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ANALYSIS, TRESTINC  AND USTS OF FISH DROTEIT CO ICTNTRATE

Muring thoe prst docade 4 cowiderible viount Af poceqrch has been
conducted o1 the procensiag vad tilization ot FIv JTish protein concen=

trate) Ino 1741 the U8, Burca: of Comnercia] Fisharice taitinted o

program fo 1nvestigate chemioal, rialosicar and physico rrocaeases for

vy -

the monufucture of 77 Va op s;mphosic wor vt to v chemics] process,

which 1avolved the exiraction of wot e oo Pipade from whel. fich with

.,

1sopropyl wlcohol. ™ultip,: st comcurraat or cogitorcyrpent ~xtraction
processes were dovoloped, ana they hav beon usod o prepoare ¥RC from

red hake nd othoer spceciae of £i0h, The 0 b boo o et caively avaluated
to determine its chomica)l composition, tritioncl ity andl use o foods,

e

The proximatl composition of FI'C mude Tron v oclous apecios of figh-
alewife, uortheru cachovy, 84l-uitic horery, Atlontic mechadoarn, Culf
menhaden, rod heke, oconn pout and Morocca . sardivio—wog s follnws,
expresscd an parcont: protein, 7o.od to 7 9 lipids, 0,00 to D, 0D4%

ash, 10,0 t2 21 ¢35 and volatiiog, 1.5 to ¢ .1,

The wiritive quaiity of the FPC pad: from ti > various sp2cies of
fish was agucl to or vettar the . casoi: The essentio] amine acid pattern
of the protei in FPC comyarad tavorably t o that of sep protein. For FPC
made from rod bodiey the fivst Timitine wino 2e0id wae mothioniis,

Histidie, trvprophan wid threoatoe wopes o aopie 2 by second Timitioge,
? I

Pxteasive work hos beer conduct od oa the wes of FPC in Feod pronducts,

including bread  poste, tortilt . as, ool oon 4 oo o

’ i s

Bread . I rheolo;r studi s o4 deughs made teem mixturas of high~

proteia whest flour asd vorying smounts of hako=i70 (0, 5, 10, 15, 0,

and 29 perceit), we food thit wore wotor wae oodod with caeh tacrament
of FPC, .xcept with 00 purnoat (70 b prive o dnugh v the sune €uesras
of developmens, FTU 1neressad the stocliin of the aogh, bit 1t d-.oreagsaed

the oxtensibility, The btos* resultc wer: obtay od who 5 np 1) percont Fpe

T o LRI R BT 7 SR Sothe bepm ey e ' Sl A L
i oy ! + . £ o e - . N T
Lajipoy it 1L L ¥y Aot erenk LiLiisn . . > t*h . ar

T oo s i i1t el othen oty 0 IYC, Broads witt higsher ievels

of TC were less accaptabdle.




FPC made from six othar species of fish was incorporatad into th»y
bagic brerd formulatior 1t the oxpense of |0 parcant of the flour Tach
FPC decrovsad the voiune of the bread e follows- : perent for Atiastie
menhadun, 7 poercont for nchovy, ©roepeosgt far oc s oty 10 poreant
for herri o« 10 peooat e o Willhy 1 T perceat tor St e had o
The panclists foud o srritionnt A ffepene o filovor or toxture botween
the =ix oxparia 40 e 40 wd *h ~ovtpn) o d with how =0 Pha

color of th: or.wd road: with the v orroas W08 g1 fip 4 g phoag v

Broad made with voarvyiy o s of hoko=FP( w8 eviusted tutrition-
ally. The nuteitive gasiity of the breod copiehed with Jo 1nereased from

a PEx valu: of 0y tor broad with o PO, to o P vedwe of Tty fap

bread with 1 popos .t PR

s
!

Posta. ixturcs ofewpoling oad v oryioe smow ts of MO {(Jy3, 6, 0

— [ ] e ]
12 percent) wors awed to propare pasta, The product bocruue dork:r with

each iricremcnt of FH0, lpaa Cook1re, th- peety lightenoed markzdly, mly

smill Aamouats of protoin laachoed ioite the cooking woter  "anelists liked

|8

the textur:, odor, wad flavor of the st omade with fevn 3 to ) percoent
7 7 }

[

FPC equally s wol! as thot mods withoot [0

~

Crackers, FI'C was used 1t 1avelg of Y,y 10 and 14 parcent in

saltine crack=ry. Thoe flavor of osrickors with 4, Y and 12 percent IP(
was o8 receptsble as that with oo 1720 Urackoers with 1o percent FPC
were loss wccoptabte At the » nercout 1svel of supplem:ntation, the
nutritive @otity of the protei. ia the creookep Wasoapryroximately four

times better Lhw the plaan not—viariehed ore cker,

Lookivs. /PC was added to o plata cookie to cvolaate ite effect on

- -

3

flavor, t.xtur: wd ~ppeara.ce, The P70 affected the anpearance primarily;

for example, achovy=FPC darkonesd the cookiv  Thers wns o vapistion in flavor ;
with the Mt e "0as bt i povs chrans, whay up to 1) porcent FPC was

used, the rlovir vas ot dvers. 1y fF cted hen the flavor was affected

by the FI'U, 1t could be nookoed b 1dd1 o3 other common flavors to the

cookjes. !




