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ANALYSIS,   TESTI:¿0    AND USES OF PISH 'MUTISI:i CO Í0STIATE 

Purine  tho  p-^t decade a  couud-r :bic-  naou<t   nf  ronenreh  has been 

conducted  cri  tho   proeenPia^ mei   MUi.jation  of FP'"   , fish   protein concen- 

trate)     In   1 ;,:;1   tho L' S.    Th,iVM ,   of f nmu.erriei   linheri-n   initiafftd a 

program   to   invertititi cheminai,   rioPvieai   ;n(j   phymic;!   y roncano   for 

the manufacture   cï    F'¡\   Fa^or  emph-nu:  wer   pi,i-nn  to  a .-humici   proeenö, 

which  involved   tho  extract io",  of WM >r   uri   Lipids   from whcl.-   fmh with 

isoprop/i   nicohol.   '-"ultipi.e  nt-,;?  co-current   or en a 11 jrourr.o-t   extraction 

processes  wer-'  developed,   onn   they loo/    boon   aned   to preparo  FPC  from 

red hake  and   other ;ipooi •:;•   of  f inh ,   H.e  F"<'  hun  bee;   'act •. -niv•! v    nnnluuted 

to determino   its  chennen*   composition,   n;<*ritionM   cr-.-'il t tv  and use  in foods 

The  proximate   composition  oí"  FTC  -nado   fron,  various   species   of  fish- 

alewife,   northern  anchovy,   Atlantic  hnrrnr,   IM'mtio  menhaden,   Culf 

menhaden,   red  hake,   ooea.,  pout  and  -'oroccri snrdinc-wos-j   an   follows, 

expressed   an   percent:   protein,   ',' ,.<\   to   :'/   {y,   lipids,   fpn,   to  Q,r)4; 

ash,   10,'C  to   ?I   t ;   and volet i 1 es,,   Ì „ a   to  n-... ] , 

The   nutritivo quali tv  of tho FPr mad-  from tie various  species  of 

fish wis   oguM   to  or not, tor th- .  canoi :    ^ho   essenti -1   amino  acid pattern 

of the  protein,  in  FPC compared   favorecí, y  t     that   of e>.r protein..   For  FPC 

made  from  rod  hake,   tho   first   limiting  -unno  acid  wan  methionine.. 

Histidiu«,   trvp'oph-n and  threcim»  wer«--   as-riv  ^rnly second   limiting. 

Foe ten« ivo  work, hoc;   bee-'  conduct ,d   on   the  nse  of FPC   in   foci products, 

including  bread    pasta,   tortila;;;     e.;a„.L a    a..d  or•• "a-or;-; 

J?£?iY* •   Ï'1  rHeolo;-: studi .-a   en doughs  made   t rem mixturen   of  high- 

proteia wheat   flour  and  varying  amounts  of hake-F~',   {r)t   a,   10,   ! ;,   ¿0, 

and 2'j  percent),   we  fo.e.i  that  aero wt..-r  war   ne id „ni with   -ich   increment 

of FPC,   except   with   Tn  p,:rce:P.   r n     t0   triv   t ¡¡   donati   t..   th.;   same  i.^rv^ì 

of development,   iT%   Ku-nsueed  th - r, t'-.c i : i T;   of  the  aou^h,   bit   it   d ecreaned 

the  extensibility,   The  bctj-   resulti   wor .•  oltaieed who     1   op   i   *  peruo-tppc 

' '   '"   'if '•' ' "•   •:  -   '': .   7f.,  , -        f   th      Ì • c   " '      * e -     ;    • i- ".-•      *    f^ip 

Ai a * • * *• "       -    "»i --    u    „,n ,-      r ¿ui , . , , > is ;, .     •        ,¡ •    . * ' o    h or 

*"' !'--"'''   " :
î

? ' -i ;    •"   th   -,   --it:     o  r't'C,   Broads  witt   hirher   involo 

of FTC were  loas  acceptable. 



FPC made  from six othar npaci¿B  of fish via   incorporated   Into thi 

basic bread   formulation  -it  tha  expongo  of   n parcaot  of the  flour    Such 

F°G decrowned   th ì  V-íUIHM   of th.-   broad   ai;   fciJowB-    «   parent   for Ati.-r-tic 

menhaden,    /   pore-it   for     nch'ivv,     •  r^cit   for  or •    .   poof,   le  p-reont 

for herrín,    i •; f   r<-r   f *r  ••! av;f>,   •   .i    • >.   rorrQut   fir   ;;.f ,.-..,. ,h ;d >-, 

The pan-ir-tn   foo .d   -,o .u ^.ild <vi:it   d i ff ,r«tlr ,;     •    fi   ,„,•  -p  t 'xture  botwe-m 

the rùx  exporto   r*'!   br > aio  a<e]   *h:  (\-1..»n¡    i. <d •  with  h IK —pr     "ho 

color  of th.;   or. id   r-od.; KI'II   th«-  v   noe ú i f f d id; .vi   v 

Br-ad rn^d^  with  vary i i,     Muts   of  hak,.~Fr(   a  s   (•vd.mtod   r.utntio;i- 

ally.   The  T.itriiiv.-  q.^iit-  of  th--  hro-d  -.riched   with  H;    increased   from 

a Pïï,i valu.:-   of   ,   u.,    fnr  hr.aui  W1th  ,l0   ¡"d\   to   -   PIT:  vain,.;   of  -  t ¡  f0r 

broad with  1' p;ro<,t  VP¡\ 

Paste,   Tixturoe   of semolina   and  v  rvi   •-   nnoae-ts   of FPU   (-M     o    a 

12 percent)   were   ¡sod to  prépara  pvtn,   Tho  product   bocino  darker with 

each increment  of —T,   Upon cookr>y  th    p^ta   li^hteaed marKedlv,    eily 

small   amonntr,   of protein   leicnod   i ¡to   the-  cooking water    ' onelists   liked 

tho  texture,   odor,   and  flavor of  tho   paeta i-n.de  with   f'ru  3  to   i  percent 

FPC  equally  03  woi ;    ris  th-t  i;r\de  with).it   pP<j 

Cracker»,   Fl"::  v/as  usod   it if /I ."•'   and   lo percent   i n 

saltino  crackern,   Tho   flavor of  onckorc  with /],   •'  and  12 percent   FPC 

was  a«   accepta};!-  as   that  with   00  FT       Crackers  with  ](   percent   F?C 

were   lasn  accoptablo     At   the   0  norooot   l.vel   of supplemoo to t ion,   the 

nutritive q-o-MU',   nf  tin  protei..  1,  tho  a^oker wo.G   approximately  four 

times   botter   thin   th-  plain  rion-uoriohed  cr: eker, 

£P°h}^-   1?r «'i»  -'¿dod   to  a  pJaio  cookie  to  evaluate  ite  effect  on 

flavor,   texture   uA     Ppeara,.oo.    rho   Vr.  of (acted   tho   appearance  primarily; 

for ex-mpl,.-,    -,ohovv-FR'  darkened  tho   cootcio     There  wns  0 variation m  flavor 

with   th-   ]iff..r-,t   -Vo;   hut   io  ;no,t   cao a.,   who,  UP   to   id porceat   FFF  was 

used,   the  fl >v,,r    aas   not   advert. ly   off ,ctod.   7hou   the  f 1 ivor was  affected 

by the   Fir,   lt  eouid  be i.apkod tv   nddi  >: other common  flavors  to  the 

cookies. 
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The  nutritive  ^.hty  of   n  buttar cooku 

timon V>,v us 
i« vm improve uwly thr»o 

iv uaiup  •    nix tur*  of  ;o t-H*rc^t  hik --i^p  * xA  --, 
I l our   l(t   | | le« o!'  ? Mo  \'h >,-ii   f" r   11 .->!, 

was  doveloo -i   t.h- t   , om •lu-jfï  j-r-f    .. 

porro-.t-'f/.j  r.irap.jri • i o:   • r   u 

fat,   \,0;   a.'i     >.ru'>h, Jr it;. 

'••'d yt"ibliz/,rrf   -i "H'.'r.^f 

.,:'    •:•;•> i   >    hJOurC.     Of    fT^t-ìl' 'Ph.'. 

