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Political carnzes rosulting in .conomic uplhsavals in africa brought

these develooments to o st onilastill.

Solvint-l.trwt .o Push anl fish Taal: Mish Protoia loncontrate

A orot nane vl orer s 4o pa o defatt ol fasl pretocin
concentrate by solv nt extraction vmre div lopedt in soveril countrics:
the Union of Doutu frie., 1il., the I, .a., Janiin, norocco, Poru,

cweden, eroay ol Oritaiae In o those procosn o, el tish is oxtrected

wita one or more molvonts to rowov most of t.. lipilse  Tov resultin s defatted
fish is dri 4 omd orrowad. D0 biolo icl vilus of 4 s vroducts 1is

generally coeell oty but thoy Live no Tlunction il proporti.s, They

ar: bland wnd wr bost iacorpos it odoia browl, ool s, mac.roni and

tae like. Celveaat strection proe oo - calte Kpeasivo.

Punitive Terinlotion in Lo eSeae, tacladia s reoiriction of the

Lk

preporation to Lono or woo=l1't Misacg, e w110t itiow on tne size

of the pucitusis to on powt, de s b STod et rot e 4y n3ivo.

?isixyfxtj:,in Irdrolysat o

- - -

Sesraral proe o v neen dovolopod, and others wre under

divelopment, Lo o s.r fise protoin aydrolysates o7 chemical, onzymic

or microbiil aydroivei. of Jisi to propare wator-solubl : fish protein
hydroly.satoes,

Newer Develope it

Other feraomt tier preeoss. o ucines lipolytic micre—or:inisms to

convert th. fish oils iato microbi 1 protein, carbohydrates ind lipids,

leavine tae orizinil 19l protoin anc.aw ed, e under develooment,

4 mevaod in vhien fish is femonted wita o micro-orzinism which

prevents peroxido form:tion in t . fish oil .3 pocn developed and is

beginnine to {ind sv:ll=sclo apolication.

dew Tarine Protein  csoure s

-~ o

drtifici:l wpwellins of dee) water can oroduce 1ih vields of

marine protceins, thereby avoidine crratic fish catches winici may
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adversaly influcnce the cconomics of the opuration of fish plunts
and Mish Prot.in Concaatrat. production. In this Drocuss, nutriente
rich deen water is pumped from the autriznt maximum in Lhe e
usually t 500=000 mtors Lopta == 1o T surf ooy taoreuy
fortilizine t - 'oarioesist zon s vonre caotosymt,otae 1l can
grovw. This orsatos oo pl nikton blrow, capwnl . of sustalnin
populations of [iltorf: dinc erornioms, 2acn e ooellfien ond
certain tvoes of fisa.  The nrocoon i most s101ils aoplicable in

areas where desp witer in ~lome to suorc.
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Introduction

1. Food production per capita is declining
in the developing countries.

Despite an estimated increase of world food production
by about three percent in 1967, food production per capita
in the developing countries as a whole averaged about three
percent less in 1965-1967 than in the preceding three-year

period (1).

2. The shortage of high-quality protein is acute.

The Advisory Committee on the Application of Science

and Technoloqgy to Development reoported to the FEeonomic and
Social Council of the United Nations in 1968 that "the quality
(notably protein) of the food consumption pattern is cven more
critical than the auantity of food (calories), which is
already causing considerable concern 1n manry areas throughout
the developing world. For over one-third of the present popu-
lation in the develoning countrics, the protein-calorie
balance of the Jdiet :is inadequate. The Advisory Committee

has not tried to calculate the size of the protein gap.



