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REPORT S12MMARY
 

A. 	 1. Project Title and Contr..:t Number: "Inheritance and Improve

ment of Protein Quality and Content inSorghum bicolor (L.)
 
Moen!h". Contract No. AID/csd-1175.
 

2. 	Principal Investigator, Contractor and Malling Address:
 
John I).Axtell, Department of Agronomy, Purdue Research
 
Foundation, Purdue University, W. Lafayette, Indlana 47907. 

3. 	 Contract Period (as amended): July I, 1966 to March 31, 1975. 

4. 	 Perloi covered by report: January 1, 1972 to December 31, 1972. 

5. 	Total AID funding of contract to date: $1,177,902.
 

6. 	Total expenditures and oh] Lgations through previous contract
 
year: (7-1-66 to 3-31-72) S935,684.
 

7. 	Total expenditures and obligations for current year:
 
(4-1-72 to 12-31-72) 5139,b87.
 

8. 	Estimated expenditures for next contract year: (4-1-73 to
 
3-31-74) $249,971.
 

B. 	Narrative SumY'mary of Accomplishments and ;tilizatiaon: 

Graio sorhuim Is a major source of ,,:rbohydrat' and protein for 

many mill an of peopleiln the developing world. It is tgenerally recog

ni zed that t he nutritioni qua lity of many sornhulin now beinf-g consu:ued Is 
rt I.ativvi v poor when compared to t i. other maijo r cereal,;. [This project his 
identif fed many of tile problems responsible for til:; poor nutritional 
quality thromtilh a clo-,ely coordinattd interdki ,-Iplnary approarh by annial 
nutriti(n[:ts, bclherit:; and plant gineticl:;ts. Protein quality is 
Ilmited by the low lysine cot ent of the sorrhum grain, which reflect.; Lite 

high proIaminecontent of the endospvrm, and tLhe relatively sn.,l] embrv 
size as a proportion (if the mature grain. The tannin compounds present 
in the grain of some cultivars sub:;tantlally reduce protein availabilltv, 

which Ind rectly has a major ne'at iVe effect on tihe nutrittonal quallitv 
of grain sorghum. 

Sorghum germplasm with superior nutritional quality has been 
obtained by screening ove-r 10,000 lines in the world sorghum collection for 

protein, ]ys1ne and tannin content, and also from biological evaluations 
in smnall animal trials. Random matlng populatiouit have been developed fro~n 
these selected superior lines for di ±Lribution and utI ! zation illthe lhICs. 
An International Protein Yield and Qual ity Trial nursery has been establlsIse, 
at approximately 15 locatins throueihou t the world to determine the adatL

ability of improved gurriplasm and to monitor propiess made ill the improve
ment of nutritlonal quality. 

Data on tihe chemical composition and agronomic characteristit' 
of over 800 lines has been summarized for distribution to sorghum workers 
throughout tile world. Research information has been distributed through 

seminars, lournal publications and annual reports. Graduate student and 
postdoctorate training progra:ns continue to sul)py needed trained scientists 
for 	sorghum Improvement programs In temperate and tropical areas of the world. 
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A. GLNERAI. BACKGROUND 

Sorghutn Is the fourth nosit important cereal crop in the world, 

in world-wide importanc'e.heling st.rpassed only by rice, wheat and corn 

In Africa and much iof Asia it is the princtapil source of er.er$.v for 

imany million!. tofpeople and provides a miajor source of protein In tle 

human die. . Though It is considered relati.velv high III carbohydrates 

:ni1(1 .i fair source of total protein compared to -.ost cereal crops, tlt 

nutri t ionol qualI tv Is Lite poorest t the major rtreals with rs,,vrd 

p rote n content , ami no ac Id b.llance and tota I di gst lb II Ity 

Tilt iurl)o. tit his iroJt'ct Is t.idevel')p and ri-lease for ut II-

I t.lct i n tlt,. 's .,up.t.r var it. or :wr :hu .ltI or It-; 1Inesv-if with 

Iti'c.11 Iv t.,ntrolled higher prott.Il LeoCt nt, 17.prn i,edai.ino acide:,'. 


