large but 1ts commercial exploitation
would require some technological advances to make it economically feasible.

The total potential of the southeast Atlantic area may be estimated at
8 million tons, that of the northeast Atlantic at 15 millions tons and that of
the northwest Atlantic at 6 rullion tons.

The Indian Ocean coastal waters 5]

These include areas of shallow waters in the Indian Ocean from Mada-
gascar to Australia, taking in the Arabian Sea, the Red Sea, the Persian Gulf,
the Bay of Bengal and the Oceanian islands and banks (see figure 2).

The marine catch from the Indian Ocean was estimated to be about two
million tons in 1967. [6] There are relatively large unexploited resources,
probably in the order of at least one million tons, of sardines or anchovy in the
Arabian Sea and the Gulf of Aden. The coastal fisheries of most of the
countries bordering the Indian Ocean are in general of an undeveloped
subsistence level using primitive gear. In many parts, especially along the
coast of East Africa, fishing is done in non-motorized boats and is often very
short-range and confined to shallow waters. Other factors that keep pro-
ductiun in this area low are lack of storage and distgibution facilities for fish
at landing areas, fluctuations in supplies, the price of ice and the lack of
suitable markets owing to the low purchasing power of a large part of the
population in most of these countries.
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Figure 2. The Indian Ocean coastal waters

Some of the fish species used commercially at present, such as the larger
tunas (yellowfin, albacore etc.) in the open ocean, and some demersal species
and shrimp close inshore, are fairly well exploited. The greatest opportunity
for the increase of fish catches in the Indian Ocean is most likely to be the
exploitation of less familiar or less accessible stocks. Such stocks are pelagic
fish (sardines or anchovy) in the northwest Indian Ocean, saury and small
lantern fish in the open ocean and others. Harvesting these resources will
require improved methods in many areas including fishing technology, fish
preservation, processing and marketing.

The western central Pacific area [7)

This includes the following bodies of shallow waters (under 200 m):
Yellow Sea and East China Sea, Formosa Strait and Chinese south coast,
Gulf of Tonkin (to 15° N), Gulf of Thailand (from Cape Cambodia to the
Malaysia-Thailand border), South China Sea (from 15° N to the equator),
Java Sea (from the equator south and west to Bali), Gulf of Carpentaria and
the eastern Arafura Sea. Other shallow waters are along the southwest coast
of Java, around the Ryukyu Islands and the Philippines, and around eastern
New Guinea and the Solomon Islands.

The most important commercial species of pelagic fish in the Yellow Sea
and the East China Sea are mackerel and jack mackerel. Estimates of the
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present yield of pelagic fish from the southern waters of the western central
Pacific area are only approximate owing to a lack of data from manv
localities. The best studied area is the Gulf of Thailand, where fishing is
moderately important and the catch could probably be doubled. The potential
catch of pelagic resources in the shallow water zone of the area down to 50 m
1s estimated as between one million and five miliion tons.

At a depth of between 50 and 200 m the pelagic fish are probably more
abundant. In addition, demersal fish may have a similar potential catch which
would yield a total potential of about one million tons. However, it is not
known whether commercial exploitation is possible.

Fishing carried out in the island areas is of a subsistence type except in
the Ryukyu Islands and in the Philippines where there are fair-sized com-
mercial fisheries. In the island area as a whole the fishery resources in deeper
waters have not been fully harvested, mainly because of inadequate boats and
gear and marketing problems. These waters contain pelagic species such as
scad and mackerel.

The northwest Pacific area (8]

Studies of this area, which includes Japan, indicate that only a few of
the resources of pelagic fish, such as anchovy, could support substantially
increased exploitation. Off-shore fiching for greater catches of saury and
mackerel may be uneconomical without further technological improvements.

Sand-eel (Ammodytes personatus), on the other hand, is an abundant
species in the vicinity of Japan that could be further exploited. In recent years
the demand for this species as food for humans has been decreasing, and it has
been used increasingly for reduction to fish meal, mainly in connexion with
the development of fish culture.

The northeast Pacific (9] and eastern central Pacific [10)

These extend from the Bering Sea to northern Peru. Pelagic fish is the
most important potential resource. Of particular interest is the unexploited
anchovy source off the coasts of California and Mexico. When the California
sardine stock declined the reserves of anchovy increased to the point where
they could support a fish-meal industry with annual catches of about two
million tons. However, for various reasons, for example, to protect the supply
for sports fishing, no major anchovy fishery has been developed.

A small fishery in the Gulf of Panama is supplying fish-meal factories,
mainly in Panama. The fish-meal industry is using some 60,000 tons of raw
material, about three quarters of which are anchovetta and the rest, thread-
herring (Opistonema libertate). The thread-herring resources are believed to
be larger than those of anchovetta. In the Gulf of Panama the catch of pelagic
fish could possibly be increased to about 150,000 to 250,000 tons. The total
potential catch of pelagic fish in the tropical area extending from central
Mexico to northemn Peru is likely to be in the range of one half to one
million tons.
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Demersal fish are caught and discarded by shrimp trawlers operating
along the Pacific coast from Mexico to Colombia. The quantity of this
unused, so-called trash fish is estimated at 200,000 to 500,000 tons off the
coast of Mexico and 100,000 10 250,000 tons off the coast of Central America.
Several attempts have been made over the last ten vears to use this trash fish
for fish meal or other purposes but they proved to be uneconomical.

Creater quantities of demersal fish could be caught with the use of
appropniate fishing techniques. The potential annual catch of demersal fish
in the southern part of the area is estimated to be one million tons.

The northwest Atlantic area [ 11,12

This includes the eastern seabord of Canada where a plant is scheduled
to be built for the production of food-grade FPC with a capacity of 200 tons
of raw material a day, using fillet trimmings from cod as its main resource.
Other possible fish stocks for FPC production aie inshore species now landed
for reduction to fish meal, mainly herring, sand-eel and trash fish caught in
the trawl fisheries for cod and the like. At present trawlers discard commercial
species that are under size as well as many unmarketable species such as skate,
dogfish, red hake, eelpout, grenadier, sea ravens, sculpin and others. In
addition, resources of sand-eel and argentines, and in deep water further
exploitation of grenadier, lantern fish, barracudina and other species is
possible, although at the moment uneconomical.

The western central Atlantic area [13]

This includes the Gulf of Mexico, the Caribbean and the Atlantic coasts
of South America. Here again, trash fish caught by shrimp trawlers could be
utilized. The amount caught and discarded by United States shrimp trawlers
may be as much as 600,000 tons. A similar quantity may be caught by shrimp
vessels of other nations.

The entire catch of the United States menhaden fishery in the Gulf of
Mexico is used for the production of fish meal. While peak landings are over
one million tons, the stocks are declining. Anchovy and thread-herring stocks
seem to be large but are unexploited. The total potential annual catch of
pelagic fish is estimated at one million tons in the Gulf and 750,000 tons ofr
the United States Atlantic coast.

The Caribbean appears less productive than the Gulf of Mexico, except
for the eastern part of the South American coast.

The main fishery for pelagic fish (excluding tuna) is along the coast of
Venezuela where some 40,000 tons of sardine (Sardinella anchovia) and
smaller quantities of anchovy (Cetengranlis edentulus) and round herring
(Opistonema oglinum) are caught annually. There is no apparent reason why
the sardine supply cannot be further exploited, but it is probable that other
pelagic species offer better possibilities for major increases in the size of catches.

In the area off the United States coast, sand-eel ( Ammodytes americanus)
could be more widely exploited.
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PROCESSED FISHEFRY PRODUC TS AND FPC

The problem ot supplies is coentral to the expansion ot tish processing
industries i various parts of the world, mcluding developmy conntnies.
Information about resources must be supplemented by knowledge ot the
tacihties available tor catching and land ng and the cost of the raw muienal.
The level of the technological development and education in a country musi
also be considered.

Another most important and complex problem connccted with the
production of fish-protein concentrate 15 marketing. FPC encompasses a
broad range of products with correspondingly diverse markets. For this
reason, the establishment of appropriate product specifications 1s essential
from the outset.

Fish meal is the most common feed-grade FPC product with a world
production of almost five million tons in 1968. Its market 1s increasing, due
mainly to its use in formulated feed mixtures. In Japan compound feed
mixtures for animals utilized 382,039 tons of fish meal m 1967 and
466,655 tons in 1968. In addition, an estimated quantity of 55,000 tons of
fish meal was used in compound feeds for fish. Only about 60,000 tons of fish
meal were used for direct feeding of anunalsin 1968.

According to the FAO circular “Prospects for world fishery development
in 1975 and 1985”, the demand for fish meal will gradually outstrip the
supply, particularly if the price in relation to competitive products remains
fairly stable. The projected total world demand for fish meal for 1985 amounts
to 8.5 million tons. The consumption in devcioping countries was 326,000 tons
in 1965 and their estimated demand for 1985 1s 1.56 million tons.

Recent products with a limited but obviously growing market are solvent-
extracted feed-grade FPC products made from fish meal or raw fish. This
fced-grade FPC need not be completely tasteless.

So far as food-grade FPC is concerned, there is as yet no market in the
food sector and there is no information available that would point to the
market possibilities for a refined FPC product for direct human consumption.
Large-scale market research is necessary. So far, no attempt has been made to
assess markets on a commercial basis. In the United States, wherc intensive
technological research has been carried out, no positive attempts have been
made to create a market for food-grade FPC. Other countries have not had
the means to engage in market research and acceptability tests. In most
developing countries the food industry is not large enough or sufficiently
developed to use considerable quantities of FPC, which 1s costly to extract,
as protein supplements. The United Republic of Tanzania 1s planning to use
FPC to fortify corn-flour, but because cf a number of difficulties progress has
been delayed.

A breakthrough might be achieved if food-grade FPC were used in
developed countries where it could be incorporated intu certain food formulas.
However, it would have to race competition from other commodities such as
soya products and dried skim milk. In this connexion, it is well known that
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the functional properties of FPC need to be improved, although no serious
research has been carried out in this respect.

FPC production has been evaluated as to its economic feasibility, but in
the absence of large-scale industrial production it is not possible to obtain
realistic cost calculations. With the exception of a small production of food-
grade FPC for aid programmes, all FPC plants originally set up for the
production of refined food-grade FPC are producing solvent-extracted feed-
grade FPC, or have closed down. Production solely for aid programmes may
support some individual plants but it cannot be considered a sound basis for
an industry. Unless commercial markets can be developed, industrial pro-
duction of solvent-extracted food-grade FPC will not be feasible.

In several countries there may be a market for relatively small quantities
of low-cost food-grade FPC as a food supplement or for use as a condiment.
At present different methods of producing FPC of various types and for
various purposes are being explored in several research institutes. It seems
likely that in the near future products for human consumption wiil be
developed that are cheap, that do not require large centralized fish supplics
and that can be adapted to the food pattern of certain countries.

A great advaniage of FPC is that it is an animal protein of high
biological value that does not require the addition of amino acids. A further
advantage is that unutilized and underutilized fish stocks could be used as
raw material, thus employing presently wasted fishery resources. In this
respect, it would be desirable to use fishery resources that are too small or
otherwise not suitable for the production of fish meal.

The extent to which developing countries will, in the near future, be in a
position to engage in the commercial manufacture of food-grade FPC will
depend on the process used, the availability of raw material at low cost and
the development of an outlet for the product. In view of the low purchasing
power of consumers in developing countries, it would be necessary to reduce
the costs of raw material, processing and distribution in order to produce
low-cost products. Sufficient attention must also be given to the marketing
and promotion of the products and to close collaboration between tech-
nologists and marketing experts at the time FPC products and foods supple-
mented with FPC are introduced. Finally, FPC is oniy one of many fish
products and its development should be considered within the general frame-
work of the development of fish products.
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5. PRODUCTION OF FISH-PROTEIN CONCENTRATE FROM
MOROCCAN SARDINES*

Between one half and one third of the world’s population suffers from
protein malnutrition, and strong evidence indicates thatsuch protein starvation
in early childhood permanently stunts mental development.

The potential contribution of fish-protein concentrate is indicated by
the fact that one ton of high grade protein is a sufficient amount to signifi-
cantly supplement the diets of 100,000 people for one day. Moreover, large-
scale production of FPC is quite possible since the technology involved is not
elaborate. A sufficient quantity of small fish are being caught for industrial
use. These comprise more than 40 per cent of the world’s fish catch and if
converted to FPC they could provide a useful direct protein supplement to
750 million people.

Thus, the need, the resources and the know-how for a large-scale FPC
industry all exist, and it is reasonable to assume that the logic of its use will
ultimately lead to the widespread production of FPC.

Unfortunately, people who need additicnal protein in their diets usually
are not aware of it and therefore are naturally not disposed to pay more for
enriched bread that tastes and looks no different than ordinary bread.
Furthermore, suspicions and rumours, as well as a general reluctance to
modity traditional tood habits, inhibit the adoption ot new toods. Hence,
because of the problems of marketing FPC, capable manufacturers and
distributors are unwilling to invest in the product. Time, persistence, skill and
money will be needed in generous amounts to promote this worthwhile
industry commerically.

However, the political, social and economic obstacles that deny FPC to
those who need 1t are not considered here but rather the far simpler problems
of production and, more specifically, the technology of producing a low-fat,
bland and inconspicuous FPC by extracting fish with alcohol.

Paper presented to the meeting by John H. Blake, formerly an independent
consultant, Portola Valley, Calf, USA. At present, Mr. Blake is Program Supervisor,
Bechtel Corporation, San Francisco, Calif., USA.
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History oF THE FPC PRODUCTION EFFORT IN MOROCCO

The project to produce an edible FI'C 1n Moroceo began about ten years
ago. The Societe de 'Union d’Azote at Safi untertoon the development ot a
process and constructed a pilot plant capable of making about 500 kg per day
of products from Moroccan sardines (Sardina pilchardus ).

Since the material produced by the pilot plant was considered quite
acceptable, safe and highly nutritious, in 1964 the Government of Morocco
in partnership with Azote Union financed the construcion of the commer-
cially sized plant located at Agadir. The SONAFAP (Societe nationale de
farine de poisson) organization was created to manage the enterprise.

This plant was modelled after the small one at Safi, which had proved
so successful, and employed a process concisting of the following principal
steps:

(a) Fish were reduced to meal in a small reduction plant by cooking,

pressing and drying;

(b) the meal was extracted with ethyl alcohol and then with hexane;

(c) the extracted meal was dried unter vacuum, then ground, screened

and packaged.

Unfortunately, the quality of the product from the larger plant was not
as high as that from the pilot plant. Although the flour was safe and nutritious,
it imparted an undesirable odour, taste and colour to foods in which it was
incorporated. As a result, the extraction plant made only two campaigns to
launch the product, putting out 32 tons in 1965 and 143 tons in 1966.

At the request of the Government of Morocco, the IJnited Nations sent
a mission to Agadir early in 1967 to assess the plant and to recommend a
course of action.

The mission recommended a four-phase programme to do research into
the viability of producing FPC commercially based on the work up unul then.
The first phase of the experiment demonstrated that raw sardines extracted
with isopropyl alcohol could make an acceptable FPC. In the second stage of
the operation the existing plant is being used as a pilot plaiit <= produce 20 to
40 tons of high quality FPC, and to gather sufficient engineering data to aid
in designing an economical plant and in predicting the necessary investnfent
and costs of production.

Phase three envisages a survey of the market for and uses of FPC in
Morocco, and phase four, detailed plans for the revision of the present plant.
These final phases were scheduled to be initiated in 1970.

Earlier results

As mentioned, the SONAFAP plant was originally designed to extract
fish meal (cooked, pressed and dried) with ethyl alcohol followed by hexane.
A batch of about two and one half tons was extracted and dried in 14 hours,
giving a production rate of roughly 4 tons of FPC per 24 hours. The first
column of table 1 shows the sequence of operations, the solvents and con-
ditions of use.
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TaBi = 1. SONAFAP p1ant FPC PROCESSFS
First scheme (19603 1966 Present sohenme
Fish Fish
[Coox]

b Water

ress oit Water

Press p— oil
Ory Water l
Extract at 60°C Extract at 70°C
Soelvent / leed Solvent / feed
Ethyl alcohol 1.3/71 Ethyl aicohol 2411
once used

Hexane (once 09/ ( used)
used) Ethy! atcohol 1671
Hexane 09/1 Ethy! alcohol 1.6/
Hexane 09/1 Ethy! alcohol 1621

[] [ ]
Dry and desorb [Ory and desorb |

Qil and Water
Grind Sotvent Grind oil
' Solvent

l Solvent 1 Solvent

FPC FPC

a Ethyl alcohol was later replaced by isopropyl alcohol.

Despite the fact that the FPC was considered to have too much odour
and taste, the product did have good properties. It was definitely safe, whole-
some and nutritious with a protein efficiency rating (PER) better than casein
and equal to other high quality FPC products. (Table 2 gives some of the data.)
In 1965 a few batches were made with headed and gutted sardines, but the
high cost of this operation obliged SONAFAP to use whole fish for most of
the production. The product from whole fish was darker in colour and
contained a somewhat lower protein content, but the protein quality was
excellent. The lower lipid content for the FPC from headed and gutted fish
may have been caused by extraction with a larger quantity of solvent. Tests
of the presence of various types of bacteria, including enterococcus, Salmo-
nella, Shigella, Staphylococcus, Clostridium, and pathogens, were completely
negative.
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Tasie 2. ComrosiTion OfF FPC rroM SONAFAP caAMPAIGNS OF 1965 aND 1966
(Per ¢ent)

Headr! ind gutted fish

Sample number L . . R W hole f1sh
FAG Y60 F o0 FAO 261 f i FAO 262 F e
1196} (1963 ; 1964

Protein (N X 6.25) 88.5 88.0 84.5 79-—80
Lysine—available

(% of protein) 8.8 93 8.7 7.4
H,0 5.1 6.5 46 2—4
Lipid 0.52 0.54 0.42 0.8
Ash 8.7 7.6 12.5 13.0

The odour and taste were most likely caused by the product’s high lipid
content, about 0.8 per cent; in particular, the slight but unpleasant and
persistent aftertaste suggestive of varnish is characteristic of oxidized lipids.

When this FPC was incorporated in baked goods at the level of 4 to
5 per cent dry basis, some users noticed this aftertaste and some did not. The
product may well have been criticized too severely, however. It should have
been possible to sell it as a concentrated fish to people who accept the taste of
fish, and also to those who do not if it is incorporated in soups, gravy, cookies
and coarse cereal products at a low level—say 3 per cent.

THE PRESENT PROJECT

The objectives of the experiment at the SONAFAP plant were to venfy
that a bland FPC having very little odour or taste could be made; to produce
about 30 tons of a high quality product for market development and
acceptance studies; and to acquire the engineering data needed in order to
improve the existing plant.

Since the undesirable taste of the earlier product was probably imparted
by oxidation of lipids when the fish was first dried, the logical modification
of the process was to omit the drying step and to feed press cake (cooked and
pressed fish) directly to the extraction system. Also since hot alcohol—either
ethyl or isopropyl—is an excellent solvent for these lipids, and since alcohol
liquifies the press cake readily, the use of hexane was abandoned. Table 1
compares this ~~heme with the former procedure.

Extraction of press cake requires more solvent than dry meal, but since
the unoxidized lipids are more soluble, a better product results. Press cake,
however, requires much less solvent than raw fish for a given production of
FPC. When the quantities of solvent required to make FPC from dry meal,
press cake and raw fish are compared, as shown in table 3, it becomes apparent
that the same extraction and solvent recovery system can make nearly twice
as much FPC from press cake as from raw fish.
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TaBLE 3. SOI1VENT REQUIREMENTS FOR PRODUCTION Of 15 x¢ O FPC FROM VARIOUS
MATERIALS
(Basis: 100 kg of raw fish,

Fish meal Press cake Rau fish

Quantity extracted (ky) 18.4 340 100.0
Oil content (kg) 1.7 1.7 10.0
Water content (kg) 1.5 17.1 72.0
Clean solvent needed (kg) 740 102.0 200.0
Solvent/feed ratio 4/1 3/1 2/1
FPC production expressed in index numbers 17 20 1.0

Another way to state the case is that cooking and pressing is probably a
cheaper way to remove most of the water and oil from fatty fish than is
solvent extraction. And it bears repeating that most of the low-cost fish
resources particularly suitable for FPC have high fat contents.

Detailed description of the SONAFAP plant

Figure 1 shows the principal items of equipment and the flow of material.
The fish, after cooking and removal of most of the water and oil in the screw
press, pass through a disintegrator where the large lumps of moist cake are
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-ﬂ nnmi::\
‘
CLEAN ALCONM
WECELLA FILTERS ' v

r ?.....

Fiin MEAL

!
}
i
i
i
i
PP WS

i

L

WCHFYING  COLUMN

<
é

OiL UTE ALCOWOL
'§ - -4 sonean
H
LJ | seace
wagn
wale @ CONDEWSAT l

g CONOEWER lddd

Figure |. Equipment and flow diagram of SONAFAP plant
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shredded into pieces of 0.5 to 1 cm. This part of the process in the present plant
uses conventional equipment for producing fish meal, and the conditions are
not sufficiently sanitary for other than limited experimental production. The
use of this particular equipment cannot be recommended as good practice
generally.

A one- or two-ton batch of press cake is next weighed out and charged
to the extractor. The extractor is a horizontal mixing cylinder which rotates
(see figure 2). It has a steam jacket for heating the mixture, filter sleeves to
drain the liquid miscella and to hold back solids, and rotating seals on the
axis to permit solvent and steam to enter and vapours and condensate to
leave. To filter off miscella, rotation is stopped and a suction hose is attached
to a fitting in the bottom. The extractor also serves as a vacuum dryer when
the extraction cycle is finished.

A typical extraction and drying sequence 1s:

(a) Wash with 2.5 times by weight of once-used solvent, mixing at
70° C for 15 minutes before filtering off the miscella;

(b)) wash three times more with 1.6 times by weight of clean solvent.
Mix 15 minutes at 70° C before each filtration;

(c) dry under atmospheric pressure at temperature up to 90° C, then
continue under 500 mm of vacuum to 105° C. Sparge dryer with
steam while temperature is above 95° C. Sparging time varies from
30 to 90 minutes.

The above treatment will make FPC containing 0.3 per cent or less of

lipids and 3 per cent moisture from press cake of 50 per cent moisture and 5 to
6 per cent lipids. Tables 4 and 5 describe the results in more detail.

wouns ’_L'"] '_L{mu’.;rmn
[

|

Figure 2. Ten-cubic-metre extractor-dryer used in production of FPC
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Two of the most important criteria of quality are subjective: odour and
taste. Besides simple tests for smell and taste the product was combined in
various recipes to evaluate these properties under conditions of use. In butter
cookies (200 g butter, 200 g sugar, and 500 g flour) 5 per cent of the poorest
quality ot FPC in the flour was barely discernible to the taste. The colour of the
cookies was noticeably darker, however.

In unleavened crackers (flour, water and a trace of oil and salt) up to
7 per cent FPC produced no fishy taste or odour, but the crackers were some-
what tougher and their colour was quite a bit grayer than those without FPC.

In coarse or coloured baked goods, 3 to 5 per cent of this FPC can be
hidden very effectively.

With regard to the possibility of contamination of the product, total
counts of bacteria were less than 10,000/, and tests for E. Coli, enterococcus,
Salmonella and staphylococci were negative. The first sample, taken before
the system was cleaned, did show 70 coliformes/g, however. The product 1s
clean despite the unaesthetic nature of the cooking and pressing operations,
because of the contact with hot alcohol and also because of the temperature
used in drying and desorbing alcohol. (See table 6.)

If fresh fish are used and if the solids are not overheated in the drying
step, the major controllable indicator of product quality 1s the lipid content.
FPCs made from fresh fish and with lipid contents below 0.3 per cent have
very little odour or taste. Lipid content can readily be varied from over
1 per cent to as low as 0.1 per cent by the number of extraction stages and the
ratio of solvent to fish.

Oxidation of small, fatty fish such as sardines occurs with surprising
speed. Even prolonged extraction will fail to remove a noticeable oxidized
lipid aftertaste from the FPC if these fish have been kept in frozen storage,
have been held in the sun or have been processed too long after capture.

The protein content of the FPC depends on the fish themselves and on
the soluble material removed with the press liquor. For these samples it varied
between 78 per cent and 82 per cent. To minimize the loss of protein in the
press liquor, as little direct steam as possible should be used in the cooker.

The cooking does not seem to hurt the quality of the protein; even the
1966 production had a high PER value (3.14 with casein at 3.00). Results of
the process in operation showed that if the drying temperature stays below
120° C, the nutritive value of fish-protein is little affected by extraction and
drying .[1]

The colour of the FPC produced in this way from sardines is a light tan.
While a lighter colour would be more desirable, it could not be obtained even
by varying process conditions or by using additives such as ascorbic or citric
acids.

Sardines cont.in many dark-coloured components and after cooking
these appear to be mostly insoluble in the alcohol. It is also possible that
contact with mild steel in the plant affected the product’s colour. The present
plant is composed aln:ost entirely of mild steel.
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Besides the lipid content, the other vital product characteristic that 1s
directly controllable in plant operation is the bacteria content. Cleanliness
and sanitary practices are essential not only in handling the product but also
in the rest of the plant to avoid contamination of the product area. The
treatment with hot alcohol effectively sterilizes the fish protemn, and it 1s
essential to keep the product clean after it s discharged from the drier.

Packaging in watertight bags of heavy polyethylene keeps the product
dry; contact with moisture induces rapid spoilage and generates foul odours.

