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low=fat fish, when fed as the cole eource of protein in the diet, displays
a protein efficiency ratic or putritional valae eruivalent to that of skim
milk. In caildren sufferine Crom severe maliutrition, th. nutritional

effoctiven sy of " 'e's iopo.rs to e inforior to milk, i3 Fud st ooy

)]

ke

ts :bilit, to corr.ct ..rpoalbaaiteai: or maintain sorum albwain lovels.
J

=3

hese obioTv tiond, ovover, dooaot mitlcoato ooaanst too atilization

O

£ fish arot ir concomtrat e s ov oroteda sunoloaant in the Jrevention
of orot in wnlrutrition,
T ) e

. mete frow f.tt s fish by aleonol cytraction tocanlyues has

protein cfficiineys ritios cguivalint to oo of Moel. made {rom
low=i b fisa, vam oL L in oot Tae wcon tabilits, o guidesd by
East o pancls whiet cogparod Fish sroetoly coneontrad crived from
hira=fat el Lo ob Ulsy 1 cquiviloate o bieove, rooiticos ol macaront
there 15 . ssentially ao Aif1 T nee in acceny callity ootueo s f'i3n protuin
concontrite a4 Croc favty fisa ool bt wde fres low=fit 1.1
sorefor, oasod apon buess rosulrts, taers 15 00 Teason Lo Siso ct
Float S e would oo sy dif o nee Setwenn Ciskoprotoin concentrate
ierived from low=-£t fisa or hich-fat fish when uscl o 1 litry

supplzoment to prevent protein deficiencies 1n uman tiets.,

BT L T T
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Table I1. Amino Acid Composition of Fish Protein Concentrates.

(Per cent. of protein)

SOLVENT EXTRACTED

pmine pci jorcina, ke, gardine
Alanine 7.31 6.81 6.49
Aspartic Acid 11.20 10.35 10.37
Arginine 7.59 7.13 8.09
Cystine -- 0.77 0.36
Glutamic Acid 15.30 15.39 16.47
Glycine 6.83 8.09 5.12
Histidine 2.38 2.08 2.04
Isoleucine 4.47 4.56 4.26
Leucine 8.70 7.78 7.75
Lysine 9.14 8.41 9.02
Methionine 2.94 3.30 2.91
Phenylalanine 4,48 4.24 4.42
Proline 5.21 5.21 4.84
Serine 5.30 4.65 4.45
Threonine 5.24 4.47 4.68
Tyrosine 3.17 3.35 3.05
Valine 5.18 5.26 5.09
Tryptophan 1.40 1.03 *

1 Astra Nutrition, Molndul, Sweden.

Lureau of Commercial Fisheries, College Park, Maryland.

3 K. Wetherell and C. Chichester, Department of Food Science and Technology, ;
University of California, Davis (unpublished data).

* Undetermined
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The production of protein-rich foods from the sea has cen-
tered about thoe development of products wiich are not only low in
cust, but scable without the vtitizaticn of nommal prescervation
techniquen.  To oocder te pakinize the ase of warine proteins, it is
obviourly ol imporf.ice to use marine products whieih are in large
supply worla-wide qmd are cacdly harvectable. The cremendous yvields
of Lish meal from ric ancbovetta in Per: pilustrates tne tonmage of
procein that mev ve abor froes the sea #U jow ¢est. By avelding the
futer- onversran prabhlem ) Lo, tie utrtication of mariwe nreoteins in
an jntoermedizry ancaag suca as ahickews, hogs, etoe., the ¢ifficiency
of supplyiug a good qualiry protedn in the buman diet is increased.
Most marjue tishes that are boavily wtilized for the produrtion of
fish meal are high in fat, ond the products produced therefrom are
woderatel, unstable, due o the ready oxidat ton of the unsaturated
fats in thoe weal.  The presence of the fats Ll phesphelipids contri-
butes to 2 characteristic trsh odor and flavor, and in populations
vhose food habits do ot inclade the coasumption of fish flavoring ma-
terials . cuch products wve unaceeptab e fron a vas-tatory scuse. Re-
duction teckaigues {n the vanutactove ol fish meal alse iciave cons.der-
able to be dewirea in the way of sanitary couditions, snd the dircct
utilization of coamercialiv-prodeced fish weal in human consumpiion
preseats a sipniticant problen, particularly if an {ufant population