IK.,V -r^*-  wan   ..a   fol 1 OWR ;   Prntf>i        ,   c 

iiouj..     Fi'./   hin   h. .M    ,.-,,,<}   ,< 

in   SOUps.       ho   HdàitiOu   -f|'   r 
'    V:K;    of    I'*   P,rOH .1    rf   if, ,   tot:ù    solide 

'r^  -     i^'   tj  ar-.r   rodacod   ï ho 
of  tho   fi ...vor,   but   <hi     ^..nohod  f,,;r   ^xs     Sj   ,cc 

ppc 

lìitoncity 
>c  rt"l';^  -io   rh it  with  no 

Thon«  ^tu.H i  ._-   k. ,r-    i 'im'- -   "luuio:-.   n'iv •  t'urMìirii  >d   th;,f   P^' 

of  food produf-ti;   n    j --v,-^.  uh ici, 
irnfie:. iti y   ii.cn-^   th-ir  ;,r. i el o 

content  rood v--lu->     i-.  ^nrTllJ   ..,„,,.     -,     u, 
¡        °m-   ^i--h»   -:li^ht   -hon^s   occur   ¡-   tho  phyaie-i 

and  organoleptic  chir^n orí >-t i ,.-•    h. ,*•   *u 
'  U'n-tl("<   b(t   those  do  oot   odverRolv  "ffo-t   the 

acceptance of tho fortified produite. 
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-0--*J—     .'*«**•      I*--     -*«W--      ivH^Ui.»Uwii      •***<** •;o be highly effective ir. the 

,.. u-i. -V   CG.i'v»1^ 

Ojre   . _ asce.io_ '„.'.j   JC: rf ^-» «       u ^     »-* L*     *-"— 4 

--„'...« w- •   W j~.   ._ OC v»   ^Z'Ow OC S J-T- '? « 

iv*   *-*-Xi»v<       ¡rf ... '•>' li/C—w 

.v^axivc... 

• — . •» -^     ._, ^ , ., ^ ... 'v i>      V_'J-      —   - i^ - . _     v.-» . -*.     -ì- » •      •-*..-. ^ w    t•     J.. C* *-w *     XM-üU 

LCJ' a. .sunt  of fat;.    Chus it appeared to us 

-....:.-.: ".:.„ coula -y...'.ally develop a satisfactory :..ithcd by working with 

Cur accelerated fï-C' program eventually resulted in the development 

•of cv.e process which car. be defined as a three-stare countereurrent 

latch ^miraejicn  ^1).    .ri short, tao work at the 3ureau of Commercial 

fisheries shared that FfC car. bo produced from whole fish at a relatively 

_rr cost oy a solvent cstracticr. method.    It also shewed that the I<?C 

"reduced was himriy nutritious3 safe ana. wholesome arid that it therefore 

v-hould bo entirely satisfactory as a dietary supplement for human con- 

crpxion.    A petition incorporating these findings was submitted to 

the iQA and on February 2,  1967,   -he yZL of the United States approved the 

process us in-; fish of the hake family for fyC manufacture. 

decent lo', activities at. the ha di ornai Center for fv C have been directed 

to wster.ü  uhc fi A approval of iVC fro;;. haxu and ha^e-liite fish to other 

l_e."- w.uch are available in iar-e quantities and ore edible but which 

are not widely used for human censurmticn.   Vie have made I\?C from the 



—   > 

iû_    * ,~'¿S.'"  ."•' 

•u *.. 

.O-iL MÜC. 

»...v.^    ..     ,'J   ..         .C-ta..   J.-J    v '     1.••„•   .. i.,rtO    ¿«.V...'.   "..».JO    û,i'.i   rCLatt-U   wpCCi-03   Oà.   J- — 

¿.1-...J». i.    o—w    ..»n. >í ..;     t. ..,.,.. ....... ., _u..     ...'..      _."v„-      ' li ~ ..   1. V^U    iXU...     U.lt-wW     W^'-k» ...Ü£¿     O^. 

fie: a..c to p.\;.:c,:t- _' bi":r.ti:;.. j..c;-;ii'.;j I.e.;  ¿IXJO JrbP  cari b¿ uned in 

a varia;;/ ai fcudc  it.cd.v.in/ tread,  va;ta,   trac.:orc,  eoo;:icc, beverages 

ana soupj.    bata ic presentad indicative the eficeva of the différent 

ri-Ca  er. tr.o censcry charactoriüticc and nutritive value of nany of the 

foca products. 

ílie cheriical ou^otiivon ci brC dna boon 'studied extensively by 

our analytical Orotp,    r.b.~ vor.: -.:.:: act bata limited to the analysis 

Oí  W..C t"aa^_ i'..»ci ce e ',./ Ci.u.uw j   UU"<J x ii a«.i;c ar.cj.uaa... ctriavysis ca  ini6 

;,;icrocctta.-c.'.vj,  _..tt..\.at. " Ji-avor cc:r >Oar.ac. 

dace  i ;.l.cva   tra  propinate "crtoabtict od to», representative: 

ra-plta cd r.d, t.aal Kr.   ^.,-:..:.soa irò..  Lon äiroforerrt batencs  of red 

hade.    The craca proveía ¿voraci- ¿G. ¿ó percent, vclatiloc 7.71 percent, 

a~h 13-¿0 ^:¿rjc.;t a.'.a lipid:;  G.id percent,    in ¿encrai, the coitpOLiition 

of tl.a ^¿^tplou \:-iz cuite unii"er:.-;,    in. "able 2 you vili notice that the 
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ÄOnlifcdcr.-^'C WL¿ »Is© 

A-IJii 

'IvU* '-„        _   .      ••   -       I       -     .    » 

..'•-.ìg..l   €>-    vi'iJ   ~~ iji %   OC*.jf   - Jk^u 

%/'/, v%l*  *A1.* /ir*     ***$  ^i^**C6*l» 

,,,*,  *.,,«ore t.Vij a .neater vari- 

ji ."ill ^d-;••!*,:; vu; luwS t.*-r. C.j>0 ^ercc-r.t»    .*jrocc*n 

,^-.     ji.ta r.-i .-cater of 

. û/.:. *» '     C^     * , w „ ¿v^.^.^0    I»    .   l.*J¿'í*     u*»£     "*J". LJ.Û    Äw-Ld   CC^1JO¿»-. W.4.0í¿ 

..'-.v>i^-'   uT-^.o !.i„:   o.   i. *.i.i"..   'i^v 

.•**t^ s  y «.    O   ^W   -~ • » '..*-. ule ^ :, i.; CC..^;U,";Q a¿, ue jrv; a natural protein 

ci :.:w;i „.ätr-t-w q^.litv.     .:.o  *.ii.Vcre.\t ¿ .-><">.  cû,v:oreci îr.vorà.uly with 

;;rx_e *..;;;>    ,'r/j r.oj-„ OúVíU^. cLL'icr-jxcj ¿ere trio iow«sr values for 

•kl>V       Cfc'-* WV* 

r.e U';-.J 

iVoj.i cix;rJ.ca> a;.alyi.o^ oï t,-:e various ¿^Cs are only indica- 

~wivo ^nalii;',    /..:i. _:1 Jc:vxi-*.j s^uúiu3 arc needed to evalxxate 

.. -J z>.¿ y.ro-cin i.-. -wie ^'VC, bcth os a sole source and as 

1'   J'^OUCàJ*.. 

.^—a—ahááaüMaa^H 



artrite Valúa »' T. » »J e lo-c. -eyre O-" iratain 

ir» aur ;x— á¿c.,   .a ~".iji-p^r-ï^- • -'• - — ta dieta at * 10 pareast 

protom Leve,   -.. -*.•   ---c--» >i.~4 .'«..u tw    -rr^l w^a^lliag rata Tor 2ü 

éays.    A d^a4, WU.UJJ.-V   *.0   .,.**;-. t.    .-".ct: frev: cajsc-n was used A3 a 

cc#*%*r0x»    *w* » * *»    .-.>*•** ..«^.«.c* -j^'^-* ^i^^.^- o . _ * w * í* -•* *» * .*c w *«-*»i-* w**^v * ~** -   , t ** tjw**i 

a. 'icicr.cy ?"-*•**\J, >'\z  ¿it.. =.»,«;*'.u,    èi»»*-  ,   Ju.T*if jsos   -.'ic »'—. vaxuej 

©itainca fro• a nucLêr of studiar* *r. -:».*ca aa.,e-.Yl <u¿d AtLv.tic r* añadan* 

F?C ycr? «/r.to.".tc-;.     *;.   ".ivr**, ti.u .'.1* val-or. "tro equa* tc or better 

thar. coso*.'.,     .....a a/04'a^ií V^.UJ iyr ~, o 11 ¿anclas of ij*e-^'« was sig- 

nificanti/ aat*.ur "ù-r. cava-,  ^1 « J.IL,.    Atlantic sßs^hadea-JVC was 

cor.para'aIcì t-„- orco*:., 

Li ar.otl.er a tuce we cesarea *--e nutri c*'/« valúa of cingla sanplas 

of 7?Z nade irai a even diA'orent apcciea of iiz.h.    Table 6 shews that 

1\?C r»ade irav^ the \-arìt,ur, apcciea of *ian vraj  ulao «qual to or better 

than casein,    loriara ar.^.-cvy-lVv. »raj v.e ocot.    IPCs    made fror» 

Atlantic rsß^uiue»., c-c<_a;. ..-oat, a,-.. ..orcK-can surd^cc were comparable to 

casein.    ¡/Vor. tho rc~ulta c_ our mu../ ^»\--at_~ vtiaaa we ray conclue 

that Z7Q prepared, ay traa  isoprcpyl ilca.xl r.ot-iod will probably have a 

nutritive value ¿c¿u to or 1eater  alv-'i caacD... 

