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Preface 

The joint UNIDO/FAO Expert Group Meeting at% the Production of 
Fish-Protein Concentrate (FPC), held in Rabat, Morocco from • to 12 De 
cember 1969, addressed itself to two principal questions («) commercial 
production of fi»h protein concentrate (FPC) produca and their dut n bu non 
to people having the greatest need for such product!, and (¿) the development 
of a commercial enterprise to produce FPC in Morocco, taking into account 
the efforts mack so far. 

A report of the meeting, published by UNIDO a« ID i*C Vol 1, 
includes general recommendations on FPC, recotwnendatiotM for the 
SON AFAP plant in Morocco, a summary of discussions, statements describing 
the situation in Morocco and efforts made elsewhere to produce FPC 

The present pubiscasjon, Volume II, covers the proceedings of that 
meeting, including papiri pttsented to the meeting. The authors renew various 
•PtPSJl^^^ww&   ^&9    •JSHPW    m W^WHIA» %NH   •JPBJP'WHÏ   SBJII    BjfiMj    »Wp>SBB|p    ^W pSt^W    wwlPw   SnWBBBBSSJSl   ^H(^WBSSSHJ^ïBBB^PS«SSI   VPW    »W^W    B^GWWW^^BBBjp 

proccttinf method», product*» me utiUiAtwn o4 FPC M * vuâà* mmt§ for 
•upplcfMfitiM tilt dicti oí bMMm. 
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by Oswald A. ILoeta, describes the early efforts of other agencie» of the UM ted 
Nations—-notably FAO and UNICEF—and of individuai countries to 
produce an FPC suitable tor human cossfuesifptjatv asta MMéMNI bese« deacrsss- 
tioiM of the extraction methods and other protestes deveéoocd fur the ptw* 
ductxm of FPC. 
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of FPC used a« a 
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»tibíate» i the production of FPC 
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pla**s producing FPC ni Castada, Chda. Moraux Naewav and the Uarted 
State*. TIMM art "PivssWtiosi of 
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sardines", by John Blake; "Description of operational FPC plants", by James 
S. Toiin; "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 Ldvold; "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 concentrate in Chile", by P. Hevia, Fernando 
Acevedo Bonzi, and S. Kaiser; and "Proteolysate of sardines", by B. De Gero 
and O. Skiredj. 

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 
elements 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 nuoc mam in the Ivory Coast", by A. Faubeau. 

A paper on the "Analysis, testing and uses of fish-protein concentrate", 
by Virginia D. Sidwell, Bruce R. Stillings, and George M. Knobl, Jr., compares 
the chemical composition, nutritive value and sensory evaluation of foods, 
«ich a« 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 J. 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 experiments made in Chile, the Republic 
oí 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- 
ncation agent—its cost by comparison with lysine, casein and other protein 
source»—•© terre at an aid to governments in formulating their nutrition 

The data included in this publication are in general as presented at the 
m December JH9, and were presumably the latest figures available 

to the rupie live aethers at that time. 
OpMttom expressed in ttgncd articles arc those of the authors und do not 

refect the v*ewt of the United Nations Secretariat. 
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INTRODUCTION 

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

The papers <*eal primarily with FPC prepared by solvent extraction of 
ground whole fish, and they reflect the active research and development 
prof 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. Yáñez: 

"First, as a supplemental food in wheat, corn 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 
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2 PRODUCTION OF FISH PROTEIN CONCFNTRATF 

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-containin- 
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 appreciable 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 centimes 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 fertilizer 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 10~6. 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 factor of at least ten if fish were consumed directly 
by man. 

The preservation of fresh fish, however, and particularly of fatty fish, 
presents a problem, especially in tropical climates. In many developing 
countries where protein deficiencies are greatest, the high cost of refrigeration 
puts fresh fish out of reach of the consumers who need it most and tends to 
discourage the fishing industry. For example, in 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 ice factory in Ango-Angi , [ 3 j 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 offish 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 v ¿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,2 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 
testó 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 offish 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 i per lb. Since it contained 
65 per cent protein, the cost of the protein in the meal was approximately 14 t 
per lb. 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 group* that require hie> 
protein supplementation to their diet live essentially in a subsistence economy 
They grow and produce their own food and have little or no meant to buv 
food. In the African countries where such an economy pertain*, salt is a 
regular purchase. Hence, whe^ fish flour was introduced as a new type ot 
condiment, it sold well, ever in are.« such as Rwanda and Burundi where the 
population is traditionally vegetarian. 

Ghana 

In Ghana, the Government fisheries service built a pilot plant in Accra 
in 1951 to produce fish flour for human consumption. {5, fe] The fish used 
was Sardinella aun ta, which is caught in the coastal waters from June to 
September. The product was prepared by autoclaving the fresh fish, prestine, 
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 enough to satisfy 
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 I 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; it 
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. [I] (A 
detailed description of the process and of the equipment used has been 
published by TUFMAC.) 

The product from the Uganda plant contained 72.1 per cent protein, 
3.2 per cent oil, 15.4 per cent ash, and the remainder was moisture. The 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 Tanganyika 
(Stolothnssa tangamcae and Lunnothruia mtodon) were treated by a process 
very similar to that used in Ghana. The product was offered for sak m two 
packages, 100 g for home consumption and 5 kg for institutional use. It con- 
tained 68 per cent protein, 8 percent water, up to 11 percent «l, and 12.5 per 
cent ash. The oil content of the product varied, depending upon the physio- 
logical cycles of the fish and seasonal changes in their environment. The oil 



Ft%M PtUTHNf OS» INÎIUf   HH'oli »«ifMlfsm   ** *t. *i» •-   ri. -N        % 

tunrtnt • at *f> mmi m ihi» tre*, %H#r# « ».fA#n*« % .J##»% t«m% % •* rri*!*««, »«»i 

»t 4.jw«fd ifi part bv »h# ;**• • *» 4i*ii#fM «•* *N# -fcr» TK# ft»«»*««g»% #.= ***-»«• »A» 

e*c#il#f»-t.. And ïK* j»r(«|y*t %** *«r> »#H **4#ftt#d »•#» K% **%*!* ê#**l Il^f'*#>*»#« 

I ià# tn# (»HATIA t»«h ikiwr. »h# prtwJwtT trt*n i-n* t wmKri pi**'. e'.i'ht.m%*» 
ntgn in t*f, AppArrmU M*t**#n#d H,itH.M»Mr «ah**Aí wt»*ni«<iñN *.« pr?**** 

r»*v>dirv *rvl percitnJârum. e*tn mhrm >* «A* **»«.«d during hw%g prrwuJn *** 

tmw in A truptt-iJ Jimjff It *** prti*#\t#d tr«*t* mi»»«"«.«, h»#»#%#?. fe** 
pt4vfth*kr>* bags 

Vx VtMT   §*I*JM I tD ft*** <*• Ut« MIAI 

$**erAÌ   AUtwi^tt   HA**-   »#*«   msec   tu»  prt^A#t   t.j««#l#t*  •»!* p#«**t#* 
proáuctt tKat i'tntld S* irRurporAwd nw»» ttAfH* K««i« tt«*h A« bwad   TW 

rr»a*h HAI bmm tu» rmhiw* th* iwto Itptd* fe? «ufo «fit »itrA*tn«i 

i 

lo#»(è ^M«.*-   «f*( »M «ita N&MW 

On* of th§ «*H? «Hiirtt m titM irtà • « 

IHäTHW %Jl4 HCfiMR'MM #» Atft&A   I PWï P«fJp<WMI A 

At* br th* tmwactum al wtmè». hth • T*mèmrm 

{ÍQ, il] Vf\mêfÊf€9m mi ém êmàmtM 

al dit Savtfc AlfwaM 



rttHK < lh>»« i»f HAM PftOttiN Í ON< fNTRATt 

Thewr preé*m»<tar> te*t» were Mio* ed bv a Urger trial involving 
I *C «traute «.htiaéren, it» e ut k^rtee?» »ear* t*ki r*rrv day for *i* week* each 
(Mrf recetvfd» M part ¡4 hi* nhooi l«n*h, un %Z g bread roí 1 made at a 

i*4 haèerv til tVwr containing i 0 per *.ent ti*h flour ta*.h bread 'oll 
h S n*l tul* rio«*, *h**.h r-f«vnf#d the», h* Id »uh a dailv »upplemcnt 

«•I * 4 g protêt*. ï H mg lakiwm. í**» mg prtoiphoru* imi 3 mg iron, the roll 
ittett supplied * % g protei« TW oíd* difiéreme fr«#n normal bread »ai a 
•kgntî» darker %iti*-mt M»eli, tante, kwm and conantrno oí irutt and crumb 
»ere ««rmaJ 

The hre ad » m »er» »eil «icceptad b» tit* children There was no rejection 
«e mmpiamt, and no difeac«*? trouble occurred 

Oli ti* b«M oí tWae revuitt, the Chilean Government requested UNICEF 
and f Al) n» help them «et »p a plant K>f the manufacture of edible fith flour 
I» he wmà Muant? m supplementär» feeding programme« 

la*#f, LHNICEf muted the (gemment oí Châle »n the production of 
protein «amcantrat» b» pn»v*ding the ««pervitor> engineering services 
the mmwrnstf pr«*e**<ftg etfuipmrnt. •hn.K wai installed at the IFtSA 

tria rV**au«r è áe Aitamar; pU«t *t Quintero A report on the operation 
«i the plant, the b«i»*gKaJ value of the produit, and all cmt details was 
prep« red h» I at«**» I   Alb«, the itmuf engineer tor L'NICtt   [ 12 j 

TWe plant uaad fe*th haà« (merhsiaa), which it a ban, edible ftth, and 
a »tt—n lombirurtf he«aete and ethand lor the «traction of fat 

The plant »at aqutppad with a hon ion tai, steam- 
raw itti) ienvdrator with scraper, agitator and condenser; 

a raartawatai, MMM jacketed mtar» titractoe with integral cloth filtert and 
few a vacuum servent flow and »team »tripping, 

a satfvoat reco* er v and »tor age tv »lew», an »kohol purification system, a 
I, a hammer m*)i, Hour »eve and packing 

the necessary hoppers, con 
to transport the materiati between 

m a hunaontaJ, steam jacketed vessel, 
cagf ef sube*   The meai waa extracted with 

Là Meai de» mg temperature c«dd be controlled 
***t rate of air circulation Under 

of two torn oí 
¡»charginf. The 

Iff «IM hatch MI a jacketed rotary 
Most of the soKent 

caá« by apti 
of rea**tu»J servent by 

16 per 
«fMSteiOper« 

(N M èJSj. I • u> 3 oer cent fat, 
variad frum about ) *0 to 



FISH PROTEIN CONCENTRATE-HISTORY AND TRENDS IN PRODUCTION      7 

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 55i per kç, 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 pharmaceutical 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 15< per lb (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, IM til 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 lb 
of protein. 

Alpine Marine Protein Industries, Inc. operates a plant in New Bedford, 
Massachusetts, with a processing capacity of over 100 tons of fresh fish per 
day. The plant can produce 20 tons a da r of animal feed-grade (non- 
deodorized) fish-protein concentrate, or 16 to is 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 September 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 Commercial 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 its 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-protetn 
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, a 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 dkhJoride content of 5 ppm; and it should 
be free of pathogenic organisms. 