No difference in quality could be discerned between FPC prepared with
ethyl alcohol and that with isopropy! alcohol. It is of course essential to
desorb the solvent from the dried solids very thoroughly after extraction with
isopropyl alcohol. This is accomplished by sparging with steam, and it is
particularly effective if the steam pressure rises and falls during the sparge.
Table 7 gives a quality analysis of SONAFAP FPC.

During the initial stages of production with ethyl alcohol, the quantity
of solvent on hand was quite limited. The extraction scheme outlined n
tables 4 and 5 was devised to yield a reasonable quantity under this constraint.

Although a counter-current stage-wise extraction makes the most
efficient use of solvent, in a batch system such as this it is necessary to store
once- and twice-used solvent for re-use, and, unfortunately, insufficient solvent
was available to do this. When the isopropyl alcohol arrived, later in the
experimental programme, trials of counter-current extraction were deferred
in favour of producing as much FPC as possible in the short time then
available.

The degree to which miscella and solids are separated between extraction
stages has considerable effect on the lipid content of the final FPC. Miscella
adhering to the solids after one stage contributes its dissolved lipids to those
that the following stages must remove.

Miscella drains out from this extractor through cloth-covered filter
sleeves in the bottomn. Since these sleeves are mounted a little above the bottom
of the vessel, and since there is no way to wring out or press the solids, much
liquid remains behind. After the first extraction stage, the solids retain
1.6 times their weight of miscella and after the last stage they hold 1.3 times
their weight. If separation were by centrifuge, the solids would retain only
about 0.6 to 0.7 times their weight of miscella. It is pertinent to note also that
the solids in press cake appear to drain more readily than is the case when
raw fish is extracted.

The rise in lipid concentration of the FPC between batches E-16 and
E-22, tabulated in table 4, is believed to be caused by less effective filtration
from stage to stage. The filter cloth, which had not been changed since batch
E-1, was becoming clogged, and insufficient time was allowed in processing
these batches for all the miscella to drain from the extractor. With batch IP-1
(table 5) particular care was taken to complete each filtration, and before
IP-2 and IP-3 the filters were replaced and the extraction became more
thorough.
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Large batches caused the pool of miscella remaining behind in the bottom
of the extractor after each filtration to be proportionately smaller, which in
turn caused the final lipid concentrations to decrease after batch IP-5. The
amount of press cake extracted increased from 1,000 to 2,000 kg at this point.

The decrease in lipid content of the FPC, beginning with batch IP-1, was
also due in part to a greater effectiveness of isopropyl alcohol (IPA) as a
solvent. IP-1 was extracted entirely with 100 per cent alcohol, and smaller
amounts of alcohol, more concentrated than the azeotrope, were used in
succeeding batches up to about IP-8.

Higher concentrations of total non-volatile solutes (nearly all oil) in the
first miscella of the extractions with IPA prove that it is a more powerful
solvent, and after batch 1I- 3 the first miscella always contained more water
than the azeotrope. (See table 8.) Unfortunately the effect of the IPA is partly
obscured by the improved filtering procedure that was initiated at the same
tume.

Tasrg 8. CONCENTRATIONS OF TOTAL NON-VOLATILE SOLUTES IN MISCELLA FROM VARIOUS
EXTRACTION STAGES AND LIPID CONTENT OF FPC
{Per cent)

Extraction stage

Lipid
Batch No® ) 2 3 q ::;.";;,'(”
E-9 1.26 0.66 0.44 0.20 0.28
E-13 1.77 0.90 0.60 0.30 0.28
E-17 2.61 1.38 0.54 0.29 0.36
E-19 1.83 1.14 0.39
E-21 1.95 1.26 0.75 0.36
IP-1 2.28 0.77 0.24 0.08 0.16°
IP-) 2.34 0.72 0.31 0.19 0.29
P-4 2.20 0.88 0.44 0.15 0.18
IP-5 2.33 0.79 0.35 0.16 0.18
1P-6 2.75 0.93 0.82 0.14 0.12
IP-7 2.34 0.86 0.33 0.09 0.16

a E = bawches exuscted with ethy! alcohol.
IP = basches extracted with IPA.
b Extracted 36 hours in BBS apparatus, compared to 8 hours for others.

No improvement in the extraction was noticed when the solids were
washed for 30 minutes during each stage instead of 15 minutes. Thus, the
distribution of lipids between solids and solvent apparently reaches
equilibrium in less than 15 minutes.

As noted earlier, the extractor also serves as a batch dryer with heat
supplied through a steam jacket and tubes filled with steam. There are 12 tubes,
100 mm in diameter, running the length of the extractor. Rotation of the
extractor brings the solids into contact with the heated surfaces.
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Drying was carried out under atmospheric pressure at temperatures up
to 90° C during which period most of the solvent evaporated. Heatny
continued under 500 mm of vacuum to 105 C,orto 110 " orto 115 Cina
few cases. After reaching 95 C the drier was sparged with steam for at least
30 minutes. Drving ordinanly took two to four hours, depending on the size
of the batch.

At this writing only a few analyses of the residue of isopropyl aleohol
remaining in the samples are available: 3,000 ppm for 1P-1 and 2,000 ppm
for IP-10. These residues are too high, so that longer sparging with better
contact between steam and FPC is indicated. Higher temperature, up to
perhaps 130° C, would probably be beneticial also.

With regard to yield, 1,000 kg of press cake gave on the average 446 kg
of EPC, while about 2.8 tons of fish were required to make one ton of press
cake. This gives an over-all yield of 16 per cent FPC from the raw fish.

Typical analyses of raw fish are: lipids 14 per cent; volatiles (moisture)
66 per cent; solids (by difference) 20 per cert. The yield of “solids™ as FPC s
thus about 80 per cent.

Proximate analyses of sardines from the Agadir region averaged fat
11 per cent, protein 15.7 per cent, other organic material 0.8 per cent and
inorganic material 3.5 per cent. [2] The fat content varies with the season,
and moisture-plus-fat percentages together are usually constant.

The final or most concentrated miscella is first evaporated at atmospheric
pressure to separate the alcohol and most of the water from the oil, solids and
dissolved material. Water and alcohol are then separated by rectification,
with the overhead stream of clean alcohol having a concentration close to the
azeotrope.

The evaporator is simply a 5,000-htre vertical cylinder with a coil of
50-mm tubing at the bottom for steam. After each two batches of FPC were
processed, the bottom liquor (oil and water) was stripped with steam and
drained into barrels.

The rectifying column is designed for ethyl alcohol and has 24 bubble
cap trays in the rectifying section and 15 in the stripping section. Heat is
supplied by direct injection of steam into the bottom. The column 15 1,100 mm
in diameter and 8.7 m high.

The separation of IPA from water by rectification is easier than the
separation of ethyl alcohol. To illustrate this pont, the vaporization
equilibrium constants, y/x (y is concentration of alcohol in vapour phase in
equilibrium with x, its concentration in the liquid phase) are plotted in
figure 3 for both alcohols at low concentrations and at concentrations close
to the azeotrope. It is apparent that IPA is considerably more volatile than
ethyl alcohol in each case and thus fewer theoretical stages are needed to make
a given separation. While no attempt was made to analyse the performance
of SONAFAP’s rectifying column in any detail, a convenient operating rate
for ethyl alcohol was 1,000 litres per hour of overhead distillate containing
92 to 93 per cent ethyl alcohol (azeotrope 95.6 per cent) and bottoms with
0.11 to 0.12 per cent ethyl alcohol. With IPA the rectifying column worked
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well with 1,000 to 1,100 litres per hour of overhead distillate at 86 to 87 per
cent IPA (azeotrope 87.7 per cent) and bottoms with about 0.05 per cent IPA.

As an extraction proceeded, the pH ot the miscella rose trom stage to
stage from about 6.5 to 8.0, and the solvent condensed from drying and
steam stripping had a still higher pH, of 8.0 to 8.5. Also the pH of the dilute
alcohol distilled from the evaporator was higher than the pH of feed:
7.5t0 8.0 vs. 6.5 t07.0.

Others have observed that “fishy” odours often develop in FPC made
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with re-used solvent. [1] These odours are mainly volatile amines and they
account for much of the increase in pH observed here.

Phosphoric acid was added to the dilute alcohol from the evaporator
before it was rectified, and an attempt was made to keep its pH at 6.0 t0 6.5 as
it was fed to the column. As much as 10 milliequivalents of phosphoric acid
(assuming two equivalents per mole) per litre of dilute alcohol were needed to
keep the pH at this low level. The phosphoric acid converts volatile amines
to their non-volatile phosphate salts and thus causes them to leave the system
along with the bottom liquor from the column. There was no measurable loss
of solvent, and it did not appear to deteriorate in quality with repeated re-use.

No significant problems were encountered in the recovery of solvent,
although there was considerable foam in the evaporator in the previous
campaigns in 1965 and 1966. Except for a minor amount of foaming, no
trouble from this source was encountered in the later phases. Perhaps the more
viscous oil extracted from the dried meal caused the foam in the previous
operations.

The foaming occurred when the evaporator was fed with solutions
containing very low concentrations of alcohol after the tanks were washed
with water. It was readily controlled by adding a little lubricating oil, which
contains an anti-foam compound (Esso Estor HD 40).

An effort was made to treat the product with antioxidants to avoid
development of off-flavours by oxidation of the small content of residual
lipids in the FPC. Ascorbic acid or BHT (an antioxidant for oils and fats) at
' the level of 0.05 per cent was added to the clean solvent entering the last
extraction stage. In this way the solids tended to “extract” the antioxidant
from the solvent as it progressed through the counter-current extraction.
Since to get effective contact with lipids contained in solids is very difficult
through the use of antioxidants, this method should be very effective, for it
enables the agent to permeate the solids. However, too little time has elapsed
to judge the results.

The use of BHT in this manner to prevent development of rancid tastes
in fish flours containing 1 per cent or so of lipids should be explored, since
such a concentrate can be produced by solvent extraction more cheaply than
can the low-fat FPC.

Proper sanitation in the first part of the process—the cooking, pressing
and disintegration stage—presented a problem. For producing fish meal the
equipment at the SONAFAP plant is excellent, but for the production of
foodstuff, better sanitation is needed.

Ideally the cooker, press, disintegrator and associated conveyors should
be made of stainless steel, and it should be possible to clean them of fish solids
at the end of each day’s operations. Also the equipment should be so arranged
that everything drains well, and all points where fish solids might accumulate
should be eliminated.

Despite the fact that the plant’s sanitary conditions for the initial stages
of production are not as satisfactory as they should be, the product was nearly
free of harmful bacteria, thus demonstrating the efficiency of extracting with
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hot alcohol to produce a safe product. In addition, 1t should be noted that the
first part of the plant was always operated long enough to be thoroughly
purged and to reach operating temperature before press cake was taken for
extraction.

From samples of miscella it appeared that the solubility of the hipids in
alcohol decreases greatly as the temperature falls. On cooling a sample of
final ethyl alcohol miscella, which had contacted the press cake at 70 C, 1t
began to become turbid at 65” to 60° and was almost completely turbid at
45° to 50°. This observation indicates that the solubility of some of the lipid
components is low at temperatures as high as 65° C. This final muscella
contained about 77 per cent ethyl alcohol; the lipids were somewhat more
soluble in more concentrated alcohol.

It is important for efficiency to extract close to the solvent’s boiling point
and this temperature must be maintained while the solids and miscella are
filtered (or separated by other means) between extraction stages.

The oil and water drained from the evaporator were shghtly aad,
pH 6.5. The oil, while darker than that from the press, appeared to be of
usable quality. The oil recovered from the extraction of fish meal was black
and viscous—almost a tar—which is further evidence of oxidation-induced
polymerization in the fish-meal drier.

In the course of this work FPC was made from fish other than sardines.
Batch IP-4 was composed of saurel, and E-19 was a mixture esumated to be
50 per cent anchovies, 20 per cent mackerel and 30 per cent sardines. In
addition, several batches were made from sardines containing about 10 per
cent anchovies. These other fish caused no processing problems, and the FPC
appeared equivalent to that made from sardines. FPC made from saurel was
slightly lighter in colour because of its lighter coloured flesh. Good FPC can
probably be made from any edible fish.

RECOMMENDATIONS FOR DESIGN OF FPC PLANTS USING SOLVENT EXTRACTION

The experience in operating the SONAFAP plant has generated certain
ideas for the design of plants to extract press cake. First, the extractor and
probably also the drier should be fed continuously. The equipment can be
smaller and the operation simpler and more economical than for a batch-wise
system. The extraction should be counter-current, with three or possibly four
stages of contact. Figure 4 indicates a conservative number of process steps
and gives some of the flows for making five tons per day of FPC.

Since the fish are highly perishable, they should be processed within a
few hours after their arrival at the plant. For this reason the cooker and press
should have capacities several times greater than the solvent extraction line—
perhaps 5 to 7 tons of raw fish per hour in this case. To use these appliances
economically, a drier is supplied to make fish meal at times when press cake
is not needed for extraction.

For storing press cake, a tank is provided in which it is mixed with
alcohol (actually with miscella from the second extraction stage). Capaaty
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Figure 4. Process of manufacturing five tons per day of FPC from press cake

to store press cake for one to two days would allow the extractor to operate
continuously.

Figure 4 points out the effectiveness of the cooker and press in removing
water and oil—nearly 90 per cent of the oil can be removed ahead of the
extractor.

Three extracticn stages and a solvent-to-press cake ratio of 3 to 1 are
presumed. If separation of miscella from solids between stages is thorough, so
that the wet solids contain less than 50 per cent solvent, the solvent ratio can
be somewhat less to yield FPC with 0.3 per cent lipids. Also use of a fourth
extraction stage would reduce the solvent requirements to perhaps 2.5 to
1 or less.

The separation between extraction stages can be accomplished in several
ways: by centrifuges, screw presses, screens, filters or possibly even by settling.

After leaving the drier and desorber the FPC must be handled very
carefully to prevent contamination. Storage in several well protected bins is
recommended so that grinding and packaging can be carried out in one shift.
This would permit better supervision of these critical operations, even though
a larger grinder would be required.

Figure 4 shows an evaporator to seperate alcohol and water from oil and
fish solids in the miscella, as was used in this operation. It is likely, however,
that the miscella could be fed directly to a column, in the bottom of which
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alcohol could be stripped from the oil and water. Such a scheme would
simplify the process and considerably lessen the requirement for steam; it
should be tried expenmentally.

RECOMMENDATIONS FOR EFFICIENT FPC PRODUCTION

In considering the possible manufacture of FPC it is necessary to study
the effects of many factors on the cost of the final product. Past efforts have
tended to neglect a number of important considerations. These are the
following, in their approximate order of importance:

(1)  Sufficient fish must be available at low cost. This obvious need has

often received too little consideration. The least expensive fish are
small clupeoids—sardines, anchovy, herring and the like—that
gather in dense shoals and can be caught efficiently by purse seining.
Because of their low cost they provide most of the raw material for
fish meal.
While the high ol or lipid content of clupeoid fish may complicate
processing them into FPC and cause the resulting FPC to be darker
in colour than that made from white fish, the by-product, oil, can
reduce the cost of the FPC significantly.

(2) The quality of the fish must be good. In warm weather clupeoid
fish deteriorate badly within 12 hours after being caught. Most of
them are small fish with delicate flesh and tissues and hence the
destructive enzymes in their entrails are dispersed more readily
than is the case for larger fish. Moreover, economy requires bulk
handling which breaks up many fish and so speeds spoilage.
These factors argue strongly for a plant location where fish can be
caught near shore and landed and processed within a few hours of
capture. Refrigeration does permit the use of longer range fishing
vessels, but the abrasion caused by cooling with refrigerated sea
water is hard on these small fish. Also storage on ice or by freezing
is usually too costly for economical FPC production.

Fish kept in frozen storage are subject to oxidation of their lipids
or “freezer burn”. This creates bad flavours which cannot be
removed by extraction with alcohol.

“Close-in” fish are generally available off the coasts of developing
countries, and Morocco is particularly favoured in this respect with
a large resource of sardines in its coastal waters.

(3) Close proximity to a fish-meal operation is vital. For a long time to
come the production of fish meal will greatly exceed that of FPC.
Therefore, in order to have a sufficient fishing effort to support an
FPC operation when fish are scarce and to use the excess fish when
gluts occur, a fish-meal plant is needed. Furthermore, off-quality
fish can go into fish meal and the ready market for meal can sustain
a large enough fishing effort to be efficient.

Most fish-meal plants are equipped to use the by-products (oil and
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stickwater) from an FPC plant; this capability could save capital
and reduce waste for an FPC enterprise. Savings are possible by
sharing utilities of an FPC plant and a larger fish-meal operation.
Systems for steam, fresh water, electric power and waste disposal
could readily serve the needs of both operations.

(4) A dock and efficient fish unloading facilities at the plant site are a
big advantage. Trucking fish from dockside to a plant site 1s
expensive, and it degrades the quality of the fish by exposing them
to additional time, heat and handling.

(5) Finally, a location near other industnal activity is advantageous.
Availability of skilled labour, fucl, supplies, electnc power and
transportation are important to the economic operation of a plant.
While many smaller port cities are probably well situated in this
regard, an FPC plant cannot be regarded as a suitable enterprise
for a village, or for a region with no industnial base.
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6. OBSERVATIONS ON FISH PROCESSING*

PROCESSING AT SEA [1—5]

Simple forms of processing at sea have been employed for many years.
As early as the sixteenth century Portugese fishermen were engaged in the
production of salt fish at sea in long-range operations [6], and whale pro-
cessing, canning and even freezing at sea have quite extensive histories. The
enormous growth of processing and preservation at sea, however, can be
considered primarily a development of the post Second World War years. It
results from an increasing shortage of fish species traditionally consumed by
sophisticated catcher-consumer countries, and available to trawlers using
icing, together with the drive towards increased fish production by countries
not traditionally associated with “d’stznt-water” fishing.

The depletion of stocks has been a major factor in the development of
processing atsea;[7] but there are other economic considerations. For instance,
some fisheries are seasonal, or so short-lived that shore-based operation
becomes unprofitable. In such situations, however, it is necessary to examine
the fishing industry against the background of the local food industry as a
whole. Other crops may have complementary seasonal demands: the canning
or freezing of fruits and vegetables, using common facilities with fisheries can
tilt the economic balance away from processing at sea to a shore-based
operation.

Another factor that has contributed to the development of processing
at sea is the unavailability of shore bases, asin some parts of the North Pacific
and the Atlantic Oceans, where problems of communication and climate are
considerable. The extent of processing required depends on the nature of the
over-all operation, but in general processing costs ashore are considerably
lower. Almost any fishing operation on the high seas involves a degree of
processing such as gutting prior to chilling.

An encouragement to processing at sea has been that in a factory at sea
the catcher is free of, or less susceptible to, local conditions ashore, such as
labour problems. The catcher realizes perh. .. more readily that his side of
the operation must co-ordinate with the processor’s and the processor is less
susceptible to what might be considered the unreasonable attitudes of local

* Paper presented to the meeting by Noel R. Jones, Head of the Food Science and
Technology Department, Tropical Products Institute, London. United Kingdom.
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catchers. Finally, mobility—the possibility of moving on to other grounds—
is an important asset for a catcher. However, the operation of a highly mobile
factory or freezing fleet can present problems of control by or conflicts with
local fishing interests.

Varicus processing operations can be carried out at sea. The nature of
the species of course determines the approach. Some species are adapted to
different methods of processing; for instance, clupeoids may be salted, frozen
or canned at sea. Requirements for processing prior to final preservation
differ, however, even for single species, and more considerably among species,
as, for instance, between the freezing of white fish fillets and the canning ot
king crab. Consequently only methods of general interest or of increasing
economic importance are considered here, such as primary processing and
freezing at sea for secondary processing or direct sale ashore. [2, 8]

Preliminary processing: washing, scaling, heading and gutting [3]

In general, heading and gutting are indicated for large species of fish
destined for secondary processing or consumption by populations that readily
accept such products. However, some populatic.is demand ihe fish intact, and
gutting does not necessarily improve the keeping quality of all species in a
chilled or frozen condition.

Technically acceptable washing and de-scaling equipment (the latter
often of revolving mesh-drum type) have been available for many species for
some years. Heading machines are also commercially acceptable for many
species, as well as, more recently, gutting machines. Machines that combine
these functions with adequate filleting performance when required are also
available for some species.

Fish-processing equipment of this general type vary in efficiency as
compared with manual operation, according to the condition of the fish.
Price premiums deriving from the superior quality achieved with manual
operation must sometimes be weighed against the lower costs in crewing when
machines are used. And both factors must be weighed against space demands
for processing as compared with those for storage, which can determine the
length of voyage in the absence of trans-shipment facilities.

Buffer storage prior to secondary processing aboard (2, 3, 9—11]

Questions of short-term, or occasionally longer-term buffer storage are
among the primary calculations of the designers of factory vessels. Initially,
the problem was considered to be essentially one of spacing out supplying
material to the processor while limiting spoilage. But it has been realized
increasingly that the production, for instance, of frozen fillets of the highest
quality requires specific periods under specified conditions of chilling to
control bleeding and rigor mortis. [2, 12] No one method of chilling is
preferable to others. It is becoming increasingly apparent, however, that
refrigerated sea water offers many economic advantages for short-term
chilling without incurring significant loss in quality that occurs with the
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migration of salts. For longer-term storage (one day approximately) the
traditional fresh water ice has advantages for quality: but the use of
refrigerated sea water is more typical of integrated processing operations
at sea.

Perhans buffer storage of this type applies most to processes involving
freezing at sea, [ 2] although it is relevant to other processes. For instance, in
drying at sea, the control of rigor contractions is necessary, since these alter
the size of the tissues and hence can affect adversely the economics of drying.
It appears that more than usual attention should be given to such con-
siderations in canning operations, especially under tropical conditions where
a number of projects have run into difficulty with break-up problems.

Filleting (2,12]

Filleting is a basic operation in a number of methods cf fish processing.
Machines with a high degree of efficiency in seagoing operation are in common
use, some of them combining capabilities or gutting, skinning and the like.

While the economic savings in crewing for such operations can be
considerable, some machines have encountered difficulties in filleting fish in
rigor, and the handling of pre-rigor filleted fish as wet fillet has presented
problems. For instance, fillets subjected to high temperatures, or roughly
handled, frequently lose weight in “drip” due to contraction, and this can
result, of course, in consider1*le economic loss. Furthermore, badly contracted
fillets are poorly received by some (although not all) consumer populations.

Consequently, the control of rigor in pre-rigor filleted fish at sea can be
crucial to the economics of operation. Buffer storage of the type indicated
above is generally unsuitable for whole fish. Short-term chilling in water may
be an acceptable treatment for some fillets, although it might present certain
microbiological hazards which may be of concern to public health authorities
(and certain other technical difficulties in all but the shortest immersions).
Chilled air appears to be preferred for handling pre-rigor fillets.

Freezing

The freezing of fish at sea was the subject of detailed discussion at an
FAO Technical Conference in 1967. [13] It was also considered in the broad
context of the problems of food refrigeration in developing countries at a
UNIDO expert group meeting in Vienna in 1969. [14] A detailed account is
hence unnecessary here. However, the rapid developments in this area within
the last decade have been among the more significant in the fishing industry.
Not only have they established the basis of new patterns of distribution and of
tertiary processing ashore; they promise to provide greatly extended buffer
storage for factory operation afloat (although it is doubtful that the latter
will replace to any major extent the production of frozen fish at sea for direct
distribution or further processing ashore).

In an evaluation of modern techniques for freezing whole fish at sea,
Ranken [3] points out that while the original premise was to reduce to a mini-
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mum the changes required in conventional trawlers compared with traditional
icing methods, . . . latterly it has been concentrated on limiting the capital,
running costs and crew problems, associated with freezer vessels, by leaving
as much as possible of the processing operations involved to be done ashore,
where they can be conducted much more economically, on a large scale, with
cheaper and more suiiable labour, including women, and under better
discipline and control”. In practice, the situation varies considerably from
one country or company to another and equally urgent arguments in terms
of lower storage/shipping costs can be made for complete fillet-freezing
operations at sea in some circumstances, [15] espeaally for far distant water
fisheries where local shore-based processing facilities are not available.

Optimal methods of freezing at sea are determined in large part by the
desired nature of the product.

Brine freezing [4] has advantages in economy when the product can
withstand the treatment, as with tuna destined for canning. However, salt is
of limited acceptability in many frozen products: contamination can give rise
(particularly under poor conditions of frozen storage) to undesirable “salt-
fish” flavours; and oxidative rancidity generally is accelerated.

Fish is commonly frozen at sea in plate- or blast-freezers. [4] In some
freezer trawlers—particularly Japanese vessels—a “‘semi-air blast” system,
embracing elements of both methods, is employed.

Blast freezers are more versatile but in some respects less economical
than plate freezers in seaborne operations, particularly in terms of space
requirements in relation to through-put. Ranken [3] discusses the basic ap-
proaches to freezing at sea in relation to the type of vessel and to the structure
of the fishery as a whole. The vertical plate freezer has proved effective in
whole-fish freezing, lending itself readily to an integrated vertical organi-
zation of the vessel’s processing operation. Horizontal plate freezers have
advantages in “pack” freezing, for instance, of fillets. In some situations they
have definite advantages (together with semi-air blast systems) over “vertical”
systems. A number of European vessels combine capability for fillet and
whole-fish freezing, for instance; and certain Japanese vessels extend tlus
versatility to the freezing of muscle minces destined for secondary processing
for fish sausage or ‘*kamaboko” production ashore (see below).