Stilliate cl ¿1.   (2)  car.u^ctoc a serica of experiments to determina 

the sequence oZ limitation oZ the osssntlal ardr.o acids in PPC produced 

by iscpropyi extraction oi wnole red hake.    Diet3 were prepared contain- 

ing 1.22 percent nitrogen from 7rC and C.32 percent nitrocen from various 

combinations or amino acids.    The dicta were fed to weanling rats for 

four -.reeks; weight gain, feed intake and protein efficiency ratio (PES) 
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vera üoterr-x-.c 
:u.    ,r« Co recite he cbtainoa vith t;;o different camples 

of nake-.VC pre-arua bv •*•;-.;. ..-• -, .-,.-,-»,,..     ,.„. „   . 
" • " -~JW* --J   ~4ti ^'.-«o acj.es :/orc grouped 

_.*.. w u^ ..ca., t., ac loiiK/a:    (I) 

• •v*v*tJLc».iiit,j   ^l • Pxrtid   ;      •'' *-.'•        . 
'*  ""   -*-•••—-' —t --calino;  (3) valine, isoleu- 

c-j-c ar.cL plnyln^an^c •   u-   '«r.A->^    --.-•--•   -,-, •   • 

A .-«/il oro„om Ci<ncc; ", '¿~,J c   • • -»»--' n   * -.. -*..„.A j.^ A .« u^o on!y a;. a protei SUp_ 

.c.t'riv, <'r.u net a_ a ;;ole source 
"'-"•o....    IV4Xü cannot be  -jrrphoGizod 

strong ry er.ou-h.     In tVr  ->•..-••-.>  
.    - -..,_o._. '¡-.^ac.¡u: Jtucues have 

"' '"""' U""  " '•"-i-c:"-":~'r'-x„ '•••r.-ic-x- vegetable protein 
nearer ',/Pti PP.n ry.-.,, .„-     ,....,.   .... 

— -o.    ^.w., „.->..,....^._ „icr.jaG.'S m nutri- 

-*vc \\.lu., hnvj -::i obuij-c    '        "          -  -     ^ » — ...J- ^a^^.    v.nry „1-.0 results of one 

at-uúy :;ill be prc3c¡r.ted  io r: ..->•-..••    ^.--,       -,       -    , 
"-*—JU  L-c ?omt.    xn tnis study (3) 

w.-.oa.; flour ;..:- replaced riti; •;  J0 ¿c ,,,„„,.„.,.  ,,v      0., 
.   -v ^ ..--^.t _-u.    lii0 natures vere 

tl.cn .--.cùrporated into c^ots .xz ,.. 'c • 

«•x,    k>>. ,- ->.... ...„_j.-   -..c¿.i i.*our U'it, 

oc;u protein level and fed to 

~t:""    "CJ:-"(!   ' snc-;:: tho re.rulty of this feeding 

porser.t r.Uííe~P?C narkedly 
increased inr- i,v. ->-•  , -,-ïr      ...  .... 

.— - an.,. ,.,. /axae.    ¿ne axgner levels 
'''HrjP-L>;-*'í-"n*uiticn 1 *ii  " *'•; + "n -,,' ;;x-_    -? 

•~u _co.u aoux-icnal oifect on any of the variables 
—*vccti,^ated. 

MM 
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USES OF F?C Ili ?uOD PRODUCTS 

Sread 

There is very little -.rail :. she a in forma*», i on on the changes that take 

place in une rhec'jorp ,u dou¿hs ana y.i  tho characteristics of bread made 

fron flour that contains valine amour.tr of F?C. he, therefore, conducted 

a study to examine tho cha. .¿es. lltudies were conducted using FPC made 

from hake and f^cu other rpacle„ of f._sh. 

¿rea" 5ìu v-.lrunica viti, hrlc-f rC.-- For this study (U), mixtures of 

hirpa-preturn wheat flour ana na^e-frd -..-ore prepared that contained 0, 5, 

10, 15, 20 .sia 2-'  percent Frl. fable ö shews that more water was required 

to bring the douph tc the sane ¿erree of development with each increment 

of F?C, i.e., fron ¿9 percent for 0 percent FPC to 70.2 percent for 20 

percent FPO.  Less water—66 percent— was needed for the 25 percent FPC 

mixture. The replace: rn¿ cf ;. percent of the fleur with F?C increased 

the stability nf the aeuph markedly. From 5 to 20 percent FPC, it 

romainea about ccartaîr. It increased further, however, when 25 percent 

FPC was usci in the mixture. 

Tolerrnce index and 20-^ir.utc-arûp were indices that marked the 

rate of the coupa brrur::o-,Tn, lele ance index was measured 5 minutes 

after the Farine pram, curve reached its pea'.;. The 20-minnte-dron is 

measured 20 minutes after the v;atcr v;as first added to the flour mixtures. 

Both of these indices showea that the addition of FPC improved the 

stability of acu^h. 

Table y ¿ho:-;s the values obtained for the consistency of the doughs 

containing F?C. The extensibility of the doughs was less at the end of 
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the ISO-minute relaxation period for the O and 5 percent FPC doughi than 

at the end ox" tho i,$-n¿nut2 relaxation ;,eriod.    It increased for the 

10 and 15 percent Í-?C doujhs,  b-t ra:'.ar.ruid constant for the 20 and 25 

percent FPJ dou;,hc. 

The ad~i~~tcr. of . 1J  ;-;/   ,   , .   thw  ...,r;:U.C'i a^nat deformation, 

i.e.,  th.: ctiffr.ee: J.i „;.c "tn^ir ôf the ü«xi£;h aa ^asurtu by the height 

oí  tr.o curve. 

constant tor *, *J      *•- M     ¿¿J*-?      I )f" »   . 

*e¿;isv.ncc to  aofc-r: at^jn , :.cr>< 

rjjt rcraod,   tr.o r.^n-.a.-. re-f.:; 

except for \.ho ; oi^n wat a 1:0 *--crc,...t . ?J. 

.--,.,,ut-.  .••: --.t pa-^xi,  the resistane« in- 

-tr.i .-H-  to tha c.j*.¿h,  then remained aoout 

."- w \;hw.    Wit-i ¿~  rereent f?C,  th« 

.   'artry.-.    At th« end of tra  iöC-nunut« 

•  ..„r.ij: J w^tn jach mare***r.t of FPC 

tna doari  luong a 

th« curve.    At th« 

er.i of the ù5--.~nuto ,'<-:,t -,,..-r   r*.   t..<-- rat 

the dou~h WCí" t,bv-it 

encrry rcquirca-nt ie»:r~a...ei v.:c. 

.,V!,*j neeaed to rupture 

j 'crcont frd doughs.    Ih« 

>    er can*  7.- : uro re used in th« 

dou£h.    The rjx.t t,f er.er-y m--.eoa f ir the ¿> rercont FPC aough incr«a»e4 

slightly. 

After 1ÖC r.ararti .. of  : cl."ort ,..f,    1 3.-0 er^.-^f was reeued to rupture 

the cou~hs w*th > tr  l> varaci ."'ri than *r it r¡e«,aea to rupture th« doughs 

with no rpC.    ïh    .-.er^v r.e-ad^n f. * the couj- viath ¿0 ~:4 *¡> percent F?€ 

was a litt lo  les, trun th.rt f^r t.;,a ucu-h v.t.a n„ /x*J. 

The leaf vol-r.e of t,^ -.-en  oc-¿aa:r.;.r¿t: vary..ir, asx ants of Ï?C 

decrca-cc rrxtrke-d^   v.tth t-er ine.-c. en.   ;f 7~?--fro^. 12 p«nent at the 

> percent ?rC ¿«vol t. 36 r,erc<;,     at tne 25 p«rc«r.t ïtC l«v«l.    Th« 
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loss of volw» in o;*r studi e ô v^_ svtcv.iaï» g**oat«f than the lees reported 

tey the South Africa irivft.jt..j&tcr?  v.i; *Ä-> ,;3«* a 90 percent extracted 

flour or. a :a^..u;.  \. - »-v   .a.  * ^•.'•iaiJ-J.z rh^tar to that wruch «re usea. 

