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The protein in ordinary mize has retively.ow publication in scientifiC jr.nals, it seems appropricterntflritnal valtu; and early attempts to ifpnovf) its to present here a bref report of the IC'velopnwrqr of 

dt, ql etodified or chan ed as
19i64, ver ,,Co tt of th i tift:-I'!Hfy I f ho niw M t t nt dou 

lys ne and 

,h r?: f/lo y )
nd pro)e . 

content Mor 

b eni identi 
Niit! , 'mi 

b1rt.c i.nal'c itte nfrlti n tiCn 1.S .titv
oph 

: ... ",- ,, ,rl+ it , b)o,\, e,1 of alfit nd o e iathir cnci 

elsrV in. .; h t t 0stl,')' qein : 

epast-ya' lit ian ri b nt 

crenty!,, fibthh.1'simutanitsh1iVt, lk'; 

ed in ri ninac ibarlt-

l st udis ha'v ecoi tlirrrO(f tit; DO tii(ith'l 

value of opa 'i.o2 mi zo in heipir nie, i ,, w c( Id's 
huLan and aiinllut! tiitonal needs Ann,, many 
maize br edii osearchlis Ithi ilh tot tho world 
rave initiae:' proqiarn, t)o itivt-ip q, b-2nop bybrids 

or vari etlies. 

Today it is apparenit that to a :rlahity 
and utiliatnmoll. o.'"e. 2 1y;i'.s 1ist, to smOi deoqree,
overcomie thout ilgn ci ally -)bterve dfefic inciS,
When COmpi.. ed wilh fmrliil o, Iresfficren -
Cits Ilude (1) lower yild. ,iltNug this gap has 
bten; n lrlow thi ii n tInd r [ee inq, (,)greater Stlscep 

Tlih ity to ear rot; (3) iarv,!st and .;toj Lfeprobli_ tst in-
cludfiq uf!lna inlsect dliiiqe, Aiti (41) solt Q ltospii , 
WhiCh is imnaCeptb ah10SIMMrtiai lot ;i1sOfWares 
or uses. 

In Ight of incr ,ied r .icfndmq woik ovei the ;'st 
several yars aid the tllt lan as;sociated with 

Current Utilization 

recent vdorldtvip survty indicated s oer 
li'm it d Itidti(t' ,.;; of aqu, 2 na z in Brazil, 
C S S R a,-.d the [,Jnitod Sttes and very min or uS? it' 

' l ither aa !o a.. Colomia. Niqer a and Viet 
nnn). Tl r,;uitvey aks) indicated that gia IIlSecs 
amid ! 21 qliltV, especilaly I tropical are:a weft 
tli1 mo1SI S:, rOu- lrOhleir . Nearly all ourwtle ,ated 
ihe fUtUr e r,chievo rospOcts of 1 4iie_2.aSiood to o,;' Ilenl 
with Olly G11(, i'OWIltr\ tl(IiCatilnq pooi prro.';,,t 

More iat[)ld utilization of h isime mil:e 11, 
b ee I mlted by ecoomic COlD :-ii~ms i 

voling yiel and re;lative priceof protein 5 qlipp:i1it
Econom c factors vary greatly in d f r, esntnnuwnn 
and are too conplex to treat Ill a '11a tr way 

tore. Hn ever, itcanr he said that in the de, dopnq 
COil :iht, oisleconomic factorqare pet erally not of great 
syn ificance, and acceptability and groin qality are 
tht ,toie important illitin. charactemsitius of opai 
clue-2 varieties. 
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nai ,ki(russiii
? .r'rnw- r nI f%Ist tic p I : ti;iit!ir, I sI1ifficirto Itoldt tht t r ckcsr iciiI I" an [conifI 

