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low-fat  finn,  when  futi  flB  tht   r.ulr   p.mrrc  of protoir.  in the  diet,   .Utsplnyo 

a protein efficiency ratio or nutritional  v-ila- e-mivalent  to  that  of ski» 

milk.     In o.iildron sufforirr; l'rom avvero  mai nut rit ion,   ft:  nutritional 

effoctiv-nn,;;  of   \ '.'.    isp^.rs  to   a   inferior  to .-nilic,    .3   .rad ; id   Dv 

its   Ihilit/ to correct   ..ypoalba.iinoai :   or  :n tintain ,-r.rum albui.iin   levels. 

The 3 e  ob.e. rv diona,   do'e-v- r,   a-> .tot  mit i'• ¡.to   ••. ;;ins;t  tiu   utilization 

of fish  .jrot--in ( one aitntJ  a;;   t .-rot'..in  sued-want  in  tee   prevention 

of  orot   in Malnutrition. 

F.ê.e.  m;.!'!  í'ro:;i  t'.tt/  fish by alcohol  -yt notion techniques has 

protein  officiane/   ritioe   aaaivil-nt   to  tno.-e  of v.f. d.   made   from 

low-f it   f is.i,  r,rm x  in »ce .•tibi lit /-, ua '• d bv 

(e-.ii'.r i' rival  from ixzl.-  panels  whi.o:<  e;rrpirjd  fiad   .irut-.-r.i  r 

hi-ii-fat    ,nd   Lo-.-.'.!,   fi;;..,   is  aquiviL m.      In  hr. ii,   "ooxi. o    ini  nu-aroni 

thera   is  . stanti ally no   di'i'r ITO   in   trc^n ..¡ility   oet'..'-.. - a   fisa   protein 

concentrate  a d    Ido-;, fat/  f irs:i   uei  t.ut   rr. .do   frc.n low-fit   fini. 

L'li'-refor.' ,   u-^,.i apon   then*;   r •suiti-,,   t.i.;r;   is  no  re ;.-;on to   susiot 

ti, it   td' r- woul'l   oo  -nv aif-r no.-   :o.we.--.n   fi~h  prot-.in  e one -n trate 

ierLV';d  from low-fit  fisa  or liUdi-fat   fiJh when used a:;   i   di- t .ry 

supplément   to prevent  protein deficiencies   in daman   li-„dn. 
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Tabi* XI. Aniño Acid Composition of Fish Protein Concentrates, 

(Per cent, of protein) 

SOLVENT EXTRACTED 

Amino Acid 

Alanine 

Aspartic Acid 

Arginine 

Cystine 

Glutamic Acid 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tyrosine 

Valine 

Tryptophan 

Herringi 

Sweden J 

7. 31 

11. 20 

7. 59 

15. 30 

6. 83 

2. 38 

4 47 

8 70 

9 14 

2 94 

4 48 

5 .21 

5 .30 

5 .24 

3 .17 

5 .18 

1 .40 

Hake , 
U.S.A.' 

6.81 

10.35 

7.13 

0.77 

15.39 

8.09 

2.08 

4.56 

7.78 

8.41 

3.30 

4.24 

5.21 

4.65 

4.47 

3.35 

5.26 

1.03 

Sardine 
Morocco 

3 

6.49 

10.37 

8.09 

0.36 

16.47 

5.12 

2.04 

4.26 

7.75 

9.02 

2.91 

4.42 

4.84 

4.45 

4.68 

3.05 

5.09 

* 

Astra Nutrition,  Molndul,   Sweden. 

2 
bureau 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 oí   protein-riclt foods  from the *ea has  cen- 

tered  about   tiir: development al   pro.¡acts which  are  nut only  Jow   in 

cost,   but   scablf   *-itheu¡    ihr  i1t i ! i zat i CM:  Oí   normal   préservation 

technique;..      in  order   te  i; .;.< : •.. í Xv    L'ie   .isc     f   marine   protein;,   it   is 

obviously  oi*   ¡npor! .nui-   to use  marin--.-   products  which  are   in   Large 

supply  ¿or.'Id-v/ide.   and   are  eutily  harvc; tab !c .     Tin.'   nemeudous   yields 

of  i i y h  meal   from   r:,e  uncbo'ctta   in  Pera   illustrates   tne-   tonnage  of 

preU-in   chat   inev   i.e.   ' .dan   f t. •. • i   the  sea   et.    Jow   e<-5t.      by   avoiding   the 

inter  onvi r:  ion  problem,    i.e.,   the  u«: > ! i -nt i on  of   marico   nrotcins   in 

an intt.-rmedi :rv   aoi.'iaj   sue i   as   cb ¡ ciu as,   bogs,   ete.,   the  efficiency 

of  supplying  a  good  qn.il ii y   eaoteín   in   tl'.e  human  diet   is   increased. 