îhev w^ta^v..4 a   .c-ro:... _.-.  »^^T    ,:, „  j wl j~;     ;.rc..t at th«  5 percent 

Ir*el of erpichter*  arte    - _.„  -;.,re>:;it « „ thy  .u Mjrcer.t ¿Vw  level,    the 

vartahil,t.;* ....'* v,  •    cr-ei.*   loc¿ */a- tc-t au. ynUris.v to  -he addition of 

tfea F?C o^t to  kr:: ¡^a„*ng qaality ^1 the original wheat flour that tuny 

usad in the teste, 

lah_;.   10  ..ki'î t..3 rac-uis o*T the tenaorv «valuation,    *Lth tacii 

increment oí l'.'O :u t;..? icrraa*,. jr.,  tne ~rcac cru.i# »»«cate a dar ire r 

brown.     ftw .¿*¿-íS  —¿»ed the a-, cananee  of t.te tread CTUíMJ containing 

5 pore*nt  .„r 1*. -crcoi.t ."."hi rv-.¿--_;' u:.. we.I as the;' 1¿ííC~ tñ«  standard 

with no 7?w.    i^e e*._.'--c;.rc..*-e cS  t.".> tr>-~i- contain.r.¿ *,-*, 20 or 2;» percent 

lü th~„   .nviir-i^-it xii.   t ";>.«..«_**: r_.;t.*xJ -r.' jjr*i.v  to  nouth-fe#i and 

chsviriess,   0 ....,<.  tr,_   .-1;-:.j w;'-t  ¿,-_.,*uo.aoci,    '.J* cd r.^t want tns color 

of tfc* «reac  -o   .rl.u;.c.j t..v   ,,..<.. e. <¿/i i .¿at*, or. <-f  -„ext^re ana flavor. 

îhey found very  .'-a~'.  ailier*; -.c._. „ct-.^o;.  Vic h re ad v*th no . ?G and the 

enes vit h ^ o.- w   .creoat h?l.     .,v    _r.au -.oitn.r.^r.g IG ;>«rccnt FPC va* 

•er^what or\.~,bl/ ;..-.  *_:•:*,*.*«.     »¡h- tc-xr .-¿1  ch^.*acter*£t^c oecar.e «sor« 

pronounced a¿ 'A./.:    • ....,•, «;' . -„ ..: t.o   :-.'rad Inerba soc. 

As th*  iOval   L ,71 t"x.sa-jd,  t.i# iy,.^¿. i'l«.vor  associated with 

bread decreaceu.    Ih*   V«-J;í. -:,r*.: t.vei the Laver a: tre brsaü v*th S or 

10 percent I«-« as well .; t:x? 

with higher Uve Is of ¿?C, »*awevor, was les3 acceptable. 

.d th-t of tr.«  '.reac v^ta no ¿?Q.    Breaá 
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2@»eeö Û «i» C6Ì la Coil« ¿¿-.aß tut pagliata *fic«pt»d 

«nricUá with 3 i,*rc«.t fiah flo^r „uat ae weil ¿« bread with no fish 

«lour,    At t»Ä •' /..-¡i",* .TL. I   *IC-JT ..    * l, c- .cr ijx?laer*ccä tí» acc«pt»- 

til^t;- ci" t..*    .*.r; -. t- * .-..   '      V.-/v.    :v\nd 'f.,h 9 or 12 p«rc«nt 

:.^;: i*fc^r wá,  :a.a, trt, aiTA-r-   .. »:-<. . .„„.ìIAT «rv ^- m C©A€<*# riAYor, 

..u to..;—-3. 

£*.-ilircE ¿JL A.*   \V/  :•* iductc*» *»: rr.is """-*"*%üirw stujy to <I* termino 

»».; :v4t..;.ive i."t.:¿_y  '3-*    • -?   - «" - •-     -.•:-.,    ^hö o.«t»d wa* incosrorfttod 

.-/.-O   t .:i   wl--=* .    -:»    *í»    .. L. .   ..•(..*,',        i.      .- t      *,:,„     ...ti   V!.;rc   ¿OrfflUlAtOd 

..> cor.ta>. 1.6 ;..v-rvt „'.tr^c-  ;.%.-, \4,    ^.- . sa.-.,:.o,     ^ecc:..,  tu 

W..V.ÍC v..-.--; Tw-y-tix .-.,„ ,  w    z-.r. a   .   . *    v.-cc.v   ;./ . e^-'.t ci" t,^ L-rtmc 3«Rplo«. 

c'a &.».-t5 h.u ir; - ..v •   ,,:vlw>ri.  v.;,u<*,     .w.e   ¿t ".¡.c-'a t.i* results  fraa 

ir«*e st-r^',    t,,.!„:i ^>.-. i j ce.it**:.. „•>_   «,!• ^tr'cc.t rutA^en ¿»ron tile b.*oodt 

t/.e,-1 -./as «à jt^i.Cj  Jí,; .4-. e  ..n a  U"M„©  ,,*,Uí¿ •<*•,,, ?...cn mcre.Tent of 

*»-w.     .,aen ule».'   CJ.'.Ví. .... J  v.v i^rc- .„ .,.*•: v..-i t  a   i/-ve i cf  lu percont Ji*C 

prciae-l n. \,  rA-ilr *   .**•-.;.'*•   >¿~v.    UUe 12 poirt.  out that v«ry llttlo 

1/i.xc v. s 1-r       t.. .-rd  U: luv,^;^  ,-r ta-   .VC-vr^c -=t flour fixtures into 

oread« 

.•û.TîGC:. x-4  >.*"v-'-'-'L  VS;  "-..arí-\, t, »t  taa  iLiütion of lu percent 

?C to *hit© brw   - -cri «. tu .-±L aal- by  :;J percera.    ïa.ios ¿J ^# 

(?) ïw«;a tív.t 6 p'^rcn, ??C ¿nU _¿ pc c c rit u-riad BUìK solids >ro<.iic«4 

airiUar inertwc if. u.t  :,. ateur, VJU'J£„ aX th* bread.    Wit»! betti rupploMOt*-«» 

r?C or «*r.eü -.ilk «il.: as—».^.-«ver,   «i.cr« wâj SCJCì« loas ir* r«ûe qyaHty of 

tU protein dur-jxj bàk^. 
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%rmú StfTl»m.tci trlth I?C :,.,^ fro~ Q*^ ST>CC1^ of .-"-.h.— M 

fro* other &?etics 0e" i'«.;.-. ^3 Uso ir.eerpor.iW ¿i.to broal at the 

10|Wr~v..t ¿V,.  lev,, .v.u e/a.u„ c  ,     *  t^vi   >v.„..     r,v   »^r,^^ 

trotti hí*   con^  OVJ   t,,   .V   ,r.ad   :.,tu,lV   10  ;w.,e.t  .»*,--„   ÍUW1   tM 

r*S*itii ,re »he m ^ .awk   o.    '-.v. í_cu ^ „c*,^.   „;  Uw of(Jdû rfltíi 

^^   "  ifW "'  '* ls a-' "•   •••••' ** v^t wit'i n*Äe-;.vv.    Thor© 

n-j a aifeniXicW.. ob^íct.or» te t*¿c  .r>?earar.co of ti** oroia ccmUinlj»,' 

*nc¡*»y-fiN: ^ .iow^W.-C, vt.-.-.-i. «*•• q.it«   -;ray Ut color# 

II? 1*.» 

ím,sjf   ->-* •••>>•"•'•£._;.•.:•.. .t*-   .       -', J.»..,«y,h.^ ar.4 v-T/ii.g amount« oX 

toát©-#**'- v'>, J» 6,  y, «T.4 u  >Tc«:,t; %,cro ua»ü to MULO the nftc*rail 

product»  ;iü).    •ov¿h ^-^r v«,á  uxorpo rutad úit« U.tì soBülina-ÍW «in- 

tuit «o thAt it wrt.% Xr«# Í^uxi.¿t yut co¿>*:ve owdur pr»as\ir«.    fho mixtur« 

va« «xtrud*ü «,<i cooui\ú.¿ ,-vwU air-.iriftu overnight. 

Tho p*sta w»c^« dar^r wit.. » -„h utcrm>m% uX tuko-m;.    Xho color 

twnt fr^m a bright /«Uev r«,r th-; t.iAii, *«;,oiu« pact* to A a*rkia*h gr«/ 

j»Uar ro*  th« ,,*:,,a witn ;* r.i.-c*;.,. Ui*c-;-?ò.    öuru.g cookuif, «ych ©X 

%tm dar* color learda   mto  U... > cocK¿ng w^tor. 

Tabi« 4M «hats tfto ;wvt.'it fcc^ií, ¿uia th« protoxn jji the cooking 

*»t#r.    'Sm pareent sjl.de ir» ti» COVKíA* wA'-nr r^.m^d *fcout ti» S*M 

vitUlA .*ch cookie ti» «,,  U, ,v«j at iwlAutM) riardi«« of th« Mowt 

of hak«-??C Ui tñ*i paatu.    7h*rv was to  ix.creaae oí* «aLids   i/i tí» COOäIä« 

»•tar, ümwwe, ^ tU ti-v- cX ^^oÄiüÄ iX»crc^«d.    Tr¡# {írotoln In th« 

©ooêilJ^ w*t«r L'i«ro.**f!df UOVCVU.-,  a^ ti^ «r^t oí fVC tó tha F*««t« ir«« 

laeroa«ôd.    Tho AUúU» «»o«r.t oí ^rotolo la ti» nur v«« íomá at 

W-*iimit« COOIúJ^ ti.!«. 