plants ate se-d. ind( .iijreed backcrosses are IFli':t tIMP researcher mui~st keep this tormiilde 
made with indivdoaul plants to this recurrent parent WilS Ini nuiti wifi iii:''rri'tiif his r.:suilts. M'iiei 
as fenmle. At ttarvinst the selfed ptarrt are classi- muflyi valin's iir i jii'aiyqi'rlyafctdb 
fred as to voich ar' segrn'ating for opaque -2. Then., tti S'Sihfl 10 itpt~llenhti~~OIi iHt~tIld Cipii(f( 

only theaa
hiK ssa' In tWe rpicurrent pare;nt involving ('riinfuncs (Aigeircally ida'iti(, al sihic iipa
these seipegat i pr rus arec' ant nued Vo thre qin' 2 kit r-os !noiiiri-'"n notirsigaqt ing Ir arid 
next (1entimmi Bemuse of W rnFl ciihhersiwn ton onl ems5'nququmiriq o il k r ni+ halve r Ivea ir no 
thie recurrnent inrled qinotip' it is cftcuft Inselect Mifct oni ox'ifipiotaitii l r I lorefore, in 
e7ffr'C rI I h[IfI I ir ;f;'e IItu r JC ri s. hcteed:rgn prrfrorms. :f;rc r) s C, nf iip5(qtJ -2 

v Trhi ii>' v:'t ,'vnopa ii'rqon di-Si(: in and hoe's'uou familiesi 

regard to yield anml to worerudliy (uhier thtan mv Oilir Mffeos of Dpaque-2
 
tritiun). tr ~a irienr' enlqual ti( l Inau Irni 
 :i!iloiiil o;ac:'itcf opaque- 2 
hybrids Yi'ids (rfr1:,'ui-.i5. fi s :ateq'-' from1 80lfto rl 'i
90 birni: ,, ;!i p i)of nom 
 t r f Iri: P.'i cut (IlI i: i th.i Irii ni nwrii na mi uezdevelorc;I (If '. i~i'- v-u: ' 

, 

<ai; it ' fir r' i s i eriio fill yfe ' rtieforianve, nfa ,;i i alS d r ''.rfn (ie:f the kerrt,f and it; actually healvierlrrnit'd iti,'f', . i?-Ii' tiof.i5lftliei n th nit-nil 2 \lil:irrnf', tfre duiied 

sc ' l t )"I Itr than .'iK -I tor fir '.)i1i' ~t'i.ti l1y urgtejr ig rhIIo; 
ni 2trtrd ;:inc '.i~ps lt '. i''t'," lu '''iitan ffiij he Pl urfinal

siynthvT'c akisfih I :;ti s. a-wr jo *i(. ',arr ;is,:'i fir it, coiiirtarp.a -', part mini' fy i rido r ''uhd f d Vit'i cn 

sam pled Th I-in rt Ii1. 1 r1 r.-t, tf ' i a I I i IIII)i 

irnproiny 'r orfrr'mf: ff q i: (f ''I 't, - , ii1: I 
%vidfA)isf.;e(rrlifn ~ r J li.,u i oil' v,'itfI ',,ir' drt (if Gone,; Modif'/mrr 1 0pai-e2 FlImno, /pir! 

s;'li'ftif' for :inirlifi'-rI r a -u twiosii~f'[i:S di' 't:fn irri I"iru n tiniir,''i r~' )'~ i' I v(,I'lvi If!1.1i 'lit
for fS oferr c ' no fit .a fir pi oni1,,i if .nq- ranq(fre s I p'.kH iilon I ' fur1 : i th ' !''fl'' ,ii''ffl 
Tiif~thicd to i0''-'.;,t.-il!'r,'' fnriiiii'',,fc ' frrrir a ,'i t p '-iWi f ti' 