b.tlt:t ;nd toLtal digustibillty. "housands of I:n, q from the world 

,ir)'.huu col lct ion and the var:'ous breeding pro.,rams are he, evaI

hatted Itor levels (iftoctal prort!n and for qua litv by chem!cal and 

IiologIcal incvuns. The more promkilny, strains are recombined in variout 

ways ti improve further the amount and qualitv of protein In breeding 

Iopull ions. "ll'pira'retcrs of IlIeritance of the hligh nutritional 

quality facLors are, In the prtlc(i,;s cf being dgrenined. Lines which 

'
 
do not produc,, :;evil lt Purdue (.,ac't 5.)") art, ;%-r.t to P!erto 'len for 

multiplicatIon. 'lhere these lint"; are scre,.nt.il for Improved yield for 

the tropics inudsed returned to Purdue for ucreening, of nutritional 

chracterlstlc.,s. Selected geriplasmn and supporting cultural practice
 

http:scre,.nt.il
http:prott.Il
http:Iti'c.11
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Information are provlded to established pro;;r.-s nrad Interested 

cooperators to tes' , creen and to assist in tht, exchare of breeding 

materia Is. Graduate dereou and non-d-.rte tr.in,'., prvran-i t Purdue 

and workshops in selected .DCs are developd and rei:ularlv condurted 

to Increase the research capacity of develop-, no:lons with tie desire

of improving the nutritional quality Of their ,r'..u. 

H. STATEMNT OF PROH.t'T OBJI.ECTvIIVE AS 5*;.-Y!I ,1 f1N -I CONIRACT. 

Objective I - Identify sorghum lines wit*. nn.mrvei protcinlpla]itv 

and quant Lty lit1 lzJni. both chemical andt , .",.i! -eth,%ds. 

Objective 2 - Identify the che.ic il] i,,t- ol ro ~si' In of th~e 

protein fractions of sel e:ted sorghu,- -,notI.p. .'rrelate the grain 

fraction composition with ruutritonal qual ity. 

Objective 3 - Ascertain the role of ,.'.ur!. .t ce,.t c, 'oponents of 

sorghum grain such as polyphenols (tannins) , -rtE. ri qua I ty and carbo

hydrate availability In monogastric an!.al nutitt i. 

Ob.c 'ctive,4 - lDetermine the c:ichanis;m of .ifivirltance of high 

nutritional qtiatllty and develop breeding MCEh..j and ui'tertals !ncludfng 

populations with improved biological qua] ity for potntail ,t 1 izatlon 

in developing countries. 

Objc,ctlve, 5 - Disseminate research Infor:.-.tion - -d pernpla.m with 

superior ntitritional qualitt for util Iz;tin In the UDCs. 
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C. CONTINU'I) 	 RELEVANCE oF OIJCTIVFES 

Objtctive one should encompass tho Identification of high 

mutagen treatments,lvsine endosperm mutants in sorghum front chemic.l 

in addition to screenir. of world collection permplasin. ili1h lvslne 

mutants in barley (5-6 :ercent lystne, expressed as a percent of protetin) 

have resulted from muta:ion inductfon research recently reported by 

Danish ',rk'ers (Ingversen, J., Anderse:n, A. J., Doll, H. and Koile, 

- Proc.H. 	1972. .election an.! properties of hih lysine harleys. 

re:;e rch cz:.'d Ination n.etfng on t.- use of nuclearr'\0/I.-.,A/GSF 

for i- prove.-.:t . . , .tt:d pro tli . :,.uK~ rb(.re (.Muntct:*, 26t,* hni-.u,,. 

30 .;n, 1972, !A!:\, Vienna (in press).) 

Th!-; line:. o- research should be pursued as part of an overall 

in sorghu:,.. Since thisbilancted alpreach to imrroy'ig lysine content 

Is a n,-.cirva of resear:h not previou!y supprteJ by contract funds, 

Appendix C t.r illustratereprints of two journal articles are attached as 

the capibility of projc.-t personnel for conducting research In nuta

olles,1S.
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D. ACCOMPI.]SILIENTS 1I DATE 

1. Findings.
 

The major research finding during 1972 h,.s b(cin the dlscovt rv
 

and Identification of fac-tors responsible for thi reducetd protein
 

availability or digestibl]itv in pran .srgh-,n.. 1ie presi n.- of
 

tannin compounds in som grein s ;rihtm ha: ,wo f,,r
I nts I,.,.in 


several1 years, but the negative effert (iftannins on ....
pro n*.x':I/

abilltv (and indirectly on nutritional qualitv) i olvt,: ,ioW h,(l)
 

demonstrated by rosearch conducted on this prtcLc. 'lits u,'.t' tltle
 

possible by a closely coordinated intordk,:,.lpliniir. .tiprwich btwi', 

biochemists, anImal Iutrit Io n!st 
 .lI
, and IJ.ir t,.'* :ts.t .'I.. It-'ve 

our research Cn tfLif, 'ffoct of imnin; :1 "itl itf:'.;l 'p.li v r,'lpr,'int . 