- 1? - 

table 15 Ahoi/a the effect of addine FPC on the swelling and the 

water absorption of the ^ c^r,^ «ookir,-.    Ths addition of 3, 6, 

and 9 percent F?J a, , r..,,. v.   :.u,d u,:  ^^ 0, tnc ,>asU afc thß 

«nd oí ti* 6-/ir.utr  Co..k.IK,  .   ,_.4 yct a:çat ^  ^.  raun,   of watcr 

was absorbed a;.,- ;<•'; ,i th<-  ^,...-.   ..-.       ,r   •, -,      ,     ,. ¿u 
'   -J "••«•.    '^  ..,VJ t :x • i   th?.  i o- mi ivate cooking 

tin*),   tf o  9  ,r;-rc-ut. ¿V;- •   ••+i  ••- H  .-   * '   -"'l    •"••••- 'J-a r>k»t  ...i.rca;;r. .j, volume liice the 

otter..    At the, end or ^ :,ir.ur,r,  th. ', r¿¿   a percent ^C parta had 

boe.^, quit,,  sof;. *, n,  i,.,.,,:i. ,t.tjJJ, ,, u,. ^.^ 

»   •      «      * Uf        fcir.C-    il"4   j  ' (J  i 

* "'•   -l-1-'^-^r-<¿tí vf ti.o >>a,';t<i detaining the 

••. -'-'V...    '.-.. <a iVC .3 or. : of the ingredient« of a 

• c  *•--*-*•-.   f3 ce ufcttctfîd wner. the food io 

*    " r       "'   • •"•'-•f'J"'J;  -- ~er.au ir. w^r-.,  nuldly sailed distilled 

WwUv.    Y> t;.:i>r»:-.cc-j vur« uuv.<cW betv x-w the y and 3 percent FPC. 

k few ,.;• tn, .PU,;,,:, ».oro able tw dote,t .-, .li.ht odor difference in the 

ö mû •) r.4-ce;.:   I -ü : ^i^.-,.    Ti -v.* vai a distinct odor difference with 

tra U ¡4 ,---,,    ;.-, w v,,,, ..    :. „   _ _Cf; ,Ucd ^ n^^ Q£ ^ ^ ^ ^ 

6 Kcut, fK-f.,-,.-^ .aKta,  W. iJlc  ., uef.nito d;,Uku for the 12 

. -—     ,r.    .^;.i0'. k 4   ., ;..i-cfr.t r*C to sorcina did not change the 

Uxtui-e of  t- c-o,_ ;,„;*,.     4A.val.   rf 0 ^ , „,ortent Fpc Unûed to 

h«u*a€ri Ulti _>«   *i,  bur» „•-. • ,   1^      ,,-?»*•"   v-.r- *u. . ,    , *^        ' •  '   Afc .-J'tt.i» .r. tnu r>aa«a cookod to the same 

iit-gi*"(j c*  r** •ui*.:;,'-. an  »,j->.«  .} -.c^^f.it FF ;. 

^le 1/, ¿H,-.« t^ r....^t , o. a nutriUoaal evaluation of mixture*, 

ol  eenoiu-i «..' ha.- ~?K _.;ore ^ ^^ prcCH!i,ing ^to paata#    ^ 

nutritiv« ,^,it,  u. t ir.crv .Ä-.. »i- r. /PQ va:: added to aerina.    When 

th« var:CW füxturL-  - :   a v» 1^ «J ha/e-i'PC were processad into paata, 

t*r* w%s * 3*^1*** arttroAîe ir nutritivo quality (11}, 
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Kw» C* al.  U<¿) round tiat nutritici*   and aceptable posta could 

be made fror; nùxturo:. of var-" >-  n      ^> ~ 

ílourc;,  alcr.j viti; 10 ur .Y; nr-Y."--   •>>-,-   „~.- ...     1L'  • 
'-^   •'• -•»=-*: ^ -liiu l.s  to ¿f, percent r.emoluia. 

The pasta tha- ooi.u.u.ja .-« ;¿, > --o-ûrt-^ ,-•   ..•-     - — !.•• .-o ût I...CA o.   i«. ,:•.« ..our v&ü particularly 

accepta,    ïh, ot,., ,.,,„,  , tLÄ, ,,ra> ,„.,,, ;a:a U¡¡M M 

basic ü-^cioata, vero E150 „ceU,w;.   «c-pt To, t!lc o,.,, tut «taimd 

60 parco,* com *» IC ¡, ,c,,t ,,.„; ¿ „,,,,,„ „^ „,„, y ^.^ ^^ 

and 60 percent «„toc* *„: i0 p,.rc,;:a ,io;M.    ,,i; ^ ,jUn a ^^ ^ 

centaje of tapi.c. :,,.. ,d u, •„... 1M 3(BX    ,,,„ coo,^ ^^ ^ ^ 

for the pa,v. tut .cat,.,,, .„..0.t. „,ulo ,,c«ac,.    Tr, ¿„^al H,Jle,n 

losses  m tu cookie waUr wer- obaervnd », tu pasta tut. contux.ed 

high porcentases of soya.    ^ nost co^s,  tl» nutritional quality oí 

the cooked p.« ta w.„ ,.,;UAi  u C1. b!tv,r U|ln i;iVjoijii 

 -"•    r-^'-f- •'- L ^a^irop^,trior ^>:PìQU of  ^h.—Pa^ 

made with 10 .^rcv.at /r'O :><-, ,-*;„.•« ,,. , • ,>   ..  , '     'r^' •M"1<-r í'pviCiCü o. ¿¿¡¡h wa3 atoo evaluated, 

x.   oiiovw   «.c ^esu.L.    „uo to tno variation in color of the 

R*Ci3 uocd ir. preparation oí' tht- D-L-T-    +W.  ?•-,-> -, i 4-Mii   JA  uit P.L.X..,  tile ijjiai prouuer. varied on color. 

Paata mae with a.uwife-^C, anehovy^C,  ,nd .orr^r~a>C „as especially 

dark to color.    U;.on cooking,  th* ccior, bleach ^keuLy,  still they 

remtoed grayish to tono.    <toe paüta with ^ ,)0uWw ;md ^^ 

menhaacn-I?C *,,re ,qual,, ac acceptable a,  the p^ta witn »«ko^. 

Tcx^ux•e    ;i this ca^e refere  to de^o ol nardr.usa when ti» pasta 

vas cooked to boiling water for 10 mtoutoa.    îil£î pa,ta wao evaluated 

agatost a 9-point Scalo-l, hard; 5, al dento;  ^ o, Baft.    a^ result« 
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showed that the pasta nado fron hake-FPC was a little softer than that 

of the other enriched pasta. Tno  difforme, however, was not significant 

at the «? percent ?.o>.'ul of ¿lenificane©. 

To eliminate the effect of color on the evaluation oí flavor and 

oao., ...Ls ;,u.,-,.. -, ,r,. ^r.rj0ry evaluation was Jone in a darkened 

room. Ko significant d.ff,.v^3 vero r mn.  by thc judgGa ^ ^ 

flavor or odor cf the pastar, -chat contained the various Ff Ca. 

Crarkora 

A sty V was conduced to evaluate the effect of adding hake-FHC to 

saltine crackers on their ^ccpt.ibility arci nutritional quality. The 

crackers vert n,ad, in the riioi. plcjtil; of the national Biscuit Company 

recatine to tb— for. nation. ?PC vas auaed to the-formulati on at 

the c^onuc of v^cn, flour at levels of 0, U,  b, 12 end 16 percent. 

A Uttle fcoro vat,u- was needed to bring the dough to thc proper consistency; 

otherwise thu foments and the processine procedure* «ore thr same. 

Tabi- 10 show, the ^oxi.::^ composition uf the enrichea cracxers. The 

protein contort, of the cracker nearly doubled when 12 percent of the 

flour ran replaced vith F?C. 

The nutritional ouality of the crackers was evaluated in a rat- 

fcoding study in wlach diets contained 8 percent protein irom either 

the crackers, cascan or hakû-Ar„. ¿able 19 shows tint substantial 

increases were obtained in weight ¿air, feed intake and PEu-values when 

crackers wore enric«eci with k,  8, ^0  12 perçant IPC.    There was no 

significant ir, reversent between tho Y¿  percent and 16 percent ennenwmt. 

In all cases tha results v.re lower than those for casein or hake-FPC 

alone. 
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Table 20 shows the resulti; of the sensory evaluation.    Tha aopoarance 

of the fortified crackers vac iecs acceptable than the unfortified crackura. 

The texture and flavor, however, of „r.'.ckerr enriched with it, 8, and 12 

percent ¿?C was nearly as acceptaolo  AS  bh/.t, of ti*e unenriched crackers. 

The addition of rVC to the saltine iyoe cracker,  seemed to make it more 

crispy and crunbly.    Tha addition of F?C at the h ana 8 percent level of 

enrichment gave the crackors an intererting flavor which was described 

as "shrimpy. " 

Cookies 

Cookies are not notably high in protoin content, but they are eaten 

in lai'ce quantities as a light dessert or a snack; therefore they can 

contribute üiünificantly to the dietary intake of individuals, especially 

children. 