Yield Tc-stino Pm cct0Ces '!'fl''r''r:'.'I' n 'r '-lan -jaIiai f''rr''iI1 ii' in 
Small ~ ~ ofr~"paf vi ~andAn ~ 'Indn p.''IIlii':"!I~-'iirnri igr IIi-' 'sri A'fr. -',ma o r i"if l -f i yiil i i ;ir x;, ' ifnv: ,ii:! in rol ;!iii iik-ii, f fri 1

ifk 

vi' i-l,I 'p fi ''' tfiii ' -IyIIf''
I Irio ris n ri is-o ji--,ii -fs i i', ini. ci v it it of I, n/imjiii 2~.''ii i I 'ii' 'di ' ' fir ha'I I I i 'it 

fr c(i ii'v.'r t I T rii ' f I'' i r ,' I tf.I iii I Ii f i Ii - II ri I i ii sf ,Ir I ' I 'I I ' Si if r : 'I I i hI i, f i '.r If i II rII fI 

1. n Iy Iih rq ) rr I t Ii i vt !I , III f I f i IrIII 
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\nother and per hops more promis inq aDproach
t0 modl(fvM/ the ()1(1.-2 phen Oype Involves visul 
selection if toure V if, mo)difier qfesrle in .Iseqrejat-

in aniliel. 11 emrel oxpri's'-on oif ll-e modifiedtypes (l .ur 4 1)t,) ervi lbit Pir I0 t le, iilt r riort nilml 
Colir for Mo izi, Ind Wheat III )fov.tmelt (CHMMYT) 
a'lJ )ilt~i or i b~i ( 1,,roii jli sh1; II ,,t, 

1 Vii 1 il I hilS , retM,'olerrII1:,1 hat i. ne,,r I, in 
dJir inqi 'SIihI f'ri ,Oeteifl 

2 A p'iltyt 
m al (1 

V :1; top m ,:r 'v"('1il nrtr 
Vitl ',11nf lti 0th mt - ( hll., i'. i w' 

mnos t qI ' .fil I'ormalit :lii: i I p 

ItIt'l!3 , (I II' p tt ii vv . Ii/c.p/e 1 es 
-tal ih it 1ii It!l :i c 'n- p J,1:"fi0ll! 'i . of !hi. ,!,tOf

1riri l soi'! of !Ie ii t ,I 


., A :'e;'lmreol i) dlifltis,, t', wo., , lt ' ,iirch.I r ' 

(disi'r lhiitd lr !.larhi ' I (mllle S1e V\t
'rv, '('-., tSir i

rlotm,. i iioelilh'r (tfin,4 ,Iltil i{1 i{it '\lI e<. Si)ln 

(If (efIf/ll, ,* 2!. er a! I+a ti h ir c1b f'( '5'-ih'" 
prol,;ahly in,,(Avoi no tl mle qtn -ill' gi

v
e
+thlIlli 
 t)


varible exlie e.Sleeri with vorio;Is 'nViivimowis Ihll
rniodifild types tend to ilvi ptoofer pl ofil qiality
thall the Sta(i'iilld ue'l ,,e 2c2"oowl ovrt.y' e 
sehl (lo ll (anillalutll pi na 

factory vol 

The. i fi(tifis'ru;lI.O( wi' .useltl Ill pnovidi;ej more 
accepitab!lh' ypes for cti titi Pditionil hullman) food 
uSeS lIld in ilIfil)viii!: ( i;111(l itilly, tX×)enialiyn is ct 
,nd eal [(,t resi taloil fi, liillild tropical are is CIM 
MYT h;.s tlenIvi'hrlil modified i(I:/ue-2 

I /.aq/t trafmsI/iss/Ifl 
wih modified opatltO , ry)s. 

i (3j " Y/'.?,r/ 

('1,) SitOJdrd opaque 

varieties that offer onsiderahle promise " ,
for md,)(fified endosperm t r!-,c''s;t ly impr,.not
yield Some proble' 11n ia' ,s.t' b)1 ,ver in (leto( 
ling Outcrot M(; Ill P ;re c (10 U 