The Food and Drug Administration act sutes that fish-protein concen- 
trate is supposed to be an additive intended for use in the household only at a 
protein supplément. The additive must be packed in consumer-sue units not 
exceeding one pound in weight. This regulation effectively prarenti the UM 

of FPC in formulated foods at the manufacturing level. The United Sutes 
Food and Drug Administration approval of whole FPC acniev«d through 
the determined efforts of the United Sutes Bureau of Commercial Fbhchn, 
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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 Guitmann-VandenheHvel-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-Vandenheuvcl-Gunnarsson process, is described in detail m 
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, 1%S.[17, IS] 

Processes developed ky private camparne* 

Lever Brothers Company has developed and patented a process utilmng 
fresh ground fish that is drum-dried and suht«i«efitly extracted with ethanol. 

General Foods Corooratto« has developed and patented a process m 
which raw fish ts shtmed tn water, and the pH of the mixture is lowered hy 
Ac a¿Jit»on oí acid. An aataemidant ts added to the slurry. After »tirrwf MI 

water foe first« minutes, the suspension a screened and pressed. The press 
caàr a then extracted with tertiary butyl alcohol or other ssmtiar alcohol. 

An 
trate hat 

Perm—ft trot turn by tke Y errando prmeu 

to prépaie setvesit-esitracse« nsn-f 
Pent and M generally referred to as the 
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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 analysts and gross composition, including the results of nutritional 
teste. 

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. Industrialización de Productos Agrícolas 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- 
rancio has also developed a powdered soup and a special type of enriched and 
seasoned macaroni. 

Sweden 

Anra Nutrition in Sweden also produca 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 furred in 0.5 per cent acetic acid. This slurry 
was then pressed and the press cake extracted with ethanol. Following ethanol 
extraction, the press cake was 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 
teak 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 M tuesto. 
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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 hydrolysates 

Chemical hydrolysates 

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 offish-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 sohrent- 
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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heading. The tempeh-iish 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-protem 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, whipabilit*water- 
binding and fat-binding capacity—all very important in modern food teca- 
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 wel 
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 contnbution 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 tresh 
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 OP WOULD 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 mankind 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 u 
introduced. 
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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 into a condenser 
area, located on shore to intercept the flow of moisture-saturated trade 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 ot M. L-roix 
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 tor 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 sea 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 feeding marine proteins to animals such as chickens or hogs destined 
tor human consumption -the efficiency ot adding a high qu.ilitv protein to 
human diet is 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 
chi Idren between birth and two y ears 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 t. Yáñei. 
Mr. Chichester is Chairman, Department of Food Science and Technology, College of 
Agricultural and Environmental Sciences, University of California, Davi», Cal., USA 
Messrs. Monckeberg and Yanez are with the Pediatrics Research Laboratory, School »f 
Medicine, University of Chile, Santiago, Chile 
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TYPES AND COMPOSITION OP FPC PRODUCID roi HUMAN COM«L>MPTHM« 

Initial attempts to produce an adequate grade of fith meal for human 
consumption involved the production of a fish meal un 1er santtarv condition« 
which was subsequently deodortztd and defatted Solvent extraction tech 
niques were employed to remove the fat and at leait part &f the flavour By 
using semi-polar solventi it was also possible to remove the phosphohptdt, 
which apparently contnbute substantially to the flavour Since solvent 
extraction must be used tn order to produce a relatively odourless and tasteless 
product from fish, i* is preferable to use fish with relatively Ut tie fat 

The solvents must be recovered and purified in order to ntaàe My 
extraction system economically feasible. The use of high solvent to produit 
ratios is not desirable, because of the mechanics of manipulating the servent 
and its subsequent recovery The use of comparatively tow fat fish irummues 
the need for solvent and involves a simpler technique foe separating the 
extracted fat and for recoves .n§ the solvent Hence, nth of low fat conter* »» 
frequently used in the production of fish protein concentrate from «hole nth 
suitable for human consumption j 2 ] 
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EfFRCT OF HEAT ON CHEMICAL COMPOSITION OF FPC 

Although a fish protein concentrate made from low-fat fish appears to 
be quite »table for storage, its use in food materials submitted to heat may 
present difficulties. Heating proteins or ammo acids in the presence of carbo- 
hydrates decreases the availability of many amino acids. The loss of lysine or 
methionine is 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-l7 ] 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 
ha« also been noted in milk-enriched bread. [4,9] When lime-treated corn was 
enriched 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 
biological vakte better than mixtures enriched with soybean.[ 10 ] 

Usi AS A NUTRITIONAL SUPPLEMENT 

There have been few proposals that fish-protein concentrate be utilised 
directly It has been recommended primarily as a nutritious ingredient of 
existing foodstuffs, or as a physically inert knit nutritionally enriching compo- 
nent o?new food materials. Its nature, that of a rather tasteless and odourless 
powder, suggests its usefulness in products that will tolerate the addition of a 
filler Physically, the extracted materials possess a slightly gritty character, 
and smce the protein is inert, it does not suspend well in water without the 
addition of emulsifiers and staotliiers. These characteristics mitigate against 
its use m many products. The availability of a non-denatured or modified 
manne protein could extend considerably the usefulness of FPC. The possi- 
bility of producing a non-<*eiiatured protein from fish by hexametaphosphate 
extraction or water extraction with the addition of fat is especially promising 
ta úm regard. 

Sine« it is primarily a nutritional 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 arc 
obvious vehicles for FPC. It can be incorporated, however, into many other 
products m 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 rimes 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. 
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or methionine, since weight gains increased significantly ^^"T 

added to the heat-damaged mixture. [22 :"l^^u^^^ S¡£ 
is that the loss of the limiting am.no acid (which was shown in other studies 
;t methionine) must be guarded agains,tinthe process ¿r*^^ 

A study of the isopropanol-extracted Moroccan sardine FPC m the diet 
of rats revealed that the proàuct has protein efficiency rat.« ^9«¿ 
3 04 per cent as compared with a casein control of 2.50 per Jent These 
experiments were performed using 10 per cent protein in the diet The f.sh- 
%£L concentrated a concentration of 82.9 per cent protein Weight g-n 
Li acceptability in the animal-feeding stud.es were excellent. No rqection 
of thefeedstuff was observed, and the animals had normal growth patterns. 124 ] 

NUTRITIVE VALUE OF FPC AS A SUPPLEMENT TO DIETS 

Experiments with children and adults 

In «perimenti with children and adults, fish-protein concentrate was 
used to determine the effect of supplementation on the nutritive value of diet* 
In a study of children nine to ten years of age, fish-protein concentrate derived 
from oil-sardm« 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. 
[251 Similarly, Korean diets supplemented with 10 per cent fish-protein 
corJrntrate 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 
replied 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 
»ource of protein also elicited responses similar to reactions to milk. 128] In 
another siidy, fish-protein concentrate was W M the solesource of protein 
to normal infants ,n Chile. The formula consisted of FPC, -^ «*£ 
hydrates, water, salts and vitamins. The preparation was suspended at a level 
of 22.5 per cent in water, and supplied 90 kcal and 2.4 g of protein per 100 nd 
Twelve m>rmal infants two arnione 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 aft 
such infants receiving FPC as the sole source of protein. Hamatolo^lte^ 
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 ii the same 
order of magnitude as might be expected from a milk formula^ 11 j 

In a study of the nutritive qualities of fish-protein concentrate in the 
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convalescent diet of kwashiorkor1 patients, it was demonstrated that cornmeal 
diets supplemented with dried skim milk produced no statistical ditferences 
in weight gain, nor in the protein and amino acid levels in the serum. The 
conclusion from 'he results obtained was that fish-protein concentrate may be 
of considerable value in the prevention of protein malnutrition. [29] 
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Figure Í.    Weight gam m twelve infants fed FPC as sole source 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 
earlier 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 and its deficiency led to the lower weight gains 
evidenced. .   . 

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

« "Kwashiorkor" is defined m Webster's Third Sew International Dictionary 
(unabridged) a» "severe malnutrita in .nfants and children that is characterised by failure 
to grow and develop... and is caused by a diet excessively high in carbohydrate and 
extremely low m protein". 



28 PRODUCTION OF FISH PROTEIN CONCENTRAR 

concentrate as the only source of protein the weight gam* observed were 
closely similar to those produced by milk. A significant difference, however, 
was noted in the ability of the FPC diets tocorrecthypoalbummaemia | 281 The 
exact reasons for this difference have not been determined In the ronvatescing 
subjects the fish-protein concentrate did support nitrogen retention! and 
growth equivalent to that of milk-based diets. 

The data thus far reviewed indicates that '.here is K> question as to the 
nutritive value of fish-protein concentrate in normal animals and humans 
from infancy onward. From a nutritional standpoint, however, there are some 
data that at the present urne are not entirely «plained. 
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3     UTILIZATION AND QUALITY CONTROL OF FISH PROTEIN 
CONCENTRATE' 

It is paradoxical but nonetheless true that in countries where malnutrition 
and in particular protein deficiencies are prevalent, huge hsh catches are 
processed into fish meal and exported to the developed countries tor animal 
feeding. Equally discouraging is the fact that the ample suppK of fresh 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 situation, Fi>od 
habits, taboos and low purchasing power also play a role. Finally, the lack ot 
fishing fleets and landing facilities, owing to a scarcity ot investment funds, 
limit the exploitation offish resources for human feeding. 

MEASUREMENT OF NUTRITIVE VAI I;F 

The nutritional effectiveness of FPC is determined by animal teedmg 
studies as well as by clinical studies with humans In studies with animals, 
values such as the protein efficiency ratio (PER), net protein utilization (NPU ) 
and biological value (BV) are the main indices tor assessing the nutntionil 
effectiveness of the protein. In human feeding, in particular with growing 
children, nitrogen balance studies and bodv height determinations are the 
standard methods accepted; and serum albumin, plasn a ammo acid and 
enzyme levels have been proposed as useful entena 

When FAO, as early as 1953, started exploring the nutritive value ot 
fish meal (the term FPC had not yet been introduced) thrt*igh animal teedmg 
studies, wide variations in net protein utilization and biological value were 
observed, as shown in table 1. These discrepancies resulted partly trom the 
different sources of raw material, but mostly from the different pressing 
methods which were still undergoing development and gradually being 
perfected. The studies were conducted for FAO at the Bovnl Ltd Laboratori« 
by Dr. A. E. Bender. By 1958 the samples of FPC from the same vînmes 
displayed digestibility at about 95 per cent, NPU ranges between M to 
78 per cent, and BV between 67 to 80 per cent   | I j 

Paper  presented   to  the  meeting  bv  (.rorKc  t>   Kap*.»«.*. < hut    h.-d   V,m. 
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from 64 1 to 85.9 per cent. Bressaru 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 
improve the quality of the protein, the rats 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 assess the effects of 
processing variables upon the composition <md 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 isop'opanol 
process of the Bureau of Commercial Fisheries, the modified VioBin process 
adopted by the Alpine Marine Industries, the Astra process, the SONAFAP 
process and the Halifax process, while utilizing varying sources ot fish, are 
able to produce products displaying high nutritional values, although with 
differing o-<*anoleptic characteristics. 