a tajor cent r ii lo t~n ! ,wird tie understar. , ., iI: r t n .eii

tional. problvt- %..hfrfmiv ii : .i ' ,'v -. t.l.r t i
 

the ;,,rltd.
 

our data s;usgests th.t the protein pr.iit h. if,'i I.itfin qvr.huM 

girain Is unavailable fort t i zat f,,i by n,,n,.:-:,tr;.. .iiita;li.s, Ihw'h 

presumiably includes humain popti t I(ns. ll '.-S*,t.,WO ire propo.,i:t., 

that much oif the protein hvlng productd Ill,,ri, sotslt,'ii Ih,tcolw.;ll /Irit,is 

of the world Is currently befra, w gsit'd, I'ut ,' 3lt IW ,Iv.i'ted If lOW..

tannin sorghum genotypes were ithst the tinnfin v-iriet Io.:itt d for ifgh 

now being grown. This, of cotirsv, Is al owrsinli'l It fed slntifonl to tit. 

problem, sitce the tannfnq which -alts, nitr tional prolls ;l, tatvonfvr 

some very desirable agronnic char.t.cerft.fts to the grafn sitch is bird 

resistaace and the abilitv of the maturfii,: grin ti toler.te "wrathotrins,". 

An alternative solution is to develop grain tnillfl or processing 

http:toler.te
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methods to separate the tannins from the grain before consumption. 

The "Palyl" milling system now being tested experimetitally in 

Nigeria (personal communication from Dr. Hugh )oggett) may represent 

a method of achieving the separation of tannins from mature grain 

with relat~vely simple, low cost equipment adaptable to developing 

countries.
 

These results (alluded to above and presented in more detail In 

the next sectLion) represent bot', a difficult challenge and an Important 

oppurtunilty for Improving the nutritional quality of sorghum for use 

In the l,2Cs. 

2. ntrprtt;,t Ion of Data and Support Ing Evidence. 

The nuritonal problems in sorghum parallel those in other 

major ceireals in many respects, but also diffLer In sinoe Important 

rc.espvcts. The major components of nutritional quality In sx g1hun 

are Iisted below: 

1. Proteini Quality 

A. L.ysine Content 

I. Prolamine Content 

2. Embryo Size
 

11. Protein Availability 

A. Tannin Content 

Protein quality Is limited by the low lysine content of sorghum grain, 

which refl.cts the high prolamine content of the endosperm, and the 

relatively small embryo size aq L: proportion of the mature grain. 



Protein availability is apparently limited in some sorthum genotypes 

by the presence of unidentified polyphenolic compounds located 

primarily in t*.e testa layer of the grain. Trese pigr'w.nted compoundS 

have not been well characterized chemically and are refrred to 

generically as "t-nnlns". The testa layer les hettween the aleurolt. 

cells which comprise the outer laver of the endosperm and the pricarp 

or seed coat. We do not fully understand how these tannin compound!; 

Influence the nut ritional quaI ty of sor'iur.. Our hvpoth:; I at 

present is that tt seed proteins become cot-,lexed or bound with the 

tannin to.-ipounds of the whole Prain, and that the Cornplex-ed proteins 

are si),atltial lv Il avaijablu for util] zat,-n by nonoi-astri c nlr . 

Amino Ak Id emilojsit on. The, av'erae protein a: on mIto acid cmos It . 

of 522 lines from the world sorihum collection are presented In l'n!,lt 

D-1. The average protein content of these Ilae. is 12.6 percent and 

the avrage lysine content (expressed as a perce.at of protein) Is- 2.1 

percent. A more meaningful assessment of arntio acid content frome a 

nutritional point of v~cw is a comparison of essential amino acid 

coftent fin sorghun with the rat requirenent, ;ai shown In Fitgure D-I. 

This illustrates the deficiencv it, lysine, and the excessive leuctn, 

content p- .sent in sorghum. The nethionine centent of sorghum i.sI ow, 

1.5 overallbut If one considers the cystine content of percent the 

sulfur amino aid content approaches that required by the rat. The 

http:perce.at


-7-

Table D-1. Protein and Amin-- Acid Composition of Sorghum Grain.* 

Composition Mean 
 Standard Deviation
 

Protein 12.61 1.89
 
Lysine 2.14 0.35
 
liIstldine 2.01 0.20
 
Arglntne 3.59 0.44
 
Aspartic Acid 7.83 
 0.77 
Threon ine 3.26 0.21
 
Serlne 4.52 0.32 
Glutamic Acid 23.22 1.99
 
Proline 8.16 0.89
 
alyclne 3.07 0.27
 
Alanine 9.89 0.71 
Cystlne** 1.50 -
Valine 5.35 0.31
 
Methionine** 1.80 -

Isoleticine 4.08 
 0.25 
L.eucine 14.27 1.21
 
Tyrosine 4.50 
 0.32 
Phenylalanine 5.19 0.37 
Trypt ophan*** 1.31 0.14 

* INighted average for 522 lines. 
** lelghted average for 3 lines.
 
t***,eightd1 average for 9 lines.
 

tryptophan conti.nt of sorghum based on evidenceour at this time 

seems lo be adequate which Is in to the lowcontrast tryptophan 

content In nornail corn. 