:nq its pn( - iiit i 'I m ;rk,1 .tl, ls Tlb. 
ninhiydr i I ".' §,o; mo, F' ' ' a 

)iii lIa"II I 

h: I.'Sm i)ter) ,in pH 
i 0 1,1 f',if i:,:1 ( n 1IIII r [) f' l,(I 

1 ,o.$ ml 1 0 '),,t 

Potential of Floury. 2
 
T,.;S C4 /'oiH , 
 1, r i Ir; i.di,1too that yield 

r, ,it" :irem t' (lSOI.fIS lreat Lis it is 
for oipti,'fore 1 2" h, 2 qr0 I (11.{IliTy also 
,p- ) '1", t o It)1,1 . i be te Oi*,ii-io ( pal,/- 2

'1(.t1', tli,+rvaeos ,1 F'ur lj cO<flfi n let thP 
/' l?
f /I viq-thaniii/0ess l . ..
 
Se itlo n lor p;l - i llhirdfietithr l(li.ess IS altso eiflilt
\vitlhi/r,s/ ."? Si.. ("c l ItI'inii 
 ,Stio.,vsa S,; l- dii;i)-,-t)li71lirlt 

i(ftillt'ci mlilt le'' (10110 r ill t'l (tdos rml 'i(jloaii 
;' " 

ewlv Hicjh Lysine Mutant Opaque-7
 
Dr K. S McWV lirter (University of Sydney, Aus

t lii;) Ia; foUnfd a roW en dospe!.; 11 u 1t ,
 
des(Jnated oplqe-/. which increases iysine and
 
tryptophan InI the oldosper in. 
Howeve, potential for
 
opque-7 ir, n(t p 
 -rnosmqlbtf)cause lysine vIue s rie 
interh mediate between normal and u.paqUt -2 types,

and tOh stJregltiofl of the g('1e is difficult 
 to identify

in srme genelic backqrotniri
 



Potential of Su gar-2 Opaque-2 Double Mitant 
Com.'.i nation 

wanci.nsf s 

Orldospere (1)temori doub litijtlfnt f:On"-

hinaiion v.7) ;, a-thor (;t em for o)saole 

01rm,'moo o0itrtteoa ',nL'tv\ ;tJ uthanl 


Purdu, hs A'hqod Wh Ne\'r;iIc 

qualhiy at lili - n . rOl'lire * f¢* c 

itiOdift!'' t 5'' .- 1T,:Ufli:rt' V 1' ' ,
'2 Olv(lc': 


rinut a'ii Coi'i 'itnx 'w:;',,1 v' 

In r'-p t', i:-,;'.: iuit'; A. Si i . oi oo r 

isog;ni f . i , o' ,) 


.', )'i s ,andxii .n
tOlr Viii i I qr tl.r ( rlnsity 
than ur. 'o inni;. - i c rotnltd., the 

doulble rottct,;l.e if7/,.7lri\,r )f fT l .dospl~ ~ tex,I t: 

,.erven 


are less su.:,u t P'ar it than o0qu.2 tvpjs 


tUre VV-,h ti 'L t1'-it .o;-r).. 2 *i.,.,i,ii -2ears 

And suoar.2 ',' '.'riots have slightly higher 
lhan opjque -2lyswic and nr o v !h courit,-r 

parts, E i ' (e .r2', s mt the JOublt , rICMSSi\'0 
has icro as d Wco tentar , th r possibly 
greater e'n' potmti.il It has talsou' (airi'es neen 
o)serwci tiat *.', ei vom thur otjt. mtatn 
is (2s5 lt ii nr!.l0 ,~r ' ; . rusutl, w1etiess.!' yieh .:,
ii s g Atilent ' 


t nh a n i lt'e ' 0 1 Ir/t..r 


ooa oliqueThe sio Iii Lf thn y. 2tf 2 endosp.r 

is inurtSLe iAJ> yrrlyzed by'''.,.se."Iuctr t
nornirl and Opaqi'ue-2 types. suggest mng superior 
digestobiit' Nntr iiomnal studies at Purdue hav 
shown in ISo rr grr otnife ing trils that weanling 
rats fed .5/,.ry.2opaque-2 and O aque?- 2 clets had. 
respec:ively, average daily weight gains that were 2 9 
and 25 times faster Ihan rat- fed he normal utor 
part maize diet. Feedilg experiments to(terinre 
the biologicM al e of this double recessive type . 
currently bei g condetert wih swirl ardis 