is to be the reciplent.
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There is mounting evidence that tie group with whose nputri-

tion we shouid Lo nost concerued is children between birth and two

] . ‘ , .
ears. Viris group i also vers sus e tivle o
i . P

1nicot bon md clhior

discasced stutes. The introduction of dosuppleaentary preteja pro-

duct to this proup o partivcuiarty freaght with danyer. The inclue-

sion of {at in iniant nue drtion hes sjanificant venctiity, sionce g
oY 1

foud material o1 uivh cajoric dens iy is desired fo the ATOW iy in-

fant. Novetbeleas, in ment Instances tne consumr tion of norrally

produced ficli meat by tiis EOOn Is not fhe ometnor] of olagee,

Initial attompts 1o produec, g adeaquate praae of fish meat for

. ’ R L [
human consumption involved tle production of a fish weal nnder oand-

tary condivions which was subseevencly deovdori zed and Jad the fat

removed.  Inm crder to reaove che tat materials it was pecessary to

employ solvent extraction rechnigues which 1oioved the fo! , nd at

least portially the Fiavoring componcurs., By tisdng semf-polar sol-

vents 1t wa o also possibic 1t omove (he phospholipids, which appar -

ently contribute signitieanclyv to the [lavor.  As solvent extractlion
must be utilizcd in order to produce a relatively odorlo. s and taste-

less prodoct trom fisi, the marine reson ce

i cholceey, at feast ini-

tially, dictited the usc of i which contvinad relativelv tittle

fat. This ullowed the utilization of a ndninum quantity of solvent.
The solvenvs must of necessity be recovered and purified in order

to make any cxtraction system cconowmically feasible, Using Ligh sol-

vent-to-product ratios is not desirable, because of tire mechanics of




manipulating the sulvent, and iis subsequent recovery. The use
of compararively low-fat [ish in the process wirmmizes the use

of the sotvent, avd siluvs w suroler Lochadque for the separation

of the estractaed (at and rhe recow ry of the solvent. With this

in mind, many of the major atcempt . o veaduee a fish proiein con-

ceutraie suitable for buman consuaption from «hole Cisn utjlized

i
fish of low (at content.”

1

Typical of a produect produced from a low-fat f1sh is chat pio-

duced by the isonropanoi oxtr.acion provess, «uch as that developed

by the Bur.au of Commersial Fisaovies, toilege Park, Marvland., The
composition of the finael product made from rod hake is shown in Ta=-

ble T, tven at this level of fats, rliere is the pussibility of sowme

flavor revision.

A typical amino acid profile of fish protein concentrate is

shown in Table UL, Althorgh the figures Ty varv one Lo ancther be-

tween wmine acids, the peperal patterns of most | ish Frotein concens

trates arc ossentiaily similar.  The comparatively high concentration

of lysine compared to piant protein ohviously piresents a more balanced

protein tor human con=umption than Jo many other sources ob protein.

fhe anino acid composition wee ¥ “pdicare that lysine 15 not the limig-

ing amine acid, but would supgest that other amino acids would assume

this role in the utilizat fon of protesn.  This can be »hown by esper-

Iments on the supplenentation of ¥PC produced frum hake (Meriuccius

gay:) in Chile. Table 171 shows the effect of supplementing the FPC




Table I.

Composition of Fish Protein Concentrate
Produred Sy Tsopror ol Eutraciion from
Red Hake. (#ureaw of Cormercinl Fisheries,

College Park, Maryland.)