FPC ha» been evaluated in the treatment of infant malnutrition by 
various investigators. Graham et ai. [%} directed an experiment in which a 
group ot malnourished infants *ith and without kwashiorkor2 were bottle 
M with a liquid preparation of wheat flour enriched with 10 per cent 
deodorized fish flour (VioBin). This test was compared with bottle feedings 
with a modified cow's milk preparation and with a vegetable mixture of high 
biological value. Similar weight gains and nitrogen retentions indicated that 
tiie FPC enriched preparation migl.t well be a good substitute for milk in the 
d*rt oí infanti «ad children. By contrast, Srikantia and Gopalan [9] found 
that the same fish flour (Vioêiri) administered to children suffering from 
kwas««*wk»r met with poor acceptability, and the intake of the FPC was 
«usâtt ,1 aetorr m 15 out of 33 children. The reason for the difference might 
b» that Graham used modified cow's milk to initiate recovery, to stabilize 

f composition and to obtain a steady gam in weight, whereas Snkantia 
Gafdm put the children on the FPC diet immediately without any 

Tkt SONAFAP FPC »M tested in infant diets through a senes of 
mêh tMTwé out by F TaviU and A Goma at the Casablanca maternal 

ani child health centre (MCH) ("Oeuvre de seccurs au» enfants") 110] The 
•tèa« w*re mmémemé over a period of um month« (August l%6—January 
lfw7) wish a teet group ai 50 weaning infants, five to seven months of age, 
m ¿t ser HM ne to what eitcnt FPC could contribute to baste cereal and vege 
taèé* é**s M n%r*t*Af the total protein requirements of this age group A total 
éâvèv mtêmtm oí wsst over 10 g of FPC (sor taWe 2, SONAFAP, note d) 
Jmáoi mm rsro meati servai daily at me centre was the maximum amount 

%mw •»••# t* h»?# *.-*#»» ttt p 
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permissible to the mother*—a limiting tutor in determining acceptance. 
(This earlier SONAFAP product did have some odour and taste of fish.) The 
daily protein intake of the group not under control was brought in line with 
that of the control group by a daily quantity of 10 g of skim milk, This 
quantity was based on the allow ance 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 (2 5 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. 

Hygtene 

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 lactors 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 arc 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 
isopropanol 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 practice» before extraction can definitely influence the 
quality of the final product. Obviously, refrigeration is indicated from the 
time of the catch until delivery to the FPC plant. Long delays at the landing 
and in the plant would favcar 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 oil heated tor several hours , I V I^*s 

indicates that the oil had been severely oxidi/rd at some stage, either brtort. 
during or after the extraction. Furthermore, samples of the same IPC on 
gas-liquid chromatography produced several peaks attributed to amines or 
mercaptam. This cleark suggested that the raw. ftsb before extraction- had 
been sub)ected to bacterial action. Apparently, flavour reversion is apt to 
appear and, in fact, did. Perhaps the best methtxf to prevent this tvpe ot 
trouble is to immerse the fresh fish upon landing or upon arris al at the plant 
in the solvent used for extraction. 

The type and origin of the solvent might affect the wholesomeness of 
FPC. As a rule, the use of chlorinated hydrocarbons \% avoided in the 
extraction of food or feed procucts. Ethylene dichlonde (í 2 dichhmwthane) 
is an exception that appears not to react substantially with the components 
of fish flesh. Actually, the United States Food and Drug Administration 
permits the use of ethylene dichlonde as a solvent for FPC, provided that the 
extraction is 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 Morrison [ 14 j found 
that both methionine and histidine were probably affected by ethylene 
dichlonde. Later Munro and Morrison [15] reported that they had isolated 
chlorocholine chloride, a fairly toxic substance (LD«, of 500 mg kg) from 
FPC treated with ethylene dichloride. The subsequent washings with iso 
propanol apparently removed the chlorocholine chloride from the FPC. 

The residues of solvents are of particular importance for the wholesome 
ncss 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 purity. 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 from 
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 undergo a flavour reversion, but FPC 
made from menhaden (fatty fish) reverts in taste over a period 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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Particular attention Hat beer 
content oí FPC. Fluoride ts a physiologically active 
quantities—l pam HI drinking water— hat been universally appi »ed M AC 

prevention oí d aitai cams M children Fiowcrer, m regions where the 
drinking water contained a high fluoride content, at At level oí 1 pern, 
persons between fifteen and ttxty yean oí afe snowed high incMÍmce oí 
mottled enamel oí tac teeth and oí osteosclerosis. ( 17] Tbc Twenty Second 
World Health Assembly, on the basts oí rae repon oí the Director Generai 
of WHO, [II] requested that "continuing research be encouraged mm the 
etidbfy oí dental caries, the fluoride content oí stets, the mecha/usen oí action 
of fluoride at optimal concentrations m drinking water and into the effects 
of greatly excessive intake of fluoride from natural sources ..." 

Fish-protein concentrates show differing degrees of fluoride content. 
Table 2, which compares the chermcaJ composition and nutritive value oí 
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«efccted FPC indicates that tardine FPC from Morocco had a fluoride content 
that *ar*ed trmn 2DC ppm to on* case ot 70 2 ppm It the tolerance must be 
accept««! the FPC of SONAFAP preterm great problems. If the bones are 
ethoentlv »eparated, however, the fluonde content could be considerably 
reduced | l*»| 

Usi  IN HUMAN DI FT 

Tenture, organoleptic characteristics and cost are the most important 
faeton that influence the us« ot FPC In general, the various solvent 
ntracted FPC have a gritty te»ture that is detectable in the mouth even after 
Äue gftndmg In term« of its functional characteristics, FPC is quite neutral 
with no binding and very low disperability qualities Increased pH improves 
its dispentbtlify and solubility, it becomes almost completely soluble at pH 12, 

Work conducted at MIT on behalf of the Bureau of Commercial 
Fisheries demonstrated the improved characteristics of such a modified FPC 
A textured product in a mi i tu re with soy protein isolate was produced with 
a smooth comi s tene v and good tensile strength. Such a modification could. 
However, increate the cost of FPC considerably above the cost of normal FPC. 
However, it 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, Braxil 
and Singapore 

The lack of binding qualities, unless some binding additive is used, limits 
the usefulness of introducing FPC in pasta products FAO has conducted 
some work with the Morocco FPC at the Braibanti Technical Laboratory in 
Parma, Italy Spaghetti and other pasta products lost some 20 to >0 per cent 
of the FPC added to the wheat flour in the process of boiling. By modifying 
the cooking method this loss was lowered to S per cent, but it is difficult to 
persuade consumers to change their 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 detrimentally affected". This observation may be true of 
bread "as we know it". However, the bread of North American countries has 
little M rampe« with the bread made in countries where it is the staple food, 
for example, flat breads such as kdsdi in the United Arab Republic, mmoon 
ui Iraq, tk*ftu in India and other thin flat breads that consist essentially of 
wheat flour, sait 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 coat do not prêtent insuperable hurdles. From the experience 
encountered m Morocco with the leavened local bread, the addition of 
) per cent of partly deodoriied and partly defatted ( 1.5 per cent lipids) FPC 
was largely acceptable to the consumers since the fish flavour was hardly 
noticeable. The drawback oí added cost remained, however. In most devel- 
oping countries and even in countries in advanced stages of development 
where bread »s an essential part of the diet, the price of bread is a matter of 
tenous econorruc, social and ako political concern. Many governments absorb 
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the added costs by subsidies or other means, rather than increase the pnce of 
bread. Even at 3 per cent of FPC in bread, at a cost of 42* per lb 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 nutritional benefits. 
Odour and taste can easily be masked either by synthetic or natural fla- 
vourings and spices that form p~rt of the customary diet in developing or 
developed countries. However, introduction of FPC into family foods or in 
protein food mixtures for infants and young children poses a number of 
problems [22] The ideal method is 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 societies, but the 
experience with FPC in the United States where it can be sold only in 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 
opportuni ties for teaching mothers the importance of protein supplementation 
of the traditional staple weaning food. 

Experience to date has shown that ready-mixed infant food, m 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 pnce as closely as 
possible to the purchasing power of the sector of the population 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 institution»] feeding programmes (i.e., 
organized feeding of groups such as in schools, industrial canteens, MCH 
centres, hospitals, orphanages, prisons, public works programmes, the army) 
presents the problem of convincing authorities of the nutritive value of FPC 
and of the economic importance of its use. The development of recipes is a 
minor problem that can he easily solved with some imagination on the part of 
die nutritionist responsible for menus. 

QUALITY COWTHOL of f?C 

The necessity for establishing carefully prepared guidelines for the 
selection of raw materials, for processing techniques, chemical composition, 
safety in use, nutritive value and wholesomeness of various 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 Deodorized" were prepared by FAO and reviewed by PAG in 1957, 
These were revised by a working group during the FAO International Con 
ference on Fish in Nutrition, held in Washington, DC   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 Commercial 
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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huenan eontumptioft, tlw protttn of dit fie*h oí di ft«Ak has approitmately the 
tame HRrni «cid eomfttwtitm and 4 sunt) ar nutritive value (not umttdertng 
fab od ) If tood grade FPC *» to bmotne a wideK used comenoifety, the »election 
oí fitti species M raw material must be broad and flenbie The um processing 
method CM be applied to every kind of fish, and m the industrial productKin 
oí food grade FPC the pnce of tlw raw material 1« one erf the most important 
eeneaderattons Ai 1« the product»« of fish meal for animal feedstuff, only 
those »pet»« that are «1 great abundance and readily accessible to Highly 
proésctive typ« of gear can be considered suitable raw material on which to 
hast m FPC industry Each fishery mutt ascertain which species of fish can 
be landed at a feasibly Um cost Another reato« for the need for fle*ibility in 
the choice of raw material it that many fisheries can have an adequate supply 
of raw material only if a mixed catch it used. In tropical countries, in par 
ttcular, the landings that are Uhely to be used for the production of FPC will 
often consist of various ipectet (including fith that are utually discarded from 
shrimp trawlers or other fishing vessels). 

Some of the fishery resources referred to m the following description 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 
is a market for such products. 

WOELD FUN mow ( TK>N   [ I ] 

During the last seven to rune 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 p«r cent per year The increase in the 

• Paper pmcittcd to the meeting by Rudolf Krewier, Cluef, Fitnery Frugati and 
I Marketing »ranch, Ftsnerv ImWrv Divuton, Department oí Ftsnerm, faaà ma AÄn 
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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 is 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 development 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 that in 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; in other countries, it has been affected by the motorization 
of traditional vessels and other technical achievements, improved training 
of fishermen and the expansion 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 incrc.ise. 

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 torn 
Large pelagic fish (mainly tuna) 3 
Demenai fish (cod, bream etc.) 43 
Shoaling fish (herring, anchovy, mackerel etc.) 61 
Crustaceans (shrimp etc.), excluding Antarctic knll      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 "lillion 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 POSSIBLE INDUSTRIAI 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 
establishment 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 {Ammody tes spp.) 
and Norway pout (Trisopterus esmarkii) are now being exploited. 

In the countries adjoining 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 Sea. 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 (Trisopterus 
esmarkii), argentines (Argentina spp.), blue whiting (Gadus poutassou) 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 
axploit 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 of sand- 
eel west of the British Isles and off the north coast of Scotland. Catches ot 
Norway pout (possibly including some haddock) amounted to a little under 
500,000 tons in 1968. 

One of the commercially unattractive species at the present time 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 Sardinella 
spp. landed in Senegal. 

Medium pelagic fish :      100,000 tons—principally horse mackerel ( Tra- 
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 aie present where there is an upwelling. They are therefore abundant 
mainly off Senegal, the Ivory Coast, Ghana, Gabon, the Peoples 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 ot these have heen fully exploited. 
Catches of sardine (pilchard) off Morocco increased in 1966 to 280,000 tons 
(from 100,000 tons in previous years), but it is too earlv to say what effect 
this increase is having on the stock. The potential of the sardine stocks south 
of Gibraltar is estimated at 400,000 tons. The other pelagic stocks of the 
eastern central Atlantic may have a similar potential of some hundreds of 
thousands (but probably not millions) of tons. Fstimates of the potential of 
pelagic fish species are summarized in table I. 

