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grown in Riley and Co'by countizs tud!er jill lr coditioiln of soil and fertility. 
and TE-66,k 	 As:,row's Rica, RS.625,l:y (-outity includ.-*lllywr'.15 i5oo i, 


rcfer,:,I to :rs
m1O-(, r I, and ,IO-.8 rcpect ively. 
A .w's Rica a.ud "Ir.66, nefeicd to a,CO-6

C,,I ,r''ouny h)y, ;. included ,,aplestnncd in crude tprocili contntt 
f; ,c: , . -1h;fivc sor!,u ii 5-. ,
raid C. ,,, 

from 81. to ,v,...CO-6 was .1protein CO,.'3;and 
M0).., 14...... The prootein conte t of opaque-2 coit tvitd was 9.... The 

1B 67. Tiletrov;n in Northeast Ka::ras during
lhig-ly'ic corn 	 (uace2) was 

and ground on a Mifcro-Swrlp mill
,Iie-2 coin 5,cre ceairedsorif.mi gaij and or 


to pass through a sciecn opermog of 0.02 in.
 

Prctcin Fr-ixtittenO Ptw dur.t 
grain and opaque-2 corn were subjected to 

Duplicatte sai-;..* of sorghumn 	 xtract 
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Water Fxtractin. Distilled water 

250-nil. centrifu?'c tube. The stoppered tubes were rot,:td hrii udinally fr 24 hr. 
u
w,'ere then LnCIrifr',;ed at 2,0(Y,) r.t) for 15 

at room tellperatur.c. Suspensions 
::added to

tcanted. Additional Solvent (30 ni.) v,. 
rnin., and the sup.,riatUt was 

th,' ii ratetia .ierd ;,ol-'rod to rlstube aimd stirred with a p,1:r,.the centrifuge 
solveis. The supernat.rttwicc wit itie ,espectiveTile insolubles 	 ,crc wa:ihed 
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PROTEIN FRACMIONATION OF SORGHIUM GRAIN 

TAIILE I. HESULTS OF THE FIRACTIONATION OF PROTEIN
 
FROM SOIIGHUM GRAIN AND Ol A'A C : CORN BY THE
 

MODiI-IEO MLNOL.OIt$OTI ,1 METHOD
 

Or 2 
Fract on Corn CO-6 CO-tsIJ MO-, 1.0-91 MO-0 

Alburmin V.0 4.9 4.ti 4.5 2.2 ;1.7 
Globulinia 11.2 5.0 3.5 4.3 2.A 2.5 
Prolrnirn' . r.5 0.5 5.0 7.5 4.3 -. 9 
OurItin" bG.4 20.8 17.0 14.9 17.4 17.3 

Total touble 
proten" 8B.1 40.0 30L9 31.2 27.5 26.4 

Nonsvl ih zed 
ro;dtIa 10.6 6116 62.0 52.8 62.3 59.3 

Total protein 
roecoverad, % 96.7 9.6 03.6 84.0 89.8 85.7 

Initial protein 
of grain, % db) 9.8 0.3 8.4 12.8 13.5 14.0 

&0ata reported ris percetit of total irotdiln. 

the hydroiya:'tcS were rmade according to the procedures of Spackman et al. (6) and 
Moore Ct :i. (7) with a tekicthi 12U automatic amino acid ctalyzer. Cystiw 3nd 
methionine were determined as cysteic acid and mehfionie sulfone by tile 
procedutc of Moore et al. (7). 