Attention roost now ni Wi ;'.t,I rl'",od t'' ' 
for Jrnprov(.J yi -d, vvith inw i> oilihairxre t'i 
kernel volume, wve ht Nr v"rm' nsu, i'',i *he 
conversion prog.Tram l'itroit tor f Qiti-: *rlt O 
opaque 2 v rri''es or powwt - ;Pit',-a . l i>one' oiiy 
done by i-1.i tSl,ft 'ci t fi ri SI H " i 

hetermzygoiw' c r,: W Z& [ rai ,' ;fir i. 2 q .,iiq: 

selecting Se i li ii !iimr'-Irm pfrforlrlli,' fo 
s '.#t 2 

( Iii, ' Iu ii, ct i, ' i.py- (t/1i) . .' tlqip 

plasrr popi litfi'rw ' lo- rra
i i'a,: il'r liZ. bi g 

method to d'!Vi: lii ' um;optail, h!i'ti ly:liaii rialle 
types .
 

Waxy and Double Recessive Waxy Opaque-2 
There have been sever al repotlOs that w11axy t7on 

may give botter feed gains In ,atilelHwevelr , recent 

Cattl e'dInt test 0 Ourd(t.'showedtit)advantage for
 
WOay or ,)/oiut-2 compared I nor al niaize Thit
 

toleo r('co';svt waxay OlWn//; 2 phenotypes hIave 

hoJ Iorr lys,n Valies tiMn 01),11110 2 11i0:10, althmugh 
nW .<hih as tWe lvsinew Askos funtion siur y 2 oe

, 2 TV, iiOht t i't 2 ha!;ii.yof),'jq rinop)
 
(Iiltphenotype Our 'iservatiins havt heo that
 
x a, an I ,indd op i 2 w,
iwt, lnorfroiidily
 
iiih's'eit by trs n land oiii,
no~rmhl an 2.hilt
 
th !l as readily,, digested ; siulj y-2 and
they are 

'
 SilQ/fT' 2 oTPiqie > ];


l 'ilOgeOw tis fee ldingtri;1ctnJipif! risons c(n1 

diiidtt imect.Poo:d el ad t h~ves-owii thait vve,3i01i(l ra1s fed 
tvaxy 1i,,e diet di ot gairl any faster than rats fed a 

"mroail maied t.On the m ilnr y.
hand, rats fed a y
 
' I'll-/Ut -2 dielt ,gavefaster rjaais than rats fedoi pafquteo
 

In the case of w axy (;p, :? the r spcx so w as
 
propo tional to is level of ly,.-ine (hastd oil protein)
 
R eding exper iments ire hu-i ng conduclted with swinf
 

id cmattle to dter iile tue 1ilo)u;ll vaIlte f tte 
Pand ",aixy op) -2a''' iue typl)s 

Double Reces.sive Floury-2 Opaque-2
 
.fore,reports that ttHii doublh recessive, n ght
Early 

gym a more norm d!kernel phenotype than eiher ofI 0t mitants sirgly have not h)rt rconfirimed in sube 
observations. Presence of both genes does not 

,u lt in ) h ig iher ly s in e v a tiu h a op ('iq 2 alo nee s nl i --.

