AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY
WASHING TON, D. C. 208213

BIBLIOGRAPHIC IMPUT SHEET Batch #24

A, PRIMARY

1. SUBJECT

CLASS! Serials Y-AF30-0170-0000

FICATION 8, SECONDARY

Agriculture--Plant breeding--Cereals--Sorghum
2. TITLE AND SUBTITLE

Inheritance and improvement of protein quality and content in Sorghum vulgare Pers.;

-annuyal report,1968
3. AUTHOR(S)

(101) Purdue Univ. Dept. of Agronomy

4, DOCUMENT DATE 5. NUMBER OF PAGES 8. ARC NUMBER
1969 41p. ARC 633.174.P985

7. REFERENCE ORGANIZATION NAME AND ADDRESS

Purdue

8. SUPPLEMENTARY NOTES (Sponsoring Organlzation, Publishers, Avallability)

(Research summaries)

9. ABSTRACT

10, CONTROL NUMBER

PN-RAB-395

12, DESCRIPTORS

11, PRICE OF DOCUMENT

13, PROJECT NUMBER
Proteins

Sorghum 14, CONTRACT NUMBER

CSD-1175 Res.

15. TYPE OF DOCUMENT

ALD 890=1 (4-74)



Inheiritance and Improvement of Protein Muality

and Content in Sorchum vulzare Pers.

Report No. 4
for pe.iod
January 1, 1968 to December 31, 1963

Prepared by
R. C. Pickett

Contract No. 1175
U.S. Agency for TInternational Development
Department of State
with
Purdue Rescaich Foundation
Larayetie, Indiana

January 15, 1969

Not for Publication



roject Perrsonnel:

1,

2.

3.

10.

11.

Di, . C. Pickett, Principal Investipotos '
Professo., i.g-onomy

Dr. 2. T. le.tn
Professo -, Diocherist.y

Gre;, Hinne
Groduste Resec.ch Assistant (3orghum Testing 3/L tinme)

Fred Collins .
Graduste Resee ch Assistant (3/L time this project)

L. 0. ibife:in .
Groduate Student (Kansas State = Migeria ~ AID Contract)

Pernando Rodiijuez
Scbbatical lecve Cnom the Unives sity of Puerto Rico

Bontayehu Gelavr
Rockefelle: Fellow - Tthiopia

R. C. "forley
Ficld Tecliiician

liavlene Upiess
Laborotory Technician

lrs. Shixley Tymer
issistant Laboratory Technician

Kathy Flood
hssistant Laboratory Technician

lrs. Liduina Groot
1/2 time Technicizn

lvg. Leiring Huang
1/2 time Technician



INHERITANCT AND ILDROVISHT OF PROTRIN OUALITY
AND CONTTNT IN ZORGHUID VULGAIS PIRS. o
Report for Pariod January 1, 1965 to December 31, 1560

Studies on the renetic rontrol of protein cuentity one ruality end crain

Jield end the relationzhins anon, thenm 'eie concusted by Fred Collins in 1967
and 1963. The “esulls from an incemplete dizllel rrovm in four :enlicalions
in 1967 are presented ir Telles L and . Yield varied fiom 3032 to 236 Pg/ha,
protein varied from 10.23 to 150530, o lysine vaiied fiom 1.17 Lo 1.99.,

The check variety, D9€10, yielded 546¢ Lo/he rith 12035, protein and 1.59.°
protein. The coirslation betvesn rield end nzicent srotein tras =.1¢. The
correlation bLetveen neicont DJvotein and peicent lycine was -.3L. Theve as
essentially no corirelation betseen yield and percent lysine.

e results of 2 ¢ paient diallel sroim in 1945 cie mresented in Tables 3

and L. Grain yield varicc {ion 3143 to 15203 ku/ha, prootein vaiied from

9418 to 18.22,,, and lysine veried from 1.7, ko 2.7L,.  The check varicty,
R5610, yiclded 6595 i/ne dth 10.90., orotein and 2,15, 1vsine. The co;ve-
lation betreen vield and percent moiein was -.57. The correlation betireen
percent protein arl percent lysine tmas =.51. Theoe vas cooentially no o ive-
lation betucen yield and percent lycine.  Cor.elations of +.50 or highey
occurred betieer protein yield and srain vield, lysine yield and -vain vield,
and protein yield and lyzine yield. The correlations betireen percent protein
ang date of flowerinz and betircen percent protein end plant heicht were alove
"'c Ou

The majority of the F1 hyb.ids exhibited heterosis fo crein yield., Helerosis
is used here to desciibe Lhe performonce of the hybricds +hirh “oie cunerior
to the best parent. Tieic were a fev crosses thich choved heterosis for pea. -
cent protein vhile there eve none chowdng heterosis for ne:cent lysins,
Heterosis uas occasionally found in crosses thiose peients weie sunerior for
either grain yield or peicent protein. The hishest -rein vield ceme fiom

8 cross betvieen ti'o lines vhich had approidmetely 14, nrotein. il.ortin and
13.1ines 1220, 0075, ond 2314 vere Lhe besl rombiners fos nrotein yield.

Lines 3935, 0500, and 231¢ vres e the bost corvineis for nercent lysine,

Gene action for pevccent protein was alu st entiiely “uc Lo aodilive ,enes,
houever, Lhere vos also a2 sisnificcnl cucunt of non-c:lditive sene netion

virich vas appa:iently coused By doninance ond episbosis.  The genelic voriation
in grain yield and paoieont lyzine wwe cansed Uy nearly ecual amounis of
additive and non-additive rens aciion, These resulis sussest that supetior
homozyous lines can be develonsi b conbining, the allitive -cnes fo: each
characler .  These lines should heve o lot of poteonuiol jor those a.acs in the
vorld which lacli a hybeid seed intusiry. Houeve:, the full ulilizetion of the
genetic varizbility exhibiies in ithe o oszes Cepends on the use of hybrids
beceuse @ siznifizant nronoition of the cencll. variebility was dve to non-
additive geone cetion,

hdditional studies (Tables 5 and 6) showed that the percenl potein in the
sced decicases and becoies stobilized shortly after the milh stee and that
weatheiing duving the lote fall and winter does not deciease n-olein naccent.



Studies with 11 cot:wn ronotsies rotm ot tiwee locations (Tables 7-11)

for tiro yea: s shoved diffc:ences bel'reen genoitaes and betureen yeairs for
yield, ne¢:cent »oleir ond wotein yield. ian latercetion occur:ed bLetireen
years and lo:oations Soo oy occin e cenit ond protein yiold. Genotymas did

notv inteicct -dth yeo.s or lo.ovionz, novever, the senotyne @ locction 7 yeaw
interaction 'xs hi nly si-ndricent To pield, poicent drotein and nrotein
yield. This sus-ests uice teruing uves Lolh ea s and locations is needed

to rive ielicils evidincles Joo »otein as ell o yield,

Studies ere confu.ted to Jeote.idne vhe eflfest of bersing and (laf leaf
iemoval (Loih o ncl nollincuing wocedures) on sioin yield peicent protein
end seecd site (Tobles 12-15).  ithe:r of these Hoosedwres vecuced ~irain yield
and 2 corbincticn of thcse p.o:ccdu oo fus bhelr roduced yield. Ao slicht bub
sisnificonu incierse in do cence o otein eccoryenied the secuction in yicld,
Deed wreir it did nou chenre significantly. The verizty o tieatuent interaction
vas signifi-enu for yield.

Additionel piotein -1 1rrinz celeininations vrere made in 1960, Those of

a1 ticular inverest (high o: low protein, hish ov lov lysine and high o
O i ’ E U

lor protein - 1ysine) §om the 'orld Collection are nresented in Table 16,

Those from thecic studics 1dll be siecented later.

Comlete omino acid anelyses have bLeeon mede on ie.e then 100 lines. Tazse
enalyses el e nade on a Dedaen 120C avtomati. aamino acid analyne: .
Currentl; Lhe acceleraved (2 how) sysbem is being vsed. The s esults
obtaincd To- orino acids of immorionce in hwsan nutrition are mesented in
Table 17. ince tyyptodhcn is dest:oyed in the hydiolysic noocess used fo:
the enalysis of the other omino ocids, the tiyptomhan values Ddrecented

aic fion senarale hydrolysis,

Bioloziccl asseys foi oveilobilitvy of onmino acids provide standerds zzeinst
vhich the yesulis obiained Iy othe: mebthods rwst be comaied to detelriine
nutritional cvality.  Gach of 14 saundles of so Jhwn vras fedd to sizt youn,
rvats, The tesulis coe repo.ted in Teble 10, 1ean gaing per srou)d of six
robs voiied fiom 2.0 to 15.5. The notein efficien-y :etio (FIi1) varied
from 0.10 to 0.1 incdiceling 2 'hide ranse of nulritional cuality.

Thesis studicc by Fe nondo Modrisues involwin:, cndospcim cinbsyo composition
relavionships ene stulies by . 0. Abifaiin involving > otein an? lysine
combinin:, obilily awon; ineny ¢iveise lines ©on Lhe "'o:1é¢ Collection ave
presently being; anal eed and 111 be p.escnved in the nest veport,


http:uice'.tL

Table 1. lean values of eignt characters measured fron 65 sovrghum genotypes of the incomplete
diallel growm ir. 1967.

Date Grain

Genotype 50% Leaf Height Yield A % Protein yield Lysine yield
IS.No. Heading 1o. (cms.) (kxz/ha) Protein Lysine kg/na) (iz/na)
8168 g-18 13.3  142.5 5697 12.53 1.66 711.3 11.82
1.RT = 8168 8-10 13.5 176.3 7989 12.53 1.45 1C05.7 14.62
CKEO x 8168 g-11 13.8 137.8 7515 11.93 1.53 393.7 13.73
v HT » 8162 2-9 11.8 166.3 85C0 11.68 1.42 1017.2 i4.51
DL > 8163 8-1 13.0 163.8 9236 i2.03 1.43 1118.5 15.85
£120 7-25 12.0 16Z.8 4326 15.53 1.26 690.1 7.66
IRT = 812 7-20 10.0 165.0 5486 15.L3 1.25 879, 12,04
CKAD x 5120 7-21 12.0 175.0 6091, 13.62 1.56 914.1 T3
'HT x 8120 e-2 13.5 155.8 7776 14,.30 1..2 1121.4 15.€0
RDL x 3120 g-1 13.8 706.3 7902 1L.C0 1.38 110¢.5 15.26
2319 8-5 L.y 17623 673 1L.05 1.97 923.2 16,19
imT x 2316 3-9 14,3 231.3 716 14.25 1.61 1135.4 13.58
CKA0 2 2319 g-8 13.0 =40.0 7568 12.4 1.65 SET 15.2
‘BT x 2319 <-10 13.C 213.0 7583 13.05 1.67 967 .0 15.75
RDZ x 231€ 5-10 13.3 2h2.8 7841 12.838 1.34 1012 0 1,29
1230 8-z 12.8 2368.8 8.3 11.2 .59 $15.3 17.91
LRT 1220 7-26 12.3 233.8 742 14.28 1.75 1041.6 18.23
CES0 x 1220 726 12.8 231.3 875 12.5¢ 1.67 110L.0 17.%2
"HT x 1220 £-2 13.5 233.8 8919 12.83 1.56 1154.5 18.20
DL x 1220 8-2 13.5 262 5 8952 13.38 1,74 1162.5 17,04
8255 7-29 16.5 250.0 53G% 12.05 i.61 65%.5 10.2%
LRT x 8257 7-21 11.3 197.5 5% nt 15.28 1.42 £.7.3 1.5
CrE0 : 3255 7-23 17..0 231L.3 LE2S 13.20 i.ze 6L9.5 G.22
AT x 8255 7-25 12.5 133.8 7076 12.50 .48 £E3.4 13,20
RDL x 6255 7-31 12.8 131.3 €289 13.35 1.54 e5L.7 15.1£
0713 £-17 1L.3 217.5 5290 11.78 1.55 625.0 9.77
ILRT % 0718 g-2 10.8  205.0 7526 12..0 1.55 z5.0 1L.7L
CKEO x 0718 £8-3 13.0 216.3 6310 12.15 i.43 g02.1 11.55
THT x 0718 g-4 13.9 265.0 79.4 i2.05 1.323 G53.5 13.17
DL = G718 &-3 13.0 231.2 77, 12.08 1.64 G3L.4 15.C0
0z71 7-9 11.3 170.0 3592 13,45 1.3 435.2 7.7
FRT ¥ 0271 7-12 0.8 161.3 5130 i3.45 1.55 £89.0 10.70
CKED x 0271 7-13 €.8 191.3 6175 12.325 i.43 798.3 11.31
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Table 1. Cortinued