The nutritive quility of » butter cookie was improved soarly threa
times b HELNE omiXture of ) papeant hak =FPC a4d 90 percent zoft wheat
flour in Piace of fhe whoogt £ p 1l
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wWsL Proteia, 1,5;
f‘at' 1,,{_’); ar.19 ‘,P;j"fhf\il“:t;s Loy

DOUE P has bean avd e vt of 1Y porce it ef th totad solids
in soups. he additicn ~f | o ape StOFPC b sony roduced the litensity
of the fiaver, bLut +h tiriched <o wns g aee Ptebre e that with ne

L
e,

These otudy o= hoave domeraspai g Phat FO ~an L

IR N 1 variaty
of food products 1 Peve s ghich i fien sty daeresan thogp protein

[e) : IS S “ Tia MR 22 v h e 1 ) Y
content ~ud viluo. la some oo y Slirht chenges occur o the phvaircen]

and organolaptic chﬂ,r‘mteri::tim:, bt these do ot adversaly 2ffoct the

acceptance of the fortified produc-ts,
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USLES OF F2o 14 D6l PR0DUCTS
Sread
Trhere is very litile juiiished Lnformation on the changes that take
place in wne checlogy oo doughs ana i thn character.stics of bread made
from Iflowr thnnv ccrvains varying amount. ol 123, We, therefore, conducted

e

“rlap PSR PR U ) % A e e [, “ 3
a study to wxarine the cuagis.,  Siulles wese conducted using FPC made

preat Susoionontes i Lo 00, -=For vhis study (L), mixtures of

high-pretern wheot Jiow ana hage-27U wore orepared thav contained 0, 5,
10, 15, 20 cna 27 rercent MU, Qatle 6 shows that nore water was required
to bring ihc doush te the sore degoee of develosrent with each increment

of ¥2C, i.e., frow o9 nercent Jor O ;oreent FPC to 70.2 percent for 20

-

~ercent JPO, ess water--00 sereenv=- was needed for the 25 percent FPC

nixeure. 1ho roploce ons of o esceau i the flour with FPC increased

+
[
1

y R R T DLl il w e wle s T IR - . o8
the gucb ity o %he weugh murkedlr. rrom oo to 20 reccent FPC, it

: . . -y . O I | -~
regmainea aovout ceaciont, It increascec fusther, however, when 25 percent
nIvYe . Nl 4 vy ew aery e s
SPC was usca in the mixuwec,

Toleronee index and 20-rInuic-arop ware lasices that marked the

-

Yy

e R Y S T p s DU [ - PR S, . . ey v : -+
rate of the dourh browiem, Lole cnce iadex was measured 5 minutes

after the Tarinc ram cive reacnud Lis neak, Tne 20-minute-dron is
measured 20 winuics efter Llie watnr was fTirst added to the flour mixtures.

Botn or these indlces chowea shat the addition ol FPC improved the
stabllity of wou

Table ¥ showrs the values cbiainad Ior the consistency of the doughs

containing .'PC. The extensibility of tae aoughswas less at the end of
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the 180-minute relaoxation yeriod Jor tnc © and 5 percent FPC doughs than
at the end of thoe LS-minute relaxut.ion -eriod, It increacea for the

10 and 15 ncreent 120 douchs, tut saralned constant for the 20 and 25
percent P2 douvas,

The adaitien of LPD om0 0 the oo slies oguanst aeformation,
1ilresy wnd Lhecunegr of the cough as meagured oy the neight
of tnc curve, Ao th 2l ol tle . o-toauts orot necuou, the resigtance Lne
Coullla Wil %02 Lo hion oi o SULLL L W Vhe Lowgn, Yhen remained about
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.
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CNnergy siquicennt decrralert on Lo i Ln ercent o0 were Jused in the

couch, The r~sw.t ol ener~y netuca [0 the oo rercent FPC dough increased

el L D 2TR @hC. ) WAS reeued Lo fupture
the couZas watn » o Lo ercnnt JFD than g necded to Munture the doughs
with no UPC.  in cneryy mecdsa Joc tho wou re woth &0 2:d &5 percent FPC
GE uDUG Waln O S P,

i1 % .- Fod oo s Lo - N - - PR PR TF =, vy = .
Jhe loald voluate ol tie coean sotnaining vasr.ng araunts of EBAC

s - . L e e~ k k
gecrenced marsed., vIAl Cots ncte eny ol UTTeelror L2 uercent at the

ey

o1t wne &5 percert ioC level, The
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loss of volure in owr chuies wis 3omowalt gooater than the loss reported
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a0, e G.od nut want the color
e Bdlsaatoon ol uwexiure ana [.avor.
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Sau centaln.ng LG vercent FPC was
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Dewso g 21. (5) in Calle J.una trat

erwiched with 3 ,ercent fish flour
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the protein dur.sy bar ..

VALIE. od

4 flows =ixtures into

Tt ot e additicn of 10 rercent

0F e Lircent,

Yarez g4 al.