Protcin 81.4%7
Lipids 0.2%
Ash 13.5%

Moisture 6.7%




Table I1. Amino Acid Composition of Fish Proteta oncentrates.

(Per cent. of protein)

SOLVNT SXTRACTED

I~ B VR
Alanine 7.3 6.81 5.49
Aspartic Acid k1. 20 10.3% 10.91
Arginine 7.5%9 7.13 10.17

Cystine -~ 0.77 0,35
Glutawic Acld 15.30 15.39 18.42

Glycine 6.83 8.09 3.11
Histidine 2.18 2.08 2.54 N
Isoleuctine 4.47 4.56 4.07 *
Leucine 8.70 7.78 6.75

Lysine 9.14 8.41 11.32
Methionine 2.94 3.30 3.26
Phenylalanine 4.48 4.24 3.41

Proline 5.21 5.21 2.84

Serine 5.30 W65 4.43
Threonine 5.24 4,47 4.59

Tyrosine 3.17 3.35 3.41

Valine 5.18 5.26 4.63
Tryptophan 1.4G 1.03

1 Astra Nutrition, Molndul, Sweden.

Bureau of Commercia) Fisherics, College Park, Maryland.

3 K. Wetherell and C. Chichester, Department of Food Science and Technology,
University of California, Davis (unpubiished data).

* Undetermined




Table LI1. Effect of *wime Acl? Supprlementation on WPU®

Values of intero F0 ((hile).

Batch Py
A s T s 0 W o
) Lomtrol _  _Lelysime  Methiomime
1 6o .9 86,2 Hy. 1
11 67.9 61.) 70.2

- e bt e R

'!e; protein utilization operative at 10X protein calories.




vith Iynine o2 sethionne on the it feternined {n mtt,‘

A major advirtage a1 ¢k PEcYe B romorntrare 1o fig stabilicy

In Siatage.  Au the matertal i ) boomobclure, carkoby trates amd

fats, the 1:0ica} fntepe ¥ o Phese toBntituents ¢ (odure (s

biaiopical valwe 1e aoe fRacumi ey A4 fe IR exteat 1hat @ BE5 €

ia vtier prove s A evarnie oFf 0 o wtab {llee ot FPe made from ponm-

efly tish (5 shwa {p Ta-le Ly, Ay wriah e anality of tne protein

doee Bot seew Lo var. “hgastloangle

St sge . Balih G i the table

faprecemis material #Mih Yas beom Atored sesr twe sears ip papet

Daks AL foom feduerature in a Hatebowie . A3 ches b, 4, 3, nd 4 were

) &
stared bebuween (hree Malh- and ome o eag aader aisilar ComditLons .,

Recent experiments with hat ches of FPC prod, ed avd stored umder =jmf-

lar comditions for .woy five vEMr . show apyrocimatelv the same NPU
s1lues.”  Tius Pas product trom a putritio al standpoint is stable
ver loag periods of time.

&

Elmilar results rave hren reported by

Rak jat.

Althinugh the storage stability of a fish protein concentrate

made froam low fat fish 4PEArs Lo be quite good, Tts use in food na-

teriale which ungegac hoating wavy present . e Cifficuitivs, The ef-
il P

fe-t of hidting proteins o. e i Y ACLGs iR e pre sence of carbohy=~

drates dedreases the wvailab lity of wanv wiuwo acige. T™is loss {s

particularly notud in avsilab ie sysine or mev.ionine. losscs in pro-

tein fquality in Lread iave be.. noted vhen the bread is enriched with

milk or other pruteins Ligh in lvsine.

In the prepsration of cereal
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Table 1V. Net Protedn Utilisation Alter Stetags.