Iate Grain

Genotyrpe 5% leaf Reignt Yielid % Protein yield Lysire ¥=ld
1s. Ko. Headirng Io. (cms.) (kg /re) Frotein  Lysine {zz/ka) rz/ra)
VET x G2T1 T7-1L 16.8 172.5 €753 12.18 i.k9 gh1.9 12,17
RIL x C2T71 T-17 11.6 166.3 Tiki 12.58 147 8ek.5 1L.c2
o 8-7 12.3 152.5 5736 11.39 1.51 61,5 .41
¥ET x 0500 T-:5 i%.3 154 .8 go22 11.L8 1.68 79€.C 12.7%
CKED x U508 7-27 1.3 153.8 T75¢ 16.23 1.69 752.2 13 3%
THT x OSOR T-31 11.3 152.5 7407 16.43 171 32z.5 k. &z
Bl % 578 3-3 2.6 170.0 8197 10.65 1.71 87k 2 ik 6%
3339 7-30 il1.5 97.5 Lo 13.1& 1.65 573.9 10.40
MET % 3035 T7-21 S 126 & 1230 13.08 1.64 Si0.3 15.20
CKCS = 3335 T-21 16.5 1h1.3 = i2.15 1.72 ciL3.2 16.17
CET x 3435 7-27 11.6 106.3 TO5 12.63 1.67 832.3 1k.33
RIL X 3753 7-25 i 8 141.3 772 % 11.53 1.83 91€.2 16 61
~055 3-19 1.5 267 5 3C8L r3.35 1.56 413.1 i2.ks
MRT x K005 8-13 1i.9 271.3 GOy s k.69 by 974 L 13.37
CKEY x 8L0Y G-11 2.5 2i0.8 o5 13.1 1.70 $16.3 15 70
VHT x oG5 8-10 2.5 265.0 €739 1k.23 1.h5 g2 PRI
Ril x BOCS £-10 t1.8 2600 s 13.00 1.72 Fok Lo 15.30
B30, T-31 0.8 132.5 3&32 14,93 1.k7 575.3 10.37
MhT x 5301 T7-20 1.0 124.8 TS 13.50 1.55 643.6 9.55
créi x 8301 T-21 1.3 136.3 5656 12.38 1.59 721.8 11.55
VHT x 8301 7-2L 11.8 i21.3 6517 1i2.45 1.58 £16.L 16.67
BIL x ~301 T-27 11.3 136.3 $c68 12.40 1.79 361.5 15.3%

= T7-30 11.0 166.3 5133 13.89 1.63 7ig.1 11.71
NRI x Gd98 T-21 10.3 157.5 573 12.55 1.Ls5 723.5 15.52
CKe x 6368 7-25 1.0 1eG.0 670k 12.05 1.58 £13.€ 12.65
WHT x €868 7-28 12.3 187.5 5T56 12.75 1.29 céa.z iil.a2
RiL x 6898 7-25 11.5 19€.3 TETS 13.30 1.17 1609.3 i1.52
Martin T-23 10.3 G2.5 LoLs 14.95 1.37 676.8 15.Lk¢E
CKEC T-24 11.9 105.0 SR 1.3 1.6€ 574%.5 9.2k
wreatland T-31 11.5 82.5 5353 13.25 1.1 711.G 3.52
Rcalan -3 11.3 110.0 5865 12.38 1.72 €35.5 G.E2
RS610 T-16 9.5 115.0 5455 12.35 1.52 675.6 11.08

L8Pos 17=0. 0.5€8 .346 116.66

01 1905.7  1.273
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Table 2. Simple correlotion coefficients amorg five characterc of & 5 sorghum
genotypes of the incomplete aisllel grown in 1967.

Characters correlatcd Cerrelation Coefficient
Grain yield vith percenture proteir -0. 1945 #+
Grain yield with protein yis=lé 0.8046 ¥ x
Grain yield itk percentuge lysine 0.0Ls6
Grein yield itk lysinc yield 0.6200 #x
Percentage protein with protein yield 0.1h17
Percentage :rotein ith percentage lysine -0.3400 %%
Percentage protvein vith lycine yield -0.9310
Protein yicld with perscringe lysine -0.056%
Protein yicid with lysine yield

Percentage lysine wiilh lysine yield 0.0590

* Significant at the 0% level.
**% . Significart 2t the .0l level.
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Table 3a. Meansl of seven characters measured from the sorghum diallel of nine parerts and 36 F

hybrids grown in 1958. (contizued) 1

Genotype Grain Yield Yield/Head 100 sced ut. % Protein Yieldé g » Lysine ¥ieldd
1S. Ko. (kg/h2) (gm) (gm) Protein (kg/ha) Lysine” (kg/ra)
0503 % WHT 960k a-d 60 b-¢ 2.87 L-j 9.80 n-p 41.5 d-g 2.32 b-g 21.35 b-f
n5CE x ROL 10389 ab 57 ¢-h 2.9) ;-1 vy.lo p 952.2 ¢-¢g 2.37T o-f 22.4% -2
¢35k x MRT 5820 k-n 30 j-m 2.6 sh 13.52 ¢ 763.5 gk 2.01 - 15.¢ g-:
83CkL = cxdo S31L k-p 33 j-1 2.55 k- 11.¢5 e-n €z1.1 x-a 1.96 g-»  12.3 j-1
9584 x WHT €207 5-n 37 Jk 2.79 n-k 11.33 g-k TC9.7 h-m 2.10 e-m 14.6 g-1
&304 x RIL €151 j-n 31 j-m 3.04 f-n 12.57 c-f T7h.6 g-k 1.90 g-=  16.0 g-x
FRT x CK60 72206 g-j 39 13 2.53 %-n 11.65 f-i Cu3.h £-3 2 13 é¢-k  13.0 e-i
MRT z VHT 5¢L9 k-n 33 J-1 2.40 1-p 12.20 e-h 725.8 h-m 1.3 n-n 132.2 g-1
MRT x RLL €333 j-m 33 j-1 2.25 a-g 12.43 ef ToT-1 g-k& 1.93 g-m 15.5 g-1
CKAY x WET 6136 j-n 23 j-1 2.3% 1-p 1140 gk TU0.9 hen 1.5 g=m 13.€ n-2
CEOO x ral 6793 h-j 37 jk 2.69 rl il.1o k-1 TC4.3 g-1 1.85 g-=  15.0 g-1
©iT x RDL €452 ;-1 34 g-1 2.34 1-q 10.57 k-n c£1.3 i-n 2.01 f-m 13.7 n-1
RS G1C 6595 3k 2.33 10.93 723.5 2.4 i6.¢
1 Curcan's new nmuliiple range test was used to SoLpire means; any T.0 means followeé by the same

letter are not significantly different ait the .G5 level; any tuo means not followed by iLe same

letter, or zny leiter, are significan%ily different at the 05 level.

2 Percentage lysine as a propcrtion of protein.
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Table 3b. Means of six characters measured from the sorghum diallel of nine pearents and 36 F
hybrids grown in 1968.

Genotype 1 Eeaight L.A.I.2 Head Exert. Hezc L
IS. YNo. Flovering Leaf XNo. (cm) {cm) (em) (om
1259 31 14.0 348 151 22.7 246
0375 17 15.4 214 193 i2.2 i 0
2319 26 16.1 271 113 1.5 3.4
0523 29 16.7 159 46 23.% 6.5
336k 13 11.0 33 1k3 12.5 23.5
¥ertin 10 10.7 140 151 25.3 26 &
CrCy 10 11.2 136 12t 16.1 23.2
Wheatland 19 ia.h 109 175 5.2 27.%
Reclen i5 11.6 150 123 15.3 e
1259 x LTy 29 16.7 353 235 12.0 27 &4
1259 x 2519 2% 15.3 375 186 21.2 2L.8
1059 x 1530 ks 15.9 41k 116 22.5 35.7
1254 # J7hs 30 15.2 304 176 25.1 26 5
1255 x MRT 28 13.2 335 215 24 .2 34,3
1259 % CKGO 29 4.6 563 190 22.5 31.3
1254 x UHT 29 15.0 3%5 N 24,7 3.5
1250 % R 28 3.9 300 129 25.9 27.9
TS ek i7.2 203 215 0.k 25.5
CITS 12 kg z7é 161 w7 T 25.7
COT5 x U 2.3 2Lo 172 23.7 133
Cl75 x 6 2.3 255 162 25.2 23.2
CUT5 o 7 11.7 253 153 13.9 22.5
VTS X 10 13.7 z61 199 22.6 2:.0
FITY 10 12.8 sk 156 21.1 21.7
2319 % 29 17.8 579 135 21.4 22.9
2219 x 29 k.2 233 156 13.7 21 4
2319 x 13 k.9 339 1iko 20.8 21.6
2319 x 16 k.4 291 100 17.2 2r.2
2319 x WHT 27 15.7 304 132 19.7 5.7
231¢ x RDL 29 15.1 221 129 1€.4 20.1



Table 3b. continued

Gerotype . 1 Height L.A.I. Head Bxert. Head Lergtn
IS. No. Flowering Leaf No. {cm) {cm) (cm) (cz)
0503 x 8364 19 13.2 170 149 11.7 23.5
0508 x MRT 12 i2.5 212 17k 26.9 30.5
0528 x CKE0O 13 12.6 2ok 12¢ 16.7 31i.3
G5C3 x WHT 24 13.8 193 168 18.3 29.6
0505 x ROL 19 13.1 213 145 19.1 iz.2
30k x MKT 13 10.5 125 153 20.3 25.8
2364 x Ci€o 12 10.6 111 157 k.7 25.5
a3¢L x WHT 1k 10.7 03 174 17.5 z£.3
&304 x RDL 15 10.7 119 i3z 15.6 2L.0
MAT % CKGD 8 10.9 151 151 22.9 25.7
RT x WHT i2 11.3 25 135 2c.2 23.0
MRT x RIL 9 10.6 1hy 155 22.2 25.5
CKGO % 13T 7 10.3 2k 173 21.1 25.2
CKEC x RLL 19 10.6 143 118 1£.5 22.9
UHT x RDUL 11 11.1 134 171 6.8 23.3
RSC1U 5 10.3 ki 154 19.5 25.3
LSDOS 3.2 1.1 23.0 3.9 4.6 3.
LSD, L.2 1.6 32.5 55.1 6.5 4.6

1 July 1 was used &z the

base dat

for flouering.

2 Leaf area index of flag leaf only.
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Table L.

parents grown in 1962.

Simple correlation coefficients among 13 characters measurec frem the dizllel c¢f nine

Craracter R~ . E < § o 5 = LY I3

@ 3 = £ =@ 25 83 nes2 9¢ o B ®A A
Flcowering LToR* LTO** - . 30%% .1¢C .32 =20+ -.C9 ;.39** .61x% .03 -.1l1 -.C1
Leaf Number LTTE% . -.02¢ .01 -.01 Lo1xRx LxE 04 .3k Lox# 05 L3GER
Height .08 2g9x% .11 .05 Ak -.07 625w 33wk -.21%x D3x%
L.A.I. .01 .18% -.0k -.03 .08 204% .05 -.2kx% -.05
Head Exertion Lows - 2hxx - 20%% - .20nE .33%% -.1k -.28%% -, D3#x
Head length - howw - 36%%x - G3wE 28#% - h1xx S L
Grain Yield .93%x LTI ~.ST#% . QQ#* L2T+% Qls#
Yield/head T3% - LBEx 56w ozx% L SG%%
100 seea wt. ~.52x%  BOF% 25 TCR#
% Protein -.18% -.51%% -.35%%
Protein yielad 05 .G8xx
% Lysine g

* Sigrificant at
#%¥ QSignificant at
1

the .C5 level.
the .0l level.

A1l correlation coefficients have 178 degrees freedom.
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Table 5. l.eans of percentage protein of four sorghum ‘genotypes harvested at
seven stages of matuiity in 1967.

,» Protein Harvest
Harvest Genot:me Stage
Stage k5610 L1X561L 2319 0503 i.eans
1 13.29 13.70 14.20 12,90 13.52
2 12.20 12.21 13.71 11,835 12.49
3 11.60 12.16 13.53 11.20 12.20 .
L 11,93 12.55 13.95 10.71 12.29
5 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 heans 12,27 12.45 14,08 11.10

Hervest stages Genotypes

LSDgs 0.304 0.230
Table 6. Analysis of variance foi peccentege protein of four soighum genotypes

harvested at scven different stages of maturity in 1967.

Source of Variation d.f. Mean Scuare
Blocks 3 "0.5689
Genotypes 3 42,2459 ¢
Harvest Stages 6 3.5798 *
V x H.S. 18 1.0225 %
Error 81 0.1867

C.V. = 3.46,

Significant at the
3¢
Significant et the

.05 level
.01 level
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Tedle 7. ideans of grain yield (kz/na) of il sorghum Censtyges grown at three locations in 1667
and 1958.

+ Sand Farml/ Hi-Fertilityg/ lafayette Nurseryé/ Mean of ,
Genotype 1567 1968 viean 1667 1668 mzan 1667 13563 Mean 2ll tezts
3216 2729 =5 3563 5961 7626 6795 6491 6593 C543 583k
1259 1085 1335 1220 2351 18gk 2523 3538 31¢c6 3373 2339
0075 3046 6606 L&a7 €634 7538 7088 6618 8Lg7 765 ée2
2319 2777 6520 LEdh Lhgs 6927 5712 6630 6726 6579 582
cs02 2865 6225 L5Lk6 Lz58 6126 5193 6209 7824 6920 5553
536k 3hi45 2457 2951 3235 2553 2595 Lhz3 5L55 k535 355%
¥artin 3916 3250 3583 L67L 4863 L7869 5238 6251  57% 4700
CZH0 L236 L8753 k556 4251 1856 kssh 6181 6LLE 6314 1k
Wneatland 4077 3605  38k2 5253 5333 5204 4650 7033 5843 ko93
Redlan 4738 L4392 L1566 6091 6273 6183 5831 7168 6501 5750
RS510 5318 5868 5594 5754 5933 5845 6307 6325 6317 5919
Mean 3477 513 3993 L8710 5418 5158 5674 6476 607k 5074
Isno5 643 812 g62 1223 800 1265
1sp,, . 866 1093 1295 1646 1077 1702
C.V. 12.8% 5.9% 13.7% 7.8% 9.7% 6.89

1/ The Sond Farm has a very sandy soil. Two hundred pounds of 0-0-60 was plowed down per acre;
i50 1bs/acre of 8-32-16 was used as a starter; and 150 1lbs/acre of ammonium nitrate was
applicd three times during the growing season.