Fractionatlon of Whole Grain and Endosperm Proteins. Dr. Mertz 

and Dr. Jambitnathan at Purdue have recently completed the fraction

atlon of sorghum proteins using the procedure of Landry and Moureaux 

(1970). This procedure solubilizes most of the nitrogen of sorghum 11nd 

yields five different solubility fractions. Results of the fraction

ation of whole grain from two low tannin and two high tannin sorghum 

lines are shown In Table D-2. The average percent nitrogen in each
 

http:conti.nt
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Table D-2. Nitrogen Distribution in Whole Grain.* 
Percent of Protein in Parentheses). 

(Lysine as 

Fraction Low Tannin High Tannin 

I (Saline) 16.1 (5.8) 4.9 (3.1) 

II (Isopropanol) 14.5 (0.3) 4.2 (0.4) 

III (Isopropanol + 2-Mercaptoethanol) 18.6 (0.1) 17.7 (0.2) 

IV (Borate buffer + 2 Mercap
toethanol) 6.3 (2.3) 16.2 (2.9) 

V (Borate buffer + 2 Mercap
toethanol + Sodium Dodecyl 
Sulfate) 32.1 (2.8) 52.6 (1.3) 

Total Nitrogen Extracted 87.5 89.9 

* Percent of Soluble Nitrogen. 

fraction for the low and high tannin lines is shown in each column,
 

with the average lysine content expressed as percent of protein for
 

each fraction in parentheses. A number of observations could be
 

made but two should be emphasized. First, the distribution of
 

protein in various fractions is distinctly different between the high
 

and low tannin lines. This suggests that the presence of tannins has
 

altered the solubility of sorghum proteins, perhaps by binding or
 

forming complexes with the proteins. This idea is supported by the
 

observation that the first fraction in the high tannin samples is
 

very low in protein content, although one would expect it to be
 

reasonably high since Fraction I represents the albumins and globulins
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which are indispensable for the germination itid ii.4strline of Ith. 

plant. Second, within the low tannin %orghmn, th, prtvln coit,,nt 

(if fractions II and III is high, but the ly.i (e 1ntilint of 1.u1. . 

proteins is very low. A sun arnv II iI.t rat Ion o I )r. .Nt;rihi ltI.i i'n 

fractlonation studies of proteins fromt low tanns t surr:h,:.'ia I!i 

presented In Figuro D-2. The bar on the riitat of ,.wli piIl rr,pri-ent

protein and lysine content of the i.ndosperrm fracttn,.,, with th. har on 

the left representing whole grain !r.itLIonatI,'*.;. "hal: Iiiu;trits 

h. preponderance of protein In Yract iln II .t..1Fractlon I I lil

sperm and whole. rain fractlionatlwi.; .mnd alsi th,. Iiw ly, nrnt , *:t, 

(,f proteins in Itese frac.tons. 

(. '..'ti._Rsp.n:-e aofRat!; Rolat.ii . .. I., . 'i v,i .:'.n. .d ' lt.it. 

I y; i n Is !irs IttI11lg .. In -. I xp.r lrit w isLtie I i; x:it id , ,,isim i 

de.signed to verify the growth rtspoiiv (iof rat. whun 14-d sor;;haum it Ian:; 

supplemented with adeqtute Iv.-in, h,ct'htrll , ti, li ilfill the rat 

require.-ent for lvsJ, pins a 25 pevrcont xc!.,:.. Th, f Ihl ~'t 


experlment are shown in Figurt. D-3. Two low taniiilt (IS?2 1 and 

IS0129) :nd onti high tannin line (IJ;6992) wer., Incliid In thlt trial. 