Most  murine   fishes   that   are  lu.a^ily   ut i li /ed   for   the production  of 

fish   me a J   are  lugli   in   fat,   and   the  products   produced   therefrom   are 

moderately   unstable,   due   to  the   :eadv   oxidatJan  of   the unsaturated 

fats   in  the  meal.      I'iie   presence  of   the   fat-;   and  phospholipids   contri- 

butor,   to   i  >. harac tt-r i ;L Le   tisii   odor  and   flavor,   and   in  populations 

whose   food  habits   do  ¡-et   iihhul-   the   coasump t, j on  of   fish   flavoring ma- 

terial;;,     uch   produits   are  unacceptable   ! roi.t   a  »'u-.t.atory   sense.     Re- 

duction  teci:.)ii|u-_ri   In  the ipaieji aetere   of   1 ¡rdi  'nea.l   also   ieave  consider- 

able   to be-   desiteu   i.n   fit   way   of    ami tar,   conditions,   and   the  direct 

utilization  of   co. .intere i ai i v-pt educed   fish m»»a]   i n  human  consumption 

presents  a significant  ptobleu,   particularly  if  an infant population 

iß   tu   be   tin.   recipient. 
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Títere  is mounting  evidence that   the group with whose nutri- 

tion we shouH he must   ^mcru^J  is   children between birth  and   two 

years.        Tins   «roup   h,   aisu  very   su,;e< Pti h 1,    (,-   ..ní^Ucu   ,ud   other 

diseased   *lui«s.     The   introduction   of   ,, su¡M,herniary   protein   pro- 

duct   to   this   L.,v,u,   ¡„   particularly   fought   with   daty.ei -      f|ie   inclu- 

sion  of   fat   in   ini ant   PH-    > t i on J,.,-.   significant   b.i:,¡ii,:,   bL„r.e a 

food  material  or  „ich   raion,:  density   is   desired   ! „ ,|u. ,r(,wiIV,  in- 

fant.     Nonetheless,   in   most   1 usi âne;«  tne   consunti ion   of  normally 

produced   fi:;l,   meal   by   toi,   ,m,1?   ¡.,   ni„    ,..,e   :iuUlK),:   (jf   d,ir,4. 

Initial   attempts   , r.  produ-,   as   ;HíP,UI1O  ^ auo  Oí   í i <U,  ,„..•;, 1   fur 

human  eonnunipti on involved   ih,, production   .,!   a   i i si. ,i,,;.l  nndor  sani- 

tary   rondi tiens wi.icb  was  subseouen,h   deordorUed and  had   th<*   fat 

removed.      In order t«.   remove   the   tut  mnt.er.ais   it   was  necessary   to 

«nploy  solvent   ext ra.-fiwn  technLou,- which   removed  the   fa',   and at 

least  partially   the  flavoring   component,,     oy  using semi-polar  sol- 

Vents   It   wa.   dso  possible   ,,-   • ,„ov,   , he   phospholipids,   whirl,   appa,- 

ently   eon t.rilmte  s igni í i ,-anr i v   to   the  ílawr.     A*   solvent   extraction 

must, he  .iLi.lir.vu   in order   to   produce  a  r< lat ivoly   odorhs  and   taste- 

less   product   from  fish,   »ne  ,,arinr   ri,iinil,,>  „,;•   i;hn,ice,   at   lr.iat  ini- 

tially,   diet .ted   the ,„,  of   rÍHÍ1 whii,h  ;:onlvip,(J   reJ.alivelv   1:iuJe 

fat.     This   allowed the  utilization  of  a minimum  qnantUy  oi   solvent. 

The  solverá-a musi,   of  necessity   he  recovered   and purified   in order 

to make any  extraction  system   economica]ly   feasible.     Using  high sol- 

vent-to-product   ratio,   is  not   desirable,  because   of  the mechanics  of 



manipulating  the suivent,  and its  subsequent  recovery.    The use 

of comparative].}'   low-Í at   fish   in  tht. pro..-ess n.i ramizes  the use 

of  the Ho'iwnl.   -111 .-I   .¡1U.-V..Ì  a siinnltr   L.-chnimn:   fur  tltr- separation 

of  the  eur.-ul-i!   I.-it   .JII-."   M<    rccv. ry  of   the  solvent.     With   this 

in mind,  many  of    ine  major  at.!;erupt .   u>     todnee  a floh  prolein con- 

centrale  suUablt    ti.r human  ( on:;u :¡¡p( i on   fam  ¿holt:   fi*n   utilized 

•7 

fish  of   low   l'ai,  coni c-nt , " 

Typicai   oi:  a  pruduti,  pro<oice<'   fro-*  a  low-fat   fisa   is   üiat   pro- 

duced by   the   Lsonropauoi  .-xt ractJun  »recess,   -ich as   thai:  developed 

by  the  Eur., a a  of   Commercial   n^iüiics  College   Park.   Maryland.      The 

composition of   the   final  product   'nari.- irosi   r.-»ti ¡,ake  is  shown in Ta- 

3 
ble  I.       Kvcn at   Livi s   level, of  fats,   there  in   the  possibility  of  some 

flavor  revision. 

A   typical   amino  acid  profil,- of   fish   protein concentrate is 

shown in Table   iL.     AUiio.-D   the  figure:,   ,-,ay  vary  one   to another  be- 

tween  aiuine  acids,   the   general   pat U ins  of-most   fish  F rote in concen- 

trates   arc essential Ly   siglar.     The  comparai, i ve Iv  high   concentration 

of   lysine  compared   to  plant   protein obviously   p;erier>ts  a more balanced 

protein   for iiunrm  consumption  that»  do many   other sources  or  protein. 

fhe  aitino  acid   composition wai!!   indicate   that   lysine   is   Uut   the   limit- 

i UK amino acid,  but would  suggest   that  oihoi   amino acids would  assume 

this   rol,  in   the  utilization  of  pr.,t;*in.     This  can be shown by   exper- 

iments  on  Hie supplementation of   FK:  produced   f renn hake  (Mj^uccius 

JSayJ)   in Chile.     Table   IT]   shows   the effect  of  supplementing  the   FTC 
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Table I.    Composition of Fii* Protein Concentrare 

Produrr,«  '.y  Isopro; .»noi E;;î racLion  from 

Red Hake.     (''Menu  oi  Coi user eia]  Fisheries, 

College  Park,   Maryland.) 