TABI t  1      ESTIMATES OF  POTINTIAI   PEI AGIC  FISH  CATCHES  IN  IME   EASTERN  (ENTRAI 

ATLANTIC AREA 

{ThoHiandi of torn) 

N ,rth ,1 IC   .V S >»th ../ C    V 

/*ft# 
— - 

Pfltntul 

400 

'•".# Puieniml 

Sardines 280 — 

Anchovy 400 — (xlOO) 

Sardinella 30 ¡00 (?) 70 (xlOO) 
Mackerel, horse mackerel 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 men likely be increased two to 
five times, that is, to a total of 200,000 to 500,000 tons. 

Anchovy stocks off Ghana and the Ivory Coast (Anchoviella gmneensts) 
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, some croakers in the north and Brachydentems anntus in the 
south, which could provide the main raw material for ^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 A tUntic area [ 4 ] 

This extends from the mouth of the Congo river (6° S) around the Cape 
of Good Hop« to south-west of Durban (30° E). The Antarctic waters south 
of 50° S are outside the area. In this area there are the large sardine and 
maasbanker (Trachmrus) 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. 



POTENTIAL RESOURCES K)R THE INDUSTRIAI   PRODUCTION Of IPC      47 

IABIF     2        EsilMAlFS     OF     I'OIfNTlAI      I'FI A<.l<      FISH     ANI)    SANI) FU      (AKMFS     IN     IMF 

SOUIHF.A<H   All AN IK 

! [humanas <*' tum> 

v, ./mi.-/ 

Spfi ¡ti /VA' Annoi J 
Sumh t,nr 

\,.Mlh     1/.I, J /. /.-.; 

Snock 15 20 20 40 
Pilchard 1,106 200 2,000 i 50~   30C 2.50C 
Anchovy 300 200 (x loi 20O-7S0 70C 
Maasbanker 195 600 200 1 SO—400 1,000 
Macker*-1 140 — (xlO) SO—ISO ISO 
Sardinella _ 1,000 (xlO) í x 1) 1,000 
Round herring — — — ( x 100) 300 
Sand-eel — _ (xlO) so 

1,740 2,000 2,300 1,300 S ,600 

There are si^ns of the presence of other species that are not yet exploited 
commercially, such as saury (Scombresox saurus), myctophids and squid 
(Loitgo regnandt). 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 its 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 million 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- 
duction in this area low are lack of storage and distribution 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 diese countries. 



48 PRODUCTION OF FISH-PROTEIN CONCENTRATE 

20« 10 SO* »0« 70* «0* 90* 100* 110* 120*       E 

S 

1 East Africa, coastal region 
2 Arabian Sea 
3 Bay of Bengal 
4 Indonesia and Western Australia 
5 Red Sea 
6 Persian Gulf 
7 Oceanic islands and banks 

40» 

s 
»• M* IO* w •O» *•}• IO» »O* »OO» HO« 130* 

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 waten (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 many- 
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 
is estimated as between one million and five million 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 fiV.iing for greater catches of saur)' 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 Übertäte). 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 northern Peru is likely to be in the range of one half to one 
million tons. 

i 
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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 r>00,000 tons off the 
coast of Mexico and 100,000 to 250,000 tons off the coast of Central America. 
Several attempts have been made over the last ten years to use this trash fish 
for fish meal or other purposes but they proved to be uneconomical. 

Greater quantities of demersal fish could be caught with the use of 
appropriate 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 tf 
pelagic fish is estimated at one million tons in the Gulf and 750,000 tons oh 
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 (Cetengrmlis edentulus) and round herring 
(Opistonema ogUnum) 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 americanas) 
could be more widely exploited. 

¡MM 
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The problem of supplies is crntr.il to the expansion «>t hsli processing 
industries in  various parts of  the  world,  including developing countries 
Information  about   resources must  be supplemented  b\   knowledge  of the 
facilities available for catching and lam1 ng and the cost ot the ra\s material 
The level of the technological development and education in a country must 
also be considered. 

Another most important and complex problem connected with the 
production ot fish-protein concentrate is marketing. FPC encompasses a 
broad range of products with correspondingly diverse markets. For this 
reason, the establishment of appropriate product specifications is 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 is increasing, due 
mainly to its use in formulated feed mixtures. In Japan compound feed 
mixtures for animals utilized 382,039 tons of fish meal >n 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 animals in 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 developing countries was 326,000 tons 
in 1965 and their estimated demand for 1985 is 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 
feed-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, where 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 is costly to extract, 
as protein supplements. The United Republic of Tanzania \s 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 into certain food formulas. 
However, it would have to face 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 
s'ipport 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. 

Jn 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 will be 
developed that are cheap, that do not require large centralized fish supplies 
and that can be adapted to the food pattern of certain countries. 

A great advantage 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 only one of many fish 
products and its development should be considered within the general frame- 
work of the development of fish products. 

REFERENCES 

1. FAO (1969), "Prospects for world fishery development in 1975 and 1985", 
FAO Fishery Circular (118). 

2. FAO (1967), "Area reviews on living resources of the World's Ocean, 
Northeast Atlantic" (draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.6, Rev. 1). 



POTENTIAL RESOURCES FOR THE INDUSTRIAL PRODUCTION OF FPC       53 

3. FAO (1967), "Area reviews on living resources of the World's Ocean, 
Eastern Central Atlantic" (draft compiled bv J. A. Gulland), FAO Fishery 
Circular (109,4, Rev. 1). 

4. FAO (1969), "Area reviews on living resources of the World's Ocean, 
Southeast Atlantic" (draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.11). 

5. FAO (1968), "Area reviews on living resources of the World's Ocean, Indian 
Ocean Coastal Waters" (draft compiled by R. S. Shomura), FAO Fishery 
Circular (109.10). 

6. FAO (1968), "Catches and landings, 1967", Yearbook Fish. Statis. (24). 
7. FAO (1968), "Area reviews on living resources of the World's Ocean, 

Western Central Pacific" (draft compiled by R. S. Shomura and J. A. GuHnnd), 
FAO Fishery Circular (109.9). 

8. FAO (1969), "Area reviews on living resources of the World's Ocean, 
Northwest Pacific" (draft compiled by Y. Fukuda), FAO Fishery Circular 
(109.14). 

9. FAO (1969), "Area reviews on living resources of the World's Ocean, 
Northeast Pacific" (first draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.12). 

10. FAO (1969), "Area reviews on living resources of the World's Ocean, 
Eastern Central Pacific" (draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.15). 

11. FAO (1967), "Area reviews on living resources of the World's Ocean, 
Northwest Atlantic" (first draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.5). 

12. DEPARTMENT OF FISHERIES OF CANADA (1968), Canadian Fisheries Report 
No. 10 (Proceedings of the Conference on Fish-Protein Concentrates). 

13. FAO (1969), "Area reviews on living resources of the World's Ocean, 
Western Central Atlantic" (draft compiled by J. A. Gulland), FAO Fishery 
Circular (109.16). 





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 that such 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 additional protein in their diets usually 
are not aware of it and therefore are naturally not disposed to pay more for 
ennched bread that tastes and looks no different than ordinary bread. 
Furthermore, suspicions and rumours, as well as a general reluctance to 
modity traditional food habits, inhibit the adoption ot new foods. 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 it are not considered here but rather the far simpler problems 
ot 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, Calif, 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 FTC in Morocco began about ten years 
ago. The Société de l'Union d'Azote at Safi untertooK the development oí a 
process and constructed a pilot plant capable of making about S00 kg per day 
of products from Moroccan sardines ( Sarama pücbardus). 

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 construction of the commer 
daily sized plant located at Agadir. The SONAFAP (Société 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 consisting 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 United 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 until 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 plani te 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 investment 
and costs of production. 

Phase three envisages a survey of the market for and uses of FPC in 
Morocco, and phase four, detailed pLns 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 i 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 i>i ANT FPC   PROCESSFS 
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Ethyl alcohol 1.3/1 

Hixtnc (once 
uttd) 

0 9/1 

Ht*»nc 0 9/1 

He*ane 0.9/1 
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' 
Dry and desorb 
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Grind 
Oil and 
Solvent 

Solvant 
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Picitnl »hemi 
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I 
Press 

Water 

Oil 

Extract at 70'C 

Ethyl alcohol 
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Ethyl alcohol 

Ethyl alcohol 

Ethyl alcohol 

Solvant / faad 

2 4/1 

1.6/1 

IS/1 

1.6/1 

I 
Dry and desorb 

Grind 
Water 
Oil 
Solvent 

Solvent 

FPC 

* Ethyl alcohol was later replaced by iioprupyl 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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TABI F 2.    COMPOSITION OF FPC FROM SONAFAP CAMPAIGNS OF 1965 AND 1966 

(Per unti 

Htaii'-I lid uniteti tnh 
Sample rmmbt > _    .. -  ••- U huit ¡ah 

iM) :h0 i  ' IAD .'hi   t •#• l An 2hi l ¡f. 
i ; Vh s 1 Vf, \ ¡ttt,S , 

Protein (NX 6.25) 88.5 88.0 84.5 79—80 
Lysine—available 

(% of protein) 8.8 9.3 8.7 7.4 

HjO 5.1 6.5 4.6 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 'he SONAFAP plant were to verify 
that a bland FPC having very ¡itde 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 isopropyi—is an excellent solvent for these lipids, and since alcohol 
liquifies the press cake readily, the use of hexane was abandoned. Table 1 
compares dus -''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 lets 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.    Soi VENI  REQUIREMENTS FOR  PRODUCTION OF 15 KG OF  FPC FROM VARIOUS 

MATERIALS 

(Basis   ¡00 kg of raw fishi 

1 nh meal P'ca i ake KJì. /uh 

Quantity extracted (kg) 18.4 34.0 100.0 
Oil content (kg) 1.7 1.7 10.0 
'Vater content (kg) 1.5 17.1 72.0 

Clean solvent needed (kg) 74.0 102.0 200.0 
Solvent/feed ratio 4/1 3/1 2/1 
FPC production expressed n index numbers 2.7 2.0 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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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 is: 
(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. 

CHARMI« ANO 
' OMCMAnomo rann 

MUM MC«f 

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 of 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/g, 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 is 
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 is 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.[l] 
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 conti 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 almost entirely of mild steel. 
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Besides the lipid content, the other vital product characteristic that is 
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 protein, and it is 
essential to keep the product clean after it is 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 isopropyl 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 in 
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 bottom. 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-l, 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. 

i, 
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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 (1PA) 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 IP 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 
time. 

TARLI 8.   CONCENTRATIONS OF TOTAL NONVOLATILE SOLUTES IN MISCELLA FROM VARIOUS 

EXTRACTION STAGES AND LIPID CONTENT OF FPC 
(Per cent) 

Exlrtitwn u*gr Lipid 

Hatch Su ; 2 i 4 
ionttnt 
of FPC 

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-3 2.34 0.72 0.31 0.19 0.29 

IP-4 2.20 0.88 0.44 0.15 0.18 

IP-5 2.33 0.79 0.35 0.16 0.18 

IP-6 2.75 0.93 0.82 0.14 0.12 

IP-7 2.34 0.86 0.33 0.09 0.16 

«  E « batch« ntrKicd with ethyl alcohol. 
IP - batch* »traeteti with IPA. 

» Extracted U hour* in BBS apparat«, compared to I hours tor others. 

No improvement in the extraction was noticed when the solids were 
washed for 30 minutes during each suge 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 ot the solvent evaporated. Heating 
continued under 500 mm of vacuum to 105 C, or to I 10 or to 115 C in a 
few cases. After reaching l>5 C the drier was sparged with steam for at least 
30 minutes. Drying ordinarily took two to four hours, depending on the size 

of the batch. 
At this writing only a few analyses of \he residue ot isopropyl alcohol 

remaining in the samples are available: 3,000 ppm for IP 1 and 2,000 ppm 
for IP) 0. 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 beneficial also. 

