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INHERITk1qc kID II R.POVri 31]T OF PROTIIN nU/LITY 
AND COHTENT .... VULG ,-",IN GU 

Report for- Period January 1, 1 6 to December 31, 1r60 

Studies on the ,oneti nonLrol of p:'otein cuvntit- nr' ruality en zrain
yield Cnd the relation>i)o5 aa-o_ them ,':e (oncu:tefl by Fred Collins 
 in 1967and 1568. The ".esults from n incc-.aolete diallel '.om jn four :eplicationsin 1S6 7 are presentci ir,Tatles I and . Yield valried frcm 3030 to -236 ]-t/ha,protein varied f-o7-10.23 to -.13,., ly'snc "-,w.&ed 1.17f: em:, La 1cA,.The chec 1 546 ,i61.... 0, Yi.c.ec: ith 12.35o. protein and 1.52,;protein. The coi relation betw:en Yield and cent .otein a -. I,. Thecorrelation bet,,cen per'c nt ")iruein an,3 pc-ent u 1,ina was -. 31. Theo:e wasessentially no correLation ba'c.een yield anc Dercent lyoine. 

The results of a 5 paiunt dia-lAl ,irown in 11ez piesented in Tables 3and 4. Grain yield va: ic/ f toam 3113 15,63 Is/ha, potein vaiied fori5.18 to 18.22,,, and ft-om 1oly-ino varied 1.71; 2-71,,. The cieccl vai-iety,
:-na '.-ith r 


lation between yield and pc-cnt aomin t.Las 


iled, 63c5 O., )rotcin and 2.13,' >'aine. The co1 'c
-. 57. Tile correlation betwieenpercent protein and percent lyr-ine !:as -. 51. Thc e i:as screntiall;y., no o'elation between yield and pericent lysine. Cor.elations of -:-..0 or hijhei,occurred betweca protein yield and yrain yield, J.ysine yieldm._njr ain yield,
and protein yield and lyzine yieild. The coi relations betw!en percent protein
and date of flowering and between percent protein and] plant. heicht e c above 

+. 60. 

The majority of the F1 hyb. ids exhibited hetuerasis fo- ,rAin yield. flete , osisis used here to det-c ibc the peformance of the hybrids '.hih .mQ1e supei orto the best parent. T'ie.e tere a feiw crosses ,hich show:ed iLcte osis fo p. cent protein whaile there none.:cie sho,,inr; heiteroiis fo- pe: cent lysina.Heterosis was occasionlly ford in crosses whose pe: eats ,we;e superior foreither 3rain yield or pci cent protein. The hithest .'rain 2,,eld cwe from
 v cross betieen tw.o lines vhich had 
 a,) o:tinamtely 10,J protein. i.,- tin andI3.1ines 1220, 0075, anl 231' :ere the best combiner.- "o- p-otein yield.Lines 3r35, 0501, eln 31c '.'e:e the best corrbinel s for per cent lysine. 

Gone action for pe cent protein !!as alm t entirely ('uc to auditive ,ones,however, there wma also a sirifi:ant i.;cunL of non-mi]ditive tone actionwhich was ,ppaleritl, caused byr douinan ,, and eJasLris. The -enctiir v,) iationin grain yield and cent 1,:ly:ii, (:aused by nearly cruel a'nountr of 
additive and non-aditive 'ona eel.ion. ±hes results sugyst that supe'iorhoinozyfour lines be de,.re. ror',inintcn h' the a.litive cones for earwhcharact,ei . linesrThere should have o lot of potentiol )or hnose a. eas in theworld vhich lac 1: a hybrid socd Inuurt'. Ioicre;., the full utilizction of thegenetic vLa] Lbility e::iibiic', in he a:ease:; dcpcn, r on the ,;eof hybridsbecause a sitnlfiant piopoition of the sener. va.ielility was dve to non
additive rone action. 

Additional studies (Tables 5 ea r 6) Thawed that the per cent p: otein in theseed decl cases and becoles iJized otab-hortly aftc;, the isilt r;tzoe ond that
tieathei ing du, in:, tho Itat fall awl rinte-t does not deci ease p. otoi pecent. 
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.Studies ith soa hu::.neLl-pea ["o~n :t th:..-ee (Tables 7-11)L. locations 
for"tim yea- s sho, er. CdJflco.ences bet,reen zcnot pes and between years for 
yield, pc.. cent p oLtir -nr' oL:in .dcld. An interaction occur:'cd bet'.een 
years and 1o nions Te: i occin -e' ('cnL ol(. p:'otein 7,ld. Genotyaes did 
not ye> n o: lo aiiona, holever, the -enotype :: loc ction :- yea). 
inter action ,7.0 hiCh1i> :aia.'i'rn.>L' ilc'- cent :'otcin and pvotein 
yield. Thi hnt teo.in, urc" both zeas and lo .ationc io;uice'.tL necdcd 
to ,ive icliaic ti:.'c1ev :7o: : o'c:In as -well as yield. 

Studies 'c:e conc'u .tc' to dote. :Zie )meeffcct of baggjsing and flag; leaf 
iemoval (Loth no ricl pol'incinL p'occdur'e:) on L,:ain yield pe: cent piotein 
ane, seed -i,.:c (T,.bles 12-.1). A-thel of thcse -:;.oedu:es ;'educed ;-ain yield 
and a cow:binction of tos p.oIcc'ui cC fu hC roduced yi'l. i. slijht but 

c e iin )ifio-n -- LLin cowi. 'nniec' the v'cduction in yicld.in.. i : cent t 
Seed wei hL did nou cocniv si~nifi an ly. The va-ri:)t; - : t'eatent intc..action 
was sinifi,n'n To- ric16. 

Additional .oein - lie c .. n:tion: uee madc in 1,6'. Those of 
paiticular, interest (hi h o. low protcin, hi'.h o. low lysine an- high o', 
low protein :- lysin(,) f oni the orld Collection are p'esentcd in Table 16. 
Those frem, thesic stu.'ioc .ill be ',cscntce late-. 

Comp].ete ai.-ino acid anden have !,con !ianoe on wc.c thn hCO lines. Thi~ne 
analyses - e:c ade on a Dcjclin 120C -uto-ai_ anye:aino acid 
Currently tho accclera~cc (2 hou.) sy:;tcu is b-din, used. The esults 
obtained :o >.*no acida o_ ir.v)ortvnce in hucoa nutrition a'e p-, escnted in 
Table 17. inca t) ypo.hcn is :cct.. oyed in thc hydrolysis p.-ocess used ro:. 
the nalysir; of tic othr cr_in a-ic, the tiyptophan values pr:esented 
ale fl o!I scpa.;tc hdolysis. 

Biological asc , o avilabiliLy of vin'o aid p: orie standdds against 
which th e l obnaincd ,- othe- mthods be coa-ed to dcte :m,ineAts imust 

, .nut:'.itional -ualitL<. "I of 1/1 :le of so ' 'C('c tos si: youn.', 
rats. The :cesulLs ,., icpo. tec1 in Table 1L. i-ean gainn pioup of si:7 
rats valicd fom 2.,; to ,.&. Thy-otcin efficien y atio (Pm) va:'iccl 
froua 0.iG to 0.1,1 indicating a range of nutr itional cuality. 

Thesis studiCs by Fe nndo 'edari'-u-, involr;in:, cndospc n.m-P'b~yo composition 
relationships ,ndI studie :,r .. 0. Abilam in invol.uin s :ocin and lysine 
combininL, oLility mionl_, n divc.'se lines _ on Lhe '"-l d Collection ai. e 
piescntly bcin, ,aal,.'ed end w.rill be p..escnLc in the ne::t repor-t. 

http:uice'.tL


Table 1. Lean values of eight characters measured from 65 sorghum genotypes of the incomplete 

diallel grown ir. 1967. 

Genotype 
IS.No. 

Date 
50% 
Heading 

Leaf 
No. 

Height 
(crs.) 

Grain 
Yield 
(kg/ha) 

" 
Protein Lysine 

Protein yield 
(kg/ha) 

Lysine yield 
(ICg/a' 

8168 
-L'Tx 8168 
cK60 x 8168 

• 11T x 81b2 
PRDL x C160 
8120 
LRT x 8120 
CK63 x 3120",T x 8120 

8-18 
8--i0 
8-11 
8-9 
8-10 
7-25 
7-20 
7-21
3-2 

13.3 
135 
13.8 
11.8 
13.0 
12.0 
!0.0 
12.0
13.5 

142.5 
176.3 
187.8 
166.3 
163.8 
162.8 
165.0 
175.0
1?.8 

5697 
7939 
7515 
8500 
9236 
4326 
56-86 
6691
7776 

12.53 
12.53 
11.93 
11.98 
12.03 
15.53 
15.3 
13.68
1.30 

1.66 
1.-5 
1.53 
1.42 
1.43 
1.26 
1.25 
1.56
1./2 

711.3 
1005.7 
893.7 
1017.2 
1118.5 
690.1 
879.7 
914.1 
1121.4 

11.-2 
14.62 
13.73 
14.51 
13.85 
7.66 
1.O 
14.13 
15.60 

RDL x 8120
2319 

8-1 
-58-

13.8124U; 
206.3 7-02 

. 736,-,".)I.,.,.. 14.05 
1.38 
1.97 

1.CO110(,.5
/23,2 

15.26 
!o.19 

iT 
CKSO
rjjT x 

231, 
23'92319 

3-9 
C-8
2-iO 

13.0
13.0 

2.-3231.3 
340.0
215.3 

7656 
7568 
758 

14-25 
12.!.3 
13.05 

1.6-1 
1.65 
1.67 

113S.4 

96-.0 

1.58 

15.75 

RDL - 23, 
1??O 
iff&x 1220 
C1760 : 1220 
12{T z 12Z 

RDL x 1220 
8255 
,RT x 825 
CK6O 3255 
7!2. x 8255 

5-10 
8-2 
7-26 
7-26 
6-2 

8-2 
7-29 
7-21 
7-23 
"-25 

13-3 
-2.8 
12.3 
1:2.8 
13.5 

13.5 
10.5 
11.3 
11.0 
12.5 

12.5 
233;.8 
213.8 
231.3 
233-8 
262 5 
250.0 
197.5 
201.3 
133.8 

7,61 
8-3 
7329 
87 5 
8919 
8952 
539, 
5>6 
453 
7C76 

12.82 
11.23 
14.28 
12.58 
12.o3 
13.33 
12.05 
15.2-
13.20 
12.50 

1.34 
1.99 
1.75 
1.67 
1.56 
1.74 
1.61 

!.4 
1.32 
_.48 

10120 
915.3 
1041.6 
110,.0 
11)4.5 
1192.5 
651.5 

827.3 
649-5 
'3.4 

1129 
17.91 
88.2 
1..72 
13.10 
17.2. 

1. 21 

11.51 
C.22 
13 

2DL x 8255 
0718 
IF T x 0718 
CK60 x 0718 
1.r27 - 0718 
2DL x 0713 
0271 
i.T xJ0271 
CK60 x 0271 

7-31 
8-17 
8-2 
8-3 
3-6 
8-3 
7-9 
7-12 
7-13 

11.3 
1L.3 
10.8 
13. 
13.0 
13.0 
11.3 
9.8 
8.8 

131.3 
217.5 
205.0 
2.16.3 
205.0 
231.3 
170.0 
161.3 
191.3 

6239 
5290 
7526 
6310 
7946 
7747 
3592 
5130 
6475 

13.35 
11.78 
12.LO 
12.15 

12.08 
13.45 
13.3 
12.-35 

1.54 
1.55 
1.55 
1.43 
.2.C41.35 

1.64 
1.63 
1.55 
1.43 

C5-.7 
625.0 
928.0 
S22.1 

9"3.5 
934.4 
435.2 
689.0 
798.3 

13.16 
9.77 
14.7. 
11-.55 
13.17 
15.CO 
7.76 

10.70 
11.31 



Table 1. Continued 

Eate Grain 

Genotype 50%i4.aoeding LeafNO.- Heigt(C:-z. Yield(kG/'h ) ,3Protein Lysiine Protein yield(gia(g/a Lysine ' ld, 

VHT x 0271 7-14 10.8 172.5 6763 i2.16 1.49 641.9 12.17 

RuL x -271 7-17 11.8 1,6.3 7'±5 12.56 i 47 894.5 14.02 

051
;,G1x YZ 

8-7
5i 087-.-

12.3
.6r2206831 

152.5 
,, 

516 1.30
11.48 

1.51
.08 

6-1.5
7.079c6 

8.4
131C •70 

CKO. x D,3'.P0 7-27 
7-31 

11.3 
1.3 

15.8 
152.5 

7758 
07 

10.23 
10.43 

1.69 
1 71 

792.2 
622.5 

13 39 
14.62 

PSI x 03 3-3 12.0 170. 8197 10.65 1.71 674 2 14 69 

-5 
MRT x 335 

7-30 
7-21 

11.5 
). 

97.5 
126 6 

4V1 
72,0

7. 

13.16 
13.0 , 
13 - OF 

1.65
1.64 

573.9
940.3 

10.00
15.20
16.7 

.. H T x 7-2 10.5 141, 7 '3o55ic 12.1512 . C, 1.721.6 7o C43 2z . 16.17 
T x 35 7-27 11. 103 - 1 1. 14.33 

R. x 7-23 j." 8 141.3 77L2 11.03 1.83 916.2 16 61 
1"O'53-19 10.5 267 5 13"3.35 .036 413.1 12.h4 

. xD005 8-13 1i.5 271.3 14.6.. 1 45 974 4 13.,,7 
6 c' I.,5-11 12.5 2,K.8 675 13.13 1.70 9i.3 15 76 

x 5 78-10 12.5 265 0 14.23 1.45 c.9C.2 14. 21 

R1,1 x 005 ,-iO 1.8 
r7-!±0.r, 

260.).
132.5 

67' 
3632 

13.8'0 
14.93 

1.72 
i47 

94.0 
575.3 

15.30 
i0.37 

.T x 301 7-20 1;.0 12,3.8 47-6 13.40 1-55 64.3.6 9-5 
CKCL, 301 7-21 11.3 136.3 5,"56 12.38 1.59 721.6 11.55 
.iTx I31 7-24 11.8 121.3 6517 12.45 1.58 616.4 10.67 
PL x 

6 
-301 7-27 

7-30 
U1.3 
!i. 

136.3
-166.3 

6c968 
51739 

12.4,3
131, 

1.79
1.63 

361.5
719.1 

15.34
11.71 

l, x6d98 7-21 '.., 157.5 5"91 12.55 1.45 723.5 !0.52 

CK6;-, x 6,398 7-20 
~x66968 7-2d 

i0.0 
12.3 

lc.0 
1,75 

6764 12.15 
12.75 

i.5. 
1.29 

!-4.6 
c 6 2.2 

12.95 
11.41 

RIL x 6898 7-25 11.5 16 .3 7575, 13.30 1.17 1009.3 11.$2 
Martin 7-23 10.3 92.5 4546 14.95 1.37 678.8 10.46 
CK60 7-24 11.0 105.0 500i 11.33 1.66 574.5 9.24 

" 
Wheatland 7-31 11.5 82.5 5353 13.25 . 711.0 9.5 
Rcc~an 8-3 11.3 i0.0 5.5 12.18 1.72 635.6 9.82 
R-61o 7-16 9.5 115.0 54,-' 12.35 1.52 675.61.90 

LSD0 5 1720.4 0.968 0.346 i6.66 3-laD 

LSDoI 1905.7 1.273 0.454 153.32 4.101 
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Table 2. 	 Simple correlniion coefficienlts Fjaor.g fivw character, of 6 5 sorghum 
gerotypto of the incomplete dialici grex'n in 16-7. 

Characters corralatud Ccrreletiozi Coefficient 

Grain yield :Ith percent-:,c protein -0. 1945
Grain yield with j 'otei:, :i-r 	 o0.80'46 +
 
Grain yield Iti, p'crctune iysjr. 
 o..o4P6
 
Grain yield ,ith ]yi:: 1'i 
 o.620' * 
Percentaigc prcoen a.il l:- t. yicld 0.l ].4y
Percentage rotein i p.er.cent 'Cu lyjine .0.34C-
Percentcge p -ci,,-in, -h 'y:ine yield -0.0316 
Protein yicld 'ith pec't-ge lysine -o.o56 
Protein yield "'ith lysi: 0 yicld
Percentaige lysine ,.,ith lysince yield 0.0590 

* Significan~t at the 05 level. 