Ii lt Tq AND DlIFIggiION 

Protein Fractionation 

Pelcentape of total nirtrog;en extracted vith each of the solvents front fhe five 
sorg.i.Ur rai sarmple a"Ind r:,mqjc-2 corn are shown in Table I. Tihe percent of 
soluble protemI cxc:,Cted from Ihe sor.hlul s. irples varied floill 20.1 to 40.01,": 
86. 1% of 1hC Olmqu2-2 c<,rn prlein was ohbihied. These di ta detmonstra te Ilit, 
irrsoluble characktrislic of ,;.hi glnfill protein a compared to Op)3qtc-2 corn 
when the claJic O o sstcms are ,used. 'Iihebrne-,,.nrdl rolvCnt and techni.ues 
insolubilty of 11 protein tiny be a physical phenonlon caused 1N the 
protcin-sttrch i.itrix confitnfati on of tie cecd. 'Fhe salrlpth , ho %%ever, Vnce 
sufficiently pround So t 1at,1%, a e';ollablic Ir,:It of the , ,1iihbilitvshould be 
attrihuled It) this factor. It vtld appoar lint a kita' portion of ";mighuif grate 
protein w;as not .liibih/.cd hv the (),hoirnc-rMendcl glent syiNtellvn. 

,is iin (,,) ititot ntftti ,iI co i',ll ;li ,.t olulllln prorteins by a t lit,,, akill 
ftchlique with a ri:nt cii ().hilnC+Nc:i(ll Solvent ,yswtnn. "',vc'l. ,w.-h s.ilin lth 
h .ore it n, I!,, l- I .ti',, vh';ti, tInl' tni( thal't(tat (.-V: Nit avs rt,vd 

ratherl hau ().*'.. 1.,10 I1.f'urcu,'I:i ,crof lo t pyrot'in extr cted f ill, "ollinert, ml 

Calmnples Irn bIrth ihi. IUniled ,'tales ard India \wvc 38.2 ;tId 44 .5.., tfcsctmiv,'. 
tVirupaks,:a and S;'isrrr (0) icomlld il exiridoinl f3.0 to 1)3.'I, ,I thc prottin 

2VIrulilhi . m T, K.. And 45,.y., I. Y9. S. A fItzr. l cnintnsidestuuz ,., --o i I imn ,' 
,-11un1e0 It (,).ri 1, 1'. SSoanri ; U.S.I).A. G ant, No. iG-t1 169. 4. I t of PtI., y. h,, 1FT1%tV 
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froirm tire endoid Illi umo" stc) !lr:In, hut did riot report protecin recoveries basedoil sui:Cessive cxtwction. Vitoy reprted iliterniixilry of the v:.l±iis protein fractionsdor;u, cxtractina mtd sul'itanti:.tcd this fact by .lectropliorctic1.(IiCs. This
suDj~;c~ that .som! coliporwiits Chl:iiactellstic of ono. prot-.in group were also 
prcsnmt in notlhcr -ioup.The glutclin frr<i,.r rcpresentd tie major soll)l-proteiri trauctiom in sorthilngrain as %hown ini ">nble f. That ,,res with repork uLihiliu, opaqrie.2 cirdt;pTerm(3). 1iJmgh gluhhiri was found to he the major solhble. proteirl h Iclionl (f bothgwains, only .mall di"Tcrcnle ces wete observed between the ql;imitities of '!ohuitii and
 
pro'awne.
 

The percer:t protein relmaiiio in the 1on';olhibili;.d ;iterid w:is used to
calcuhte the percent of total prtlcin recovered. Tlotal proteiii iecovcted ianged
froni 84 to 98.6% in lhe sorghum s:mynles, whereas 96.7';,., of the totail protein was
 
recovered from opaque.-2 corn, 

Amino Acid Comrosition of Wiolo Grain 
Amino acid comp.)sitions of wholc-grain samples used for protein fractionationare given in Table 11. The conposition or the five sorghum grain samples was in 

TABLE ii. AMINO ACID COmPOSITION OF sOfnim-iuM GRAIN
AND OPAOUE.2 CORN U, f IN PrOTR:irN F HACIcONATION 

(LLAMINO ACID ,01 100 g. PAO0 L IN) 