Ç°okk:'\ ;"u^io:iCwt>jd with ;:cd^.-rVC.--The formulation used to evaluate 

the nutritional quality of a /'¡"-«-enriched cookie appears in Table 21. 

For this rar-ticul.ii' cookie the addition of 10 percent iVC at the uxpense 

of the flou*' not only increased th? crude protoin content from $.k per- 

cent -co 0.1 percent, out also did not result in any undesirable or unaccept- 

able c'nanges in flavor,  odor or appearance.    The two obvious changes were: 

(a) as the amount of I<?C increased, tho decree of av/e»3trieas  in the cookies 

decreased,  .and (b) the -olor went from a oright yellow to a dull gray- 

yellow.    Tha nutritivo qjal^ty oi the cookies conta mm,-; 0 portent and 

10 percent FPC was evaluated in a feeding trial,    ino an ma .s were fed 

a nixture of cookies, vitamins and minerali;,    h'e found tnat  the cookies 

with no F?C had a PSt value of 0.9 while those with 10 percent FPC had 
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a PEU value of 2.3.    In this ¿.ceding study the control diot, casoin, had 

a value of 3.1 (13). 

Cío.-. ..or;  :.:.;-.:*:t:..-.nA. --d w-:n ••-••i••': A-;-. Gtv.-r Precies of IMsh.-- 

Wo have ^oec .; Oî,:.ï:C: ¿v.;;ar uuck:U. to ^/clu^c thy effects of acding iVC 

props rec .?ri.:¡: verlos species of ¿V..,n e.  th.! sr-.nsor.v characteristics. 

The for"u.lat-on u~oC >/:.:•  the SU-.û .-.•; .*ìV,,:ì in £ecti«i 10-50 of tho Ameri- 

can /^o.iation of Cereal öhorr.j.s., Iv/tnods   vliu.    ¿V¿ was added at levels 

oí exti-.v.-r 5 or io percent—at, ^h>; c/por.óe or ¿'lour.    :.t trie $ percent 

level,   cr-j VC'K]z tiwt <••*  have evaluate** have not ¿ijsnii'icantly affected 

'ia&lu ¿¿ snc.js -„he requit j of the sensory evaluation when 10 percent 

irC wa:, r,:,o i.    'riic ".pre:u'«»nce 01 cookJvs j.^dc fror, anchovy- and alewife- 

5x>C was l^ss acceptable thai-, that cf the cor.trol.    No significant dif- 

ferences were founa, rowevtir,  J,, tue flavo:- and torture of the cookies 

containing the viricus FPCa. 

Ihu  :iiuráí;t.;v¿..ticj o.-.' cookicr core soruewinea changed when I-PC was 

used at a levji of 10 percent.    The oroaucts, however, were still usually 

vcr^' acoep-wabL-; to judges.    \re have found tir.t any slight objectionable 

difference:;   ir. flavor can be overcome bv the addition of flavor components, 

FrC-bev^n::e 

;Uic-;n-|;ly <;e nave v/orlwu ^.. a formation for nake-ZPC beverage. Our 

aiir. is to wake a product rhat can be spray-driea end reconstituted at the 

time it ii to bo us od, 

Fish protein concentrate can be utilised to prepare an attractivo, 

tasty, and nutritious beverage.    The composition of the formulation tested 

in oui- laboratory is comparable to car's mille in protein and fat content, 
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but with twice the amount of carbohydrate.    Jr. order to naife a stable 

suspension, a siabili2cr-o;r,uls:Lf:i.er was used in the formula.    The beverage, 

as prepared, wn;  „hen dr^od and tho rondure material examined.    The 

panier nissci. cd or. the tonu.io and left r.o ¿rif;.y res laue.    Tho basic 

powder can ba us,-.d *s the ba::;.3 of lr.ia.-it formula.    Or,  it can bo  flavored 

and colored to arjvsl to older a¿-r ¿rc,ru-.    The cacciato flavored powder 

has a vary accopv.bic ta.,-oej  in f,v.-.t, with :r.ir.or oiian/joj,  it na3 tho 

possibility oí" further application ir. candy bars or ¿Vc^en acsserts. 

Forty-four ¿r.-jv.^ of the urica oowdor dinporsod la 2üü ¿rams of 

water will rake a drinx comparable to an o-ounce ¿laya of milk (Table 23). 

TAG caloric value of the u
;td;e-r?0 bi./orage is hi-.hur than cow's ¡nil«,  duo 

to tao hirher carbohydrate contera,    iba essential ai/dno acids,  lysine and 

methionine, aro higher in the ¡'PC drl-dc; the others ore equal to or a little 

lower than in cow's milk. 

In u ore liminair study on the nutritive value of the FPC-beverage 

we found that it was better than casein and just a little lower than 

the ??C used to make the beverage. 

SOUPS 

Soups offer the possibility of a lar^e variety of flavors and combin- 

ations,    ïhcy can oe prepared from i\?C alone with the addition of apices, 

flavoring, etc., or from a nature of .«PC, lscur.es, arid/or vegetables. 

Since ICSUROS play an Important role in the diets of nany population groups 

as a protein source, it nay be prudent to deviso formulations that utilize 

combinations of „v'C and legumes. 

Cur laboratory has done only a snail amount of work on this group 

of focus tuffs.    The Investigations we have conducted on split pe¿ and 
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tomato ucups, for instance, indicate that with the proper flavorings and 

formulations, it is possible to preparo very palatable products. 

In several experiments, .rlt,.:.;;.UT were nade to frceae-dry tho ooups. 

The resulting powdered Manorial iv»u a ;jood color,   texture, and flavor. 

Tho proximate competitions :;aa,. jr. Tcble ¿U are tno values for the dried 

producta.    The n-Q coup was prepared asin,j I-?C aa tho soie source of 

protein.    The pea  ;oup v«.c a corrV^v.-.,.;.^. of leonine protoin and FPU, 

In a sensory evaluation of pea sou;: containing varying amounts of 

hake-IPC, ti. ; panelists li^.od the coun thot contained S or 10 percent 

?PC equally as well as the souu with nc hakc-IvC. 

Tiiirty-four £rar;s of the rPC soup po,;dor dispersed in 170 grains of 

water will rake a brown soap basa containing 8.9 grains of protein.   A 

similar serving of pea soup will supply 6.3 grama of protei*. 

Vfe havn aiiown that IPC era bo prop .-od fror, several species of fish 

by an ir.oprcpyl al -ohol extraction process. Tho composition of the FVCs 

made from different species of fish was slightly more variable than when 

siaJe from tho saj,u specie. Usually, however, the protein coûtent ranged 

from 80 to 6^ prrce.it ar.i the i>.t content was leys than 0.3 percent. The 

nutritive quality of the FrTs va equal or slightly better than that of 

casein. 

Several studies have been conducted on the effet  T of incorporating 

fr»C into a varioty of food products, such as broad, pasta, crackers, 

cookies, and soups.    These studies have shown that, with only minor 

changes in formulation, F?C 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 products. At the sane time, the addition of i'^C to food producta 

significantly improves their nutritional quality. 
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Tibi« 1.   trwü'-.U arasât ©f : 
-     . - ->ropyl alcohol e:: 
r*** ôak« (Urcnnvcis c 

:h proUia e©r-e«ntrata (IPC) prapa   à 
raeiiûn of tea 150-pound bateas o. 

sa-:*           "i " x ¿   *'-" " . • - Wrjij 
«_ i"''j*'c€nti ü. sa   

1 81.73 7.55 .*-*•*.35 0.17 

a 61.26 7.3a 13.72 0.15 

3 n.ck 10.78 13.06 0.17 

à 80.74 7.58 13.80 0,13 

5 60.63 7.53 13.22 0.19 

6 79.30 8.91 13.W 0.15 

T 81.85 6.25 13.Uß 0,21 

a 82.28 7.67 12.92 0.19 

9 81.17 6.71* 13.U7 0.19 

10 81.53 6.72 13.56 0.22 

Araraga 80.86 7.71 13.50 0.18 

Standard 
davlation 1.2876 1.2953 0.00*55 0.0283 

Standard 
arror of m*m 0.1*072 0.1*096 0.1232 0.0090 



• f 1 • 

•¿o*, r- o or centra te (??C) pmp*tmû 
••„, vJ' jwC batches of Atlanti« 

«w*-«^*»* *%•* vf * * 

, /•     ; 

-——--— 

•» 
4. ,'y.4~i 

2 70.01 

3 

li 

S î?. n 

6 Í0.01 

^•vW 

i . • J*J 

v. y,* 

3.66 

3.6o 

1A>Í/ ü. i6 

20.06 0.29 

ly.Sl 0.26 

19. U* 0.13 

19.56 0.13 

ie.39 0.10 

Average 

¿tcxdard 
deviation 

Standard 
error of mm 

7ô.sa 

cai 

û.33 

3.Ö0 

.A 

:"» 'tí, 

9.1*2 0.18 

0.55 o.oe 

0.22 0.03 
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Twk 3.    ftoxlMU analyses of fish protein concantrat© (FPC) prep*r%d 
òy Isopropy* alcohol axt.-ction of various species of fish 

