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Thia cot1.tract seeks to establish the opti:r:um amount of lysi:'."le to be 
added -:c) wheat flcurs to rilE.ke them ei'~'ective P.s the a1ain or or.ly l!lai:i 
sot11,c(.:; 1Jf protein ir1 the diet,s cf grov.1i~1;~ inf,~nts e.ncl preschool 
child!'s:1, i:-.cluding .some ·,\'he ha,,-e °L~ee!!. re:habilitated for a previous 
serious coridltion of r:ia:::..r;ut:~it.ior.1 of the ·rrarasmi.c-kwa.shiorkor type. 
Thia pro~~ct will 8e con~ucted u::.J·2r seEs:'._tive clinieo.l su.pervisio"'.1 
at several ::..2·rels of lysiEe-sup~1l-::rr.s1/: ::i.tio:t using high prot~in w~1eat 
flour .s.s the ::.1aj'.)r source cf prote:i.:-~. 

Since t'he :na2or grain exp·~;rtte 1i tc 1J.~~le1"'~ie-1el.cr..::;d regions as p<-:t~'t rJf 

o·u..r' Food fer· ~,~uce 1"""-rog1·a!:--1s is ',,1[189:~ .. a~·'"l 8·ir.ce. t"1heat flc·til'" is a m.9.jor 
pcrtiorr c;f Tit le II ship!T,e:-its ~ th·3.s pai:·ti,~ul&r i:'.'_vestigatior, has 
i.rrunadiate b..::2.ri:-tg on proced~1r·3s '.-;h:ich ·,,-oulC:. not O:-lly eli.r:tir~'?:.te ::.,a.miri.8 
due to i'.lsu.fficient arn.oU:.'1"v of food but ::.lso :n!tlnutr:i:;:.:J_on due to 
i:ladeq~.ta.r!y o~~ -She pr-otei:-1 i:-,ts.ke. It ::1as dil'ect an:i irr.r.1::;jiate rel­
evar1ce '.:o projec-i:.~ bein~ ~Y'.d"':rtak2n ir. 'larious p::i.r-;:s o~' tha world tc 
fo!'ti fy 'l'!fli~at pro'iucts witt ~-ysir::.e. I~ has i:rm:;;:aiate rel ::vance to 
deter !"nin2.r~g th.-:; irr:~a~t~ of f.-J1,tii':Lca.tior1 of 1i[Ddern. Br·ead ii1 I:r1d.ia. :.1pc·n 
the protein quality of th~ braad. 
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'1';..,,., s+udy i·~ 1-iPi·na c,,...,,;,,c~-"",-i !,,rit.h - 0 .,....,..,,r.~"l}•r ....,r~n:::.,...orl ,.h_,,--+ f""!c·ur +}1a+ .. 1:.t .. - .,1 t . v . ..... -c:,i -1 ... ..A ... " v-:...A. .. __ ..... d. "-'t"- _, __ ,:J. __ ·u" ~ _,}--• -,J·- •°'i ..... o.v -"- u... v 

has 2l',{ nrotein so as to 'oe able to co:rmare -:r1is r.i.aterial directlv to ... ... .... 

t:r.ilk protei::. Profes5or Gra.haTi, r.m·;=;':e:.~ J hs.s reported his results on 
"Uhe basi<3 of normal ;..;l·Leat. flou.c C'1ntc.5.r,ing 10% prot<:-l.n. He uses }nt:iar: 
inf-01.~1-ts who have ree,.;v:.::rer: fror;i 38rio": .. s prc-c.ein deficiency and he uses 
the p:r-o\,2in :i,+, a level w!1i.Gh ir..tr.:>:.Ltce.s .c!. strai1:1 on its usef·J.lr.~ss and 
tft·3refore allov1s \,.SrJr se!l3i.tive 8G~pa11 isJrts 11ith the IJ.roteir1 quality 
cf milk. 
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3. Accomplishments 

The first report deals with the results of short tenn studie& at 
three different levels of lysine. supplementation of the wheat flour. 
Al though previously publishe.d data have. indicated that lysine supple­
mentation of wheat makes it possible to bring children into positive 
nitrogen balance, i.t was genarally held that there wc>s a second liniting 

amino acid which was thre.onin":!. and th:.i.t with lysine alcne. even though 

considerable improvement was achiev J, the protein was not as good as 
milk protein. More.over, it was held that if one added too much lysine 
there w·ould occur an imbalance. which would reduce the protein value 
of the wheat. 