Batch Wy’
H 6.9
1 62.9
b | 64.)
4 10.7
3 1.5

et protein utilisation operative at 102 protein
calories.




producis fortified with ailk sclids wtilizing high cemperature,
sigaificant losses §n mcasured protein efliciancy ratio were shwu.’
Beatiog xair: 2 ids wigh tsedr, or heating wixtures ¢ varlous
PIaAL proteine 1o tue precency of Iv=ive and carboivdrates also

, &
comes < nificant lowsis in o cuiritiona, quaifty, In cxperfaents

inwhich /%0 ga0 wig liged + "l Yroad ) the (9 tease un thie nu=

tritional %'«%;’7’11—!’5 af the By @l oge #allcr than nad Leen Ftﬁdifﬁfﬁ

#d 1t v shovn toar the dedirien of crsime to the FPC-snriched

Lrgamt L v 2 om0 g pratety RN S VI AT w#hien wouid have Heen

vredictes, torther jni,oy it thal lilgh tewmperature tesatment in the

tesed ¢  F _arbotbdoare Baletials may . amage 1h. n¥otein of FPC.
g y

5

This 12 a6 neied {1y Atttk -omri. g Gremdt, whic alan shows a afmiler

) 4,1
effect. ' wier lime-troated corn was enriihed with FP( and used {n
the preparition af +.ye] tiam, 1t was showm that signiticant derreanes

of the protein ¢ ficien: » ratio regulted from Tooking . Steaming of

the dough rea . ei thy PEoteln efticio v ratfe Hy auprosimarel. 103%,

while heat ng 51 300, 4on 4e bt he cupected [ deen-tat frying,

Cauned a turtthor rouuction in P o0 It aprearcd in these experi-

ments, howover rthat (- e ¥p: ctaimed s hieioglcal value better tham

'?f;
did mlclures eoric ed with, !

cahean.

There nave been fow Prupusals la the iterature that fish pro—

teld comcontrate b urilysed directlyv., Almost 111 suggestions for

1t8 use propose that 1t he HAeh A% 4 mutritl o Logredient of enfet-

ing food materlais, or pertaps as 3 thysically fnert but awtritiomslly




enriching componeut of new food materials. Its nature, that of

8 fairly tostelosr and odorjes. vevder, supgests 1ts usefulness

o product. wiel 9 will rotepar. the adgivion f 4 Frller. Physi-

e I

cally, the vxtract ! maropints HLEEETIE TN EEE TS atitty character,

ad Lince e piotof g TRCTL L T Gy nol e el voll in water

WAt gl the wllition of vt i f Leas and | tabililiers,.  Theng rhatac-

terfet!-s iciy fe apainot U Ly produi e, e gy [ lab il

lt:f of It T o Bt LT o Gt AL SR N A TRRT [ 10 car in

i ii‘f;ﬁg tht* Wk @:‘;!:%’zi“‘g\. i ??Z ‘ii!i‘ Praer ‘,3‘);1?! ¥ (_‘eé Prg»dQIKAYYH a