"peci       of 
i -—»         .-u 

Cruuc   i.*o.Vir. 
 Vo inU] 

t   01* 
imi Ar,h Linios 

À*.d ho .3-iVc dû. y 7.7 13.5 0.16 

Atlantic Rionha;;en-FrO 7Ö.5 3.8 19. li 0.18 

Atlantic herrinc-FFC Ö7.5 5.9 10.6 0.19 

northern anchovy-FFC 80.0 sa 15.a 0.07 

C-ôan pout-FPC 86.0 1.5 15.0 0.2ìi 

Alevrlfe-FPC 86.0 2.3 15.7 0.09 

Moroccan sardin«§-F?C 79.7 k.k - 0.21 
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Table 5. nutritivo quality of fish protein concentrate (FPC) prepared 
Jy isopropyl alcohol extraction of various batches of red 
hake ana Atlantic menhaden compared to casein 

Atlantic ¡r.cnhaden-K?C 

-A 

-êO.    Ol' 

nclyce: 

6 

6 

Average protean 
cffioier.cy rati 

3.29** 

3.05 

3.00 

."iíir.re 

2.93-3.63 

2.97-3.11 

Values adjusted to a caselr« va'iuo of 3.00. 

^"Significantly different than casein at the 0.01 percent level. 
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w/ .^ot,.o,,/i aleono, «jc.r.xtxon oX various species of fio» species of fish 

.trocean aardir.«-^ 

wscet'i 

i/ 

-»U--»     ••- .».'- "",* i'*W 
.,•• • «í J 

rtt¿.*tt.c  r.e1ihader>jSi»C * 

\tlcrn..c hcrv*x.£«;v'r; 5.32 

4.crt;.c^; ancaayy-^fG J » Iti 

vCi,   C«         V W y-".-   -*W 4.Ä 

.tj.rV^-î'o-rr'C 5.2c» 

i*,9Ô 

2/ 

'0'^ tri ìcxencj n.Uo -    -^- »ir       » Ai 

* *-W 

33.9 

15.0 

U*.6 

U.8 

15.2 

15.7 

i"5 n 

»«4*** «Ai *4#^l 

•lues tój\i«ted to * oâMir. yal.o oX 3.DO. 

''•vV 

3.05 

3.15 

3.25 

3.06 

3.1? 

2.96 

3.00 
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Vâblo 7« nutritiva valus of wheat ílour supplemented with fish protein 
concentrato (F?0) whcr. fod to rats in 10 percent protein diet, 

Protein 

?rc rp,;, r.^urc» • TA ; •'. -f     --.  -- 
daily Xcea efficiency 

rat i oí/ 

J.w,i   *<*i»tì<l* 0.90 

tv 

0.15 .922/ 
>,v¿ '..v.eat, 2/» *-Ju 3.17 13.3U 2.07 

yC¿j '.;hcat, ¿w'/w I'VC 4.70 15.55 2.65 
ó5á» ./haat, 15;» FPC 5. TS? 16.6U 3.01* 
w'v/y9 '-"nöatj 5.77 16.86 2.99 
75> vrrieat, ¿>,i .?c 5.1*3 15.5.3 3.06 

0,. '/licai. 5.7> 16.10 3.13 

Case ¿. 4.65 LL.2.Ì 

i/ ««'/rot. ,./. âfficier.cy r sy ratio •   """'"    <«V" fai?" ' protein consumed 
>'^¿ht. gained 
•rot«Ln consul 

Valici tójyated io « eaa«in rali» oX 3.00. 

3.00 
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Tableó.    ¿arinograph characteristic Cf d^+* ^    r 
wheat flour wita vai^    X     d0ujhs riado frarn atures or 
trate (FrC) -    " PorceraaCeS «f f.cn protein concen- 

Charge to rj 3t ¡ ..::: 

Absorption 

Arrival tine 

Stability 

Peak tino 

Tolerance xnáex 

20-riir.ute droo 

M 

/« ¿>.o £ '   i*1 
¿V1   ' '•7.; 7 »j. 2 6¿.0 

i'ÜTi. 1.2 ¿. Í. ...2 a.o u.o 
KiXi. i.0. G *!   7      '1 lö. 2 1 '    >, 

-O.VJ 16.0 MIí.O 

i-I in. i->.5 10.2 10. c 10. G 7.0 

**• « • 30.0 20. C 20.0 20.0 0.0 20.0 
, -J/ 
*»•'>• /O.u 30.0 3u.O 0.0 0.0 

Brabender units. 
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ïtbU 9.    Consistency of doughs nade from mixtures of wheat flour con- 
taining varying percentages of fish protein concentrate (IPC) 
after a li5-minute and 160-minute rest period 

••:*••    •   ;:. 

T-..-,..        .-  »•   -,,-     ,.-, /O.'0.1   "-'St' 1er curve 
i?C ">...'&. ijj   V\ll\, lüO nin. 

» -k.. r:.. ^.u.i/ sq.  cm. sq. cm. 

0 135 ISO U60 5¿u 116 101» 

5 178 xue it80 660 lUi 125 

10 102 130 530 700 103 116 

15 105 iiâ 5C0 7U0 73 113 

20 ?8 95 515 680 72 91 

25 65 68 850 880 82 78 

u Braoendar units. 
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Table 10. Sensory evaluation 
varying percentages 

of cruinb fror, bread supplemented with 
or fish protein concentrate (Fr»C) 

PFC ArmoaroTiC" Torture ZJ.ûvor 
/o 

0 3.3 ± 0.12^ 3.0 ± 0.03^ 3.1 ± 0.06^ 

5 3.0 ± 0.16 2.Ô ± 0.13 2.8 ± 0.19 

10 2.C ± O.Ui 2.V ± 0.16 2.6 ± 0.U* 

15 2.6 ± 0.16* 2.0 ± O.lcT 2.1 t 0,2> 

20 2.3 ± 0.17* Mii o.io* 2.li ± 0.12* 

25 l.ü í 0.13* 1.5 ± 0.15* l.l ± 0.12* 

*Tuke¿-»s ;: 
P   .o¿ 

r.    1 o.> 0.6 

V: Standard error of xr.ean 
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Tafelt U»   ««triti*« •»la» ©f torma »i^plmmUé wità vmeyìmg mmmto •* WC, 
which was ir,carp<a,at#d into the diat titter at ite 10 pareaet 
pretti» lavai, òr at 50 percent ¿y waight of the total diat 

Lïn":,Zi   '•^:\"    ,' L\ " 
,.. •,-   , in  ..c'*w.u-.* Sili ferst« 

a 
Mixtures used k'jcTé-:*,; dai ^"      e * í *c ipf.cy #W 1JSF *» a à i* n% ¿ ia**ü 

to star» bread K^irrT*,  (il **fl t i 0 VM» *~ '•  T;       ¿ÄIA bi -ea¿  irta*! 
;• o g/100 g 

lOOíí w»iaai,    0£ F?C 1.13 * * V 1 16.1* 

9>^» who*»,    p<i iVC 2.ü9 2.0a H.iO 37.6 

yQ£ whoat, luí :vc 4*.31 2.53 5.93 51.U 

£$% vteat, 151 ¿PC U.9Û *J6 6,22 $4.1 

&0¿ wheat, 20$ 57C 5.2i* 3.0U 6.39 53.U 

75Ï wheat, 25¿ îPC 5.99 3.35 6.34 5S.1 

Casein 5.3i* 3.2Ô 

y vci.Th+ r 2ITUM 
"'Protala efficiency ratio -    p'^o^ifl consignad 

'/, Calculated by dividili! tte gran» of wight gaisa4 by tte tfC SâTOv^JuBI 
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îafel« 12,   Ci-net prêt« la «ad V»^í eontüii of bmmá BV^plmmiM with fK 

Sv-^lg^or.fr^' 

2£ 
0 

IS 

20 

2S 

^jr-»**' T^tfl» 

ü*¿' 
* a* <*ry ««tur 

U.0 

:?.ó 

13.2 

31.7 

3U.5 

* ol cruci« 

l.?7 

3.32 

k.3S 

5.09 

5.36 

6.06 

¿Q£* 7^  
tr*or«U©*l 

*7 

fî 

100 

101 

rr 
102 

MraluM shown AT« p*rc«nt*£*i ©£ tto *Utt«r«# of irtu*t Hair »fid 
plemmta Uö«4 to r.aka breaù. 
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T-wla U.    S*R*«ï7 «nraluatiM of bread svfpUmttUá Wilfe IO 
mad« iron Tarioua fp#el«s of Íísa 

W6 

(tetan »»ouV»íT?C 

Anchovy**'TO 

Kaxriftf-fVC 

Atlantic n*,J»d©r.-J*C 

ÀleulIa-iTK 

k: r«*rar.c« 

•» * i .13^ 

2.5 i .22 

1      £f     4 17* 
*• V    -1»    » * ' 

2.3 - .30 

2.1 ¿ » *.C 

1.9 i .of* 

riavar 

3.0 i .21^ 

2.5 i .1? 