*" Significa~nt at the .I] level. 



Table 3a. t-as cIf seven characters measured frc.n, the sorghum 2iallei cf nine parents anc ZC F_hybris groa..n in 1968. 

Genotype Gran Yield Yield/head ICG Seed 'at. ?rczeinIS. No. (kg/ha) (gin) Yield 2 Lycine- Yid.(gin) Protein (kg/ha) Lysine (kg/na) 

'1259 3143 q 16 n 1.21) u 17.35 545.9 a 2 " - - " 

50 3.71 5.9 

239 6725 4-k 33. 


Or35 81 9 7 c-g f-h a-c 13.45 c 4.0-c 17. -m 
3.27 d-f 13.42 cd 9C.0 e-h 2.6" a.'.7623 f-j 38 jk 2.44 1-p 10.13 xn-pj 771.2 g-k 2.7- a 2i. b-f,364 5455 k-o 28 22.26 m-q 10.70 .5-n 579.9 L. 2.2C d-j !2..:rtin 6252 j-n 32 j-r. 2.23 n-q 12.82 c-1
6"cr j-n 33 j-1 

7C 9 .4 f-k 1.9! i5.3 -;2.44 -p 10.-45 k-o 666.1 i-n 2.4r a-e 166 .•~~"- ,:1-3 7u;31 .6 - c" Ok 2.58 k-ig 38d 2 4 i on 10.42 k-o 731.9- h. 2.2 -- 16.2
E e a8 2.4T c lO.3 
i- ,'125- x ' 75 "24, o-q 22 nr, 

.0 g-k 2.02 --. 15.6 g-i2.16 D-s 
 16.20 b 
 :0.! i-r 1.90 i-n 1. 1259 x 23 1 49i7 i-p 25 1-n 2.23 o-r 16.07 b 790.3 g-k 1.3j .-n 14.9 g-li 5o x ',53o r-- 26-j im 1.27 u 16.42 b . i794.9 g-k 1.92 15.3 g-i1 ;9 x 6 ' i- 252 1-n 1. 3 t 16.27 C
213.1 f-k 1 F2 i4.7
!25') " -o-q 26 i: ^.97 r-t iS .22 .0 -k 1i59 x CK6c r - -D 35 jk 1.1.9 - 16.22 b .5 f-J 1.78 k-n 14.7 h-i
7,-n ,4 2.07 q-t 16.70 ab 6530' .-n 1.74 m 11.4 g-!L. _p 31.5-n 2.15 p-s 16.25 b 769.5 g-k 1.74C',5 2iOl1 . 13.4 k-:3.65 s-c 
 11.63 f-j !.41.n 2.11 1-k 33.9', 59 b-f 3.43 ed 10.75 j-n 1'7}'.2 ab 2.16-j 25.7 a5 .. '6 ' 'a-c. e .17. 51 d-h 3.6 6- a 11.2 i c a-d .. 9 g m -2 .2 h -e 

' 7 5 .. . - O .c - I-, "h- 3.55 cd 11.92 1h-. ! .2 a-d.. 2.09 f-n2 .%.. f--r. 22.422.-1 b-e5 *C6d, 3.62 E-c 10.77 .5-n 9',f75 T , 1 b-e 2.02 f-n 20.9 d-b1 56 c-h 3.62 a-c 10.45 k-o S -,.6 c-f 2.30 c-k 22.7 - '5 x YCL 1-D176 ab 59 b-f 3.83 a 11.45 g-1 1165.9 ab 2.15 d-j 25.2 a-c1 05> !Y 75 a 3.47 cd 11 9 e-n 1542.2 2.16 d- 3
i: , o C7 a- 3.53 b-c l!.n e-.19 x . a6'a 59 b-g 

11 .4 ab 2.15 d-j 25.7 ab3.11 e-g 1 ! 24.2 a 2.22 c-j 27.1 a2 19 x CK60 7 b-1 53 c-k 3.42 dc 11.95 e-h )09.2a-d 2.26 c-i 24.7 a-C..- 55 c-e 60 b-d 3.51 cd 12.32 e-g 1162.1 ab 1.94 h-m 22.5 b-d219 x R, i01iab 
 62 bc 3.44 c-e 
 11.60 e-i 1192.0 ab 2.11 e-k 25.2 a-c8364 3022 e-i 50 f-h 2.63 J-k 9-33 op 7. 6 h-1 2.43 a-d 18.5 d-hC503 x ,.:RT 8230 e-h 40 ij 2.81 k-k 10.30 1-0 848.4 f-j 2.070503 x CK60 9032 b-f f-m 17.5 f-i48 g-i 2.99 gh 9.50 op 357.4 f-i 2.56 a-c 21.8 b-f 



Table 3a. Means of seven characters measured from the sorghum diallel of nine parents and 36 F1
hybrids grown in 1968. (continued)
 

Genotype Grain Yield Yield/Head 100 seed 't. % 

IS. No. (kg/hL) (gin) (gin) Protein 


0508 x -HT 9604 a-d 60 b-c 2.87 h-j 9.80 n-p
0506 x RLL 1C369 ab 57 c-h 2.91 ;-i 9.10 p 
,3L x 14RT 5620 k-ii 30 j-m 2.99 Gh 13.52 c 
;384 x CK60 5311 k-p 33 j-i 2.55 k-n 116.5 e-h 
9364 x .2T 6267 .j-n 37 jk 2.79 h-k 11.33 g-k

£364 x R1L 6151 j-n 31 j-m 3.04 f-h 12.57 c-f 

MRT x CK60 7228 g-j 39 -j 2.53 k-n 11.65 f-i 

I.RT x WHT 5949 k-n 33 j-1 2.40 1-p 12.20 e-h 
RT x RL 6333 j-m 33 j-i 2.25 n- 12.43 ef 

CK6D x >IHT 6136 j-n 33 j-i 2.3b i-p 11.40 g-k 
CK60 x rdl 6793 h-j 37 jk 2.60 1 i1.ib h-i 

HT x RDL
--. 6452 j-1 34 j-1 2.34 1-q 10.57 k-n 

RS 61c 6595 34 2.33 10.93 


1 Duncan's new nultiple range test was ud 
 to ccr;-o nr.yre mnens; 

letter are not significantly different at the .0- level; any t.:G 


Protein Yield 

(kg/ha) 


941.5 d-g

552.2 	 a-g 
'3.5 g-k 

621.1 k--m 

709.7 h-m 

774.6 g-k 

L43.4 f-j 


725.S h-n 

7 7.1 g-k 

7'0.9 h-m 

764.3 g-1 

ii.3 i-n 


723.5 


% 2 Lysine Yield 
Lysine- (kg/ha) 

2.32 b-g 21.2 b-f
 
2.37 b-f 22.4 be 
2.21 - 15.5 
1.96 g-in 12.; i
2.10 e-m 14.o g
1.98 g-7 16.0 g-k
2 13 d-k !3.0 ei 

1.93 h-m 13.? g-1
 
1.95 z-m 15.5 g-!
 
1.95 g-m 13.6 h-I
 
1.95 g-- 15.0 g-I
 
2.01 f-m 13.7 h-I
 

2.16 16.c
 

utomeans followed by the sa.-.e 
-eans not foliloued by tle sameletter, or any letter, are significantly different at the .05 level. 

2 Percentage lysine as a proportion of protein. 



Table 3b. 	 Means of six characters measured from the sorghum dialiel of nine parents and 36 FI
 

hybrids grown in 1968.
 

2 
Genotype 1 ]eighz L.A.I.2 jead Exert. Head Length 
IS. No. Flowering Leaf No. (cM) (c.) (cn) (en) 

1259 31 14.0 38 191 22.7 34.6 
OJ5 17 15.4 2L4 193 12.2 1 O 
2319 26 16.1 271 113 ii.3 13.4 
05-3 29 16.7 1,9"6 23.4 26.4 
8364 13 11.0 33 143 12.5 23.5 
Martin 10 

10 
10.7 
11.2 

140 
136 

151 
124 

25.3 
16.1 

26 8
23.2 

Wha tiard 19 12.4 109 175 15.2 27.0 
Rec.in i5 11.6 150 123 1.3 24.4 
1259 x ',',5 
125) 2319 

29 
2-

16.7 
15.3 

303 
375 

2,05
166 

1.O 
21.2 

27 4 
24.8 

125. x 150 , 45 19.0 116 22.5 35.7 
!2j> ,; j0 15.2 3(4 176 29.1 26 5 
!2to,x Mi T 28 13.2 335 215 24.2 34.3 
1259 x C,, 29 14.6 363 190 22.5 31.3 

x2 1,HT 29 15.0 345 1(7 24.7 30.5 
12 28 13.9 . 120 25.9 2..9 

-2 24 17.2 25'3 215 10.4 20.5 
175 14.8 276 it31 18.Y 25.7 

00T5 x 4364 ., 12.3 2L0 172 23.7 1:.1.3 
-75 x"hT 6 12.3 255 162 25.2 23.2 

0C75 x C.KG0 7 11.7 253 153 13.9 22.5 
u' 75 x -.HT i' 13.7 261 190 22.6 23.0 
-75 ROL 10 12.8 266 15b 21.1 21." 

-i) x.03 29 17.3 379 135 21.4 22.9 
2319 x 3364 20 14.6 23-) 156 13.7 21 4 
2319 x IT 16 14.9 39 140 20.8 21.6 
3!1 )x CK60 16 14.4 2 1 100 17.3 21-2 

2319 x WHT 27 15.7 304 132 19.7 19.7 
2319 x RDL 20 15.1 321 129 16.4 20.1 



Table 3b. continued
 

Height 


(cm) 


170 

21) 

204 

19D 

213 

125 

ill 

103 

119 

Ii 

±25 


144 

124 


143 

134 


141 


23.0 


32.5 


flow.ering. 

2
L.A.I.


(cm) 


149 

174 

129 

168 

145 

158 

157 

174 

132 

151 

195 


155 

173 


l$ 

171 


154 


36.9 


55.1 

Head Exert. 


(cm) 


11.7 

26.9 

16.7 

18.3 

19.1 

20.3 

14.7 

17.5 

15.6 

22.9 

20.2 


22.2 

21.1 


!f.5 
16.8 


19.5 


4.6 

6.5 

Head Length
 

(cm)
 

29.5
 
30.5 
31.3
 
29.8
 
32.2
 
25.3 
25.5 
26.3 
24.0
 
25.7
 
23.o 
25.5
 
25.2 
22.9
 
23.3
 

25.3
 

3.2 

4.6 

Geno;type 

IS. No. 


05rj3 x 8364 

0508 x MIRT 

0503 x CK6o 

05C3 x ".HiT 
05,b3 x R 

364 x I.RT 

3364 x CK60 

8364 x 'UHT 

0364 x PDL 

iTT x CK6o 
1-.T x WHT 
MiT x RDL 
CK60' x *,.T 
CK60 x RLL 
.HT x RDL 


RsC 1i 

LSD3.0 
LSDoI 

1 july 1 was 

2 Leaf area 


• 
Flowering I Leaf No. 


19 13.2 

12 12.5 

13 12.6 

24 33.8 

19 13.1 

13 10.5 

12 10.6 

14 1O.7 

15 10.7 


8 10.9 
12 11.3 
9 10.6 
7 10.3 

10 10.6 
11 11.1 

5 10.3 

. 

4.2 1.6 

used az the base date for 

index of flag leaf only.
 



Table 4. Simple correlation coelficients among 13 characters measured from the diallel of nine 
parents grown in 1968. 

Character 

C)~ ~ ~~ 

-4 

4.'0-

xC) 
z 

J) 

(D 

~ 
C 

*C) 

;4c 

o 

C+ -H 

C* 

C= 

+3 Q 

. 

Flcwering 

Leaf Nzber 

.79** .70** 

.77** 

-.30** 

-.02* 

.10 

-.O1 

.32* 

-.01 

-.20* 

** 

-. 09 . 

•2** 

-39** 

.04 

.61** 

.34 

.03 

.4C-** 

-.1i 

.05 

-. C 

.39* 

Height 

L.A.I. 

.08 .29** 

.01 

.11 .05 

.18* -.04 

.14 

-.03 

-.07 

.0S 

.6ax 

.22i* 

-33** 

.05 

-.21** 

-.24-

.2Z** 

-.05 

Head Exertion .40**-.24** -.29** -. 2-' .33** -.14 -.23** 

Head Length 

Grain Yield 
Yield/head 

-.40** -.36** 

.93** 

-6.
6 3* 

.77** 

.736* 

.23*-

- .57** 
-. 48** 

-.41** 

.90** 

.b6*x-

-.14 

.27-* 

.22* 

-.42** 

.91-* 

.56** 

100 seed wt. -.52** .69** .23** .7C+ 

% Protein -. 18* -.51** -.35-* 

Protein yield .05 .92** 

• Lysinei a t .5 v 

* Sigrificant at the .05 level. 
Significant at the .01 level. 
All correlation coefficients have 178 degrees freedom. 



Table 5. Leans of percentage protein of four sorghum genotypes harvested at 
seven stages of matuiity in 1967. 

, Protein Harvest 

Harvest Genot.me Stage 
Stage rt:610 LK3614 2319 0503 heans 

1 13.29 13.70 14.20 12.90 13.52 
2 12.20 12.21 13.71 11.35 12.49 
3 11.90 12.16 13.53 11.20 12.20 
4 11.93 12.55 13.95 10.71 12.29 

11.95 12.26 14.43 10.13 12.19 
6 12.32 12.14 14.14 10.38 12.24 
7 12.30 12.16 14.62 10.50 12.39 

Genotype !.,eans 12.27 12.45 .OC 11.10 

Harvest stages Genotypes 
LSD0 5  0.304 0.230 
LSDoI 0.403 0.305 

Table 6. 	 Analysis of variance for peccentage pr'otein of four sorghum genotypes 
harvested at seven different stages of maturity in 1967. 

Source of 	Variation d.f. Wean Souare
 

Blocks 3 0.5689 * 

Genotypes 3 42.2059' 

Harvest Stages 6 3.5798 * 

V x H.S. 18 1.0225 4 

Error 81 0.1867 

C.V. = 3.46,;
 

* 	 Significant at the .05 level 

Significant at the .01 level 
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Ta:le 7. 	 Means of grain yield (k/hi-a) of 11 sorghum cenoztes gro-.ni at three locations in 1967 
and 1968. 

Sand Farn1 Hi-Fertility2 Lafayette I-:rser:11 ean of
 
Genotype 1967 1968 sean 1967 1.968 mean 1967 1963 Mea. all tezts
 

3216 2729 1;-)5 3563 5961 7626 6795 6491 6593 5443 564
 

1259 1085 1335 1220 2951 1894 22'23 3638 31c6 3373 2339
 
0075 3046 66c6 4827 6634 7538 7088 6818 8497 7659 6525
 
2319 2777 6630 46814 4495 6927 5712 6630 6726 6679 5692
 
0502 2865 6225 45h6 4258 6126 5193 6209 7629 6920 5553
 
8364 3445 2457 2951 3235 2553 2595 4413 5455 4935 3594
 
.artin 3916 3250 3583 4674 4863 4769 5238 6251 5746 4700
 

CK6O 4236 4875 4556 4251 4856 4554 6181 6446 6,14 5142
 
I-Weatland 4077 3605 3842 5253 5333 5294 4650 7033 5d43 4993
 
Redlan 4738 4392 4566 6091 6273 6183 5831 7168 6501 5750
 
RS610 5318 5868 5594 5754 5933 5845 6307 6325 6317 5919
 

Cu 
Mean 3477 4511 3993 4870 5448 5158 5674 6476 6074 5074
 

643 812 	 962 1223 800 265
ISD05  


ISD0 1  .B66 1093 1295 1646 1077 1702
 

C.V. 12.8% 5.9% 	 13.7% 7.8% 9.7% 6.8%
 

The Sand Farm has a very sandy soil. T%-o hundred pounds of 0-0-60 was plowed dan n per acre; 
150 lbs/acre of 8-32-16 was used as a starter; and 150 Ibs/acre of ammonium nitrate was 
applied three times during the growing season. 