The basic requirements for storage subsequent to freezing are now well
understood in terms of time-temperature tolerances and the desirability of
temperatures in the order of — 30° C or below for anything in the nature of
longer-term storage. Temperatures of this order are commonly employed in
current freezer-trawler design.

At present there is considerable interest in the potential use of liquid
nitrogen as a refrigerant for freezing fish both at sea and ashore. [16, 17] It
has been suggested that for freezing fish at sea such operations may be
particularly applicable, for instance, to the preparation of individual quick-
frozen fillets for the export market; and it has been pointed out that, by
comparison with alternative freezing systems, the initial capital costs of
equipment for freezing are low. Further developments are awaited with
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interest, especially information on “cross-over” points between running and
capital costs in practical application at sea.

Thawing [18—20]

In recent years attention has been devoted increasingly to the problems
of the economics of thawing in relation to considerations of quality control
and of speed and flexibility. Such calculations have been based predominantly
on the experience of shore-based thawing operations for reprocessing and
the transport and sale of “wet” fillet to the consumer. Somewhat similar
considerations apply, however, to proposed uses of frozen buffer storage,
longer in term than the chill storage referred to above, for “evening out”
catches for canning on factory vessels. It would appear at present that
refinements of buffer storage of this nature, as compared with chill storage,
are likely to be economic only for fishery products of the highest value,
such as canned shellfish.

Merritt has compared the economic performances of blast—water,
dielcctric and electrical resistance —thawers of comparable through-puts.
For many purposes, it would appear that a single blast-type thawer of the
Torry kiln design has advantages, especially under conditions of high
ambient air temperature; the continuous dielectric systems may well have
critical advantages in space-saving in shipboard operation.

Potentially, the use of such equipment on pre-rigor frozen fish can
give rise to difficulties of thaw rigor with attendant economic loss as “drip”.
The technology of avoiding such losses is now well understood, however; [2]
and the use of such buffers in shipboard factory operations should not be
troublesome if directed by competent quality-control staff.

Canmng [1]

Floating canneries are presently being used primarily by the Japanese,
Russian and United States operating vessels, mainly in the Northern Pacific
Ocean for high-value salmon and crustacean fisheries. In certain situations
the canning of cheaper species such as brisling may also be economic. As is
the case with modern freezer-trawlers, such vessels carry a variety of
specialized equipment and machinery. Most canning operations at sea are
carried out on large-size mother ships.

Whereas provision for quality adjustment by the\t\(;nomic use of
additives is still in its infancy in the freezer-trawler industry, considerable
possibilities exist for the improvement of consumer acceptabylity at the
packing stage in canning. Flavour, texture and appearance can all be
manipulated.

Present canning operations are capable of a high degree of automation
to cut costs of crewing. Apart from the high costs of crewing and the space
requirements for crew and equipment, a major factor in canning is the
availability of fresh water. In the past barges were employed to carry
water to some off-shore United States canneries; modern factory ships on
the high seas employ large-scale disullation equipment.
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Salting and drying (2,6, 21]

Salting was the first of the preservation processes to put to sea and
it continues to play an important role in some fishenes.

In the traditional Portuguese dory fishing on the Grand Banks, the fish
is taken during the day with bait by men fishing singly in small boats from
mother schooners. The fish are split, washed and salted down in barrels
on the mother vessel in the evening. While some fishermen from other
countries are also involved in this highly hazardous type of operation, there
has been a pronounced trend away from it towards salter-trawlers, insofar
as salting continues in competition with the rapid development of the
freezer-trawler industry and its offshoots.

Salting clupeoid species (rather than “white” fish) at sea i1s done both
by processor-catchers directly and by mother ships escorted by catchers.

Traditional salt fish cures continue to be well received by many
populatons, although consumpticn has declined rapidly in others with the
competition of newer fish products and other cheap foods.

Other dried fish products, of the “stockfish” type, also continue in
demand in some countries, but traditionally these have been prepared
ashore. In recent years, efforts have been made to develop tunnel dryers,
suitably programmed for production of dried fish of this type at sea. Rates
of heating and drying are controlled carefully within predetermined limits.
Further developments in this field are awaited with interest, especially with
respect to proven economics of the operation.

Concluding observations on processing at sea

While canning and salting continue to be important processing opera-
tions at sea, freezing has rapidly caught up with them during the last decade
and promises to supplant even conventional icer-trawler operations in many
countries.

A high degree of automation is now available for both the preliminary
primary processing and the preservation phases of shipboard operation.
Equally, biochemical research, in conjunction with that of refrigeration
and drying engineers, has established satisfactory operating regimes for
a number of species of economic importance. This information is available
primarily for cold- and temperate-water species. For many warmer water
species, especially some of those of interest to developing countries in the
tropics, appropriate guidelines are lacking. (2]

The operation of factory vessels (particularly factory trawlers) requires
the closest co-operation between the catching and processing ends of
the operation. If necessary, catching rates should be reduced to allow the
demands of quality requirements in processing to be met. Detailed evaluations
of quality/price relationships enter into such considerations.

Planners concerned with the development of programmes for processing
and preservation at sea should consider in detail the patterns of acceptability
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of fish products witiun proposed consumer populations, together with
the availability of adequate technical expertise, in their general assessments
of economic feasibility. Reference may be made in this context to recent
West African experience with the developing freezing-at-sea industry.

Populations vary considerably in their acceptance of different types
of fishery products. Many in developing countries require whole fish rather
than filleted or gutted fish. “Fresh” flavours are not always appreciated.
Among the developed countries, requirements in appearance also vary and
cognizance should be taken of these variations in attempts to build up
export industries, particularly with unfamiliar species.

Perhaps even more than with a land-based fish-processing industry, the
closest co-operation is desirable between the industrial planning and
designing staff, the technologist in the vessel and the fishery biologist.
Calculations of the relative profitabilities of shore-based and shipboard
operation in the longer term are dependont ultimately on reliable esimates
of the potential productivity of the fishery; and the solution of day-to-day
quality production problems is greatly faciliiated by accurate forecasts of
the nutritional and general physiological status of the resource.

FERMENTED FISH PRODUCTS: AUTOLYSATES AND HYDROLYSATES

The increasing emphasis on protein lack in considerations of the world’s
food resources has prompted a number of studies of the possibilities of
improved utilization of fishery resources. Among these have been scientific
and technological evaluations of traditional South-East Asian approaches
to fish preservation with a view to their transplantation elsewhere largely
unchanged, or to their incorporation in more sophisticated methods of
modifying flavour by microbial agencies. A number of groups have been
involved in this work in the United States, France, the United Kingdom
and elsewhere. :

Reference was made earlier to varying comsumer preferences. In many
developing countries strongly flavoured products are preferred to the
relatively bland or moderately sweet, meaty taste of “fresh” fish commonly
appreciated in North America, most European countries and Japan. [22]
In South-East Asia, techniques of fermentative preservation frequently
produce fish pastes and sauces with a strong cheese taste, combined with
other characteristics. These add interest and valuable nutritional supplemen-
tation to an otherwise monotonous diet based largely on rice, [23, 24] and
the low cost of the preservative procedures are a major factor in fish
utilization among low-income populations which may not be able to
support the costs of canning, freezing or even chilling.

Similarly prepared but milder products, which are not fermented to the
extent commonly practised in South-East Asia, are prevalent elsewhere. For
instance, bacterially fermented herring and trout are produced commercially
in Scandinavia. These retain their basic structure and are not sold as pastes
or sauces.
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Fermented fish pastes [24—28]

Normally, fish (often clupeoids) are cleaned and mixed with salt in
the proportions 1 of salt to 3 of fish. Van Veen [24] refers to the use in
the Philippines of clay vats and sealed cans for maturation. This writer has
ceen wooden barrels and vats employed elsewhere in South-East Asia.

Often fermentation appears to result mainly from the activities of the
tissue enzymes rather than from microflora. In practice this depends on
the extent of evisceration.

Precise methods of preparation va.y considerably from country to
country according to the nature of the raw materials and local custom.
The basic procedure above refers to the bagoong of the Philippines, where,
as in Thailand, small shrimp are also used as raw material.

The praboc of the Khmer Republic is prepared from eviscerated,
beheaded, scaled fish after trampling. The material is fermented with salt
under pressure, in contact with banana leaves, and then partially dried and
fermented in the sun for a day. After further maceration more salt is added
and the mass is maintained for up to a month in sealed jars.

While such a pattern of anaerobic fermentation is common in the
production of many fish pastes, it can be varied. Some Indonesian shrimp
or planktonic pastes, for instance trassi, are fermented in thin, lightly
salted layers, aerobically, under the sun.

Often such products are mixed for sale with dyes and spices. In many
- stances also the fish is mixed with vegetable materials either before or
during fermentation, as in the preparation of padec in Laos (containing
rice bran) and phaak (containing rice fermented with yeasts) in the Khmer
Republic.

Plant enzymes are also employzd in some types of fermentation. For
instance, mam-cu-sak contains small fish, which are fermented anaerobically
in the presence of added carbohydrate in the form of roasted rice and mixed
frequently with papaya or pineapple to facilitate proteolysis. Undoubtedly
the recent development of suitable fungal enzyme preparations in the
Philippines for use in fish fermentation has considerable potential for use
in such material.

Fermented fish sauces [23, 24, 29—33]

Fish sauces are commonly prepared in areas that produce pastes and
are also found in parts of China. While their salt content limits their intake
and hence their over-all contribution to the diet, they are widely used
as condiments for rice dishes throughout South-East Asia.

In fish sauces the partial lysis of the pastes is extended: the products
are salty liquids with a cheesy aroma and a high free amino acid conteit.
While much of the production is consumed domestically, there is some
exportation of fish sauces to the West from Hong Kong.

Probably the most widely known and examined of these fish saaces 1s
the nuoc-mam of the Khmer Republic, Laos and Viet-Nam. Other sauces




OBSERVATIONS ON FISH PROCESSING 7 83

such as the nuoc-mam mioc of Thailand are made somewhat similarly, but
the patis ot the Philippines consists of the drained liquor from bagoong
paste prepared from shrimp. Similarly, concentrated liquors from salt fish
production (for example, the tak-tray of the Khmer Republic) are not
strictly comparable with fermented fish sauces.

The scale of fish sauce production in individual operations varies
considerably. At its simplest, small fish are mashed by hand or foot, salted
and packed in pots which are then sealed and buried in the earth for months
or years. After maturation, the liquors are decanted or strained.

In larger-scale operations large vats are used. The proportion of salt
is higher than that used in paste production (5 parts salt to 6 parts fish).
In the operation described by Van Veen [24] the fish are piled above the
top of the vat with a final layer of salt on top. All or a proportion of the
bloody liquors that accumulate during the first three days or so is removed.
It clarifies somewhat after standing open to the air. The fish pack down
and are covered with the remaining liquor to a depth of 10 ¢cm and pressed
under “weighted wicker work”. In the process, as observed by this author,
heavily weighted sacking was used to assimilate conditions of anaerobiosis.

Fermentation then proceeds for months or years according to the
species and size of fish and the salt content. In the production of nxoc-mam
of the highest quality, the liquor is tapped directly. Usually the residue
is extracted with boiling sea water. The extract is minced with the liquor
and with carbohydrate containing materials (for example, caramel, molasses
etc.) to cause browning and to improve keeping quality by lowering pH in
secondary fermentation.

While some progress has been made in the chemistry, microbiology
and biochemistry of fish fermentation and in the rationalization of basic
production procedures and their adaption to the development of new
fisheries products, there remain large gaps in our knowledge of the bases
of control of lysis in fish tissues, especially for tropical species. Nevertheless,
considerable advances may be expected in commercial exploitation within
the next ten years on the basis of continuing work in the Philippines and
elsewhere. The Tropical Products Institute in collaboration with others
in West Africa and South-East Asia is making an examination of the bases
of acceptance and quality.

Other bydrolysates [34]

The use of acid and the controlled use of autolysis in the production of
fish ensilages and amino acid concentrates have been established for some
time. Obviously these processes have further potential, possibly in combi-
nation with fermentation methods, for use in the yeast/meat extract filed.

FisH SAUSAGE [35—41]

While a considerable volume of work has been carried out in a number
of countries on the development and test marketing of meat substitutes and
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sausages from fish, large-scale commercial exploitation of these products
has occurred only recently and primarily in Japan. The industry was
established in Japan in 1953; its rapid development has resulted from the
absorption of the smaller by the large catching companies, thus ensuring
a fully integrated operation.

Kamaboko

The production of k1maboko provided the basis of the present sausage
industry in Japan. 1t is de cribed as a type of “meat loaf”, but to a Westerner
it resembles more closely a moulded white or translucent jelly. In essence,
it is a gel of myosin extracted from fish muscle. Its manufacture was made
technically possible by the work of Japanese fish-muscle biochemists, and
especially of W. Shimizu. The principles of manufacture are essentially the
same as those described below for sausage, except that certain additives,
particularly pork fat, are omitted.

Fish sausage and hams

While certain species are preferred such as tuna for sausages and
croaker for the preparation of kamaboko, because of colour or myosin
stability, most fish species and also whale meat can be used. The raw fish is
filleted (if suitable sea-frozen mince is not used). Fillets are then minced and
ground under conditions of refrigeration, with the addition of about three
per cent sodium chloride, together with other additives as indicated
(polyphosphate, starch, chemical preservatives such as sorbic acid, mono-
sodium glutamate, colouring, spices and so forth). Pork fat is added late in
the grinding process. In the production of fish hams, pre-cured dried tuna
meat is also added at this stage.

The ground mixture is then transferred to a semi-automatic or fully
automatic casing stuffer and sealer. The introduction of vinylidene chloride
and satisfactory rubber hydrochloride casings marked a crucial stage in the
development of the industry. After sealing with aluminium wire, the
sausages are conveyed automatically to a heat pasteurizer. Amano describes
a heating regime of 85° C for 20 minutes for sausages 3 cm in diameter,
followed by water heating at 90° C for 50 minutes. The sausages then pass
to a cooling tank.

Undoubtedly, the high fish consumption in Japan has played a large
part in the successful development of the fish sausage industry, together
with the production of casings that can endure pasteunizing treatment and
the broad-minded attitude of public health authorities concerning chemical
additives.

Nonetheless, a number of microbiological problems have been encoun-
tered in the industry and it could be argued that refrigeration of the sausage
for marketing is more des..able than the use of chemical preservatives that
may become unacceptable as health legislation changes. However, in practice,
the problem of starch stability arises in the product under these conditions.
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Obviously, countries considening the establishment ot a tish sausage
industry must tollow closely current developments in tilm stabilines and
sealing efficiency. In Japan, the use of additives extends shelt hife to upwards
of three weeks, allowing the products to be transported to remote rural
markets. Untreated sausage keeps only three days at room temperature,
but two weeks under refrigeravon.

Even within Japan, the use ot some additives has been questioned as
inetfective. Amano and Uknyama, (42 tor instance, examined the ettect of
legally permitted concentrations ot mitroturan compounds on the germina
tion of B panthothenticus spores, which produce sottening spoilage, and
found they did not inhibit germination. Spoilage due to other baalli has
also been observed in fish sausage.

Sat NG |22, 43—50)

Salting as a means of preservation takes different forms. In an earlier
section 1t was noted that the addition of salt is an integral part of the fermen-
tation process. In medieval Russia a similar treatment was given herring,
which were packed tightly in barrels and then buried in the ground (at 8 C
temperature). Dry salting may be considered as a development of simple
drying. Another approach to salting 1s practised in South-East Asia with
mackerel-type fish, which are preserved by boiling in brine. Cold brining and
the salting of minces for drying are other methods.

With the exception of the hot brining process, and that employing
external drying, the basic requirements for salt preservation are much the
same whether granular salt or brines are used in the treatment. The aim is to
introduce salt in the concentration required to suppress the development of
the spoilage microflora and, at the same time, to allow maturation of flavour
while preventing undesirable oxidative effects. With fatty species such as
herrin this entails, for instance, the tightest possible packing of barrels, when
these are used. With larger non-fatty species, treatment in heaps is still
commonly practised.

Salting of fatty species such as herring
Murata and Ohoishi [47] have developed the formula

Salt content (%)

X 100 = 50
W ater content (% ) — 35

at the acceptable condition, where concentration of salt and lowered water
content combine to produce an organoleptically acceptable, unspoiled product.

Fish may be preserved by salting in such containers as vats, bins or
barrels. While large containers have obvious advantages in the handling of
high-volume catches, such as are common in clupeoid fisheries, their use does
present a difficulty in that the high pressures can be harmful to soft-fleshed
species. Nevertheless, the advantage in the ease of chilling, for instance by
flake ice, may outweigh the disadvantages in their use; such large-volume
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operations also facilitate the use of pumped brine systems to improve the
efficiency of wet saltng.

Barrels have been used increasingly as more adaptable to shipboard
operations throughout the world. Voskresensky [21] distinguishes two basic
methods of barrel salting: first, dense packing without opening the scaled
barrel after preservation in salt; and second, less dense packing, particularly
under the pressures of shipboard operation, followed by repacking, or
“topping up”, using the same day’s catch.

Methods of treating herring and other species vary widely according
to the size and physiological condition of the catch, as well as the pressures
of the operation, which are considerably greater on a vessel in a high-density
fishery than in a salting house ashore. Dutch fishermen partially eviscerate
the fish, and pack them densely in a high-grade salt concentration of from
16 to 20 per cent, whereas the Icelandic shore-based operation employs
22 per cent salt on beheaded fish. In the Scottish operation ashore, the herring
are packed fairly loosely at first and then repacked. When young fish are
being salted, relatively low concentrations of salt are emplcyed, with excellent
results. The Russian high seas fleet uses whole herring, loosely packed in a
mixed brining/dry salting system. The Norwegians re-salt ashore fish that
have been handled at sea similarly to the Dutch method. As with other forms
of processing, a flexible approach rather than the dogmatic adoption of
standard methods is indicated for the preservation of new species.

Salting of white fish

Salted cod and other gadoid species are major commercial items still
commanding considerable world markets, and this ba: approach to the
preservation of white fish could undoubtedly be applied considerably in other
fisheries.

Commonly, fish in rather poor condition are salted to prevent total loss.
However, the evidence indicates that for the production of good salt fish it is
essential to use raw material of good quality.

As with fatty species, methods of salting vary. In “kench” salting, the
fish are split and stacked in layers between layers of salt which is 1n contact
with flesh rather than skin. The liquor or “pickle” is allowed to drain away
and the fish is then dried after the removal of the adhering salt layer. In
“pickle” salting, a similar process is used, but the fish is placed in barrels or
tanks and remains in a strong brine while the water is removed from the flesh
by osmosis.

Often, salting is followed by drying; and the degree of salting will depend
in part on the subsequent conditions of drying. Dry salting under tropical
conditions reduces the moisture content of fish by varying degrees. For instance,
water content in the order of 36 to 65 per cent has been measured in
Singapore markets, and in Aden the water content ranges from 33 to
69 per cent, the fish being dried in the dry atmosphere of the Gulf or the
Red Sea. [45]
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Where the moisture is higher, in Singapore, the fish keeps only a few
weeks, whereas fish sold through Aden is commonly marketed in Ceylon and
East Africa three months atter processing It will be noted that the main
preservative action is the removal of water by osmosis. The direct destruction
of the microflora by salt is secondary. Heavnl) salted material 1s difficult to
dry in the humid tropics; it tends rather to absorb moisture.

in this regard, Van Klaveren and Legendre [43] comment on the effects
of high temperature in determining the concentration of salt necessary to
control bacterial attack under Canadian climatic conditions. Obviously, a
balance of factors is involved to achieve optimal results. Van Klaveren and
Legendre also observe that Mediterranean importers of Canadian salt fish
insist on first-rate products and are prepared to pay for them. Quality insalt
fish is affected by a number of factors, such as the raw matenal and the
purity of the salt. Cole and Greenwood-Barton [45] pointout thatsalting fish
in pure sodium chloride tends to produce a “flabby pale vellow” preduct
without the characteristic flavour of salt fish. They note that small quantities
of calcium and magnesium salts are always present in commercial salt, and
that these whiten and stiffen the fish, imparting a bitter taste that is
appreciated by many consumers of salt fish. This author has noted, however,
that the use of some crude solar salts of commercial origin can produce fish
with a very bad colour. I have also seen commercial samples of purified brine
that contained unacceptable levels of copper. The presence of traces of
copper [49] and iron salts catalyses carbonyl-amino reactions, producing
discolourations and off-flavours. In this respect it may well be that Cole’s
views represent an over-simplification of the situation; on balance 1t would
appear that for many consumers preferring fish that approach the original
state on reconstitution, the purer the salt the better.

IDRYING AND DEHYDRATION [43, 51—53]

Much fish is dried further after salting. There follows a discussion of
simpler drying procedures, particularly those relevant to salting and smoking,
as well as a brief reference to certain aspects of vacuum dehydration and meal
production. For convenience, the term dehydration, as distinct trom drying,
is restricted to its technical connotation of a process of drying by controlled
artificial means. [52]

In developing mathematical formulae for the drying process, Jason [52]
and others have considered the factors counrolling the outward movement of
water from the fish, together with those controlling the inward transfer of
heat. In practice (although thismay represent a theoretical over-simplification)
the early stages of drying are characterized by a constant rate phase. This is
followed by a period of falling rate, during which internal diffusion is the
limiting factor. The lack of basic physical data on fish muscle appears to be a
limiting factor in theoretical analyses of some drying processes. Briefly, the
rate of outward movement of water can be considered as relating to its
removal from the medium surrounding the surface, to its mixing with the
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medium or atmosphere at the surface and its migration from the centre to the
surface within the material. In the more conventional methods of drying, heat
rransference into the fish is, in turn, dependent on a number of factors such as
conduction within the system, partial enthalpy of solution, and emission
from source together with transmission to the surface. It must be recognized,
however, that the relative importance of different factors varies widel; In
practice, according to species and the nature of the drying operation. For
instance, the drying characteristics of frozen and unfrozen muscle are quite
different; the unfrozen musde remains a gel through much of the drying
operation, behaving largely as an isotropic medium, whereas frozen muscle
behaves anisotropically. Jason’s review [52] isexcellent foradetailed discussion
of diffusion coefficients together with considerations of density and thermal
conductivity as dcterminants of the drying rate.

Natural drying [46, 54]

Air drying under the prevailing atmospheric conditions is prevalent in
many countries. Normolly, the fish are gutted and split; they are then some-
times beheaded and hung on a drying rack. In Scandinavia the fish arc hung
in pairs over poles and drying frequently takes from two to six weeks. In the
tropics fish are often set to dry in the open sun, sometimes on mats or racks,
often on the sand. [45]

While high temperatures are desirable in some respects, they can lead to
an unacceptable degree of spoilage and fly damage. Thus, for instance,
stockfish is produced in Norway mainly in the spring before the season for
flies.

In the past, the final drying of salt fish was by natural drying. However,
salt cod is now mainly dried artificially. In the former process, the moisture
content was reduced progressively from 55 to 60 per cent after salung to
20 to 45 per cent.

There is still a very considerable market for such stockfish and salt fish
. the Mediterranean areas and many tropical countries. In the tropics,
infestation by insects can present a very considerable problem, particularly
with locally produced dried fish.

Adequate drying and handling techniques can eliminate a number of
quality defects commonly encountered in dry, salted fish prepared or stored
under tropical conditions. [45] For instance, “pinking” due to halophylic
micro-organisms can be eliminated by reducing the moisture cont- nt rapidly
and by the use of a deep “pickle” technique at the salting stage.

At the same time, it should be noted that the acceptability of dried and
dry, salted fish follows quite different patterns in different countries. [81 As
< dicated in the section on fermented products, the populations of many
deveioping countries prefer strongly flavoured fish. What a European or
North American population would consider to be of excellent qualitv may
well be rejected for fish with the flavours of rancidity, “pink” or bacterial
decomposition. Indeed, partial fermentation is an integral stage in some West
African drying operations.




OBSERVATIONS ON FISH PROCESSING 89

In practice in such situations, natural drying is often complemented by
the use of open fires, together with simple kilns made of oil drums. Such
approaches to drying are quite common in the humid tropics. Recently there
have been indications, however, that such processing may possibly contribute
to the high incidence of primary carcinoma of the liver in some countries, as
a result of contamination of the fish by polycyclic hydrocarbons and the
formation of nitrosamines. [8]

Tunnel drying

The essential factor in satisfactory tunnel drying is the control of
temperature, humidicy and air velocity. Control of temperature is necessary
in that the rate of drying must be measured against the ill effects of over-high
temperatures, particularly in the early stages, in terms of “break-up” and
irreversible damage to proteins, affecting reconstitut'on. Humidity affects
both the drying rate and final appearance Linton and Wood [55] found that
drying rates increased with air velocity up to 200 to 300 feet per second.
Above this rate power costs increased without further significant improve-
ment in the drying race.

As indicated earlier in this article, development work has been carried
out on programmed tunnels for the production of material of “stockfish” type
at sea. However, at the present time such dryers are employed mainly ashore,
often for the final stages of salt-fish production.

In general lightly salted fish present considerably greater difficulties for
dehydration than heavily salted material.

A number of designs have been described, usually employing trucks or
racks to mount the fish laid on trays. Linton and Wood’s design provides for
recirculating part of the drying air, which can be heated indirectly by steam
where rhis is available. Under conditions of high external relative humidity,
drying will not be possible unless some form of dehumidifying system is used.
Lithium chloride has been employed in Canada, but it is expensive. More
usually, a system is used of pre-cooling below the dew-point before drawing
air into the heater, or of utilizing activated alumina or silica ge!. An early
European system employed sulphuric acid as a desiccant, [56]

Conversely, there may be need to humidify incoming air in some
situations since the appearance of the product suffers if the humidity of the
drying air is too low.