With regard to yield, 1,000 kg of press cake gave on the average 446 kg 
of FPC, 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 is 
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 vanes 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-litre 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 is 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 point, 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 of the miscella rose troni stage to 
stage from about 6.5 to 8.0, and the solvent condensed trom 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: 
7.5 to 8.0 vs. 6.5 to 7.0. 

Others have observed that "fishy" odours often develop in FPC made 

0       1       234       3      •      7      ••     10     11      12      13     H 

ALCOHOL AS PER CENT Of LIOUW •¥ WEI »HT BELOW AZEOTROPE  (UZEO- 

Figure 3.    Relative volatility of alcohol and water 
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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 to 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, it should be noted that the 
first part of the plant was always operated long enough to he thoroughly 
purged and to reach operating temperature before press cakt was taken for 
extraction. 

From samples of miscella it appeared that the solubility of the lipids 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, it 
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 miscella 
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 slightly acid, 
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 estimated 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 
t 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 
j 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. 
Î Since the fish are highly perishable, they should be processed within a 
1 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— 
I perhaps 5 to 7 tons of raw fish per hour in this case. To use these appliances 
J economically, a drier is supplied to make fish meal at times when press cake 
I is not needed for extraction. 
1 For storing press cake, a tank is provided in which it is mixed with 
I alcohol (actually with miscella from the second extraction stage). Capacity 

I 
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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 extraction 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 direcdy 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 experimentally. 

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 oil or lipid content of clupcoid 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 gready 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 

J. 
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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 st.am, 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 is 
expensive, and it degrades the quality of the fish by exposing them 
to additional time, heat and handling. 

(5) Finally, a location near other industrial activity is advantageous. 
Availability of skilled labour, fuel, supplies, electric 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 industrial 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 opération* [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^unt-water" fishing. 

The depletion of stocks has been a major factor in the development of 
processing at sea;[ 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, as in some parts of the North Pacific 
and the Adantic 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. 

Various 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, scaUng, 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 populations 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. 

Perhaps 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 of 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 consideri*- 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 suitable 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] especially 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 this 
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 [ 1 8—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, 
dielectric 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. 

Canning [ 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. v 

Whereas provision for quality adjustment by the economic use of 
additives is still in its infancy in the freezer-trawler industry, considerable 
possibilities exist for the improvement of consumer acceptability 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 distillation 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 fisheries. 

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 trena 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 is done both 
by processor-catchers directly and by mother ships escorted by catchers. 

Traditional salt fish cures continue to be well received by many 
populations, although consumption 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 witliin 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 freezmg-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 dependent ultimately on reliable estimates 
of the potential productivity of the fishery; and the solution of day-to-day 
quality production problems is greatly facilitated 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 
seen  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 prahoc 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 
instances 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. v 

Plant enzymes are also employed in some types ot fermentation, hor 
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 <• ¡nie.it. 
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 sauces is 
the nuoc-mam of the Khmer Republic, Laos and Viet-Nam. Other sauces 
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such as the nuoc-mam mioc of Thailand are made somewhat similarly, but 
the patis of 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 nuoc-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 hydrolysates [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 kimaboko provided the basis of the present sausage 
industry in Japan It is de .cribed as a type of "meat loaf", but to a Westerner 
it resembles more closel) 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 ,n 
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 tully 
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 descnbes 
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 pasteurizing 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 dewable 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 considering the establishment ot a tish sausage 
industr\ must toi low, closelv current developments in film stabilities and 
staling efficiency. In Japan, the use of additives extends shelf life to upwards 
of three weeks, allowing the prtniucts to be transported to remote rural 
markets. Untreated sausage keeps only three days at room temperature, 
but two weeks under refrigeration. 

Even within Japan, the use of some additives has been questioned as 
metfective. Amano and Ukiy.ima, ¡42 ¡ tor instante, examined the ettect «it 
legally permitted concentrations ot nitrofuran compounds on the germina 
tion of B panthothentictis spores, which produce softening spoilage, and 
found they did not inhibit germination. Spoilage due to other bacilli has 
also been observed in fish sausage. 

SAI TING [22,43—50] 

Salting as a means of preservation takes different forms. In an earlier 
section it 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 0 C 
temperature). Dry salting may be considered as a development of simple 
drying. Another approach to salting is 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 
herring 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 
Water 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 arc 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 

.k 
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operations also facilitate the use of pumped brine systems to improve the 
efficiency of wet salting. 

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 sealed 
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 employed, 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 oí salting vary. In "kench" salting, the 
fish are split and stacked in layers between layers of salt which is in contact 
with flesh rather than skin. The liquor or "pickle" is allowed to dram 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 offish 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 after 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. Heavily salted material is 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 in salt 
fish is affected by a number of factors, such as the raw material and the 
purity of thesalt. Cole and Greenwood-Barton [45] point out that salting fish 
in pure sodium chloride tends to produce a "flabby pale yellow" product 
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 it would 
appear that for many consumers preferring fish that approach the original 
state on reconstitution, the purer the salt the better. 

DRYING 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 from 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 controlling the outward movement of 
water from the fish, together with those controlling the inward transfer of 
heat. In practice (although this may 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 
transference 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 vanes widely in 
practice, according to species and the nature of the drying operation. Por 
instance, the drying characteristics of frozen and unfrozen muscle are quite 
different; the unfrozen muscle remains a gel through much of the drying 
operation, behaving largely as an isotropic medium, whereas frozen muscle 
behavesanisotropically.Jason'sreview [52]isexcellentforadetaileddiscussion 
of diffusion coefficients together with considerations of density and thermal 
conductivity as determinants of the drying rate. 

Natural drying [46, 54] 

Air drying under the prevailing atmospheric conditions is prevalent in 
many countries. Normally, the fish are gutted and split; they are then some- 
times beheaded and hung on a drying rack. In Scandinavia the fish art 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 

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 salting to 
20 to 45 per cent. 

There is still a very considerable market for such stockfish and salt tisn 
in 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 ot 
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 
indicated in the section on fermented products, the populations of many 
developing countries prefer strongly flavoured fish. What a European or 
North American population would consider to be of excellent quahtv 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. 
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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, humiduy 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 reconstituí 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 this 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 ?cid 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 is 
reduced. This process is known in Canada as "water horsing". A somewhat 
similar procedure can be introduced 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 lb 
per in2 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 
production. 
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Cooked hsh is cooled and minced ( ~ Vj-inch holes) for loading on to 
drying trays at a density of 2 lb per it2 to form a rough granular bed. Pressing 
at this stage is avoided since this results in a product that cannot be well 
reconstituted. For this reason, also, the drying of flakes is contra-indicated. 

Drying is carried out at between 85 and 65 C with relative humidity 
controlled initially (wet bulb temperature above 50" C) to avoid bacterial 
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 

1 inlet temperatures are high, difficulties with glue water are avoided. More 
; commonly, the cooked minced material is pressed to remove some water, and 
y oil which is recovered, and the mass is then heated (to a temperature of about 
j 100° Cat the outlet). 
» The loss of solubles in  the warm-air drying processes represents  a 
í considerable loss of nutrients. In many variants of meal manufacture this loss 
f is avoided« cither 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 al. [57] have reported 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, centrifugation 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 in some 
respects similar to oil dehydration, but essentially 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 ( Io 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 Factory 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 original 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 platt/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 fhe 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 avoidance 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 
attention paid to temperature at critical moisture content. 

While it is commonly accepted that excessively high temperatures can 

1 
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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- 
able in western countries; than formerly, they are still of interest to countries 
with limited means of transport and refrigeration. 

Considerable research 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 is 
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 above in 
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 io 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 processes 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 Flattery 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 ¡sopropyl 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 oí' 3.56 tons per day of FPC. At 30« per lb in a 
200-day operational year, the difierence amounts to $427,000 in one year. 
The greater loss in the single-solvent process occurs primarily because of the 
solubility of certain 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- 
tains the proper temperature for separating liquids from moist proteins 
by boiling the ground-up fish in a solvent immersible with water. At this 
temperature, water vapour from fish tissue boils off as a heterogenous 
azeotrope with the solvent vapour. (At the boiling point of the azeotrope, 
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-aioohol-fish-oil emulsion is a costly process.) The remaining 
liquid, called misceKa, is a solvent-oil solution. The solvent is recovered 
from the misceiia 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. Aftei 
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 specifications. 

Solvent vapours (EDC and water vapours) comi.ig 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 d¡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 «olvent 
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 lb. 

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 tu • cell tissue 
as intracellular fluid The presence of a moisture contení in tissue in 
excess of 20 per cent greatly impairs, or prevents, the use ot a solvent 
immiscible with water for the removal of fat from the tissue. 

An azeotropic mixture has tl,e property ot boiling at a lower tempera 
ture than the  boiling  point of either ot 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 opening 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 must 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 inaking optimal use of various solvents. 

Considerable effort 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 *ea 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. 





H  INSCRIPTION Ol-THF DFMONS l RA l ION IT AN l Ol  IH! 
UNHFl>STATFSBt'RFAUOl (OMMFRCTAI  FISHKRIFS 

m 

The purp«»so ot the plani u» lu* built in Aberdeen, Washington, is to 
demonst aie the feasibility ut the isopropvl alcohol extraction process tur 
making IP'' on a near commercial «»cale and to provide cost and engineering 
data The contractor. Ocean Harvesters «>t I os Angeles, California, represents 
two firms SWFCO, whose responsibility is to design and construct the 
plant, and Star Ktst Foods, which will operate it 

The plant is planned with a capacit) tt> handle SO short tons per dav ot 
r ,w fish on a 24 hour basis, or about 2 short tons ot fish per hour The plant 
will be able to produce about 7.5 to 8 short tons of FTC per day 

The extraction system will consist ot a continuous ctmnter current 
stage type The mean contact time per stage will be I 5 minutes and between 
each stage the miscella and solids will be separated by a SWECO vibrating 
screen  Additional miscella will be squeezed from the solids bv a screw press 

The stilvent recovery system is a single distillation column, with 
a/eotropic acohol going overhead, and oil, solubles, and water leaving from 
the bottom This system has been thoroughly checked and the solvent is 
recoseré«! and reeve ed. The wet FPC is dried, freed ot s«>lvent, milled and 
packaged in a manner similar to that followed bv the plant at Agadir The 
design of the Aberdeen plant has been completed, the ground was due to be 
broken 8 December l%9 and the tentative start up date was 1 August 1970, 

Paper pretentcd to the meeting by George M Knobl, Jr., Acting Research 
Director, National tenter for Fnh Protein Concentrate, Bureau ot Commercial Fisheries, 
I i*h and WtWItfe Service, United State* Department of the lntcnor, College Park, Md., 

USA 





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 to 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 solved by adopting a modification of the Lurgi plant 
process, combining the soya-bean and rice-bran procesas. 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, to be sold on 
contract. The product, which ;¿ marketed for 3¿ more per lb than the normal 
price of fish meal, has two main outlets: for pet foods and as a substitute 
for miik 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 meeting by Gerdt L^vold, Manager, Pescammo Ltd. AS, 

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. 



IO. THE HALIFAX ISOPROPANOl. I'ROXihSN R)R IMI 
MANUFACTURr OF FK 

Work was started in the eariv IV^Qs at the Halifax laboratori m 
develop a defatted and deodorized fish protein «, »ncentrate suitable t,»r 
human consumption. Two different appi »aches were explored ennmaiu 
hydrolysis and solvent extraction Research on cn/vmatu hydrols«* will 
not he discussed here. 