The Ii-Fertility area has a Chalmers silty clay loam and has been maintained for many years 
at a very high level of fertility. 

3/ 	 The Nursery plots have been on a Chalmers silty clay loam and they received moderate to high 
levels of fectilization. 



Table 8. Means of percentage protein of 11 sorgh=nc gen.tlypes ar-.wn at three locations in 1967 and 296S. 

Genotype 
IS. No. 19j7 

Sand Farm, 
1968 Mean 

High-Fertility 
1967 1968 vean 

lafayette Nursery 
1967 1968 Mean 

Mean of 
all tests 

3126 
1259 
0075 
2319 
0508 
8364 
;[artin 
CK6O 
V\neatland 

Relar. 

R-610 

14.3 
16.4 
14.0 
13.4 
i.4 
10.2 
12.1 
9.6 

11.1 

10.2 
10.5 

13.2 
16.4 
12.5 
12.3 
9.8 

10.5 
13.4 
9.7 

11.7 

11.6 
10.6 

13.7 
176.4 
13.2 
12.8 
io.6 
10.3 
12.8 
9.6 
11.4 

10.9 
10.6 

14.5 
18.8 
15.0 
15.2 
11.1 
12.0 
14.5 
11.7 
12.4 

12.1 
12.0 

13.6 
17.0 
12.4 
11.8 
9.8 
10.7 
12.4 
9.8 
10.3 

10.6 
10.4 

14.0 
17.9 
13.7 
13.5 
10.5 
11.3 
13.4 
10.8 
11.3 

11.3 
11.2 

15.7 
1C.6 
15.3 
14.6 
11.3 
12.1 
13.1 
11.7 
13.2 

12.8 
12.6 

14.9 
17.4 
13.5 

13.4 
10.1 
10.7 
12.8 
10.5 
10.4 

10.8 
31.0 

15.3 
18.0 
14.4 

14.0 
10.7 
11.4 
14.0 
1.1 
11.8 

11.8 
11.8 

14.3 
17.4 
13.8 
1. 
1O.6 
11.0 
13.4 
10.5 
11.5 

11.3 
11.2 

Mean 12.1 12.0 12.0 13.6 11.7 12.6 13.9 12.3 13.1 12.6 

SISD05 1.22 0.59 0.58 0.93 0.57 0.69 

LSD 1.64 0.79 0.78 1.25 0.77 0.93 

C.V. 7.0% 1.7% 3.0, 2.8% 2.8% 2.0% 



Table 9. 	 K.[ans cf" rotein yield (ks/ha) :f 11 s.. genczypes rzc::n a-- t-ee locations in 

1967 and 19.3. 

Genotype Sand Fan Hi-Fertility Lafayet.e Nurserr Mean cf 
IS Io. 966 1967 8 157 1968 :. all tests1T?67 	 .ean 168 .ean 

3126 389 612 500 909 66 888 Ir75 819 9 L8 779 

1259 178 234 206 587 267 .27 7L 541 563 
108 	 1126427 868 IC49 7:2 915 	 53 12

2v: 373 * 3 613 718 679 699 iC23 750 e87 733 
2588 326 647 486 500 502 501 737 6L2 69o 559 

F3 64 	 348 271 310 L09 225 317 564 4=3 524 
473 1460 467 712 502 c,' 835 C66 751 Ocs 

CK60 400 497 449 527 398 462 765 555 6$0 524 
-fcatland 453 441 447 686 457 572 6147 L1b 62 8 =49 

631
665 	 784 047 716
r:j-Ian ,3 540 512 777 554 

FZ610 562 658 610 726 515 621 839 576 707 646
 

vj. 	 401 553 477 691 522 607 826 650 738 607 

LSDo5 81 919 	 135 122 127 123
 

LSDoI 	 110 133 181 164 171 165 

C.V. 7.0% 6.2% 6.8% 8.1i 	 5.3% 6.5% 
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Table 10. 	 Yearly means of grain yield, percentuge protein, and rrotein yield 
of 11 sorghum genotypes grown in 196't' and 196o at three locELtins. 

Genotype Grain yield (kg/ha) Protein Protein yield (:S/ha 
IS. No. 1967 196 1 6T 1.968 196'( 1963 

3126 5o62 6206 3]4. 13.9 791 766 
1259 2559 2119 17.9 ].6.9 493 317 
0075 )5D1 7549 14.3 12.3 861 • 63 
2319 4635 6719 14.4 12.5 '(5 761
 
0508 h1415 6661 11.3 9.9 521 597 
8j64 3o34 1t i.4 10.6 440 327 
Martin 4610 47L9 13.9 12.9 673 543 
CK61 -[90 5393 11.1 1-0, 564 I3 
Wheatland 4661. 5325 12.2 10.3 595 503 
Redlon 5555 5946 11.7 11.0 602 5"10 
RS610 5794 6043 11.7 1O.6 709 533 

Mean 4672 5478 13.2 12.0 639 575 

Table 11. 	 Pooled anelyses of variances for grain yield percentage protein.

and protein yield el 11 scrghum genotypes gro'wn in th.ree locati;n'
 

in 196T ond 	166. 

Source of Mean SquareC 
Variation d.f. Grain yield o Prtein ProtLein yield 

Years 	 1 9,550,713 -/: 86.0114 x> 59,031 >. 

Locations 	 2 20,360,678 26.5164 * 3211,79.' " 

Varieties 	 10 7,307,737 1 - i4*IO7.9269 112,)49 

Blocks in Loc. anJ Yrs. 113 112,I466 10.5732 . 20,'214 +'
 

101,572 	 1xYear x Loc. 2 	 22.6966 66,644I 
Var. x Year 	 20 1,129,345 1.8931 8,6!
 
Var. x Luc. 20 1.56,566 0.7'532 8,557 
Var. x Loc. x Yr. 20 9"),2:, ' 0.929(5 7,1931 x*l 

Error 	 160 269,141 O.0607 1,817 

* ), Signiflinr.t it the .' levew. 



Table 12. :-,eans fr grain yield, 
subjected to fo-r ha 

pe:'cenage p;o~ein, 130 
-intrea-ments ihich T:;re car. 

eed ::ei~ht Cf five varieties 
ied out in 167 and 1963. 

Variety Treatment 
Grain 

1967 
yield (-P/ro) 
1963 ::enpLean i97 

e In0.i.ht 
!9c8 i.can 

see' 
19"7 1, 

(,zs) 

R.6iO 1 
2L818 
3 

5612 

L03 

7023 
60o6 
337 

6318 
5412 
3990 

11.83 
11.96 
12.93 

10.30 
11.06 
12.16 

11.34 
11.51 
12.55 

2.30 
2.23 
2.55 

2.33 
33 

2.52 

2.32 
-.2.31 
2.5A5 

4 L416 3633 4025 13.19 12.23 12.71 2.55 2.24 2.41 
2319 1 

2 
3 
4 

6627 
5296 
4780 
5305 

7467 
3646 
7106 
7673 

70h47 
6971 
5943 
6s3c9 

1.42 
iL.07 
14.90 
1. 5-3 

12.26 
12.07 
12.19 
12.20 

13.34 
13.07 
13.55 
13.39 

3.10 
3.15 
3-33 
3.28 

3.27 
3.23 
3.24 
3.27 

3.23 
3.19 
3.29 
3.23 

2319 1 
2 
3 

1edlanx991, 11231 
8905 9501 
9291 6709 

10611 
9203 
9C00 

12.14 
12.24 
12.28 

11.13 
11.25 
11.43 

11.6' 
11.75 
11.66 

2.95 
3.08 
3.10 

3-44 
3.5z. 
3.4i 

3.20 
3-31 
3.27 

. 5293 7703 6498 12.47 10.79 11,63 3.20 3.19 3.20 
0508 1 

2 
3 
4 

6505 
6783 
5353 
5126 

34"70 
7609 
1,457 
IS15 

748 
7196 
4905 
5021 

10.55 
10.13 
10.57 
9.91 

9.71 
9-96 

10.59 
11.09 

10.13 
10.05 
10.53 
10.50 

2.L5 
2.43 
2.73 
2.70 

2.44 
2.44 
2.73 
2.75 

2.45 
2.44 
2.73 
2.73 

Redlan , 0508 1 °,9262 11512 103-7 9.9 8.87 9.43 2.75 2.912 3956 £946 ~ 9;> 9.85 9.14 9.50 2.73 
2.83 

2.92 2.83
7366 7.65 7266 10.57 9.52 10.05 2.6 " 2. 2.74
4 6026 6365 630 11.23 9.83 10.53 2.75 2.81 2.7S 

Treatment no. Treatnent: 
1 Control 
2 
3 
4 

Flar lezif reomved 
Head bagged orly
Flag leaI removed 

orly 

and head bagged 



Ttlblc 13. 	 Trectmtcnt means for grain yield, percentage protein and 100 seed ueight of the
"Bagging Effects" experiment grown in 1967 and 1963.
 

Grain Yield (kg/ho) % Protein 
 1C seed 1:t. (gms)
Treatment 1567 1968 Mean 1967 l9 6 8 Mean 1967 19& Mean 

1 7600 9141 8371 iI.80 10.56 1.i3 2.73 2.-; 2.51
2 6981 8142 7547 11.65 10.69 11.17 2.70 2.90 2.C 
3 61-8 6322 t220 12.25 11.1l 11.72 2.83 2.95 2.924 	 506 69o 55b7 12.27 11.23 11.75 2.90 2.05 2.88
 

LSE 469 '871 
 399 0.281 0.163 o. 0.115
 
L2l-
 625 11o0 527 0.374 0.223 0.
 

rable 14. 	 Vnrietial :m.-ans for Gr.in yield, percentagc protein and 100 seed .:eight of the 
"Beggin~g Efcts cxLerinrr.t grourn in 167 and 1965. 

Grain Yield (I/a ., ICOCrotuin "V r ie t 1,-(,7 1',.< 	 seed :. zo!.0967 i ,!,--an 1 7" .. 'V.... 

R~ti22.5K,5 5:C2:: '%i] 1,..4.L.4 . :2.-1.4.312. .2 4-. 
3.5 

2,)22 . 
an x " 74 ,:.22 i 2) 11 - 3.5 .2 3.2 

C': 6354 4 102 1,u;.3 ,,-32 2.50. 2. 5 2.5)Reilan x '350b 7CI bi .' 14 9.34 .- 2 Y0 2. 2.75 

LCI0 521 ',74 446 0.314 0.187 1.153 C.13u 0.117 0.074 

L6EO 69,9 1297 589 0.423 0.249 0.03 0.173 ,.i;- 0 
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Table 15. Poole'd analyses of variance for yielu, percentagc 1'rotein,
and 1C seed weight of the bogging effects experiment grown in 
1967 Luid 19613. 

Sources of 
 Mean Squares
Variation 
 d.f. Yield 
 Protein i00 seed wt.
 

Years 1 18,236,472 ** 46.537 '* 0.3572 ** 

Blocks illycars 6 1,053,054 o.118 0.1305 

Varieties 4 20,175,736 '-N 17.303 ** 4.8020 

Treatments 3 15,307,30J- 4.152 ** 0.1203 

V x T 12 910,666 -x* 0.669 0.0603 

V x Y 3 2,341,721 *X 50.234 ** 0.6893 , 
T x Y 3 454,571 0.142 0.1140j 

V x T x Y 12 637,672 1.189 .* 0.0253 

Error 116 351,025 0.193 O.0468 

* Significant at the .05 level.. 

Significant at the .01 level.
 



-ab e 16. "x-tc'ne Values for Protein, Lysine %nci Piotein :Lysine 

Y.-.Po .... P rot.:'_L Lys. P:, 

--High Protein-

10.,3 1.6 1 21 21.30 0039 23.2 1.13 
'6 

0204 
3365 

10.? 
1C.3 
18.2 

1.17 
1.17 
1.01 

21.29 
21,41 
18.3' 

10 
03 95 
3640 

20.6 
13.9 
17.8 

0... 
1.141 

0.31 

...l,,
26.61 

05. 5l-
3833 13.3 1.0.,?.,2 19.6 1.45 

c65 17.7 1.12 19.74 3923 17,9 1.29 2,-.e 

1250 17.9 1.54 27-57 243 17.5 1,18 20.',) 
7834 18l.3 0.G1 1,.82 2260 19 6 0.62 12 1 

6771 17.9 1.' 25 70 7466 17.5 1.5, 
3730 17.5 1.32 23.10 60.) 17-9 1.27 

67814 18.9 1.25 23.62 69c4 19.5 1.60 31 . 

7551 18.5 1.27 23.50 7911 17.6 0.92 16.*t 

2414 18.6 1.14 21.20 3872 20.2 1.06 21.. 
4924t 17.6 1.?8 22.53 3922 18.4 0.60 12.51 

5387 17.7 0.82 14.51 3703 19.7 0,6L 13.4O 

3'43U 17,3 1.30 23.14 0195 18.2 0.86 15.6" 
5364 
2C1;i 
7, 0 

i?.8 
17-

79.9 

1 30 
-.3," 
0.3.6
1.1,7 

23.14 
23.99 
17.11
26.17 

0015 
3911 
2059 
41884 

12.1 
17.5 
18.3
19.3 

1.22 
0.66 
1.10
1.47 

2,. 
I!.:' 
-20.' 

17.7 1.03 18.23 

-- High Lysinc

12.8 2.0C 26.37 6915 12.0 2.5i 

752 • 11.u0 2.03 22.33 2615 09.5 2.15 20.1' 

0102 C9,3 2.01 18.69 7724 1.6 2.00 23 
22( 
23U5 

11.5 
11.7 

2.00 
2.07 

23.00 
24.22 

2144 
2475 

11.9 
10.7 

2.10 
2.00 

2. 
21.;3 

272i 12.3 2.1., 6. 3- 7330 11.7 2./,1 20.', 
7('C1 
5732 

09.6 
12.f 

2.89 
2.17 

.".74 
27.78 1991 13o7 

2.00 
2.13 

20.,) 
2/.1 

21'3 
6126 

10 3 
11.1 

2.1,U 
2.14 

2',,54 
23.75 

7223 
0516 

13.3 
12 7 

2.02 
2.22 20.19 

317 C$.2 2.15 13.33 1262 14.4 2.09 30.10 

,, 16.9 2.0 34,,0 351,8 10.1 2.08 21 .f1 
10,3 2.22 2.2.7 7452 10.9 2.12 23.11 

23/1 
061!. 

10.0 
09<! 

2.26 
2.42 

2:60 
22.02 

223; 
8159 

10,3 
13.2 

? .011 
2.01 

21.1<, 
26.53 

2151 11.I 2.12 24. 17 7 61 13.1 2.06 2,,.9',' 
7096 1.1 2.25 '31.73 0125 11.0 2,15 23.6 
T51. 11.7 2.66 31. 12 8797 11.6 2,03 24.1. 
2677 1.0 2,02 .26.26 7142 11.9 2.90 3. , 

(657 15.1 2.03 31.41 036 10.6 2.18 23.11 



Table 16. E:t. em VLluez O, "rotein, Ly,ine and 2rotcin Lysine (continue.) 