Protein 

Lipids 

Ash 

Moisture 

81.4% 

0.2% 

13.5% 

6.7% 
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Tal»le II.    Asini, Asm Caepoettloa oí nah fmtmtrn €«ie«it?«t*a, 

(Per cent.   oí  protriti) 

Aalno acid 

Alanine 

Aspartir Acid 

Arginine 

Cystine 

Glutamic Acid 

Glycine 

Histidine 

Isolcuclne 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Se rinfc 

Threonine 

Tyrosine 

Valine 

Tryptophan 

.S« 'LV-,N f ¿XT W ACT ill » 

Heir în.p; 
Sweden 1 w•S.A. 

b.n 

Sardine 
brocco 

7.1J 5.49 
11.20 10.35 10.91 
7.59 7.13 10.17 
— 0.77 0.35 

15.» 15.39 18.42 
6.83 8.09 3.11 
2.38 2.08 2.54 
4.47 4.56 4.07 

» 

8.70 7.78 6.75 
9.14 8.41 11.32 
2.94 3.30 3.26 
4.48 4.24 3.41 
5.21 5.21 2.84 
5.30 1*65 4.43 
5.24 4.47 4.59 
3.17 3.35 3.41 
5.18 5.26 4.63 
1.40 1.03 Ä 

Astra Nutrition,  Molndul,  Sweden. 

Bureau of Commerci*!   Fisheries,   College Park,  Maryland. 
3 

K. We there 11  and C.   Chichester,  Department  of Food Science and Tedinolo« 
University of California,  Davis  (unpublished data). Technology, 

* Undetermined 

I 
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U MtJrr   kl,*i».(»       A, „«.M,   „,   ,    ..  ,t#,J|tf  !%t   rrt  ^^  fruw ^^ 

tecent   «Merlarne« with  b«,*«»   t,|   pyt    „roj,.. ^   .,«..„    i 

lar   c^itl.*.   f„r ^  fl„e   ,,.„,...   stww  arvr,.llllMl.Jf   th„ --# ,rr 

*i!u«.'      fi,«   ru. ,«^t   fr«   .   ««triti,.,i   .i^poinl   is  .,-»1. 

R«kJ*f .* 

Ait !„*.,.:    th#   êtorai,   .tafcl|lty    0f    â    fuh    prit#ln    cû|ltMtfâU 

terr.l, whi,:, ,md%:tto hííttlm bimv  prwm ^ afftcuUi^t    m# #f 

ar*ttìK   d.-r*».-,   ttl,  .vai «ab • lity   of  »«v   mit« «,.ltf..     ^   ,ogg   u 

partlcularl,  notl<J   ,n  ^ila6U   iysInv  of B,^.imurt€_     LoMe>   ^ p^ 

t«ln ouallc,   m br^  -,aW b. . ,  „ot.ü whtn  th*  br^d   i.   .nriched wlth 

Ilk or  ath.r prut.l«. big»,   i.  l„lo#.     In th9 pttpmrmii&R of c„#|a 
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ïU tf.   H»t fwvtmim »titifati«» mtmr it*t*t,*. 
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IB'?»* 
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•f.t 

•4.1 

«l frotei« «tilinta«« oprati« at iOI »rot.in 
calori «». 
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et» f«mff«4 with «itk «ou* »tumi* hfth taapcrstttr«, 

• l§»ftfu-«t   1<«,*,  lu M*ur«4 proton cfftdMcy ratio were «M*«i.? 

•Mtá«t   *»IP.* a, ¡4» with  , *sei,.,  ,»r h^ti^  riüu^»  , *  various 

"**  *r<"*"4  i''  *"*  ^t'"''* of   i**;,*   .w.i  c»rfc.*-.y<1rat**  3l»0 

t.»a.*a   -..rulù.,,    í^,,,   !B(,l(f|tlMi   qMiitv.Fi     In  ,.*p*r !.**«,*. 

l*.h,r>.      ».    .„    .t.ilM   ».     -„„,h   w.jd|    rh„    j.,.,^    .n   tli(f   ^ 

intimar «*.,wr, „t l!%„ hr%aij ,.,. ^lll<íT íi(íín ^ h##n pIwlm#4 

f*te   t*   a..a  •,.«,   1»,  -.4 1.—rt.!.r.l   !;r.«u,   *u t i    alto  ah,**   .   .tolUf 

ti»  ffrslLm  «f   ..rtlíi-a.   U  *•.   ab*»   th.t   ,íWlflcMt  ^(mM 

-I   U*  a»..u,„  ,rfl,l#flj„   r-tlü   r^u|tM   frtm   :ilokll4#     ,,„„,„  „, 

All.  h.„itt-   .„    ,vr,,    ..»,,   m   „UM   Hit   ,4f%.tt#d   ,,   ^r^ftí   frf|figt 

r        i*i*m>i   ..-.«  b.»udirai  walu« kattar ti« 

Tlwr« ,„•„ b^r,   t *,   r,opw, lU   la ^   ltt»râtw#  th#t   f,^  pf^ 

tai. «mcentfau   S.    „M 11 ,**  ,,ir„tlv.     AyMM|t   ,fl  ^^^^   f#f 

U. M« Prop«, thât   ,t  H, ,Mw<í m  M strili,.   i,fHi„, of  ..iat- 
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«richins «*pooent of tm, food «aurUls.    i„ „.tttr.f that of 