3

RO defial Ured Brote 1 frae (jsq v Gevamota b phoate extraciion or

WAteT extraciton witio the addftion of Pat {. particulariy uttract-

fve o this recard,

B8 ed upon 18 properties as primerily a rutritiona’ supp lement

with nigh v i ahle 1. fine, the obvious ap. of solvent-produced FPC

would s vwm ' L. {rn .a; preteln waes which are eonweed as tood

produc ¢, Bfea, kst A, s titillias are

biious sohicles for the

wtilizativo of ¥t ft . an a facorparated, b oawever  iato ™y other

Proda ts in whi v its phosiqal hATa e listicn Goonet T e fer. with

the organa ept | P ootetloes o e opnoner,  gn veast- e avenad bee wud

it temi: te degrace th- ekt evalitis . somen At resultivg ‘m a

mnaller cal e Tume, & Lifleter’ tect ye a3 2 ftere i color,

e & series of (peta S bR entloiaens of pead with FPY at dif-

ferent levels, individuais @plevad in a Wiversiiy hospital were
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asked to rate breads containing FPC a« to vhether they were as
good as convertiont biread, worsc, of acceptehle but net equiva-
At - 1 Py . : . . i [ 3 4 F
lent. e resaate of b excccitant are showo in Talhle v, it
fs obvinue tram s har an v beove of 3 *rhere 1o po signdfi-
cant difrerency Lolw en the OO e ud the enrichen bread,
At 62, Lificrogriae (o began s ¢ bedone clear, nd oat 07 aod 1232
the ~olor differen 13t%0, 1 ot Heaeps (e con fderable detee~
tion. I & surjes f VI AIEEES BT PLAF § I T o bt oo ol kKY)
school chtidver, tnow 0 0 Loty Che ot o amce, Liead enriched
Cay o 4 ) ) ‘ .t
with 9% vpe A0 sy fncrvas~ the TE G0 o rabs of ugtarisgs .

The acee st hiiite of arfore. CUARA LT e wessured o7 wtilising

150 adults in a b Lipita! ag f 16 1% 3 amt -, The spapghetii wae
entiched o & .07 level wiag vPC roduied ia Chile [roum hemane- alio-
hol c.tracire . oe Froamal o 0 o plats wastes slowed Lhat the er-
tiehed wny bt 0 nyy w Bioaler rate o regeotion 1 g4r (ke ¢ mmvent bog~
al pasta. A <isiiar rfgﬁ%éﬁfz{ ok cariied cwl 4 @ oF | ldren’., day
Mool shere spagne 1y wac a FTIMIpAl H's it ved thitee Limes g
weak). ke re ect rnoin 1. ‘€ wds ddeai. a7 rhat ' rhe pom-
enrfchied proda v L Y w7, rerent teEE in Brazil, PV prodeced by

the {gopropanol extraet ic - R P8 TP g zd ALY mac 3T M

which was serve’ a« A surtion f ihe diet in . (hool umen program.

Simllar ol Sfa f e tamce r oy Jeo tew showed tost from ihe pu-

phls' stamipoing (o cariched Produit was bor diifereniiated from the

oy

mov-eariched prodect. " 1t thus wpeirs that 1. ~est papiiat ions
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bresd can be enriches with FPC at moderate levels and pasta up
to 102 without « significant rejection rate by corsumers. 1t
nust be nntud, however, that woct of the testing of I'PC in bread
and macarov{ e utilized rlar pradaced {rom non ctdy bioh,
lu Indiq, Puree o cheoatt ) nott s [diag, Coreg i=haned fouds,

&pear to be woceptabic when tortitied wiih Yo fish protein con-

centrate.  The 1I'C e these trlals was made tram oa lean animal, Bom=-

bay Duck (tarpodog neherens ) o Te appears fn this case that the

metirod of prepariu, the ppo inblucnoed the acoeptability. In bread

fortiiied 4t ¢+ . iovel, come o Lo " jects noted ¢ fish odor or

flxvar.}i

In the study of the addition ot fPe to different tvpes of foods
such a8 soap, meat, beans and corrmeal Lortillas to a level of 15

praws total iotake srotein there wo, no noticeable rejoction of the

food materials i1 the period of witudy (6 days), the conclusion be-

lmg that ot this Jewel aad ~ith chiildeen there appeared to he uo sig~

i/

piticant refect,on ot the bpe ¢

he obvious conclumion o «ould make from these studies, which
Were concerned alwoit entirely with L w-Tat fish, 1: that FPC pro-

duced hy toe (onventiong, Be thods whicn have €0 far been proposed

produced a wiateriai whi o when nived a8 an [y redieat vith other foods

is acceptuble 1 latge vroportioug of (he population, and particulag- §

ly tho=e whih may have very liuited focd intake.