Proper conditions of temperature and humidity vary continuously
through the drying process, according to the species of fish and the preferred
product. Obviously, as in other forms of fish processing and preservation,
considerations of quality must be balanced economically against possible
variations in the drying regime.

Most development work has been carried out on temperate-water or
cold-water species. Drying temperatures are often in the order of 25° C,
although they vary according to the required conditions of drying, as
indicated above. Many tropical species can withstand considerably higher
temperatures of operation.
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Certain ancillary practices are employed in the drying of salt fish. In the
production of salt cod, for instance, an undesirably rough surface results from
drying freshly salted material. Consequently, after salting, the fish is washed
and placed in piles. The weight flattens and smooths the product, pressing out
brine and increasing the surface area presented to the air; and drying time 1s
reduced. This process is known in Canada as “water horsing”. A somewhat
similar procedure can be intioduced later into the drying operation. Rates of
water evaporation fall when the surface of the fish has dried. Removal of the
remaining water can take considerable time, especially with large fish.
Consequently, fish is removed from the dryer periodically and placed in piles
(but unwashed). Water then is equally distributed throughout the fish from
the inner layers to the surface. This process is known as “press piling” and it
considerably reduces time in the drier.

Thus it is apparent that a wide range of operating conditions exist, and
at least in theory continuously variable automatic control should have
considerable advantages over manual manipulation of the dryer and fish.
In practice, however, the commercial salt-fish dryers have commonly adopted
a compromise regime with fixed-temperature and fixed-humidity, without
the control of air conditioning since costs can be prohibitive. However, fully
automatic systems have been developed for commercial use. For instance,
Legendre [51] has elaborated a process for the artificial drying of salt fish by
thermo-couple control and Jason, at the Torry Research Station, Aberdeen,
has helped to develop a programmed tunnel dryer in collaboration with a
major British shipbuilding company. Undoubtedly, under conditions of
strict control, such as the Canadian thermo-couple system employs, it is
possible to dry fish well at higher external dew points than would normally
be possible using a commercial manual operation.

Drying of minces with warm air [57]

During the Second World War a considerable amount of research and
development was devoted to drying fish minces for human consumption. In
some respects the problems raised were similar to those that arise in com-
mercial fish-meal production, and they are pertinent to some processes used
for the production of very high quality meal. However, as in other approaches
to dehydration, which is discussed here, problems concerning reconstitution
are more important than in the production of fish meal.

Although elasmobranch species develop ammoniacal flavours during
storage in both a wet and dried state, almost any type of material can be used,
provided that it is fresh and has not been subjected to lipid oxidation before
processing. In the basic process, as discussed by Cutting et al.,[57] the fish is
washed, headed, gutted and filleted; only the fillet is used.

The fillet is then either cooked directly in live steam at a pressure of 2 |b
per in? for about 30 minutes or it is minced and the mince cooked similarly.
Something in the order of 20 to 40 per cent of water escapes, together with
some nutrient, as in the case of the “glue water” or “solubles” in meal
p-oduction.
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Cooked fish 1s cooled and minced (~ '-inch holes) for loading on to
drying trays at a density of 2 Ib per t° to form a rough granular bed. Pressing
at this stage 15 avoided since this results in a product that cannot be well
reconstituted. For this reason, also, the drying of flakes is contra-indicated.

Drying 1s carried out at between 85" and 65° C with relauve humidity
controlled mnitially (wet bulb temperature above 507 C) to avoid bactenal
spoilage. Quite low air velocities, in the order of 10 to 15 ft per second, can be
employed. The dried material is packed in cans under nitrogen. Shelf life
varies from several years at 10 C to a few months at 37" C.

Such approaches are not dissimilar to the less mechanized systems for
producing fish meal. [34] The differences lie primarily in the extent of initial
processing, and the care taken to avoid spoilage and such high temperatures
in the drying process as to make for poor reconstitution.

By comparison, commercial meal operations often use offal as raw
material. Whitefish can be flame dried directly without precooking, and if
inlet temperatures are high, ditticulties with glue water are avoided. More
commonly, the cooked minced matenal is pressed to remove some water, and
oil which is recovered, and the mass is then heated (to a temperature of about
100° C at the outlet).

The loss of solubles in the warm-air drying processes represents a
considerable loss of nutrients. In many variants of meal manufacture this loss
is avoided, either by their recirculation into the drying meal or by direct
recovery as condensed solubles.

Roller drying and hot press-plate drying

Although a system of roller drying was patented as long ago as 1922,
[58] its application appears to be limited. Cutting et a/. [57] havereported on
roller drying minces. The products reconstituted well but difficulties were
encountered in obtaining uniform samples. However, the agreeable texture in
the mouth, somewhat resembling that of freshly cooked fish, differs with much
of the experience obtained with other products; and it may well be that the
possibilities should be examined further.

In Japan, a variant of fat drying is employed in which pre-processed
squid rings are dried and fried under pressure between hot plates.

Fat oil drying

Sparre [34] has reported that in the production of fish meal a system
of dehydration under vacuum in hot oil is excellent for heat transference.
He points out that pressing to obtain a pure oil and reasonably fat-free
cake presents difficulties, and that success depends on improvements in
solvent extraction. A patent [59] for a process in which foodstuffs in general
are dried by heating in oil or fat under reduced pressure at 80° C does not
appear to have been adopted for commercial use. Removal of the fat by
drainage, ceatrifugation or solvent extraction was proposed. Drying times
were reported to be in the order of 2 hours.
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Solvent extraction, wet extraction [60]

The basic approach to drying in the wet extraction process is 1n some
respects similar to oil dehydration, but essentiall, the processes differ in that
in the wet extraction process the solvent is added directly to the wet
product and the water/solvent mixture evaporates azeotropically.

Freeze drying and accelerated freeze drying

Essentially, the development of freeze drying as a commercial process
for the preservation of foods followed upon the earlier introduction of the
Danish “pressfish” process. [61] In the latter process fish were placed between
heater plates in a vacuum chamber. Since the pressure of water vapour in
the system always exceeded that of ice at the highest temperature at which
fish will remain frozen (~ --1° C), the fish did not freeze dry. However, in
view of the basic potential of the process, further development work was
carried out in the Aberdeen Experimental Factoiy of the British Ministry
of Agriculture, Fisheries and Food, [53] supported by applied research at the
Torry Research Station [e.g. 62-—65]. Eventually products of excellent
quality were obtained.

In the onginal operation, pressure was brought to bear on the product
during drying by the hydraulic manipulation of the heater plates, with the
object of increasing bulk density. In practice, this method adversely affected
reconstitution properties and was abandoned. To ensure uniform initial
heat transference, attention was turned to feeding uniformly thick fillets
to the dryer, and appropriate cutting equipment was developed. However,
it was quickly realized that the drying of steaks, rather than fillets, had
advantages in that water vapour migrated more rapidly along the line of
muscle fibres than across them. Frozen fish steaks can be readily sawn to
uniform thickness. Drying times were in the order of eleven hours at a
thickness of 1.7 cm.

Times were reduced by about 40 per cent when it was observed that
the rate of vapour loss from the plate/fish interface was the limiting factor.
The reduction in time was achieved by placing expanded aluminium sheets
between the plate and the fish. [66] Heat flow was adequate and vapour flow
was greatly increased through the mesh graps. At the same time, difficulties
that had been encountered with local thawing effects, which had damaged
the fish, disappeared. A number of further developments have been made
in plate design to improve heat flow, but some of these are of limited
commercial value since they present cleaning problems.

The successful commercial application of accelerated freeze-drying
techniques has been confined largely tu such high-priced fishery products
as shrimp, which is often of excellent quality when reconstituted. The
application of these techniques to lower-cost products, such as dehydrated
cod steaks, has been less successful.
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Considerations of quality in the market of dried and dehydrated ﬁsh

While some of the “defects” of products referred to in this section
are less important to (or even welcomed by) some consumer populations, as
a rule the housewife prefers a dried product of good appearance, which
does not have a strange odour, and which reconstitutes well on preparation
and cooking.

Discolourations are caused by microbial attack (such as “pink” and
“dun” salt fish), which can be controlled, together with sliming, by adequate
attention to plant sanitation and the correct drying and packaging to ensure
that the amount of moisture remains low. The most common discolourations
in dried-fish products result from carbonyl-amino reaction. Frequently, the
“carbonyl” in such reactions is contributed by the free or phosphorylated
hexoses and pentoses of the muscle. In fatty species the products of lipid
oxidation can contribute “carbonyl”.

While sugar-amino reactions can be suppressed in their later stages
by the addition of sulphite, such additives may well be considered undesirable
nutritionally. At the present time it would appear that pre-processing
leaching with water is the better form of control. When lipid oxidation
occours with cheaper products, little can be done other than to take
recourse to solvent extraction or antioxidants, where either is toxicologically
and economically permissible. When such reactions take place with more
sophisticated products, as in the co-oxidation of carotenoid pigment in
freeze-dried shrimp, the problem can be resolved by improved packaging,
or by breaking the vacuum in the process with nitrogen.

The packaging of more sophisticated products may represent to some
extent a compromise between measures to avoid different types of
deteriorative reaction. For instance, a very high degree of dehydration has
advantages in preventing sugar-amino reaction, whereas a little water in
the product has significant antioxidant properties.

For less sophisticated dehydrated products other factors are consider-
ably more relevant to acceptability and losses. Although in some developing
countries, such as parts of East Africa, the problem with insects is not
serious, in others, such as in the Lake Chad area, for instance, losses due
to insect attack are enormous. It ist known that adequate control of
bacterical spoilage during the early stages of drying, and prior to drying,
can reduce subsequent attack considerably, but undoubtedly a major
contribution to the avcidance of losses of this nature in simpler dried fish
products could be made by further improvements in packaging.

Quality on reconstruction is important for many dried products. It
is affected in part by carbonyl-amino reactions; hence, control of copper
concentration of salt used in processing is indicated. More important in
many instances, however, is the control of protein “denaturation” and
aggregation reactions during processing and storage, especially by adequate
attenticn paid to temperature at critical moisture content.

While it is commonly accepted that excessively high temperatures can
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damage protein during processing in terms of nutritional quality in addition
to organoleptic quality, there is currently less agreement on the importance
of such reactions at lower temperatures to the production and storage of
dried fish. However, nutritional considerations are of considerable
importance for the rational exploitation of fishery resources. While nutritive
value may not be immediately relevant to marketability for human con-
sumption, fish meal is sold increasingly on the basis of nutritional quality.

SMOKING [67—74]

Discussion of fish drying must of necessity include some reference
to smoking, since even very mild smoking during drying plays a key part
in the process, especially at the surface. As occurs more commonly in the
process, the physical removal of water associated with salting or brining,
together with the deposition of smoke, each contribute in part to over-all
preservation.

During the smoking process, pre-salted material is dried in the presence
of a complex system of gases and particles. The degree of salting varies
according to the keeping qualities desired. While “hard” cures are less market-
2ble in western countries than formerly, they are still of interest to countries
with limited means of transport and refrigeration.

Considerable rescar:h has been done on the physical and chemical
properties of wood smoke, and this has been combined with some excellent
developmental work in the production of improved kilns. However, in many
countries the pattern of the operation has changed little over the centuries.
In many situations the open fire, or the simplest of stacks, is still found.

It ist commonly recognized in western countries that the production of
quality smoked fish, as demanded by their markets, requires fresh fish,
handled carefully. However, in many African countries it is a normal
practice to smoke spoiling fish to avoid complete loss, and the product 1s
readily marketable. Thus a wide range of flavours are found among dry-
smoked products. Methods of preparation also vary widely, but, in general,
fish are split prior to salting and smoking. Salting is done either in brine
or with dry salt as described above.

Smoking processes per se can be divided into two main groups. In the
preparation of cold smoked products such as “kippers” temperatures do not
exceed 30° C, whereas smoking temperatures run as high as 100° C or abovein
preparing hot-smoked products such as Kieler Sprotten. The flesh of the
latter is cooked, whereas the flesh of cold-smoked products remains
essentially raw. Moisture loss varies according to the product. Kippers
commonly lose 15 to 20 per cent during smoking; but in the production of
some hot-smoked products, a preliminary drying at a lower temperature is
carried out before smoking in order to reduce moisture by 20 per cent.
This prevents over-softening during the subsequent cooking in the kiln.

The fish are hung in a kiln for smoking, either stationary or on a
movable trolley. The type of wood used varies according to the species
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being processed. In general, however, the flavour of the products depends
more on the quantity of smoke than on the wood. A number of automatic
or semi-automatic systems for producing smoke have been developed.

Two types of kilns are generally used: ““chimney” and “‘mechanical”.
The first of these varies widely in design, and operation is an art in that
airflow, temperature and humidity are difficult to control. The fish are
turned repeatedly in the kiln in order to ensure a measure of uniformity in
the product.

Many industrial producers of smoked fish employ mechanical kilns
which control key variables such as the amount of smoke, temperature,
airflow and humidity. Most operate batchwise, although attempts have
been made to develop systems using continuous feeding. Other methods
employ smoke concentrates and dips, whereby the fish is first dipped in
the concentrate and then dried conventionally.

The marketing of lightly cured smoked products can present difficulties
in that the preservative action of smoke and salt have limited value since
recontaminatioon can occur rapidly in the presence of a spoilage microflora.
Obviously, ice cannot be used as a preservative; the alternative is to use
refrigeration. If necessary, smoked fish can be cold stored, but for countries
without an adequate refrigeration chain, the continued use of traditional
hot-smoking techniques, modified as appropriate, is preferred.
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7. DESCRIPTION OF OPERATIONAL FPC PLANTS*

Two wrocesses for the production of FPC have been approved by the
United States Food and Drug Administration, one using a single solvent and
one using two solvents. The two operational FPC plants in the United States
use the two-solvent VioBin process. They are the Alpine Marine Protein
Industries, Inc., New Bedford, Massachusetts, which is capable of processing
over 100 tons per day of whole wet fish, and the Cape Flattei'y Company,
Neah Bay, Washington, which can process 200 short tons per day of whole
wet fish.

The New Bedford plant is currently producing FPC on a US/AID
(United States Agency for International Development) contract. The Cape
Flattery plant has a long-term contract to produce an animal food supple-
ment of high biological value. Both of these plants use the process that
removes water from the fish by azeotropic distillation in ethylene dichloride.
The one drawback to the operation of these two plants is the limited supply
of fish (hake) for producing FPC.

The basic process combines solvent extraction and azeotropic distillation
for separating water and oil from proteinaceous fish tissues. The solvent is
ethylene dichloride (EDC). The extraction and distillation occur at a
temperature of 159° F and thus do not destroy the high-quality amino acids
of animal protein. Product yield is much higher than conventional methods
of fish reduction because there is no loss of water-solube proteins. The
biological value is higher when these factors, broadly categorized as “uniden-
tified growth factors”, are retained.

A recent comparison was made between a single-solvent process
requiring five extraction stages and the VioBin process using ethylene
dichloride in the first step, followed by a three-stage extraction using
91 per cent isopropyl alcohol (IPA). The VioBin process has a higher yield
which, for an FPC plant of 200 tons per day input (in this instance herring),
represents a difference of 3.56 tons per day of FPC. At 30¢ per lb ina
200-day operational year, the difierence amounts to $427,000 in one year.
The greater loss in the single-solvent process occurs primanily because of the
solubility of ¢ rtain proteins in the dilute alcohol during stages one and two
of that extraction.

* Paper presented to the meeting by James S. Tolin, President, Marine Protein Inc,
Panorama City, Calif., USA.
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The extractor is the primary vessel in the VioBin system and it main-
tans the proper temperature for separatiny liquids from moist proteins
by boiling the ground-up fish in a solvent immersible with water. At this
temperature, water vapour from fish tssue boils off as a heterogenous
azeotrope with the solvent vapour. (At the boiling point of the 2zeotrope,
the sum of the vapour pressure of water and of solvent equals the total
pressure-—| atmosphere.) This separates water from non-volatile fish oil
so effectively that no water-oil emul-ion is formed. (The removal of fish
oil from a water-aicohol-fish-oil emulsion is a costly process.) The remaining
liquid, called miscelia, is a solvent-oil solution. The solvent is recovered
from the miscelia and separated from the oil by evaporation, filtering and
finally by steam stripping the oil. Losses are less than one per cent of solvent
based on the weight of product. The residue of oil is of significant value.

As water and oil are removed in the primary extractor, the density
of the fish solids increases. The proteinaceous solids then drop to the
bottom as their specific gravity increases above that of the EDC, and they
are conveyed to an agitated washer where they contact fresh solvent. After
this washing process, the meal, wet with EDC, is conveyed to rotary steam-
jacketed vacuum dryers. These dryers remove adhering and absorbed EDC
by evaporation and by several applications of purge steam. {The product
from this stage contains 300—500 ppm of EDC.) The FPC is then milled
and either screened and stored or conveyed to the second stage of the process,
an IPA extraction unit, for further deodorizing, which enables it to meet
the United States Food and Drug Administration sp. ifications.

Solvent vapours (EDC and water vapor'rs) comiag from the extractor
in the first step of the process as well as from the evaporators and dryers
are condensed and conveyed to a decanter, which di-charges the water and
recycles the solvent for another use. Vapours vented from the vacuum pump
and various process vessels are fed into a solvent recovery system for further
recovery of small amounts of solvent which would otherwise be lost.

The second stage of the process, the IPA extraction, is very similar to
that which is in use in the plant at Agadir. The alcohol-extracting unit
installed at the New Bedford plant operates essentially by combining the
FPC from the first part of the plant with a solvent of IPA and water to
further extract flavour and aromatic materials. The FPC flows from chamber
to chamber in a counter-current to the flow of solvent. Removal of rolvent
ist conducted in much the same manner as in the first stage. Two solvent
removers are used for the drying operation; while one unit is on the line
drying, the other accumulates the continuous flow of drained solids from
the extraction unit,

As in the first stage of the process, the alcohol and some EDC are
recovered through the specially designed solvent recovery system. The cost
of extracting the primary meal with IPA is between 3¢ and 4¢ per Ib.

The VioBin process, particularly the continuous separation of fat and
water from wet tissue, is based on the following premises:
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Many substances, especially of animal origin, contain high proportions
of water, either in the form of intercellular fluid or in % cell tissue
as intracellular fluid The presence of a moisture contenc In tissue n
excess of 20 per cent greatly impairs, or prevents, the use of a solvent
immiscible with water for the removal of fat from the tissue.

An azeotropic mixture has ti.e property of boiling at a lower tempera:
ture than the boiling point of either of the liquids that form the
azeotrope.

The solvent and water should form an azeotrope which will remove
a substantial proportion of water in relation to the amount of solvent
distilled at the oper:.ting temperature. Among the solvents of this type,
ethylene dichloride is preferred. EDC has a boiling point at atmospheric

pressure of 83.5°C: a water ethylene-dichloride azeotrope boils at
70.5° C.

The solvent musc not be reactive with the tissue constituents under
operating conditions, and it must be capable of being removed by
evaporation fiom the FPC without leaving harmful or toxic residues.

The sale of FPC in the United States and to markets subsidized by the
US/AID requires a manufacturing process approved by the Food and Drug
Administration. Review of the over-all FPC manufacturing experience
available today indicates that the VioBin process is the one best suited for
large-scale production.

The VioBin process has been in continuous development since 1958,
but only since mid-1967 has the move been made from the laboratory to
a plant with a processing capability large enough to make production
economic. It has now been demonstrated that fish-protein concentrate
may be economically produced on a large scale, by fully utilizing the whole
wet fish and naking optimal use of various solvents.

Considerable effori has been expended by Marine Protein, Inc. towards
establishing design criteria for a shore-based plant and an incremental
shipboard plant processing 200 tons per day (of raw fish). These plants
are designed for a dual solvent process, but they could have been designed
for a single-solvent process if that were well enough developed.

The benefits of a shipboard plant are numerous. The most significant
are the increased days of production per year and the reduced cost of
landing fish at s2a versus the cost at a stationary shore-based plant. However,
before comparing the relative merits of shipboard versus shore-based plants
a feasibility study should be undertaken which would analyse thoroughly
all factors such as location, fish harvesting, process utilization, labour supply
and transportation in order to select the optimal conditions for the parti-
cular situation.







8 DESCRIPTION OF THE DEMONSTRATION PEANT OF THE
UNITED STATES BUREAU OF C OMMERCIAL FISHERIES

The purpose of the plant to be built i Aberdeen, Washington, s to
demonst ate the feasibihitn of the sopropyl alcohol extraction process tor
making FP? on a near commeraial scale and to provide cost and engimeermg
data The contractor, Ocean Harvesters ot Los Angeles, Cahtormia, represents
two firms SWECO, whose responsibihity s to design and construct the
plant, and Star Kist Foods, which will operateat

The plant s planned with a capaaity to handle 50 short tons per day ot
row fish on a 24 hour basis, or about 2 short tons of fish per hour The plant
will be able to produce about 7.5 to 8 short tons ot FPC per day

The extraction svstem will consist ot a continuous counter current
stage tvpe. The mean contact time per stage will be 15 minutes and between
each stage the miscella and solids will be separated by a SWECO vibrating
wereen. Additonal miscella will be squeezed from the solids by a screw press.

The solvent recovery system 1s a single distilation column, with
azeotropic a'cohol going overhead, and oil. solubles, and water leaving from
the bottom. This system has been thoroughly checked and the solvent 1
recovered and recyced. The wet FPC s dried, freed ot solvent, milled and
packaged in a manner similar to that followed by the plant at Agadir The
design of the Aberdeen plant has been completed, the ground was due to be
broken 8 December 1969 and the tentative start-up date was | August 1970,

Paper presented to the meetng by George M. Knobl, Jr, Acting Rescarch
Director, National Center for Fish Protein Concentrate, Bureau of Commercial Fishenes,
Fish and Wildhfe Service, United States Department of the Intenior, Coliege Park, Md,,
USA
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9. PRODUCTION OF LOW FAT FISH MEAL IN NORWAY~

Following a year in which there was an over-catch of fish in Norway
with insufficient facilities for processing the fish, a plan was initiated by
fish-meal producers to utilize such excess quantities tc make tish meal. They
developed the Pescamino process, relying on the expert knowledge of
Mr. Eric Hayne and based on the experience of producers in Sweden.

An initial problem involved defatting herring and mackerel, since by
cooking and pressing these fish it is difficult to produce a fish meal with
a fat content below 7 or 8 per cent. The problem of evolving a homogeneous
extraction process was soived by adopting a modification of the Lurgi plant
process, combining the soya-bean and rice-bran processes. This system
provides for preconditioning the meal, adding moisture again, and making
meal pellets of the right consistency to be drawn or carried in a counter-
current extraction with hexane. The operation uses a roto-disk, steam-dried
system for processing conventional fish meal, and the product consists in
part of meal made directly from fresh mackerel or herring and in part of
meal stored up to three months.

The Pescamino plant started operating in May 1969. The Soxhlet analysis
of the fish meal reveals 80.8 per cent protein, 8 per cent moisture, 10.5 per
cent ash and 0.3 per cent fat. It contains 1.3 per cent salt and 0.19 per cent
ammonia. Other factors are normal for fish meal. No elements are destroyed
in the extraction process, and since the fat is largely removed the taste is
acceptable even for human consumption.

In the first months of production the average cost was $18 per ton
of extracted product, including the cost of bringing steam from an adjoining
fish-meal plant, electric power, packaging, wages, maintenance etc. The
initial investment for building and equipping the plant was $350,000.

The plant is run on a strictly business basis, producing 50 tons of
fish meal a day, or roughly 1,000 to 2,000 tons a month, tw be sold on
contract. The product, which is marketed for 3¢ more per Ib than the normal
price of fish meal, has two main outlets: for pet foods and as a substitute
for milk in the diet of calves. In producing for these markets, the firm works
in co-operation with a Swedish company (Lactomeen), which owns a size-

Paper presented to the mectung by Gerdt Lgvold, Manager, Pescamino Ltd. A5,
Oslo, Norway.
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able laboratory for mixing and blending. The product has also been sold in
considerable quantity in the United Kingdom as feedstuff for young pigs
and in Denmark for feeding young salmon.

One problem in the way of further development of fish meal in Norway
for human consumption involves the hygienic standards of some processes
used to produce fish meal. An additional difficulty is imposed by the
scarcity of raw material. One recourse has been to use floating factories.
However, the experience of the Astra plant has been that while floating
factories are adequate for producing fish meal, they are inadaptable to the
extraction process because of the motion of the sea and other factors.

The Pescamino company employs a cargo liner equipped with the most
up-to-date machinery for producing fish meal. The fresh meal is brought
ashore; part is sold directly and part is used for extraction. The company
plans to develop a more sophisticated product—one for human con-
sumption—as a side operation.




10. THE HALIFAX ISOPROPANOT PROCESS FOR THE
MANUFACTURE OF FI1

Work was started in the early 1950s at the Halitax [ aboratory to
develop a defatted and deodonzed tish protein concentrate suttable tor
human consumption. Two different approaches were explored ¢nzymatn
hydroiysis and solvent extraction. Research on enzymati hvdrohsiv will
not be discussed here.

Studies on solvent-extracted hish protein concentrate focused on an
investigation of the use of 1sopropanol. Earher studies had proved the
effectiveness of this solvent in the extraction of tish roc Tts charactenistics
make it a logical choice for use in the extraction of fat, water solubles and
water from fish. It is relativelv non-toxic to humans, and 1t does not combane
with the components of fish to form toxic compounds. lsopropanol s
readily available at relatively low cost, easily handled, non corrosive to
equipment, and there are few government restrictions on s commeraia
use.