€ porceny 00 wid L pe et woled molk solids nroduced

the bread, wita both supplementge=

OF Wwried ALK SOHLiSoe=lauever, W.O'e Wa3s some lods in whe Quality of




Bread Surrler~itoc itk TR0 D o £ Tor Cther Snecgins of ik, ee FOC

mde frorm other specics o Yiss wog «180 irecruordated into bread at the
10 per:ewt are leve o ana [ VR I

el O Wl G Lauhty i, . Lo axmerimental

bread was com ol Lo une Lo id

e cTnan, 10 pelce b e ku=ite uid the
4 TOsuits .re sho M o Laule i, Lo Tielor ane WAL L Lhe ofvad With
Uwaa ouvnor tyus 0 Dol wr e ag Al s Sa0 33 %haAt Wit nare-iPC.  There

Wad A Sipnadlicul ob_2at.on b “Ipearanco ol tiw orera containing

ANCLOVY=IPC ana alew.ile- G0, WL wooe Quite ray L color,

eosko L ermod e = sem~Lonollna and virylg anounts eof

bake=e?. ), 4, A, J, ad e JUTCELL) Wil uded L0 mAake Lhe racarond
products 1U). wiowh wuater wag dicorporatad pto the sumolina=FPC mixe
tre so that it wes free fawliy, Jut colesive wdur pressure. The mixture
was extruded and resuitiig saula alr-drieu overtigh,

The pagta vecare darscs wit . « .ob wicrament of nake-kPC., Tha coler
went from a bright yeilos Jer <t padidi 56I0L Lk DAStA W a Jarkish gray
yeliow oo the pa..a witn |2 JECuLe LaRC-IPu, Duruy cocking, much of
toe darc color leac.ea into tio coor g water,

Table iy shows Lhe necciat a0, . 1s & Lie protoln .n the cooking
water. Tne percent sol.ds o Yhe CULALG, Waler resa.ned about the same
within each coching time (0, 1l¢, wid &t ninutes) regardiess of the amount
Of Bake-FPC in the pasta. There was an ircrease of solids in the cooking
Vwater, however, a. e time of ~vOa g WNCTeasvd. The rotain in the

cookin, water ircressed, lWeves, as Ww anount of (PC 10 the pasta was

inereased, The max.mun amowit of provein in the vater was found at the

18-riinute cooxirg tine.
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Table 15 shows the effect of adding FPC on the swelling and the

water stsecption of tihe et Gurine eooking, The addition of 3, 6

4
and 9 nercert PO a2 voorrlasa L owelling of tne nasta at the
. ¥ -

end of tis Bt CUoRLLLT T JOU o atcul Lho s 2cunt of water

Was avsorbed A i the coutiot. at g ta6o D the dy-minute eaoking

Lima, Lre T il P00 st L 4.0 fob Lereane on volume like the

~

others, AL the cnd o0 7§ whuwior, the % orsd 02 percent SPC pasta had

3 et by A , LI . Y
becowr: quite 501l ane ne Losoere obin o ibs cnape,

hoBCU e, vl L L o etod o tie pasta containing the
R T ;- L ) . T . 3 - Lo
VoSLTUr @b ol e e,y e <3 on: o7 Lthe ingredients of a

focu sroduct, oy oacr o v LR wliel P be deteehed whner. the food is

cots The jast trec s fore . Wos Sesvou 1n Aoy maldly saived distilled

WeLoss o Gutler .ees wore autecthoed betw s, wie U and 3 percent FPC,
A few [ tie Jugel vere avle Lo dotely - slivhy cdor difference in the
6 and 7 ;lice (U0 cantar, Tioce Wit a distinet odor difference with
tre 1 ;e Fen ey Ta Clapens Mied tiue fiavo.s of the g, 3, and
6 prrciub £ho~r mr nasta, Wit Lac a1 definite dislika for the 12
PTReant. Tn du bl D, sercent spO to £270"ina id not change the
Wwxtusce ol t» ¢ gp.. et wavel oY A and Y orarcent FPC tenued to
Rarden he pa ", Lun L g oNrCesy TFL the pasia cooked to the same
CLgr ™2 Co haCuons an Lo ) oocent PR

duble 1/ chwss trhe rooultl. o, nutritioial evaluation of mixtureg

Ol 3CIWIlLt w. hau =FFC .. lore and aftor procassing anto pasta, The

nutritive - uai.t, w

[ 2]

<BEFCasca voor JPD wan added te semolina. When

Wa varocus mixturce | ercina ard lara-rC were processed into pasta,

thero was & siipla ueczcare in nuiritave quality (11)




fwos ¢t al. (1<) found tiine rutrilion and acerptable pasta could
be made {fram mixtwron of VAL coowaus ol f0i, GOy, rice, and tapioca

el

. vyl 5 A ST aS EL § ta O ¢ 23
flours, alan: wilh, 10 or 20 DELSCOLG Gre= T ana 18 be 29 percent, semolina,

The pasta thatr coniain,g a MY proCOrbLen O M ou Llour wag sarticularly
acceptebles The otoes P DLCT, Cvetadndn cora, Loya, and tapLioca as

basic ingrecients, wero ziso wCLertabe exerpy Joo the oues thad containeg

60 perceat cormn ana Lo PURCLRL TuCh; 39 noercond suoya ana 25 percent, tapioca;
and 6C percent vapioca w1y pereciv soya. Vhir nagta wita a higher per-
centage of tapicca i ed Lo Lo o0 3oit. Lo cooliiy losses wero nign
for the pasia that cont:ined wdeet Lotibo pawder,  The preatest proten
losses in the cooking vater were observed in the pasta that contained
high percentajes of SU¥a. in nost cases, the nutritional Quality orf

the cooked pasta wag cqual Lo er botter Lhan caso n,

The L Dy 74l £ 50 e
Zanba Svonlercntod witn o0 L L1700 thar Suecies of Migh,--Pasta