. fairlv  tn,:.,!*»*  and oHorles,  P,..,]C,-.  su,gtf5ts  it, usefulness 

in p,ou«cL-. wh:.-i win .„i,,,., ,„„ ,d<i»..icm . f , raivr.   pt^i- 

Câlly,   UM    .•* triff-   '  T..,:,.r4ris   ,r,  ,, .. ,    ,        .        . 
t   . -•>   rt...»!,:,  j   - !ih-tly  ,.rft.fy  character, 

•',#-r--   ä     • "•-•   'li.v.  < ., ;tn,|   vii   tr. water 

with-«a  riif- .«'liti«.»!    ,f   -  i- •„ ¡f- 
•*.   •>.   ......iMi.o.   mu   ^^»üii-.-rs.     -H^RC   r-hame- 

t#rf'.tlrs     >,|| ¡>...f..    ^-.vi. - ( 
- "     UH*    '     ;i-:/   n'.en...i-,.     n-i   av   i labil- 

ity   of   <t  v        ,,   n,-f . -.--••     r   - 

Al«iiB|{th,.Ut,tjlVJ„,,     H.f 1      .    r        ,.,.,,,,  ,       ,    „        .       . 
* ' > 'l1'«i!       <•>;     prudlu mv.    Il 

—-d«^,,-*.  ,.a.n,   tr«.   i„i  ,y Wr,..i,.h.p*iU.   ,,.,uion or 

MU'   •-tT^l'"n   -»'"   *'"  ^if.«  a'   t,t   I,   i.artlr«A.rjy  .»Met- 

it«  to this  r-*t;.4rd, 

l,feiM  aport   l,%  rwi«* as  prli.trHv  a n„t ritiri   »^i^t 

WEH»   high    *V)Í.^U-    K ¡in©      ,h«   /Vktai   ....       . , 

.»«•wis.     A,,,,,   t^.-%   ,mJ   t,iriUju   ,rt.    ^^   /rhlri^   ffjr   ^ 

• ti il f 4f toi»    fîf      i'I   ! j »•     ,   ,,.     ,. 4 , . 
ât   x*u  d;    *»*->'í-*-?*<í,   :..«pv*r      ¡at-, »«y   otrier 

Ff«4». t»   àa  «hi    .   îtk   6í",¡(it!   ,yfi  •. -•»«•. i,<!   •»»"•-.Tt.Htif.,   y,   n, f    ,  ,t»xf<fr,-  w|th 

ta«  art ému 0pi i      a  „r#frlM   ,.,./   ,    .    .... 

it  *.*J,   ,«.  #„r^   t^  s*,,.,   ,,M,Itl^   ^„.„^   ,teulu%   u  , 

1.  • ,Hk.   ,.,   t#,t,   M   tht.   „ml€U^mi   ,jf     t^ w|th   m_  M  éU_ 
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aaked to rat« bread«  rant« nil* FfC *•  te vheth.r tli«* ver* « 

good  j»   convertloB.-i,   breM,  WOï.-U-..   nT   .â.:c*pt£hle bat   nel  «julv«- 

lent.     11„.   ros-.U,   i/f   rtlL    „»..... j.,^,.   arr   ,ljwn   ln   ,^jiV  v>4     u 

f*   Obvinur    iron    th!3    ,:,.lt     ,c    ,'u      J,.,,.    ot     ^    ,,stte    f       po   ftijrnlfl. 

cant d.m-renc«. b^.-H, tlir ,K.i,-^n.-i. ¡.«.. u..a rU. . :,rt. h*4. h read. 

At éí. ^.r.-CTfiiMi- t- lM-hin: v: b«x,.*«- rlur, .,«** »t M 7 ,V^ 121 

til*  -olor   dl'f-wniljtfa,   .,   ^*i*.«P'    t.   .  ..«•   « „.. • id*r.*l*  *t#c. 

lion.     I„  «  *,rir,   (lf   f.;p. ,,   t Hm   u,iììWUy   A p„r,.1-:.L     o|   w 

fcUh   IT   (•'?.'    dr."    n,r    Imrrfe"   r-.*   rr,.,.     *   r.„    of    -,*t „ i »|-. . iA 

Th<   Ktr.f.ilii«»   „f   .ari.,,,'   -,m,.t:i   - ,      ^.  ,.jrtU  ,,,   utlii,lm 

150 «t«U»   in  4  f  „pit,!   ,t.:f     .*,   1V>   ,Mlí,íBt   ,     Tbr  #fÄÄb.tlt  tfâ- 

*»1  «*frar,r¿  ;..j,„       r,    fiB4l,..   .,  rtt   pUt,   wjmtr% %it^  mtt   w# ^ 

»I   MiU.     A  ,UtUr   •  '»-»'« ,l  v.*    <«rif«J  , »t   ,„   «  cMJar^'-s   4.f 

«Ma). Ihr- r*>«t f« M« f-', ,*,* .*. la«.,,«; ,-, rh.t ,f rt(# «,*. 