Amino Acida " 
CO.G CO.6 MO. M06 MOC 

Sorghum
APAO-PIS 

Op0 0 ue. 2 b 
Coin 

Lysino 
Histidino 
Ammonia 
ArgInIno 

2.32 
2.32 
2.83 
..71 

2.08 
1.99 
3.04 
j.,36 

1.81 
1.127 
3.05 
3..10 

1.01 
1.90 
?2Ar, 
2.12 

1.59 
2.17 
:f. I7" 
3. to 

1.08 
2.07 

.u, 
3.32 

4.14 
3.52 
2.12 
6.56 

Asartic acid 
Threonine 
Serino 
Glutsmic acid 

1.48 
3.2G 
4.49 

20.07 

6.37 
3.11 
4.34 

21.70 

6.41 
3.11 
4.41 

22.74 

6.04 
2.92 
4.21 

23.94 

6 30 
2.C.3 
4.03 

22.20 

61.33 
3.06 
4.31 

22.29 

9.00 
3.97 
4.71 

17.30 
Prollne 
GOycino 
Alanino 
CVs t

inoc 
Volina 

7.02 
3.14 
9.19 
1.82 
4.61 

7.53 
3.04 
9.60 
1.S! 
4.54 

7.97 
2.76 
9.70 
1.60 
2.110 

7.95 
2.57 
9.79 
1.L[ 
4.08 

7.01 
2.53 
9.96 
1. U3 
4.70 

7.84 
2.81 
9.G5 
1.63 
4.14 

0.44 
4.93 
6.50 
2.50 
4.77 

MothioninoC 
Isoleucino 
Leucino 
Tyrosino 
Phonylalnnino 

1.61 
3.90 

13.12 
3.98 
5.OG 

1.40 
3.94 

13.25 
390 
5.05 

1.53 
3.99 

14.04 
4.10 
5.09 

1.56 
3.74 

13.44 
3.09 
4.95 

1.61 
3.92 

14.22 
4.03 
5.11 

1.54 
3.90 

13.62 
3.901 
5.07 

1.86 
3.32 
9.28 
3.02 
4.15 

flocovory of
amino neids, % 

Crudo pro tuies
In erntli, %.(i.h) 

103.10 

1.3 

101i.79 

11.4 

103.75 

12.11 

1GUt111 

13.5 

111.01 

14.11 

106.72 

11.6 

09.55 

0.0 
"Am inn eciddvitl w ru £i;tlici mtto 1tOO% rc(.ovury of Kioldohl protuit 

vfago of (Itilpcole ami'no acid arilysos. 
CCyln u sd methionine valu esosim olted by performlc aiid oxidation. 

http:prot-.in


PROTEIN :RAC"MONATION OF SORGHUM GRAIN VOL 41 

clo.e agreement with that reported by Ikyoc and Shellenberger (9) and \a&fle andIcyoc (10), and fle amino acid composition for opaque.2 corn was sinilar tovaluci reportcd , (..romv,ell et al. (11). 

Amhoo Acid Com-.; - of Pior Fr.oetin 4The albumnr4 (.
(Table 

11 ).,! ooulins (ThIc IV), prolamirj. (Table V), elitcijnsVI), a.l rc.I;dual rroletii , (Table VII) hid differing amino acidcompositions. Sonw- tonjor trend's Iee obscerved in aminto 1cid con"w,jitim of thefrio'iuns, attrhbit. '-c to diffcrcnces in protein content of tho whLd 'rain. Theproliac content of t:' ; b!:inin fr:-ctim it creased :vI th- protein .­ ritent (i sorghtulngrain increased, wr,.ti c IuelCie Wttrlt of lhe '4bvjlia fraction dIcrc¢d withincreased p(otci C2ntitrlo. ColiC i';llti i[)sof lvsirie :n n l ' ill IhelOB a' :OllbilI?.id f !.v.r: hto ,r;[:i, ndl¢teasd n,; l ,teai c, tent w, ,heincica'e]d, \vlcI-r':ts gIainIhe :lol lwst of Ill'.-in e and !T:, i- acl¢ 'cr Ic dincreased protein cy ,t. Altho, - :Il 
Nwith 

trcrnid \vere cj,.ived ill tile amino acidcontent of the a:llunin a~d ,an hi'i,.-d protein fraciior:s of the five sorpfiurnglains, none wr/e saffici ent to indi-toeo a major dev, lion in protein type owing to 