made witn 10 sercent ovC irom athop tpecics ol Lish was also evaluated,
and Tavle 17 shows Lhe results. L Lo tho varialion in color of the
FrCs wsed in preparation of the pasta, the final product varied in color,
Pasta mide with .l ife-iPC, anchovy=ivC s PNA herrong-oPC was especially
dark in colior, Unon ceoking, tne coiors Dleuctod markedly, still they
remained rayish in 4one. The pasta with ocean sout=irCoand Ablantic
menhaden~i?C wire oqual L/ 48 acceplable ar the pasha witlh nake=-bPC,
Texvwe " this case rafers Lo depreo of nardross wien o pasta

was cooked in voliing water for 10 minutes. 1he pusta was eva.uated

againsi a 9-point scale~-1, hard; 5, 2i dento; and 9, soft. The results
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showed that the pasia made from hale-FpC was a little softer than that
of the other euriched pasia, The dilferance, however, was not gignificant

at, the b percent leve

—
<
|

copnifiewnce,

To climinate the effecy of color on the cvaluation of flavor and
odor, ils povtien [ 4. Tennory wviluaticn was Jone in a darkened
room, o significan’ duflocwcng wiore foung by the judges in the
flavor or odor ef the pastan that contained the various FECs,

A sbu'y was condusied te ovaluats 4noe eticct of adding hake-FRC to
saltine cracliers sn their ~eeentablilivy and nuiritional quality. The
Crackeis were nads in Lle PLicw plent of the National Biscuit Company
fecariing to thoir Sor. aation,  FPC wvae auaew o theeformulation at
the spenge of waeaw Clour at icvels of G, L, 8, 12 and !H percent,

A Little more walor wag needed o pring the dough to the proper congisgtency;
otherwise bl ingrodicnts and e processing procedwes were the same,

Table 16 shows the -coxinaos CotLosition ol the enrichen crackers. The
protein contirs of the cracker nearly doublied when 12 percent of the
slour vas roplascd with IEG.

The nutritional cuality of the crackers was evaluaied in a rat-
feeding sbudy in which dicts contained 8 percent protein rom either
the ciackers, cuscin oo heke=iru. lable 19 showe 4iit seostantial
increases were cbialned in weight jain, feed intake and PEli-values when

crackers wore onricued with iy, 8, and 12 percunt FPC.  Thero Wis no

significant ir- rovenent betwsen tho 12 percent and 16 percent enriciment.

In all cases Lan recuils woie lower than Lthose for casein or hake~FPC

alone,
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Table 20 shows the results ef Lhe scnsory svaluation., The anpearance
of the fortified crackers was Less ascepsable than the unfortified o fackurd,
The texture and flaver, however, of vivckers esriched with by, 8, and 12
percent ivC was nearly as accepbacle v that of the vnenriched CrICKers,
The aadition o. #2C to the saliine iyne ¢racicer, ceamed to make it more
crispy and crurbly, The adaition of FPC abl the 4 and 8 percent level. of
enrichment gave the crackers an intererting flavor wnich was described
as “shrimpy, "

Cockics

Cookics are not notably high in protein content, but they ar: eaten
in large quanuities as a light dessert or a snack; therefore the; can
contribute significantly to the dielary intake of individuals , especially
children,

Cook Lo Sumicnented with Veroe PC,=~The formulation used to evaluate

the nutritional quality of a sFu-onriched cockie appears in Table 21,

For this rortisular cockic the addition of 10 perceat XrC at the wpense

of the flous nob oily inercased iro crude provoin content from €0 per-~

cent to 3.1 pereent, vut also did not regult in any undecirable or waccepte
able changes in fiavor, odor or appearance. The twe obvious cnanges were:
(2) as the amount of I¥¢ increased, tin degree of sweetness in the cookies
decreased, ami (&) the ~olor went [vrom a or iguyv yoeliow to a «ull gray-
yellow., Tre ruiritive quality ob ihe cociics contand, O percent, and

10 percent IPC won evaluwitea In a feeding trial. “ne anana.s werc fed

a nixture of cookies, vitamins and minerals, e found tnat the cookies

with no FPC had a P&t value of 0,9 while those with 10 percent FPC had




a8 PER vaiue of 2,3, In this feeding study the control diet, casein, had
valus of 3.1 (13,

VIO Lo ot ont ool oty 00 nde el Gheeer soecies of Pigh, e

We Lave weo @ 0innd o wolkle o wrolunie the effocts of acding rPC
PLRaLia o Virlous snecies of £l.a o thy soasory characieristics.
The Jormuiaiion wed wio the s oo viven in Sectiod 10=-50 of the Ameri-
Can Jsouosintion ol Cercal Chemiso et ods Gyl See was acdded ot levels
ol eatiur 5 o0 LU pescenie-at the CApGiae ol Jiour, 4 wne S percent
level, iho FRUs luat ¢ have ovalurbod have uob sigmnilacantly affected
We consory wnareoteristiog.

Table ¢4 stoas wie Tesilis o) She Lonsco ¥y evaluation when 10 percent
PO WAL niod. The "pretcance oU cooklos 1ade Trom anchovy- and alewife-
F2C was 1oss accenteble thar that of the certrol. No significant dif-
ferences viere Jowia, sowever, Gu the rlaver and texsure of the cookies
containing Whe varicus rCo.