There have been relatively few ctudiey of the acceptability

of FPC produced [r:m high-fac {ish. 1n recerr evaluation of FPC

Produced froo the 'lorocean sardine by Ipe isopropancl precess,

several formulations st oy this FIC wore

evaluated as to the accep=~

tadility by an untraincca Pest pancl dn the Vpired atates,  Brown-

SuBar cookies veore cnii o ap (. Pevel or u, 3, 5, and 104 and

BeIVed te 25 Ltuff and studoars frem the Departmea ol Food Science

and Technolosy, Taiversity of Catiforuts, bavig., 000 a.m. and
R ¢ . b

3:00 p.a.  Cookies repteserring cach of these Jour Lormulatione were

placed in weparaic dichey ard Tocated at o central table. fPanellsts

were not inforued shout 1he watiare of the cooky. Participants were

observed in order Lo deterninge whether they would comment to cach

other or v themselves about the quality of

the varjous cooly samples,

or whether soae of the formulations would be lett uneaten or partial-

ly eaten, and otler saiples yould ke congumed wore rupidly.,

In a series of 1es.1, It was apparent that a1l of the samples

were consumed with ng adverse conmenta, nowewer, the 107 cnrjchment

appeared to have been slightly leus wel; utiliced than the other
formulations. [1 a move torical rresentation, 25 different staff mem-
bers of the Departiect or tood Scteuce and Technolop: were asked to

sampic tihe four tormuiations of cookies. The; were not told that

they had been tormvlated witl, FPe, but were 1nsiructed gimple to sam-

Ple the cookiec and courient on o thelr fupression.  All the judyes

-

found the 10% formulatjon te be less palatable than the lower formu-




s 5

lations. However, most of their comments were directed to the
heavier, cheowier texture of these cookies, rather than to the off-

flavor. ‘liere were ne subotantial dJiffereuces Lotween the 0, 3,

4
4 J

and 5% formulations.
Using tino T'orocecan sardine fish ~rotein conceatrat., bread

was prepared nsing 3, 5 and 107 levels and prescnted to twn panels

of 25 people, The ranel vor. acled to sauple tie (orimulations and

comment wvpon theis flavoar. 5 aon-crrichod bread tormalod jon WS

avallaole (o the pancla for eomparison purpoces.  Thev wore not told

that the Lreod conivined bPo. fs ian the case ot Lhe cockies, the

panels found the 0% foraulution ieas palatable (o boti torms of {la-

vor and tekture thi the other titree sanples.  In particuiar the com-

ments were largeiv corfined to the colovr and e

low loaf volume.
In four inntances the tudges ol identiiv the Hrr-ilavor ot the 10%

formulation 0 "Ciahe", carprasingly enougn, howover, tn the bread

formulation the 47 FPC was preferved by 507 o1 the people over the

non-fortitied m tesia! on the hasie thal or seeoed to be “richier" and
"wore bakerv-like" than b non-oariched bread. ine 507 of the peo-
ple who preferred the enricned toraula sore queried as to tneir bread-

buying habits, and

—

Lt was lovad that chey normallv purchased the

specialty hoeads - wither uhole wheat, irencn-tvpe, sour Jough, or

breads that dificr markecly from tue very white breads that are pro-

. o, . 15
duced commercially in the united States.

[ ¢




With respect to breads, in comparison with the FPC produced
from noa-oily fish, the sardine FPC scemed to he slightly lower in
preference, but not sufficientlv lower to mitigate against its use

in the formilitions.

The nutritional efficiency of figh protein concentrates, includ-

ing that made {rom oily fisn or non-oily iishi, has been measured ex-

tensively in onimals. [n a large number of Studies the fish protein
concentrate vas utiitzed to enrich o Jiep Fepresentetive of the staple
food of ti.. counitry.  Tu almest all of these cases ihe tish protein
concentrate, whether wmade §ron eily or nen-ollv sk, demons trated
that it was cquivaient (o rasein as oz dietary rource of protein.