TAOLE III. AM.I NO ACID CCP O3ITIf CF TjI 'YATfF51q.
SOLUBLE F VIACTION (fI..,.; I1n) OF .OioHIG..I GRAINjAND CI'AQIJc '; C50.,1""______ (p. AMINO ,M;IDPiRI 1LOg PHO'tEIN) 

A mlnoAcid a C~O _ CO00 .' 6 !10 - 1 b t , Sorghum Opr-iuo.2b 
. ... ... ... . . . Corn 

Lysfne 5.20 4. 0 Ps.47 I41t
1 4 -r i.ou 2.01 9 '? 1.7G
Amr .,,d . IU 1.1,, 2.551.10 2.74 1.Cd 3.06 :1.UtaArginlne 2 48 2.236.09 6,71, 4.33 4.91 A. 33 !i 29 6.38
 
AspartIc &:ld 
 12.92 11.60 1 (103 11.12 11.02TilroOnine 11.45 9.796.04 G.30 ,.21 6.76 'j.91 5.74Swin* 4.955.2G 5.E0 4.61 5.23 6.13G lutmic acid 5.23 4.6910.00 15.06 14. 8 1 15.01 16.39 14.59 14.79 
Pollne 4."8 5.27 7,C2 6.44 flOGlycint 6.48 10.707.40 K. 94 7.33 13.25 1.47 7.6 RAlonino 7.749.20 13.20 o.01 0.07 9.64
Cystinoc 0.04 l 14
0.61 1.z. 1.a (134 1.00 190 1.64 
V611nv 7.04 2.74 7.21 3.48 3.44 4.90"Methloninoc -L00.63 1.19 1.7.4 0.20 0.55 0.70 1.12
IWoIouCtnt 4,( 9-37 3.67 4.32LsucInv 3.23 4.047.05 3.617.35 6.93 6149 65Tycoolne G.03 135.303 30 3.64 3. 1) 3. 3.12 3.41PhenylelertIns 2.773.06 .,21 3.63 3.30 2.W 3.62 2.60 

Recovry nfo*nlno oeldr, % C0.31 61..7 63.6!) 6S.04 41f.G2 59.23Crude 81.44pro I n.I 
In IUain, % (d.b. 0(1.3 V4 12.0 13.5 14.0 11.0 9.1 

eAnlfio Pcid vnIlt.iaI wor., "orr troct (o I(fo100%recovory of Kjvldiihl prtolI?. 
bayer. of dupliv eirtilroo)trid nalysii.
CCyV1I1ne aSN trmthlonine valwua osuirr'itod b.y porfcrmhc acid lvidstlnn 

http:Opr-iuo.2b
http:OllbilI?.id


I V. SKOCII et A1 

TABLE IV. AMINO ACID COMPOSITION OF T14r SODIUM
 
CHLORIDE FRACTION 1GLOVULIN) OF SOFIGHUM GIHAIN
 

AND OPAQUE-2 COFIN (j. AMINO ACID
 
PER 100 g. PROTEIN)
 

Opjjquo-2bSorghum 
CO-6 CO-r;0 MO-6 Mo.rl1 MO.811 Avrmviv CornAmino Acid" 

4.01 U. ,00Lysine 6.35 4 52 4.59 4.33 4t.25 
Hitidiima 2.10 1.97 2.21 2.13 2.14 3.122.11 
Ammonia 1.91 1.61 2.0(3 2.11 1.73 1.94 1.76 
Arglnlno 8.23 9.32 9.41 0.13 9.75 9.17 9.05 

Aspertic acid 9.29 laI0, 0.62 9.V8 9. 55 9.70 9.16 

t;.01 4.37 

Sorino 5.17 5.14 5.45 5.. 5,21 5.10 
Thtoonino 4.99 5 C9 5.03 '.0G 6.11 

6.30 

Glutarnic acid 13.Is 13-07 13.111(, 1.1.48 13.72 13.72 14.0 

5.20 5,0 7.17 S. 2 4.31 

Glyclno 6.09 6.91 6.02 6.1f 4,25 5,U1 5.1:9 

Alanino 6.01 7.13 6.67 6.9a 4.51 

Praline 4.94 5. *10 

G.44 6.13 

Cystinoc '09 1.Im 2.13 2.11 2.34 2.11 V.64 

Vailno 6.11 5.50 4.93 5.30 t.62 5J.0b,.41 

Mathloninu
c 1.46 0.89 1.JO 1.13, 1.47 1.34 0..2 

IZolucine 4.34 4. b4 4.21 3. 04 4.46 4.20 4.03 
7.71 7.!7Leucine 7.0G V. 0f) 7.56 7.32 7. R9 