The ciarectoriitizs of cooklos vere someviies changed when 'PC was
uscd at a levei of L0 percent.  Ihe -roduc ts, however, were still usually
very accepueble we Sudpes. Ve bave found tnot any slight objectionable
aifferarces 1 rlavor coin be overcome by thne addition of flavor components.

Frl=hoves are

Recontly ue nave workow o.. a forru.abion oo nake=rPC beverage., Our
aim is Lo muke 3 product rhat can ce spray-drieda and reconstituted at the
Yime it is to be usod,

Fish nrotein coacentoate can be utilized to prepare an attractive R
vasty, and nuiritious beverage. The composition ol the formulation tested

in our leveratory is conparible 1o cow's milk in protein and fat content,
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but with Hirice the amount of carboihydrute. ITn order to make a stable
guspcusion, a siabilizer-cialcifier was used in the fermula.,  The teverage,
ag prepared, was o when draec end Uic roneliins mataric) cxasined.  The
porder aigsol.cd on e Vongac wnd Left ro soidir resicue.  Tho basic
Powder orn o aed A4g the wanis or fant Jornula. Ur, 1% cun be (lavored

I

s e M et e ) e - ot cl
L CTOLDT, Yo cncoelate flavored powaer

>
-
[«

anc co.ored Lo ameds to
)] P ey e . e PR Lt ool e e . . K _— i
ans o very acccpuibae tacste; an Jaoe, uith minor caannes, a2 aas the
e T P ATEPAPOET 1N T A PETE i e A - . - ~
RosSLoLiuty of Jurther apniication inm ciady bars or Jvcsen ucsserts,

P oy - FAF R —y Y. R o a L . ~
Forty~lcur ories ol the wicd nowder aisperced in 200 grams of

MAKC a4 didik comparablic Yo an d-ounce glass of milk {Table 23).

%
o]
©
(¢

aroric value of ihe “ake-rPU evecage s Licher dian codls miik, due
Lo the highew carbohyirnie content. Thz essenitial wwino ac ids, lycine and
metnioniie, are aigher in the FPC drink; the others are equal to or a little
lower tran in cow's milk,

an & nroliminary study on the nutritive value of the rrC~beverage

we Jound that it way belter than casein ana just a little lower than

tne PC wed to make the Leverage,

Suups orfer the pessibility of a Large variety of ilavors and combine
atlors. Uhey can oe prepared Irom ¥PC alone with the addition of spices,
flavoring, eic., or iram a mixture of "PC , tegures, and/or vegetaoles,
Since legumes play an impertant role in the dicts of nany popuiation groups
as a protein source, it may be prudent to dovise formulaiions that utilize
combinations of .C ana legumes.

Car Laboratory has done or.ly a small amount of work on this group

o~

oif focustulls, The investigations we have conducted on spiit pea and




tomato scups, lor instance, indicate that wish the proper flavorings and
formulations, il is wossible Lo »repaze very paratable producis,

In several experiments, altonsls were nade to Ireeze-dry the goups,
The resulting pawdered maverial huw a Zood coier, texwure, and flavor,
The proximate compcoitiens saon.. in Tonle 2 are the values for the dried
pruducts, The I¥C soup was preparnd using FPC as the sole source of
prowin, Tne pea Soup wes a conl icuion of legune pretoia and 1PC,

In a sensory ovaluiilon ol ped soun cunvaining varying amounts of
hake-IPC, ti.: panciosts Liwed the coun st conlained 5 or 10 perceat
FPC equaily as weil as the souw witi: nc haxe~FiC,

Thdriy=rour gracs of the fPC soup puader disperged in 170 grams of
water will make a brown scup vase cont Laining 8.9 grana of protein, A
similar serving of pea seoup will surpiy 6.3 grams of protein.

SUIGARY

¥'e have suown thal LPC era bo prop ceG from several species of fish
oy an isopreprl e¢l.ohol extraciion process. Thn coniposition of the FrCs
made from different spzcies of fish was slightly more variable than when
made from the smie specic, vsually, houever. iLue probtoin coutent ranged
from 80 to 85 prrceat and tne Dat content was less Lhan 0.3 percent, The
nutritive quality cf the FP(s wa equai ov siightly Letter than that of
casein,

Several studies have been conducted on the offe. 3 of incorporating
FeC into a varicty of food preducts, such as bread, pasta, crackers,
cookies, and soups., These studies have showrn thai s With oniy minor

changes in formulation, FPC can easily be added to food products at
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levels of 5 and 10 percent without markedly altering the characteristics
of the producis. At the same time, tho addition of iPC to food products

significantly improves their nutvitional quality,
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tadle 1. Prox!--te aralyses of l:h protein concentrate (FPC) prepa d
[ a*py" tlco%:ol e:l.caction of ten 150-pound batches oo

réu haxe Ku.(‘t"‘ rels ¢ ; "z;

sa=-1a Ry Y Ly
e e e o SUCEAY UL GRIn A e m e meamam e e —a e
1 81.713 T.55 4035 0.17
rd 81.26 7.3 13.72 0.15
3 78.CL 10,78 13.06 0.17
L 80. 74 7.58 13.80 0.13
5 80.63 7.53 V.2 0.19
6 79.30 8.9 .42 0.15
? 81.85 6.25 13.L8 0.21
8 82,28 1.67 12.92 0.19
9 81.17 6,74 13.47 0.19
10 61.53 6.72 13.56 0.22
Avarage 80.86 7.7 13.50 0.18
Standard
deviation 1,2876 1.2953 0.4L055 0.0283
Standard
eror of mean  0,4072 0.L0%% 0.1282 0. 0090
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Toeie 2. Proximate nnalimes ol Dioh rotoin coareeatrate (FPC) prepared
Y LSChOC L 4G ad Srenonn of 0wt Latches of Atlantie