Various methods have been devised in attempting to do so.
Althouagh there may be wide differences in the resulting
fiqures, thev all indicate that such a gap exists, and
~xnerts are unanimous in emphasizing that a gap is undeniable
and rnereasing.,

"The cap hetween the nutritional recuirements and the
actual consumntion of pretein by the greater part of the popu-
lations in the developing countries is widening rapidly.
Protein deficiency alreadv has serious conscquences for the
health and workinag efficiency of the porulations of dJeveloping
countries. [f the situation worsens, the nhvsical, economic,
soci1al and political development of the populations involved
may be completely arrested. Protein-calorie malnutrition not
orly 1ncreases susceptibility to acute and chronic infections,
'ut al=ao causes a compensatory reduction in the canacity for
ohysical activity and promotes ar.athy. These direct effects
" wiult populations impede the ~cononic productivity and
Amve lomment ~f countries which are desperately in need of
imeroving the status and potential of their peoples, quite
wart from the humran suffering involved.

"The arowing nutritional deficiencies have even greater
impact on vyoung children in developing countries. In some
couwntriesz, as many as one-third die before reaching schocel
&3« , and for most of the survivors physical growth and

development are imps -ec. Moreover, there is increasing

evidence of associated retardation in mental develcopment,
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number of countries a flavorless fish flour would be preferred,
whereas in a number of nther countries, such as 1in South Cast
Asia and Africa, fish flour with certain flavors night be
nreferred, ™

"In the meantime, a great numher of nutritionists,
novernmnent officials, etc., all nver the world became
interested in the qreat pnssibilitiers of edible fish flour
and IMITCET oand FAO are arranging for a series of acceptability
tests in different countries in cooneration with local fish-
eries and nutrition neonle. In Malava, Indonesia and the
Philippines, a number of government woriiers have enbarked
on these experiments themselves. It is interesting to note
that adults in Indonesia nreferred a local fish flour of
selar (Caranx spp.) with a rather pronounced flavor to a
flavorless fish flour. According to information received,
small children and infants do not show this preference,
however." (4)

The development of fish flours with full fish flavor for
human consunntion is based on hard economic facts: the whole-
sale price of fish mcal for aninal food is currently (1969)
about 4.6 1'. S, cents per pound. Since this fish meal contains
55% protein, the cost of the protein in the meal is approximately
70, 5. cents ner pound. If such nrotein could be utilized
directly for human consumption with 'rolativoly little increase
in cost, few other available proteins could compete with it.
Moreover, the bhioloqgqical value of fish meal is well established.

Therefore, several attempts were made in the 1950's to produce

inexpensive fish flours for human consumption.
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2. the "fish consciousness” of the population ard
authorities of Chile isg very high after the work of an FAO
Technical Assistance xpert in Fisheries Prevaganda, and of
others;

3. the FAO Peqicnal Office in 3antiate has the services
of a Nutritinn and of a Fishevries Officer;

4. at present, the Chilean diet i« siort in animal
protein;

5. official authorities and a nunher of interested
putritioniata and ather workers are eaner to qive their tull}
caoperation,

"In Preparatory exneriments the f414h tlour was mixed {nte
& number f frnile qyeh 18 vedetatle soup, notate sSOun,
tagliarini (a) i ment Ary naste), cochayuye (edible alae),
fried potatoes an? lettuce, heet leaves pPie, beans, heaf stew,
boiled potatoes, cocktall cracvers, enffee cake and white
[ L ¥

"Im o the rrelinirnar; tests, these compinations were judged
by & limited ranher of ersons, who found the preparations
mmyryll Airmatat le, eucent for the tagliarini, tie cachayuyeo
Wl the tesf tew, aourt which the Mmair cowplaint was that
e tant ure was met ROESML ('S may be overcome ) S 1mqg @
more fiemi. ®m; s Fien Fleagr; ™he teet (saves pie, the
TERMEES IR Fian Flowr ), the o ffom care (194 fian flomar)

wd the Letsat (]34 fish flomr) wers SRAr iMully accepted,




“Based on these nreliminary results a large scale trial
was started invnlving 147 school children, 5 to 14 vears old,
whe svery lav Jduring six weeks, as part of their school lunch
eah rereived an 3%-qgrar hread roll made at a commercial bakery,
which used flour containing 10% fish flour. Compared with
sormal neeal, the only Cifference was a slightly darver color;
wmall, *taste, form and consistency of crust and crumb heing
aeymal,

“The hrear) was vervy well accented Ly the children.