«•rich«!  »n*,.r        !,   ,     ,,,    r^ut   , „# r   lf>*f„ilf   m    fr.^c<-  ëf 

«M«* vm *.rw .. , ^rtiw tf thm élmt ín t ihtmí ¡¡m€h pfmtm^ 

nimllm* «,.,1.-1. • .CC.-IMC . r j..: i«, ,;ilto€<< t„rft ff!- %^# ^ 

fil.«   .tÄ>«,„    t., •   ,«H,^   r- -i*.. t   w*.   bi-r   41ff,r««(,«t*«-   ffrf.   tfc# 
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bread can be enrichea with FPC at moderate levels and pasta up 

to 102 without n significane  rojees Ion rate by  ronnuniers.     It 

«mat  be noted,  '.-wcver,   iha»   r,mct   of  UK   te.tin?  of   FPt   ¡n bread 

and macaror.i   :,,«;   ^í|lzP(i   rba?   pridu^d   í, ,«„ „on • .-.t !y   tí.;!,. 

In  Indi-.,   p..,. e   or   r>-    ,tf.   n.,M -.   I,,,},.-«,   , .TO., 1-ba.^J   foods, 

•PfHar to  b.-  .Mci.t.il»;,   when   lurUUH wiiii   S-;   f¡^(  protein  con- 

••v. i.    .tu.«,t   i xials was i.nut   lrrjrn  a  Uvn anim.il,  Bom- 

bay   Duâ   O^udna  nH,,r,:,,>.      U   appears   in  f!,is  ras,.,   that   »|lC 

Wtl,,ki °f   ^ "**""-.   th.  m    n.nucn.ea   UH   acceptability.     In bread 

fort il fp,i  ;it   t   »;„   ;l)Vt. 

«i 1 ì 

•,   f-omc oi   no    uDjp.ts  aotrd íí   iish odor oi 

In th,   «tJdv   vi   th»  ml.lition oí   FP«.   tu different   tvpts   of   foods 

• mh  m   «o.p,  «*.*,,  br.-.„s   «ni    •urruwal   u.rtllu,   to  íI   Luvel   of  1!> 

»rums   total   in^k,   ,r,t„n  t»er*. *.;.,   „n  noticfable  tej.-r« ion of   the 

faod .«urla:«  .,*,   ,ht   ptriod  „.   ,ludv   (6(. djvs)t   t|ie t;oncluslmi hem 

im  f».-r    ,t   »M,   i,..l   aad . i r„  ,hUi|,cl,   t);,re  ap[)eiirtd   t() b, uo alg. 

Biiir«nr   reitet , >Mî  <4   the  FPi;/' 

Hif ..hvtou.   con,|uH¡.,, o„,   ,mlld wake  from   thege fcttt|llef|i whlch 

i   «.   urii>   witt.   1 --v-.at   fish,   i.;   that  FPC pro- 

duced Kf  t„,  cnnvP„iA„na; ^rl.xi, which  have M  far been proposed 

>rW»c*d  a  ..,ttriJi wM.„ wtun fllxta 4g   ^   ^redient    ath  uil)er  fooda 

t- accnt-bl*  »,   l-rsïf  !iroportill||||  uf   the  pripuUti0ii>   3nd partlcular. 

If thonc which «ay h«v#  vtry  united food  intake. 
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The« have beon roLtivo.lv  r«, «udir* „£  thl! acceptability 

of FPC produced  Cr,„ M.h-fat   tis!l.     ,„  r,c<ärt uvailiatlo„ ()[ f.pc 

produced  fro:,   ,.h, .„.rnoca, s,m!lnt. ,y   ,ilr.   ^„„„^  .„.„^^ 

several  f.tB..lilt iunn .„,,., lhJ ,  ,,,c w..n.  c^ ^   ^  ^  ^ ^ 

fbilir, l,v .-,„ ,jnt,,,„„,  ,.„t ,.anU   in ,(i(, ,.nUnj   ^^    Btoun_ 

sugar   cookie:; v-re  (;>,;.      .1   .,,-   ,        ,        , 

•«*»!   ro 2,  ,t,fr ;„,„ „,,„,,.„,,   ,,„„   r,„   ^^    ^   ^  ^^ 

and  T,;,:h„„l(,i;y,   ,div.r,..t,  o,    ,:,;,,„,„.,,   il;lvl:],    ,L    ,„„„   ,, ^   ^ 

3:00  p.m.     Cookies   repressi-in-    ,.,,-ì,   ot-   ,1 
t -„  utui  oi   '.hese  jour   LorrnuJal. f onu were 

placed   in  separare   d¡.<-he--    ,.,,1   i >   -,t-    i     , » -nu  did   loltlt.. d  al   .,   <entra!   table.     fanelißts 

were  not  infonurj   -,!)0u«-   i !.P ,,-.<  ,n,     fu m.    »..H. „„tire   of   the   cuoky.     Participants were 

observed   In  order   u, deter,!,, whether  they would  eou,n,ent   to  each 

other  or  lu  u,,seLV(,  .„out   ,Ilt! ,,,,,„ Ly   of   tH(¡ ^^  ^ ^.^ 

or whether  5t,,e of   the  f onnulot ion, would be  ,ett  une.1ten or  pamal_ 

ly  eaten,   arm  other BJIupif,s ,ou](i be  consuni£ifl uior(>   ^^ 

I» a series  of   tes.,   U w,s   JppartMlL   ,,.,,.  ,11   „f   the «»pie« 

were consumed with  m, adu, r,u.  c,r)m ,  
i«,   r.u   uw-uus,   However,   t.h"   1U> enrichment 

appeared  to have heen ^li-lifiv   i,,. . ,    i '•«-t-n ..iv^litly    Less  weli   uUii.ed   t.L.in   the  other 

formulation},.     in  (3  .,„,-.,   •„,..   ,, 
,.o,t   toi.,,1]   n-ftsrntatinn,   2', different staff mem- 