ISJ. io. ?rot. '""__ I ,;. i!o. )r ot___. Lirs. -1, 

-- High Lysine (continued)-

2316 11.8 2.06 ;4.3i 7304 1I.7 2.12 24.G0 
1317 12.7 2.07 26.29 6916 09.1 2.07 19.4$ 
7051 12.6 2.6b 33.77 '605 11.4 2.05 23.37 
71.54 13.0 2.07 o6.91 

--Hitih Protein x L.sine-

5342 19.6 1.1:5 ,"2.42- 6915 12.0 2.51 30.12 
7111,
7363 

15.6
16.3 

1.97
1.96 

30.73
31.90 

3539
3813 

16.215.5 
1.861.89 30.1329.30 

7330 11.7 2.2:1 28.20 6944 1$.5 1.60 31.20 
1991 13.7 2.1.3 29.1; C059 14.7 1.98 29.11 

0516 12.7 2. 2 28.19 5559 14.4 1.95 28.08 
3553 15.6 1.93 30.80 3791 16.9 1.C2 30.76 
7096 1l.1 2.25 31.73 751u' 11.7 2.66 31.12 
7142 11.9 2.90 34.51 0657 15.1 2.08 31.41 
7051 
54W0 

12.6 
16.9 

2.60 
2.06 

33.77 
34.81 

7282 
1884 

14.) 
19.3 

2.09 
1.47 

30.10 
28.37 

-- Lowa Protein-

2615 
5147 

09.5 
09.6 

2.15 
1.79 

20.43
17. IL 

0102
6368 

09.3
09.7 

2.01
1.81 

16.'9
17.56 

5690 09.6 1.92 18.43 7093 09.6 2. 9 27.74 
1220 09.9 1.65 16.'311. 311,1 09. 4t 1.27 11. l/ 
3758 09.0 1.56 14.04 0192 09.1 1.26 11.4.7 

2-32 0/.8 1.13 11.56 375" 00.9 1.15 10.24 
7755 
227b, 

0,.8 
09. 1 

1.00 
1.30 

15.0/. 
12.71; 

7577 
6916 

09.6 
09./, 

1.05 
2.07 

1O.O3 
19./:6 

2493 00.7 1.73 15.05 2309 09.4 1.16 10.90 
0662 09.1 2.,2 22.02 0617 09.2 1.72 15..2 

2556 09.9 1.66 16.43 3223 09.4 0.87 08.16 
3817 06.2 2.15 13.33 2402 09.1 1.33 12.10 
7906 09.6 1.70 17.09 06142 09.9 1.,0 1.00 
7461 09.5 1.99 1G.91 2766 09.2 1.30 11.96 
2936 07.4 1.62 11.9 

-- Lo', Lysine-

6947 12.3 0.1,14 05./0 0191 12.3 0.60 07.30 
7520 12.2 0.50 06.10 531/0 14.6 0.47 06.86 
3848 17.0 0.31 05.52 7303 15.0 0.60 09.00 
7895 
511:9 

12.3 
12.4 

0.51, 
0.52 

06.64 
06.45 

061,1 
5040 

10.9 
13.4 

0.50 
0.51 

05.45 
06.3 



. 21-

Table 

"[;.llo. 

16. xt eme 

Prot. 

Values 

L 

Io Protein, 

P':.:L 

Lysino and Protein 

I'%io. 

: Lzsine 

Pr3_.. 

(coritinue) 

L:. P,I 

7143 
3461 
2537 
3729 
5760 
2297 

13.3 
14.5 
14.5 
14.2 
14.7 
11.5 

0.39 
0.54 
0.59 
0.51 
0.56 
0.43 

-- Low 

05.19 
07.83 
0L8.56 
07.24 
0.23 
04.95 

Lysinc (continuedi)-

42b4 
0082 
6136 
3C06 
7096 
2948 

14.2 
15.8 
.3.6 
12.6 
16.3 
11.6 

0.57 
0.56 
0.36 
0.60 
041 
0.42 

08.Cc 
08.A5 
04.90 
07.5 
07.9 
04.X7 

6947 
5340 
7895 
5040 
0207 
5849 

12.3 
14.6 
12.3 
13.4 
11.0 
12.4 

0.44 
0.47 
0.54 
0.51 
0.63 
0.52 

-- Low Protein 

05.41 
06.86 
06.64 
06.83 
06.93 
06.45 

x Lysine-

2046 
3848 
0641 
7143 
2948 

13.3 
17.' 
10.9 
13.3 
1.6 

0.50 
0.31 
0.50 
0.39 
0.42 

06.65 
05.52 
05.15 
05.1( 
04.87 



Table 17. Complete amino acid analyses 

-israno 4.C2X ...- *. P0'tein
j' -- ;r - c-o, 

sol.
llf Total Leu.I.Ho. :Irot. 1,s. i.:L Th:eo. Trjp. iLeth. ,st. S.A.A. Isol. Leu. Ratio ?hen. T:'ro. Valine 

l,65 --u-due Furse-70075 !c,.50 1.90 37.01 3.16 0.5-012! 13.9 L7 I1 9 -) .2951.96 25.91 3.12 
 1.00 
 4. 
 . 5.c$7 .6
1 1 9"
0175 O-7 5-51- .3
13.Q 1.6 20.63 3"2
2.c9 0.34 1.00 4.20 14.07 .296
3.73 1.*6 4.14 14.34 5.62 4.51 5.060176 .209 5.L.l L.42 4.9310.53 1.97 20.72 
 3.05 1.09 1.12 1.15 
 2.27 3-0 12.,2 .:01
01,4 10.31 2.26 23.4 c, 3.19 5.00 L.00,261.25 1.11 2.35 !:.01 12.91 .310 5.09 4.26 3.01 
10.56 2.03 21.46 5.15 
 1.15 1.10 2.2501, 13.0 c 4.07 13.70 W1.96 25.64 3-06 .97 5 l:.4 5.10 

0213 
0.6 0.93 1.94: 4.24 14.11 .301 5.6n15.50 . 5.071.60 24.65 2.76 1.26 1.0300O 2.2L" 3.75 12.94 .29011.34 1.92 21.75 3.23 492 L.CS 4.4i1.21 1.0^ 2.29 4.02 13.79 .292-40339 16.16 1.50 25.55 3.05 1.29 17 1j: .26 253 5. 

- 5 
C-,; 

. 
2.03 1.15 2.L.4 6 i .4(,4 4.. 


03!5 14.72 1.-1 26.5
0!70 !5./:7 1.t' 3.06 1.50 1.3': 12307 2 o P.. or 0.3 0-' .56 4.O. 13.65 .2,6. . O.C$-"1.66 1 6C. 5.2 .',343.-0 12.77 -..
05!.,4 1.36 .360 5. 4-07 4.62
34.12 2.5'0 O.61 0.99 0.73 

56 
. 72 l.14 , .290517 14.31 1.32 10 ,O 52.2 1.-.31 4.693.-3 1.01 1..7 2.28 4.160532 12.73 1.99 25..6 ,3.27 1.04 

14.50 .2L7 5.'3 4.39 5.210.80 0.92 
 1.72 4.20 13-35 .315 5 
 4.21 4.0
 
0619 12.72 1.53 24.51 3-33 
 0.61 1.06 1.0!, 2.11 
 4.3O 14.03 .306
0639 13.03 1.,1 24.93 3.16 5.39 4.1O 5.10
0.56 1.47 
 0. 7 9.34 4.11 .49 
 .305 5
00.16 3.06 .27 4.u7
1.35 1.01 2-36

c7! 3.U7 12.46 .310 5.2
12.25 1.7.2 1.01 L 4.523.03 1.52 
 1.22 1.01 2.23 4.01* 1!:.03 .266 5.16 4.42 5.0311.25 i0719 22.02 3.091.9, 
 0.96 0 . 2 1.70 4.22 13.73 .307 5.63 4.35 4.91 

0725 10.41 1. . 1.1 3.13 1.25 1.04085/.. 2.29 3.96 13.22 .32010.41 1.33 19.03 3.06 1.21 1.19 1.22 
5.36 4.35 4..2.71 .,96 13.26 .296O,16 13.25 1.62 21.1.4 2.,0 0.66 
5.06 4.28 4.750.95 0.9') 1.9 . 3.75 12. 60954 13.59 1.35 25.18 3.11 .292 L.9C .12 4.531.30 1.07 
 0.71 1.7L .4.35 14.63 .297 5.41
1084 16.66 1.46 24.39 4.40 5.203.13 1.-2 1.58 
 1.41 2.99 
 4.12 14.60 .2C1 5.52 4.79 5.04 



Table 17. Complete amino acid analyses (continued)
 

Lmino icid- as ; Pictein 

iol. 

I'.No. ?rot. L'z. ,=L Threo. Tryp. Eleth. 
Half 
CYct. 

Total 
.A.. isol. Leu. 

Leu.
Ratio 2hen. ' VF1ine 

1149 
1213 
1259 
1295 
1333 

12.94 
12.22 
17.41 
13.94 
10.16 

1.01 
1.05 
1.54 
1.7-
2.04 

23.45 
22.63 
26.79 
24.8, 
20.76 

3.14 
3.10 
2.95 
3.07 
3.12 

1.10 
1.07 

1.14 
1.63 
1.35 
1.41 
1.05 

1.19 
1.02 
0.23 
1.36 
0.94 

3.33 
2.65 
2.19 
2.7f 
1.98 

4.06 
4.0" 
4.25 
3.^9 
4.01 

13. 9 
13.67 
15.02 
13.26 
13.21 

.292 

.299 

.23 

.293 

.303 

5.10 
5.29 
5.51 
5.13 
5.26 

4.47 
4.32 
4.60 
L.33 
4.26 

4.9
4.89 
4.94 
4.0 
4.83 

1596 
2109 

16.65 
10.22 

1.65 
3.36 

27.51 
"4.31 

3.07 
3.31 

0.58 1.46 
1.12 

0.76 
0.57 

2.28 
1.6c 

4.06 
3.73 

14.03 
10.22 

..3,9 

.365 
5.36 
L..31 

4.37 
3.59 4.91 

2213 
225 
2 26 

10.:4 
i4.!3 
13.75 

2.8-
1.77 
1.29 

30.C2 
24.7 
25.: 

3.40 
2.-7 
3-04 

0.Q1 
0.96 
0.61 

0.66 
0.97 
1.00 

1.47 
1.93 
1.62 

Z. 0o 
3.,0 
4.02 

11.98 
12.9 
13.61 

•33: 
.1. 
295 

4.6-1,4.10 
,Q.. 4.20 

5.1 4.35 

5.24 
4.76 
57 

2.-...2?33 1. 1.6 50.78; 3.23 1.07 1.50 1.55 3.05 4. 2412-I ;.3 2, 5S - ,5 .21 
2.:45 
"[ 

6 

17.f1 
11.6 
09. I 
-10.75 

1.90 
3.19 
').07 
2.21 

33.79 
Lo.02 
20.410 
3-20 

3.26 
3.43 
3.06 
3.36 

4.51 

1.11 
1.20 
1.27 

D."9 
3.53 
)."'7 

2.CO 
2.04 
2.14 

4.21 
3.62..oL 
4.00 
4.56" 

14.11 
O " 

13.C? 
.$3 

.292 
.... 

7. 
.3 

5.1& 

. 

4.54 
3.c 
L_.i 
L-7 . 

5.04,
74.?' 
. 

c, 

21' 

.5 

09.971',3.01 

10.69 
11.1-7 
10.44 

2. 131J.9 . 
2.03 

.05 
2.-6 

21.2021.96 .. 
22.22 
23.56 
23.60 

3.253.11 

3.2. 
3.2C 
3.04 0.60 

1.361.21 

1.12 
0.93 
1.17 

1.011.21.12 
1.0!; 
0.'! 
0.93 

2.372.333 
2.'2 
1.23 
2.15 

4.34 1L.05.27 1502Z:..-2 15.02 
4.23 1!.4i 

3 1C.50 
3.90 12.59' 

0.2' .. . 
-

.32.0 

-' 

5.31 
;.7 

I_ 

L 5.270 ._ ,70 
-. 7 

3"71 
.0 

55.1
.22 
-, 

-7-.7 

? 53 
2.592L,62 

11.00 

11.32 
11.5635.53 

2.04 

1.20 
2.221.... 
.2.. 

??.U 3.05 
2. 3.2 
21.39 2.94 
25.65 3.29c. y
.2 3.10 1.24 

1.0i 
12. 
1.2 
1.23 
0.77 

(. 1 

0.97 
0.90 
0.21 

1. 
.. . 
2.2 
2.11 
1.5 

3 
L.0.10 
3.,0 
4.21 
.07 

13.23 
13.60 
15.25 
13.00 
I .1 

00 
.301 
.c5 
.335 
.23 

L.C 
5.23 

.. 
3.03 
.2 . 

i:-3 
. 

4.80 
5.07 

55.65 
cc 

2"I' 
2321 
2936 
2537 
242 

11.7 
11.-4 
10.06 
12.09 
12.72 

1.96 
2.07 
2.03 
2.31 
1.6 

23.12 
2!. 56 
20.42 
41.72 
34.76 

D.C2 
3.13 
3.26 
3.15 
3.03 

2.25 

1.43 

1.43 

1.24 
1.31 
1.32 
0.66 
0.23 

0.23 
0.91 
0.61 
0.69 

-2.73 
2.1: 
2.23 
i.:3 
1.57 

3. ,-,7 
.27 1,.0 

4.12 13.60 
4.2 13.41 
3.$- 12.92 

3 

,.0 
.30 
.319 
.305 

. 
5.27 
5.3, 
4.97 

. 77 

. 
. 5 
2:2.74.c3 

4.03 4.81 



Table 17. Cc:m.lpete cr-ino acid ta'ra_!,es (continue-) 

f.r~ino ..c2c....]-3 ei 

Iso!. 

ii7. Prot. ! vs.. ?,-- Thir .o. T-y-p.. 1.cth. Kial-
(3vst. TotalS. A. . isol. Leucr Leu.tio Tr.%3T~.V', 

2_52 
3126 

13.80 
19.2-2 

1.96 
6f -

27.20 
31.5i 

2.86 
2.30 

0.21 
O.2o 

).75 
0.3G 

1.55 
i.b6 

3 . 4 
3.9 7 

12.00 
13.75 

.333 

.E 
5.07 ,4.7-z 

8: 
3133 10.41 1.9Q, 23.23 3.03 1.29 !-1 2.-7 3.05 12.. ' 0 £ - . 
3169 
343') 

11.16 
11.17 

1, 
1.07 

21.63 
21.k 

3.09 
2.97 

1.17 
1.15 

1.14 
0.9L 

2,31 
2.C/ 

3.96 
4.03 

13 .1 
13-49 

2,4 
"-2-, 

5.'2 
. 

1. 
.. 

4.2 
4.12 

341 12.09 .91 23.04 3.1 1.00 1,31 2.31 L.22. 11 - -:" 5..,1 L. 5 .C 
34,52 
3462 

13.12 
. 

.2 
1. 4 

27.9-
.1-5 

3.29 
3.23 

1.16 
.7 

1.17 
.14 

2.33 
2.61 

1.)
4.72 

2).9, '. 
.. 

.2;, 
... 

17c,

.94 0!4)2-04 2' .3L; 3.30 0.53 1.12 ..4 1.95 1-33 ' ?.23 I. 5 4': 4. 51" 5.2% 

328 

3530 

i 

!I2 

" 
20 
2. 07 
2."7-, 

- .2..... 
2, 
23.5' 
-

3.2, 1.27 
3-0i.I 
3.40 
3.20 

1.26 

1.10 
14 

1.2 

. 
-

2-5-

2332.3!: 

4.09-05 

4.1. 

"2 

.45 .. ,)7
440..1.6 

, 

r 73 
525 

1c.-50 

4.' 
3 

5.13 

5.22 
. 

-52 
355 

353. 

12.55 
13.3 

. 

1 75 21 
" % 27 A7 

....2' 24.05 

3.11 
3.11 
3.26 

0.66 
1.07 

.1.32 1.14 
1 27 I.CO 
0..O41.50 

2.46 

9. 4 

4-C9 
; 10 
4.55 

3. 
1". ,-.:3 
! . 

.7, 
. 

-324 

5o1 
5.L-
5 ;9 

4-Y3 

. 

4.90 
5.13 
5.09 

5572 -.72 

3611 -!5 
lt-,,63 

-221' 
2. " , 

k'-2 
... 
s2 .q 3...3.r 

.;2. 
.62 1.1," 

: 
1.?1 

; 
'5 

23203 
4 

L.,--03 

.

13 "r 

). ii 
.311.. 

.. 5.2-
4, 

.-
. 

4.." 
..... _ U

1 3-2k 3 L.30 2.72 4.16 1.56 7.' 5.'i:."' <3 ".9 
1. .. 2. -95 3 22 1.15 0.77 I.O/ 4 L.16 .... .:- 5.2 .1" 5.32 

37T2 !3.cl 1_ . 3.15 1.c- J.97 0'- - 5 15.1 5.53 4 -> 5.18 

7 w 1.- 2.07 -0.3' -1. 0.3O 1.12 ,i.CL 2.01 4.2- 13.-2 .3!0 5.2: 440 5.2 
U2!..33..........."3.3 i.10 

3.. C W 
0.75 
1 '3. 