There was vt a2 sinale case of reijection or complaint. Mo
digestive trouble traceatle to the bread occurred.

“Fach rreat roll ~ontained .1 q fish flour, which
stwrided a4 ~hild with a daily sunnlement of: 4.4 g protein,
VIt mg calrium, 127 mq ohosphorus, and 3 mq iron, where the
rall itaelf sunpplies v, % g nrotein,

“The same type of fish-flour-fortified flour was used
#ofimgy 4 short reriod in bread given to youna men in a mili-
tar; e, e re alen this tyne of tread was very well acce-ted.

"After thexe reaulta had been obtained the Chilean
ST Ment aermt 3 recnest to ITICEF and FAO to help them in
*etting wp 3 nlant for the manufacture of odible fiash flour
ts b ased mainl, in sunnlementaryv feading schemes."”

Later om ., IMICFF asaisted the government of Chile in
the pratuert inm af Piah Prateir Cormcantrate Ly providing the

PR IVisary emiinesring services and the necossary Drocessing

Fizipmast whirh was instalied at the ISFSA (Industria Pescera
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de Altamar) plant at TMaintero ir Chile. A Ieport on the
operation of the plant, the biolomical valum of the preduct,
and all cost details wan prenarcd by Layto- 1, Allen, the
Senior enqinecer for the U'nited Nations Children's Fund, and
published in rishina ‘lows International 1n Tanua Ye 1963 (12).
The plant used fresh ha‘e (merluzza), whicn is a lecan, edible
fish. The rrocess Uses a comhination of hexane and ethanol
extractions for fat renoval and ceodorization, The plant
used a horizontal, steam-jacketed, air-swept, raw fish
dehydrator with Scraper, agitator and condenser: . horizontal
steam-jacketed rotary extractor with integral cloth filters
and the necessary connections for a vacunm solvent flow and
steam stripping; a solvent fecovery and storage system; an
alcohol purification System; a hammer mill for tho dehydrated
meal; a hammer mill, flour sieve and packing arrangement for
the deodorized product; and the necessary hoppers, conveyors,
bucket elevators and cvclones to transport the materials
between operations. 1In this plant the raw fish is first
heat-driec in air and the so-obtained meal is extracted with
ethanol or with hexane/ethanol. Drving of the raw fish is
accomplished in a Steam-jacketed horizontal vessel, agitated
by a steam-heated caqe of cubes. Meal-drying temperature

can be controlled over a range of 70-1un°C by adjustment of
rate of air circulation. Under these conditions, drying
Fequires about six hours per hatch of two tnns of whole,
fresh merluzza, including time for charging and discharging.

Defatting and deodorizing of the ground meal are accomplished
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protein % « & .2%), 1.6-1% fat, with the resr s The
fleoride content saried from about |50 tn 157 perta sey
million, an' the lysine cantent arnmroachsd %% rotal
processing costs, including the onrice af raw fiar, the fish
0il recoverr:!, elactririty, stean, water, fataig, solvents

and packagina supplies, were estinated to bLe 2e® . 5., Jdollare
per metric ton of dafatted and dendorited fish flour, with
the hexana/eathannl process, bhased on prices in Quintero,
Chile, in Pecember, 19%61.

In a recent nublication describing the Quintero Fish
Protein Concentrate (1)), it was stated that the product was
sold at 15 to %% 1. 5. cents mer kiloqram, but that the
exact cost ~f this product was hard to calrulate since the
plant was built with the technical and financial aid of
NICTF, is owne:d bv the Chilean aovernnent, and is operated

by private industry. The Chilean governnent is expected to

tavor Tish Protein Concentrate produced locally in Chile for
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of viewv of nrotein sunnlementation of the diet (14). The
Bureau of Corm~rcial Tisheries uses a multi-sivage isonropanol
axtraction nrocess to reriove hotil water and nil from the
fish, an? oh*tains a hland and finely ground product. A

very detatle’ descriotion nf the nulti-stage isopropanol

extraction nrocemes develoned by the Burerau nf Commercial

Fisheriea 13 jiven 1n the binchure "Yarine Protein Concentrate,®

publish=d by the Imited “tatrs Nenartment nf the Interior,
Fish & ildlife Service, Nureauy nf Commercial Ffisheries,
Yishery leafler 74, ‘h1ahinqton, ND.C., April, 1966 (14).