T S p—
R & WKk e

" e ® ® ¥
A O O R KRN . S Sl
T e 3,
R |
ELT T L o o
&: By S A b i s A I ——
e A s W W T g "‘\: . . {J*, 3_‘“ ';i{"’*mn‘aaus-‘_cau-
- P -y . - s o
N { e edd _,.v(l »«i"p,}{; UC‘L{)

76.91 3,60 20,05 0.29
PR 2.55 15,51 0.26
8.7 3.66 19,01k 0.13
7.7 L.LE 19.56 0.15
80.01 3.66 16.3¢ 0.10

LY S - VR N

Jveraze 78.52 3.480 19,42 0.186
otondard
ceviction c.&1 et 0,55 0. 08

Standard
er-cr of mean .33 S0k .22 ¢, 03




setlc 3. Proximate analys2s of i
by isopropyl alcohol axt.-e

¢h protein concentrate (FPC) prepared
on of various species of fish

wieei o of Cruue .onletrn
foh ol (a4 = 5.07) Vointiley Avh Linia
--------------- JRICCAL O Simplf=mecccccecana
2ed ha a-Fre 0. # 7.7 13.5 0.18
Atlantic menhaien-Fi¢ 78.5 3.8 19.4 0.18
itlantic herring-FPC 87.5 5.9 10.8 0.19
rorthern anchovy-fFPC 80.0 5.1 15.8 0.07
C.ean pout-rpPC 85.0 1.5 15.0 0.24
Alewile-PPC 85.0 2.3 15.7 0.09
fwroccan sardinea=FPC 19.7 L.k - 0.21
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Table 5. HNutritive aquality of fish protem concentrate (FPC) prepa.red
oy isopropyl alcohol ectrz. Zon of various batche.. of red
hake ané Atlantic menhacen cor..pureu to casels

S0, ol Averae prote.n.

analvoes crficlercy ratios Aenre
HahomiloC 22 3,257 2.93-3.63
Atlantic menhaden~FPC 6 3.05 2.97-3.11
Casein b 3.00 -

"/ Valucs adjusted 4o 3 case.n vaiws of 3.00,

ng\(.

ignificantly different than casein at the 0.Cl percent level.



f25le 6. lutritive quality of Sisn protein concantrate (FPL) prepared
Oy <sopronyl ulecohol exitiction of various species of fish

:)?‘~g ,: 4 P : Cr WA : ol o~y .y
. e . A ] LSO Tk d e e tagd
“ v \ S - . ol
L1 : et Lo DLt ol
1)
7
W "9
e U TR o L 2Lt
[ PP e SR ¥ o e v«-i“U o

Atiat e meshacen=520 LoEU 13.9 3.0

E
o

CAL.C hersungesil 5.32 15,0 3.15
AOTLLOL ancnovy-. PG 3.1 .6 3.a5

WL W CubeT “03‘3 13-8 3;%

fal

Aarw il o=IvC 5.206 15,2 3.17

3 =, 5

VLSGCCAn Gardine=iT0 L, 90 15,7 2.96

lasetin w3y 3.0 3.00

1/ -, Coeme
- - ST : N . ¥ ¥ s . ﬁa,‘ N4
Jroto.n L4 .‘sCA,ﬁﬁ(_y retic = > e
EY SV SN XV oF Ty |

Y,

alucs adjusted %0 a caseir val.n of 3.06,
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sable 7. lutritive value of wheat flour supplemented with fish protein
concentrate (FPC) wien fed to rats in 10 percent protein diets

Arerage Protein
LGS Ly daily lcea ei‘i“;cici}y
STCTRL fouren R rLave ratio=
w &

103, wheat G, 9T 8.L5 .92‘2/
vos waeat, 53 .20 3.17 13.34 2,07
YCo whcat, 1Us FeC 4, 70 15.55 2.65
WOm wheat, 1y4 TPC 5.79 16.64 3.04
VUn wheat, 23 FEC 5.77 16.86 2.99
5. wheat, 205 PC 5.4L3 15.%3 3.06

O "nwas, Lol JRC 5.75 16.10 3.13 |

-

volght palqed
provein consumed

2roft. s efficiercy ratic =

w

Values adjusted to a casein vaiue aof 3.00,
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Table &, Farinograph characteristics of dousrs made from mixtures of
wheat flour wish valying percentages of fish protein concen= |
trate (Irg) |

Charnctopcizt e s o L ‘ , D 2
Absorviion 0 5%.C £L.0 61,0 4 [ C NS Y VN
Arrival time dan, 1.2 2ol 2.e Gl e D L.C
Stabil ity Vi, Weeo 7.2 .2 W i6.0 e
Peak tire tin, 95 Ger  L0.2  L0,G 10,0 1.0
Toleriace index E.U.-L/ 3.0 z20.¢ 2.0 20,0 0.0 20.0
. Yo . .