since t;ie //oury-2 gene shows astli-domiilat gen 

orion 
tithe!dosage strIs, and because of the nore
(oniplicated breeding ' ". d greiter (fprocedtJres 
fiCoNty in minaiilng pilie seei -til'; ,ii irio. 
''lut iittv s toitilt !riol;t ths, ifr'a;i ipsnoti th01 

r(,I() f TiI'rm(,d 

Bredirl for Higher Potein Cntent 
i to 

lsin, levels a tlci ,i'Wo .;otet i th.n' iong rn, 
iii ;rN<;ti' o Itil i rdo p:qtiie varieties with 

lhe /'ome ' 'p ticrli-; alintiii iincrs.1;sed 

)riii'l' 'r t't ;mt, qllir(dirliilit'v Ril ttilojoti will 
rio t If,:.! , wi t rol !il(.iitelt is inflionced 
'ir,;is ', ,! :ivi! rt. litiI; ttlity Is, probablyf')iia .- hiwd 

'u'! t i her' aI<., iu. rif:.tiVO- rl;iiiuyw 
t' '. ' l ij ,;o it i',: ;= fht.;i:,; 

( ' itrt: ii henoVii pimn o! it proitein ai nd 

, ti op uit,orl, 1'i,ii s cvmi, w,,l1,>' Inimaiza the 

i I tV' um'.'utl lh'iri Irifelol; it ililein ;nd lym as, 
'.r ' i it ':W'i nieq;itelVi: ;ion to t)reedi [it teiJ[ 

,i so ir
hai Tl !',:J l F ! Cprtc lr'Te tG y al' o be inflencerl 
y tto, iiv ic;1iiht./ aid weam of nitrogfn fertilizer illdiet 

,Irtf'ri';t'i le ' 

http:by'''.,.se
http:potmti.il


Figure2. The darAer color 
in the wontest tube wi(d . . 

dair saie /err 
(actuafly d(,0p /iu) 

IdfltI'y the h/ifq/ fysin i, 

ALy 
.2 

To make progress in develorig higch yl;Iding and
acceptable opaque 2 maznI/ wit good lAir tiri 
quality, the plant breuder rmost hoi:v* rapid, reliabhle 
screening procedur(ns for dftorn ulinq huti pfrotin 
quality and qtJaLMt y Tle:assay irteltods ft)!jrld iOS 
SJitable are (escri h. ero 

Total Protein 

Ti(Glt ;irotoeli 1S Liti.;illV (lt rrflt'dt, eihh erhg 
mricro- (,rimicro-Ktellahl iierthO(d Ti rrount o f 
protein i:n-na so be udtermri ned rapidiy and fairly ac-
cUrately y JirlysI (f0he -eflectance sp)etrtLm In he 
near infrahd of atfinely grotnd saiple I; str t:S 
uSing this Irincwile are commercially available. 

The ,alnt hoiret method of Cranny and Johnsoncantilh.:,;(J ((J ri u r rot o aCrote nd Johnson_cannot he I; serl to determnin tit otalI proto In in opaqw-2
aize, and pr~suiiably o~fbh h,,sirie mutantl cereal,-. 

Total Amino Acids 
A complete qtuariti-latve ininino z;d profile on 

certain promiinq selections can be obtaine br
cerazinpr g e tron can be;,-r~jtiqobt! nedJicatus 
hydrolyzi n~ the protein ond Srat ing the amainno 
acids )yron exc:hange chroinitograpti 
Tryptophan 

In most maize samples, colorimetric deter-
mi ,ation of try)tolihlan levels inrt-,tindosperri is stif-
ficient as an Initial screenirg procedure for protein
quality Endosperir samples c:ontaining 1i,) to 0.5 

I'rI'e/ 

Lysine 
vatLie of 

fur times hiuh,-,r than the tryptophan value For a 
quantitailiv I's;nf: vilue (Jeterflminatfofl a impl
color;metr:i m teth d for 

USLially fIsInO the endosperm is about 

Csincanr he usfd.
 