In some cases the fish nrol2lu concentrate appears to result in

slightly better growth than skim milk powder when added to the mixed

diet. 16721

When F¥C is fed as the sole source of protein in a rat diet,
it has iu most cases as high a protein efficiency ratio as casein,
and on ocrasion excecrds the casein. In 4 stady by Schendel, four
generations of rats were td on a Aier whici, supplied 197 of the to-
tal protein irom FPC, and {C was noted that the females on the
casein diet appeared to huve more rutritional difticulty than did
those on the fish protein conrentrate diet. "lstologlcal exmination
of the organs howed no abriormality and no difference between the

22
groups.
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In a siuwilar experiment, three different groups of weanling
rats were fed for six months ou FPC at 20% protein calories. At
the end of the cix months' pe Pod, welghts we o determined for a
large nuaber o orpans aw! bivtidopicsl ex mivation; were made on

an even larger norler, A giznifiea ¢ difference i velght vas no-

ted in th - crgans of coime rots ted FLE Lut gl oaeoe Wistological stu-

dies revealed no alteracion in the organs. it unneurs that the

Lo 11
wefght charzer we o) no porticlar significance.

Io o sories 5L onoadie, in rats of the protein efficiency ratio

of different iish pritein ceacentrates, sorrlsou s'oved considerable

variation in the .7, K. of wiifereat r oproccin concentrates. In
i

one that had been tevoreiy Lenat-damaved che Jiffereace appeared to

e dn the destrverio . of niscidiers o« nethicnine, sinee when these

rere added Loothe o ao T en Snd eon deees od, welalr gains were

, . , ER L . .
increased sienificaucy-. 7 Troa thice ctvdjes 4t con he conclu~

dod that 1o the preces. of mavtfacow g, Loe Lipltie amino acid

(which was suey in othor sfuer to e nechionine) is the amino

acld whose los wust La vy 1 - iaeaa

ettt

A stuly of tie wocaron 1w cutracted o ce o sdr.ine PC in

rats shicved tuat tue prod. s hag prooin o Fivcieszy ratios of 2.98

and 3.04 versus a 0.5 .9 control oL 2,50

. Theco capariments vere

performed using ¢ 1'J protefa .u rhe 4iet.  The “ish protein concen-

trat~ that vas fed bed o neoatration o &2.97 protcin. Adeight

gadn and acceptability in the animal feediig studies were excellent.




No rejection of the feed was cbserved, and the animals showed
25
normal growt. patterns.

In experiments in children and adults, fish protein concentrate
was used to doeternine the effect of supplemeatation on the nutri-
ture of the mixtures, doeoste, of chidldren 9-10 vears of age,
fish prot-in coicentrate derivea froo tio aiemardine was used to
supplement 4 rice diet. btoettes nirregea recention was achiecved on
the the rice-protein tod than on the cootro! diet. All subiscts re-

. , , C b , 26
mained i nitrogen salance and the dict was apparcutly accepted,
In a similar manner “orear ifets cupplenentod with 1Y fisn protein
concentrate werce tound tou be better visested and gave a hetter nitro-
gen retention than an ‘dencical diet ,n wnica the [ish protein con-

. . , 2
centrate was substituted ior by other protein sources, in a study
involving a large numher of premiture Jufants the FPC appeared to
' : - . , 1 . 28

give resalts equivaleat to taat of cascin or uminoe acid mixtures,

In a study of convalescipe malno urnished infapts, Crahan re-
ported that a mixture of % fish protein coacentrate witn 99% wheat
flour mixture zave wolght wilos and nitrogen retention indistinguish-
able from milk. Vieh proteln cowcentrate given to such convalescent
subjects as the sole : ource of protein also elicited rosponses that

. .y 29 .
were similar to wilk. [n another <tudy, tish protefn concentrate

was fed as the sole source of protein to rormal intants in Chile.

The formuia consisted of fish protein concentrate, sugars, carbohy-




drates, water, salts and vitamins. The preparation was suspended

-

at a level of 22.5% in water, and supplied 90 ¥kcal and 2.4 grams
of protein per 10 ml. Twelve normal infants two-and-one-half to
five months old rececived this furmula for a periog of from 30-90
days, with an average protews intake oi .6 kilugrams per day.
Figure 1 shows the weight gain of such infants receiving FrC as
the sole source of protein. Hematological trests of the sane infants
showed nomal valuves. Lewering the total intake of protein stepwise
showed that 2.5 erams of Fr(/kg body wolighi can suvport normal
growth, but at 2.0 gm/kg reductions were uoted. This is the same

11
order of magnitude as might ve expccted in a milk formula.