2 . i, qs . " . - cs
—/ The Hi-Fertility area nas a Chuimers silty clay loam and hzs been maintained for many years
at'.a very hign level of ferctility.

The Nursery plots have been on a Chalmers silty clay loam and they received moderate to high
levels of fertilization.
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Table 8.

Means of percentage protein of 1

sorghum genctypes grown ai

thiree locations in

” -~ -
1607 and 1565,

Genotype Sand Farm High-Fertility Lafayeite Nursery ¥ean of
IS. o. 1977 1568 liean 1967 1963 Mean 1667 1668 Mean 21l tests
3126 1k4.3 13.2 13.7 1.5 13.6 1L.0 15.7 1h.g i5.3 1k.3
1259 16.4 6.4 6.5 18.8 17.C 17.9 156 17.% i8.0 17.%
CoT5 1k.0 12.5 13.2 15.0 12.4 13.7 15.3  13.5 aLk i3.8
2219 13.L 12.3 12.8 15.2 iz.8 13.5 1.6 13.4 4.0 13.b
0508 11.4 9.8 10.6 11.1 9.8 10.5 1i.3  10.1 10.7 ic.6
E38L 10.2 10.5 10.3 12.0 10.7 11.3 12.1 10.7 1.4 11.0
KMartin 12.1 13.4 12.8 14,5 12.4 13.k 5.1 12.8 1k.c 13.4
CKE0 5.6 9.7 9.6 11.7 0.8 10.8 1X.7 10.5 11.1 10.5
Vheatland 11.1 11.7 11.4 12.% 10.3 11.3 13.2  10.% 11.6 1.5
Redlarn 0.2 11.6 10.9 12.1 10.6 11.3 12.8 10.8 12.8 11.3
RG610 10.5 10.6 10.6 12.0 10.4 11.2 12.6 11.0 i1.8 1.2
Mean 12.1 12.0 1z.0 13.6 11.7 12.6 13.9 12.3 13.1 12.6
LSDO5 1.22 0.59 ¢.58 0.93 0.57 ©.69

15301 i.64 0.79 0.78 1.25 0.77 0.93

C.V. 7.C% 1.7% 3.C% 2.8% 2.84 2.c%
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Teble 9. hkieens cf protein yield (kg/ha) 2f 11 sorslion genciyres grown &t three locations in
19€7 =nd 1GC8.
Gznotiype Sand Farnm Hi-Fertilizcy lafeyette Lursery Mean 7
Is. Yo. 1367 2068 Mean 1667 i%A8  lezn 1557 1368 Tzan 221 tests
3126 369 612 560 9c9 857 &8s 175 819 oL8 775
1259 178 23k 206 5e7 287 kev v2hooosk 5s oo
5 ka7 &E3 €LE icug 7oz g15 1106 253 163 Eés
275 373 803 613 718 679 659 1C=3 750 €67 733
o503 326 ok7 L86 500 502 501 737 €2 050 53¢
B354 348 271 310 Log 225 317 564 LE3 52k 8L
iertin k73 k6o L67 712 502 [Yedd 835 €£6 751 535
ovEn Lco ka7 Lo 527 398 Lé2 ) 555 3¢ sei
Wheatland 453 Ly k7 6E5 L57 572 éL7 LiC €28 540
Erdlan L€3 5L0 512 777 55L €65 784 okL7 716 631
PEE10 552 658 620 726 515 621 839 76 707 646
Kean Lol 553 L77 691 522 607 826 650 738 €07

110
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L]
Table 10. Yearly meuns of grain yield, percentage protéin, and yrotein yiceld
of 11 sorghum gerotypes grown in 1967 and 1960 st three locutions,

Genotype Grain yiecld (kg/he) % Prectein Protein yield (iy/ha)
Is. No. 1967 1964 1 67 19682 1967 1965
3126 5062 6aos 14,4 15.9 791 7606
1259 2559 2119 17.9 16.9 ko3 317
o075 5591 7549 4.8 12.3 361 - 860
2319 4635 6749 1h.k 12.5 7G5 on
0508 hihy 6661 11.3 9.9 521 507
8364 3099 3y 1.k 10.6 Lo 327
Martin 4610 4729 13.9 12.9 673 543
CK6O HEsls) 5393 1.9 0.0 564 W33
Vheatland L661. 5325 12.2 10.3 595 503
Redlan 5555 5946 11.7 11.0 652 530
RS610 579k 6043 11.7 10.6 199 533
fean héi2 5478 13.2 12.0 639 579

Table 11. Pooled znalyses of variances for grain yield percentage protein,
and protein yield et 11 scrghum genolypes groun in three locations
in 1967 and 1963.

Source of Negg}Squarcs

Varlation da.f. Grain yield % Protein Protein yicld
Years 1 9,550,713 #%  B6.011L »» 59,031 »+#
Locations _ 2 20,360,678 «x 26,5164 #%  30L,705 w«
Varieties 19 T, 307,737 #%  107.9268 »  112,h99 «*
Blocks in loc. and Yrs. 18 112,460 10.57382 «x 20, (0h ¥x
Year x Loc. 2 101,572 22,6966 xx 166,644 wx
Var. x Yeor 10 1,129,344 1.8931 8,014
Var. x loc. 20 136,506 0.'(5%2 8,547
Var., x Loz. x Yr. 20 O, 2 o G.9915 2« 1,100 xx
Error 160 269,141 0.0607 1,017

¥ Gignifieant ot the .21 level.
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Table 12. ieans for grein yield, pe cenvage provein, @id 120 aced 5ot ¢f five varieties
subjected to four bezzing irezvmenis vhlich were carciecd ou in 1967 ang 1543,
Grain yield (kz/na) %5 Protein 130 sesd veight {gms)
Variety Treaztment 19¢7 1943 tean 1957 1Ges iezn 1667 1628 lzen
R3E10 1 5612 702 6318 11.68 10.50 11.34 2.20 2.33 2.32
2 LE18 6006 5412 11.96 11.G6 11.51 2.22 .38 2.32
3 L103 %375 29¢0 12.93 12.16 12.55 2.55 2.52 2.54
. I LL1E 3633 1025 13.19  12.23 12.71 2.55 2.2 2.40
L
2319 1 6627 LE7 7047 1L.L2 12.26 1Z2.34 3.18 3.27 5.23
2 5266 36L6 £971 1..07 12.07 13.07 3.15 3.23 3.i°
3 4780 7106 5G43 1L.90 12.19 13.55 3.33 3.24 3.29
L 53505 7673 6139 14.53 i2.20 13.3¢ 3.28 3.27 3.28
Redlan x 231¢ 1 geol 11231 10611 12,14 11,13 11,64 2.95 s 3.2
2 8¢05 ¢501 6205 12.24 11.25 11.75 3.08 3.5% 3.3%
3 ¢291 8709 2Co0 12.28 11.43 1i.866h 3.10 344 3.27
i 5293 7703 6198 12.47 i0.79 11.63 3.20 3.16 3.20
0508 1 €305 3470 128 16.55 g.71 10.13 2.L5 2.4% 2.45
2 6733 7(09 7196 13.13 .96  10.05 2.43 2,44, 2.4
3 5353 L4 57 LS05 10.57 10.59 10.5¢ 2.73 2.73 2.73
L 5126 1815 5021 .91 11.09 10.50 2.70 2.75 2.73
Redlen x 0508 1 G262 11512 10327 ¢.50 £.87 9..3 2.75 2.91 2.83
2 2956 £9.6 £9o1 ¢.es5 9.14 ¢.50 2.73 2.92 2.83
5 7346 7LES 7260 1C.57 9.52 10.05 2.6¢ 2.C0 2.74
L 4026 &505 380 11.25 2.83 16.53 2.75 2.81 2.73
Treatrment no. Treatrent:
Control

£\ N =

Flag leul reroved corly
Head bagzed only
Flag leaf removed and head oegged
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Teble 13. Treztuwent means Zor grein yield, percentage protein and 10C seed ucight of the
"Bagging Effects” experiment grown in 1¢€7 znd 1563,

Grain Yield (kg/ha) % Protein 1CC seed Vt. {gzms)
Treatment 1967 1968  Mean 1967 1668  Mean 1667 158,  Mzan

1 T6CO 91kl €371 11.80 10.56 11.13 2.73  2.06 2.81
2 6951 8ikz  T5hT 311.65 10.€y 11.17 2.7C 2.0 2.5¢
3 61.8 {322 €22C 12.25 1l.1/ 11.72 2.88 2.95 2.92
I 5076 6095 5567 12.27 1i.23 11.75 2.50 2.35 2.28

=
18]
t
&

05 ESN et 359 0.281 0.163 o. 0.115
ol 25 1160 527 0.37% 5.223 0.

)

=
o
o

neble 1b. Varictial means for grain yielg, percentage protein and 10C seed ueight of the
"Begoing Effcots” oxperiment growa in 1967 and 196t

Grain Yizld (kg/nez) % Protein 1CU seea i, {grzj
. ~ 7 ve oL - . N . .

Variet, 10T iebn Mesn 1967 1465 Mean €7 8" Mean
w737 SIDE wusy 12. 11.58  iz.03 2,01 2.3 2.3y

U5 Tiis 45 5. 120050 13034 .23 3.25 0 3.an

3L SeTh w22 iz la.ihy 11,72 3.CH 3.43 3.e+

.o £~ bt . B} “ - .- = P ~

oua2 6354 Slkw 19 1¢.33 1,3 2.53  2.5% 2.%

. Y - e, -~ . ©o ¢

Realan x O5C3 78234 81l S 7. 9.3L v zA 2.50 2.6 2.7%
- pt [ < 1. - ~ =~ - -~ o ~
“Lys 525wtk b 0.3:k 0.187 <¢.153 C.130 0.7 G.oTh
LiZgy 639 1297 585 0.413 0.2 .20% C.175 ©.:136 0.C¢3=




. -
Pocled analyscs of veriance for yiela, percentege protein,
ght of the bagging cffcects experiment growvn in

Table 15.

and 1¢0 seed vei

1967 and 1963.
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Sources of

liean Squares

Variation d.f. Yield & Protein 100 sced wt,
Years 1 18,236,472 *x h6.557 »x 0.3572 *%
Blocks in years 6 1,053,054 0.118 0.1305
Varietics L 20,175,738 ¥ 17.303 »« L.8020 *%
Treatmernis 3 15,307,303 »« 4,152 * 0.1203

v.x T 12 910,666 *x 0.609 0.0603
Vxy 3 2,341,721 *u 50.234 %% 0.6893 #+
TxY 3 L5k, 571 0.1k2 0.1140
VxTxy 1z 637,672 1.189 »* 0.0253
Error 116 351,025 0.193 0.0468

* SBignificant at the .05 level.

*¥*  Bignificant at the .01 level.



-19-

Table 16. drticue Values for Protein, Lysine and Protein = Lysine

i5.Mo,  Prot. iz 2L 1.0,  Zrot. Lyvs. Pl

~-High Protein--
10373 17,6 121 21.30 0039 23.2 1.13 2400
T 18,2 1.17 21.29 219¢ 20.5 0.00 W
0204, 1£.2 1.17 21,4 0395 13.9 1.51 6.0
2865 8.2 1.01 18.39 3640 17.0 0.31 05.57
3635 18,3 1,45 AT, oine 19.6 1.L5 DU
2C65 17.7 1.12 19.7L 3623 17.9 1.29 PO
1250 17.¢ 1.54 27.57 2413 17.5 1.16 20,0
7834, 16.3 0.0 14.82 2250 19.6 0.62 121
571 17.¢ 1.4 25 78 7166 17.5 1. 04 25,
376 17.5 i.32 25.10 6028 17.9 1.27 22
678 18.9 1.25 23.62 6L, 19.5 1.60 21,00
7551 18.5 1.27 23.50 7911 17.6 0.92 16, ¢
2010 18.6 1.14 21.20 3872 20.2 1,06 ol W
LS2h 17.6 1.28 22.53 3622 18.4 0.63 10,51
5307 17.7 0.82 14.51 3703 19.7 0.65 5040
3500 17.8 1.30 23.14 0195 18.2 0.86 15,60
5364, 1.6 1.30 23.14 0615 18.1 1.22 ok
2801 17.¢ 1.3 23.99 3911 17.5 0.6 1,7
7410 15.9 0.56 17.11 2059 18.3 1.10 2001
O3E 17.6 1,07 26.17 4361, 19.3 1.47 IO
2949 17.7 1.03 18.23

—-High Lysine--
2.2 12.0 2,00 26.37 6915 12.0 2.5 el
1521, 11.0 2.03 22.0 2615 0%.5 2.15 20,17
0102 .3 2.01 16.69 7724 11.6 %.00 23
227 11.5 2.00 23.00 2144 11.9 2,10 .
2305 11.7 2.07 21,22 2475 10.7 2.00 21,0
27 12.2 2.1 25,30 7330 11.7 2.1 23,00
70973 09.6 2.89 i Th LdL 10.2 2.00 20..0
5732 12,8 2,17 27.76 19¢1 13.7 2.13 5.1
20603 10 3 2.0 20,54 7223 13.3 2.02 27000
61,26 11.1 2.14 23.75 0516 12.7 2.22 20,10
3817 5.2 2.1% 3.33 7262 4.4 2,09 30.10
[YREY 16,9 2,06 31,61 3518 10.1 2,08 21.0)
2605 10.3 2,22 22,07 71,52 10.9 2.12 23.11
2311 10.0 2.26 20,60 2287 10.% 2,03 2110
oo 091 2.42 22.02 38159 13.2 2.01 26,53
2151 11.4 2,12 24,.17 7:,61 13,1 2.06 26,97
7008 .1 2.25 31.73 0125 11.0 2.15 03,60
7H1n 11.7 2.606 31.12 8797 11.6 2.08 TS I
2077 12.0 2.02 26,26 7142 11.9 2.90 3h bt
(657 15.1 oot 31.41 036 10.6 2.18 23,11