Studies on solvent-extracted fish protein concentrate focused <m an 
investigation of the use of isopropanol Earlier studies had proved the 
effectiveness of this solvent in the extraction of fish rot hi characteristics 
make it a logical choice for use in the extraction of fat, water soluble* And 
water from fish. It is relatively non toxic to human», and »t does not combine 
with the components of fish to form toxic compounds Isopropanol is 
readily available at relatively low cost, easily handled, non-corrosive to 
equipment, and there are few government  restrictions on its commerciai 

Research involved the extraction of filleted scrap to produce a tameless 
and odourless product. Dr. Guttmann describes the procedure, which is 
essentially the same as that characterized in Progress Report No. I 7 m 1957, 
in the 1955—1956 annual report of the laboratory The method was then 
still in the experimental laboratory stage. 

The Guttmann Vandcnheuvel-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 arc listed below 

(1) Wash material, discard heads; 
(2) Grind to !/4 in or less; 
(3) Add 2 parts (weight) water, pH 5.5 H »PO«; 

1                          (4)   Heat to 76° C, stir 30 minutes, 
Î (5)    Filter. Hot water wash; 
I (6)   Add isopropanol (IPA) up to 70 per cent; 
1 (7)   Wash with 86 per cent IPA; 
| (8)   Repeat (6); 
j (9)   Repeat (7); 

(10)    Dry cake; 
(11 )   Screen to: FPC, intermediate, bone; 
(12)   Grind to pass through '/«-in »creen. 

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

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 centrifugaron would solve it. Although some batches were satisfactory 
others had a fish odnur, presumably as a result of" inadequate washing; and 
the processing of still other batches had to be discontinued when the centri- 
fuge cake became completely 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 
serrate experiment a study was made of the protein of cod muscle as 
fr.e 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 apparent 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 the isopropanol contained 20 to 30 per cent water. Practically 
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Figure I.     Typical reflectance curves indicating colour for various samples of 
fish-protein concentrate 
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Figure  2.    Variation   of colour  of fish-protein   concentrate  by   month  fish 
were caught 

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 Powcr-Dambcrgs improved method for preparing FPC from cod 
and related species as described in the Journal 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 
y4-in size in a 1.5 hp meat grinder (see figure 4). A sufficient 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 lb 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 



no 

35 

PRODUCTION OF FISH PROTEIN CONCENTRATE 

A - CRUDE EXTRACT 
B  WATER SOLUBLES 
C  PROTEIN 
Ü  FAT 
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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 
V§-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 Vî-in2 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 lb 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 snd 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 VWn2 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 agitated. In this extraction 10 gallons (imperial) of isopropanol 
are used per 100 lb 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 consistendy 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 fat 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 before 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. 

TABLE 1.    PROXIMATE ANALYSIS OF FISH-PROTEIN CONCENTRATE MADE FROM COD AND 
HERRING 

( Per cent) 

Raw material 
Protein 

(dry 
kam) 

Monture Ash Fthrt 
fat 

(ether 
extraction) 

hat (chiaro- 
form methanol 

extraction) 

Cod fillets 
Whole cod 
Headed, evis- 

92.9 
84.7 

4.64 
7.62 

1.89 
14.6 

0.50 
0.88 

0.02 
0.02 

0.033 
0.056 

cerated cod 90.26 5.25 8.37 0.81 0.02 0.02 
Cod trimmings 
Whole herring 

87.2 
89.7 

3.54 
8.24 

11.42 
7.13 

0.34 
0.94 

0.039 
U.09 

0.04 
0.18 

The nutritive 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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Tlie 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 60% moisture, 
b Cod trimmings cooked with live steam and pressed to 60% moisture, 
c Male herring just prior to spawning; gonads 19.5% of total weight. 
d Female herring just prior to spawning; gonads 22% of total weight. 

Figure J.    Protein efficiency ratios for FPC made from cod and herring 

a. 
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TABI E 2     I YSINF ANO AVAIIABIF IYSINF VAIUM POR FPC   MADF UDM I OD AND HFRMINC 

í /V» ( em • 

/ 1 unr 4VJII 4i alia hit 
/ yiinr at pt" t et¡ Mi hunt   ji pr> i ell 

12.6 

•i! p'-iiiin 

14.2 

lyunt 

8.49 

;    P'..le,n 

Cod fillets 958 
Whole cod IIS 147 7 87 10.1 
Headed, eviscerated 

cod 117 13.3 7,04 8,23 
Cod trimmings 77 9.1 7.5 8.9 
Herring" 11.6 14.1 5.82 7.07 
Male herring'' IÎ.2 15.03 628 8.43 
Female herring' 9.63 11.3 5.13 6.14 

* Mixed immature herring 
i> Male herring iuit pnur to ipa»mn^¡ 
i  Female herr n% |u»t prior in 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 fish-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 major 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 aru die eiasmobranchs. 

The establishment 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 mi tees 
report to the committee on such matters as research and marketing. 

Last year, Cardinal Proteins Ltd, with head offices in Malifax, 
announced plans to proceed with the construction of a full-scale commercial 
plant to manufacture fish-protein concentrate at Canso, Nova Scotia. The 
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Halifax isopropanol process will be used, It is planned that this plant wdl 
have the capacity initially to process 200 tons of fresh fish per day; this 
will result in an output of 30 tons of protein concentrate per day. Raw 
material will lie herring, cod and haddock trimmings, and edible species 
presently not used tor human food. This plant, financed for 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 35fi 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 is 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 to properly packaged FPC compared with con 
ventional fnh 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 to 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. 

i 

1 





11. ASPECTS OF PLANNING FPC PRODUCTION FACILITIES 

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

The isopropanol extraction process can be applied on a commercial 
scale with a good deal oí flexibility to meet the specific requirements oí 
individual projects. Examples oí adaptable process teatures incluí' ^aw 
material storage, bone removal, extraction techniques and FPC grinding 
and deodorization. 

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 should 
be supported by a fishing 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 handling and storage, 
the size of storage facilities and, indeed, the process route itself 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, variations 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 materials will permit. Many figures 

Paper presented to the meting bv Arnold Canten, Specialist, Surveyor, Nenni^er 
and Chènevert 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 factors that relate 
more to the specific circurn-ünces 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 is the raw material, but related features 
such as storage of materials, material handling, solvent requirements, 
sanitation, pollution control, processing ot by-products and cost ot con- 
struction, to mention onl\ a tew, can have tar reaching ettects 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 is 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   insurmountable   problems   will   In- 
encountered in using the process. 

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

Extraction need not necessarily begin with tht ground tish. Depending 
on the circumstances surrounding the project. .v"action may be preceded 
by mechanical removal M th. .»one or by cooking and removal of oil and 
solubles by conventional means. 

Th« extraction procedure itself offers a high degree of flexibility 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 specifications. 

A variety of techniques have been explored for final grinding and 
classification of the FPC. These differ widely in performance 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 ot 
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 is 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 fully 
continuous operation must be determined. One or a combination of three 
methods may be employed, namely acid treatment, fractional distillation 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 contribute engineering details to any specific project as and when required. 

J. 
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12. AN EXPERIMENT USING 1SOBUTANÜL FOR THE 
PRODUCTION OF FISH-PROTEIN CONCENTRATE IN CHILE: 

As has been pointed out by Oswald A. Roels in article 1, Chile is 
ideally suited to the development of an FPC industry, because of its long 
coastline, the fish consciousness of the population, and the need to fortify 
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 immiscible phases: one rich in water, and the other 
in solvent, the latter being recirculated as reflux. 

The raw material used was whole Chilean hake (Merluccms 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 Yáñez 
et al. [3] 

COMPOSITION or HAKI 

Hjhh Protein* Aih ^' 

1 66.1 14.4 19.5 

2 64.9 14.1 21.0 
3—4 67.5 14.3 18.2 

7—8 75.7 14.4 9.9 

Note:   All   analyses   were   made   by    methods   of   ihe   Assouation   of   Ottaial 
Agricultural   Chemists. 

j   NX6.JV 

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 fresh fish was not constant, the raw material was 
comminuted and then kept in isobutanol for not more than one week, a 
perfectly safe period according to the United States Department of the 
Interior. This preliminary treatment facilitated the extraction, preventing 
the formation of lumps. The solvent used was Merck isobutanol (2 methyl 
I propanol) technical grade. 

Isobutanol is partially miscible with water, which is an advantage in 
that it eliminates approximately 50 per cent of the water in a continuous 
process through distillation and décantation, saving energy and progressively 
improving the contact between solvent and fat. It penetrates cells better than 
immiscible solvents; and it 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 Yáñez 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 3/4 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 used. 

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 



USING ISOBUTANÜL FOR THF PRODUCTION OF ITC IN CHILE 123 

carbon served both as an absorbent tor odorous substances and as packing 

tor better rectification. 
This method produced a fine light 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 F PC with no significant variations. 

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; [11] Yáñez et 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 study must be made 

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 Pêche 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  OP PROTEIN CONCENTRATES FROM  SARDINES, MEAT AND MILK 

Strdtnt Met Powdered 
proltolysatt flour milk 

Per cent 
Total protein 75—95 69.50 30.00 
Aih 5.5—15 5.84 4.00 
Moisture 4 11.00 8.00 
Lipidi 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 3.40 
Histidinc 2.54 2.90 2.60 
Phenylalanine 3.40 1.30 5.70 
Threonine 3.50 3.30 4.50 

Vitamins mg/100 g 
A 0.10 0.004 0.06 
B, 0.055 0.05 0.05 
B> 0.30 0.20 0.20 
».i 0.018 — — 
PP 0.4S Traces 0.40 
B. 0.15 — — 

' Paper presented to the meeting by B. de Gero and O. Skiredj. Mr. de Gero is 
Chief, Station Océanographique, Institut Scientifique Marocain de la Pêche Maritime, 
Casablanca, Morocco; Mr. Skiredj is General Director, Société Privée de Développement 
Economique, Rabat, Morocco. 
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The product has entirely natural organic, biological and metabolic 
properties, and can therefore be assimilated 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 ot 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 United States of FPC made from whole ash. 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 (Urophyas 
chuss). Red hake, an underutilized schooling species of lean fish, was being 
eaten 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 pseudoharengus), Atlantic menhaden 
(Brevoortia tyrannus), Atlantic herring (Clupea harengus harengus), northern 
anchovy (Engraulis mordax) and ocean pout (Macrozoarces americanus). 
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 

TABLE 1.    PROXIMATE COMPOSITION OF SAMPLES OF FPC PREPARED FROM TEN 1 50-POUND 
BATCHES OF RED HAKE 

(Per cent) 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Average 

Crudt protein 
(NX6.2Ì) Vola ule i A ¡h Lipids 

81.78 
81.26 
78.04 
80.74 
80.63 
79.30 
81.83 
82.28 
81.17 
81.53 
80.86 

7.55 
7.38 

10.78 
7.58 
7.53 
8.91 
6.25 
7.67 
6.74 
6.72 
7.71 

14.35 
13.72 
13.06 
13.80 
13.22 
13.42 
13.48 
12.92 
13.47 
13.56 
13.50 

0.17 
0.15 
0.17 
0.13 
0.19 
0.15 
0.21 
0.19 
0.19 
0.22 
0.18 

Standard 
deviation 1.2876 1.2953 0.4055 0.0283 

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 the 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 c-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 FPC PREPARED FROM SIX BATCHES 

OF ATLANTIC MENHADEN 

(Per cent) 

Sample Crude protein V ulatilei Ash Lipids 

1 78.44 3.80 19.56 0.16 
2 78.01 3.60 20.06 0.29 
3 78.14 3.55 19.51 0.26 
4 78.75 3.66 19.44 0.13 
5 77.77 4.48 19.56 0.15 
6 80.01 3.68 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 0.33 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) 

Species Crude protein 
(NX62f) Volatiles Ash Lipids 

Red hake 80.9 7.7 13.5 0.18 
Atlantic menhaden 78.5 3.8 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 2.3 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 of 
the nutritive value of FPC. Table 4 shows the ammo 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 tryptophane and cystine. 