bers   of   the   DeparL.ier.t   or   lend   SrU-iet    »-„-  T -,( -   i • >c t.iet   ,i.i<    /Voimolof-    Wt.re  asked  to 

sample   the  four  t orami at i „ns of  rookie       TI, ti   COOK íes.      fhey were  not   told   that 

they had ,..«.,„  u•iitci wIll.  ,.„,._  „ut ^  lnii.r|lct#[1 ^^ t<> ^ 

Pie the c»H.  „,  „,„,.„,   ,n  lhelr  ,.„|)t,,i!iioiK    M1  the   )udRM 

found  .he  ,0%   r.„ul«lon l0 be  lm  pi,1;ltaMi! than thc iwcr  £omu_ 
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lations.    However, most of their comments were directed to the 

heavier,   cbev.ier   texture o J.   these  cookies,  rather  than  to the off- 

flavor.     There vere n,,  substantial  differences  between the 0,  3, 

and b%  fontolationr. .iJ 

Using  tii- T'otocran sardine  fi&h protein concentrât :,  bread 

was prepared nein,;   ';-,   5  and   102   levels and presented   to  two panels 

of  25 people.     The-, rand-  . ..-,    a?Led  Lo staple   the   [emulations  and 

cosmic nt up m  theii    flavor.     /.   n.>;i-,»-.r.ir.hou bread   iorv.il.-,:: ion. was 

available,   to   ::he  Pan :•!,,   for  cr«.:pat ; son purport,.     T|,*V wer..  noi.  told 

that   the  brt-..>d   refined  bït..      \±   \n  the  case  oí   the   cookies,   the 

panels   round   flu.   JOV,   formulation  ies* pal.«table   in beli,   ! crias  oí   fla- 

vor and  textute  th.-,n  mo  ,t!,er  three soples.     In particular  the com- 

ments wer«    largely   coi-fined  tc   the  color   and  the   low   loaf   volume. 

In four  instùu-..s   the   nidges   di J   identify   the    *n--flavor at   the  10% 

formulation  .-,-.   "fish,".     P.,irpix«;in,Uy ,.1V)Uu;ài   howler.   In  the bread 

formulation   the   V-   FPC was  pieferred ¡.y   30?. o!    cl,t  people over  the 

non-fo, titled  m,.te;wJ   on   the  »,a.jls   chut   .r  seeued   Lo  be  "richer"  and 

"more bakerv-Uke"   than   tr     neu-enrt died bread.     The   î>0% of  the peo- 

ple who preferred   the inr'ched   r.-rnula ..MV qJoried  a.*   to  thrir bread- 

buying habite,,   and   ,.   VHS   in„nd   tjiat   chey  nurma,lv   piirchascd  Lhe 

specialty hre.id,   -  e ; ther whole wheat,   trench-type,   sour dough,   or 

breads  that  differ ;-.r-»rkecly  i .rom  tuv very white  breads   that  are pro- 

duced commerciaily   in the united States.15 
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With respect to breads,  in comparison with the FPC produced 

from non-oily  fish,   che 8ardine  ppc geemed   fco be sllghtly lower  ln 

preference,  but  not  sufficienti-,   lower   to mitigate against  its   use 

in  the formulations. 

The  nutritional  efficiencv  nf   F-'.-h   ,-,,-r.*• - •. iUin"   ot   t-sh  pjotem  concentrates,   includ- 

ing   that ,ade  from  oily  fLan  or  non_oily   ^^   ^  ^ ^^  ^ 

tensively   in  ,nimals.      t„ a  large   number  of  studies  the  fish  protein 

concentrât, va,   «HU^d  to  enri.h   , diet   r. pc,sont.!tlve of   t!,e stap](j 

food of   ti-,  country.      i„ ainu-s.   all  oí   lhú3,  c^cs   Lhe £Uh  protein 

concentrate,  whether  „ade   froi, oily  „r   uou-oiiv   ¡ish,   demonstrated 

that  it was  equivalent   to  oasr.In  a,   a  diet.iry   :-,ucc,  of protein. 

In some  ca.es  the  fish  nrot.in concentrato appears  to  result  in 

slightly better growth  than skia, milk powder when added to  the mixed 

diet.16"21 

When FPC is  fed  as  the sole source of  protein in a rat diet, 

it has  in most cases  as  hiSh a protein efficiency  ratio a*  casein, 

and  on occasion exceeds   the  casein.     Ln   a st,dy  by  Schendel,   four 

generations  of  rats vere  I ,J  on  a  diet   which   supplied  m of   the  t0_ 

tal  protein  from   FPC,   and   ¡L vas   noted   that   ti,,   females on the 

casein diet appeared  to hiiVe more  nutritional  difficulty  than did 

those on  the  fi«,h  protein concentrate  diet,     histological exmination 

of  the organs showed no abnormality and no difference between  the 

groups 22 
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In a similar experiment,   three different groups of weanling 