As vou can ice the r it growth on l,,w tinnin .crgii im rat lan, :tppIt, en 

with lysine, vitamlin. ,sand minerals was .ubstaittal ly riatcr than trawl It 

on the ra; ion sUiplmented only with v!tamli; ,,tl ntineil'/,. In coaIt'ntl 

rat-i fte the i tlhtannin :!orghurm (1 ;69112) lont weI ght tin the , i ,,' I

mentnd ral. lon and gained oudly ,slightlyon th, ration u;pplumunt I with 

http:Rolat.ii
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Figure D-3. 	 Rat'Weight Gains on Iso-Nitrogenous Samples of 
Supplemented Grain Sorghum Lines. 
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lysIne. Thlis observation was first noted by Drs. Mertz and 

Jambunathan abbout a year ago using other high tannin sorghums, and 

has since been repeated with several high tannin lines. These 

results suggest that lysine is the first limiting amino acid In 

low tannin sorghum lines hut that other factors are first limiting 

In high tannin lines. 

The rtsults obtained from lysine supplementatlen experiments 

are sub-,taitlalted by data from rat growth trials conducted by 

Dllas; oswalt at Pirdue. In this experiment we used 17 low tannin 

80rglshtti nles and 10 high tannin lines which represented a range 

in v.,ri,'at l for prott-In and l ysine content of sorhurrm lines aviiahle 

ft,,m otr :crrv,.nln-, program of the world sorghum cull, ction. The 

rvu it; f Iilis eypetrimtent, lllus;trated in F:gur, D-4, demonstrate 

that rat wight gain is dependent on lysine content in the low tannin 

storgh im )'rtup, but not in the high tannin sorghum group. The repressior 

of rat wilght gain on lysine content for the high tannin group is nearly 

ztro. whervas the regression coefficient for the low tannin groups Is 

about 65. (Frpui the historical point of view this difference in response 

to lyvI mea content between high and low tannin sorghum lines caused 

consiherall confusion bufore we were able to distinguish differences 

betwen thtese two groups. Perhaps you can imagine the problems which 

would be Involved in interpreting this data if all the points on this 

graph werv indilstinguishablo. One would certainly be tempted to conclude 



Figure D-4. 
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that chemical analysis for ly;ine content was unrelated to the 

biological value of the grain.) We now have a simple, rapid 

chemical a.say for tannin contv.nChich so far has been throughly 

rel iabl e for separat Inp, sorghum lines Into high and low tannin 

groups. l. use the acidified vanillin method of tannin analysis 

described by Burns (1970) which estimates tanl!i .onttent. as c.itt ihin 

t
 rom 

this test are based on catechin equivalents, not ictual tannin 

content. Rooney etIal (1972) at Texas A & M h.ive reported that 

cat('chini equivalent values for grain snrghu. are c:orrelated with 

tannin values obtained with other methods. In our experienco 

ihe r on.;.! Is '.rm0 to 

equivalents. It should be emphasized that the valttes obtained 

of c.it echin equivalents for sorghtim 1M. 

l;e have ciassifltud sorghum lines ats low t.1tnni1 If the cattut.,hin 

equivalent value Is below 1.00. 

Fregueit of iI gh Tannin Sorghum G;enotypes in the World Collection. 

Wu have only limited evidence at this time on the frequency of high 

tannin sorghtam genotypes in the world collection. Among 472 lines 

which we have analyzed for complete amino acid content, shown In Table 

D-3, 30.) %ere class:fitd a low tannin and 172 were high tannin linv. 

The aveta catechin equivalent values for the low and high tannin 

lines were 0.38 and 3.40, repectivc1y. There wore no significant 

differences in protein or essentlal atnino arid content between the
 

two groups. We have just completed evaluating 288 lines collected
 

re:ently in Cameroon, Africa. The data on tannin and protein content
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Table D-3. 	 Protein and Amino Acid Composition of High and L.ow "r.mnln 
Grain Sorghum. (Anino Arid Contk'1 l xIressed -s Z'of Prott In.) 

Essential Amino AcIds 300 L.ow Tannin 172 lUIFhTannin 

Catechin Equivalents 0.38 t 0.24 3.40 2. 3 

Protein 12.71 - 1.81, 12?.42 11.95 
Lysine 2.11 ± 0.33 2. 1 S 0.35 
lHutidine 2.02 t 0.19 1.99 - 0.21 
Arglnine 3.56 ± r.42 3.60 . 0.41 
Thrzonine 3.26 ± 0.20 1.24 ± 0.18 
Cystine* 0.94 ± 0.22 0.89 0.:' 
Valinei 5.33 t 0.29 5.37 t 0.31 

Nethlonine* 1.02 t 0.5"3 1.0 .t0.36 
IsoleuctIne 4.08 ± 0.25 .',0.7 ± 0.22 
LeucIre 1..33 ± 1.20 14.17 t I.10 
Plenylalanine 	 5.21 t 0.36 5.12 t 0.3V, 

+ Starndard Deviation. 