Table 16. Rtieme Vilues £o Trotein, Lysine and Protein =t Lysine (continuec)

.10, ’rot, I 5. o I5.il0. 2rot. Lvs, >,

—-Hizh Lisine (continued)--

2316 11.6 2.06 b3l 7361, 11.7 2.12 24.60
1317 12.7 2.07 26.29 06916 09.1 2.07 19.44
7051 12.6 2.00 33,77 2605 11.4 2.05 23.37
5L, 13.0 2.07 26,91
--Hirh Protein :t L;sine--
5342 1%.6 1.05 20,472 6¢15 12.0 2.51 30.12
7114 15.6 1.97 30.73 353¢ 16.2 1.86 30.13
7363 16.3 1.S6 31.90 3013 15.5 1.89 29.30
7330 11.7 2.41 28.20 6944, 1¢.5 1,60 31.20
1991 13.7 2,13 29,10 C05¢ 14.7 1.98 29.11
0516 12.7 2.2 26,19 5555 1.4 1.95 28.08
3553 15.6 1.98 30,89 3791 16.9 1.02 30.76
7096 1.1 2.25 31.75 751G 11.7 2.66 31.12
7142 11.9© 2.90 351 0657 15.1 2,08 31.41
7051 12.6 2,68 33.77 7282 L., 2.09 30.10
54,08 16.9 2.06 34.61 4881, 19.3 1.47 28.37
--Lou Protein--
2615 09.5 2.15 20,42 0102 09.3 2,01 18.69
5147 09.6 1.79 17.16 6368 09.7 1.61 17.56
5650 9.6 1,92 18.43 7093 09.6 2,59 27 JTh
1220 09.9 1.65 16.34 . 3141 0%.4, 1.27 11.94,
375t 09.0 1.56 14.04 0192 09.1 1.26 11,7
2032 0%.6 1.18 11,56 3754 G.9 1.15 10,24
7155 0L.8 1.8 15.80, 7577 00.6 1.05 10,00
2274, 09.5 1,30 12,7 6916 09.1, 2.07 19,16
24,93 06.7 1.73 15.05 2309 09.4 1.16 10.90
002 0°%.1 2,42 22.02 0617 0%.2 1,72 15,02
2556 09.9 1.66 16,42 3223 0%.4 0.87 08.10
3817 06,7 2.15 13.33 2,02 09.1 1.33 12,10
7906 0¢.6 1.78 17.09 0642 09.9 1.20 11.08
714,61 09.5 1,9¢ 15.91 2766 09.2 1.30 11.%6
2936 07.4 1.62 11,99
~-Lo'r Lysine--

69,7 12.3 0. 44 05.41 0191 12,3 0.60 07.36
7520 12.2 0.50 06.10 5310 14.6 0.47 06,86
3840 17.0 0.31 05.52 7303 15.0 0.60 09.00
1695 12.2 0.54 06.64 06,1 10.¢9 0.50 05.45

58119 ]2.1(. 0. 92 06./45 50/;0 13.1; 0.51 0().-’.&3
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Table 16, I:tieme Values fo trotein, Lysine and Protein i Lisine (continuec)
.

Io.Mo. 2rot, Lis. 2L 1%.io. Prot.. i) Jleri®

o

-~Loy Lysinc (continued)--~

7143 13.3 0.39 05.19 4,208 14.2 0.57 08.C¢
34,61 14,5 0.54 07.83 cos2 15,8 0.56 08,R5
2537 14.5 0.59 G.56 5136 13.6 0.36 0.0
372¢% 14.2 0.51 07.24 3C06 12.6 0.80 07.56
5760 1L.7 0.56 0.5.23 7096 16.3 0.L9 07.%9
2297 11.5 0.43 04.9 2048 11.6 0.42 04.C7
-~Low Protein x Lysine--

6947 12.3 O.L4 05.41 2046 13.3 0.50 06.65
5340 14.6 O.47 06.86 3848 17.C 0.31 05.52
7895 2.3 0.54 06.64 0641 10.9 0.50 05.15
5040 13.4 0.51 06.83 7143 13.3 0.39 05.19
0207 11.0 0.63 06.93 29,8 11.6 0.42 04,.87
5849 12.4 0.52 06,45
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Teble 17. Compleie amino acid anelyses

4mino Lciss os 0 Protein

Isol. .
lulf  Total Leu.
15.50. Prot. Lys. P Threo. Tryp. leth. 3yst. 5.i.i. Tsol. Leu. Rztio Phen. Tyro. Valine

1665 Purdue Farse.y

0075 1$.50  1.S0 37.01 .15 0.55 LelT 193299 5.87  4.66 5.36
C12t 13.22  1.96 25.¢1 3,12 1.C0 4.20  1L.07  .29C  5.62  L.51  5.06
0175 15,04 1.80  256.63 2.¢ 0.3, 1.06  2.73 1.06 .1y k.30 .209 5.0t Lo L.53
0176 10.53  1.97  70.72  3.05 1.09 1.12 1.15 2.27  3.09  12.92  .301  5.00 .26 L.50
01Z4 10.21 2.2 23.45  3.19 .25 1.11 2.35 201 12,91 .30 5.00  L.44 5.01
CS!, 10.56 2.03 21.16  5.i5 1.15 1.10 2.25 .07 13.70 <97 5.21 4.2 5.1
01¢S 13.09  1.96 5.6, 3.06 0.96  0.93 1.9  L.2L  1kh.11 201 5.83 L 5.07
0713 15.50  1.60 24,05 2.7C .26 1.03 2.2 3.75 12.0L -20 4.92  L.CC L.
0206 11.34,  1.92 71.75 23 1.21 1,03 '2.29 1.2 13.79 .26» £.36 0 1.33 0 L.91
0339 16.16 1.5  25.55 3.05 2.03 1.15  1.29  2.4% 4.7 1..26 .29 5.6 LS Luol
055 1£.72 1.01 26,50 5.06 1.50  1.3n 1.25 2,56 L4.0L 12,65 .66 5.0 Lod 1.3L
G170 5.7 1.93 25,06 2 %L  1.08  0.L4 0.0L  1.60  3.00  12.77  .350 5.5 L.O7  L.&2
0532 2164 1.56 34.12 2.90 0.1 0.6 0.73 1 72 L.ih 142 U360 5.z 4.3 5.19
0517 14.31 1.82 76.10 3.78 .01 1.27 2.28 £.16 14,50 .27 5.43  L.3¢  5.21
0532 12,75 1.99  725.46  3.27 1.04 0.80 0.92 1.72 £.20 13.35 .315 5.35 .21 L.0%
061¢ 12.72 1.93  2L.51  3.23  0.61  1.0% 1.0% 2,11 430 1403 .306  5.53¢ L.C 5,10
043¢ 13.03  1.91 24,93 216 0.66 1..7 0.07 234  4.i1 i3.48 305 5.3 4.27  L.07
Cér 5 10.66  1.59 20.16  3.06 1.35 .01 2.36 3.07 1718 -310 5.20 .16 t.53
cér1 12.2 1.72 "1.01 3.03 1.52 1.2 1.01 2.25 L0l 11,03 L2086 5.10  4.42 5.03 .
.071¢* 11.25  1.96 272,02 3.0% 0.96  0.52 1.7 .72 12.73  .207  5.85  4.35  L.93
0725 10.41  1.e1  13.81 3.13 1.25 1.0 2.26 3.96 13.22 2000 5.36 k.35 Luls
085!, 10.41  1.33 15.03 .06 1.21 L.I9 1.22 2,711 5.56 i3.2 <200 5.06  L.z8 .73
0%16 13.25 1,62 21.4. 2.0 0.54 0.95 0.9y  1.9L 3.75 12.56 «252 L9 L.12 14.53
0¢54 13.5¢  1.35  25.1¢  3.11 1.30 1.07  0.71 1.7 4.35 1h.53 287 5.1 pp 5.26
1084 16.66 1.46 24.39 3.13  1.22 1.5 141 2.9 L.12 14.83  .261  5.52  4.79 5.04



Table 17. Complete amino acid analyses (continued)

fmino icids as ;5 Pictein

Iz0l,

izlf Totel Leu.
Is.Mo. Prot. irs. PrL Threo. Tryp. leth. Creb. S.i.i. Isol. Leu. dctio 2nen. Tvio. Veline
1149 12.94  1.61  23.45 3.14 1.1k 1.19  3.33 .06 13.C £292  5.4&  L.4T L.Sz
1213 12.221.85 22.63 3.10 1.10 1.63 1.02 2.65 L.00 13.67 .299 5.20 L.32  L.29
1259 17.51 1,54 26,79 2.95 1.07 1.35 0.53 2.19 L.25 15.02 L2030 5.51 0 L.ED 0 4.6L
1255 13.94 1.72  2L.0L  3.07 1.4 1.6 2,78 3.0 13.26  .293  5.10 4.33 L.20
1333 10.16 2.04 20.76 3.12 1.05  0.94  1.96 4.0l 13.21  .303 5.26 4.25 L.83
1566 16.65  1.65  27.51  3.07 0.58 1.k6 0.76 2.8 L.06 14,.03  .239  5.36 4,37
210¢ 10.22  3.36 ~4.31  3.31 1.12°0.57  1.69 3.73 10.22  .385  L.31 3.3C  4.91
2213 10.34 2.8L  30.02  35.L0 0.01  0.66  1.47  £.00 11,98 .33 L. L.10 5.Z,
2775 .13 177 24.97 2.9 0.96  0.97 1.95 3.0 12,90 0292 L.SL 4.20 0 L.74
2724 13.75  1.08  25.0L 3.04 0.61  1.00, 1.&2  £.0?  13.01 265 5.12 L.35  L.S7
]
! 2233 13.1&  1.96  23.70  32.23 1.07 1.50 1.55 3.05 k.2 tnun> 290 50300 L.5¢ 5.3
I 245 17.61  1.90  33.7¢ 3.28 1.11 .80 2.00 L.21 0 12,11 L2900 5.8 L.S5E 0 5.04
2GS 1..56  3.19 16,82 3..43 1.20 2.03 2,04 3.6k CO.95 385 L.°5 3,86 L.75
2085 09.91  °.07  70.58  3.06 L.51 1.27  J.37 2.1k L.CO  15.C2  .337 L85 L.l Lueh
LS i0.75 2.21  23.00 0 3.36 .56 14,83 2CE 5.Ch 0 L.70 5.%6
2045 02.¢7 2.13 21.20 3.25 1.36 1.01  2.37  L.34  14,.05 .30  5.:0 S.ES
~oal 13.81 1.5¢ 21,096 2,11 1.21 1.12 2.3 L.27  15.02 L2l 5.2 5.1i%
2573 10.69 2.0C  "22.2C 3.2 1.18  L.04 2,72 4.3 LLel .39 5031 2.2z
“501 11..7  2.05 22.56  3.28 0.93  0.921  1.03  L.38 0 1L.30 L3072 5.7 5.25
oS 10.4k  2.26 23.60  3.04 0.0 1.17 0.93 2.15 3.0 12.5¢ L2100 1.ln L.20
A 11.00  2.04  22.l4  3.05 1.01 0.0l 1.02 2097 13.23 .00 4.63 4.8
2010 09.01  1.90  19.L6  3.21 1.2 1,09 2.22  L.20 13.60  .301 5.23 5.07
753 11,20 1.0 21.3¢ 2.9 1.200 0.97 2.2 3,50 15.25 705 L.on L.27
2559 11.56  2.27  25.65  3.2¢ 1.20 0.90  z2.ic 4021 13.00 .305  3.03 5.5
2052 15.53  1.08 29.20 3.10 1.2k 0.77  0.81  1.50 4£.07  13.50 .2¢> 5.25 .95
2036 11,76 1.6 23.12  3.05 0 2.25 1.k .09 ZCT300 3.9 12,87 W3CC 0 5.0 L.77
2001 11.84  2.07 2..56 3.13 1.20 6.3 2.1k 4027 1.8k 304 5.45 £.23
2056 10.06  2.03 20.42 3.26  1.43  1.32  0.01 2.25  4.12 13,60  .305 5.27 5.1,
2837 15.09 .31 i1.72 3.15 0.66  0.81  1.£G 425 13.41 .31 5.3¢ 4.53
2047 10.72 1.86  34.76  3.03  1.43  0.8G  0.69 1.57 3.8 12.92 .303  4.97 4.21
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Teble 17. Complete emino zcid analyses (continued)