ProfessoI:" Graham's findings as put in this first re.port show that even 
when ne went to lysine levels of .36% on the basis of 103 proteia whea.t 

fl our, there was no imbalance. This level represe.nted an improvement 
over half as much. And at this level the wheat fiour was equal or 
superior to r:iilk protein. There. is no next limiting amino acid· to lysine 
in wheat flour and there is no point to thinking of suppleme.ntatio,1 
beyond the iysine suppl2.mentation. · 

Professor Graham was impressed with the high absorption of the wheat 
in children and the fact that it was good or better than cas,~in even 
at leveis of less than 83 protein calories; ordinarily vegetable mixtures 
fed at Less than 83 protein calories, even if weight go.in is supported, 
s.how a drop in the level of serum albumin. 

Professor Graham has put his finger 0n the cheapest and quickest way 
of increasing protein supplies: by improving the protein quality of the 
wileat. OUI:" calculations have shown tha.t it costs 1/10 as much to pro­
vide the. equivalent of protein gained from fortification of wheat with 
lysine if instead the protein we.re obtained from nonfat dry milk. And 
it costs twenty times as much to get the same amount of protein from 
liquid milk. 
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4• B,udget .i~d Contractui.1..__J.spect~ 

RAC apprc-.ral: 6/27 /A? -· 6/26/70 

Contract AILi/csd-180/ ~ fi/27 /67 - 6/26/irJ: $125, 933 .OO 

(a) 

(b) 

1''or perir t of 6/27 /67-12/31/6'0 - Cbligated $63 ,ooo; 
Expend~tures $29,365 

For period of 12/31/68-3/31/?C - Oblif!"'ted $38,000; 
Estimated to be $71,635 

Personnel: 

Principal Investigator - George G. Graham, MoD. - 10% 
Chief Pediatrician - Angel Cordano, MoD. 10% 
Pediatrician - Gladys Acevsdo, M.D. - 100% 
Biochemist - Robert Placko - 25% 
Nurse - Convalescent Unit and Metabolic Unit - 50% each unit 
Secretary - 12/31/67-12/31/68 

Supported by NIH project until 12/31/67 

FUNDING 
. 12/68-3/70 

6/6? - 12/68 Estimated 
Budget ca.tegories: Obligations Exnenditures pbligation~ £Dcoenditurea 

Salaries & Wages 

Equipmsnt & Supplies 

Travel 

Overhead 

Grand Total 

$36,800 

20,200 

900 

5,100 

$63,000 

(TO BE PROVIDED) 

$29,365 $38,000 $71,635 



S. SUmmaries Written 

Professor Graham has submitted a paper embodying the results of this 
·first :i.nvestigation to a scientific journal. If p:ublishe.d in this 
journal, this would attract wide attentiono Professor Graham has been 
invited and is leaving for India to lecture on the results of his 
experiments. Every effort should be made to bring these to the attention 
of as many people within the. government who have to make policy decisions. 
For example, any decision on aid to Biafra ought to be made in favor of 
providing :i.~ortifie.J wheat a.s against the ordinary wheat. 

l 
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1.•o c~ st,c~l)J ic }1 t1·1~~ o~-.,-~-:,:i.r:i·:.;-_1~1 ~ a.:i.~~)~·::nt, of lj: B :1..~{:-·:.~ "(,p b::~- r.d._~~cd t,o ·.,;::·h::;~~~.t. f:.~-<.-u.~)~; t.o r::::11~~3 

t.hc1.1 (;:(fc\.:t:i.Yt:: <'.S t.l:<) i·~':;_n_ LC. ... v~) of lG'u~:~:d .. n ).!.· ·tL:-1 d:i,~;\..:-) o.f :i...YJ.f.D.ff'.~;:; ;:.;id p;;.y.-.::;chooJ 

clrLlch-.,.)n. 