Mts were  fed for si.< months  on FFC  at  ZOX  protein calories.    At 

the end  of   the rix moiuhs'   pt:   iod,  weights  we;,  determined  £or a 

large   number vi  organs   jir!  hi-1. lop 1...: <   ex  -vinal ions  were  uade  on 

an even largor n- 1er.      \ «i^iiio.i   t  <;ifterenc-   ?„ wight was  no- 

ted  in  th • organ:-:  of   -orne  r.jts   ¡ad   KM:    uw.   ai ice histological stu- 

dios  revealed no  ;ilt*r.M; í mi  in  the organ:;,    i !.  anr^ars   that  tiie 

weight  chai íe" a/, o.   no  p.,rti.-ular significance.11 

In  .1  P.-ri< s   4  r.í. vil,. ,   m  rils   oí   ;-iip   protein efficiency  ratio 

of different   ¡. isi,  pr-tem  cr-.^onirateb,  HorrLsou .slewed considerable 

variation   in  the P.i'.R.   ci   »UftreuL   il*',   pruriti coventrates.     In 

one  that  had been ::ev-e.,.y  '.Lf-ni-áam.v/r.d  the     i f fvi-arr  appeared  to 

He ii¡  the dt;stn:.:tii. .   of  hlstidire  o~ inetti icnine,   since when  these 

-ere added  _,   •!•<• • •   ...,,, ,..•.>„ ; ...•  ,;fl. n   ii,v, ,d> weIfîUr fcatrs werç 

increased sIr:H riditi» .V*'?''    "ro,  tl-..T«  r-, Jjes   it cua be conclu- 

ded  thai   ia  f-t!  orocet.    of  ^i-i.fa^-iv  ai ,   Liv   Un:Lti-v   aw ¡ nu  acid 

(which wan  ail,-.v  in nthv»   sr.u.'ier   to 1- Methionine)   ir,  the amino 

acid whose   lco¡ ,¡nst b •?      f.r      !  • '.-><;;¿' 

A stirlv  ,-.r  t..t   ;.sc-.-,r..,-.'-;r=     :.'raci-d   ><o-    ce  , sar.üne  ITC  in 

rats  shewed  that  t..e pro,]- •   ha, p-     ln     fii,-i,,zy  ratios of  2.98 

and 3.04 v.rsus a c .s  . a  control  of   2.5r.     Tl:Ci,(. experiments were 

performed  .,3ln¿ a  V ;  pr-.'a   .a -he   li, t.     The  '"ish protein concen- 

trât-   that ras   fed h.-.d   .•     -.nc. itrat lui; n     8?.n¿  nrot(iln.     Weight 

gain and  acceptability   in the  animal  ieedi.ig  studies were excellent. 
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»o rejection of the feed was observed, and the animals showed 

normal prowta  patterns. 

In experiments   in children and adults,   fish protein concentrate 

was used  to  di-ermi no  tho effet  of supplementation on the nutri- 

tile of   the mixture,       a .. stL  ,   of   chlidrc-n  9-10  vears   of  age, 

fish  protein  co, centrate  e^tivcu   fro-   ti,? 01 : sardine was   use.d   to 

supplement   a   nee diet.     hotter   nitrosi  reontion was   achève«  on 

the the  rice-protein  UÚ   than  on   the   control   diet.     All  subjects   re- 

mained   ¡a ni trf-¿t:n  a llanca and   che  dut  was   appan utiv  accepted.26 

In  a similar  manner  ''ore in   liots   <-»prlcnent od  witi.   10>   fisi» protein 

concentrate wca  found  tu be better digested and gave a hotter  nitro- 

gen retention  than  an   identical diet   , n vnicn   the  list-  protein con- 

centrate was   substituted   ¡"or.  by   otiier  protein  sources."7     in a  study 

involving  a  large masbtr  of  premature   infants   tlu-  FPC appeared   to 

give  results   equivalent   to   laat   of   casein or   a* ¡no  acid mixtures.28 

In a study  of   convalescing   main <unilshed   infants,  Craham  re- 

ported   that   a ir,ixtur*-  of   i-<%  fish   prntein  ruicentnt.- witn  902 wheat 

flour mixture   save weight  H,HLUS  ano   nitrogen  retention   , ndibtinguish- 

able  from ni Ik.     Hs-h   protein co ¡centrato  ti.lwn  to  such   convalescent 

subjects  as   the suit   • nurce of   protein  also  elicited   responses   that 

29 
were  similar   to milk. In another study,   Usa   protein concentrate 

was  fed as  the sole  .source it  prouin   to  normal   intants  in Chile. 

The formula 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 Veal and  2.4 grams 

of  protein per  100  ml.     Twelve normal  infants  tvo-and-une-half  to 

five months  old   received   this   fcrmula   for   a  period  oí   frota   30-90 

days,  with  an average proteia.  intake cu   0.6  kilograms  per day. 

Figure  1 shows   the  weight.  bain of such   Infant«   receiving  FPC  as 

the sole source  of   protei.i.     Hematological   tests  nf   the sane,   infants 

showed nonna 1  vai ms.     Lowering   the  total   intake  o'   protein  stepwise 

showed  that  2.5  grams   of   FPC/kg body  verghi   can ¿uuport  normal 

growth, but  at   2 X>  ^.ni/k-   reductions vrere  no ten.     This   is   the  same 

11 
order of magnitude  as  might  ue  expected  in  a n-.ilk  formula. 

In a study   of   the  nutritive qualities   of   fish  protein  concen- 

trate  in  the   convalescence oí   kwashiorkor   patients,   it was  shown 

that  cornnieal  diets  supplemented with   dried «kirn milk  showed  no sta- 

tistical différences   in weight  ¿ain,   nor   in the  protein  and  amino 

acid  levels   in   the   ;eru¡i.     It was  concluded   thai   the  results   indi- 

cate  that  fish protein  concentrate u.av be  of  considerable value  in 

the prevention ct   prot em ma tnutri tica. 