* V;slues may be low due to exce:-.ly'e ,,xid:,t Itr, dur in.,-vdrolvsis 

Table D-4. 	 Frequcncy of 11,gh and Low ,timnin ';r;,,hu.(;eno rvp.s Art. ;
 
,.
 288 Lines CohIected in C.t:vroon, Atr! , 

1111.h 1 .;ctt1tIn Low ,IauIn 

Number of L.ines 	 59 

Average Catechin Eo, iva lent Vali 4.07 (1.119 

Avorage Percent ' rud. llrte!n 10. 1 10.91 

of these linets Is reportod [n Talil, D-4. R ii:1ly 80 prcrent of th-it,, 

lines wer,, clias!;IfIud as t ann in 	 an .iverai. ,,tt.1thigh gtenotype:s wtl 	 hil. 

equivalent value of 4.07. There was no dIffterence In protein miLont 

between hI I[i and low tanniin groups, although hoth wore ,iwt than tli, 

overall aver.age of 12.6 percont. report,.4 in 'l' o!t.D-I. lh I.s In I .. 

be accountdl for bv the observat It'n thit the f::ie roan l t(I...rtpr .. t in 

untisual.]y large seeded coil ectIon. In ,gcneraI, It can be com 1udd 

that high tannin sorghum genotvpes mav comprt:ne a signif tcant 
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proportion of the sorghum gerir.lasm in some areas of the world. 

Alkali Ihhitilling of High and Low Tannin Sorghum Grain. Since the 

tannin In vorghum grain is contained primarily in the testa layer 

beneathLite ptericarp, we have tried with some success to remove the 

tannin with an alkali dehulling tochnique described by Dr. Blessin 

(1971) at the USDA Laboratory in Peoria, Illinois. This methud involves 

hot sodium hydroxide treatment of the whole grain for six to eight 

minutes folhiwt.d by repeated washing with distilled water. The daLta 

In Table D-5 shows the effect of dehulling on tannin content, protein 

content, rat gain and feed consumption for one lqw t ;in Texas hvbrid 

(.S 10) am! two high tannin, high lysine lines; (I',q92 a:d I.826!.) 

I rm thi, world sor;hm collectien. 

"Tabl. I)-5. Alkali 1'thulling of High and Low Tannin G;rain Sorghumi. 

Catechin Percent 1.'4-Day Rat Feed 
Equiv. Prot.in Welght Gain Consumed 

Elt r (g) (g)-


RS610 .48 9.9 5.26 112 
RS610 d 1huled) .10 9.9 6.7? 132 

I1;6992 1.74 9.4 5.73 99 
(dhulled) .S992 9.8 ....... - I.1---.07 10.20 0_I 

IS8260 3.71 8.1 -4.12 95
 
IS82601 (dchullea) .10 8.4 7.98 97
 

Catechin tquilvalent values were reduced without substantial chanpe 

In protin LOntent in all cases. Rat weight gain was not sign.ficantly 



improved by deliulling the low tannin RS610 hybr!,d, h'it W;I,; slis tin L

fally In.reased by dehuling, of both high rennin i hits. [here w ;,
 

no large difference in the amount of food conn::imed butw,.'.n hulled
 

and dehulled samples which indlcates that th: poor wlght in for
va 

whole grain sample; of IS6992 and IS8 26f0 v.i, not taii.ii.cl by rtdiield
 

intake.
 

All of our previous tests on the differen. i: rcspont ,f
 

ysine supplenuntation between 
 hijgh and low tainnin ;vrvhtm Hotie, ho,-e 

been made by (.omparins' Iines from the world cl lection whilh dl ,. 

In tannin content but -ir. rut lsoieii, for -!h r +1.ir lcl rl:t I c,;. A 

more direct t st cai bo miade by itilll;',nr ti,. Li,. dl hull lnl- '. hi-lp1,i. 

to obt :ifn "1 ow tajm ni " , rntr,,I :!nos whi-hc thi ,, !,,- c,-ni.ir,, wit , 

whole grain with the sa,, gonet I.ll. 'nI but with.i hi ,. tntlf 


content. 
 The results of in e:xpe riment coriparir ig Lh. H!,o,,glh v.ii t. 

of whole grain samples fro : wcwhl)h t.nnin lines, and dehul Itd cotinter

parts of I-h1 and ,,sne, with wj ht t ln .Iu ple ent at ion are sihown 

In Figure D-5. In both cast!!; the rat:, ,taintd little or no w ijllht 

on the whole grain (high tannini) r.itl,,n, ;iippl ':-t'nt',I wlthIii lv:, li, 

responded to lysine supplemnt.ilr on of the deliji ]., (14iw tain) 

c.unt, rpaIrt rations. Thv evidt.n 'e from this and other stuidies dlscussed 

dem.onstrates thLlt lysine content Is thie major factor liMriting the 

biological value of low tannin sorghum grain, but Isi not first litititg, 

for high tLr.nin sorghum. 

http:c,-ni.ir
http:taii.ii.cl
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Figitre D-5. Lystne Supplementation of Whol Grain and Dehulled 
High Tannin Sorghum Lines. 