3.,'! .59 4.34ID.5 -i:..2" 
1. 

. .-. 
f 

5.75 
514 4.r 

5.-23 
5.3 

no39 12.50 '-" .. . 1.75 4.4-14 1 .0L 3- 5.27 i.,o 5.12 
i 16.7:2 1.25 30.e3 3.16 0.97? 3.-. ,.3?,.o .0 4.20 14,.00 .2 5.25 4.35 5.23 

3977 .1':..31 1.'/5 27.9c1 3.0 0.72 1.06 0.7'_,1.05 4.3:. 14.22 .33 ..>.-6 ,..-" 4."" 
1322!2. 6 1.91 21.. 16 3.40 1.13 2.36 D.97 3.33 .0' 16.17 .30 1 5- 6.0f 

4540 10.23 ".LS 25.50 30 1.33 0 27 353 
... 12-,!.03 1.7 30.13 3.1. 0.97 1.34 u.63 2.17 4.43 15.-2- -2 5.63 ."5 5.13 
5375 13.04 1.31 25.71 3.12- .6 1.27- 2.33-. , .27!...7 14 -54. .2093 5.68 .4. 51' 5.15 



Table 17. Complete amino acid. analyses (continuec.)
 

mino Acids as , Protein
 

isol.
 
k',f Total Leu.
 

I -.1o. Prot. Lys. ?z Thieo. Tr eh. CYst........ 
 . Leu. 2atio ?hen. T V-l-o.."..... 
5137 13.16 2.08 27.40 3.21 1.15 1.12 4.09 13..o .30- 5.1-1 4.40 CC _6164 12. 2.11 25.67 3.20 2.20 1.45 0.92 2-37 4.13 13.92 -297 5.30 .37 56p0 11.16 2.03 22.65 3.30 1.29 1.29 2.58 4.47 14.79 .302 5.95 4.68 5.Z9
6.11 14.09 1.99 28.01 3.09 1.07 1.36 1.47 2.0c3 4.31 13.76.313 5.16 4-3 ,8_6? 13. 4 1.61 22.31t 3.09 1.17 -
1.4- 1.27 2.75 4.41 14.9 .295 5."74 4.1! 5.16
 

6926 09.3': 2.25 21.02 3.27 1.43 
 0.95 2.30 4!.40 14.59 .307 5.70 4.70 5
6"5 13.60 1.94 26.32 3.21 1.13 1.55 0.93 
 2.37 4.50 14.50 .311 5.75 4.79 5
6960 13.75 2.06 20.3c 3.17 0.84 1.27 1.30 2.57 4.22 11.27 .295 5.18 4.52 5
7050 10.c4 2.0 22.72 
 3.37 1.10 1.33 2.42 4.41 14.50 .304 5.75 4.79 5 .0 7093 11 81 2.07 24.1:2 3.31 1.39 1.47 1.68 3.25 4.17 13.92 .300 5.50 4.55 5.22
 
7110 13.31 2.02 26.95 
 2.C9 3.00 1.07 0.94 2.01 3.9 13.15
(779 15.31 2.13 ,2.. C.3 -1 .297 5.CO 4.01 4.77- -7i.723 0.76 1.64 4.03 .3.22 .05 4.27 -7
005C! a 4 25..5 3.47 2.70 1.15 2.65 .37 .11
-- .310 5.50 1.35 5.5 ,067 11.03 1.94 21-45 3.00 1.06 0.9 
 1.9. 4.2.6 1.66 .305 5.33 L033
 
8093 10.91 2.2 3 2!:.35 3.11 0.77 1.30 0.07 2.16 
 3.90 12.70 .314 4.96 4.15 4.91
 
C112 12.17 1.94 24.1!9 3.1U 0.93 1.01
10U!.1i 1 . 2 -.93 4.4:0 :.66 .300 5.1:4.Z 52C .... .3. 1 3.06 - 1.07 2.30 L.13 1i.67 302 53"U 
01.97 10.09C 2.1. 21.20 3.23 0.70 0.O 
 1.50 1.Z 13.75 .0: 5.-2 . o210 12.31 .1.? 21.6.. 3.07 1.21 0.71 1.20 4.1 14.3 .203 5.34 1..> ,0263 12.75 3.00 3.25 
 3.14 0.90 0.72 1.62 3.71 10.56 .351 4.30 3.67 4.63
 

15.09 1.71 25.%2 3.10 1.23 1.45 2. 2 4.24 14.40 .2c,1 5.61 !:.5 5.98300 1/.34 1.70 25.60 3.20 1.33 1.21 2.53 24.4s4.30 .297 5.:. L.3...0302 i6.13 1.75 23.10 2.99 1.16 .-2 1.7 4.13 13.01 .299 25.1- k,.'5
4307 c3 1.04 25.03 3.15 1.17 1.47 0.07 
 2.35 4.25 14.35 .2971. 5.29 . 57 5.25.20 5-"8330 0,.61 2.26 22.3- 3.35 
 0.72 1.25 1.97 4.38 13.49 .324 5.31 4.4. 5.15
 

0336 13.97 1.59 3.07.'.2L 1.0 13 3. 1. 431 1. 
 4.5c
30.6 1s3 1.7' 2.01
7.47 30.-24 
 "o 0.,7 1.56 3.27 .297 5.03 4.07 4.73
1.5 13.0

3541 16.53 1.00 29.69 3.21 1.1 1.01 1.C 2.01 4.,2 15.32 .2 4.70 5.2c
3.7L.


0361 25.31 1.g2 4 6. 11 3.17 0.2 0.95 1. 22 2.17 4.32 14. c/7 .29 5.61 4.37 5.8364 15.56 1.72 26.75 2.92 1.05 1.36 1.07 2.43 3.94 13.76 .2 6 5.10 4.32 4.S2
 



Table 17. Complete amino acid analyses (continued)
 

lurmino Acicds as , Protein 

Isol. 

i:,No. Prot. Lys. Ps-L Th:-eo. Tryp. I C 
Half 

- -:zt. 
Total 
SAo. I:;., Lou. 

Leu. 
Ratio Phen. Tyro. Vairne 

8364 
8375 
38 -, 

12.19 
12.47 
12.13 

1.83 
1-93 
1.91 

22.36 
24.13 
23.19 

.3.30 
3.19 
3.42 

1.04 
2.05 

1.55 
1.03 
1.07 

1.67 
1.12 
0.9(1 

3.22 
2.15 
2.06 

4.06 
4.15 
4.37 

13.81 
14.02 
14.85 

.294 

.296 

.294 

5.37 
5.56 
5.5-

4.73 
;-.50 
4.60 

4.95 
5-14 
5.40 

0075 
0003 
0101 
0113 
0115 

14.53 
14.50 
11.44 
13.25 
13.69 

1.68 
2.09 
2.30 
2.33 
.X0 

.35 
30.25 
26.33 
30.07 
24.63 

3.04 
3.28 
3.20 
3.19 
3.01 

1966 ?urdue Nursoy 
0.86 0.72 1.03 
2.03 0.71 1.35 

0.97 0.96 
0.97 0.96 

1.21 1.02 0.35 

1.75 
2.06 
1.93 
1.94 
1.07 

4.49 
4.37 
4.13 
3.&6 
4.11 

14.96 
14.34 
12.05 
13.31 
14.01 

.3L0 

.305 

.321 

.290 
.253 

6.18 
5.92 
5.:2 
4.09 
5.20 

4.84 
4.61 
4.17 
4.37 
4.49 

5.15 
5.06 
5.00 
5.13 
5.12 

0129 
0176 
01,5 
0137 
0150 

14.75 
14.25 
13.34 
10.66 
126b 

2.13 
1.79 
?.54 
2.12 
1.33 

31.46 
25.45 
33.92 
22.61 
23.12 

3.12 
2.99 
3.05 
5.53 
3.17 

1.08 
1.09 

0.9 

0.62 
0.85 
0.47 
1.77 
1.01 

0.92 
0.01 
0.69 
1 06 
0.85 

1.54 
1.66 
1.16 
3.02 
1-06 

4.25 

4.02 
3.04 
1 

4.21 

14.10 
1-.97 
1J'.55 
13.91 
14.60 

.30? 
292 
.332 
.299 
.303 

5.20 

5.7 
4.54 
5.33 
5.30 

4,1. 

1:.30 
3.8 
4.61 
4.4, 

5.13 

4.96 
4.80 
5-45 
5.46 

0194 
0199 
0219 
0271 
0271 

11.63 ".19 
12.41 2..4 
.11.31.9c 

13.56 1,c 
13.3' 2.06 

25.49 
26.56 
2.4 

26.79 
27.52 

3.18 
3.26 
3.13 
3.15 
3-35 

1.17 
0.95 

1.00 
1.3 
1.46 
1.49 
1.50 

0.94; 
1.06 
1.70 
1.1, 
1.02 

2.02 
2.45 
.63 
2.63 
2.52 

4.02 1'.75 
4,! 14.02 
4.14 13.59 
3.55 12.50 
4.22 13.69 

.292 
.290 
305 
.24 
.30-

5.60 
5.19 
5.43 
4.93 
5.76 

4.52 
4.54 
4.41 
4.29 
4-03 

5.31 
5.56 
5.11 
4.95 
5.16 

0271 
0315 
0470 
05001 
0508 

11.91 
13.94 
10-66 
10.44 
10.04 

1.97 
2.34 
2.23 
2.21 
2.09 

2344 
32.95 
23.75 
23.05 
29.61 

330 
3.13 
3.31 
3.31 
3.36 

0.95 
1.05 
1.10 

1.56 
1.15 
1.19 
1.17 
0.69 

1.13 
0.53 
1.20 
1.32 
1.19 

2.69 
1.73 
2.30 
2.49 
2.08 

4.25 
3-96 
4.29 
4.34 
4-34 

13.C5 
:2.75 
14.51 
13.74 
13.83 

.307 
-310 
.296 
.315 
.314 

5.71 
4.01 
5.47 
5.L7 
5.87 

-.60 
4-14 
4.72 
4-.6 
4.65 

5.23 
5.21 
5.42 
5.22 
5.11 

0526 
0532 
0535 
0616 
0616 

13.31 
-4-63 
14.78 
15-31 
15.63 

1.67 
2.04 
2.20 
1.144 
1.99 

23.00 
29.85 
32.50 
22.05 
31.13 

2.98 
3.14 
3.25 
3.03 
3.13 

1.19 
1.04 
1.05 
1.00 

0.52 
1.30 
1.05 
1.69 
1.76 

1.01 
1.12 
0.96 
1.34 
1.05 

1.54 
2.42 
2.01 
3.03 
2.81 

3.7 
A.O.0 
4.07 
3.80 
4.27 

13.74 
13.27 
13.53 
13.38 
13.88 

.231 

.308 

.300 

.2-4 

.308 

4.91 
5.16 
5.04 
4.99 
5.48 

4.43 

4-37 
4.30 
4.55 

5.06 

5.15 
5.09 
5.24 



Table 17. Complete amino acid analyses (continued)
 

Amino Acids as 1 Protein 

isol. 

IS.No. Prot. Lys. PkL Threo. Tryp. Leth. 
Half 
Cyst. 

Totel 
S.A.A. Isol Leu. 

Leu. 
Ratio Phcrn. TV-o. VaIine 

0616 
Q633 
0639 
0639' 
0692 

14.53 
14.31 
13.40 
11.94 
12.19 

1.96 
2.12 
1.41 
2.05 
1.94 

28.51 
30.31 
18.89 
29.47 
23.60 

3.45 
3.25 
2.90 
3.46 
5.63 

1.27 
0.86 
0.86 

1.26 
1.26 
1.33 
0.91 
1.14 

1.23 
3.70 
1.00 
1.13 
1.20 

2.49 
2.13 
2.34 
2.04 
2.34 

4.55 
4.62 
3.56 
4.49 
4.27 

14.99 
13.83 
12.60 
13.81 
14.82 

.304 

.308 

.282 

.325 

.288 

6.01 
5.13 
4.64 
6.05 
5.51 

4.83 
4.28 
4.0-
4.77 
4.75 

5.29 
5.31 
L.83 
5.36 
5.63 

0704 
0705 
0718 
0718 
0715 

1S.53 
15.31 
10-19 
10.88 
11.97 

1.65 
1.85 
1.63 
1.95 
1.91 

32.22 
28.37 
16.66 
21.25 
22.92 

3.17 
3.18 
3.15 
3.bL0 
3.26 

0.63 
1.36 
0.70 

1.74 
1.29 
1.42 
1.26 
1.12 

1.07 
1.06 
1.23 
1.32 
0.95 

2.81 
2.34 
2.70 
2.58 
2.06 

4.23 
4.09 
3.69 
4.32 
4.41 

15.10 
13.98 
13.21 
14.66 
14.21 

.280 

.292 

.280 

.294 

.301 

5.28 
5.24 
4.68 
5.63 
5.60 

4.79 
4.63 
4.25 
4.73 
4.62 

5.48 
5.20 
5.18 
5.25 
5.40 

rl 0031 11.03 1.93 21.28 3.01 1.13 0.73 1.86 4.13 ?-2 299 5.25 4.32 5.1 (, 

1 0854 
0o5, 
0359 
0868 

12.50 
15.85 
12.38 
12.09 

1.86 
1.71 
2.03 
1.86 

23.22 
27.0 
25.09 
22.52 

3.08 
3.04 
3.1,1 
3.12 

1.21 
1.12 

1.00 

1.06 
1.02 
1.26 
0.92 

0.90 
0.98 
1.71 
0.93 

1.96 
2.C0 
2.97 
1.85 

4.15 
3.79 
4.37 
4.01 

14.22 
13.79 
14.46 
14.21 

-292 
.275 
.302 
.282 

5.18 
4.9, 
5.74 
5.25 

4.54 
4.3? 
4.73 
4.43 

5.21 
5.11 
5.34 
5.14 

0925 
0954 
0957 
1025 
1030 

13.75 
13.53 
13.22 
1i.03 
13.25 

1.84 
1.C6 
2.i4 
2-.C 

25.23 
25.18 
420329 
23.96 
31.96 

3.18 
2.99 
3.20 
3.07 
1.3.28 

1.00 
1.30 
1.36 
0.95 

1.43 
0.81 
0.99 
0.73 
1.27 

1.05 
0.90 
0.96 
0.'2 
0.38 

2.47 
1.70 
1.95 
1. 

.15 

4.15 
3.76 
4.21 
3.76 
4.24 

14.45 
13.13 
13.61 

.92 
13.38 

.287 

.286 

.310 

.270 

.317 

5.1! 
4.73 
5.4C 

5.31 

4.62 
4.19 
4.58 

29 
4.I 

5.37 
4.91 
5.'S 

5.1 

1032 
1213 
1220 
1220 
1259 

16.75 
13.38 
10.75 
11.00 
1.44 

1.93 
1.88 
2.31 
2.26 
1.75 

32.31 
25.14 
24.84 
24.84 
32.21 

3.05 
3.16 
3 52 
3.33 
3.02 

1.10 

2.70 

0.87 

1.53 
1.39 
1.54 
1.11 

0.97 
0.6 
1.56 
1.17 
0.37 

2.50 
2.93 
2.71 
1.97 

3.68 
4.08 
4.26 
4.1l 
4.18 

13.51 
13.81 
12.87 
13.65 
14.19 

.273 

.295 

.331 

.301 

.295 

5.10 
5.24 
5.51 
5.27 
5.29 

4. -1 
L.33 
4.33 
1.63 

4.37 

5.07 
5.19 
5.4: 
3.4O 
5.04 

1333 
1333 
1475 
1530 
1596 

11.13 
14.31 
11.34 
13.22 
1.41 

2.44 
1.81 
2.23 
2.11 
2.11 

27.13 
25.87 
25.28 
27.88 
38.90 

3.25 
3.08 
3.03 
2.93 
3.08 

2.47 
0.86 

1.47 0.37 
0.63 0.)1 
1.12 0.35.. ... 
1.21 0.78 
1.68 0.91 

2.34 
1.54 
1.1 -. 
1., 
2.59 

3.94 
3.95 
4.014---
4.14 
3.99 

12.4 
13.59 
12.65 
13.54 
13.20 

.307 

.291 

.3.7 

.305 

.302 

5.00 
5.,0 

c 
5.11 
4.92 

4.31 
4.39 
4' 

4.20 
4.30 

5 
. 