Amino fLcids as L, Protein

Holf Tots
I... Prot. Lys. Thieo. Tryp. leth. Cyst. G.i.i. Jood. Jien. Volire
5137 3.16 2.06 27.L0 .21 1.15 1.12  £.09 5.4 L33 5.0n
6164, 12,18 2.i1  25.6 3.20  2.20  1.k5 0.92  2.37  4.13 5.20  L.37  5.1L
5000 11.16 2.03 22.65 3.30 1.29  1.2¢  2.58  L.47 5.5  L.Eg  5.2¢9
4011 14.0¢  1.99 28.01 3.09 07  1.36  1..7 2.03 4.31 210 4.33 L.58
5622 13.85  1.61  22.3L 3.0  1.17 1.48  1.27  2.75  L.i1 5.7  L.31 0 5016
6926 09.3%  2.25 21.02 3.27 143 0.95  2.38 L5 3.7C L.7C 5.35
8958 13.60  i.9h  26.32  3.21  1.13  1.95 0.3 2.07 £.50 5.75 5.7 5.3%
6560 13.75  2.06  28.39  3.17 0.84 1.27 1.30 2.57 L.22 308 L.520 5.z
7050 10.CL 2.0  22.72  3.37 1.10  1.33  2.42 L.k 5.75  L.79  5.30
709 11 81 2.07  2L..5 0 3.31 1.3 1.47 1.8 3.15  L.17 5.50  4.55  5.z2
711C 13.31 2,02 2€.95 2.89 3.00 1.07 0.9, 2.01 2.9 5.C0  4.01  L.77
7975 15.21  2.i3  232.85  3.30 1.0¢  0.76 1.84  4.03 5.90 527 L.57
€005 11.9°  2.iL 25.05  3..7 1.70 1.15  2.83 4.537 5.50  L.35 0 5.K
007 11,03 1.54  21.45 .00 1.06 0.L9 1.9 4.6 5.3 k.33 L.l
509 10.€1 2.3 2L.35  3.11 0.77  1.30  0.57 2.16 3.63 5.9 L0150 L.9n
€112 12.07  1.94 2419 3.18 0.92 1.01 1.93 L.10 .04 Ly
0166 11.21 204 23.0,  3.06 .22 1.07 2.30 .13 5.36 L3
G147 10.09 2,11 21.28 .23 C.70  0.L0  1.50 L.2% 5.20 5.3¢
0218 12,21 1,76 21.66. 3.07 1.21  G.71  1.70 4.10 5.3, L.33
0263 12,75 3.00  38.75  3.ik .90 0.72 1.82 3.7 L3800 3.67
e 15.09  1.71 25.52  3.10 1.23  1.L5 2.3 1.7 %L 5.61 n.t5  5.C6
5200 i3k 1070 75,80 3.70 1.33  1.21 2,53 4.20 2297 5.5 4.3 L.C3
1302 16.13  1.75  23.15 2.99 1.6 .22 1.97  1.i3 .29C 5010 L.2¢ r.gs
G307 13.59  1.ob 25.03  3.15  1.17  1.47 D57 2.35 Lo $297 5.29 L.3T 0 5.23
8330 00.01 2.2 22.35  3.35 0.72  1.25 1.97 1.3§ 3245 531 Luilh 5015
U336 13.97 L.59  22.°L 5.07 0 1,05 1.23 0 0.8 1.61 4.31 S.k5
0253 17.L7  1.73  30.25,  2.91 0.69 0.57  1.56 3.7 5.C3
5354 16.53 1.0  29.69 3.21 1.1 1.01 1.C0 2.01 ~L.iz 507
2361 25.51  1.02  L6.11  3.17  0.28 0.5 1.22 2.17 L.32 5.6
836L 15.56  1.72 26,75 2.2 1.5 1.36 1.07 2.43 3.94 5.10
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Table 17. Complete amino acid analyses (ccntinued)

fmine ficids as ,» Protein

Iscl.
Helf Total Leu. .
IC.Ko. Prot. Lys. D4 Threo. Tryp. lMeth. Croie S.A.i. I32t. Leu. Rello Phen. Tyro. Valire
8361, 12.3¢  1.83  22.36 3.30 1.04 1.55 1.67 3.22 4.06 13.51 294 5.37  L.73  L.gs
8375 12.47  1.93  24.13 3.19 2.05 1.03 1.12 2.15 L.15 1L.02 -296  5.56 .50 5.1
Gl 12.13  1.91  23.19 3.42 1.07  0.9% 2.06 k.37 14.35 .39, 5.=r L.88 5.0
1966 Purdue Hurscry

0075 14.53  1.82  24.35 3.0, 0.86 0.72 1.03 1.75 4.45  14.S6  .300 6.18  L.8, 5.15
0033 14.56  2.05  30.25 3.28 2.08 0.71 1.35 2.06 4.37 1i4.3% 305 5.92  L.61 5.00
0101 11.44  2.30 26.33  3.20 0.97  0.96 1.93 L4.33 12.55 321 5.12 .17 5.00
0113 13.2 2.33  30.67 3.19 0.97 0.96 1.9, 3.66 13.31 .290 L.89  4.37 5,13
0115 13.6¢  1.00 24.63 3.01 1.21 1.02 0.35 1.07 L.11 1,01 .2%3 5.7 419 5.12
0129 k.75 2,313 3146 3,12 1.08 0.62  0.92 1.5 4.25 14.10 2202 5.20 0 4.8 5.13
0176 14.25  1.99  25.45 2.99 1.0 0.85 0.31 1.66 £.02 17,97 292 5,07 1,30 L.SH
C1357 10.66 .12 722.61  5.53 .77 1.28 3.02 L6 15.91  .299  5.33  1.41 5.45
0150 12.60 1.03  23.12  3.17 0.9 1.01 0.35 1.06 4.01 14.60  .303  5.30 k.6 5.46
019k 11.63 219 25.48  3.18 1.0 0.94 2.02 4.02 1,.75 <252 5.00 4.5z 5.1
0199 12.£1 2,314 26,56 3.26 1.532 1.06 2.5 L.1& 1L.02  .298 5.1 4.5 5.56
0216 11.83 1.5 22.44  3.13 1.46 1.70 2,63 L.1&  13.59 305  5.43 L. 511
0271 13.56 1.98  26.79  3.15 117 1.4 1.14,  2.63 3.58 12.50 .28, 1.95 4.29 .95
927 15-38 206 2752 3.35 0.5 1.50 1.02 2.52 .22 13069 308 5.9 sca  took
0271 11.91  1.97  23.44  3.30 1.56  1.i3  2.69  4.25  13.85 307 5.71 4.0 5.2
0315 13.95  2.3L 32.95  3.13 1.15 0.5 1.73 3.96 12.75 .310 L.01 514 5.91
0uT0 10-65 223 2375 3.31 0.95 LIS 1.0 230 4.29 1451 296 5.47  L.72 5.12
0508 10.k4 2.21 23,05 3.31 1.05 1.17 1.32 o.ic L3 1307 315 sy a2
05CC 10.6 2.09 29.61 3.35 1.10 0.39 1.19  2.08 .3k 13.83 314 5.87 L4.65 r.11
0526 13.61 1.67 23.00 2.93 1.19 0.52 1.01 .54 3.87 13.7% .25 4.91 4.l 04
0532 s 2.0k 2985 3.4 LOL 130 1112 203 109 1397 a8 S b2 o
0535 178 2.200 32,50 325 1.05 1.05 0.96 2,01 4.07 13.5% 300 500 Lo L

et R bt s L Vs L.37 5.15
0615 15.31 L.tk 22.05 3.03 1.00 1.69 1.3 3.03 3.80 13.38 .28, 4.9¢ 430 5.00
0016 15‘63 1099 31-13 3-13 1076 1.0’ 2-81 ZL-?.? . 13.88 .303 5.[‘,8 5.214’



Table 17. Complete amino acid analyses (continued)

Amino icids &s ! Protein

Iscl.
Half Totzl Leu. .
IS.Mo. Prot. Lys. PxL Threo. Tryp. keth. Cyst. S.L.i. Isol TLeu. ratio Phen. Tyro. Valine
0616 14.53 1.96 28.51 3..45 1.26 1.23  2.49  4.55 1L.99 .304 6.01 4L.83 5.29
0633 .31 2.12  30.31  3.25 1.27° 1.26 3.70 2.13 4.62 13.83 .308 5.13 4.28 5.31
0639 13.40 1.,1  18.89 2.90 0.86 1.33 1.00 2.34 3.56 12.60 .282 L.6L L.OL L.83
0639 * 11.94  2.05 29.47 3.46 0.86 0.91 1.13 2.04 L.49 13.81 .325 6.05 L4.77 5.35
0692 12.19  1.94 23.60 5.63 1.14  1.20  2.34  4.27 14.82 .283 5.51 L.75 5.63
0704 19.53  1.65 32.22 3.17 0.63 1.74 1.07 2.1 4.23 15.10 .280 5.28 L4.7S  5.48
0705 15.31  1.85 23.37 3.i8 1.36 1.2 1.06 2.3 L.0% 13.9¢  .292 5.2, 4.63 5.30
0718 10.19  1.63 16.66 3.15 0.70 1.42 1.28 2.70 3.69 13.21 .280 L.68 4.25 5.18
0718 10.88  1.95 21.25 3..0 1.26 1.32  2.98  4.32  14.66  .25L 5.53 4.73  5.25
0716 11.97 1.91  22.92 3.26 i.12 0.95 2.06 L.41  14.21  .301  5.60 4.62  5..0
0831 11.03 1.93 21.28 3.01 1.13 0.73 .86 4.13 17.832  .295  5.25  L.32  5.1¢
0e5L 12.50 1.6 23.22 3.08 1.21 1.06 0.90 1.96 4.15 14.22 .292 5,18 4.5L  5.21
0359 15.05 1.7 27.C0 3.0k 1.12 1.02 0.98 2.0 3.79 13.79 .275 4.S% L.37 5.1
0359 12.38  2.03 25.0¢ 3.4l 1.26 1.71 2.7  4.37 1446 302 5.7, L.73  5.3%
0868 12.09 1.86 22.52 3.12 1.00 0.92 0.93 1.85 4.0l 1L.21 .262 5.25 4..3 5.1k
0925 13.75 1.8, 25.23 3.18 1.00 1.43  1.05 2.47  L.15  iL.L5 .20 5.1 .62 5.37
0954 13.53 1.86  25.13 2.99 1.30 0.1 0.50 1.70 3.76 13.13 .285 L.73 L.10 L.G2
957 13.22  2.ik 25.29  3.20 1.36 0.5 0.96 1.95 4.2l 13.61  .310 5.48 L.58  5.00
1025 .07 2.6 23.96 3.07 0.95 0.73 0.52 1.356 3.76 13.92 .270 L.97 L.?9 5.11
1030 13.25 2.41 31.96 3.20 1.27  0.38  2.15 L.2h 13.35  .317  5.31  L.35  5.1¢
1032 16.75 1.93 32.31  3.05 1.10 0.97 3.68  13.51 .273 5,10  L.LC  3.07
1213 13.38  1.68 25.14 3.16 1.53  C.36  2.50 4.08  13.81 (295  5.24,  L.3G  5.i¢
1220 10.75  2.31  24.84, 352 2,70 1.3 1.36  2.93  4.26 12.87 .331 5.51 1..33 S.i-
1220 11.00  2.26  24.84 3.33 1.5, 1.17  2.71  L.i1 0 13.65 301 5.27  L.63 S..0
1259 16.44  1.75  32.21  3.02  0.87 1.11 0.37 1.7 4.18  14.1S  .295  5.20  £.37  5.04
1333 11.13 2.4, 27.13  3.25 1..7  0.37  2.3%  3.94 12,04 .307  5.00 $..3
1333 14.31 1.61 25.87 3.08 0.63 0.21 1.5, 3.95  13.5¢  .291  5.00 5.0%
1L75 11.34 2.23  25.23 2.03 1.12 6,55 1.12 4,01 1z.45 317 4.E0 L.28
1530 13.22 2.11 27.88  2.93  2.47 1.21 0.78 1.9 L.ih | 13.3 2305 5.11 5.05
1596 15.41 2.11  38.90 3.08 0.86 1.68 0.91 2.5 3.5 13.20 .302 4.2 5.1



Table 17. Complete zdino acid anal-rses (corlinued)

/zdno acids as ., P:otairn

Tzol.