" Unsupplemented Grain 
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20- i (Requirement + 25%) 

10-

I0 

Is 6992 IS 6C.92IS86 
O Whol, Dehulled Dehulled 

I Grain Grain Grain 

-10 1I'S
fj 

82610 
Whole 

Grain 



-20-


Supplementation with Soybean Meal. One possible explanation for
 

lack of rat growth resporse in lysine supplemented high ririni .. rnhir 
d, 

rations is that the tannin compounds may produce a toxic t it'.t 

which counteracts.- the expected growth response frerl lvs:ie stiirl '

mentation. The data in Figure D-6 suggest that th; Is nut th. 

since the addition of only five percent soybean kill meal to HI.'h 

tannin rations produced a very sliificant increase In rat growth. 

In this experiment, conducted by Schaffert (1972) at Purdue. rat I-, 

contaiin ng two law tannin and two high tannin li:nes wr,...v , .d 

with 0, 5, I0 or I) percent soybean oll ne.al, and rat ,row' i,;;, .r'( 

reasured ;n a 13-day rrial, It s, "m like lv .Itth, additLn -'n'-; 

:,r.il cU1ant tites of !;ovht.an -eal wOu],l .liltt o r. t :XIc .f .,I't 

extent rei 1 red to account for the suhsta~it a I rat ga in i IIu.t r II 

in Figtire D-6. tie would expect the low tanr in lints to ripond to 

soybean suppluenentation because of relativ e ly IlLh. hit~ilw e ,,,t,':t 

suppli ed. It is quite apparent that someth ing is added with th.' .,,.h.in 

oil meal which can correct a nutritional deficiency or irr.balanc,' In 

the high t:innin rations. The efft.,'t of soybean meal Supplcnent.iti'n 

on feed efficiency ratios is illustrated in Figure D-7. This.ntin 

shows the striking reduction in amount of feed consumed per gram .,0 

gain when high tannin rations are supplernent(-d with five perce-nt or 

more soybean oil meal. 'fhe most viable possibility at this time !.
 

that the soybean oil meal suppliCs available prottLit which is deficient
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Figure D-7. 
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high 	 tannin Ilnes because the sorghum protein is complexed orit 

unavailable for monogastric animals.by some othor muchanlsm made 

The evidence obtained by Drs. Jambunathan and Mertz on protoin frnction

aLton supports this explanation, since the presence of tannin compounds
 

apparently alters the solubility of major protein components in high
 

tannin sorghum lines. Dr. Jambunathan is currently determining the 

molecular weight and other charac.-ristlcs of the proteins In each 

tannin sorghum fraction, which should provide direct biochi.micalhigh 

evidence on whether these pinteins are complexed with tannins or net. 

There are other possible explanations which need to be tested, intl md i g 

tht. 	 following: 

a) Soybean ofI, meal may provide some essential amino acid other 

is selectively unavailable in high tanninthan 	 lys int which 

rat long. 

b) 	 There mmy be a deficiency of available inorganic nitrogen, 

needed for biosynthesis of non-essential amino acids and/or 

other nitrogenous compounds vital for normal growth and 

dltvtlopmvnt in high tannin sorghum ratiovs, perhaps because 

the 	 sorghum protein.of the( unavailabl ity of the nitrogen from 

c) There may be compounds in soybean oil ,eal which can bind More 

comptitively with tannins, and thereby replace the protein hound 

to tannin making it more available. 

Each of these possibilities is currently under tesc. 
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In summary, the protein quality in most grain sorghum is
 

marginal with regard to lysine content, and it would appear that
 

among the high tannin lines only a part of this protein is available
 

for utilization by monogastric animals.
 

What is the status of our efforts in improving the nutritional
 

quality in sorghum? The tannin problem has already been discussed.
 

If we are correct in our assumption that tannins complex with seed
 

proteins, and that these proteins are then less available to mono

gastric animals, there are several alternatives:
 

1) Use only low tannin sorghums for consumption by human and
 

other monogastric animals and find other methods for controlling
 

birds, which is one major reason for using high tannin sorghum
 

germplasm. Since tannin content is simply inherited and con

trolled by only one or two major genes this is an easy task
 

for the breeder.
 