Tvrosine 3.67 3.1V_ 3.30 3.32 3.60 3.47 3.G2 

Pholilr.lnino.. 4.23 4.11 4.2,3 4.15 4.02 4.24 4.60 

nocovory of 
amino ids, % 70.63 77.12 B6.81 79.37 11.40 80.68 8.7. -

Crude proto tn 
In groin, % (d.b.) 8.3 .84 12.0 13.6 14.0 11.6 9.8 

nA m ilowl v ;id ,;;!P /ure cortucto,: to i vu x, rec eovry o!lKluiddhi protein., 

irm .bAvelRv. J of duplictitt r .cld nlysns. 

CCystlne r.rid n thonlriu estirnatti( by p(.,rformk avcd oxidation. 

the wide r;umre of" total 11'otil contellI. SifiliLr effects were reported on d~iferent 
genotypes of coin by Jiimcriz (3;) and Boluldy et ;j. (12). 

Conccntltiols of ,.sirc, lelbiminnid ;lycinc il flhe and globulin 
fractions o sor ,thu m grtin \vr- e .carly doitbif the lvels fourid ill the proteil of 

whole sorgiairn mm in, wicrv:r;i the globulin fI:mctioi of opjzque.2 corn had 

;pproxim.liely onfe-third nro( I si,.' and at""iluine .lvi l the protein of wolie 
opaque-2 corn. The pro!dmiri ljictior of both opaque-2 CO l.iid sorei'uni g:iin 

coLitainied leS lysilh.. Lu:1 1l1i0f C)respcclive ,,vhtlc'-,ainl plotein. 
AImotiits of' ly';ii, hi awminille, thircollilre, Scrille, a13d glyciric wcrc 

sVccal tim-is hiy,lwr ill file t lii liat:tiol of ll1 ain 0.1..i th e .v lisof' thl ,,',ihui 

llllino :1(11Is ill Itv polmiile5 [Ii,cion, Amino ,'e'idI COhiIjiOSitiOil.; (1 tile Ilur.c rli 
' ,.,.- 'i13ghun,,u \'t'ic imil;ui uiidw1', 

between Iho,:C of lOw 'I tnkih,id pt almincc, excet-1 for (lit- hifgher Contenl of 
histidinue :In pivlju ' ill i e filctionl, 

Differcne. in amiiiuo ;lcid compo;ition of tore nlorsolnbili/cJ protcin of )oth 
opaque-2 corn arid sor!,hum ,g[Al followe'd diffrCICCS ob.t, rvwd in the resrec lVe 

whole-grain pluticin, regalrdles's o( lhe pelcent of plowill SolubiliiAd. 

fractions 14 4 ml2l 1gualii litih ;uid wcr 



T3ABLE V. AMINO ACID COMPOSITION OF THE ETHANOL. 
orACETATt-'?,IlXTUF;HL t.InicroN (PROLAMINE) 

SOFIIHUM GRIAIN ANC) OPAOUE-2 CO13N (g. AMINO ACID 
PIER 10,0. PROTEIN) 

5or~Ihum Op. uo 2 

MO.FI -rfO.l3 A,.or2,O CornCOO CO 'F MO-6Amino Acid 

0.40 0.75 0.32 	 0.11 0.30 0.45 0.53 
Lysine 

0. W) (.r I7 .,I 0.79 0.tJ2 1.18 
Histidine 0.83 

2.95 3.07 2.63 2.05 2.90 2.473.39Ammonia 1.01 2,21 1.1 1.12 1.62 1.83 1.V5ArUjhdne 