Is'484-
5.05 
5.16 



Tab!3 17. Coinplete cnino acid" -na! -ses (cor.tinued) 

..ano acics as , P: otcir 

Icol. 

L3.iNo. 

i56 
2031 
2031 
2213 
2225 

2:Ct. 

1C.65 
13.81 
12.8-
12.5(, 
!1.22 

D 

2.33 
1.4 
2.5 
2.2', 
2,02 

. 

122..I 
26. 3 
2,'.-0 
28.03 
28-73 

Th: eo. 

3.25 
3.10 
3.31 
3.00 
3.23 

T-Z. 

1.06 
0.91 

i.cth. 

1.21 
1.19 
0.87 
1.35 
1.73 

Jaf 
Cyst .. 

1.17 
0.90 
0.9 
0.75 
1. 2 

Tota! 
... 

2.3c 
2.09 
1.76 
2.10 
2.95 

joi. 

W 
3.93 
4.15 
3-C6 
4.07 

Leu. 

13.c1 
13.05 
13.C6 
12.57 
!4.21 

Leu. 
2c tio 

.307 

.30-
29 

,307? 
.286 

?hzn. 

5.3't 
5.12 
5.42 
4.63 
5.27 

T;,:o. 

4. 3 

4. 26 
;, -1 
1.05 
4.6 

Vin"e 

517 
4.63 
5.40 
5.C3 
5-50 

234 
227i 
2220 

2315 
2319 

13-73 
11..6 
13.73 

13-59 
16.25 

1.71 
2.04, 
2-59 

2.22 
1-31 

23.52 
23.3 
35,62 

30.18 
37.60 

3.C5 
D.28 

3.18 

3.19 
3,25 

1.01 

1.12 

1.92 
0.96 

0.80 
1.51 
0.49 

1 10 
1.25 

1.10 
i10 
0.77 

1.05 
1.33 

1.90 
2.61 
1.26 

2.16 
2.28 

3.93 
4.08 
3,92 

3.80 
4.12 

13.54 
1-47 
1;.17 

1.07 
!. 53 

.250 

.33 
297 

.27 

.0:3 

4 97 4.40 
4.93 4.!3 
!078 4.22 

4 97 4.36
.18 L-0 

5.13 
5.Ch 

5.& 
5, 

231;
2377 
24)6 
2562 
2531 

15.- -CY 
121', 1.32 
11.53 2.4t 
I0..2h, 2.06 
11 7',2. 

23V3 
23.50 
23.11 
21.15 
26.43 

3.16 
3.01 
3.27 
3.26 
32.5 

0.17 
1444 

1.52 
0.56 

0.91 
0.73 
0.32 
1.25 
0.91 

1.08 
2.17 

2.77 
1.48 

3.89 
3.95 
4.01 
4.01 
4.17 

12,03 
2..53 
13.55 
13.46 
13.54 

.305 

.292 

.29L 
23 
,30C 

4.73 
4 77 
5 30 
5.10 
5.04 

4.32 
4.21 
4.52 
4.47 
4.3)5 

5.06 
5.. c 
5.56 

9 
2 

2639 
2727 
27-0 
201, 

i5.-1 
13.53 
14.,6 
11-91 

2.-2 
2.34 
2.15 
2.03 
23 

29.L-
31.70 
50. 1', 
?Y12 
.11.7524.1. 

3.28 
3.20 
3.00 
3.09 
3.26 

1.10 

1.02 

1.35 
1.43 
1.53 
.1.09 
1.16 

0.89 
0.94 
0.80 
0.87 

0.73 

2.24 
2,42 
2.33 
1.96 
1.09 

4.50 
4.13 
4.20 
3.73 

3.93 

14.17 
13.73 
13-2 
12.97 

13.43 

.317 

.309 
30! 
.2,3 
.22 

5.19 
4-79 
5.3;4 
4.79 
5•1 

4.50 
L.23 

5 
4.27 
4.; 

3.68 
5.-2 
53 
&7 

5, 
:b22 -

-22 
-,,S 
271 
2934 

10. .'; 
-1.25 
11.03 
i. -
,.1-3 

1.97 
2.0. 
2.1.6 
1.90 
1-5 

20.56 
22.72 

3 -
2-.25 
20.53 

3.16 
3.11 
3.22 
3.02 
3.12 

0.92 

i.O0 
1.33 
.6 

0.40 
'.03 

1.06 
1:10 
1.01 
0.73 
0.75 

2.1L 
2.48 
2.37 
1.13 
1.78 

4.i4 
4.07 
3 9. 
4.i8 
.18 

14.00 
14.00 
13-15 
14.1C 
14,27 

.29L 
290 
.300 
.295 
-293 

5.17 
52; 
4. ! 
5.23 
5.25 

5 
4.31 
4.36 
4.53 

j.5.14 
.16 

5.24 
5.07 
5.11 

30$, ±.i.53 2.1, 2'5.26 3.05 1.07 1.0.)9 1.57 2.16 4.20 13., s .300 5.17 5.52 5.28 
33c-, .• 2, 5.% 

12 O i 
.91• 

1.91, ,,, 
.i 

7 

22.0I2-.00 
.81 

... . 

3.013.10 
313 
3.01 

060.66 0.150.9!; 
". D. 
i. 13 

0 .,o- ?_, 
0. , 
0.05 

.,--'; 
" 3 

/101 

-4,37e,.7 
4.01. 
4.10 

13.33i .3 
i2.'3 
14.03 

.c35.0 
317 
n22 

., 
4.63 
5.13 

4.7-.3 
L.05 
441+ 

5.2c5 
,. 93 

5.W09 



Table 17. 
 Complete amino acid analyses (continued)
 

Amino Acids as , Protein 
Isol. 

i3. To. Prot. Lys. P:xL Threo. Tryp. I.eth. 
Half 
Cst. 

Total 
S.A.A. Isol. Leu. 

Leu. 
Ratio Phen. Ty.o. Valine 

3201 
3290 
3290 
3340 
3351 

14.06 
12.41 
12.97 
14.22 
12.97 

1.91 
2.01 
1.93 
1.92 
1.83 

26.81 
24.89 
25.72 
27.36 
23.80 

3.34 
3.36 
3.25 
3.12 
3.27 

0.57 
1.12 
0.57 
0.91 
0.60 

1.45 
1.50 
1.25 
0.72 
1.79 

1.40 
1.47 
1.34 
1.21 
1.34 

2.85 
2.97 
2. c 
1.94 
3.13 

4.16 
4.23 
3.89 
3.92 
4.19 

14.13 
13.-3 
14.26 
13.05 
14.31 

.294 

.306 

.272 

.300 

.293 

5.23 
5.74 
5.15 
.9 

5.36 

4.72 
4.C5 

4.2 
4.59 

5.62 
5.27 
5..8 
4.92 
5.38 

3462 
3485 
3485 
3513 
3513 

11.97 
11.34 
13.97 
13.03 
12.31 

2.27 
2.30 
1.93 
2.35 
1.77 

27.22 
26.12 
26.96 
30.62 
22.62 

3.16 
3.10 
3.25 
3.25 
3.09 

0-53 
1.27 
1.41 
1.20 

0.30 
1.16 
1.76 
0.49 
1.25 

0.8'2 
0.74 
1.22 
0.73 
0.92 

1.11 
1.90 
2.98 
1.22 
2.17 

4.06 
4.13 
4.31 
4.36 
4.06 

13.30 
13.33 
14.01 
13.93 
3.80 

.305 

.3!0 

.305 
12 

. .25 

5.21 
5.15 
5.30 
4.C2 
.3.0 

-. 29 
.-38 

4.71 
.4e 

4.33 

4-91 
5.17 
5.30 
5 37 
5.30 

3513 13.69 
a5!31714.63 

1.07 
1.67 

14.70 
.36 

2.79 
3.0 ' 

1.01 
1.23 

0.32 
0. c 

1.33 
.19 

4.32 
4.27 

15.55 
- 75 

.278 

.290 
5.77
5. 

4.66
4. " 5 4.89 

3513 
3528 
3538 

21.75 
11.94 
11.50 

4.11 
2.52 
2.34 

g.9-44 
30.08 
26.85 

3.44 
3.41 
3.27 

1.53 
0.36 
0.75 

0.96 
0.96 
0.88 

2.50 
1.34 
1.63 

3.54 
L.15 
4.06 

09 .50 
12.79 
3.32 

.372 

.324 

.305 

.5" ' 
5.02 
4., 

3.71 
4.41 
4.4 S 

5.34 
5.42 
5.29 

35L2 
3542 
3547 
3552 
3552 

12.59 
14.78 
15.19 
13.06 
13.63 

1.93 
2.82 
1.L:3 
2.05 
2.24 

24.95 
41.64 
27.72 
27.22 
30.52 

3.27 
3.34 
2.96 
3.13 
3.30 

1.25 
0.92 
0.96 
0.89 
0.78 

1.32 
0.91 
0.3-
1.03 
1.30 

0.06 
0.97 
0.67 
0.23 
0.97 

2.13 
1.35 
1.05 
1.36 
2.27 

4.22 
3.96 
3.98 
3 n 
4.14 

14.41 

11.34 
13.20 
1 
14.10 

.293 

.335 

.301 
2 

.294 

5..A 
4.75 
. 
.80 

5.35 

4.56 
4.03 
4.:14 
4.17 
4.'5 

5.25 
5.04 
.93 

4.27 
,.26 

3555 
3566 
3573 
36C3 
31690/°3 

13.41 
10.63 
11.00 
14.53 
11.73 

1.47 
2.35 
2.,./ 
1.38 
1.81 

26.39 
24.96 
26.30 
27.35 
21.98 

3.16 
3.36 
3.25 
3.05 
3.17 

1.07 
1.29 

1.15 

0.1i 
1.15 
1.10 
1.42 
1.16 

1.12 
1.05 
1.04 
0.97 
1.2'0 

1.92 
2.20 
2.14 
2.,0 
2.36 

4.12 
3.51 
4.27 
3.92 
4.10 

13.56 
14.29 
13.92 
13.37 
14.32 

.304 

.274 

.307 

.29. 
.36 

5.02 
5.2C 
5.23 
4.22 
5 

z..57 
4.62 
4.54 
4.25 
.61 

5. 
5.55 
5.44 
5.05 
5 

3704 
3762 
3796 
3922 
3928 

19.53 
11.97 
12.41 
12.88 
13.56 

1.65 
1.5 
2.12 
2.13 
1.82 

32.22 
22.24 
26.33 
27.49 
24.73 

3.17 
2.90 
3.11 
3.12 
3.09 

1.10 
0.89 

1.74 
1.15 
0.84 
1.17 
1.30 

1.37 
0.65 
1.10 
1.13 
1.03 

2.21 
1.80 
1.94 

2.33 

4.23 
4.C9 
4.9 
422 
4.10" 

15.10 
13.61 
3.01 
1412 
13.71 

.&d0 5.48 

.3CO 4.21 
.22 .1 

.295 5.43 

.299 5.24 

4.79 
4.13 

4.41 
4.27 

5.48 
4.87 
94 

546 



Table 17. Complete ;aino acid analyses (contLinued) 

Amino tAcids as ,P Protein 

Isol. 

Half Total Leu. 

IS.No. Prot. Lys, PL Threo. Trm. 1eth. CiSt. S.A.A. Isol. Leu. Ratio Phen. Tv-o. aline 

3o2 13.34 2.14 2'.49 3.32 0.91 1.02 1.41 3.43 4.43 13.87 .320 5.68 4.<6 5.51 
3935 14.84 2.09 30.14 3.09 0.9 1.25 1.02 2.30 4.26 13.62 .313 5.60 4.54 5.13 

39L1 16.13 1.83 29.52 2.96 0.97 0.99 1.04 2.03 4.20 13.83 .303 5.62 4.51 5.07 
3977 15.72 1.77 27.81 3.18 0.72 1.19 0.93 2.17 4.03 14.60 .230 5.47 4.61 5.16 

3977 11.91 2.10 25.03 3.12 0.98 1.07 2.05 4.45 13.92 .320 5.98 4.66 5.13 

3981 12.63 2.30 29.06 3.34 1.50 1.15 2.65 4.14 13.13 .;!6 5.07 4.42 5.6: 
3981 12.91 1.97 25.39 3.14 1.15 1.10 0.82 1.93 4.32 13.85 .312 5.37 4.34 4.83 
4404 15.91 2.22 35.26 2.97 1.05 1.14 0.75 1.38 4.03 12.26 .329 4.82 4.05 5.13 
L447 16.56 2.13 35.27 3.09 1.50 0.81 2.31 3.85 12.14 .317 4.75 4.05 4.88 
44.8 13.56 1.94 26.24 3.33 1.03 1.25 1.05 2.30 4.41 15.07 .293 5.31 L.79 5.65 

5LO 11.91 2.17 ?c.89 3.33 1.2 0.93 2.17 4.28 1L.15 .302 5.60 4.-6 5.04 

1572 15.3: 1.70 26.09 3.00 0.93 1.53 1.16 2.69 4.03 13.94 .293 5.43 4.58 5.08 
4575 11.13 1.87 20.78 3.09 1.11 1.01 2.11 4.15 14.28 .291 5.42 4.49 5.04 

11.7u 1.94 .58222.84 3.21 1.13 0.67 1.35 4.03 14.02 .2C8 5.30 4.48 5.15 

4748 16.47 1.73 2L.54 2. " 0.90 1.02 0.91 1 93 4.33 14.34 .302 5.39 4.73 L:.9c 

4815 11.81 2.01 23.79 3.18 0.36 0.62 0.98 4.13 14.13 .292 5.34 4.35 4.93 

4917 16.41 2.23 3.63 3.03 0.74 1.48 0.86 2.34 3.97 11.96 .332 4.7" 3.9' 4.97 
5257 13.44 2.06 27.69 3.26 0.92 I.L8 1.13 2.61 4.34 14.4- .29c 5.56 4.59 5.60 
5273
5440 

11.63
14.16 

2.06
2.06 

23.98
29.14 

3.06 
2.91 3.81 

0.31 
0.95 

0.85 
0.60 

1.15 
1.54 

3.86
3.96 

13.21 
12.05 

.292 

.308 
5.40 
4.81 

4.44 
4.C9 

5.04 
4.90 

575 13.53 2.10 28.40 3.05 0.68 1.34 0.89 2. 3 4.30 13.86 .310 5.13 4.31 5.13 
5533 14.09 2.32 32.72 3.23 2.65 1.37 0.75 2.14 4.C7 13-33 .305 5.04 4.36 5 29 
5590 10.94 2.C0 21.07 3.03 1.25 3.77 2.02 4.04 13.27 .304 5.C3 4.31 5.18 

5602 10.06 2.08 20.97 3.28 1.22 1.35 2.58 4.12 13.53 .303 4.90 4.44 5.32 

5624 11.28 2.09 23.60 3.31 1.50 1.15 2.66 4.31 14.41 .20% 5.51 4.58 5.48 

5631 13.47 2.13 29.32 3.12 1.18 1.42 0.87 2.29 4.20 13.51 .311 5.15 4.37 5.415 
5631 10.03 2.31 23.19 3.41 1.61 1.07 2.69 4.55 14.75 .33C 5.66 4.81 6.19 
5699 15.28 2.35 35.97 3.29 1.22 1.53 1.07 2.60 4.25 13.43 .315 4.83 4.41 5.58 
5803 11.19 1.98 22.17 3.22 1.08 0.73 1.81 4.04 13.91 .290 5.29 4.43 5.07 
5818 13.31 1.92 25.56 3.18 1.11 1.56 0.96 2.53 .4.11 13.98 .294 5.36 4.56 5.30 



Table 17. Complete amino acid analyses (continued)
 

far.ino Acids as , Protein 

isol. 
Half Total Leu. 