After intrnstve taxicological and® hiological evalu-
atiom, the FDA pass~” a requlation on Felbruary 2, 1967,
aWmitring the wholraomeness of the nroduct, but restricted
1ts nrenaratinon to fish nratein concentrate made from whole
hake and arr-lite “necies of fish prepared by solvent oxtrace
tinm nf fat an’ moilsture with L1sonrenanol or with ethylcone
drenloride, followe ! by tanpromanol (15).

The Food and Drun Administration’s specifications for

fish protein concentrate are the following:

1. It mier be made from hale or hake-like fish.
3. It shomld have 3 minimum orotein content of 758,
| It ehevy]4 have a maximum water content nof 108,

& maxicuagm fart centant Af 0 5% 4 maximum fluorice
eewmtent ~F 190 narts per millior, 2 maxi=um 180~
PEowanal comtenr of %) parts per million, a
Rasitem oty lere dichloride content of 5 parts

PRy =i iliom,
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mass is desludne® in a3 centrifuae ant the aqueocus and oily
phases are separate”. The aqueocus phase i3 then dried by
various means, vielding a protein hydrolvysate consisting
sspeantially ~f €fian aino acids ant! small penti.jes,
Tryptnnhan tenda to e low in fish nrrtein hvdrolysates,
The Py & liaas Cowpanmy in Philadelohias, Pa., U.5,A.,
hos Aeveloned an saperirental protenlytic enzome which
Mpdrelyies =olvent sxtrarted, cowplete]l; deolorized and
Apfarte!l Pi:h Pratein Tomrentrate, Their 07 ™o 13 called
‘sapmrimental empyme i " It pi! ot imam 13 (0,00 Bohm g
Haas claim rthart e vt 33 nf the aritorinal pratein st rogen

cam Be 3o lshili 2t tay ieeubatiom nf anlvemy cent pactsl PPC
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hours at M°*-12° with sl stirriny. A primary f.ltratiom
removes scales and boney and a centrifugation sten removes
the oil. The nroduct is roncentrated by low tecperature
evaporation until it reaches 508 snlits, frllowed b spray
drving. This vielis a rroduct rortainina 17 712% nrotein,
6% moisture, 12-14% ach ang aporoximatelor A% fat., A
pilot nlant utilizing this prnceas is now in oneration

in tUruguay.

The Peliance Chemicals Corp. has ofh.taimned U. §. Patent
#1,170,794 for the nroduction of nrotein meal from fish by
utiliging funqal emromes tn Jdigest and [iTuely the flan
and te msutralyce the fish taste an? ador . The fish meat
I8 cooked Far -] mipngtes ar £a® . 1A% The fural
rotenlytic enryme 13 adted with wheat bras, trower' s yeast
and sustar The fermertat yom 18 carrie! orn for B hours gt
82°-%4". The mrodtust 13 then heated £ TA® el drisd

The Centra! Frw® Tochmelont sl Bessar- s [matitate in
Wrgctre, Imdia, a8 prerare] nratein medrol s gates from fish
FL MY PAFRir A8 thae cratenlyt s pmiome

farasel: Patent #1) %1} wag i@ t . the Proajas £ Sy
to mgemare a2 fian prateim Bowmdpe ! vagte b Fmrmeat ny fian
WItR asiabas Tl ua 2l gmizra®™ im B Twulit oafe Sedi s LE T IT
fye B i npmd Bar ey, Wwhest BEsa, S8 MB el i cas Fol
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