cO-ridrute dron Deiis (G0 50,0 30,0 3.0 0,0 0.0
2./ Brabender units,
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Table 9. Cecnsistency of doughs made from mixtures of wheat flour cone
taining varying percentages of fish protein concentrate (FPC)
after a LS-minute and 160-minute rest period

Toond oot Be LN ITI T ot Area mder Curve
FPC GO L, . T, Lo in.o o, CUoiin, 100 nin,
» It Fi Geveid  waleed 5q. c¢m, 5Q. cm,
0 135 150 L&0 500 116 104
5 178 18 480 660 1 125
10 10 130 530 700 103 116
15 105 118 520 750 73 113
20 98 95 515 680 72 91
25 66 68 850 880 82 78

L/ Brabender units,




Table 10. Sensory evaluation of crumb from bread supplemnt.ed with
varying percentages of fish protein concentrate (FeC)

F}’C Anpeaprances Texture Jlavor

-

o 3.3 £ 0,12 3.0 + 0,00 3.1 ¢ 0,06

5 3.0 £ 0,15 2.3 £ 0,13 2,8 £ 0,19
10 2.0 £ 0.4 2.0 0,16 2.6 £ 0.1,
15 2.6 £ 0.16% 2,0 £ 0,16 2.1 £ 0,25%
20 2.3 £ 0,177 202 0,167 2.4 + 0, 12%
25 1.6 £ 0,137 1.5 & 0,157 1Lt o, 2%
¥Mukey's W Gl 0.5 0.6

P .05

l/ Standasrd ecror of mean
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Table 11, Nutritive valus of bread supplemented with varying amounts of FIC,
which was ircorporated into the diet either at the L0 percent
protein level, or at 50 percent vy weight of the total diet

Liets cent Lrinc 0w coter Toeds crtagirg SO bread
Lrits ,_:;/ 5
sdxtures uscd Avera v dal.y  eil.lciency Avelra, e dai.y weiont g;aipy
to maka broad w;g;‘s*: 2AL TAtLY we' ' Jaifl bre;;j%ﬁ*,ax}
o w8
100 wasat, O e .13 .13 1.7 W.L
95 wheai, 54 Fre 2.09 2.04 u.<0 37.6
90 wheat, 10 2oC Ge3l 2,53 5.93 Sl.b
£5% wheat, 158 &C L.98 <.86 6.22 56.)
804 wheat, 208 :PC S.24 3.0L 6.39 58.4
75% wheat, 25. FPC 5.99 3.2 6.2 s8.1
Casein 5.3L 3.0
y welosht srined

?rotein efficlency ratio = Pro.ein corsumed

2
/Calc:ﬁ::ed by dividing the grams of weight gained by the grams of protein
cons .
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Table 12, Crude protein and 1,:s.n: content of bread supplemented with FrC

;tﬂw ! gﬂs Tl 012/’

.

i st T

el Al

T or u-y;a*:ur T &Aﬁ.{éé" —r
protein shecretisal

i2<

° 6.9 1.97 "
g 19.6 J. R 9
*0 2.2 L.3s 160
. b 5.09 101
2 3.7 5.36 97
25 3.5 .o -

-VValuaa shown are perceniages of the mixtures of wheat {lour and sup~
plemcnts used to rais bread,
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Table 1. Sfersory evaluation of bdread supplamented with 10 pereent FIC
nrde from various species of fiaa

Ao €aranco Jlavor Taxure

Hare=fPC (conirod) LA 4 .‘.,}y SV ,Eiy 3.0 2 .26y
Ocean ;out=rPC 2.5 ¢ 22 2.5 i .17 2.4 ¢ LB
Anchovy="T3 1.5 + L17% 2.4t .20 2.5 £ .27
:Ti@rfiha'?fc 203 - 030 ﬁta b < 933 300 z .21
Atlantic nechaden=-FPO 2ol & LiE 2.5 * 22 1.9 &£ .23
Aerile=p 1.9 2 LT t.1t.23 2.) £ .33
ueyts W

(24 .07 N8 1.1 1.3

4
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Table 15, Percent increase in volumc and weight of pasta made {rom semo~
1ina and varving amounts of fish protein concentrate (FPC)
after cooking for §, 18 and 20 minutes

Cootdy, Lo {rirnates)

Commosition of nazte g 2
Semolina s Voluma Weins Julie % Volwne  ddelght
o w © a ~ o 5 e
0 0 111 165 166 271 179 L2
97 3 101 165 159 271 183 346
9k 6 105 167 153 271 162 354
9l 9 100 162 133 269 13 334
88 12 136 164 16L 275 179 338
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Table 17. Sensory evaluation of cooked pasta with 10 percent FPC made
from various species of fisn

Source of V0 Appearance  Jextur: ~lavor Odor
i
) ,‘ 7 : 1 |
Lake=.10C \Cu:.tro"l} 3.0 - .C)Ul/ {).L * u.L‘J‘/ a4 O % z;"/ 2.0 % .29‘/ |
Ocean pout-PC 3,1 £ .26 L.2 = .49 2,6 .20 2.0 % .30
Anchovy=-iPC 1.0 £ ,00° 5.6 £ .69 2.5 % .25 2,5% .22
Herr ing-FpC 1.8 + .13 5.2 % .59 2,9%.31 2.9%.23

tlantic menhaden=FrC 2.6 % .27 L.L = .82 3.0 £ .19 2,6 £ .32

Alewifo-FPC 1.5 + .22° 5.1 4

i+
-
<o

2.7 £ .26 2.8

i+
™
} =t

Mrukey's W 0.8 2.6 1.1 1.2
(P =€ ,05)