In contrast   to  tills   are  the experiments which appear  to a how 

that  in children aufierin«  from kwashiorkor,  and  in which  the major 

source of  protein   is   fish protein concentrate,   there  is  a problem in 

acceptability   in  children.     The  clinical   and biochemical   responses 

were similar  to  those  receiving  the diet  containing skim milk,  ex- 

cept  that the weight gain was  decreased on  the  FPC diet.     It  ap- 
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paared that thare aight be  * »hortag« of available tvataa t» 

th«»e diets.     The addition  of   lysine to  the di«t» h«#ev«rt  414 

not ca>ise anv  significant   increase   in weight  gain-«. It  ha* 

been notrd earlier  that  t'ie   limit inj at'iinj act J   in noat  FPO   1» 

methionine,   and  that   thi..   i     Je^-re.*. .d  significantly   upon he>*tlt§. 

It  is   to be noted  that  fhc  diers   reporté-' b : I>r.  '.opalin were 

cooked   in  thf  presene«- of  s igar  be'ore  being  f.d,  and  Mernodly it 

was  assuii'd   tuat  tvstr.ew«*.,   the   uniting  amino   aid.      it   i «   thy» 

possible  under   tie  ...<iuiit¡ >r.n   'f   ine expriment   fidt   the   limitinf 

amino  acid  ¡,* thioni nc  was   ii.t.her   reduce i b/   t'w  cooking  rind  thy« 

led  to   the   1    .erweicht gains   expert ¿m fa  in  tue experiment.     In  a 

siaiiar  set  of  expe» itici":»  Graham   found   tUdt   in ,~nara«m>ic  infarta 

aged   ri   to  5¿   months   fed wheat  enriched with  fiso  j.rotein concentrati 

as   the   only  sonne  of   protein  tht weight  «aInt.   observed wer« cLoaaly 

• indiar   Lo milk,    A  sigili f i i an t   Ji f t e ronce ,  '¡nv«ver.   n»  noted  la 

tho  ability  oí   the   fish  protein   concentrate  d1-t%  to   cjrr*;t  hypeai- 

bucinerai.; lll(   txart   rt wons   for   thia  ditt-refar  have   not bees 

determinen.     hi th • convalescing  «subjects  thfe   íieh  rrotein  conca as- 

trate  did support ni trogen  retention*  and growth  equivalent   t« that 

of   raiik-bd-t'd   diets. 

The dar.» thus   S ar reviewed  indicate* that   th«r« t* no queatio« 

M  to  the nutrifurt-   >f  Hsu  protein concentrate   to  nomai  «aparla»*» 

tal  animal»  ana humana  fro»   Infancy onward.     Fro» a  autrttloaai   • 

point,  however, there ar« acata data which at  the araaaat  claa ar« 
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»tetti? .«pUtiMKi. 

A»  i •»fpìwiMwtaì   t<>9é  im WIMKM, c#t* m  #€*•» f#f##i 4t*tft* 

ffC off*T*  mm **r*lifii  ptmtitim  fw   fort» f i, »r i .*»       în f* *#nt*,.t§ 

t» wMen   tb*#   Fr'"  van  «.*»   ¡ ü«.ér¡.Hít -*t-t< wit**   .«fttl   'i«t«*ï#«t  wU#r» 

it éa*»  «*®t   .M-*.  ti-     t,,.iit»ttît   *   iant*,v-«**i   fTt.p«"--      ({-ir   •»•»flu» 

I» If»«*!,   p4«t«»  f"w^«tf»,   -»e». . > ,   r,,# pfníit«*    i*  »M. frf»»** I« t# 

Mtt   f*€»f»t» lit \ t>n%   *f   v*lu<<-    VH»T •xt'.««i'%   "*      »t   t   «•   ff>l*l   «ii. 

Ttof*    <***:«»<*        > 'V      L4r#,«-    <ll-t*r*»-   *   fcrìw   »ft   *-?X     .<#4<«    ti   «•••   t»ilv 

•t   it0n-*'il?   i!ic,   »ìt.i    'fe      «i   Li'^ìt-.l.   tv   *pp+»t*   f'»   :»f   I»*-M#I   f#t 

marnami Ay  f Uh. 

Fro«   th« itamlfulnt   cf   »»fuhi«*;   pr^t<-ln   ft    '. !:# »eri¿**  p*f« la- 

ttea,   WC ha« siglile*!)!  at ittfcüt*- -    Th«   • «§t  oí  th*. »«tarlai   ap• 

paar*   to b#   iiiw»r   tr«*a ttkwt.   mri#r  ¡- -. <J  prore ir,  -*^mt c#« -     Th« proéitet 

•lth«>r   ir»   ir*  }--r»<ii*,ìt   fon.   ->r   1-'»   *i • .--f.«'*?   fnr«#   t.**   ••••* aa«*# #rea«"- 

tati»   t..»   i«fj»,t   p!JVU.i'.lot"*,      ih#-   m^r'**«•<»•« 1   «,»*i tt.lv«   .¡f    tH*  «ra- 

tai*   irt  **iel>nt,   *IH:!   in   -»•'Mi ("¿on,   t'4   -. * *n t i A .. y   i*   «-•.-,<#• ll««t   ti» 

tliat   li   it  Sii* tr   rvtatrt   iti   ¡iMfltiWi q>.«iiUti»»  witttcMtt ap«ct«l 

•ttafttie« fr*l^| p-êit  to   It-  ¿toragif    datiitú 

taftiawa »t mm • riéíu*l wmfk taf«* ta«1   **f« 

A10 (««ir^i kWmé~nm. 
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