Rescarch involved the extraction of filleted scrap to produce a tatteless
and odourless product. Dr. Guttmann describes the procedure, which 1
essentially the same as that characterized in Progress Report No. 17.n 1957,
in the 1955—1956 annual report of the laboratory. The method was then
still in the experimental laboratory stage.

The Guttmann-Vandenheuvel-Gunnarsson process was adapted for
use on a pilot scale in 1958, and for the next two years it was investigated
in detail. Its essential features are listed below

(1) Wash material, discard heads:

(2) Gnnd to Y4 in or less;

(3) Add 2 parts (weight) water, pH 5.5 H.PO4;
(4) Heatto76° C, stir 30 minutes;

(5) Filter. Hot water wash;

(6) Add isopropanol (IPA) up to 79 per cent;
(7) Wash with 86 per cent IPA;

(8) Repeat (6);

(9) Repeat (7);

(10) Dry cake;

(11) Screen to: FPC, intermediate, bone;

(12) Grind to pass through '/3;-in screen.

“ Paper presented to the meeting by David R. Idler, Atlantic Regional Director of
Research, Fisheries Research Board of Canada, Halifax, Nova Scotia, Canada.
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The colour of L.otches of FPC (figure 1) varied considerably. This
characteristic possitly reflected seasonal alterations in the same species
( ﬁgure 2).

A major difficulty was encountered in filtering or centrifuging the
gelatinous mass which formed when water and acid were added to the
ground fish. This problem was envisaged by Gunnarsson, but he anticipated
that centrifugation would solve it Although some batches were satisfactory,
others had a fish odour, presumably as a result of inadequate washing; and
the processing of still other batches had to be discontinued when the centri-
fuge cake became corupletely impermeable to water.

Modifications of the process were indicated. Yet, despite the limitations
of the process, a fair amount of high-quality FPC was produced and distri-
buted during this period.

Extraction with water was introduced originally to remove water-
soluble materials prior to the extraction of lipid with isopropanol. In a
se,irate experiment a study was made of the protein of cod muscle as
frce as possible of other components, using various mixtures of isopropanol
and water for the extraction of fat, water solubles and protein (figure 3).
it became apparen: that the isopropanol extracted the water soluble materials
effectively if it contained 15 to 20 per cent, or more, water. Fat was extracted
optimally when theisopropanol cortained 20 to 30 per cent water. Practically
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Figure 1. Typical reflectance curves indicating colour for various samples of
fish-protein concentrate
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Figure 2. Variation of colowr of fish-protein concentrate by month fish
were canght

no protein was extracted unless the water content exceeded 20 per cent and
very little was extracted with a water content of from 25 to 30 per cent.

The solution of the problems presented by water extraction was now
apparent, and from this point on extraction was performed with 70 per cent
isopropanol. This procedure produced a porous mass resembling a mixture
of fine sawdust and water; it completely eliminated the problems connected
with centrifugation and various fish odours. It also provided a means of
preserving the raw material, which had been very susceptible to spoilage.

The Power-Dambergs improved method for preparing FPC from cod
and related species as described in the Jowrnal of the Fisheries Research
Board of Canada, Vol. 19: 1039—1045, 1962, is as follows:

Step 1: Fresh, skinned cod fillets (or other material) are ground to
Ya-in size in a 1.5 hp meat grinder (see figure 4). A sufficent amount of
99 per cent isopropanol is added to give a 70:30 isopropanol: water ratio
in the mixture, making use of the water already contained in the muscle. This
requires approximately 19 imperial gallons of 99 per cent isopropanol per
100 Ib of fillet. The mixture is stirred for 15 minutes in a stainless steel tank,
during which time sufficient 20 per cent phosphoric acid is added to bring
the pH to 5.5. This partly hydrolyzes the connective tissue, making the
collagen and gelatin more soluble. The flesh of this fillet is dehydrated and
slightly denatured by the alcohol. The texture of the flesh changes from a
soft paste to granular particles. This makes possible the use of a high-speed
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Figure 3. Effect of isopropanol concentration on extraction of water
solubles, protein and fat from cod muscle

comminutor to reduce the size further. The alcohol-fillet mixture is then
put through a Fitzpatrick comminutor fitted with a screen having holes of
1s-in diameter.

Step 2: The material is put into a 30-gallon reaction kettle and
maintained at 178° to 180° F with constant agitation for 30 minutes. A glass
reflux condenser is used to prevent loss of alcohol. The material is then
pumped to the bird-basket centrifuge and the liquid is seperated off. The
cake then contains 45 to 50 per cent liquid. At this point approximately
94 per cent of the fat and 72 per cent of the water solubles to be removed
have been extracted. The cake is then broken up by passing it through the
Fitzpatrick comminutor, this time fitted with a screen having ;-in? openings.

Step 3: The shredded cake is replaced in the reaction kettle with
10 gallons of 70:30 isopropanol:distilled water mixture for each 100 Ib of
starting material. The temperature of the mixture is kept at 178° to 180° F
and held there for 15 minutes with constant agitation. It is then pumped to
the bird-basket centrifuge and the liquid removed. After this extraction
approximately 97.5 per cent of the fat and 98 per cent of the water-soluble
material to be removed has been extracted. The cake is again shredded in the
Fitzpatrick comminutor, using the screen with %;-in? holes.

Step 4: The material is then put into the reaction kettle with 99 per cent
isopropanol and again heated to 178° to 180° F for 15 minutes while being
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Figure 4. Flow diagram for production of fish-protein concentrate

constantly agitatzd. In this extraction 10 gallons (imperial) of isopropanol
are used per 100 Ib of starting material. The slurry is then pumped to the
centrifuge and the liquid separated off. An additional 4 gallons (imperial)
of 99 per cent isopropanol is then placed in the kettle and heated to 178° to
180° F and then pumped into the centrifuge in order to clean the last of the
solids from the kettle, pump and lines and to wash the cake. The cake is then
broken up in the Fitzpatrick comminutor.

The fat content after the extraction is less than 0.06 per cent (usually
from 0.016 per cent to 0.04 per cent) on a dry basis as measured by extrac-
tion with a methanol-chloroform mixture (the Bligh and Dyer method).
Extraction by ether in a Soxhlet apparatus produces FPC with a smaller fat
content.

Step 5: The ground cake is then dried in trays, using a cabinet-type
dryer in which air heated to 100° to 110° F is blown over the trays. Drying
takes from 24 to 36 hours depending on local weather conditions. The
alcohol is removed and the moisture reduced to 3 to 4 per cent. After drying,
the cake is finally ground to flour in a Reitz disintegrator, using a screen
with 0.032-inch holes. The final product is then sealed in polyethylene bags.

The use of 99 per cent isopropanol for the final extraction produced a
cake that was easier to dry and eliminated the risk of spoilage during an
extended period of drying. Acid can be eliminated if very fresh material is
used at the outset. However, experience indicates that there is a definite risk
that the finished product will have a fish odour or undergo a flavour
reversion if acid is not used. When acid has been used, colour and flavour
have been consistently satisfactory.
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The process has been modified for application to fatty species. In this
case, the ispropanol content is raised as high as possible during the sec ‘nd
extraction. Two extractions of herring reduced the fa: content to 1 per cent,
and a third extraction brought this figure down to less than 0.1 per cent,
compared with 0.02—0.056 per cent for lean fish. All these values are well
below fat contents that have been recommended as satisfactory for the best
quality FPC.

FPC has been prepared from cod fillets, filleted line scraps, filleted
line-scrap press cake, whole cod, whole eviscerated cod, eviscerated and
headed cod, mature and immature herring, capelin, whole skate and whole
dogfish. All of these products have satisfactory colour, flavour and odour.

Air drying leaves a residual isopropanol content of approximately
1 to 1.2 per cent; vacuum drying removes very little more of the residual
alcohol. Steam stripping and redrying reduces the level of residual solvent
to 250 ppm or less.

Removal of all or part ot the bone from the raw material betore proces-
sing makes for higher protein yield and for low levels of fluoride in the final
product.

Table 1 gives a proximate analysis of fish-protein concentrate made
from various raw materials. The protein content is highest from fillets.
Whole cod yields a concentrate containing 84.7 per cent protein, and cod
trimmings, 87.2 per cent; whole herring yields 89.7 per cent protein. The
residual fat varies between 0.02 per cent and 0.056 per cent for lean fish
to a high of only 0.18 per cent for herring.

TA'LE 1, PROXIMATE ANALYSIS OF FISH-PROTEIN CONCENTRATE MADE FROM COD AND
HERRING
{Per cent)
Protein Fat Fat (chloro-
Raw material (dry Moisture Ash Fibre (ether form-methanol
basis) extraction) extraction)
Cod fillets 929 4.64 1.89 0.50 0.02 0.033
Whole cod 84.7 7.62 14.6 0.88 0.02 0.056
Headed, evis-
cerated cod 90.26 5.25 8.37 0.81 0.02 0.02
Cod trimmings 87.2 3.54 11.42 0.34 0.039 0.04
Whole herring 89.7 8.24 7.13 0.94 V.09 0.18

The nutauve value of the protein concentrate is high. The protein
efficiency ratios (PER) of all samples (figure 5) are higher than the correspon-
ding values for casein, with the exception of the samples produced from press
cake, where the loss of proteinaceous material during pressing most probably
causes the decrease in quality of protein. Press cake cooked with live steam
injected directly into the material showed the lowest PER as a result of the
extractive effect of the steam condensate. The highest PERs were manifest in
the concentrates produced from cod fillets, whole herring and whole cod.
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The PERs for these concentrates were 2.97, 2.74. and 2.64, respectively.
Protein concentrate made from headed, eviscerated cod and cod trimmings
had intermediate PER values of 2.58 and 2.57 respectively, compared with
a value of 2.50 for casein. The samples of protein concentrate produced from
two types of cod-trimming press cake had the lowest PER values: 2.19 and
2.12 respectively, or considerably lower than the values for casein.

The values of available lysine as per cent of protein are also very
satisfactory. The range is between 6.14 per cent and 10.1 per cent (see
table 2). With the exception of the concentrate prepared from mature female
herring just prior to spawning, all values are above the minimum of
6.5 per cent recommended by FAO in their tentative specifications of 1961,

The Fisheries Research Board and the Department of Trade and
Industry have been co-operating to obtain approval by the Food and
Drug Directorate of FPC for human consumption in Canada. The chemical,
nutritional and toxicological tests required by the Canadian Government
before approval have been successfully completed.

The request for approval by the Canadian Food and Drug Directorate
was based on fish-protein concentrates made from four raw materials: whole
herring, whole capelin, and cod and haddock trimmings (that is, the remains
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a Cod trimmings cooked with indirect heat and pressed to 0% moisture.
b Cod trimmings cooked with live steam and pressed to 60% moisture.

¢ Male herring just prior to spawning; gonads 19.5% of total weight.

d Femaie herring just prior to spawning; gonads 22% of total weight.

Figure 5. Protein efficiency ratios for FPC made from cod and herring
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TaBiE 2 L ysiNF AND AVAII ABIF 1 YSINF VAL UES FOR FPC MADE FROM € OD AND MERRING,

{Per cent
! yune 4vanl Avatlable
{ ysine ds per crni able ivsine s per ceni
af protein lysine o profein
Cod flllcts 12.6 142 8.49 9.58
Whole cod s 14.7 787 101
Headed, eviscerated
cod 11.7 133 7.04 8.23
Cod trimmings 77 9.1 7.5 8.9
Herring* 11.6 14.1 5.82 7.07
Male herrning? 1.2 15.03 6.28 843
Female herring 263 1.3 5.13 6.14

a4 Mixed immature hernng
b Male herring just prior to spawning
« Female herring just prior 1o spawning

of the eviscerated fish after the fillets have been removed). Approval was
also requested for species related to the foregoing and for fish-protein
concentrate made from hake on the basis of approval of this FPC by the
American authorities. It was also planned to obtain approval of tish-protein
concentrate made from a wider range of edible species. Those being con-
sidered and that are not fully used at the present time as food in Canada
are skate, dogfish, sand launce, argentines, flounder and many other under-
utilized species.

Underutilized marine resources in Canada could be of ruajor importance
to the economic production of FPC. Among the large quantities of edible
fish caught by trawlers, a sizeable inedible remainder is returned, dead or
dying, to the sea. With conversion to FPC these presently unusable species
could provide high quality protein that would otherwise be wasted. Species
of potentially edible fish that are rarely if ever caught include sand launce,
argentines, hake ar< the elasmobranchs.

The establishnient of an FPC-based industry would aid both the fisher-
man and the consumer. Fishing vessels bringing in edible fish and fish for
conversion to FPC could obtain a full load more quickly and make shorter
trips with a consequent increase in the freshness and quality of the fish.
Species presently landed for meal could also command a high r price if they
could be transformed into a product suitable for human consumption.

The Federal Government has appointed an interdepartmental com-
mittee on fish-protein concentrate to promote the commercial application of
the isopropanol process for making FPC in Canada. Various subcon i tees
report to the committee on such matters as research and marketing.

Last year, Cardinal Proteins Ltd, with head offices in Halifax,
announced plans to proceed with the construction of a full-scale commercial
plant to manufacture fish-protein concentrate at Canso, Nova Scotia. The




THE HATIFAX ISOPROPANOI PROCESS FOR THEMANUFACTURE OFFIC 115

Halifax 1sopropanol process will be used. 1t 1s planned that this plant will
have the capaaity imually to process 200 tons of fresh tish per day: this
will result 1in an output of 30 tons of protein concentrate per day. Raw
material will be herring, cod and haddock trimmings, and edible species
presenthy not used tor human tood. This plant, financed tor Canadian
$5 million, was expected to go into production near the middle of 1970.
The selling price of the product was calculated to be about 35¢ per lb.
Scientists of the Fisheries Research Board of Canada have been co-operating
closely with company engineers in the design of this plant and are continuing
research related to the process. This prototype plant is expected to be
modified extensively as experience 1s gained.

Research is continuing on fish-protein concentrate at the Halifax
Laboratory. Methods have been developed for determining the fluoride
remaining in FPC, and studies are underway to determine the fluoride
content of various parts of fish for a number of species. A gas chromato-
graphic method has been developed to enable the residual alcohol content
to be determined rapidly. Work on improving the efficiency of the extrac-
tion process is continuing; and it has been demonstrated that the isopropanol-
water azeotrope, easily recovered by simple distillation, can be used effectively
in the extraction process, even for fatty species such as herring. The
possibility of producing fish-protein concentrate with various physical
characteristics such as water-binding and heat-coagulating ability is also
being studied; such an FPC could be used in meat products. In fact, fish-
protein concentrate is not a product, but rather a variety of products, each
modified to meet specific requirements. Jack Davis, Federal Minister of
Fisheries and Forestry, compared producing FPC with pulping in the forest
industry.

A great advantage ‘o properly packaged FPC compared with con-
ventional firth products lies in its almost indefinite shelf life under nearly
every environmental condition. This is a very significant consideration in
countries where refrigeration is at a premium. The stable nature of the
product is also a plus feature when it comes to systematic marketing.

The plant at Canso is expected o be the forerunner of many similar
operations in Canada and in other parts of the world. In this way, Canadian
marine protein resources will be better able to make an important contri-
bution to solving the problem of a world-wide scarcity of high quality
protein.







11. ASPECTS OF PLANNING FPC PRODUCTION FACILITIES*

In planning FPC plants, basic objectives must be clearly defined. These
will differ in each case. They should include the provision of raw matenals,
the specificanon of the product in relation to market requirements, cost
factors and the disposal of by-products.

The 1sopropanol extraction process can be applied on a commercial
scale with a good deal of tlexibility to meet the specific requirements ot
individual projects. Examples ot adaptable process teatures include raw
material storage, bone removal, extraction techniques and FPC grinding
and deodornzation.

An adequate supply of fish resources without danger of depletion
represents perhaps the most important key to the success of an FPC plant.
Suitable harvesting techniques must also be developed. The project shonld
be supported by a tishing fleet at its disposal to provide the plant with
landings of the desired quality, quantity and according to a schedule. The
location of the plant, its capacity, the methods of fish handhing and storage,
the size of storage facilities and, indeed, the process route itselt must be
established on the basis of what fish supplies can be expected.

Various markets and applications call for different product characte-
ristics in respect of mineral content, particle-size analysis, trace components,
solubility, dispersing power, heat-coagulating ability, flavour, colour and the
like. For each project, such factors should be considered as where the FPC
is to be marketed, and what the major applications and the requirements
of purchasers and public health authorities will be. This information will
determine the appropriate range of product specifications and the design
of the plant. Otherwise a process of manufacture might be adopted that
might handicap the utilization of the product. Technology has advanced to
the point where even on a commercial scale, vanations and control of certain
functional properties of FPC may be determined during its manufacture
without compromising the quality of the product.

The method of manufacture and the degree of complexity of the
equipment can, within limits, be adapted to suit the price that the market
can tolerate and that the cost of the raw matenals will permit. Many figures

Paper presented w the mectny by Arnold Carsten, Speaiaisst, Surveyor, Nenniger
and Chenevert Inc., Montreal, Canada.
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have been quoted in recent years on the capital cost of FPC plants and on
production costs. They differ widely as they depend on facturs that relate
more to the specific circum«iances of a particular project than to the
requirements for materials and energy of the process chosen. The largest
item in the production cost of FPC 1s the raw material, but related features
such as storage of matenals, material handling, solvent requirements,
sanitation, pollution control, processing ot by-products and cost ot con-
struction, to mention only a tew, can have tar reaching cttects on the over-
all economics. Too much significance should not be attached to figures that
are not adequately substantiated nor should conclusions be drawn from
figures until it 1s determined that they are applicable.

The manufacture of FPC can yield a number of by-products such as
fish oil, fish meal, bone meal and solubles. In determining the basic design
criteria for an FPC plant, there must be a clear understanding of the
effluents involved, and how the facilities to process them profitably can best
be integrated with the FPC manufacturing process.

For example, recent interest has been shown in storing raw fish in
refrigerated sea water to cope with fluctuations in the supply of raw materials
and to take advantage of this method of storage in subsequent process steps.
However, the used water would contain organic material. If pollution
control regulations prevented the disposal of contaminated water and if
treatment facilities were too costly or if there were no outlet for the
recovered material, this apparently insignificant obstacle would require
a major revision of the proposed process route.

This example illustrates the futility of attempting to develop a single
process, let alone a plant design, for universal use. This does not mean,
however, that the results of development work in Agadir or elsewhere
cannot form the basis for future FPC plants, but rather that the rapidly
growing scientific and technological knowledge of FPC already permits the
adaption of a plant to specific circumstances. This flexibility will increase
over the years as a variety of processes currently being developed come into
commercial use. These processes are not necessarily competitive, since they
aim at developing products with widely differing properties.

The most advanced processes are based on solvent extraction, and
a number of them, such as those developed by the Bureau of Commercial
Fisheries in the United States, the Fisheries Research Board of Canada, the
VioBin Corporation and others can now be applied on a commercial scale.

This paper deals with the isopropyl alcohol extraction process, which
is one of the two approved so far by the Food and Drug Administration of
the United States. This process is being referred to in order to illustrate not
only that FPC of the highest quality can be produced on a commercial
scale, but also that a measure of flexibility to meet varying circumstances
has already been achieved. The only plants of this type now in operation are
a few pilot plants and a commercial plant for making a feed-grade product
from fish meal. However, the process design has been completed for the
first commercial facility and it is certain, on the strength of numerous pilot-
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plant and equipment tests, that no nsurmountable problems will be
encountered m using the process.

It 1s now known how long and under what conditions tish and inter
mediate materials can be stored without retnigeraton i the solvent. This
means that plants can be built to cope with speaitic tish-landing schedules,
and consideration can be given to shipment ot intermediate matenals to a
centrally located extraction plant.

Extraction need not necessarily begin with the ground tish. Depending
on the circumstances surrounding the project. o¥fraction may be preceded
by mechanical removal 1 th. vone or by cooking and removal of mil and
sclubles by convenuunal means.

The extraction procedure itself offers a high degree of flexibibity as to
the number of extraction stages, process conditions, contacting and separation
techniques and the like. The design can thus be adapted to suit different
starting materials and to achieve products of the most exacting speaifications.

A variety of techniques have been explored for final grninding and
classification of the FPC. These difter widely in pertormance and cost. They
may also serve to effect partial removal of bone unless this has already been
accomplished earlier in the process. The partial or complete removal of
bone not only limits the fluoride content of the product to meet the require-
ments of public health authorities, but also opens the door to a wider range
of applications. Here again there 1s an opportunity to tailor the process to
meet specific requirements.

Deodorization of the solvent before it is recycled can be expensive. The
problem is no longer serious, but before further action, the results of a tully
continuous operation must be determined. One or a combination of three
methods may be employed, naniely acid treatment, fractional distillavion and
adsorption. Odour compounds can also be removed elsewhere in the process,
namely by pH control during, extraction and by steam-stripping during
desolventizing of the FPC. Th: effects and economics of all these steps are
interrelated and also dependent on other process variables. The complexity
of the deodorizing system must therefore be related to the process as a whole
as well as to the proposed applications of the product.

The above remarks are intended to stimulate discussion, to illustrate
how much knowledge is available for commercial application, and to suggest
that it is better to remain flexible and not to develop a concept of an FPC
plant that is restricted in usefulness by premature detail. The author is not
at liberty to disclose work for specific clients. He will be pleased, however,
to ccntribute engineering details to any specific project as and when required.
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12. AN EXPERIMENT USING ISOBUTANOL FOR THE
PRODUCTION OF FISH-PROTEIN CONCENTRATE IN CHILE*

As has been pointed out by Oswald A. Roels 1n arucle 1, Chile s
ideally suited to the development of an FPC industry, because of its long
coastline, the fish consciousness ot the population, and the need to tortify
the diet, which consists primarily of carbohydrates and fats, with a source of
protein. After an attempt had been abandoned to produce FPC in Chile by
an extraction process using ethanol and/or hexane, an experiment was made
employing isobutanol as a solvent. The advantage of isobutanol is that it can
be produced in Chile, whereas other solvents, such as hexane, isopropanol
and ethylene dichloride, must be imported.

The process was developed on a basis similar to the one initiated by
Levin. {1, 2] The hake was extracted with solvent, and the water, solvent
and volatiles were continuously distilled at a constant temperature. The
distillate underwent two immiscibie phases: one rich in water, and the other
in solvent, the latter being recirculated as reflux.

The raw material used was whole Chilean hake (Merluccius gayi)
processed no later than twenty hours after being caught. The mean composi-
tion of the hake is given in the table below. This composition showed
a marked variation during the period of work (March to July). The fat content
varied from 4 per cent up to 22 per cent on a dry basis. These figures may

appear high for a lean fish, but they agree with those given by Yanez
etal. [3]

COMPOSITION O HAKL

ey cenit

Batch Protcin® Ash Far

1 66.1 14.4 19.5

2 64.9 14.1 21.0
34 67.5 14.3 18.2
7—8 75.7 14.4 9.9

Note: All analyses were made by methods of the Awoaation of Ottical

Agricultural Chemists.
a N X625

“ Paper presented to the meeting by P. Hevia, Fernando Acevedo Bonzi, and
S. Kaiser of .he Catholic University of Valparaiso, Chile. Mr. Hevia is with the University’s
Institute for Scientific and Technological Research; Mr. Bonzi is Head of the Research
Department of the University’s School of Engineering.
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When the supply of tresh tish was not constant, the raw material was
comminuted and then kept in isobutanol tor not more than one week, a
pertectly safe period according to the Umted States Department of the
Interior. This prehmiary treatment facilitated the extraction, preventing
the formation of lumps. The solvent used was Merck 1sobutanol (2 methyl
I -propanol) technical grade.

Isobutanol 1s partially miscible with water, which 1s an advantage in
that 1t elimmates approximately 50 per cent of the water i a continuous
process through distillation and decantation, saving energy and progressively
improving the contact between solvent and fat. It penetrates cells better than
immiscible solvents; and 1t prevents loss of valuable solubles. A chromato-
graphic analysis of the used solvent showed no trace of amino acids.

In addition to this property of partial miscibility, isobutanol distils
azeotropically with water at 89.2° C, a temperature considerably lower
than 108° C, the boiling point of the pure solvent. Hence, extraction-distil-
lation takes place at a nearly constant temperature, about 91° C.

Although 91° C may seem to be much too high for preservation of
the nutritive value of the fish, studies made by Ydnez et al. [4] showed
that the nutritive value of hake was retained, even after the material dried
at 105° C.

Added to these advantages is the high boiling point of the pure solvent
which eliminates the difficulty of handling more volatile solvents. Finally,
isobutanol is not very toxic. [5, 6]

The process consists of six basic operations: washing, comminution,
extraction, filtration, drying and grinding. Approximately 2 kg of fresh
whole hake were washed with fresh water, then comminuted and homo-
genized in a ¥, hp Hobart comminutor-homogenizer for 5 minutes. The
fish, now in the form of a paste, was transferred to the extractor-distiller,
which consisted of a 10-litre glass flask with variable speed agitation, a
reflux condenser, a distillate receiver externally cooled with water, and a
1,000-W heating mantle with temperature regulator.

The first extraction was done at room temperature for 30 minutes and
then at boiling temperature (89.2°—91° C) for hours using a ratio of 3 kg
solvent to 1 kg fish. The extracted fish was then washed twice with cold
solvent. The final fat content was 0.3 per cent on a wet basis.