6.72 CI06 b.64
7.05 7. 5 6. R,7 	 6.20 2.,r1Aspertic otdd 2. 2.,( 2,!,0 2.52 2.50

ThreoninQ 2.54 , 

3.b ..J13 3.72 3.75 3.43 .908 
Srine 4.08 

22.0123.99 24.72 2,S09
Olutamic acid 25.04 	 24.0f: 27.2 

9.670.Ci R4650.93 	 8..'.5 5.75 9.2! 
1,77 1.79

Praline 
Glycine 1.80 2.14 1 G1 1.62 	 1.1 

P.140.94 ...10.117 9.74 10.07 1 1110.09 ... ...Alanine ... C 9.73 0-1131tHalfC yst ino tb 

4,F,7 4.59 4.07 2.62
4,0 4.,t.. 1.94Valine 


t )  1.1 f)r" 7.01 1 1 1.19 n r.1
0.52MotnInnir.	 ­

..1 1 3.79 4.1.9 75 , II
3.07 2.u1Ikoloucifle 

1. 0G 15.94 15,W)9 17.2115.32 l. , 11C.3r,Loucine 
4.21 /.., 4.8C5 	 4.75 45i2 4.55 .. 77 

Tyroina 
51.32 6.12 6.FL3 5.66 66f2 6.54 

Phenylmlanino 5.16 

focovory oi 
G.21 70.20 92.31 	 92.64 1U3.91 05.45 122.34 

amino acids, % 

Crude't protfinl
 

0.11 
In grain, % (dlb.) [1.3 	 V.4 12.11 13. 5 14.8 11.6 

0 Arnino acid vhlirs warn corrvct I.n 1100% rocovery of Kjaldahl prntehn.
 

bCystine and mothionirn vnlims w.',i oitiin.tod by ocid hydrnlysis.
 

CAmIno acids with mIssing v h.ti.wort not daetrminod.
 



TA13LF VI, AMIrO ACID CFrIAOrON (GLLrITN) COMP0$3 
P~TO~ FCDLMHno<lGi,, OF to~it N OAt 0I r . LOA sIN )~ AC D 6'p 1 )~ 

A IIIin 
0 Ac kIa:)8 


CO-pa 
 O ~ 
X r1419tidins 2.31 . IA 	 2 

Arplin. 2. .41 24 3.'14~Anmo*.4 
2.41 2 9.1;54.21 5.b2 2.71 	 0Apefcai 	

rl'1 2 7 1 .E
1Tirwonine 	 .7 Z1? 12. 'r4 	 1.84 

6.54 

01twcd 1(3,52 5.17 4, ; 446 .3! .C4.70 
4. G7 1a4a 

0.02 7c3CyiptirieC 	 .2; V.0533 	 9.217.52 7''	 Ia ­
46. 5.14 3. 6.37 Ii[g&

100 h*onne C .20 	
4. o 

Mothln~ne 	 G.al C0720.01 5.0?j.k 1 c3.01 5 4.31 .422?Vro nin e 	 11.151~ 1.0 ' C4 
. 

4.95 .10 
nt=.'yof 

46 

Cr.apot3 at; 81.21SIn P..,~ % (ci.t. .	 87.01 05.00
*.l 1 

~ 041 67.261(3 1.
 
hAv ino 
 y r.jc, wrrv urr, ; lod todupfirr 10 ;; ofRcovvOf Kjji jProteIm£~~idcri~~~m.u ~I ~ dAmIn, 	 ~nl a;~j b y P er f r rr n c Ocid-~Ids wIth milling X d t M
 

vepe not (IaterJnond
 



TABLE VIII. RECOVERY OF EACH TABLE VII. AMINO ACID COMPOSITION OF NONSOLUSILIZED 
AMINO ACiD FROM THE RESIDUE OF SORGHUM GRAIN AND OPAQUE-2 CORN 

FRACT O.-TEC PROTEINS OF 
C;--,L;E, CORN 

(q. AMINO ACID P ER 100 . P-OTEIN) 