13.40. Prot. Lys. 2L Thrco. Tryp. -eth. Cyst. S.A.A, Isol. Leu. Ratio Then. To Valine 

5818 13.78 2.22 30.55 3.17 2.2: 1.49 1.12 2.61 L.16 14.09 .295 5.38 a-,3 5.5C 
5a18 13.06 1.85 24.13 3.18 4.07 1.52 1.20 2.72 4.15 14.12 .29L 5.o3 5.C 5.32 

5972 13.19 1.97 25.92 3.19 1.03 1.86 0.87 2.73 4.12 13.47 .306 5.17 4.33 5.01 
593 17.81 2.53 45.02 3.08 1.09 1.23 0.83 2.C6 4.01 12.21 .328 4.70 4.14 5.29 
6117 15.94 1.92 30.57 3.09 0.93 1.09 1.00 2.09 4.24 14.60 .291 5.47 4.61 5.30 

6330 12.72 2.08 26.42 3.10 0.47 1.20 o.61 1.81 3.99 13.95 .286 5.04 4.31 5.23 
6776 11.75 2.67 31.42 3.35 0.35 0.73 1.08 4.04 12.51 .323 4.54 3.81 5.33 
6898 11.34 2.09 23.72 3.33 1.26 0.99 0.84 1.83 4.18 14.77 .283 5.51 4.6(; 5.51 
6898 12.56 2.16 27.12 3.13 1.90 2.02 0.95 2.97 4.38 13.81 .317 5.32 4.58 4.64 
6898 13.16 1.92 25.31 3.26 0.97 1.22 2.20 4.35 14.52 .300 5.90 4.64 5.10 

6908 10.91 2.26 24.62 3.14 1.10 1.00 2.10 4.25 13.44 .316 5.17 4.L! 5.32 
6909 12.31 2.40 30.69 3.04 0.68 1.24 1.09 2.33 3.62 13.20 .274 4.76 4.24 5.13 
6911 14.25 2.12 30.24 3.10 1.07 0.60 0.85 1.43 4.07 13.67 .298 5.00 4., 5.27 
6917 12.34 2.12 26.19 3.15 1.26 0.43 0.73 1.16 4.25 14.43 .295 5.37 4.60 5.33 
6918 14.53 2.26 32.78 3.12 1.25 0.76 0.86 1.63 3.98 13.25 .300 4.73 4.33 5.15 

6922 14.31 2.00 28.59 2.99 1.17 1.33 0.90 2.23 3.97 13.71 .290 5.17 4.36 4.95 
6:22 11.81 2.62 30.95 3.64 1.06 0.31 1.38 5.03 15.88 .317 5.97 5.09 6.00 
6926 11.84 2.22 26.33 3.11 1.05 0.76 1.81 4.24 13.82 .307 5.03 4.31 5.08 
6946 13.09 2.44 31.93 3.18 0.99 1.55 0.99 2.54 3.89 12.48 .312 4.62 4.06 4.72 

695." 12.16 2.08 25.26 3.07 0.89 0.33 1.71 3.98 14.03 .283 5.33 4.5 5.34 
6958 11.00 2.30 25.26 3.53 1.13 0.84 1.36 2.20 4.55 13.88 .323 5.73 4.77 5.56 
6974 13.31 1.80 23.97 3.09 1.03 0.95 0.93 1.93 4.02 13.91 .239 5.10 4.44 5.24 
6974 13.94 1.85 25.79 3.10 1.20 0.47 1.17 1.64 ,.)9 14.05 .291 5.13 4.48 5.10 
7041 12.31 2.29 28.13 3.22 0.78 0.73 1.51 4.01 12.49 .321 4.82 4.14 4.96 

7049 13.94 2.17 30.-1 3.02 0.72 1.25 0.S5 2.10. 3.99 13.39 .293 4.85 .31 5.13 

7072 15.53 1.93 30.00 3.02 0.75 1.13 1.03 2.16 3.83 13.36 .267 .. 90 Z.26 5.06 
7080 13.78 2.41 33.24 3.06 0.78 1.26 0.33 2.14 3.78 13.62 .278 4.83 4.32 5.23 
70S8 14.16 1.54 21.76 3.14 0.81 0.97 1.78 3.95 14.22 .278 5.CO 4.-6 5.36 
7088 14.28 2.22 31.63 2.90 1.01 1.06 0.91 1.96 4.27 13.96 .306 5.25 4.41 5.35 



TMble 17. Complete amino acif vcnrlyses (continued) 

,j.nino Acids as ; Protein 
Isoi. 

Half Totr! Leu. 

IS.:'o. Pret. Ly . Fx-L Threo. Tryp. X.eth. Cy 7t. .. T-01. Leu. -a' ?he .. .e 

7093 13.59 2.93 39.76 3-33 1.39 1.19 1.CO 2.19 3.95 12.26 .325 L.75 5.30 
7125 18.34 1.86 34.06 2.97 1.03 1.09 0.-2 1.90 3.67 15.06 .2L4 5.26 L.3 5.22 
7243 11.56 2.3, 27.02 3.14 1.40 0.03 2.23 3.95 12.60 .314 4.74 4.27 5.28 

o,b003 11.66 1.89 22.03 3.18 1.31 0.86 2.16 4.15 13.55 .3C6 '.34 4.35 5.02 
8004 10.63 2.10 23.18 3.41 1.26 0.90 2.16 L..49 14.3S .312 5.-8 4.5- 5.64 

3005 11.08 1.46 17.31 3.07 1.76 1.16 2.92 3.69 13.82 .267 4.95 4.36 4.07 

0005 13.56 2.06 27.96 3.02 0.82 1.07 0.92 1.99/0 4.20 13.21 .31Z 5.66 4.41 4.77 
3005 13.31 2.23 29.61 3.36 1.17 1.15 2.31 4.40 13.77 .320 5.46 4.35 5.16 
8112 12.66 1.33 21.50 3-33 0.83 0.73 1.56 4.56 14.09 .323 5-5 4.50 5. 
8120 1.41 1.85 26.63 3.25 0.78 1.01 1.02 2.03 4.60 1,.84 .,20 5.95 4.92 5.51 

160 13.&3 2.7T 37.80 3.63 0.80 1.14 1.?5 2.-c 4.39 13.56 .324 .31 4.51 .2 

3160 12.06 2.62 31.65 5.30 1.09 D.7 1.87 4.17 1-.26 .314 ..9, 4.35 5.5, 
s163 13.16 2.52 33.12 3.19 0.18 1.16 D.66 1.32 4.02 12.94 .311 L.,O 4.20 5.1 

3164 
E165 

11.44 
12.44 

2.4? 
2.54 

27.65 
31.50 

7.04 
3.22 

1.34 
0.92 

).90
0.70 

2;23 
1.61 

3.89 
4.03 

12.57 
12.71 

.310 

.317 
4.75 
4.c/ 

4.24 
4.25 

5.11 
5.30 

8166 12.50 1.83 22.39 2.96 1.24 0.75 1.99 4.03 il.56 .297 5.04 4.36 4. :9 

8167 11.34 2.32 26.26 3.19 1.22 0.81 2.03 4.14 13.26 .312 5.10 4.34 5.40 

8168 
8168 

10.91 
13.03 

2.26 
2.17 

2§.70 
20.32 

3.14 
3.07 

1.28 
1.33 

0.37 
1.00 

2.15 
2.33 

4.12 
4.24 

1.34 
13.49 

.30c, 

.31; 
4.9c 
5.51 

4.36 
4.65 

5.'0 
5.17 

8168 12.72 2.36 30.01 3.29 1.05 0.30 1.35 4.22 12.96 .325 5.46 4.5-9 5.C7 

3".. 12.20 2.17 26.60 3.22 1.30 1.15 2.57 4.15 14.30 .290 54 4.75 -. 77 
8179 16.03 2.69 43.15 3.00 0.96 0.80 1.76 3.41 10.27 .332 3.6 3.'2 4.57 
6231 12.44 2.26 ';3.13 3.34 1.23 1.03 2.25 4.20 13.60 .309 5.21 4.32 5.7 
8231 12.97 2.43 31.45 3.02 1.81 0.72 1.89 3.97 12.63 .314 4.73 4.CB .c7 
8232 11.25 2.13 24.56 3.09 1.06 0.30 1-36 4.01 12.98 .309 4..90 4.24 5.C5 

'237 11.53 2.24 25.85 4.31 1.0i 0.62 1.63 3.79 12.97 .293 .36 4.13 5.17 
8237 11.16 2.60 36.69 3.03 0.59 0.93 0.81 1.74 3.53 11.47 .307 4.29 3.85 4.89 
8238 13.63 2.14 25z.10 3.14 1.09 1.0 0.79 1.79 4.10 13.44 :3C5 4.9 4.27 5.Ci 

3266 12.61 3.11 39.90 3.23 0.89 0.59 1.4L 3.69 i0.10 .365 4.01 3.55 5.10 

8266 12.81 3.25 41.61 3.23 0.89 0.59 1.48 3.69 10.10 .365 4.01 3.55 5.10 



Table 17. Complete amino acid analyses (continued) 

iunno cid3 as ,j Prctein 

Isol. 

Half Total Leu. 
I3.111o. Prot. Lys. P,-:L Threo. Tryp. ieth. Cyzt. S.i..A. izol. Leu. Ratio Phen. Tyro. .alirne 

U295 13.C6 2.09 27.23 2.98 1.29 1.27 0.0 2.07 4.04 13.84 .292 5.04 4.LC 5.13 
3296 13.058 1.82 25.26 3.13 1.27 1.19 2.45 L.09 14.04 .291 5.23 4.56 5.40 

53)4 1.77 27.11 3.30 1.29 1.06 2.34 4.33 14.35 .302 5. L 4.64 5.29 
&302 15.53 1-34 28.50 3.43 0.79 1.'3 2.13 4.44 14.99 .6 5.79 4.78 5.3 
8307 13.47 1.A0 25.34 3.16 0.85 0."2 1.67 3.95 13.13 .300 5.03 4.46 5.32 

0309 11.69 2.24 26.16 3.1b 0.40 1.20 1.59 4.04 13.54 .2 5.24 4.51 5.15 
0322 15.97 1.63 26.00 3.00 1.57 0.36 2.43 4.07 14.14 .23 5.03 4.33 4.9C 
r330 11.20 2.05 23.07 3.12 i.15 1.12 2.27 3.80 13.05 .291 5.01 4.4-4 5.9 
C330 14.25 1.77 25.19 2.95 1.08 C.78 0.93 1.71 3.68 13.37 .275 4.,o 4.37 4.93 
0353 13.06 1.75 22.68 3.11 2.02 0.65 0.07 1.52 3.90 13.83 .282 5.0' 4.i 5.07 

0364 14.28 1.78 25.1; 2.97 1.05 1.31 1.39 2.69 3.98 13.25 .301 5.44 4.46 4.83 
.11.03 2.11 23.26 3.33 0.54 0.97 1.50 3.96 13.36 .296 5.11 4.36 5.17 

1967 Purdue 'urze. y 

0075 13.69 1.7k- 23.77 3.07 0.93 0.52 0.63 1.15 4.22 1L.76 .286 5.13 L.56 5.35 
0075 13.56 1.61 21.76 2.07 1.0c 0.Ck 0.55 1.39 1-05 14.57 .272 5.3L4 4.5i 5.17 
0033 i,. 2.0. 24.07 3.16 0.96 0.03 0.76 1.59 3.93 13.25 .2;0 5.ig, - 4.89 
0102 12.47 1.66 20.73 2.93 2.2 1.37 0.92 2.29 4.09 1L.32 .235 3.36 4.42 4.85 
0271 12.34 2.00 2L.66 3.25 0.75 0.' 1.43 3.c,5 13.-0 .255 4.9, 4.37 5. 3 

0332 12.66 1.79 0.60 2.95 0.92 1.17 i.16 2 313 3.82 13.64 . O 4.G9 4.23 4.9? 
0502 09.04 2.07 20.3 3.17 0.33 0.710 1.20 1.97 3.72 13.74 .271 5.05 . . 
050C 03.Ci 2.20 ?1.53 3.17 0.90 1.37 3.67 13.51 .271 5.C . 5 . 
0502 09.14 2.22 -0. , 3.32 1.05 0.16 1.13 1.59 L-.04 14.04. .. 5.1' 4.42 5; 
0508 09.6 2.06 19.93 3.21 1.10 0.45 1-22 1.72 3.00 1-,, . 25 5.31 4.30 5. 

0514 14.57 2.05 30.72 3.08 0.35 1.01 3.96 1.97 3.22 13.64 .2-3 5.19 4..-'- ;5.12 
0216 15.25 1.73 26.37 2.97 0.51 1.35 -7$ .1 4.0 13.94- .235 5.17 3 4-,2 
0639 12.00 1.83 219 .22 1.7 3.7 13. . 5.14 3 
0705 13.72 1.94 26.59 3.08 1.66 0.S0 2.54 5.51 12.Z4 .23 5.51 L.60 4.79 
0718 11.06 1.94 21.40 2.97 0.70 1.07 0.69 1.76 3.c6 13.20 .291 L.76 4.21 5.06 



Table 17. Comiplete amino acid analyzes (continuc!) 

.cxino Acids as , Protein 

isol. 

i.:o. 

C59 

?rct. 

11.44 

L-s. 

1.33 

P; 

20.92 

Th-eo. 

3.21 

'Tryp. 

1.12 

ieth. 

1.0? 

Half
Cyst. 

0. 2 

Total
S. 

1.64 

Isol. 

3.93 
Leu. 

14.11 

Leu.
iatio 

.79 

.he. 

5.29 

'-o 

4.53 

Valie 

5.6 

0C59 
0957 
1030 
184 

12.66 
12.19 
12.72 
10.69 

1.34 
2.40 
2.74 
2.54 

23-33 
29.22 
34.90 
27.20 

3.18 
3.24 
3.11 
3.14 

1.36 
0.92 
1.40 

2.04 
1.10 
1.15 
1.43 

1.16 
0.56 
0.54 
0.33 

3.19 
1.65 
1.69 
2.23 

4-34 
3.74 
3.45 
4.23 

14.42 
12.60 
10.51 
13.50 

.301 

.296 

.326 

.313 

5.58 
4.63 
4.32 
4.50 

4-73 
.1: 

3-73 
4.31 

5.78 
5.-03 
4.95 
5.57 

1220 
2232 
2319 
2319 
2319 

10.50 
12.56 
13.69 
12.16 
13- ! 

2.03 
1.79 
2.17 
1.880 

.3. 

21. 31 
?2.53 
29.64 
22..7 
32.36 

.13 
3.24 
3.19 
3-07 
3.1.7 

1.10 
1.07 

1.00 

1.37 
1.20 
1.35 
1.23 
1.63 

0.31 
1.13 
0.71 
0.50 
1.26 

2.10 
2.32 
2.05 
1.73 
2.9 

3.47 
4.16 
3.0 
3.82 
4.31 

12.10 
14.60 
13.2-
13.63 
14-27 

.287 

.285 

.286 

.230 

.302 

4.6 
5.34 
4.92 
4.95 
5.50 

4.18 
4.-O 
4.47 
4.38 
4-77 

4.84 
5.11 
5.24 
5.10 
6.09 

3--1ca 13.C6 1.4L 20.20 3.47 1.52 0.92 2.L4 L.70 17.11 .279 6.23 5.29 5.68 

2935 
2912
291.2 

14.13 
12.69
13.31 

1.97 
2.1C
.0i 

27.39 
27.71
?6.73 

3.10 
3.11
3.23 

0.90 
1.00 
0.03 

0.68 
0.59 
0.6? 