The next step, filtration, was done under an absolute pressure of
100 mm Hg through a bed of activated carbon. The solids were dried in an
agitated glass reactor, heated externally with hot water at 60°—65° C under
an absolut pressure of 25 mm Hg. The drying operation proved inefficient,
since 18 hours were required to dry from a moisture content of 45 per cent
to one of 3—4 per cent. For the final operation, grinding, a Mikro Sampmill
(hammer mill) was usad.

The problem of solvent recovery was not studied in depth, but some
experiments indicated that this operation is feasible. The solvent-fat solution
was distilled in conventional laboratory glass equipment, using a column
(35 cm in height, 6 cm in diameter) packed with activated carbon. The
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carbon served both as an absorbent tor odorous substances and as packing
for better rectification.

This method produced a fine hight yellow-grey flour with no odour
and only a slightly fishy taste. The product showed marked stability: no
alterations were observed after several months of storage in glass bottles at
room temperature. A sample stored for two months at 60" C in a flat dish
placed in a forced circulation oven showed no change.

The process yield was 17 per cent FPC with no significant vanations,
The FPC obtained had the following composition on a wet basis: protein—
80 per cent, ash—16 per cent, fat—0.3 per cent and volatiles—4 per cent.
AOAC methods of analysis [7] were used; results shown in the table are
mean figures for eight runs.

Biological quality was measured by the protein efficiency ratio (PER);
FPC was 2.9; casein was 2.9. The pepsin digestibility was 97.2 per cent, and
the available lysine content was 7.5 per cent. PER tests were performed
according to Chapman’s method, [8] using 10 rats on a standard diet of
casein.

On the whole, the result of this experiment was positive. Isobutanol
demonstrated valuable properties for defatting and deodorizing, and the
final product had good organoleptic and nutritive qualities.

The PER value of the FPC equalled the value of the control test made
with casein; in other words, it was very satisfactory. The values of pepsin
digestibility and available lysine were also satisfactory. The three values were
similar to those given by other processes (Brody; [9] United States Depart-
ment of the Interior; [10] Power; [I11] Yanez er al. [4]) and were
higher than the minimum values recommended by the FAO tentative
specifications for FPC. [12]

For a definitive evaluation of the method, further stedy must be inade
of the toxicological aspects, stability during storage and the economic con-
siderations of optimizing the process, such as production costs on an
industrial scale.
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13. PROTEOLYSATE OF SARDINES*

In 1965, the Institut Scientifique Marocain de la Péche Maritime under-
took a study of the production of marine proteolysate using Moroccan
sardines. On the basis of highly encouraging laboratory findings, the decision
was made to collaborate with private enterprises with the aim of organizing
and financing an industry.

A marine proteolysate is produced from raw material (Sardina pilchardus
or any other seafood or fish waste), which is submitted to a complicated
process, using various enzymes in an acid medium.

COMPARATIVE ANALYSIS OF PROTEIN CONCENTRATES FROM SARDINES, MEAT AND MiLK

Sardine Meat Powdered
proteolysate flour milk
Per cent
Total protein 75—95 69.50 30.00
Ash 5.5—15% 584 4.00
Moisture 4 11.00 8.00
Lipids 0.50 5.84 18.00
Indispensable amino acids
Isoleucine 4.00 6.00 8.50
Lysine 8.25 7.50 7.25
Leucine 6.70 7.00 11.00
Methionine 2,10 2.30 340
Histidine 2.54 2.9 2.60
Phenylalanine 3.40 1.30 5.70
Threonine 350 33 4.50
Vitamins mg/100 g
A 0.80 0.004 0.06
B, 0.055 0.05 0.05
B, 0.% 0.20 0.20
B 0.018 —_— —
PP 0.48 Traces 0.40
“ 0. 1 5 — -

" Paper presented to the meeting by B. de Gero and O. Skired). Mr. de Gero is
Chief, Station Océanographique, Institut Scientifique Marocain de la Péche Maritime,
Casablanca, Morocco; Mr. Skired) is General Director, Société Privée de Développement
Economique, Rabat, Morocco.
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The product has entirely natural organic, biological and metabolic
propertics, and can therefore be assimiiated by the human body. It resembles
human tissue and cell structure since it is produced according to a biological
principle. As indicated in the following table it contains all the indispensable
amino acids, and all the biocatalysts (vitamins) exept vitamin C.

Sardine proteolysate is a whitish powder with an odour resembling
that of powdered milk; its flavour depends on the percentage of free amino
acids.

Its price, based on a cost of 0.055 dirhams per kg of sardines, is
approximately 1.80 to 2 dirhams per kg. The capital outlay for equipping
a plant with a capacity of 1,000 tons per year is 3.5 million to 4 million

dirhams.




14. ANALYSIS, TESTING AND USES OF
FISH-PROTEIN CONCENTRATE*

In 1961, the United States Bureau of Commercial Fisheries initiated
a broadly based research programme to investigate simultaneously three
different approaches (physical, biological and chemical) to the manufacture
of fish-protein concentrate from whole fish. The use of whole fish was
deemed essential since processing operations, such as filleting or eviscerating,
would increase the cost of the product and thus limit its use as a protein
supplement among people with low incomes.

It became apparent in the initial stages of this research programme
that the United States Food and Drug Administration (FDA) would not,
without sufficient evidence of its value, approve the distribution and sale
in the Unit~d States of FPC made from whole iish. Hence, the Secretary of
the Interior directed the National Center for Fish Protein Concentrate to
devote its major effort to gathering the data necessary for FDA to evaluate
the usage of whole fish in making FPC. One method for making FPC was to
be selected and developed, and the product was to be exhaustively examined
for wholesomeness, stability and nutritive value.

On the basis of earlier work, particularly that of the Canadian
researchers, the Center selected a chemical approach (solvent extraction)
using isopropanol. Isopropanol was chosen because it was known to be
highly effective in the removal of water and fat from raw fish. Since it is
prepared by a synthetic process, its purity could be carefully controlled. In
addition, isopropanol was known to be reasonably priced, to be an effective
bacteriostat and to be safe for use in food processing.

The fish chosen for the manufacture of FPC was red hake (Urophycis
chuss). Red hake, an underutilized schooling species of lean fish, was being
caten in small quantities. Thus it appeared that a satisfactory method could
be quickly evolved employing this species.

The accelerated FPC project developed one process which can be
defined as a three-stage counter-current batch extraction. (1] The work at

" Paper presented to the meeting by Virginia D. Sidwell, Human Nutritionist,
Bruce R. Stillings, Nutritionist, and George M. Knobl, Jr., Acting Research Director,
National Center for Fish Protein Concentrate, Bureau of Commercial Fisheries, Fish and
Wildlife Service, United States Department of the Interior, College Park, Md., USA.
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the Bureau of Commercial Fisheries demonstrated that FPC can be produced
from whole fish at a relatively low cost by solvent extraction. It also
established that the FPC produced was highly nutritious, safe and whole-
some and that it would therefore be entirely satisfactory as a dietary
supplement for human consumption. A petition incorporating these findings
was submitted to the FDA, and on 2 February 1967, the FDA approved the
process using hake for the manufacture of FPC.

The National Center for FPC has since been engaged in research to
persuade the FDA to extend its approval of FPC from hake and hake-like
fish to other fish that are available in large quantities and are edible but that
are not widely used for human consumption. The Center has made FPC from
the following species: alewife (Alosa psewdobarengus), Atlantic menhaden
(Brevoortia tyrannus), Atlantic herring (Clupea harengus harengus), northern
anchovy (Engraulis mordax) and ocean pout (Macrozoarces americanss).
The data obtained from experiments with these additional species have been
evaluated and (will shortly be) presented to the FDA with the expectation
that they will permit FPC to be made from these and related species.

CHEMICAL COMPOSITION

The chemical composition of FPC has been studied extensively by the
research group at the Center. The analysis has not been limited to the usual
macro-components but has also encompassed micro-components, including
flavour compounds.

Table 1 shows the proximate composition of ten representative samples

of FPC, which were processed from ten different batches of red hake. The

TasiLe |. PROXIMATE COMPOSITION OF SAMPLES OF FPC PREPARED FROM TEN 150-POUND
BATCHES OF RED HAKE

(Per cent)

Sample C("'N‘; : '; ;5‘ " Volaules Ash Lipids
1 81.78 7.55 14.35 0.17
2 81.26 7.38 13.72 0.15
3 78.04 10.78 13.06 0.17
4 80.74 7.58 13.80 0.13
5 80.63 7.53 13.22 0.19
6 79.30 8.91 13.42 0.15
7 81.85 6.25 13.48 0.21
3 22.28 7.67 12.92 0.19
9 81.17 6.74 13.47 0.19

10 81.53 6.72 13.56 0.22

Average 80.86 7.7 13.50 0.18
Standard

deviation 1.2876 1.2953 0.4055 0.028)
Standard

error of mean 0.4072 0.4096 . 0.1282 0.0090
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crude protein averaged 80.86 per cent, volatiles 7.71 per cent, ash 13.5C per
cent and lipids 0.18 per cent. In general, the composition of the samples was
quite uniform. Table 2 indicates that tne proximate composition of six
batches of Atlantic menhaden-FPC was also uniform. The percentage of
volatiles was about one-half that in red hake-FPC. The average crude protein
content of this more bony fish was less, and the ash was approximately
6 per cent higher. The percentage «f volatiles was less in the menhaden than
in the hake because slightly different desolventizing systems werde used.

TaBle 2. PROXIMATE COMPOSITION OF SAMPLES OF FI’C PREPARED FROM SIX BATCHES
OF ATLANTIC MENHADEN

{Per cent)

Sample C:ﬁ;ﬁ'ﬁ,};ﬂ" Volaules Ash Lipids
1 78.44 kK. 1o} 19.56 0.16
2 78.01 3.60 20.06 0.29
k) 78.14 3.55 19.51 0.26
4 78.75 .66 19.44 0.1}
5 77.77 4.48 19.56 0.15
6 80.01 .68 18.39 0.10

Average 78.52 3.80 19.42 0.18
Standard

deviation 0.81 0.34 0.55 0.08
Standard

error of mean 0.3 0.14 0.22 0.03

Table 3 shows the proximate composition of FPC made from seven
other species of fish. As would be expected, there was a greater variation in
the composition of FPC made from different species of fish than in that
made from different batches of the same species. Ocean pout-FPC and
alewife-FPC had the highest percentage of crude protein. The amount of
residual lipids in all samples was less than 0.30 per cent. Moroccan sardine-
FPC was comparable to hake in composition.

TaBLE 3. PROXIMATE COMPOSITION OF SAMPLES OF FPC PREPARED FROM VARIOUS SPECIES

OF FISH
(Per cent)
Speci Crude protein Volatil Ash Lipid
pecies (NX86.2%) olatiles s iprds
Red hake 80.9 7.7 13.5 0.18
Atlantic menhaden 78.5 38 19.4 0.18
Atlantic herring 87.5 5.9 10.8 0.19
Northern anchovy 80.0 6.1 16.8 0.07
Ocean pout 86.0 1.5 15.0 C.24
Alewife 86.0 23 15.7 0.09

Moroccan sardines 79.7 4.4 — 0.21
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The amino-acid composition has often been used as an indicator ot
the nutritive value of FPC. Table 4 shows the aminc-acid composition ot
FPC made from various species of fish, and that for whole egg. The protein
in whole egg is considered a natural protein of high nutritive value. The
different FPC compared favourably with whole egg. The most obvious
differences were the lower values for trvptophane and cystine.

NuUTRITIVE VALUE OF FPC

The data from chemical wnalyses of the various FPC are merely indica-
tions of nutritive value. Animal-feeding studies are needed to cvaluate the
utilization of the protein in FPC, both as a sole source and as a supplementary
source of protein.

Nutritive value of FPC as a sole source of protein

In studies at the Center, FPC was incorporated into diets ata 10 per cent
protein level, and the diets were fed to normal weanling rats for 28 days.
A diet containing 10 per cent protein from casein was used as a control.
Weight gain and feed intake were recorded and the PER (protein efficiency
ratio) was calculated. Table 5 summarizes the PER values obtained from
studies evaluating hake-FPC and Atlantic menhaden-FPC. In general, the
PER values were equal to or better than casein. The average values for the
22 samples of hake-FPC were statistically significantly better than casein.
Atlantic menhaden-FPC was comparable to casein.

TasLe 5. PER vaLues oF FPC PREPARED FROM VARIOUS BATCHES OF RED HAKE AND
ATLANTIC MENHADEN COMPARED WITH CASEIN

No. o Aver ratei

analys{’s t[}}li;‘:ﬁ:;ra;fo’!‘ Range
Hake-FPC 22 3.29% 293363
Atlantic menhaden-FPC 6 3.05 2.97--3.11
Casein 8 3.00 —

a \'alu.es.ad{'uned to a casein value of 3.00.
b Statistically significantly better than casein.

Another study compared the nutritive value of single samples of FPC
made from seven different species of fish. Table 6 indicates that the nutritive
value of FPC made from various species of fish was also equal to or better
than casein. Northern anchovy-FPC was the most nutritive. FPC made from
Atlantic menhaden, ocean pout, and Moroccan sardines was comparable to
casein. The results of these investigations demonstrate that FPC prepared
by the isopropanol extraction method will probably have a nutritive value
equal to or better than casein.
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TaBLE 6. INUTRITIVE VALUE OF FPC PREPARED FROM VARIOUS SPECIES OF FISH COMPARED
WITH CASEIN

Average daily Average daily Protein

weight gain food intake efficiency

(g) (g ratiés
Red hake 5.21 14.8 3.19
Atlantic menhaden 4.60 139 3.05
Atlantic herring 5.32 15.0 3.15
Northern anchovy 5.18 14.6 3.25
Ocean pout 4.68 138 3.06
Alewife 5.28 15.2 3.17
Moroccan sardine 4.98 15.7 2.96
Casein 4.35 13.0 3.00

weight gained

- . Values adjusted to a casein value of 3.00
cy = - o : :
a Protein efficiency ratio protein consumed

Stillings et al. [2] conducted a series of experiments to determine the
sequence of limitation of the essential amino acids in FPC produced by
isopropanol extraction of whole red hake. Diets were prepared containing
1.28 per cent nitrogen from FPC and 0.32 per cent nitrogen from various
combinations of amino acids. The diets were fed to weanling rats for four
weeks; weight gain, feed intake and PER were determined. In an analysis
of two different samples of hake-FPC prepared by the same process, the
amino acids were grouped according to their limitation from greatest to
least, as follows: (4) methionine; (b) histidine, tryptophane and threonine;
(c) valine, isoleucine and phenylalanine; (d) leucine, lysine and arginine.

Nutritive value of FPC used as a protein supplement

Fish-protein concentrate is intended for use only as a protein supple-
ment, and not as a sole source of protein. This cannot be emphasized strongly
enough. Numerous nutritional studies have been conducted on the effect
of supplementing various vegetable protein sources with fish-protein con-
centrate. Substantial increases in nutritive value have been obtained in all
cases. The results of one study, [3] in which wheat flour was replaced with
5 to 25 per cent FPC, illustrate the point. The mixtures were incorporated
into diets at a 10 per cent protein level and fed to weanling rats for four
weeks. Table 7 shows the results of this trial feeding. Supplementing wheat
flour with 15 per cent hake-FPC markedly increased the weight gain, feed
intake and PER value. The higher levels of supplementation had little
additional effect on any of the variables investigated.
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TaABLE 7. NUTRITIVE VALUE OF WHEAT FLOUR SUPPLEMENTED WITH FPC WHEN FED TO RATS
IN 10 PER CENT PROTEIN DIETS

Averagc daly Average dauly Protein
Protein sonrce weight gain feed intake efficiency
(g (g) ratiot
Wheat FPC

(%) (%)

100 0.90 8.45 0.92
95 5 37 13.34 2.07
90 10 4.70 15.55 2.65
85 15 5.79 16.64 3.04
80 20 577 16.86 299
75 25 5.43 15.58 3.06

0 100 5.75 16.10 3.13
Casein 4.85 14.24 3.00
a Protein efficiency ratio = waight gained . Values adjusted to a casein value of 3.00.

protein consumed

Usks or FPC IN FOOD PRODUCTS
Bread

Very little published informa*ion exists on the changes that take place
in the rheology of doughs and in the characteristics of bread made from
flour that contains varying amounts of FPC. Hence, the National Center
for Fish Protein Concentrate condu.ted studies using FPC made from hake
and from other species of fish to examine the changes.

Bread supplemented with hake-FPC

In this study, [4] mixtures of high-protein wheat flour and hake-FPC
were prepared containing 0, 5, 10, 15, 20 and 25 per cent FPC. Table 8
indicates that more water was required to bring the dough to the same degree
of development with each increment of FPC, that is, from 59 per cent for
0 per cent FPC to 70.2 per cent for 20 per cent FPC. Less water—68 per
cent—was needed for the 25 per cent FPC mixture. The replacement of
5 per cent of the flour with FPC increased the stability of the dough
markedly; from 5 to 20 per cent FPC, its stability remained almost constant,
and it increased when 25 per cent FPC was used in the mixture.

Tolerance index and 20-minute-drop are indices that mark the rate of
the dough breakdown. Tolerance index was measured 5 minutes after the
Farinograph curve reached its peak. The 20-minute-drop is measured
20 minutes after the water is first added to the fiour mixtures. Both of these
indices showed that the addition of FPC improved the stability of the dough.
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Table 9 shows the values obtained for the consistency of the doughs
containing FPC. The extensibility of the doughs was less at the end of the |
180-minute relaxation period for the 0 and 5 per cent FPC doughs than |
at the end of the 45-minute relaxation period. It increased for the 10 and
15 per cent FPC doughs, but remained constant for the 20 and 25 per cent
FPC doughs.

The addition of FPC increased the resistance against deformation, that
is the stiffness and shortness of the dough as measured by the height of the |
curve. At the end of the 45-minute rest pericd, the resistance increased with |
the addition of 5 per cent FPC, then remained nearly constant for the |
10 to 20 per cent FPC doughs. With the addition of 25 per cent FPC, the le
resistance to deformation increased. ‘At the end of the 180-minute rest ',
period, the maximum resistance increased with each increment of FPC except |
for the dough with 20 per cent FPC.

The energy needed to bring about a break in the dough along a
predetermined path is proportional to the area under the curve. At the end
of the 45-minute rest period, the amount of energy needed «w rupture the I
dough was about the same for the 0 and 5 per cent FPC doughs. The energy
requirement decreased when 10, 15 and 20 per cent FPC was used in the i
dough. The amount of energy needed for the 25 per cent FPC dough increased |
slightly. |

After 180 minutes of relaxation, more energy was needed to rupture
the doughs with 5 to 15 per cent FPC than was needed to rupture the doughs
with no FPC. The energy needed to break the doughs with 20 and 25 per cent
FPC was less than that for the dough with no FPC.

The loaf volume of the bread containing varying amounts of FPC 1
decreased markedly with each increment of FPC—from 12 per cent at the
5 per cent FPC level to 36 per cent at the 25 per cent FPC level. The loss of

volume in the studies was somewhat greater than the loss reported by the
South African investigators [5], who used a 90 per cent extracted flour and
calcium acetate in a formula similar to that used by the Center. in the South
African tests the loaf volume decreased 3 to 5 per cent at the 5 per cent level
of enrichment and 8 to 18 per cent at the 10 per cent FPC level. The
variability of the percentage loss was not due entirely to the addition of FPC
but to the baking quality of the original wheat flour used in the tests.

Table 10 shows the results of the sensory evaluation. With each addition
of FPC to the formula, the bread became a darker brown. The judges liked
the appearance of the bread crumb containing 5 per cent or 10 per cent
FPC nearly as well as they liked the standard bread with no FPC. The
appearance of the bread containing 15, 20 or 25 per cent FPC was less
acceptable.

In this investigation, texture referred primarily to feeling in the mouth
and chewiness, since the judges were blindfold. Those conducting the tests
did not want the colour of the bread to influence the evaluation of texture
and flavour. The judges found very little difference between the bread with
no FPC and the bread with 5 or 10 per cent FPC. The bread containing
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TasLE 10. SENSORY EVALUATION OF BREAD SUPPLEMENTED WITH VARYING PERCENTAGES
or FPC

Appearance Texinre Havour

0 33+0.12¢ 3.0x0.08" 31006
5 3J0zx0.16 282013 28019
10 28x0.14 26x0.16 28014
15 26t0.16 202016 2.1+£0.25
20 23x0.17 241018 241012
25 1.8+0.13 1.5+0.15 1.4 £0.12

a Standard error of mean

10 per cent FPC was somewhat crumbly in texture, a characteristic that
became more pronounced with higher amounts of FPC in the bread.

The typical bread flavour decreased with the augmentation of the level
of FPC. The judges liked the flavour of the bread with 5 or 10 per cent
FPC as well as they did that of the bread with no FPC. Bread with higher
levels of FPC, however, was less acceptable.

In Chile, Donoso et al. [6] found that panelists accepted bread enriched
with 3 per cent fish flour equally well as bread containing no fish flour.
At the 6 per cent fish-flour level, colour influenced the acceptability of the
bread more than the flavour. Bread with 9 or 12 per cent fish flour was
acceptable, but was considered different from regular bread in colour,
flavour and texture.

Stillings et al. (7] conducted an animal-feeding study to determine the
nutritive value of the enriched bread. The bread was incorporated into the
diets in two different ways. First, the diets were formulated to contain

TasLe 11. NUTRITIVE VALUE OF BREAD SUFPLEMENTED WITH FPC AND INCORPORATED INTO
THE DIET EITHER AT THE 10 PER CENT PROTEIN LEVEL OR AT 80 PER CENT BY WEIGHT

Diets containing 10% protein Duets containing 80% bread

Mixinres Average daily Protein Average daily Weight gain per
used to weight gain efficiency weight gain bread intake
make bread (g) ratio (g) (/100 g

Wheat FpC

(% ) (% )

100 0 1.13
95 5 2.89
90 10 4.31
85 15 498
80 20 5.24
75 25 5.99

Casein 534

weight gained

4 Protein cfficiency ratio = cmm—
protein consumed
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TaBre 12. CRUDE PROTEIN AND LYSINE CONTENT OF BREAD sUPPLEMENTED wITH FPC

Lysine

FPC Crude protein As % of As % of
as % of (NX6125; crude theoretical
bread mixture as % of dry matter protein calcwlation

0 16.0 1.97 97

5 19.6 3.32 97

10 232 4.35 100

15 27.4 5.09 101

20 317 5.36 97

25 345 6.06 102

1.6 per cent nitrogen from the bread samples. Second, the diets were
formulated to contain 80 per cent by weight of the bread samples. Both
diets had the same caloric value. Table 11 gives the results of this study.
Diets containing 1.6 per cent nitrogen from the bread shuwed a steady
increase in nutritive value with each addition of FPC. Diets containing
80 per cent bread with 10 per cent FPC produced near maximum weight
gains. Table 12 indicates that very little lysine was lost during the processing
of the FPC-wheat flour mixtures into bread.

Morrison and Campbell [8] reported that the addition of 10 per cent
FPC to white bread increased the PER value by 198 per cent. Yéfiez et al. [9]
found that 6 per cent FPC and 12 per cent dried-milk solids produced similar
increases in the protein values of the bread. With both supplements—FPC
or dried-milk solids—however, there was some loss in the quality of the
protein during baking.

Bread supplemented with FPC made from other species of fish

FPC made from other species of fish was also incorporated into bread
at the 10 per cent level and evaluated by a panel. The experimental bread was
compared to bread containing 10 per cent hake-FPC; the results are shown
in table 13. The flavour and texture of the bread were on the average nearly
as acceptable as that made with hake-FPC. There was less acceptauce of the
texture of menhaden-FPC. There was strong objection to the appearance
of the bread containing anchovy-FPC and alewife-FPC, which was quite
grey in colour.

Pasta

Pasta supplemented with hake-FPC

Semolina and varying amounts of hake-FPC (0, 3, 6, 9 and 12 per cent)
were used to make macaroni products. [10] Water was added to the
semolina-FPC mixture to the point where it was free flowing, yet cohesive
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TABLE 13, SENSORY EVALUATION OF BREAD SUPPI EMENTED WITH 10 PER CENT FPC MaDF
FROM VARIOUS SPECIES OF FISH

Species Appearance Flavowr Texture
Hake (control) 2.8+0.13 3.0+0.21° 3.0+0.26"
Ocean pout 2.5x0.22 2.5+C.17 2.4+048
Anchovy 1.5x0.17 2.4+020 25+0.27
Herring 2.3+0.30 2.8+0.33 3.0+0.21
Atlantic menhaden 2.1+0.18 2.5+0.22 1.9+0.23
Alewife 1.9 +0.07 21x023 23+0.33

a Standard error of mean.

under pressure. The mixture was extruded and the resulting pasta was air-
dried overnight.

The pasta became darker with each addition of hake-FPC; the colour
turned from a bright yellow for the plain semolina pasta to a darkish grey
yellow for the pasta with 12 per cent hake-FPC. During cooking, much of
the dark colour leached into the cooking water.

Table 14 shows the per cent of solids and protein in the cooking water.
The percentage of solids remained about the same within each cooking time
(8, 18 and 28 minutes) regardless of the amount of FPC in the pasta. There
was an increase of solids in the cooking water, however, as the time of
cooking increased. The protein in the cooking water increased with the
increased amount of FPC in the pasta; the maximum amount was found at
the 28-minute cooking time.