AOD ______-___-__,__GRAINS___ 

Amno Acide CO-6 CC 23 M 0 1 1 A a Cr;n 
SA:id3r Opaque-2 Lysino 0.76 0.0C9 0.46 0.2- 031 11:0 3.51 

An C Histldine 1.74 1.62 1.4 1 5 1.4C 1.0 3.50 

Ammania 2.95 3.44 . C 3.13 3.32 3.13 2.C l 
Lvsme 63.0 76.3 Arginine 1.78 1.38 1.20 . 1.9 1.33 1.49 4.,7 

A,-rcniaAr,ne 
84.4 
C-9.87S.8 

81.2 
Z,6.38.5 

Ascartc ecid 
&iThroon;,ne 

6.19~ 9
3.17 

OS?
(.Z
3.03 

5.3
513C-CS
2.60 

5.37 
2. 

.2 

2.4e 

C.0 
275 

7.827 . 
5.37 

Z 

SAtie 4.58 4.73 4.40 4.30 1.5 4.44 4.70 > 

A oart;c acid 99.3 78.0 Glutamic acid 22.72 21-47 24.22 26.92 27.33 4.933 15.04 
Threoni-we 95.9 96.0 " ' 

Gtu:Ic acid 
94.8
91.8 

87.0 
99.4 

Prone
Gycinp
Alanine 

.
2.74
9.70 

432.,8
10.83 

533
2.05

11.15 
8.531-50

11.12 
2.011.08

11.23 
8.31221

10.C6 
9.25BIB';
6.09 

z> 

95.3 104.6 CyttnaC 0.41 0.43 0.32 0.32 0.2f 0.35 0.30 

G'ycire 102.2 1C3.2 Vzline 4.6C 2.0 3.C0 4.,3 2.53 3.18 6.57 Z 

A n nie 92.9 101.8 
VaSte 89.7 96.4 

I.oleuene 
1.24 
4.3$ 

1.43 
4. 55 

1.28 
4.18 

1.43 
4.10 

1.2S 
3.68 

1.33 
4.23 

1.23 
3.99 C 

tso;ecing 

L95.0 

99.4 110.2 
105.1 

LiuciPe 
TVro.ina 

15.12 

4.37 
15.43 
4.15 

13.29 
4.00 

'1S.75 
4.25 

16.32 
4.06 

1..04 
4.14 

10.45 
295 0 

Tvrosr.e 
Pnenyi3 'nne 

04.8 
97.6 

103.9 
112.55-

Phonyiclan;ne 
o 

5.60 5. ,8. 
--

5.71 5.74 5.51 5.72 5,00 

*!onC ofrvg. o he rti: (in..:nf -A) of thethe summa.sunhomcda-o ,amino dCive e prozin ; 69.17 10S.72 133.68 113.8 136.78 '12.25 62.42 
t[On of g.of en amino acid from th.e fge i ' % Iol..) 8.3 8.4 12.3 13.5 14.8 11.6 9.8 Z 
:rol1in 't-:icrs to r. cf 8mino = ilin-...... 
""zonli-e pro:e.in of :he grain. aAmino acid vlui; wvre coracti- to 1D>% recovry of Kheldah protoIn. 

Cy :r. r. n!;n :.c tcy purlormlc mcid ovxidazlion. 
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rQe.,.Ovsfy of Aruiro Acidi 
Of ;'ill().cd ~sxL.:~c by stunliltile11w nlolut (p.if each

1{cco~kcrY 
all-olo .1cid lecoverci Ill (<Jl pmilcirik.l t.r anld ceil'lrri il irrrut ion with 

in ,: ofi r;d iiif pro'&ir. 1;I hi>.eritifc Pit1?Vin of tire r Iream(d .'cidl 

Il ollkrni 1" t' I.AiC i ii~i)i ,I] in Epcriii. I1::(I i rc( ol[I(-, u. ion 
DIIli I w : :uI! 


cithei tlc tidic ii rrcrL(: r~i cid;, Wil tile CXuptiorIi Iv'me, recorveies ire
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