R apid Ninhydrin olcr 
Test for High Lysine 

Mutants 

H - !sne mu:ttan.it of n.a 7z-, sorghum aid 
[Ktrley c(orntain hilwir !,,\osM )ffr'e awirlo ailds tlhan 
t ni-jr rM,, .cI ,n)iUtt,rploir ii,,dfli nett otsr 
 t, Ni riipiil 
t s diffrn,,, a-;show,,n in Fi.i r2T dcntfy 
:'.fe(t;1iti q e s of 'nai e, the crOiwn on i rowv of 
1,ern of in o;ar ckan ho rfe;vedl and 1!r? cat surfaice 
stained v,ith nmnhvdrin, The high lysine kerneis.,howa darker tlue color than the normal kernels 

Other Rapid Procedures 

The dye thi: d,rig method, for exaimple, is heing
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Experience with feeding opaque-2 maize in the 
U.S. Corn Belt shows that pigs find opaque-2 maize 
more palatable than normal corn. Farmers are 
therefore advised to continue to feedopaque-2 maize 
to market weight. Pigs taken off opaque-2 maize ano 
placed on normal m-ize refuse to eat for several days,
thus reducing gains and feed efficiency, 

Opaque-2 maize has a high nutritive value foi 
humans. Work with young children in Guatemala anu 
Colombia demonstrates that it is equivalent to skim 
milk when fed at an adequate level in the diet. It can 
cure kwashiorkor, a severe protein defiuiency
disease, when it is the only protein source. Although 
we have found no published feeding tests theon 
value of the protein ir, immature opaque-2 maize, it is 
assumed that such maize would be superior to im-
mature normal (roasting ears), because the protein
differences in these two types can be demonstrated 
1S days after pollination, 

In the area of breeding for improved quality 
protein in maize, tentative conclusions reached so farare as follows: 

1. Based on lysine levels and feeding trials, opa-
que-2 seems more promising than foury-2 or the 
double recessive opaque-2 floury-2. 

2. Breeders can usegeneticbackground interac. 
lions and more specific modifiers to develop varieties 
that may be satisfactory in terms of their nutriticnal 
advantage, yield and a vitreous kernel type where re-
quired for consumer acceptability, 

3 The double mutant sugary-2 oparque-2 shows 
promise for acceptance because of high kernel den-
sity and improved nutritive value; however, its yield is 
somewhat lower than opaque-2. 

It is well known in animal nutrition that 
acceleration of the growth rate by increasing the first 
limiting nutrient may accentuate the deficiency
syVnptonis caused by a marginal intake of any other 
nutrient. Thus, faster growth rates produced by
replacing normal maize with opaque-2 maize may in
crease the daily requirements for minerals and 
vitarnins. Therefore, opaque 2 maize should always
be used in animal und hLman1 diets with adequte
amounts of minerals and vitani-is. If deficiencies ex
51, supplernentation of the diet with the appropriate 

micronutriePrt will be reqliuired. 
Nutritional studies on f/oury-*2 maize, although

limited, suggest that its response will be in proportion 
to its le,el of lysine (based on protein). Usually the 
lysine level of f/oury-2 mraize is about half-way
between that of opaque and normal Nearly all 
varieties of foury-? maize observed are nutritionaiy 
inferior to the opaque varieties. 

reeders are cautioned not to rush the releaseof 
Brede ar o ed not t uh the a e

;:,aize with improved protein quality until they arereasonably certain of acceptable performance for thespecific area where production is to be encouraged.
At this time, the preferred analytica! techniques 

for determining protein content and quality of maize 
ere (1) micro-Kjeldahl (and perhaps the infrared 
technique for total nitrogen, (2) colorimetric methods 
for lysine and tryptophan, and (3) automatic amino 
acid analyses for complete amino acid profiles. For 
biological evaluation of a maize variety, the PER 
method with a 28-day rat feeding trial is 
recommended. Where amounts of grainare limited, a 
7-day trial will give d useful preiminary evahation as 
a screening tool for the plant breeder. 