Table 15 shows the effect of adding FPC on the swelling (volume) and
water absorption of the pasta during cooking. The addition of 3, 6 and
9 per cent FPC appeared to retard the swelling of the pasta after the 8-minute
cooking time, yet about the same amount of water was absorbed as with the
control. At the end of the 18-minute cooking time, the 9 per cent FPC pasta
did not increase in volume as the pasta supplemented by less or more FPC.
At the end of 28 minutes, the 9 and 12 per cent FPC pasta had become quite
soft and no longer retained its shape.

A sensory evaluation was conducted of the pasta containing the various
amounts of hake-FPC. When FPC is one of the ingredients of a food product,
odours are more likely to be detected when the food is hot. The pasta was,
therefore, served in warm, mildly salted distilled water. No differences
were detected between the O and 3 per cent FPC. A few of the judges were
able to detect a slight difference in odour in the 6 and 9 per cent FPC pastas.
There was a distinc: odour difference with the 12 per cent FPC pasta. The
judges liked the flavour of the 0, 3 and 6 per cent FPC-semolina pasta, but
showed a definite dislike for that containing 12 per cent FPC. The addition
of 3 per cent FPC to semolina did not change the texture of the cooked
pasta. Levels of 6 and 9 per cent FPC tended to harden the pasta, but with
12 per cent FPC the pasta cooked to the same degree of hardness as with
O per cent FPC.
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Table 16 shows the results of a nutritional evaluation of mixtures of
semolina and hake-FPC before and after processing into pasta. The nutritive
value was increased when FPC was added to semolina. When the various
mixtures of semolina and hake-FPC were processed into pasta, there was a
slight decrease in nutritive value [11]

Kwee er al. [12] found that nutritious and acceptable pasta could be
made from mixtures of varying amounts of corn, soya, rice and tapioca
flours, mixed with 10 or 20 per cent hake-FPC and 15 to 25 per cent
semolina. The pasta that contained a high proportion of rice flour was
particularly acceptable. The other samples, containing corn, soya, and
tapioca as basic ingredients, were also acceptable, except those containing
60 per cent corn and 10 per cent rice, 35 per cent soya and 25 per cent
tapioca, and 60 per cent tapioca and 10 per cent soya. The pasta with a
higher percentage of tapioca tended to be too soft. The cooking losses were
high for the pasta that contained sweet potato powder. The greatest protein
losses in the cooking water were observed for the pasta that contained high
percentages of soya. In most cases, the nutritive value of the cooked pasta
was equal to or better than casein.

Pasta supplemented with FPC made from other species of fish

Pasta made with 10 per cent FPC from other species of fish was also
evaluated (see table 17). Due to the variation in colour of the FPC used in
preparing the pasta, the final product also varied in colour. Pasta made with
alewife-FPC, anchovy-FPC and herring-FPC was especially dark. Upon
cooking, the colours bleached markedly but still remained greyish in tone.
The pasta made with ocean pout-FPC and Atlantic menhaden-FPC were as
acceptable as the pasta made with hake-FPC.

Texture in this case refers to degree of hardness when the pasta was
cooked in boiling water for 10 minutes. The pasta was evaluated against a
9-point scale: 1, hard; 5, al dente; and 9, soft. The results showed that the

TABLE 17. SENSORY EVALUATION OF COOKED PASTA WiTH 10 PER CENT FPC MADE FROM
VARIOUS SPECIES OF FISH

Source of FPC Appearance Texture Flavour Odonr

Hake (control) 3.0 £0.00" 6.1 +0.81" 3.0+0.41° 2.8 +0.29"
Ocean pout 3.1+0.28 4.2+0.49 2.8+0.20 28x0.30
Anchovy 1.0 £0.00 5.6 £0.69 25+0.25 2.5+0.22
Herring 1.8+0.13 5.2+0.59 29031 29+0.23
Atlantic menhaden 2.6+0.27 4.4+0.62 3.0+0.15 2.8+0.32
Alewife 1.5+0.22 5.1+0.48 2.7 £0.26 28+0.24

a Standard error of mean.
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pasta made from hake-FPC was a little softer than the others. The differences,
however, were not significant.

To eliminate the influence of colour on the evaluation of flavour and
odour, this part of the evaluation was done in a darkened room. The judges

found no significant differences in the flavour or odour of the pastas that
contained the different FPC,

Crackers

A study was conducted to evaluate the effect on acceptability and
nutritive value of adding hake-FPC to saltine crackers. The crackers were
made in the pilot plant of the National Biscuit Company, according to their
formula. FPC was added to the formula replacing the same amount of
wheat flour at levels of 0, 4, 8, 12 and 16 per cent. Somewhat more water was
needed to bring the dough to the proper consistency; otherwise the
ingredients and the processing procedures were the same. Table 18 shows
the proximate composition of the enriched crackers. The protein content of
the cracker nearly doubled when 12 per cent of the flour was replaced with

FPC.

TasLe 18. PROXIMATE COMPOSITION OF CRACKERS CONTAINING VARYING AMOUNTS OF FPC

(Per cent)
FPC conten: (6’,);;";’;/) Moisture Far? Ash
0 9.4 36 10.0 34
4 12.0 3.2 9.4 38
8 15.3 2.7 9.6 4.0
12 17.9 3 9.8 4.5
16 20.2 2.3 10.1 49

@ Determined by ether extraction.

The nutritive value of the crackers was rated in a rat-feeding study, in
which diets contained 8 per cent protein either from the crackers, casein or
hake-FPC. Table 19 shows that substantial increases were obtained in weight,
feed intake and PER values when crackers were enriched with 4, 8, and
12 per cent FPC. There was no significant increase between the 12 per cent
and 16 per cent enrichment. In ali cases the results were lower than those for
casein or hake-FPC alone.

Table 20 shows the results of the sensory evaluation. The appearance of
the fortified crackers was less acceptable than that of the unfortified crackers.
However, the texture and flavour of crackers enriched with 4, 8, and 12 per
cent FPC were nearly as acceptable as for the unenriched crackers, The
addition of FPC to the saltine cracker seemed to make it more crispy and
crumbly. The addition of FPC at the 4 and 8 per cent levels gave the crackers
a “shrimpy” flavour.
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TaBLE 19. NUTRITIVE VALUE OF CRACKERS SUPPLEMENTED WITH VARYING LEVELS OF FPC

AND INCORPORATED INTO DIETS AT 8 PER CENT PROTEIN LEVEL

FPC Average daily Average daily Protein
content wetght gan feed intake efficiency
(%) (g) (g ratio
0 0.32 +0.02/ 6.57 £0.20" 0.61£0.04"
4 1.34 +0.04 10.28 +=0.46 1.75 £0.05
8 1.95 +£0.07 10.69 +0.26 2.31 £0.05
12 2.75x0.13 12,60 £0.43 2.75+0.05
16 2.87 £0.08 '2.83+0.22 2.77 £0.04
Casein 293 +0.11 12.22 +0.39 3J.o1£0.10
FPC 3.48 £0.08 12,92 £0.22 3.34+0.07

. - , Weight gained
a Protein efficiency ratio = —— o —
protein consumeid

& Standard error of the mean.

TABLE 20. MEAN VALUES FOR 50 SENSORY EVALUATIONS OF CRACKERS CONTAINING VARYING
PERCENTAGES OF FPC

FPC
as % of Appearance Texture Flavour
flowr
0 3.9+0.15" 3t +o.11" 3.0+0.10"
4 34011 2.9 +0.08 29+C.09
8 3.1 £0.10 2.9 +0.08 2.7x£0.08
12 2.8 +£0.08 2.7 £0.10 28+0.11
16 2.1 £0.12 2.3+0.12 24+x0.13
a Standard error of the mean.
Cookie;

Cookies are not notably high in protein content, but they are eaten in
large quantities as a light dessert or a snack and can therefore contribute
significantly to the dietary intake of individuals, especially children.

Cookies supplemented with hake-FPC

The formula used to determine the nutritive value of an FPC-enriched
cookie appears in table 21. The addition of 10 per cent by weight of FPC,
replacing the same amount of flour, not only increased the crude protein
content from 5.4 per cent to 8.1 per cent, but also did not produce any
undesirable or unacceptable changes in flavour, odour or appearai.ce. The
two obvious changes were: (a) as the amount of FPC was increased, the degree
of sweetness in the cookies decreased, and (#) the colour turned from a bright
yellow to a dull grey-yellow. The nutritive value of the cookies containing
0 per cent and 10 per cent FPC was determined in a feeding test. Rats were
fed a mixture of cookies, vitamins and minerals. Cookies with no FPC had a
PER value of 0.9 while those with 10 per cent FPC had a PER vaiue of 2.3.
In this feeding study the centrol diet, casein, had a value of 3.1. [13]
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TasLe 21. FORMULA FOR A BUTTER COOKIE
(Grams)

Butter or oleomargarine 110
Sugar 200
Egg 50
Water 60
Vanilla 4
Cake flour 222
Salt 1
Baking powder 7

a Cake flour was replaced b( FPC at levels of 5, 10
and 15 per cent by weight, respectively.

Cookies supplemented with FPC made from other species of fish

A bland sugar cookie was used to evaluate the effects of adding FPC
prepared from various species of fish on the sensory characteristics. The
formula used was the same as that given in Section 10——50 of the American
Association of Cereal Chemists’ Cereal Laboratory Methods. [14] FPC was
added at levels of either 5 or 10 per cent replacing the same amount of flour.
At the 5 per cent level, the FPC did not significantly alter the sensory
characteristics.

Table 22 shows the results of the sensory evaluation when 10 per cent
FPC was used. The appearance of cookies made from anchovy-FPC and
alewife-FPC was less acceptable than that of the control sample. No significant
differences were found. however, in the flavour and texture of all of the
cookies.

TABLE 22. SENSORY EVALUATION OF COOKIES CONTAINING 10 PER CENT FPC MADE FROM
VARIOUS SPECIES OF FISH

Source of FPC Appearance Flavour Texture
Hake (control) 2.9+0.2¥% 2.8 £0.13¢ 2.9x0.18¢
Ocean pout 2.9+0.23 3.1 x£0.23 2.3+0.39
Anchovy 1.6 £0.22 2.6 £0.26 2.6+0.36
Herring 2.2+0.13 2.4+0.26 2.8+0.25
Atlantic menhaden 31038 2.7+0.33 2.8+0.36
Alewife 1.4 +0.16 2.1x£0.23 2.7 £0.36

a Standard error of the mean.

The sensory characteristics of cookies were sometimes changed when
FPC was added at a level of 10 per cent. However, the products were still
quite acceptable to indges. Slight objections to flavour could be overcome by
the addition of flavour components.
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FPC beverage

A formula for a hake-FPC beverage is being studied with the aim of
producing a product that can be spray-dried and reconstituted when it is to
be used.

Fish-protein concentrate can be used to prepare an attractive, tasty, and
nutritious beverage. The composition of the formula tested at the National
Center for Fish Protein Concentrate is comparable to cow’s milk in protein
and fat content, but with twice the amount of carbohydrate. A stabilizer-
emulsifier was used in the formula in order to make a stable suspension. The
beverage, as prepared, was then dried and the resulting material examined.
The powder dissolved on the tongue and left no gritty residue. It can be used
as the basis of infant formulae, or it can be flavoured and coloured to appeal
to older age groups. The chocolate-flavoured powder has a very acceptable
taste; in fact, with minor changes, it could be used in candy bars or frozen
desserts.

Forty-four grams of the dried powder dispersed in 200 grams of water
will make a drink comparable to an 8-ounce glass of milk (table 23). The
caloric value of the hake-FPC beverage is higher than cow’s milk, because of
the higher carbohydrate content. The essential amino acids, lysine and
methionine, are higher and arginine is twice as high in the FPC drink; the
others are equal to or a little lower than the same amino acids in cow’s milk.

A preliminary study of the nutritive value of the FPC beverage
demonstrated that it was higher than casein and somewhat lower than the
value of the FPC used to make th . beverage.

Tabre23. COMPARISON OF THE COMPOSITION AND THE CALORIC VALUE OF AN 8-FLUID
OUNCE SERVING (244 g) OF FPC BEVERAGE AND WHOLE MILK

’P(_ N M‘Ikl’
beveraye

Protein (i) 9.2 8.5
Far (g) 12.0 119
Lysine (g) 0.762 0.664
Methiomine o) 0.298 0.210
Threomne (g 0.398 0.393
Valine () 0.458 0.586
Phenvialanme () 0.369 0.415
Histidine (g) 0.180 0.224
Arginine (g) 0.628 0.312
Tryptophane (g) 0.089 0.120
Leucine {g) 0.674 0.839
Isoleucine (g) 0.402 0.544
Calortes 221.0 158.0

a Amino-acd values shown are averages of 25 analyses, except for 11 analyses for tryptophane, of the
FPC used in beverage

b Values for composition were taken from “Amino Acad Content in Foods”, Report No. 4, Home
Economics Research Division, Agricuitural Research Service, United States Department of Agniculure,
Washsngton, D C, 1947
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Soups

Soups offer a large variety of flavours and combinations. They can be
prepared from FPC alone with the addition of spices, flavouring and the like,
or from a mixture of FPC, legumes and/or vegetables. Since legumes play an
important role as a protein source in the diets of many populations, formulae
combining FPC and legumes might be very useful.

The Center laboratory has studied this category of food only limitedly.
Studies made of split pea and tomato soups, for instance, indicate that with
the proper flavouring and formula it is possible to prepare very palatable
products.

Several experiments were made to freeze-dry soups. The product had a
good colour, texture and flavour. The proximate compositions shown in
table 24 are the values for the dried soups. The FPC soup was prepared using
FPC as the sole source of protein. The pea soup was a combination of legume
protein and FPC.

TasLE 24. PROXIMATE COMPOSITION OF FREEZE-DRIED SOUP CONTA;NING. FPC

(Per cent)
Crude
Product rotesn Far? Ash Moisture
(Nx6.25)
FPC soup 26.2 295 7.9 20.9
Pea soup 24.0 31.0 8.5 4.0

a Determined by ether extraction.

In a sensory evaluation of pea soup containing varying amounts of
hake-FPC, the panelists liked the soup that contained 5 or 10 per cent hake-
FPC just as well as the soup with no FPC.

Thirty-four grams of the FPC soup powder dispersed in 170 g of water
will make a brown soup base containing 8.9 g of protein. A similar serving of
pea soup will supply 8.3 g of protein.

SUMMARY

Studies at the National Center for Fish Protein Concentrate have
demonstrated that FPC can be prepared from several species of fish by an
isopropanol extraction process. The composition of FPC made from different
species of fish was slightly more variable than when made from the same
species. Normally, however, the protein content ranged from 80 to 85 per cent
and the fat content was less than 0.3 per cent. The nutritive value of the FPC
was equal or slightly better than that of casein.

Several studies examined the effects of incorporating FPC into a variety
of food products, such as bread, pasta, crackers, cookies, beverages and soups.
They showed that, with minor changes in formulae, FPC can easily be added
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to food products at levels of 5 and 10 per cent without markedly altering the
sensory characteristics of the products. At the same time, the addition of FPC
to food products significantly improves their nutritive value.
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15. THE PRODUCTION AND USE OF NUOC MAM IN THE
IVORY COAST*

Althou,h Africa is largely free of famine, many African peoples still
suffer from 1aalnutrition caused by an insufficiency of protein in the diet.
In the Ivory Coast, for example, vegetable protein from manioc, yams,
plantain, millet and rice is plentiful, but animal protein is rare. Owing to the
inadequate supply of livestock, the most abundant source of animal proten
is the fishing industry along the Atlantic seaboard.

The Government of the Ivory Coast has endeavoured to ensure the
maximum distribution of the products of Ivory Coast fisheries to urban and
rural inhabitants and has promoted the breeding of freshwater fish. Unfortu-
nately, however, the transport of perishable foddstuffs over long distances
presents complex problems and inland areas are either poorly supplied with
fish or often not supplied at all.

A country that has faced the same nutritional problems for centuries,
Viet-Nam, has perfected a method of preserving the essential nutritive
clements of fish by the manufacture of nuoc mam. Although it 1s commonly
believed to be a sauce made from rotten fish, in fact nuoc mam can only be
produced from very fresh fish. The product results from a natural process of
self-digestion of the fish’s flesh by its own enzymes. In the process the fish is
protected from bacterial rotting by near saturation with marine salt.

Nuoc mam, which is not just u condiment but a genuine foodstuff, has
high nutritive value because it provides the components of protides—not the
protides themselves—in the form of amino acids, mineral salts and vitamins,
especially vitamin B,,. These can be completely assimilated by the human
body. By comparison, the highest rate of digestibility for other meat or non-
meat foodstuffs is 96 per cent. The difference of 4 per cent s highly important,
according to nutrition experts.

A small intake of nuoc mam considerably enhances the value of inferior
vegetable protein and is an effective element for balancing the African diet.
Recent studies carried out by the Institute of Breeding and Veterinary
Medicine of Tropical Countries (Institut d’Elevage et de Médecine Vétermaire
des Pays Tropicaux) in Paris have proved that amino acids that are scarce in
the carbohydrate intake in Africa exist in surplus in nuoc mam. Small amounts

Paper presented to the meeting by A. Faubeau, Director, Societe FINUMA,
Abidjan, Ivory Coast.
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of nuoc mam can provide a balanced diet for children after weaning and are
equally beneficial for workers who cannot afford fish or meat every day. The
additional protein is especially vital for children, since their physical and
intellectual growth depends on the quality of their diet during their first five
years.

Nuoc mam contains the following nutritive elements in different amounts
depending on its quality:

Amino acids: aspartic acid, serine, glutamic acid, proline, glycine,
alanine, tyrosine, histidine, arginine and, above all, the nine amino acids
essential to the growth and maintenance of the human body that is
threonine, valine, cystine, methionine, isoleucine, leucine, phenylalanine,
lysine and tryptophan;

Mineral salts of: phosphorus, bromine, i0dine, calcium, magnesium, iron,
sodium chlorine, fluorine and others;

Vitamins: PP, B, and, in particular, B,..

The food value of nuoc mam and the ease with which it can be used have
prompted the Government to study the possibility of its manufacture from
fish caught off the shores of the Ivory Coast. Studies were entrusted to the
Company for Economic Studies and Industrial Management (Compagnie
d’Etudes Economiques et de Gestion Industrielle). According to the findings,
confirmed by specialized laboratories, several types of fish plentiful in the
coastal region near Abidjan can be used to manufacture a nuoc mam of
excellent quality and keeping properties. The product also combines well
with Ivory Coast cuisine and can be widely adapted for use at Abidjan and in
the interior of the country, where valuable nutritiv :lements are especially
needed. In general, it fits well into the traditional recipes of African countries,
since it 1s easily substituted for salt.

Until recently, nuoc mam was not well known in the Ivory Coast, since
it had to be imported from Viet-Nam and consequently was priced too high,
1,100 to 1,200 CFA francs per litre. However, the product manufactured
industrially at Abidjan, which contains at least 15 g of “total nitrogen” per
litre (a superior quality according to Vietnamese regulations), can be sold
throughout the Ivory Coast at approximately 400 CFA Francs per litre.

Aware of the great potential of nuoc mam for improving the diet of the
people of the country, the Government of the Ivory Coast has authorized and
participated in the establishment of the first large-scale brining industry of its
type in Africa, if not in the world. (In Viet-Nam the nuoc mam industry is
divided among many small-scale family briners. This multitude of processors
in the best years produces as much as 100 million litres of nxoc mam.)

The experiment in the Ivory Coast has been specifically motivated by the
following considerations:

Studies showed that an excellent quality of nuoc mam could be
manufactured profitably there;

the establishment of the industry would cost relatively little and would
not require complex industrial equipment;
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its manufacture would not require highly trained specialists nor a large

labour force;

the product is unusually acceptable to the people of the Ivory Coast.

(A really new food—one quite distinct from existing foods—usually

encounters resistance where food habits are traditional and its intro-

duction requires learning new recipes.)

Nouc mam is of considerable therapeutic value because of its vitamin
content, including B,,, which helps to prevent anaemia, and trace elements,
including calcium and especially iodine, which are effective against goitre.
It can be preserved in well-capped bottles for many years without deterio-
ration. Artisan or family production is possible, as in Viet-Nam, once there
are enough trained workers. And, finally, the industry can make use of small
fish, which are not normally utilized because they have a low commercial
value.

The young nuoc mam industry of the Ivory Coast has the modest initial
aim of producing 1.2 million litres per year, to be achieved through pro-
gressive increases of 400,000 litres per year. The cost of financing is about
60 million CFA francs, of which 35 million is registered capital representing
approximately the first investment instalment. The majority of the subscribed
capital is held by citizens of the Ivory Coast.

The undertaking in the Ivory Coast is in the interest of all Africa. Even
without the impetus of extensive advertising, the product is being ordered
from central African republics, and private experts or technical assistants
representing Mali, Cameroon and other countries have approached the
Ivory Coast seeking help to establish their own nuoc mam factories.
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16. THE US/AID PROGRAMME FOR EVALUATING AND
PROMOTING FPC*

In 1967, the United States Marine Sciences Council authorized the
Agency for International Development (US/AID) to develop fish-protein
concentrate for overseas use. At the time appraisals indicated one conclusive
argument for the introduction ot FPC and pointed out a number of undeter-
mined aspects relating to its production, marketability and acceptability.

It was established that FPC was highly nutritious, with a protein content
of 75 to 80 per cent. [t had been produced up until then, however, under
laboratory conditions, representing only a preliminary step.

The following questions corcerned cost of production, markets and
consumer acceptance:

There was no actual commercial production of FPC;
The economic feasibility of FPC production had not been gauged,
especially its cost/protein value compared with other available protein

sources;

There were no markets for FPC nor effective demand for FPC and FPC-
fortified products;

The degree of consumer acceptance of FPC-fortified products was
unknown.

In short, tormidable obstacles had to be overcome it FPC were to
achieve its potential.

Taking these difficulties into consideration, AID developed a programme
to determine the applicability of £FPC in reducing hunger and malnutrition.
Its effort was concentrated on FPC feasibility studies and on the purchase of a
specific quantity of FPC for distribution and experimentation.

FEASIBIL TY STUDIES

Interdisciplinary teams consisting of fisheries experts, economists, food
technologists and marketing specialists visited twelve countries in 1967 to

- Paper presented to the meeting by J. B. Cordaro, Program Co-ordinator, Food
from the Sea Service, Office of War on Hunger, United States Department of State,
Washington, D. C., USA.
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determine which ottered the best conditions for the establishment of a viable
FPC industry. The recommendations of the tcams were that Chile, the
Republic of Korea and Morocco eould provide demonstration sites for FPC
feasibility studies. The teams employed the following guidelines in making
their selection:

Adequate fish resources and harvesting systems, capable of providing at
least 2C,000 tons annually in addition to present fandings at a price of
about $22 per ton;

Favourable attitude of the host government;

The scientific and technological eapability to carry out research needed
to develop a local FPC programme:

The ability to construct and operate a plant suitable for FPPC production;
Locally based tood companies capable of and willing to market new or
modified foods containing FPC;

. Suitable foods for incorporating FPC which could be made available to
under-nourished people in low income groups (samples for market
studies would be drawn from among these people);

Transportation and distribution systems capable of serving groups where
a demonstration programme might be conducted.

Since 1t was recognized that no country could satisty all of these critena,
the countries recommended were considered the best qualified.

The teams based their judgement on these assumptions:

That an FPC plant could use any underutilized fishery resource found
to be acceptable for the manufacture of FPC;

That the economic operation of an FPC plant would require a minimum
supply of 100 tons of fish daily for 200 days annually;

That ethanol could be substituted for isopropanol in the manufacture
of FPC without significant modification in the process or in the
characteristics of the final product;

That FPC could only be sold either as part of a staple food already
established in the market or as an ingredient of a new, formulated food;
That the demonstration programme would be directed to people in the
low income groups, and that distribution of FPC-fortifi:d? foods to
people outside the money economy would have to be undertaken as a
non-commercial activity—by the government or other feeding
programmes.

On the basis of these recommendations, AID awarded a contract in
June 1968 to General Oceanology, Inc. of Boston, Massachusetts, to conduct
experiments in Chile and the Republic of Korea. The objective of these
studies, which consisted of market analyses, supply analyses, and product
development and testing, was to determine whether and by what means a
viabie FPC industry could be established.



THE US/AID PROGRAMME FOR EVALUATING AND PROMOTING FPC 157

Market analyses

Market analyses were designed to determine if FPC-fortitied toods were
acccptable to the people for whom they were intended; to identify oppor-
tunities for introducing FPC-fortified products into government and other
institutional feeding programmes, and into commercial channels; and to
establish whether sufficient potential demand existed to justify the building
of an FPC plant. It was first necessary to idenufy the values, beliefs and
environmental and other factors contributing to the dietary patterns and food
concepts of the target groups.

Analysis of supply

The object of this phase of the studies was to determine whether an
adcquate supply of inexpensive underutilized fish was available and could be
landed; the cost and selling price of FPC and FPC-fortified products; and the
relationship between FPC cost and scales of production.

Product development and testing

Product development and testing were concerned basically with the
techniques of fortifying staple foods with FPC and with testing them for
flavour and price acceptability.

The conclusions of the Republic of Korea feasibility study were the
following:

Protein malnutrition exists in certain target groups, cspecnally among
weaning infants, pre-school children, pregnant or nursing women, and
members of low income groups (both urban and rural);

Present economic considerations and raw material shortages mitigate
against starting a commercial FPC operation in Korea. Alternatives
exist, however, for improving the utilizatio: of fish that might encourage
the production of FPC;

FPC can contribute towards alleviating the protein shortage it the goal
is to provide the cheapest source of animal protein.