) all  Total Leu. )
I5.10. 2rct. Lwg i Theo. Tryd. izth. Oyst. ol ke T30l. Leu. Sotio Thon. Tyvo. Valine
1556 15,09 2.35 12,20 3.25 1,06 1.21 1.17 0 2,35 1,37 i3.61 307 5.37 k.3 5,17
231 13.81  1.94 26.8 3.10 0.91 1.19 0.90 2.09 3.93  13.05 302 5.12 0 4,28 L.éa
2031 12.30 2.5 28£.40 3.31 0.87 0.3 1.76  4.15  13.2 299 542 LoLL 0 5.0
2213 12.56  2.2', 28.C3  3.00 1.35  0.75 2.10 3.65 12.57 307 L.é5 £.05  3.85
2225 14,22 2.02 28.7C 3.28 1.73  1.22 2.95 4.07 iL.z21 286 5.27  4.6% 5.0
2071, 15.70 1.7 23.52  3.C5 1.0k 0.20 1.10 1.90 3.93 13.5 220 4 97 L0 5.16
227z 11.56  2.¢4 23.03  35.28 1.51 1.10 2,61 4.08  1.47  .302  ..93 .13 5.13
2202 13.76 2.59  35.62  3.18 1.12 G.4S  0.77  1.26  3.92 1:.17 207 L7 4220 5.0
2317 :3.59 %22 30.18 0 3.19 0 1.92 110 1.05 2.1 3.82  15.07 297 L 97T L2600 s.es
2216 16.25 231 37.60 3.25 0.96 1.25 i.03 2.78 £.12  1,.%3 J0x 0 5.18 L.y 5073
2318 1.2 Z.52 3T.43  3.16 0.17  0.91 1.08° 3.8 12,73 .30s L73 4.32 0 5.05
2377 2.0 .32 23.50 3.01 .ok 0.73 2,17  2.95 14,53 292 L 7~ ). 5- 5..9
2L26 11.52 2.4 23.11  3.27 0.32 £.01 0 13.55 L2960 530 4.5z 5.54
2562 10.25 2.06 2115 3.26 1.52° 1.25  2.97 4.01 1546  .238  5.10 4.7 5.19
2581 11.7% 0 207 16430 3015 0.5¢  0.91  1.48 4.17 13.54 .30C 5.0, 4.25 .28
2539 i5.20 2.2 2906 3.28 0 1,10 1.35  0.89 2.2 4.50 5,17 317 £.19  L.50 5.¢8
2727 13.53 2.3, 21.70 3.20 1.48 0 0.94 2.2 4.13 1373 .309 4.9  L.23 5.4
270 .06 2.15 20,17 3.00 1.02  1.53  0.80 2.33  4.20 13.82 39L 5.3 4 53 5,33
2012 11.91  2.03 24.12  3.09 ©.09 0.67  1.96 3.73  12.97 .2¢  L.7S  L.o9 L.57
2518 11.75 2.03  2L..6  3.26 1.16 0.73 1.09 3.93 13.42 262  5.91 L.is 5,50
2300 . 1045 1.97  20.56  3.16 00 1.06 0 2034 Liih 15,00 .290  5.17 4.5 3.14
Z522 11,35 2,00 z2.72 3.11 1.30 1110 2.6 4.07  14.00  .250 5.25 L.37 5.1¢
2281 11.03  2.i16  23.520  3.22 1.26 101 2,37 3.9L 13.15 L5360 LSL 4031 5.2
2571 a8 1.95 23.25 0 3.02 0.92  0.10  0.73 1.13 L.i€ 14,8 .295 5.5 4.5 2.7
2934 11,13 1.85  20.53  3.12 .03 0.75 178 Ln.18 1L.27 2920 5.35 4053 s.in
3047 11.95 2.1 25.26 3.05 | 1.07  1.09 137 0.ib 4,20 13.98 380 5.17 1.5z 3.05
3567 11,26 1.6 22,13 3,01 =215 1010 2l 3090 13,33 .63 5.2, L2 5.00
ANt 5.9 1.95 21,00 3,10 0.65 0.9 C.25  ".Uh L.37 0 ig.ay 2305 5.8, 4.73 0 5,22
3122 L1 a1 ~281 3013 i.ir 0.2 v3 0 k.OL 12,850 .317  L.63 L.GS 4G5
169 2.0 1,71 22,78 3.01 15 0.3 2,01 4.10 14,03 .22 5.13 441 5.0



Table 17. Complete amino acid analyses (continued)

Aminc icids as L. Protein

Iscl.
Half Total Lou. .

15.1%0. Prot. Lys. P, Threo. Tryp. leth. Cyst. 5.4.A. Isol. Leu. etio Phen. Tyro. Valin
3201 14.06  1.91 26.81  3.34L 0.57 1.45 1.40 2.85  L.16 14,13 .94 5.23 L.72 5.62
32%0 12.41° 2.01 24.89  3.36 1.12 1.50 1.47 2.97 4.23  13.83  .306 5.7L 585 5.27
32¢0 12.97 1.98 25.72 3.25 0.57 1.25 1.34 2.59 3.8¢ 14.26 272 5.15 L.5¢ 5.18
240 k.22 1.92 27.36 3.12  0.91 0.72 1.21 1.9, 3.92  13.65  .300  4.3%  4.z22 0 L.92
3351 12.97 1.3 23.80 3.27 0.0 1.79 1.3 3.13 L.19 1L.31 0293 5.3¢8 4.5 5.38
4 .

3462 11.97 2.27 27.22 3.16 0.30 0.32 1.11 L.06 13.°0 .305 5.21 L.29 5.91
3485 11.3L 2.30 26.12 3.10 0.53 1.16 0.74 1.90 4.13  13.33  .310 5.15 4.38 5,17
3485 13.97 1.93 26.96 3.2 1.27  1.76 1.22 2.98 14.31 14,.01 208 5.30 4.71 5.3
3513 13.03  2.35 30.62  3.25 1.41 0.4 0.73 i.22 L.36 13,90 312 402 L.e 5.327
3513 12.61 1.77 22.62 3.09 1.20 1.25 G.92 2170 LGS 13.800 .29 3.L0 4.33 5.30
3513: 13.69  1.07  1L.70  2.79 1.01 0.862  1.83  L.32  i5.55 .278  5.97 4.66 L.89
3513b 14L.63 1.67  24,.36 3.06 1.25  0.95 2,19  4.27  14.75 .250 5.2 4.8  3.12
3513 21.75 L.il Q4L 3L 1.53 0.94 2.50  3.54 0¢.50 372 L.37 3.71 .24
3528 11.94 2.52  20.08 3.41 0.36 0.95 1.4  L.15 12.79 321 5.Gn L.kl 5,012
3533 11.50  2.34 26.85 3.27 0.75 0.8 1.63 L.06 13.32  .205 5.6 n.l% 5.z¢
35L2 12,59 1.9¢ 2495 3.27  1.25 1.32 0.86 2.1% Loz 1n.LY 293 5.4 L.80  5.25
3542 .78 2.¢2 LiJdL 3.3, 0.92 0.91 0.97 1.8¢ 3.9¢ 11.24 .335 L.75 5.03 5.Cu
3547 15.19  1.&3 27.72  2.96 0.96 (C.38 0.67 1.05 3.96 13.20 301 L.8C L.ino4.53
3552 13.06 2.08 27.22 3.13 0.89 1.05  0.83 1.86  3.36 12.93  .260  ..z0 L.i7 .2
3552 13.63 2.7 30.52  3.30 0.73 1.20 0.97  2.27 L.z 1,10 .20 2330 L.E5 0 slzs
3555 2.1 1.47  25.29  3.16  1.07 0.0L1  i.io 1.92 L0120 13.560 .Z0n .02 n.57 3.28
25¢5 10.63  2.35  2..95  3.36  1.29  1.15 1.C5  2.20  3.91 1429 ,27L  5.32 L.62 5,55
3573 11.60 2.3 26.30 3.25 1.10  1.04  2.14  L.27  13.92 307 5.33  L.54 5.1
3632 14.53  1.05  27.35 3.05 1.15 1.L2 0.97 .50 3.92 13.27 L2935 L.Z3 0 L.25 5,05
3693 11.73  1.81 21.98 3.i7 1.16 1.200 7.306 4.10 1..32 236 35.20 L.é1 5053
3704 19.53  1.65  3z.22  3.17 L70 1.07 0 2051 L.230 15.10 0 a0 5.28 LTS 5.48
3762 11.97  1.05  zz2.2,  2.50 1.15  0.65 1.30 4.C9 13.ér .30 L.o1 L.I3 L.E7
3796 12.51 2,12 25.33  3.11 0.84 1.10 1.94 4.i¢ 13,01 .322 5.10 L.l L.SL
3922 12.88  2.13 27.49 3.12  1.10 .17 1.13 2.30 .22 i4.12 256 5.0 L.l 518
3628 i3.56  1.82 24.73 3.09 0.89 1.360 1.03  2.33 4.10° 13.71  .299 5.2L L.z27



Table 17. Complete amino acid anzlyses (continued)

Azino scids &s ,. Protein

Isol.
Haif Total Teu.
I1s.Mo. Prot. Lys, Pl Threo. Tryp. lieth. Cyst. S.ia.a. Isol. Leu. Qatio Phen. Tyro. Jaline
3928 i3.3L  2.14  28.4 3.32 0.9t 1.02 i.41  3.L3  L.L3 0 13.87  .320  5.é8 4.586 0 .51
3935 1,.84  2.09  30.94 3.09 0.39 1.2¢ 1.02 2.30 L.26 13.62 .313  5.€0  4.54  5.13
39L1 16.13 1.8 2¢.52 2.96 0.97 0.99 1.C4 2.02 4.20 13.83 .203 5.62  L4L.51 5,07
377 15.72 1.77 27.01 3.16 0O.72 1.19 0.98 2.1 L.08 14.60 .20 S5.4L7 L.E1 5.15
3577 11.91 2.10 25.C3 3.12 0.98 1.067 2.05 L.45  13.92  .320 5.98 L.6o  5.13
59€1 12.63  2.20 26.05 3.3L 1.50  1.15  2.65 L4.14 13,13 316 5.07  L.k2 5,61
3681 12.¢1  1.97 25.39 3.1 1.15 1,10 C.82 1.93 4.32 13.85 .312 5.37 4.3z  4.€3
LLOL 15.61  2.22 35.26 2.9 1.05 1.i4 0.75 1.88 4£.03 12.26 .329 4.82 L.C5 5.13
NN 16.56  2.13  35.27 3.09 1.50 0.31 2,31 3.85 12,14 .317 L.75 L.05 L.8B
LL58 13.56 1.94 26.24  3.33 1.03 1.25 1.65 2.30 4.1 15.07 .293 5.31  L.79  5.63
L5L0 11.91 2.17 2£.29 3.33 i.24 0.93 2.17 L.28 14.15 .302 5.0 L..6 5.04
1572 15.3¢L 1.70 26,09 3.00 0.93 1.53 .16 2.99 L.G3  13.94  .293  5.43  4.58 5.C8
L575 11.13 1.7 20.75 3.09 1,11 1,01 2,11 L.15  14.28  .291  5.42 L.AS 5.04
L1582 11.75 1.94 22.C4 3.21 1,18 0.67 1.55 L.03 14.02 208 5.20  L..0 5.15
L7L8 16.47 1.73 2e.54 2.6 0.90 1.02 0.91 193 4.33 1k.3k 302 5.09  L.73  L.S¢
1815 11.61 2.01 22.79 3.10 0.36 0.52 0.9 £.13  1k.13  .2%92  5.34 0 L35 L.SS
L917 16.41 2.25 3¢.53 3.03 0.74 1..8 0.86 2.34 3.97 11.96 .332 L.78 3.63 4.97
5257 13.44 2,06 27.69  3.26  0.92  1.48 1.13 2.61  L.3h 1L.LS 0 .299  5.56 4L.59 5.€C
5273 11.63  2.06 22.¢8  3.00 0.31 0.35 1.15 3.86 13.21 .292 5.40 L.kl 5.04
5440 14.16  2.06 26.14, 2.91 3.81 0.95 0.60 1.5, 3.9 12.65 .308 4.01 L.C9  4.50
5L75 13.53 2.10 26,4 3.05 0.68 1.34 90.89 2..3 L.3C 13.8 320 5.13  L.31  5.13
5533 1L.069 2.32 3z.72 3.23 2.65 1.37 J.75 2.1L  L.C7 13.33 305 5.04 L.36 5.2%
5560 10.94 2.0 21.87 3.08 1.25  2.77 2.02 4.04 13.27 .30L  5.C2  L.321  5.i3
5602 10.06 2.06 206.97 3.28 1.22  1.35 2.5 L.12 13.583  .303  L.S0  L.LL 5.32
56214 11.28 2.09 23.60 3.31 1.50 1.15 2.66 L.31 1L.41 255 5.51 L.28 5.2
5631 13.47 2.18 29.32 3.12 1.18 1.42 0.87 2.29 4£.20 13.51 .211  5.15 4.37 5.L5
5631 10.03° 2.31 23.19 3..41 1.61  1.07 2.89  4.55 1L.75 .332  5.66  L.5:1  6.18
5699 15.28  2.35 35.97 3.29 1.22  1.,53 1.07 2.80 L.25 13.43 .315 4.83 L.kl 5.58
5803 11.1¢  1.98 22.17 3.22 1.08  0.73 1.81 4.04 13.91 290  5.29  L.%. 5.07
5818 13.31  1.92  25.56 3.18 1.11 1,56 0.96 2.53 4.i1 13.98 .29, 5.36 4.56 5.30
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Table 17. Corplete amino acid aralyses (coniinued)