In a studv of the natritive qualiries of fish procein concen=
trate in the convalescence of kwashiorkor patients, it was shown
that cornmeal dicts supplementoed with dried skin milk showed no sta-
tistical differeaces in weight gaia, nor in the protein and amino
acid levels in tne serun. It was concluded that the results indi-
cate that fish protcin concentrate way be of considerable value in
the prevention cf protein maInutriLioq.BU

In contrast to this are the experiments which appear to show
that in children suftering {rom kwashiorkor, and in which the major
source of protein is fish protein concentrate, there is a problem in
acceptability iu children. The clinical and biochemical responses
were simllar to tihose receiving the diet containing skim miik, ex-

cept that the weight gain was decreased on the FPC diet. It ap-
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peared that there might be a shortage of available lysine in

these diets. The addition oi lystne to the dict, however, did
not cause anv significant increase in weigal gains.jl It has
been noted carlier that the limiting asino acid in nost FPC 1is

methionine, and that thi. { de.reas.d significantly upon heating.

1t is to be noted that the diers reporte! b Dr. fopalin were
cooked in tne presence nf sagar hefore helng .04, and secondly it
was assurn-d tnat lvsine was the 'initing amino acid. it is thus
possible under tie conditions of (ne experinent that the limiting
amiro acid i« thionine was furiher reducedi by the cookiug nd thus
led to the 1-.or weight gatns experienced in tine experiment. In a
giailar set of experimerts Graham fcund thdt in narasmic infarts
aged 5 to 5 months fed wheat enriched with f{isn protein concentrate
as the only source of protein the weight guins ohserved were closely
sdmilar to milk. & significant Jifterconce, nowever, was noted in
the ability of the fish protein concepirate df-ts to correct hypoal-
PR ! , )

buminemia, v eXact reasons for this difi-orence have not been
determine!. [u th- coavalescing subjects the Lish rrotein concen
trate did support nitrogen retentions and growtn equivalent to that
of milk-ba-cd diets,

The Jata thus jar reviewed indicates that there s nou question
88 to the mutriture »f {is1 protein conceatrate in normal expeT imen~

tal anirals and hurans from infancy onward., From a autritional stand~

point, hovever, there are some data which at the present tize afe




tocong letely caplatomed.

An 3 suppleventa. food e +hest, cors of sther ceveal dists,
FPC offers an cxceli»ni rrateln for forvifi arionm In prodecte
fm whici the F¥' (an o8 cwworpuraled with ereal ixtures, where
At does ael ua-e to Lo EiPutE o juoctiomal preper oy exesple,
in bread, castiwm, cockies, 2t .0, .8 ptodus! i3 s centable to
sost popuiations ar valwes spproxivating "0 of toe trtal wix,
There ecas . - no lafee di tere. & Betwoen FFC aads 1 aily
or non-cily ffso, altnoug: a ceptabi, tv =pprare to se better fof
son-oi ly fish.

From the standroint of supui ise protein to e worid's pepule
gdom, FPC has sig fifcant atiribute:. The st ol the raterial e
pears to be lwer tihan most other o o.d proiein sources .  The prodect
either ir its ;preseanr Fure OF 19 2 <Fr@e 1OFME caf e B8u¢ aCCEP~
table to jarg: popaiatiens,  ihe muty thona guaiities of the pre-
tefr ave excel ent, and im aldivtiou, its <Taoiii. 7 v vocellent ip
that it is able te retaln 1ts aurritimas qualit.es without special

sttemtion belng pald teo f1: siorage onlitions.

Portione of the .riginal werk reperted scfe vers supporiod by

AlD cemtract Alb/ced-1587,
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