Unless the government of a country is interested in and committed to the
use of FPC in its feeding programmes, and will agree to purchase a certain
amount of the product from the plant, there is little chance that an FPC
industry will be established. In Chile, the Government indicated that it would
use 50 to 60 per cent of the anticipated capacity of the plant, which is
designed to produce between 4,000 and 5,000 tons of FPC annually. Other
markets for Chile are the pasta industry and weaning infants and baby foods.
Because of the high risk of the enterprise and the changes in concepts and
processes that FPC is expected to go through in the next years, Genera)
Oceanology is amortizing a plant in Chile over a five-year period rather tha:
the usual 10 to 20 years.
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Purchase of FPC

Another aspect of the AID programme ha: been to purchase FPC in
order to provide sufficient quantities for product development and accept-
ability tests and to supply high quality protein for use in pre-school feeding
programmes. The purchase of FPC by AID is in accordance with the Foreign
Assistance Act (1968), which encourages the expenditure of funds for FPC
and other protein concentrates. (An AID attempt to launch an FPC industry
in the United States through a guaranteed purchase proved uneconomical,
and the contract was terminated when the product was judged unsatisfactorv.)

The main possibilities for the use of FPC lie in maternal and child heaith
programmes, school lunch and other child-feeding programmes and in
national nutritional programmes. The fortification of food in developing
countries is often hindered, however, by lack of central processing facilitics
and of product standards that can be changed and policed, insufficient control
of the distribution system to ensure product quality and safety, and the
absence of an institutional promotion programme or commercial markets
that reach the groups in need.

To overcome these and other problems, AID has developed a programme
designed to obtain reliable data on consumer acceptance, product stability
and packaging requirements of FPC and FPC-fortified food products,
working closely with American voluntary agencies, such as the Church World
Service, Catholic Relief Services, CARE, Unitarian Universalist Service
Committee and others. The goal is to determine how FPC can be used to
fortify foods under safe and wholesome conditions and whether the FPC-
fortified foods are acceptable to test groups. The method of testing will follow
a similar pattern from country to country, taking into account different types
of foods, eating habits, customs and taboos. The evaluation team, with the
co-operation and assistance of AID missions and host governments, will select
possible foods for FPC fortification that are relevant to the country’s
traditional cuisine or specific feeding programmes. Formulae will be
developed to incorporate optimal amounts of FPC into these products. And
to help assure acceptance, detailed information will be gathered about the
normal feeding routines of the various institutions and schools taking part in
the programme, the degree of interest and competence on the part of the
personnel, and t/ e expected levels and variation of FPC fortification. Finally,
the programme will observe the following operating principles:

It should be as inobtrusive as possible (ideally, the test groups should be
unaware that the experiment is being conducted or that they are being
observed); ,

Within a particular test group, 100 or more people will be served
together; <

At least one technician in addition to the regular kitchen staff should
supervise serving and the recording of data;

There should be various levels of FPC fortification and different timing
of its use.
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AlD Goars in MOROCCO

The AID project for the introductien of IFPC into Morocco illustrares
how the Agency intends to implement its programme. The plan mvolves a
joint ettort on the parts of the Government of Morocco, AID and the United
Nations. The over-a'l objectives of the project are: to determine the feasibihity
of establishing an economically viable fish-protein concentrate industry in
Morocco and to develop a method of introducing FPC and FPC-tortified
products into the Moroccan food system; and to develop a marketing and
distribution plan for feed-grade FPC produced by the SONAFAP plant at
Agadir.

To achieve these objectives, the AID contractor, n close consultation

with FAO and UNIDO, will concentratc his efforts on the following:

Determming the economic potentiality of converting sardines into FPC
and the demand required to justify the operation of an industry in
Morocco;

Establishing the cost/protein value of utilizing FPC as opposed to the
cost/protein value of alternative proteins or mixes of proteins available
or potentially available for use in Morocco;

Developing new food formulae utilizing FPC, testing the acceptability
of all FPC-fortified products through target groups, and setting up a
system whereby these products can reach the target groups;

Analysing the economic practicality of producing feed-grade FPC at
SONAFAP, its marketing and distribution.

Taking into consideration the fisheries data supplied by FAO, the AID
contractor will analyse the variables of harvesting, preserving and trans-
porting sardines to detr rmine the lowest possible cost of FPC production and
the cost-demand curvc at various production levels. He will also analyse all
other factors, including the utilization of by-products and feed-grade FPC
production, relevant to determining the over-all cost of producing FPC in
Morocco. (UNIDO is expected to provide much of the data for this analysis,
for example, that for labour, equipment and operating costs, overhead costs
and margin of profit desired.)

On the basis of this analysis and engineering data supplied by UNIDO,
the AID contractor will recommend locations for FPC plants and their size,
and specify the form of the distribution system for least-cost production,
marketing and distribution of FPC. These recommendations must consider
the existing SONAFAP location vis-a-vis o.her potential sites. In addition,
the contractor will select the most suitable process for converting sardines
into FPC. He will determine the possibilities for foreign investment in an
FPC industry in Morocco. And, with assistance from FAO, he will assess the
potential for FPC and FPC-fo.tified products as exports in international trade.

A market survey will be dzsigned to collect all information required to
determine the practicaiicy of using FPC to fortify certain food products for
non-institutional and institutional protein-deficient target groups in Morocco.




1 A(>O”‘ | Iﬁ’ROI)UC'If!ON OF FISH-PROTEIN CONCENTRATE

For non-mstitutional use, the contractor will identify selected protein-
deficient target groups in representative rural and urban arcas by age, income
levels, geographic location, dictary habits, factors that influence dietary
patterns, and the Government’s policy and plans for dealing with the
nutritional problem. Within the non-institutional target groups, the contractor
will emphasize infants, pre-school-age children and pregnant and lactating
women.

For institutional use, the contractor will identify, describe and quantify
institutional feeding programmes, such as school lunch, industrial canteens,
army mess, maternal and child health and others.

The contractor will be responsible for identitying all food products and
types of products consumed by both target groups that are potential vehicles
for FPC fortification, in terms of:

The technical practicability of fortifying with FPC;

The potential that these FPC-fortified products have for improving the
quality and quantity of the protein intake of the target groups;

The price structure of the foods and food ingredients normally consumed
and used by the target groups, and the factors that determine these
prices;

The additional cost FPC adds to the fortified product, and the product’s
acceptance in economic terms;

What effect, if any, the traditional market structure might have on the
processing and marketing of FPC-fortified foods;

The possible interest of local private manufacturers in FPC products;
Measures and programmes—government and private—that might be
used to promote FPC (these recommendations would include advertising
and educational campaigns that could be carried out by FAO and
UNIDO).

The data gathered by this survey will be used to develop product
formulae and processes for incorporating FPC into certain foods, to promote
new food concepts consistent with uie needs and preferences of the target

groups, and to undertake tests to determine taste and cost acceptability of
these FPC-fortified products.

Once the degree of acceptance has been established, the contractor,
working with the Government, local manufacturers, FAO and UNIDO, will
develop a plan to manufacture and test FPC-fortified products for a sufficient
period of time to derive reliable and significant data to assess the potential
market for FPC in Morocco.

The objective of determining the market for feed-grade FPC will be to
place the production at SONAFAP on a sound economic basis. To this end,
the AID contractor will evaluate and analyse the present procedures for
marketing and distributing feed-grade FPC manufactured at the SONAFAP
plant at Agadir and recommend methods to improve domestic and export
marketing and distribution. In this, he will work with UNIDO personnel
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engaged in making improvements at the SONAFAP plant and will ntilize
suitable production and engineering data that they have developed.

Summary

Although the AID feasibility study 1s to be carried out in close
consultation with FAO and UNIDO, the final AID report should be usetul in
itself for investment and as he basis for other decision-making. It s
anticipated that UNIDO, with the assistance of AID and FAO, will review
the activities relating to the possibility of establishing an I'PC industry n
Morocco and suggest a follow-up to assure that the recommendations are
effectively executed. The AID contractor is expected to participate in drawing
up the recommendations.

Marketing

In oraer to market FPC successfully, it must be made available in a
palatable and desirable form. The development, promotion and marketing
of FPC-fortified roods that would be desirable to the consumer requires the
most urgent attention. Present efforts are totally inadequate. The FPC so far
available has not yet proved sufficiently attractive when incorporated into
human foods to encourage individuals to pay for the product or governments
to subsidize it. Work on acceptability of FPC is of major importance,
together with research to modify its properties. Such research might yield
new products with interesting properties that could be employed usefully to
improve the characteristics of the staple foods. In all probability a similar
level of research and development could determine ways in which FPC might
offer positive advantages to the consumer, including an increase in nutritive
value when suitably employed in the preparation of acceptable foods.

The greatest hurdle in the way of the widespread introduction of low-
cost protein foods of indigenous origin into the diets of developing countries
lies in their acceptance. To a much greater degree than heretofore, studies of
cultural habits and attitudes pertaining to food, systematic marketing surveys
and the application of commercial experience to new food products are
required for the promotion of new protein foods. If acceptable food products
containing FPC are successfully promoted and consumed, ample private
capital should be forthcoming to help develop an FPC industry.
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17. UTILIZATION OF FPC: AN ANALYSIS TO TP TORMUTATLE
NATIONAL NUTRITION POLICY

COMPARALTIVE CONIS OF RITIRINCE PROTEIN

Few guidelines exist to assist governments i deciding on the objectives
of national nutrition programmes. Scientiic analvsis is needed not onh ot
fish-protein concentrate and other staple fortification possibilines but also o
the implications for nutrition ¢t national agnabaral and other pohiaies
affecting investment in foods.

For the purpose of discussion, theretore, the authors use 1 hypothetical
model (developed by Sidney M. Cantor Assoaates) that considers price,
reterence protein® and other relationships i a bypotheticai developing
country suffering frem a protein gap. The model considers important
traditional foods as well as sample proten fortitied toods Caklations are
used to show price rankings of reference protem [ 2] of vanous tradivonal
and protein fortified foods as compared with a staple inthis case nice These
price rankings can be modified and extended to permut other comparisons
such as those related to consumer demand and acceptabilin, protem calorie
utilization efficiency and attractiveness tor imvestment.

The calculations attempt to answer the question, what would be the best
product to invest in if a government or a private investor, or both, were
interested in a product (1) which could provide low -income groups vath the
highest possible yield of reference proten: (2) whose price per umt o
reference protein was low relative to a staple cereal i thiy case, nice and
(3) which was in strong demand by low mcome consumers aid hikely o
increase in demand as incomes rose.

The calculations show the effects ot a particular » et of price relationships
at a particular time. As these price relationships change, the caleulations may
yield quite different results. Their sensitivity has been demonstrated m a test
with the results of an analysis of soybean product consumption in a sample
country. The consumption of soybean products isi this country s hirgely m the

© Paper presented to the mecting by Gerald D Bernscein, ldmon, Inc (tormer!y ol
General Oceanology, Inc.); Sidney M. Cantor, Sidney M Cantor Assadutes, Ine . and
Solomon H. Chafkin, American Technical Assistance Corp.

v A protein of high biological value, containing a specrtied pattern of amine acds
completely utilizable for anabolic purposes at maintenance levels. See FAO WHO (1965,
Protein requirements, Rome, p. 68.
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form of bean curd, and the price of bean curd is sigmficantly higher than all
other soybean products consumed by humans. If the adjustment in price 1s
made to reflect the price of bean curd, the use of sovbean becomes less practical
than fortification by either soy concentrate or FPC.

‘the analysis does not satisty tne private investor’s need to know in highly
specific terms the details of certain projects—capital requirements, cost of
production, potential sales and profits, financial terms, putcntml return on
capital and other critical variables. Nor does the analysis at this stage answer
questions that government planners need to know 1n connexion with the
allocation of government resources or the encouragement or discouragemeiit
of the allocation of private resources. However, the calculations can be
extended to estimate the effects on the balance of payments, or on employment,
or on the costs to the economy if one means of achieving nutrition objectives
ar adopted rather than another.

For the purposes of this study, the price per kilogram of reference protein
IS taken as a basis for companson A summary appears in table I, where

“price ranking of reference protein” is defined as the price of the reference
protein in rice divided by the price of the reference protein in the particular

foodstuffs.

TasLel. Price COMPARISONS OF REFERENCE PROTEIN IN TRADITIONAL FOODS

Price of Price ranking of
reference protemn reference protein
in US (Yhky) {rice = |.00)

Cereals

Rice 4.26 1.00
Barley-H 2.61 1.62
Barley-N 2.30 1.86
Wheat 2.78 1.53
Other 34 i 1.25
Vegetables

Soybeans 0.61 7.05
Soybeans (as bean curd) 1.60 2.66
Other pulse 0.73 5.80
Potatoes-sweet 10.19 0.42
Potatoes-white 478 0.89
Other 18.52 0.23
Animal

Beef 2,98 1.43
Pork 1.85 2.30
Chicken 1.85 2,30
Fish-dry 0.86 5.00
Fish-fresh 0.84 5.40
Fish-shell 1.89 2.25

Milk 9.44 0.45
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Comparnisons of traditional foods show the superior position of soybeans
and pulse among vegetable sources and the distinct advantages offered by
fresh and dried {ish over other sources of animal protein. The implications of
these rankings with respect to economic policy are discussed later in this
section.

A similar comparison for protein-fortified foods appears in table 2.

TasLe 2. PRICE COMPARISONS OF REFERENCE PROTEIN IN FORTIFICATION AGENTS

Price of
';jfrﬂ_'l(e proteinin Price ranking of
Pratein-fortified foods™ artification agent reference protein
m S '§ ky frice = | 001
Lysine, 5.2% 1n wheat 0.14 L5
Soy concentrate, 6.0% in wheat 0.54 7.8
FPC, 5.0% 1n wheat 0.36 11.7

a Price ot lvaine, soy concentrate and FPC are $1 52 per pound. $3.27 per pound, and $0.25 per pound
respectively

It should be noted that the superior position of lysine fortification
compared with soy concentrate and FPC is based upon the price per unit of
only the additional protein made available by the fortification agent. This
“incremental cost” differs from the evaluations made by D. M. Hegsted
comparing lysine and FPC fortification of wheat flour under specified cost
assumptions. His findings, which are summarized in table 3, are based on
“total” or “integral cost”—the cost per unit of the total protein in a unit of
fortified wheat flour; that is, the protein normally in wheat plus the protein
made available by the fortification agent.

TasLr 3. EFPECT OF PROTEIN FORTIFICATION OF WHEAT FLOUR ON THE NUTRITIVE VALUE
AND COMPARATIVE COST OF UTILIZABLE PROTEIN

Promnd Nulrm P Uu'h'ubie Cost/100 1b4 ‘S;loit;‘%e
comerts el et R ot
Wheat flour 13.75 24 3.20 8.00 2.50
Wheat flour
+ 0.2% lysine . HCI 13.94 L1 ] 5.30 8.20 1.55
Wheat flour
+ 0.5% lysine. HCI 14.25 46 6.55 8.50 1.30
Wheat flour
+ 0.5% iysine . HCI
+ 0.3% threonine 14,55 56 8.14 8.95 1.09
Wheat flour
+ 5% FPC 16.66 42 7.00 8.85 1.26
Wheat flour
+ 10% FPC 21.26 50 10.68 9.70 0.91

Source: D. M. Hegsted, Professor of Nutrition, Harvard University.
a N x6.25 (all tests are based on nitrogen content).
b Nutritive value compared with nutritive value of lactalbumin,
¢ Protein content X RNV (relative nutritive value) = utilizable protein.
d Cost estimates upon regular bread flour at $5.50/100 Ib at New York with shipping costs to India
gs an example) of apProximatc}I' $2.50/100 Ib (courtesy of Bernard hothwell, Bay State gﬂihmg Company,
oston). Lysine, threonine, and FPC taken as $1.00, $0.29/Ib, respectively.
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Cost of total protein versus cost of incremental protein

The incremental cost of lysine fortification is cheaper than that of FPC.
The total cost of FPC fortification, however, is cheaper than that of lysine.
(See table 4.)

TasLe 4. COST OF TOTAL PROTEIN COMPARED TO COST OF INCREMENTAL PROTEIN

Protein Reference Cot of
Cost " Protein Yoreim reference
($/kyg) m(';,:t) t efficiency 7“/';‘:) p(;%r;-;
Lysine fortification (0.2%)
Wheat 0.10 13.0 42.2 2.3
Lysine (incremental protein) 2.22 0.2 35.0 0.13
Mixture (total protein) 0.10 13.2 0.585 77.2 1.38
FPC fortification (5% ) '
Wheat 0.10 12,35 40.0 .y
FPC (incremental protein) 0.56 4.25 61.0 0.46
Mixture (total protein) 0.12 16.60 0.608 101.0 1.21

Consideration of the cost of total protein versus cost of incremental
protein is important in determining the choice of objectives facing a govern-
ment in the process of developing a nutrition policy. If the government
decides to import its protein in the form of fortified wheat flour, the Hegsted
total-cost-of-protein analysis would apply and FPC fortification would
appear more feasible than lysine. If the government decides to fortify all of
its current domestic wheat production, which already provides the population
with a certain quantity of protein, it would need to know at what cost it
could obtain the additional protein supplied by each of the alternative
fortification agents. In this case, the analysis of cost of incremental protein
could apply and lysine could increase the protein supply at the minimum cost.
The assumption that lysine is available at $1.00 per pound is of critical
importance. If the price were $2.68 per pound, FPC would be equivalent to
lysine in the analysis of cost of incremental protein, provided that the FPC
cost remained at $0.25 per pound.

Thus, using L-lysine at the 0.2 per cent level, the cost of adding one
kilogram of reference protein to the diet is $0.13 versus $0.46 with the use
of FPC at the 5 per cent level. If, however, the cost per unit of total protein
is used as a basis, FPC appears superior to lysine; the cost of total protein
using FPC is $1.21 and the cost using lysine is $1.35. The difference would
be more pronounced at higher levels of FPC.

Planners are especially concerned with the cost of obtaining new protein
resources. They regard the protein from the existing wheat crop as a resource
already available and are more interested in comparing net costs of new
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protein from alternative fortification agents. If a planner wishes to develop
the maximum amount of additional protein by encouraging new wheat
production and the fortification of this wheat, the cost of total protein of the
protein-fortified food would be critical. In this case, wheat flour fortified
with FPC, as the Hegsted analysis indicates, would provide this new protein
at the lowest cost.

Cost effectiveness

A preliminary cost-effectiveness analysis can be made by comparing the
costs of total and incremental protein in the light of a stipulated national
objective for the improvement of nutrition. When the stipulated objective
has as a condition to avoid the expenditure of suostantial foreign exchange,
commercial imports of wheat may be rejected regardless of how low the
international price may be. When the stipulated objective has as its target
group infants and weaning children, the limited capacity of these children
to consume large amounts of cereals that would be required in lysine-fortified
food to obtain a satisfactory amount of protein would argue in favour of
FPC for cost effectiveness. But this objective itself raises a new problem
relating to formulating new products for child feeding.

An additional and critical element to be weighed is the “delivered cost”
of protein. Again the analysis depends upon the aim of the government.
A general objective to provide more protein to low-income families at the
lowest delivered cost might be best served by lysine fortification of noodles
and other wheat products distributed commercially. Limiting the target
groups to children might lead to a highly specific child-feeding pregramme
utilizing FPC as a milk additive or FPC plus cereals and amino acids in
special food formulas distributed through maternal and child health centres.
Here the delivered cost per head might be much higher than a general fortifi-
cation programme, but the total cost might be much lower. Moreover, if the
policy also aimed at increasing the survival rate of children as a necessary
preccadition for accelerated family planning, the benefits of child-feeding
programmes would be enhanced.

Cost of closing the protein gap

A reference protein deficit of 31,000 tons was estimated for the sample
country used in this study. The cost of making up this deficit with conventional
protein sources (table 5) ranges from a high of $140.7 million for rice to a
| low of $27.6 million for fresh fish. The fortification agents are in themselves
lower in cost, but in each case a substantial increase in the domestic wheat
supply is needed in order to obtain the required protein through fortification.

o
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The total cost of closing the protein gap by lvsine fortification of the
existing plus the newly required wheat supply would substanually exceed the
total cost (fortification agent plus new wheat) of an FPC or soybean
fortification programme or of an expansion in domestic fish supplies. Use of
a soybean meal would also be cheaper. The additional wheat required for a
lysine programme would present special problems in the use of scarce
agricultural land to avoid displacing other protein sources, as well as special
foreign-exchange problems arising from commercial wheat imports.

Taste 5. Cost oF PROVIDING 31,000 TONS OF REFERENCE PROTEIN BY INCREASING THE
SUPPLY OF $SELECTED PROTEIN SOURCIS

Con Per cent increase over
{mallson dollars present supply needed
ta fill pratesn gap
Rice 140.7 21
Barley 81.4 1)
Wheat 918 300
Soybeans (bean curd) 59.2 6)
Beef 8.5 Jos
Pork 61.1 458
Chicken 61.1 465
Fish (fresh and processed) 27.6 3
Lysine (0.2% in wheat) 4.4 (plus $30.3 for (100% more domestic
additional whest) wheat or equivalent
imports)
FPC (5.0% in wheat) 12.0 (plus $7 .4 for (24% more domestic
additional wheat) wheat or equivalent
imports)

NUTRITION OBJECTIVES AND RESOURCES ALLOCATION

The clear and strong commitment of the government to national
economic growth will inevitably lead to a consideration of oolicies that seek
to improve the standard of living, especially that for low-income groups. The
government must eventually delineate rational nutrition objectives, and in
doing so, it is important to take into account early the consequences of
economic policies on nutrition and to seek ways of harmonizing nutrition
objectives with other national goals.

The government may, it it chooses, formulate national objectives and
policies aimed at low-income groups generally or at special target groups,
such as weaning children and pregnant and nursing mothers. Its decisions in
this regard will be guided by whether 2 commitment to achieve nutrition
objectives is feasible in the light of other national commitments and what
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kinds of re-allocations ot resources would be called tor m order 1o tultil a
nutrition objective, including the achievement ot an opumal calorie-proten
balance. Major actions to improve the diet would immediately and directly
require a re-assessment of agricultural and fisheries policies and resources,
balance of payments policies, subsidies or other incentives to producers of
some classes of foods, and a variety of other policies that had helped o shape
the existing allocation of public and private resources.

In the short term, it may not be possible to assign a high prionty to
nutrition objectives if such action will have adverse effects on such overriding
1ssues as the country’s balance-of-payments position. [t would scem unlikely,
for exaniple, that the government would wish to encourage a massive increase
in the supply of fresh fish for its domestic market if such action diverted
energy and attention from the aim of expanding fish exports. Even if such an
increase in the domestic supply of fish were attained without adversely
affecting fish exports, it would sull be necessary to examine the investment
implications of expanding the fish harvesting, storage, processing and
delivery systems.

On the other hand, the question will undoubtedly arise whether
sufficient attention and resources are being devoted to increasing domestic
supplies of fish relative to the attention and resources now accorded, for
example, to the development of a poultry industry. The nutrition costs and
benefits from fish and poultry raise legitimate questions as to the relative
emphasis given to each industry.

The role of FPC in nutrition planning

The obvious attractiveness of fresh and dried fish in improving the diet
justifies the intensification of efforts to expand the domestic fish supply and
to reduce costs to the consumer. But even if this could be accomplished, it is
not clear that it would solve the special problems of vulnerable groups such
as weaning children. Here, the government may find the choice of solutions
especially difficult. For example, the greater availability and lower price of
milk may be one effective strategy, but it presents problems in the high costs
of developing a domestic milk industry as well as in the foreign-exchange
costs of importing relatively low-priced non-fat dry milk from countries
where there is a surplus of milk.

A second solution is fortification of cereals. The most practical vehicles
for commercial fortification are products made from wheat flour. These
include noodles, biscuits, soups and some beverages. All of these foods, as
well as new baby food preparations, will cost more if they are fortified, and
the government must decide whether or not to subsidize the food industry
in order to assure maximum utilization of the fortified foods by low-income
groups. The government will also have to examine whether free distribution
through existing maternal and child health centres would be a more efficient
system for reaching target groups than a generalized commercial food
fortification programme.
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The cost of fortifying food with domestically produced FPC is likely
to be quite high compared with the cost of fortifying food with FPC
imported from a country such as Chile which enjoys abundant supplies of
cheap raw material. The provision of 31,000 additicnal tons of reference
protein per year—the estimated requirement—would call for substantial
imports of FPC. Special feeding programmes for weaning infants, however,
would entail lower annual imports but would probably require increased
domestic expenditures to establish a food distribution system that would
reach the target group.

It 1s highly doubtful that private investors would find an FPC enterprise
attractive under current conditions in the sample country. Although there
1s considerable interest among noodle manufacturers in fortifying their
products with FPC, the price at which they would find FPC attractive is
far lower than would be possible considering current prices for raw fish in
that country. Government subsidy and guaranteed purchase arrangements
would be needed to interest private groups in an FPC-manufacturing
venture.

A government-subsidized plant to produce FPC for low-income groups
using domestic fish resources would redistribute the country’s protein
supply. Poor people who cannot afford much fish would get more protein
in noodles and other wheat-based foods. The entry of another buyer into the
market, however, would also tend to increase the price of fresh fish, with an
adverse effect on middle-income groups. Unless FPC can be produced
without adversely affecting the supply of fresh fish already available in the
diet, the possible benefits of government subsidy to improve nutrition are
cancelled out.
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