fuxino Acids as ., Protein

Half Totzl

+
e
-

4

IZ.No. Prot. Lys 2L Thareo. Tryp. ieth. Jyst. S.ha.i. Isol. Leu. Tro. gline
£218 13.78  2.22 30.55 3.17 2.21 1.9 1.12 2.61 L.16 14.09 5.38  £.»3  5.5C
£218 i3.06  1.85 24.13  3.1&8 4.07 1.52 1.20 2.72 4.15  14.12 Z.83 3.4C 5.32
5972 13.19  1.97 25.92 3.19 1.03 1.86 0.87 2.73 L.12  13.47 5.17  L.33  5.01
552 17.81  2.53  45.02 3.08 1.09 1.23 0.83 2.¢56 4.01 12.21 L.70 L.l 5.29
6117 15.94, 1.92 20.57 3.09 0.93 1,09 1.0 2.0 4.24 14.€0 5.47  L.61 0 5.30
£330 12.72 2.08 26.42 3.10 0.47 1.20 0.461 1.81  3.9% 13.95 5.0 4.31 5.23
6776 11.75 2.67 31.42 3.35 0.35 ©0.73 1.08 L.04 12.51 L.5L 3.81 5.33
6598 11.34 2.09 23.72 3.33 1.26 0.99 0.8, 1.83 L.18 1L.77 5.51  L4.é&  5.51
6858 12.56 2.16 27.12 3.13 1.90 2.02 0.95 2.57 4.38 13.81 5.32  L4.583  L.6y4
€298 13.16 1.92 25.31  3.26 0.97 1.22 2.20 L.35 iL.52 5.90  4.64  5.10
6508 10.91  2.26  25,.62 3.i4 1.10  1.00  2.10 L.25 13.44 5.17 L.l 5.32
6509 12.31  2.40 30.69 3.04 0.68 1.2, 1.09 2.33 3.&2 3.20 L.76 4.2, 5.13
€911 14.25 2.12  30.24 3.10 1.07 0.60 0.85 1.43 L.07 13.67 5.00 k.. 5.27
69517 12.34  2.12  26.19  3.15 1.26 0.43 0.73 1.16  4.25 1L.L3 5.37 4.60  5.33
6518 14.53 2.26  32.78 3.12 1.25 0.76 0.86 1.63 3.98 13.25 L.73  L.33 5.15
6922 14.31  2.C0 28.59 2.99 1.17 1.33 0.0 2.23 3.97 13.71 5.17 E.356 0 L.95
£502 11.81 2.62 30.95 3.64 1.66 0.31 1.38 5.03 15.88 3.97  5.09  6.00
6526 11.84 2.22 26.33  3.11 1.65 0.76 1i.81 L.24 13.82 5.03  L.31  5.08
69L6 13.09  2.44 31.93 3.i3 0.99 1.55 0.99 2.5, 3.89 12.48 L.02  L.OE L.72
€957 ° 12.16 2.08 25.24  3.07 0.89 0.23 1.71 3.98 14.03 5.30  L.5. 5.3L
€958 11.00 2.30 25.26 3.53 1.13 0.8, 1.36 2.20 4.55 13.88 5.72 L.77 5.5%
6974 13.31  1.80 23.97 3.09 1.03 0.95 0.98 1.93 L.02 13.91 5.10  L.LL 5.2:4
6574 13.94 1.85 25.79 3.10 1.20 O0.47 1.17 1.6L L.GC9  1L.05 5.13  L.k8  5.10
7041 12.31 2.29 28.13 3.22 0.7%8 0.73 1.51 4.01 12..9 L.82  L.14  L.S6
7049  13.94 2.17 30.21 3.02 0.72 1.2 0.85 2.10- 3.9%  13.36 £.85 L.31 5.13
7072 15,53  1.93 30.C0 3.02 0.75 1.13 1.03 2.16 3.83 13.3% L.S0 L.3é 3.0
7C30 13.78 2.41  33.2.  3.06 0.78 1.26 0.3 2.iL  3.7% 3.62 Le83 4.3z 5.2C
7088 14.16 1.54, 21.76 3.1L 0.81 0.37 1.78 3.95 14.22 5.0  L.LE&  5.36
7088 14.28  2.22  31.63 2.90 1.01 1.06 0.1 1.96 %.27 13.56 5.25  L.L1 5.33
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Tible 17. Complete amino acid «nelyses (contirued)

sino icids as 5 Protein

Iscl.

Hzlf Totcl Leu.
IS5.4o. Pret. Lys. FL Threo. Tryp. ieth. Cy:t. S.i.a. Isol. Leu. fztic hen. JJelire
7093 13.59  2.93  39.76 3.33 1.39 1.19 1.0 2.19 3.8 i2.28 .225 75 5.30
7125 18.34 1.86 3L,.06 2.97 1.03 1.09 0.82 1i.90 3.67 15.06 .2L4 2% 5.22
7243 11.56  2.34 27.02 3.1, 1.0 0.02  2.23  3.95 12.60 .014 L7 5.28
,6003 11.66 1.89 22.03 3.18 1.31 0.86 2.16 4.15 13.55 .3C5 3L 5.02
8COL 10.63 2.1 23.18 3.1 1.26  0.90 2.16 L.L9  1L.3S  .312 LB S.AL
3005 11.85  1.46  17.31 3.07 1.76 1.16  2.92 3.69 13.62 287 L.$5  L.zZ6 .0
£005 3.56 2.06 27.96 3.02 0.82 1.07 0.92 1.99 L.20 13.21 .31 5.886 4.1
5005 13.31  2.23  29.61 3.36 1.17  1.15  2.31 L0 12,77 .3200 5.6 L.35
8112 12.66 2.33  25.50 3.33 0.82 02.73 1.56 L.56 1L.09% 325 5.35  4.5C
£120 14,1 1.85 26.63 3.25 0.7¢ 1.01 1.02 2.03 L.60 1,.8L .23 5.93  L.S2
G160 13.08 2.7 37.80  3.63  0.80 1.14  1.75  2.3%  4.3§  13.56  .324  5.31 4.51 S,z
5160 12.06 2.62 31.65 5.30 1.09  J.70  1.87  L.17 17.26  .31L 0 1.S%  L.35  5.5%
8163 13.16  2.52  33.12 3.19 0.18 1.16 DJ.66  1.02  L.02  12.94 .31F  L.30 4.20 0 &.31
3164 1.4 2.4h2  27.65 35,0k 1.3, ).90 223 3.89  12.57  .31C  L.75 L.z 5.i1
5165 12.45  2.5. 31,50 3.22 0.92 0.70 1.61 4.03 12.71 .317  4.53  4.25  5.30
6156 12.50 1.£3 22.89  2.96 1.24  0.75  1.99  4.03  13.56 .297  5.0n L3800 L.SS
81567 11.3,  2.32  z25.26 3.19 1.22  0.31  2.03 4.1k 13.26 212 5.10 5.40
81483 10.91  2.26  2..70 3.14 1.28  0.37 2.15 L.12 12.3h .309  L.GS 5.10
8148 13.03 2.1 23.33  3.07 1.33 1.00 2.33 4.2, 13.49 314 5.51 5.17
8158 12.72  2.36  30.01 3.2 1.05 0.30 1.35 4.22 12.96  .325 5.L6 5.C7
8158 12.25  2.17 25,60 .22 1.3¢ 1.15  2.57  4.15  1L.20 .20 S.LE n.75 0 3097
8179 16,05 2.69  143.15 3.00 0.96 0.60 1.76 2.1 10.?27 .332 3.3¢  3.82  4.57
8231 12.4L 2.26 723.13 0 3.34 1.23  1.03  2.25 L4.20 13.60 .309  5.21  L.32  5.17
8231 12.97 2.43  3L.k5  3.02 1.13  0.72  1.89  3.97 12.63 31y, L.72  E.C8  L.%7
8232 11.25 2.1 24.56  3.09 1.06 0.20 1.56 L£.01 12.98 .30%¢ L.90 4.2L  5.C%
&237 11.53  2.24 25.85 L.31 1.01 0.6z 1.63 3.79  12.97  .255  L.e& L.i3 0 3.17
8237 14,.16 2.60 356.69 2.03 ©C.59 0.93 0.81 1.7&  3.53 13,47 307 L.2%  3.85  L.8¢
8238 13.63  2.14 26.10 3.iL  1.09 1.CO0 0.79 1.79 4.10  13.4% 1305 L.SS  L.27  5.CO
8266 12,61  3.11  39.90 3.23 0.89 0.59 1.45  3.69 10.i1C  .365 4.0 2,55 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 5.1C



Table 17. Complete amino acid enalyses (continued)

Amino icids as 5 Protein

Isol.
Hall{ Total Leu.
iZ.No. Prot. Lys.. P, Threo. Tryp. l.eth. Cyst. S.i.ha. Isol. Leu. Retio Phen. Tyrc. Yalire
5295 13.¢6 2.09 27.23 2.98 1.29 1.27 0.2 2,07 4.04 13.84 .292 5.0L  4.LC 5.1i3
5296 13.08  1.82  25.26 3.13 1.2 1.1 2.45  L.09 14,04 .29 5.283  4£.556 5.0
8299 15.34 1.77  27.11 3.30 1.6 1.06  2.3L L.33 14.35 .302  5.LL L.SL 0 5.2%
*&202 15.53 1.04 28.50 3.43 0.7¢% O3 20130 LJkk 1498 L2960 5.79 L.78 5.37
6307 13.47 1.6C 25.34 3.16 0.5 0.62 1.67 3.¢ 15.18 . 300 5.03 L.L6 5.32
5309 11.65 2.2, 26,16 3.1k 0.0 1.20 1.5 4.04 13.5L4 .29 5.2L  L.51  5.i5
8322 15.97 1.63 26.0C 3.00 1.57 C.86 2.L3 4.07 iL ik .238 .08 L5323 L.G2
£330 11.20 2.05 23.07 3.12 i.15 1.12 2.27 3.8C 13.05 .291 5.01 Lobd, 5.C¢
£336 14.25 1.77 25.1¢ 2.9¢ 1.G8 Cc.72 0.93 1.71 3.68 13.37 275 5.CC L.37 £.95
£358 13.06 1.75 22.58 3.11 2.02 0.65 0.57 1.52 3.60 13.€3 282 5.05 L. i1 5.07
1N 14.20 1.78  25.L.8 2.97 1.05 1.31 1.39 2,69 3.68 13.25 .30l 5.4k  L.i6 L.E3
5202 11.03 2.11 23.26 3.33 0.54 0.97 1.50 3.96 13.36 296 5.11 L.56 3.7
167 Purcue urse.y
GO75 13.69 1.7L 23.77 3.07 0.93 0.52 0.63 1.15 L.22 1L.76 285 S5.L3 L.5¢ 5.25
075 13.56  1.01  21.76  °.L7 0 1.0C 0.0t 0.55  1.35 4.05  14.57 270 5.3L  L.51 0 5,17
0033 2.2° 2.0l 24L.37 3.16 0.956 0..3 0.76 1.5¢ 3.C3 12.25 285 .17 L5.27% L.23%
01L2 12,47 1.66  20.72 2.93 0 2.29 1.37  0.92  2.79 L.0S  1h.32 235 3.36 L. L.ES
G271 12.34 2.00  2L.6 3.75 0.75 0.8 1.53 3.65 12,720 2% L.53 L.57 5.C3
3352 12.66 1.7¢9 22.60 2.95 0.92 1.17 1.6 2.50 3.82 13.6L .20 L.EC L.22 £.G7
C500 0%.u4 2.07 2G.30 3.17 G.53 0.70 1.70 1.97 2.72 15,74 271 5.05 LOTE 5..4
C50C C5.21 2.20 21.53 3.17 0.¢0 1.37 3.L7 13.51 272 5.C5 L.2% 5.4
0506 0S. 4L 2.22 20.9¢ 14.32 1.05 0.L6 1.15 1.5% L0 iL.04L RN S5.1% L.z S5.27
0505 0S.66 2,06 19.93 3.21 1.10 0., 1,200 1,720 3.L00 12.23 0 W.3285 0 5.3 4L.3C 3,13
051, 14.97 2.05 30.72 .08 0.35 1.01 2.6 1.¢7 3.C7 1364 .25C 5.19 PR 5.12
Cé1b 15.25  1.73  26.37 .97 0.51  1.25  J.7%  2.11 L.C! i3.89 0 0298 5017 L.i3 L.SZ
0t3% 12.CO 1.63 21.92 5.22 1.02 J.76 1.7 3.27 13.60° .235 5.1 Le32 5.C2
0705 13.72 1.94 25.5% .08 1.66 3.85 2.5L 5.51 12.54 .2C3 5.5% L.C0 L.T79
0718 11.06 1.9, 21.L0 2.97 0.70 1.07 J.69 1.76 3.86 15.268 .281 L.76 L.21 5.06
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Teble 17. Compleie amino acid arnelryses (continucd)

amineo sAcids zs ,. Proiein

Isol.
Half{ Totcl Leu.
IL.u0. Prot. L:s. i Thieo. Tryp. ieth. Crst. S.i.h. Isoi. Leu. Rwetio Then. Valire
CcL59 11.44 1.33 20.92 .21 1.12 1.02 0.¢2 1.64 3.93 14,11 .27% 5.2¢ 5..¢
59 12.66 1.8 23.33 3.18 2.04  l.i6  3.19  4.34  1L.42 301 5.58 £.78
0957 12.1% 2.0 29.22 D24 1.36 1.10 0.56 1.85 3.7L 12.50 .2%6 L83 5.03
1030 12.72  2.74 34.90 3.11  0.92 1.15 0.54 1.89 3.45 10.51 .328  L.32 L.95
18ey, 10.69 2.54 27.20 3.14 1.0 1.43  0.23  2.23  L.23 13.50 .213  L4.50 5.37
1220 10.50 2.03 21.31 .13 1.37 0.81  2.1C  3.47 12.10 287  L.6b L.3L
2232 12.56 1.79 22.53 3.2, 1.10 1.20 1.13 2.32 4.16 14.80 .285  5.3. 5.11
3319 13.69  2.17  29.6L 3.1¢ 1.07 1.35 0.71 2.05 3.00 13.2C .28%5 L.G2 5.2t
2319 12.14 1.8 22.37 .07 1.23  0.50 1.73 3.82 13.63 .220 L.55 5.10
2316 2.01 2,36 32.360 5.07 0 1.00 1.63  1.26 2.09  L.31 14.27 0 .302 5.50 6.G9
2sica 15.86 1.8 20.20 c.07 1.52 0.92 2.0 L7 17.11 279 0.73 5.2 5.68
2635 14.13 1.97 27.59 2.10 0.0 0.¢8 0.97 1.65 5.0 14,23 275 5.C7 Laoll. 5.23
2042 12,66 2.1C  27.71  3.11 1,00 0.5¢ 1.04 1.63 3.62 13.23  .273  4.S0  4.25  5.12
2912 13.31  2.01  26.73 3.23 0.08 0.8? 1.13 1.75 3.01 13.61  .280 5.04 £.32 5.23
3126 13.47 1.76  23.76  3.07 0.94 0.51 1.45 £.03  14.12 286 5.17 L.uS5  5.27
3290 i1.81 2.03 23.%¢ 3.726 0.57 0.4G 0.94 1.52 2.77 14,29 2L 5.10 L.3é 5.22
3260 12.72 1.83 23.50 3.20 1.94 0.90 2.5L L8 15.59 206 5.C9 5.16  L.SG
59725 13.53 2.06 27.835 3.79 0.87 0.47 0.95 1.42 3.2¢ 13..9 206 5.05 L.2S 5.15
35,720 12.70 2.10 26.40 3.06 1.18 1.06 3.66 12.42 .276 5.17 L.36 5.18
2935 11.50 2.2L 25.75 3.23 1.02  0.4.6 0.92 1.38 3.8% i3.72 . 263 5.0L L.3%4 5.33
3SL1 i3.31 1.88  25.01 2.9,  0.861 0.88  G.¢1  1.79  3.59  13.21 .27 L.79  L.02  L.535
4130 i1.¢1 3.03 36.33 3.25 i.23 0.:2 0.72 1.1¢ 3.73 11.93 .313 L.71 L.1% 5.1G
L4572 14.31  1.06  26.53 3.07 0.95 0.51 1.05 1.5 3.90 14.71 .265 5.31 L.52 5.1Q
LT7LC 15.13 1.86 2¢.10 3.13 1.04 0.07 0.95 L.03 15.94 272 5.71 L.31 5.52
LS17 12.0¢9 3.20 33.74 3.356 1.05 1.24  0.82 2.06 L.11 12.C% SL00 .28 L.22 5.33
£S23 11.21 2.76 31.50 LJT77 1.33 0.87 2.20 L.32 13.57 .3lo 5.31 L.52 S5.41
£005 11.47 2.6 24.33 3.35 1.05  0.64  1.69 4,16 1L.CL 256 5.20 L. 5.30
5120 13.61 L 66 23.07 2.07 0.92 0.4,0 0.&o 1.21 L.1¢ 14.56 .258 5.8L  L.57 5.11
5168 11.GL 2.5L5 2¢.02 2.9C 0.9z 0.94 0.50 1.45 3.4 11.61 296 L.33  L.C1 5.12
6231 11.81  2.73 32.2 3.1¢ 1.C0  0.L6  1.45 3.66 11.095 .314 L.47  3.95  5.05