2.U t ,20 

2.8 $ .33 

2.¿ 1 .22 

..l ¿ .23 

tavirt 

3.0 t .26^ 

2.U t .1*8 

2.5 i .2? 

3.0 t .21 

1.« i .23 

2.3 t .33 

0.8 1.1 1.3 

./^tir.äard aryor oX MMU1 



-55- 

I 

^ 

O 

•       flO       «*       ®>      "       *^ 
<,        ~ O O r-» •-< 
*»<4. 

> 

X 

^ 

^ 

O      O       H      O      *•* 
n» •        •        •        •        • 

,-4 •-< *P4 («4 f-« 

I. | i § s § 
* % « • • • • 

SK H      O      »•« 

_) 

«t 

• 

.--. 

t*-l 
o 

k 
*:- *e 
V '•' 

U 
i 

1           r «•. 
I        o •r. 

-*>     »e    r-    N    >o    «o 

%     o    f*    ^     9*    j¡{ 

s 

.a 
8 
© 

4-> 

«Ht 
o 
4» 

«> 

.O 

4» 
c » 

5 
8 
V 

ü 
4* 

M 
O 

3 
•~i 
o 
> 

4» 
n o o 

a. 
^1     ^1 



-36- 

Table 15.    Percent increase in volurao and weight of pasta made fron semo- 
lina and varyájnc amounts of fish protein concentrate (FPC) 
after cooking for 8, 18 and 23 minutes 

it i on of na-te 
Ul" lO'.iilV.   t: 

Com or ú ti'> 

Sciolina Volur.o ••Icijht »' 0 -i. -~~ ' ! •'" ' I ,"*> > V . 0 ;..UJ""<ì w'oi^ht 

¿> f >» '• f" /'»> > /" 

0 0 111 165 166 271 179 3U2 

97 3 101 165 159 271 183 31*6 

9k 6 10$ 167 153 271 162 35U 

91 9 100 162 133 269 UU3 33U 

88 12 136 161* 16ii 275 179 338 
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labi« 17.    Sensory evaluation of cooked pasta with 10 percent ÎPC nade 
from various species of fish 

Source of 7,'C Appearance      Textura Flavor Odor 

Kake-.<iJC  ¿control) 3.0 - .00^ o.l ± .ü'JV 3.0 ±  .iW 2.0 ± .29-' 

Ocean pout-7?C 3.1 ± .26      U.2 ± M 2.6 ± .20 2.G ± .30 

Anchovy-F?C 1.0 ± .00*    5.6 ± .69 2.5 ± .25 2.5 ± .22 

Herring-FPU 1.8 ± .13*   5.2 ± .59 2.9 ± .31 2.9 ± .23 

Atlantic nenhaden-FfC 2.6 ± .27      U.k ± .62 3.0 ± .15 2.8 ± .32 

Alewifc-lVC 1.5 ± .22"    5.1 ± .W 2.7 ± .26 2.8 ± .2U 

\ukoy»s './ 0.8 2.ó 1.1 1.2 
(? -<.0ÍÍ) 

i/- Standard error of moan 
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Table 13,    ?rccí±r.ate cor.positi.on of saltine crackers containing varying 
amounts of Tish proto-ir. concentrate K"S?Q) 

ti* .OA. u   wx    i l I ** Co.:?; >: Y ...,y 
'., .j 

0  s 

Ci Lit 

10.0 ï.h 

12.0 •J   o SU; 3.C 

15.3 2.7 9.6 u.O 

lów ï?C 2Û.2 2.3 10.1 4.9 

^utìterróned by ether íoctr¿iction 
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Tibi« 19.    nutritive quality of s rae /.ers £uppl©B-i«ivfc#d with vaiyii..g lerela 
of fish proto ir» conc«.itrat«.   (;-7C) and ¿ncarpcxwttd ili tô di«ta 
at an Ô percent proto i,-» level 

CracKurs wi Ui 

'•i ' rVC 

*'i*v 

ö^ r?c 

i2£ f?C 

162 F?C 

/.vc .. ^ Avirv^ f'rotoix» 

.protoia nourc" v^i -   '    -    r. f-r.-i  :-Vug ration 
g 

0.32 i 0.02^ 6.57 ± 0.2(¿/ 0.61 * O.OU^ 

i.3ii - O.e.. 10.26 ± 0.u6 i.?> ± 0.0p 

1.95 i 0.07 10.69 i 0.26 2.31 ± 0.0$ 

2.75 ± 0.13 12.60 ± 0.u3 2.75 t 0.05 

2.67 ± ö.Oß 12.63 * 0.22 2.77 ± 0.04 

Casein 2.93 ± 0.11 12.22 ¿ 0.39 3.01 ± 0.10 

K'C 3J,o - G.oò 12.>2 t 0.22 3.3¿; ± 0.07 

î^ey'n ;•; o. 35 :.^2 0.26 
(? < 0.05) 

*/Protein efficiency ratio •   —-^-¿z" i•;..:-.'..--•, 
pi^O'Uc.-i cor.sur.öa 

2/ -'Standard error o£ tho mean 
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îa»lft to.    fe*n «lu*, far 50 nmnmtj •*•;«*ttoi» ®R er#€*«rs contenir* 
••pylnc p#rc*nt«g«s of fiift pro win eone*ntrtt« (FPC) 

FPC 
i of fiaur 

0 

Appt«-rn:,ci Tfxtum flavor 

*•* * -¿5- 3.1 • .ni/    3.0 •  .loi/ 

*» 3.1* • .11» 2.9 • .Od       2.9 •  ,oy 

0 
J*1 -  -I0* ¿.9 î .00        2.7 t  .00 

12 2.6 t .00* 2.7 t .10       2.8 • .11 

16 2-1 -  -12* 2-3 í .12*     2.a i  .13» 

• Tukey's w 0.4 0.1* 0 L 

I/ Standard «rror of th« man. 
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Tafelt 21.    formulation for a buttar cookie 

f* 

Sutter or oleomargarine 110 

Sugar 200 

la 50 

Valor 60 

Vanilla il 

Cako flour 222^ 

Salt 1 

Baking powder 7 

1/The percentages 5, 10, and 15 of FPC were added to  the flour at the 
expense of the cake flour used in the formula. 
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•«• irom irariou* speci«3 of fish 

5ourc« 
~——  

of FK Appe.irsr.ee Flavor Trxtur« 

Hak«-FPC (control) 2.9  t .2^ 2.Ö • .13^ 2.9 •  .18^ 
Ocean pout-F?C 2.9  •  .23 3.1 î .23 2.3 î  .39 
Anchovy-FPC 1.6 * .22* 2.6 • .¿S 2.6 t  .36 
Harring-FPC 2.2 t .13 2.U t .20 2.8 •  .25 

Atlantic menhaden-FPC 3.1 • .36 2.1 t .33 2.8 •  .36 
Alewife-FPC 1.1* t .16* 2.1 • .23 2.7 •  .36 

Tukey'a w (p< .05) 1.0 1.1 1.1* 

I/Standard error of mean 
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feble 23.    Co*f>»riion of the composition of an 8-otwet eei-flnf ©f tt* 
pli in FPC beverage and who la atlllc 

be vera £0"" niik^ 

«tight igm) 2ìik 2kk 

Weight (gn) 8 8 

Calories 221 158 

Protein (gai) 9 .2 8.5 

Fat (gm) 12 .0 11.9 

Lysine (g») .762 .661» 

Methionine (gm) .298 .210 

ThreorLie (ga) 
- *-- - - .398 .393 

Valine (gm) .1*58 .586 

Phenylalanine ( gm) .309 .10.5 

HistiUine  (g*j) .180 .2214 

Arginine (gm) .628 .312 

Tryptophan .¿m) .089 .120 

Leu ina (gm) .67U .839 

Isoleucine (gm) MO? .5UU 

1/ Amino Acid valúas  shown are avortes of 2*> analyses exept 11 
""    analyses for tryptophane of the  r?C used  in beverage 

2/ Values for composition wore *"rom "Amino Acid Content in Foods, U.S.D.A, 
""    Home Economics Hesoarch tie port Ho.  U,   19??. 
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Ubi* 2ii.    Prosdaat« co^oaitior. of fr«*»e-driê4 soup ccntAiftlßf fiaà 
protei« c«mc®ntrat« (FPC) 

Product 
prote AT. *?&*• 

w yityTJ Aal 
T 

Hoistm* 

FPC so\ip 

?ta :;oup 

26.2 

2Ì4.U 

29.5 

31.0 

7.9 

a.5 

20.9 

k.Q 
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