NUTRITIVE VALUE OF FPC 

The data from chemical analyses of the various FPC are merely indica- 
tions of nutritive value. Animal-feeding studies are needed to evaluate 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 at a 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. 

TABLE 5.    PER VALUES OF FPC PREPARED FROM VARIOUS BATCHES OF RED HAKE AND 
ATLANTIC MENHADEN COMPARED VITH CASEIN 

No. of 
analysa 

Hake-FPC 
Atlantic menhaden-FPC 

Casein 

22 
6 

8 

Average protein 
efficient y ratio"1 

3.29e 

3.05 

3.00 

2.93—3.63 
2.97—3.11 

a Values adjusted to a caiein value of 3.00. 
b Statistically significantly better than case 

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.    NUTRITIVE VALUE OF FPC PREPARED FROM VARIOUS SPECIES OF FISH COMPARED 
WITH CASEIN 

Average daily 
weight gain 

Average daily Protein 
food intake efficiency 

<H> <H> rane a 

Red hake 5.21 14.8 3.19 

Atlantic menhaden 4.60 13.9 3.05 

Atlantic herring 5.32 15.0 3.15 

Northern anchovy 5.18 14.6 3.25 

Ocean pout 4.68 13.8 3.06 

Alewife 5.28 15.2 3.17 

Moroccan sardine 4.98 15.7 2.96 

Casein 4.35 13.0 3.GÓ 

»„«ht gained            Vi|ii„ ad. usted tu a casein va ue of 3.00. 
j Protein efficiency ratio — ~ Drulcin 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: (a) methionine; (b) histidine, tryptophane and threonine; 
(c) valine, isoleucine and phenylalanine; (d) leucine, lysine and arginine. 

Nutritive vaine 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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TABLE 7.   NUTRITIVE VALUE OF WHEAT FLOUR SUPPLEMENTED WITH FPC WHEN FED TO RATS 
IN 10 PER CENT PROTEIN DIETS 

Protein tourte 
Avertili daily 

weight gain 
Average daily                          Protein 

feed intake                           efftaemi 
(K)                                         ratm' 

Wheat FPC 
(%) 
100 

(%) 
0.90 8.45                         0.92 

95 5 3.17 13.34                         2.07 
90 10 4.70 15.55                         2.65 
85 15 5.79 16.64                         3.04 

•    80 20 5.77 16.86                         2.99 
75 25 5.43 15.58                         3.06 

0 100 5.75 16.10                         3.13 

Casein 4.85 14.24                         3.00 

otein efficiency ratio " 
weight gained Value« adjusted to a casein value of J.00. a Pr 

protein consumed 

USES OF FPC IN FOOD PRODUCTS 

Bread 

Very little published information 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 conducted 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 

f 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 flour 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 oí 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 period, 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 
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 co rupture the 
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 
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 
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. ïn 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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TABLE 10.    SENSORY EVALUATION OF BREAD SUPPLEMENTED WITH VARYING PERCENTAGES 

OF FPC 

FPC(%> Appearance Te t titre flavour 

0 3.3±0.12" 3.0±0.08J 3.1 ±0.06' 
5 3.0±0.16 2.8±0.13 2.8±0.I9 

10 2.8±0.14 2.6±0.16 2.8 ±0.14 
IS 2.6±0.16 2.0±0.16 2.1 ±0.25 
20 2.3±0.17 2.4 ±0,18 2.4 ±0.12 
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 

TABLE 11.    NUTRITIVE VALUE OF BREAD SUPPLEMENTED WITH FPC AND INCORPORATED INTO 

THE   DIET   EITHER  AT   THE   10   PER  CENT   PROTEIN   LEVEL   OR   AT   80   PER  CENT   BY   WEIGHT 

Mixtures 
used to 

make bread 

Diets containing 10% protein Diets containing 80% bread 

Avérait daily 
w tight gam 

Protein •' 
efficiency 

ratio 

Average daily 
weight gain 

Weight gam per 
bread intake 

(gltOO g, 

Vhtat         FPC 
(%)           (%) 
100             0 1.13 
95              5 2.89 
90             10 4.31 
85            15 4.98 
80            20 5.24 
75            25 5.99 

Calciti 5.34 

1.13 
2.04 
2.53 
2.86 
3.04 
3.35 

3.28 

or/.- weight gained 
a Protein efficiency ratio • "—= r 

protein consumed 

1.07 
4.20 
5.93 
6.22 
6.39 
6.34 

16.4 
37.6 
51.4 
56.3 
58.4 
58.1 
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TABLE 12.    CRUDE PROTEIN AND LYSINE CONTENT OF BREAD SUPPLEMENTED WITH FPC 

Lysine 

FPC 
as % of 

bread mixture 

Crude protein 
(NX6.2Ü 

as % of dry matter 

As % of 
crude 

protein 

As% of 
theoretical 
calculation 

0 16.0 1.97 97 
5 19.6 3.32 97 

10 23.2 4.35 100 
15 27.4 5.09 101 
20 31.7 5.36 97 
25 34.5 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 showed 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-whe^t 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. Yáñez 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 offish 

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 acceptance 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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TABI E 13.    SENSORY EVALUATION OF BREAD SUITI EMENTED WITH 10 PER CENT FPC MADE 

FROM VARIOUS SPECIES OF FISH 

Speaei A ppfjrjnte 

2.8 ±0.13-' 
2.5 ±0.22 
1.5 ±0.17 
2.3 ±0.30 
2.1 ±0.18 
1.9 ±0.07 

flavour Texture 

Hake (control) 
Ocean pout 
Anchovy 
Herring 
Atlantic menhaden 
Alewife 

3.0 ±0.21' 
2.5 ±0.17 
2.4 ±0.20 
2.8 ±0.33 
2.5 ±0.22 
2.1 ±0.23 

3.0 ±0.26' 
2.4 ±0.48 
2.5 ±0.27 
3.0 ±0.21 
1.9 ±0.23 
2.3±0.33 

j  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. Then- 
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 0 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 distina 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 
0 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 et 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 offish 

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 Tex titre Flavour Odo»T 

Hake (control) 3.0 ±0.00" 6.1 ±0.81'' 3.0±0.41J 2.8 ±0.29'' 
Ocean pout 3.1 ±0.28 4.2 ±0.49 2.8 ±0.20 2 8 ±0.30 
Anchovy 1.0 ±0.00 5.6 ±0.69 2.5 ±0.25 2.5 ±0.22 
Herring 1.8±0.13 5.2 ±0.59 2.9 ±0.31 2.9 ±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 2.8 ±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. 

TABLE 18.    PROXIMATE COMPOSITION OF CRACKERS CONTAINING VARYING AMOUNTS OF FPC 
(Per cent) 

tPC content Protein 
(6 2SXN) Moisture Fat" Ash 

0 9.4 3.6 10.0 3.4 4 12.0 3.2 9.4 3.8 8 15.3 2.7 9.6 4.0 12 17.9 3.1 9.8 4.5 16 20.2 2.3 10.1 4.9 

» Determined by ether extractn 

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-l<PC. Table 19 shows that substantial increases were obtained in weight 
teed intake ?jid 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. 

. ,Ta?j!e .20 shows the resu,ts of the ^sory 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 
CTi FPC rWere nearly ** iccePtablc « 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 
content 

(%) 

Average daily 
weight gain 

(*> 

Average daily 
feed intake 

Protein 
efficieiii v 

ratm ' 

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 2.75 ±0.13 12.60 ±0.43 2.75 ±0.05 
16 2.87 ±0.08 '2.83 ±0.22 2.77 ±0.04 

Casein 2.93 ±0.11 12.22 ±0.39 3.01 ±0.10 
FPC 3.48 ±0.08 12.92 ±0.22 3.34 ±0.07 

a  Protein efficiency 
Weight gained 

protein consume! 
b Standard errur of the mean. 

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

PERCENTAGES OF FPC 

FPC 
at % of 

flour 
Appearance Texture F lav ou r 

0 3.9 ±0.15" 3 1 ±0.11' 3.0 ±0.10" 
4 3.4 ±0.11 2.9 ±0.08 2.9 ±0.09 
8 3.1 ±0.10 2.9 ±0.08 2.7 ±0.08 

12 2.8 ±0.08 2.7±0.10 2.8 ±0.11 
16 2.1 ±0.12 2.3±0.12 2.4±0.13 

a  Standard error of the mean. 

Cookies 

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.ee. The 
two obvious changes were: (a) as the amount of FPC was increased, the degree 
of sweetness in the cookies decreased, and (b) 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 value of 2.3. 
In this feeding study the control diet, casein, had a value of 3.1. [13] 

11 

1 
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TABLE  21.    FORMULA FOR  A   BUTTER  COOKIE 
(Grams) 

Butter or oleomargarine 
Sugar 
Egg 
Water 
Vanilla 
Cake flour 
Salt 
Baking powder 

110 
200 

50 
60 

4 
222'' 

1 
7 

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

Cookies supplemented with FPC made from other species offish 

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 Ttxture 

Hake (control) 2.9±0.23J 2.8 ±0.13" 2.9±0.18" 
Ocean pout 2.9 ±0.23 3.1 ±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 3.1 ±0.38 2.7 ±0.33 2.8 ±0.36 
Alewife 1.4 ±0.16 2.1 ±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 iudges. Slight objections to flavour could be ove-come 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. 

TABI E 23.    COMPARISON OF THE COMPOSITION AND THE CALORIC VALUE OF AN 8-FI.UID 

OUNCE SERVING (244 G) OF FPC BEVERAGE AND WHOLE MILK 

FPC 
keveragr ' Milk1' 

Protein (g) 

Fji (K> 

I VMIlf (g) 
Methionine < g) 
Threonine ( g) 
Valine (g) 
Phenylalanine (g) 
HiMidine (g) 
Arginine (g) 
Tryptophane (g) 
Leucine (g) 
Uoleucine {>») 

Calories 

9.2 
12.0 
0.762 
0.298 
0.398 
0.458 
0.369 
0.180 
0.628 
0.089 
0.674 
0.402 

221.0 

8.5 
11.9 
0.664 
0.210 
0.393 
0.586 
0.415 
0.224 
0.312 
0.120 
0.839 
0.544 

158.0 

a Amino aod valut« ihown «re averagei of 2$ anal y tei, except for II analyiei for tryptophan*, of the 
FPC med in beverage 

h Valuti for compon non were taken from "Amino Acid Content in Food»", Repon No. 4, Home 
Economici Research Divmon, Agrtcuitur.1 Retearth Service, United State« Department of Agriculture, 
Wathington, D C, I»" 

1 

J 
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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. 

TABLE 24.    PROXIMATE COMPOSITION OF FREEZE-DRIED SOUP CONTAINING.FPC 
(Per cent) 

Product 
Crude 

protein 
(ÑX6.2Í) 

Fat' Ash Moisture 

FPC soup 
Pea soup 

26.2 
24.0 

29.5 
31.0 

7.9 
8.5 

20.9 
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 Centc 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* 

Although Africa is largely free of famine, many African peoples still 
suffer from malnutrition 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 protein 
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 
elements of fish by the manufacture of nuoc mam. Although it is 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 a 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,2. 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 is highly important, 
according to nutrition experts. 