Table 17. Complete amino acid aralyses (continued)

imino fcids as ,. Trotein

5
ny
'-l
10
3]
[}

Isoi.
Half Total leu.

H.Ho. Prot. Lys. P:L Threco. Tryp. li.eth, 7ste  Dadehe Is0l, Leu. Rztio Phesn. Tyro.
35260 12.22  2.85 3L.80  3.3%C 1.15  0.56 1.72 3.56 11.06 .322 ! 3L 3,25
<203 13.50 1.8 25.36 3.05 0.5¢ 0..3  1.07 4.70 1L.08 -29¢ 5.13  L.z9
323 14.69 1.7¢ 26.2C 3.12 1.721 J.60 1.¢0 1.0l 1L.5% <273 5.07 Lo LT
* 36 10.7C  Z2.12 22.82 3.2%. 1.00 0.¢C .17 2,16  3.95 14.02 L2072 5.08  L.i7

1968 Purdue ¥u seuy
07229 10.70  1.683  17.93  3.02 0.8%  1.35 2.2,  3.67 13.35 275 L.78 L.29
0511 0.4 2,02 21.08 3.07 0.9¢ 1.02 2.01  3.3¢ 11.9L 204 L0760 3,59
0534 10.5¢ 2,10 22,19 3.20 C.15 1.25 1.35  3.95 13.09 302 L.77 k.32
0659 i2.01 1.61 20.61 3.00 0..3 1,12 1,55 3.92  14,.06 <279 5.186  L.3.
1220 12.8¢ 1.6 20.55 2.95 1.57 1.35 2.91 3, 3 13.07 <285 L.EO L.il
& 2015 11.7G 1.77 20.83 3.04 0.95 1.15 2,10 3.51 12,04 7T kG730 3.6
D 2770 11.53 1.62 16.04 3.11 0.71 1.36 1.57 4.00 1L.CO 205 5.69 4.0

igieiste} 11.7¢ 1.1 21.2¢ 3.01 1.05 1.21 2.z0 2.9 13.50 .20 L.z
w51 12.563 1L L 34.50 2.0 1.CO 1.0¢ C.Co 1.97 5.2¢ 12.27 .27 5.5 .27
~550 17.C3 1.0 32,03 3,17 0.3 1.i5 1.9 3.0 12.03 285 5.05  1L.iD
7Ll 1i.12 1.66  21.00 3.09 1.27  0.32 2.9 3.26 11.9¢ 272 L.5% .20
22% 1L.03 1.10 21.¢9¢ 2,00 1.12 1.03 1.CO 2.03 3.72 12.33 .27C L.53 .25
3766 10.53 2.721 23.26 3.3¢ 0.71 1.61 2.32 3.5 15.11 .02 5..C e
SC06 11.25 2.05 23.01 3.14 G.20 1.36 2.:5 2.73 12.G L2 LJTL 0 Luz:
il 11,50 1.€7 22,12 .01 0.9% 1.0 1.80 2.07 0 3.07 15.37 275 L.37  L.G7
3972 11.66 2.12 2.0 2012 C.¢2  1.23 I 3072 13.36 279 5.00 0 L.ig
3€22 12,15 203 24,6, 3.23 0.5 1.09  1.97 L1700 15042 312 L.
3626 13.6¢ 1.6L 22,44 3.0€ 0.21 0.8 1.26 2.7 3.66 1.2 <275 5.13 4.%L
4151 13.21 1.5 25.720 5.10 0.61 1.2¢ 1.9% 3.95 15.6. .2¢0 530 .25
S50S5 3.7 L& 22,47 .04 1.0 0.9 1.23 2.1¢ L.10 13,56 202 5.05 4.z
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Table 17. Complete amino acid cnelyses (continued)

.31n6 .cids as ., Preivein

Isol. ’

Hall Totol Leu. i
I5.i%. Prot. Lrs. ‘DL Threo. Tryp. ieth. Cyst. 5.0.4. Isol. Leu. dztio Phen. Tywo. Velin
659 1.1 1,76 20.05 2.84, 0.80 0.56 0.95  1.4S  3.72 13.:0 .32 L7100 L.0L 0 L.on
£106 5.1 1.57  21.82  3.C0 0.22  0.80 .2t 3.7 13.L 273 4.7 L4299 5,17
57721 12,16 L.75  21.60 2.56 0..5 0.77 1.2 3.70 5.0 203 L.76 0 4.03 1.0
E31E 0%.7¢  1.06  1L.16  3.01 0.27 1.0 1.2 3.66 12,91 200 4. 64 L.04, 5,21
L3556 1.4 2.00 22.50 3,12 1.33 1.23  2.66 3.5¢ 12.69  .203  1.57 4.13  5.20
8615 10.44 2,09 21.79  3.12 0.35 1.30 60 3.5 13014 293 .96 L.1S 5,27
8823 0C.L1 2.0 20.15  3.35 0-57  1.43  1.90 3.8 1240 312 .79 L2000 5.27
G850 10.13 1,79 18.15  5.07 0.22 L1918l 3.5 155 .20 LSS L.29 5,19
ELTG 10.52 1.9 10,25 2.0 1.02 3.73 13,03 .206  L.o L.05 5,47
579 09.LL  2.14  20.22  5.17 0.35 1.1, 1..9 2.1 13.1¢ 297 L4.79 L35 5021
3018 10.52 1.97  20.7L  3.07 1.23 3.5 10.1L L2972 L.y 422 5..%
c1cs, 10.94 1.03 21.13  3.06 1.15  0.56 1.71 3.7C 3.23 .205 L.SO  L,1L 5.1
c1.z 10.9%  1.95 21.33 3.9 1.17  0.55 1.72  3.90 13.20  .276  L.97 L.i7  £.07
270 GS.50 2.2, 21.27 3.i3 0.61 1.0 1.80 3.73 i».06 <294 L.77 4,20 5,01

sndospein analysis
b Thbryo enalysis
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Table 18, Rat Feedirg Tests on Sorghum

_Formuiation of Feeds Results

_ptnjgyf____ Corn Protein 5

v Grras  starch Gain caten PER
IS,do. Piotuir ucecd  graas I I
2319 14.1 319 125 15.3 17.3 0.91
0083 11.4 395 L9 13.1 19.2 0.68
7088 13.95 322 122 il.3 17.9 0.65
1220~1966 10.1 IANA 0 9.9 16.9 0.59
69580P-1566 11.0 LC3 36 8.2 16.8 0.49
Redlan x 2319 11.2 L02 42 7.0 18,2 0.41
RE610 12.0 375 69 5.4 13.6 0.40
2935 13.3 338 106 6.0 16.9 0.35
4,572 13.2 338 106 5.2 15.7 0.33
0508 9.3 INAN 0 4.1 12.3 0.33
8322 14.45 311 133 6.0 18.5 0.33
Redlan :x 05050P 9.6 Lit, 0] 4.5 14.3 0.32
L748 15,0 300 144 LA 17.4 0.25
8301 13.8 326 118 2.8 16.1 0.18

1 Ground sorghum in arount to supply protein eousl 0 veeves..9.0:
Corn oil in amount coual to....... I T
Howle-Oser srll mixture in arount 2oual L0 vuiveeevessaeseseaslaO
Vitenin mixture in amounl coudl ©0 vivei vinsrensosnsaesaceelel,
Corn starch in waount to rake total of 1CO,,

2 . e < . s s
PER slends for Protein "ifficiency Ret.o, obtained by dividing the
veight gain in groms during vne 28 day feeding period by the protein
caten in grams during the period.
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Fractionation of Sorghum Indosperm Protein
E. T. Lertz and 0. i. Veron
Department of Biochemistry

Purdue University
Lafayette, Indiana

Nine selections of sorghum weie obtained fiom Dr. R. C. Pickett, Department
of Agronomy in the spiing of 1968. Th seeds were soaked “n distilled water for
three houi's in the cola. The endosperis veie sepas ated by manual dissection,
ground vith a nortar and pestle, then poudered in & smell ball mill, defatted
for 36 howrs in petroleunt cthe:r, air diizd and stored in glass bottles. Total
nitrogen vas deteinined by nicrokjeldeshl, and emino acid content of protein
fractions with a 3pinco autozatic amino acid analyzer.

One gram samples of endospern were frastionated by a medifcation of

the Lerts copner method (Enrty, E.T. Lloyd, N.I. and Bressani, K. Cereal

Chem. 35 146 (1958)). The modification ie the scparation of the alcohol-soluble
and glutelin fiactions by cxtroction srith 70,, alcohol at 600 C, rather than by
solution in an alcohol madium at high pH and isoelectiic precipitation of

the glutelin fiaction. Three soluble fractions ave obtained fiom sorghum:

acid soluble (Fraction 11), alcohol-soluble or kafirin (Fraction I1I) and
glutelin (Fraction IV).

Results.  Table 1 shows that 88 to 97.5,. of the nitiogen of the sorghum
endospeiia sanples vas recovered as soluble nitrogen. Of the total soluble
nitrogen, 11 to 19. (averwne, 155) vas prosent as acid-soluble prot.cin, 55 to
66,5 (everage, 61.) as alcchol soluble protein, and 18 to 28,0 (average, 23,) as
glutelin.  Sorghun erdosperm tharefore contains about 10,5 more. alcshol=-galuble
protein than normal maice cndosperm.  The alcohol-soluble protein is increased
at the expense of lhe acid-saluble protein, which is about 10,, lower than in
normal maize. (See Bressani, R. and iertz, 7.T. Cercal Chem. 35 227 (1958)).

The solubiec fiactions of thiec sanples of sorghum endosnerm vere analyzed
for lysine (Tuble 2). The wcic-soluble [iactione contained 1.4 to 2.7 grams of
lysine, the alcohol-zoluble fioctions 0.1 o 0.2 grams of lysine, and the glutelin
fractions 2.5 Lo 3.2 grams of lysine pei- 100 grams of piotein. These are similar
to the levels found in maize endosperm composites by Bressani and lLertz (see
footnote to Table 2).

Conclusions. Sorghum endosperms can be successfully fractionated using
the Lertz coppe. method. The average values for 9 samples was 15,5 acid-soluble
protein, 61, alecohol-soluble protein and 23.. zlutelin. Sorghum endosperms
have aboul 10,5 lower acid-soluble and 10,5 higher alcohol soluble valucs than
normal maize. However, the level of lysine in the three protein fractions is
similar Lo that found in norisl maize.
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Table 1t Protein Fractions of Sorghum Endospeim

Per Cent - Per Cent

indospeim Per Cent Acid- Alcohol- Per Cent
IS.No. Protein () Recoveied Soluble Soluble Glutelin
2319 13.2 97.2 12.7 5%.3 28.0
0508 9.5 91.0 17.0 54,7 28.3
RS610 12.0 SL.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
8263 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 Zndosperm Fracticns

Soluble
15.No. Fraction Lysine (gm/100gm.Protein):
0508 icid-soluble 2.3
Alcohol-goluble 0.1
Glutelin 2.5
6922 Acid-soluble 1.4
' Alcohol-soluble 0.2
Glutelin 2.6
2862 Acid~-soluble 2.7
Alcohol-soluble 0.2
Glutelin 3.2

# Values in maize endosperm composites were: acid-soluble:2.9, alcohol-soluble:
0.1 and glutelin: 2.2 (Bressani, R. and liertz, G.T. Cereal Chem. 35 227 (1958).