A f;p2c:i.::1JJ.y p:c;.;pD.1','':J. i·:lu<.".i:. :f:l.on1° t.b~.t. h:\s 21'.~ p~~ottJin, so as t.o L'.: 
d:Lr.::-.ctly· cc,;~)c:.::.'c:·ble to i:1J.l}: p:·:·c•kj:i .. n.ii :iu f.:t.>.1:ip::.cr::.-:rLi;,ccl ;:d; ~;o\.-;:-;:r·<..l lcv\.J.::· 1d.t.!J 

J:v-.s).::'! G 'rl-c~_s rj:•.·( :~:.'/.;tJ :tc. f'c:c\ t1C1 :trrf;..:,_1yt .. ~: "i·_:·j;_.<) l".!_··?:· . .'C r-:~~r:;o\1 f;J"~.>d. f.'~(·(;'~l fi·:~~-1 ~i.(:·i:·-.: 

d:::f:i..c i:;nc;y.,, 

I"\:. lJ .. '"-18 b::<:~(~ r~J.i::.·r:-~l i)·~c~::~ (~\?C--Ti. c~t 0~ 3~,% c.~.c..~.(-~.d. :~i~>:L~-.l~~ to yr}>.-:E~J~. flc:.11"l.t t!1~1~0. :!.s 
a;:~.i:~·to ~i~~;:i~cl ir_:J&].i-... ~--~c:} c F'lJ_\or·L,}~ 1:::(~, c~t, 'c11·Lr1 1~::\;31; t.}2.:: t;b.s:j~t .. fl.c;-lij"' i~; f:;:llL".\l ~t,o 

or sur::r5.or to 
acid to J.ysin·~~ 

~.'~.J k.: , ~i~-.. ~~Jf .. '.~L~~ .", ., , :'.1y:';,·.:::i~J.~1:-: ~:-:: ~ -c~ :i.~; no n:.-;x t. J.:i.n.:i.t:i.nr.; 
... 11 \ . .lJ ... ·c l· ... J"'.C1l •.. i:~t J\.~r..-.vt..1 •• (! l1~L::·:'ll E>':·/t.Id.ic~so 

If vJ1i.ci2.t. is to lf' em··icL::<:1 id.th Jy::d_·:r:.'! :ir, th(~::;<, a:.r·2..::.s v:vno it is th;0; 
IP.~:Ll1 SCf;..1_!.:tc·-J Clf. pro~~'.Gi .... 1 .fc:(' r.~.: .... ~~~(7 i .. nf".~ .... ~l"~~s ~~~.~.c1. Sjl~\J_]_ e:!tlJ.c.-11··0:"1; c·nd ·w}·r':~x-·c.: 

diJ.uticn b/ no~1-pr·ot-·J::i:n C:2.lo~:,ie is t}-.'~. lrllJ.e, c'.t le.:,,;:;t. 0,2% e:1r:lc:h:;~:;n-(. :is 
r·e.c 0)r~ri-y;~]'. v'!<:.:d 0 



Ji'Y 72 Pro("'I'cL'Tl -c:md Ii\i.tm:'o 'i~arr;i:rts ----·----·-"·-··-~ ·····-··~-.. -·------~-•~.--
To verify thG in:l.t.i<;l findings by cont.inuing t.hoso studies ovd:r a· longer 

tir.rJ span and on t.he bas:ls of the::~'~ l'Ernv.lt.:o; to pe:cffuade th~ Peru-.,:ian Govcrnroont. 
to enrich uheat. flo-ar w:.i.th lys:lne on a co:·fl!rl3rical scalo., 
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'l'o establish the opti.-:~~Jcll 2.mcii.mt of lysine to be 2.dded to wheat flour:; to ma.lee 
them effective 2.s th8 ::-:..e.in source of protein in the diets of infants and 
'preschool chil1ren, 

" 

i •. [ ___ _ 

A specici..J.ly · prepo.re..:l.. ~·::'1ee.t floi.u. :.t has 21% protein, so e.s to be directly com1::~•TE:8li::-
to milk protein,, is s-..:.pple:-i:s:nted at se·.rcral le'1els vrith lysine. This product is 
fed to inf2.nts \':::. ' hc.::e recovered fro;tL serious protein deficiency. r~~ ... 

It has been s1-w1 .. ;n th=..':. e;·en at 0.36% adc~ed lysine to vrheat flour, there is no 
amino acid imba.lc .. ~nce. Further, at this level, the \·;heat flour .~s eqti.al to or 
su:rx:Tior to milk protein. ripparently, th-2re is no. next limitirie; rud..r10 acid to 
lysine in vrheat fJ.our at least in hmnan studies, 

To verify the initial findings by continuing these studies over alonger time 
span and on the basis of these results to persuade the Peruvian Governr.,ent to 
enrich wheat flour •·rlth lysine on a co!1;r.1ercial scale, 
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