0.97 
1.OL. 
1.13 

1.65 
1.63 
1.75 

3.90 
30./2
3.01 

14.28 
13.23 
13.61 

.273 

.273 

.260 

5.07 
4.90 
5.06 

4.4L 
4.25 
4-32 

5 -23 
5.1" 
5-23 

3126 13.47 1.76 23.76 3.07 0.94 0.51 1.45 4-03 14.12 .2'6 5.17 4.45 5.27 

3290 
32C,0 
3925 
330 
3,35 

11.1 
12.72 
13.53 
12.70 
11.50 

2.03 
1.88 
2.06 
2.10 

?.24 

239 c' 
23.03 
27.3' 
26.u0 
25.73 

3.-6 
3.2L 
3.?9 
3.06 
3.23 

0.57 

0.87 
1.18 
1.02 

0.'6 
1.94 
0.47 

0.46 

0.94 
0.90 
0.95 
1.06 
0.92 

1.-2 
2.'4 
1.42 

1.38 

3.77 
1.0 
3.2Z 
3.9-
3.89 

1-4.2/' 
15.69 
13.L9 
14. 
13.72 

.264 

.306 

.206 

.276 

.263 

5.10 
6.-o 
5.05 
5.17 
5.04 

4.'6 
5.16 
4.29 

4.36 
4.31; 

5.2' 
4.33 
5.15 

5.1' 
5.33 

39Ii 

44-, 
4572 
4743 
4917 

13.31 
11.91 
11:.31 
15.13 
12.09 

1.6 
3.05 
1.,6 
!.C6 
3.20 

25.01 
36.33 
26.53 
20.10 
33.74 

2.94 
3-25 
3.07 
3.1 
3.56 

0.01 
1.23 
0.95 
1.04 
1.05 

0.86 
0.40 
0.51 
0.07 
1.24 

0.1I 
0.72 
1.05 
0.95 
0.82 

1.79 
1.19 
1.56 

2.06 

3.5c 
3.73 
3.90 
4.33 
4.11 

13.2: 
11- 93 
14.71 
15.94 
12.09-/1 

.272 
-313 
.265 
.272 
.340 

4.79 
-. 71 
5.31 
5.71 
L.., 

L.02 
4.11 
4.52 
4.31 
4.22 

.5 
5.19 
5.19 
5.38 
5.33 

4923 
8005 
2120 
,168 
"231 

11.21 
11.47 
13.91 
11.,4 
11.81 

2.76 
2.1 
1. 66 
2.45 
2.73 

31.50 
24.33 
23.0? 
29.02 
32.23 

4.77 
3-35 
3.07 
.,2 
3.18 

0.92 
0.92 

1.33 
1.05 
0.40 
0.94 
1.CO 

0.87 
0.64 
0.60 
0.50 
0.46 

2.20 
1.69 
1.21 
1.45 
1.45 

4.32 
4.16 
4:.19 
3-44 
3.66 

13.57 
14.04 
14.56 
i.6 
11.o5 

.316 

.256 
.298 
.296 
.314 

5.31 
5.20 
5.64 
4.53 
'.47 

4.52 
4.4,4 
4.97 
4.01 
3.96 

5.41 
5.30 
5.11 
5.12 
5.05 



Table 17. 
 Complete amino acid aralyses (continued)
 

imino -.cics as " 7rotein 

I:.Wo. 

3260 
2303 
C32 
436, 

Prot. 

12.22 
13.50 
14.69 
10.73 

Lys.. 

2. 5 
1.K_ 
1.79 
2.12 

P_. L 

34. 0 
25.36 
26.23 
22.32 

Thi-co. 

3.20 
3.05 
3.12 
3.24 

Tr-p. 

1.00 

cth. 

1.15 
0.59 
1.21 
0.93 

Half 
0.t. 

0.56 
0.1,8 
3.63 
1.17 

Total 
'.h.,. 

1.72 
1.07 
1.,,0 
2.16 

!so!. 

3.56 
4.20 
4 .01 
3-95 

Leu. 

11.06 
140.8 
14.69 
14.02 

Iso!. 
Leu. 

2atio 

.322 

.29c 
3 

.23-

Phesn. 

!.31 
5.13 
5.07 
5.C 

Ty- o. 

3.36 
4.39 
4'' 
4.47 

Yalina 

5.C7 
5.2C 
5.27 
5.27 

0" 9 
0511 
0534 
0659 
120 

10-70 

10.4 I . 
10.59 
12.01 
12 

1. 60 

2.02 
2.10 
1.61 
1.62 

17.983 
21.0 c 

22.19 
20.61 
20.55 

3.-03 

3.07 
3.23 
3.00 
2.95 

1968 Purdue H'u: sei'y.01 1go1.0 1.35 

0.99 1.02 
0.15 1.25 
0.1.3 1.1 
1.57 1.35 

2.24 

2.01 
2.3'-
1.55 
2.91 

3.67 

3.3o 
3-95 
3.92 
3.73 

13.35 

11.94 
13.00, 
14'.0 
13.07 

.275 

.2C4 

.102 
279 
.8' 

4.78 
4.76 
4.77 
5-1z 
4.60 

4.29 
3.C9 
4.32 
4.34 
4.i4 

5.47 
4.92 
5.25 
5.17 
5.13 

2013 
278 
2232 

'630 
2941;i 

32-90 
3756 
3206 

-coo1.5 ..... 

11.7" 
11.63 
11.7L; 

-- 63 
17.03 
11.13 

14.[C 
10.53 
i-15 
.. 

1.77 
1.62 
I.-1 

1.0. 
1.90 
1.96 

1.10 
2.21 
2.05
1 c 

... 7 

20.83 
13.24 
21.25 

L34.30 
32.13 
21.00 

21.9,9, 
23.20 
23.01 

.. l. 

3.04 
3.11 
3.01 

.2 1..00 
3.17 
3.09 
1.010 X.091 

29:" 1.12 
3.39 
3.16 
3.01 0.94 

0.95 
0.21 
1.03 
1.09-
0.03 
1.27 

"7 

1.03 
0.71 
0.0 
!.32 

1.15 
.6 

1.21 
C.0. 
1.25 
0.52 
.2 

1.C0 
1.61 
1.6 
1.00 

2.10 
1.57 
2 

1.977 
1.9 

?.CS 

2.03 
2.32 
2.15 
.'0 " 

3.51 
4.CO 

3.59Z 
3.54 
3.26 

. 

3.72 
3.96 

.733 7 
3.o7 

-2.64 
11..CO 

.1.-. 
1 ... 
13..3 
11.99 

-' 

13.33 
13.11 
...126 $7 

13.37 

234 

3 
.272 
-io 

.-79 

.202 
7 ' 

.275 

4.77 
509 

5 
4 

-5 

4.53 
5.:c 
4.7-1 
4.37 

3-73 

' -,7 
4.0 
4.2 
0-,,20 

• 
4.22 
L 2i 

.0? 

4.0 
5.9 
5.1 
5.451 
5.41 
4.0/-95 

1cz 

5.-4 
" -: 
4S 

., 
32 
3,?2 

39?" 
4131 
3096 

11.06 
12.13 
3-6 
13.1 1 
13.47 

2.12 23.40 
2.03 24.64 
_.6,-_0,1 2 
1 . 25.20 
L 67 22.4L7 

3.12 

3.23 

3.10 
3.04 

0.9109 

1.90 

0.92 1.33 
O.1. 1.09 
0.9C, i ,61.2. 
0.61 1.29 
0.96 1.23 

2.25 

1.97 
1,2 

1.91 
2.19 

3.72 

4.i7 
3.56 
3.95 
410 
1_10 

13.36 

13.42 
14.27 
13.64 
13.56 
3-56 

.279 

.1L0 

.275 

.20 
.302 

3,02 

5.00 

5.13 
3.•30 
5.06
5 0 

4.14 

4. 
4.26 
4.24
4-

5.25 

5.47 
5.13 
5.0

.,/0 



Table 17. Complete amino acid analyses (continued) 

•,.-no .cid- as., Prcuein 
T-ol. 

I,.o. 

6969 
ni06 

'~2! 

E2556 

6612 

2230 
£27 
2279 

3916oj-L 
912 
917 
9270 

Pirot. Lys. 

ii1.41 1.76 
15. 1 1.57 
12.16 1.72 
0' 79.721.6 

2.00 

10.44 2.09 
03.1.1 2.Z.O 
10.13 1.79 
10.53 1.92 
09.44 2.14 

10.5; 1.097 
10.094 1.93 
090 1.5 
09.50 ?-2L 

P;L 

20.05 
24.82 
21.60 
12 .16 
22. 0 

21.79 

20.15 
12.15 
20.23 
20.22 

20.74 
21.13 
21.33 
21.27 

Thi'eo. 

2.C4 
3. 
2.26 
3.01 
3.12 

3.12 

3.35 
3.07 
2.9,. 
3.17 

3.07 
3.06 
3.09 
3.13 

Tryp. 

0.80 

.HalfTotal 
Leth. Qst. ... 

0.56 0.93 1.459
0.22 z0 .210" 0.0. 0"' 
0.1.5 0.97 1.42 
0.27 1.CO 1.27 
1.33 1.33 2.66 

0.38 1.30 1.62 
0.57 1 .';3 1.99 
0.5 ]9 1 .0 .22 I 1.4 

1.02 
0.35 1.14 I1.9 

141.15 0.56 1.71
1.17 0.55 1.72 
0.61 !.GO 1.60 

Leu. 
Isol. Leu. Iztio 

3.72 15.i.0 -o';.3.72 13.27 .2731 2-' 
3.70 :3.06 .2L 
3L6 12.. . 2-
3.5 12.694.3-5 1 . ...- 3 

3.25 13.14 .2o3 
3.2 12.43 .312 
3, 1.42 .293L,
3.73 13.03 .226 
3.91 13.19 .297 

22 

3X.9" io-, 
3.7C 13.2 225
3.70 13.32 .276 
3.73 12.-6 .294 

2cn. 

4.87.... 

4.7 
. 

4.57 

4.96 
4.70 
:-. 
4.60 
4.79 

L- c_? 
45 
4./7 
4.77 

. 

T'O. 

04.29L.-

,4.03 
4.0 
4.4.13 

4.19 
.20 

4.29 
4.05 
4.2 

4 2 

4.17 
4.20 

Vairne 

.5.17 . 

4 
. 

5.5.20 

5.27 

5.27 
.27 

5.17 
5.7 
5.21 

5-15 

5.07 
5.01 

" ndospeml analysis 
b 'byo analysis 
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Table 18. Rai Feding, Tczt: on Sorghum 

Formulation of Feeds Results 
. - Con Protein 

Grr.3 starch Gain eaten PER 2 

IS,1,o. Pi otir u,,cd grns G 

2319 14.1 319 125 15.3 17.3 0.91 
0083 11.4 395 49 13.1 19.2 o.68 
7088 13.95 322 122 11.3 17.9 o.63 

1220-1966 10.1 444 0 9.9 16.9 0.59 
69580P-1966 11.0 4C03 36 8.2 16.8 0.49 

Relan x 2315 11.2 402 42 7.1. 18.2 0.411 

RS610 12.0 375 69 5.4 13.6 0.40 

2935 13.3 338 106 6.0 16.9 0.35 

4572 13.3 338 106 5.2 15.7 0.33 
0503 9.3 444 0 4.1 12.3 0.33 

8322 14.45 311 133 6.0 8.5 0.33 

Redlan. O500P 9.6 444 0 4.5 1/4.3 0.32 

4748 15.0 300 144 4.4 17.4 0.25 

8301 13.8 326 118 2.8 16.1 0.18 

1 Ground sorghu-n in arount to supply protein eoual to ........ 9.0r
 

Corn oil in wu o.:nt eoual to ............................. 5.O,)
 
H{m.k-Oser salt nixture in ui'ount ocual to .................. 4.O,
 
Vi tanin ii[xturc in as:ount equal to ......................... 2.2,,
 
Corn starch -In ct:ount to mko total of ICO,, 

2 PER stvnds 'c" Protein 2Ifficiency Rt .o, obtained by dividing the 

weitlht gain it, gvrr:'s 2n day by the proteinnuirin;20 feeding period 

oaten in grals during the period.
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Fi actionation of Sorghum Endosperm Protein 
E. T. hertz and 0. A. Veron 
Department of Biochenistry 

Purdue Univeisity
 
Lafayette, Indiana
 

Nine selections of sorghum j'cr-c obtained f-om Dr. R. C. Pickett, Departmentof Agronomy in the sp.-in- of 1963. Th seeds were soaked -n distilled water forthree hou's in the col, . The cndospcii,1 v'je sepai ated by manual dissection,ground irith a nortar and pestle, then powdered in a small ball mill, defattedfor 36 hos in petroleum ethc', air di.Ji.d and sto-'ed in glass bottled. Totalnitrogen was dctcuicncd by icrokjeldah], and adno acid content of proteinfractions with a ;pinco auuo.-atic amino acid analyzer. 

One gram samples of ecsuc;rm ,:ere fvcactionatcd by a mcifcation ofthe hert z coppcc methcd (. Lloyd, N.'. and Bressani, R. Ccx eal
 
Chem. 35 1h6 (195)). The mocdification i: 
t he separation of the alcohol-solubleand glutelin f' a .tions by e..r'ction ,th 70,, alcohol at 600 C, rather than bysolution in alcoholan medium at high Lil and isoelectric precipitation ofthe glutclin ffiaction. Three soluble fractions are obtained fioom sorghum:acid soluble, (Fraction 11), alcohol-soluble or kafirin (Fraction III) and 
glutelin (Fraction IV). 

.Les
L]__ts. 
 Table I shows that 88 to 9'1.5,j of the nitiogen of the sorghum
endospIn sa!Lplcc as 1ecovcl ed as soluble nitrogen. Of the total soluble
nitr'ogen, 11 to 19,, (aver'rc, 15,,) .:as present as acid-soluble prot-in, 55 to66,J (a.e,'agc, 61.) as alcohol soluble protein, and 18 to 2S,." (averag-c, 23,;) asglutelin. :2orjius endosperam th-rufore contains about I0, more. alcohol-cmlubleprotein thn noimi!l maiz.e erdos-;crl:. The alcohol-soluble protein is increasedat the e:<pen-e of the acid-so]ublc protein, w.:hich is about i0,, low.er than innormal maire. (Ite Bressani, ".c'tr, Chem.k. and .T. Cereal 3_ 227 (1958)). 

The soluble f a.ict of th:ee samoles of sorghum endospeim wcere analyzedfor lysine (Table 2). The cic(-,zolublc fi-actions contained 1.4 to 2.'1 grams of
lysinc, the dohol-$;oluble fi',,tions 0.1 to 0.2 r-ams of lysin, ant the glutelinfiactions 2.5 Lo 3.2 L amz of lysine pei 100 grams of priotein. Theso are sinlarto the levels, found in maize endospeirm composites by Bressani and Leitz (seefootnote to Tablet 2). 

Conciusi nt. orghom endosperms can be successfully fractionated usingthe hcrtz coppe, method. The average values for 9 samples was 15, acid-soluble

protein, 61,. alcoiool.-soiublc protein and 23., glutelin. Sorghuma endosperms
have about 10,., lower acid-soluble and 10,, higher alcohol soluble values thannormal make. Ie'rvover, the level. of lysine in the three piotein fractions is
similar to that found normalin maize. 
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Table 1 Protein Fractions of Sorghum Endosperm 

Per Cent Pey- Cent
 
Tndospeim Pet' Cent Acid- Alcohol- Per Cent
 

IS.No. Protein () Recovei-ed Soluble Soluble Glutelin
 

2319 13.2 97.2 12.7 59.3 28.0 

0508 9.5 91.0 17.0 54.7 28.3 

RS610 12,0 9h.7 16.8 59.7 23.5 

8336 12.1 97.0 16.6 65.6 17.8 

6922 14.0 97.5 15.9 66.4 17.7 

8R63 9.6 97.0 18.7 58.2 23.1 

0201 9.8 93.4 15.5 61.6 22.9 

2862 12.0 88.0 13.4 62.0 24.6 

2375 17.8 89.9 10.8 65.9 23.3 

Table 2. Lysine Content of Soluble Endosperm Fractions
 

Soluble
 
IS.No. Fraction Lysine (Q=/100Lm.IProtein)*
 

0508 	 Acid-soluble 2.3
 

Alcohol-soluble 0.1
 

Glutelin 2.5
 

6922 	 Acid-soluble 1.4 

Alcohol-soluble 0.2 

Glut elin 2.6 

2862 	 Acid-soLuble 2.7
 

Alcohol-soluble 0.2
 

Glutelin 3.2
 

* Values in maize endosperm composite; were: acid-soluble:2.9, alcohol-soluble: 
0.1 and glutelin: 2,2 (Bressani, 1Z.and Icrtz, E.T. Cereal Chem. 35 227 (1958). 