A small intake of ruoc 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 Vétérinaire 
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,  Société   Fl NU MA, 
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, iodine, 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 an J in 
the interior of the country, where valuable nutriti\ «lements are especially 
needed. In general, it fits well into the traditional recipes of African countries, 
since it is 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 nuoc 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.) 
Noue mam is of considerable therapeutic value because of its vitamin 

content, including B!2, 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. 









I 

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 of 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. It had been produced up until then, however, under 
laboratory conditions, representing only a preliminary step. 

The following questions concerned 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, formidable 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 Coordinator, 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 
F PC industry. The recommendations of the teams were that Chile, the 
Republic of Korea and Morocco could provide demonstration sites for FPC 
feasibility studies. The teams employed the following guidelines in making 
¡heir selection: 

Adequate fish resources and harvesting systems, capable of providing at 
least 2C.000 tons annually in addition to present landings at a price of 
about $22 per ton; 
Favourable attitude of the host government; 
The scientific and technological capability to carry out research needed 
to develop a local FPC programme: 
The ability to construct and operate a plant suitable for FPC production; 
Locally based food 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 it was recognized that no country could satisfy all of these criteria, 
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-fortined 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 
Jane 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 
viable FPC industry could be established. 
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Market analyses 

Market analyses were designed to determine if FPC-fortified foods were 
acceptable 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 identify 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 
adequate 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, especially 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 utilization offish that might encourage 
the production of FPC; 
FPC can contribute towards alleviating the protein shortage if 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 toni 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 thai. 
the usual 10 to 20 years. 
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Pur chu se of /•PC1 

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 unsatisfactory.) 

The main possibilities for the use of FPC lie in maternal and child health 
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 facilities 
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 ti 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 limine 
of its use. 
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AID (.OAl.s IN MOROCCO 

The All) project for the introduction of IPC into Morocco illustrates 
how the Agency intends to implement its programme. The plan involves a 
joint effort 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 feasibility 
of establishing an economically viable fish protein concentrate industry in 
Morocco and to develop a method of introducing IPC and IPC fortified 
products into the Moroccan food system; and to develop ."". marketing and 
distribution plan for feed-grade FPC produced by the SONAFAP plant at 
Agadir. 

To achieve these objectives, the AID contractor, in close consultation 
with FAO and UNIDO, will concentrate his efforts on the following 

Determining the economic potentiality of converting sardines into IPC 
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 det* rmine the lowest possible cost of FPC production and 
the cost-demand curve 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 foi 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-à-vis odier 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 an J FPC-fo* tified products as exports in international trade. 

A market survey will be designed to collect all information required to 
determine the practicality of using FPC to fortify certain food products for 
non-institutional and institutional protein-deficient target groups in Morocco. 
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For non-.nstitutional use, the contractor will identify selected protein- 
dehcient target groups in representative rural and urban areas by age, income 
levels, geographic location, dietary habits, factors that influence dietary 
patterns, and the Government's policy and plans for dealing with the 
nutritional problem. Within the non-institutional 'arget groups, the contractor 
will emphasize infants, preschool-age children and pregnant and lactate 
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 identifying all food products and 
7Pe^A Prod

r
ucts consumed by both target groups that are potential vehicles 

tor hPC 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 
TaÍLTTÍ¿!Caíl0nal camPai8ns 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 th* 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 utilize 
suitable production and engineering data that they have developed. 

Summary 

Although the AID feasibility sudy is to be carried out in close 
consultation with FAO and UNIDO, the final AID report should be useful in 
itself for investment and as die basis for other decision-making. It is 
anticipated that UNIDO, with the assistance of AID and FAO, will review 
the activities relating to the possibility of establishing an IPC industry in 
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 food? 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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COMPARAI 'VI   ( ONIS Ol-  Kl I I Kl N< I   IKOt I IS 

Few guidelines exist to assist governments m deciding on the objectives 
of national nutrition programmes. Scienti lie anaUsis is needed not onh of 
fish-protein concentrate and other staple fortification possibilities hot also of 
the implications for nutrition it national agrieultutal and other policies 
affecting investment in foods. 

For the purpose of discussion, therefore, the authors use a hypothetical 
model (developed by Sidney M. Cantor Associates) that considers prue, 
reference protein' and other relationships in a hypothetical developing 
country suffering from a protein gap. The model considers important 
traditional foods as well as sample protein-fortified foods Calculations in- 
used to show price rankings of reference protein [2 j of various traditional 
and protein fortified foods as compared with a staple in this s ase, rice f hese 
price rankings can be modified and extended to permit other comparisons 
such as those related to consumer demand and accept abili i\, protein calorie 
utilization efficiency and attractiveness tor investment. 

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 with the 
highest possible yield of reference protein; (2) whose price per unit of 
reference protein was low relative to a staple cereal in dm case, rice and 
(3) which was in strong demand by low income consumers and hkeU to 
increase in demand as incomes rose. 

The calculations show the effects of a particular et of price relationships 
at a particular time. As these price relationships change, the calculations mas 
yield quite different results. Their sensitivity has been demonstrated in a test 
with the results of an analysis of soybean product consumption in a sample 
country. The consumption of soybean products in this country is largely in 'he- 

Paper presented to the meeting by Gerald I). Berrmein, Idmon, Im (formers ol 
General Oceanology, Inc.); Sidney M. Cantor, Sidney M Cantor Assou.ites, liu , and 
Solomon H. Chafkin, American Technical Assistance Corp 

1 A protein of high biological value, containing a specified pattern ut air.im. acids 
completely utilizable for anabolic purposes at maintenance levels. Nee ! AO WHO (I^S;, 
Protein requirements, Rome, p. f>8. 
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form of bean curd, and the price ot bean curd is significantly higher than all 
other soybean products consumed by humans. If the adjustment in price is 
made to reflect the price oi bean curd, the use ot soybean becomes less practical 
than fortification by either soy concentrate or FPC. 

The analysis does not satisfy tiie private investor's need to know in highl) 
specific terms the details ot certain projects—capital requirements, cost of 
production, potential sales and profits, financial terms, potential return on 
capital and other critical variables. Nor does the analysis at this stage answer 
questions that government planners need to know in connexion with the 
allocation of government resources or the encouragement or discourageme.it 
of the allocation ot 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 
are adopted rather than another. 

For the purposes of this study, the price per kilogram of reference protein 
is taken as a basis for comparison. 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. 

TABLE 1.    PRICE COMPARISONS OF REFERENCE PROTEIN IN TRADITIONAL FOODS 

Price of Prue ranking of 
rtftrtnte protein reference protein 

in US (I/kg) inte - 1.001 

Cereals 
Rice 4.26 1.00 
Barley-H 2.61 1.62 
Barley-N 2.30 1.86 
Wheat 2.78 1.53 
Other 3.41 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 4.78 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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Comparisons of traditional foods show the superior position of soybeans 
and pulse among vegetable sources and the distinct advantages offered by 
fresh and dried fish 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. 

TABLE 2,    PRICE COMPARISONS OF REFERENCE PROTEIN IN FORTIFICATION AGENTS 

P'Ottm-fortifitJ toodiJ 

Prut of 
rtjtrtnit prottin in 
fortiluatton J)¡íií 

in IS   $  *j¡ 

Lysine, 0.2% m wheat 0.14 
Soy concentrate, 6.0% in wheat 0 54 
FPC, 5.0% in wheat 0.36 

Prut ranking of 
riftrtnet prottin 

(MIf -  ! CO' 

31.5 
7.8 

11.7 

J Price of lysine, sov concentrate and H'C are $1 3C per pound, $0 i1 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. 

TABLF J.    EFFECT OF PROTEIN FORTIFICATION OF WHEAT FLOUR ON THE NUTRITIVE VALUE 
AND COMPARATIVE COST OF UTILIZABLE PROTEIN 

Protein             Nutritivi           U ¡tillable 
content-'             valuti'              proteine 

<% S                     (% i                      (% ! 
Costi 100 lb d 

Cost of 
H tun »bit 

(%) protein! lb 
(t) 

Wheat flour 13.75              24               3.20 8.00 2.50 

Wheat flour 
+ 0.2% lysine. HCl 13.94              38               5.30 8.20 1.55 

Wheat flour 
+ 0.5% lysine. HCl 14.25              46               6.55 8.50 1.30 

Wheat flour 
+ 0.5% iysine. HCl 
+ 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 
+ 107c FPC 21.26             50             10.68 9.70 0.91 

Source D. M. Hegsted, Profeuor of Nutrition, Harvard University, 
a NX6.25 (all tem are bated on nitrogen contení). 
b Nutritive value compared with nutritive value of lactalbumin. 
f Protein contentX RNV (relative nutritive value) •• utilisable protein. 
d Cost estimates upon regular breac1 flour at $5.50/100 lb at New York with shipping costi to India 

(as an example) of approximately $2.50/100 lb (courtesy of Bernard Uothwell, Bay State Milling Company, 
Boston). Lysine, threonine, and FPC taken as $1.00, $0.25/lb, 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 tabic 4.) 

TABLE 4.   COST OF TOTAL PROTEIN COMPARED TO COST OF INCREMENTAL PROTEIN 

Co»» Protein Protein Reference Co» of 
reference 

($/*g) 
contení efficiency protein protein 

(%lkg) 

Lysine fortification (0.2%) 
Wheat 0.10 13.0 42.2 2.37 
Lysine (incremental protein) 2.22 0.2 35.0 0.13 
Mixture (tota! protein) 0.10 13.2 0.585 77.2 1.35 

FPC fortification (>%) 
Wheat 0.10 12.35 40.0 2.37 
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 substantial 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 programme 
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 
precondition 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. 
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The total cost of closing the protein gap by lysine fortification of the 
existing plus the newly required wheat supply would substantially exceed tHe 
total cost (fortification agent plus ne*' 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. 

TAILI 5    COST OP PROVIDING 31,000 TOMI OP «EPPRENCI PROTEIN it INCREASING THE 

SUPPLY OP SEI ECTED PROTEIN SOURCES 

, * 

Coll ^fr ttnt inirmit OVtr 
¡million doiimni ptutm mpply ittita 

to fill fromn gip 

Rice 140.7 21 
Barley 11.4 35 
Wheat 91 I 300 
Soybeans (bean curd) 59.2 63 
Beef n.s 301 
Pork 61.1 458 
Chicken Ml 465 
Fish (fresh and processed) 27.6 33 

Lvsine (0.2% in wheat) 4.4 (plus $30.3 for (100% more domestic 
additional wheat) wheat or equivalent 

imports) 
FPC (5.0% in wheat) 12.0 (plus $>.4 for (24% more domestic 

additional wheat) wheat or equivalent 
imports) 

Nununow OBJECTIVES AND RESOURCES ALLOCATION 

The cletr 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 national 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 a commitment to achieve nutrition 
objectives is feasible in the light oá other national commitments and what 
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kinds oí re-allocations oí resources would be called toi m order to fulfil a 
nutrition objective, including the achievement of an optimal calorie-protein 
balance. Major actions to improve the diet would immediately and directly 
require a re assessment oí agricultural and fisheries policies and resources, 
balance oí payments policies, subsidies or other incentives to producers of 
some classes oí foods, and a variety of other policies that had helped to shape 
the existing allocation of public and private resources. 

In the short term, it may not be possible to assign a high priority to 
nutrition objectives if such action will have adverse effects on such overriding 
issues as the country's balance-of-payments position. It would seem unlikely, 
for example, 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 still 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 beverapes. All of these foods, as 
well as new baby food preparations, will cost mort? 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 additional 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 is highly doubtful that private investors would find an FPC enterprise 
attractive under current conditions in the sample country. Although there 
is 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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