'1'/ Standard error of mean



" ol PP <4 e o 2 -~ .
Table 13, FPradrate composition of zaltine crackers coataining varying
arounts of lish proteir concanirate (20C)
;‘I‘C‘,’C :,A‘ "/
LT TR - £ T RS T N T T e
&Lx:‘\lx-t vd I\X)b \;l\'“?" PN _ D VI fes
—rmemmmmanemm} OO T R A CA Y Cmeencenenee -

Q‘J E?C 90‘:‘-0 3:(’3 1\Jl C‘
L £PC 2.0 3.2 2.4

] S AT - o M

....2,’ ‘;‘I)LJ L. ? .jt - ‘/OL
- - ~ PO

100 Fod 26,2 2.3 10,1

m
resy

ot
f))

W
O

-ﬁ/ Determined by ether axtraction



Table 19, lutritive quality of srac. «rs cunplemented with varyl g levels
of [isn protein conceatrate (JPC) and incorporated into diets
at an § percent protei. level

I A A AVEDT g rrofYoin
i;“(t,a""‘ eenw Y e eli- CA‘;?}Y
_Drotain Souren ol T P PRty LX) rai
o 4

Crackers wata:

Op FrC 0.32 £ 0,2 5.57 ¢ 0.202-/ 0.61 = o.oby

La 210 1oL = C.C., 10,26 £ G L6 .75 £ 0,05
6p IPC 1.95 & 0.07 10.69 £ 0.26 2,31 % 0,05

125 FPC 2.75 = 0,13 12,60 = 0,43 2.75 t G.05
167 FpC 2.67 £ 0,08 12.83 £ 0,22 2.77 £ 0.04

} Casein 2,93 * 0,11 12,22 £ 0,39 3,01 £ 0,10
f
; Fre 3.0 2 G 2.2 % 0.2 3.3, £ 0,07
|

Tukey!s © 0,35 Lehl 0,26

. T T T
AT R LA

- e L e PRSPEAR TEY N

PAOTC.L) Cunsuned

1 . . \
"/Protem efficiency ratio =

'2'/ Standard exrror of tho mean




Table 20. Mean values for 50 3ansiry evsiuartions en cracrers conteining
varying percentages of fish protein concentrate (rec)

FPC Arperrarnc lexture Fiavor
Eof Thour
0 3.9 ¢ L5t/ 11e .0 3.0 10V
I 3.4 il ¢.9 ¢+ .08 2.9+ .9
8 3.1+ 10w 2.9 .08 2.7+ .08
12 2.6 * Oc# 2.7+ .10 2.8 ¢ .11
16 2.1 * ,12+% 2.3t 12 2.4 ¢ .13
# Tukey's w 0.4 0.4 0.4
(P =¢.05)

1/ Standard error of the mean.




Tadls 21. Pormulation for s dutter cookie

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

1/Tre percentages 5, 10, and 15 aof FPC wers added to the flour at the
expense of the cake flour used in the formulas.




Tedle 22. Sensory evaluation of cookie
aade from various Species of

8 containing 10 percent FPC

Source

of FPC Appearance Fiavor Texture
Hake-FPC Lcontrol) 2.9 ¢ .23}-/ 2.5 ¢ .13}-/ 2.9 ¢ .13-1-/
Ocean pout-FrC 2.9 + .23 J.1 ¢t .23 2.3+ .39
Anctovy-FPe 1.6 + 2% 2.6 + .25 2.6 ¢+ .36
Hcrring:FPC 2.2 + .13 2.4+ .26 2.8 ¢+ 25
Atlantic menhaden-FPC 3.1 ¢+ .36 2.7 ¢+ .13 2.8 ¢+ .36
Alewife-FPC Lh e 26% 2.1 ¢.,23 2.7 ¢+ .36
Tukey's w (P¢ .05 1.0 1.1 1.4

1/Standard error of nean
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Table 2). Comparison of the composition of sn 8-ounce serving of the

plain FPC beverage and whole milk

be-:giigq}’ v
Weight (gm) r{nn 2L
Waight (gm) 8 8
Calories 221 158
Protein (gm) 9.2 8.5
Fat (gn) 12.0 11.9
Lysine (gm) .762 . 664
Methionine (gn) .298 .210
Threorise (gm) ’ .398 393
Valine (gnm) Ls8 .586
Phenylalanine ( gm) . 369 415
Histidine {gm) .180 224
Arginine (gnm) .628 312
Tryptopuan i gm) .089 .120
Leu tne {gm) 67U .839
Isoleucins (gm) .Lo2 nn

1/ Amino Acid values shown are averapgas of 26 analyses exept 1l

analyses for iryptophane of the rC used in beveraga

_2_/ Values for corprsitinn wore Srom "Amino Acid Content in Foods, U.3.D.A.

Home tconomics xesuvarch deport No. L, 1957.
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Table 2. Proximate composition af Ireeze-dried soup containing fish
protein concentrate (iPC)

crace
protcin JAa%
Product (i xﬁé,?.;} = Lier) Asl foisture
» » 7 4 »
FPC soup 6.2 29.5 7.9 20,9
Pea soup 24,0 31.0 8.5 L.O
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