2) 	Use high tannin sorgham lines for their desirable agronomic
 

characteristics, and plan to supplement with additional protein
 

to meet the nutritional requirement. If this approach is
 

adopted one should bear in mind the likelihood that you are
 

essentially wasting some of the protein in the sorghum grain.
 

I do not believe that this is economically feasible in most
 

areas of the world where sorghum is a major component of the
 

human diet.
 



3) 	-"ere may be dehulling procedures or methods of dry millLng 

that could be used to remove the pericarp and testa cells 

which contain the tannin compounds. 

4) 	 There may be additives that will preferencially bind 4ith the 

tannins and allow the protein to be utilized.
 

With regard to improvement of lysine content there are excellent 

opportunities for increasing germ size. Grain sorghum germ size ranges 

from 7.8 to 12 percent of the whole grain. This is smaller than the 

germ size in corn. In my estimation this difference explains part of 

the difference in lysine content between normal corp and sorghum. r''rmil 

corn contains approximately 2.5 to 2.8 percent lysine (expressed as 

percent of protein) whereas normal sorghum contains approxi-.ately 1.9 

to 2.2 percent lysine. The difference in average oil content between 

corn (4 to 5 percent) and sorghum (2 to 3 percent) also suggests differ

ence in germ sizes between these -necies since most of the oil is con

tained in the germ. We have identified several sorghum lines with 2.5 

to 2.6 p,,rcent lysine which have a relatively large germ size. We 

should be able to make quite rapid progress Ir.selections from rnndom 

mating populations derived from selected large germ lines without 

reduction in yield potential. This should lead to improved nutritional 

quality. 

Another possibility for improving lysine content Is through the 

use of endosperm "mutants" which effect carbohydrate synthesis. 
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Misra et a! (1972) have reported recently thai these mutants in corn 

also effect lysine content in the endosperm. Mr. Rameshwar Sinph 

working in our laboratory has identified five such "rutant" lines 

in the world sorghum collection this past year. Th- ;,roteln anti 

lysine content of all five lines art! shown in Tabla 1-6. Tlese
 

are preliminary results, and are very interesting from a theoretical 

point of view, but it is too early to speculate on the practical 

value of these carbohydrate mutants for Ir.irovlng the nutit!onal 

quality of sorghum.
 

Table D-6. "Sugary" or "Brittle" Endosperr, Lines. 

Lysi le 1.y- I ne 
IS Number ' Protein ,. of Pr,.toen . of Samnle 

Sorghum Average 12.61 2.14 . 26Q 

51"6 16.3 2.27 .370 

5614 14.8 2.65 .392
 

5623 15.1 2.73 .412
 

4526 16.2 2.71 .439
 

4668 14.9 2.1 .325
 

The prolamine content of sorghum endosperm Is high, as we have 

seen, and the lysine content ,f the prolamine fraction Is very low 

In sorgh,,in as it is in corn. The situation in sorghum parallels that 

In normal corn In many resi..cts. There Is every reason to believe that 

mutants which reduce or block prolamine synthesis also occur in sorghum. 
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We have now completed examining sectioned grains of about 9,000
 

lines in the world sorghum collection and Identified possible
 

opaque grain phenotypes. Some have been growl in Lafayette in 1972
 

and others (light-sensitive lines) are being grown in Puerto :Mco
 

this winter. Protein and lysine analysis of these putative opaque
 

lines will reveal whether any low prolamine lines have been Identified. 

Preliminary results of two lines from Ethiopia identified by Mr.
 

Rameshwar Singh are encouraging. The protein content of these lines Is
 

12 and 15 percen, , with lyslne contents of 3.0 and 2.9 percent (expressed 

as percent of protein), respectively. Dr. Jambunathan has Just 

completed fractionation of the endosperm proteins of these two lines 

and the results are presented in Table D-7. 

Table I)-7. 'NitrogenDistribution in Sorghum Endorpenn.
 

Sorghum Ethiopia Ethiopia 
Fraction Average 204-1 204-2 

1 7.3 20.97 15.71
 

II 16.8 13.70 1..19 

III 32.4 21.49 25.45 

IV 7.8 8.43 5.98
 

V 25.3 24.23 31.84
 

Total Nitrogen
 
Extracted 89.5 88.8 91.17
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Note the reduction in percent protein in the prol.mine fractfors 

(II and III) and the increase in percent protein In frictIon I, 

whiLli is the lysine rich fraction in sorghum. Data from a :relln

inarv rat feeding trial of one of these lines corpared with our 

best check line (IS2319) is presented In Table D-,.
 

Table D-8. 	 Results of 7-Day Rat Feeding Trial. 

Entry Rat Weight 1 iin 

Ethiopia 204-2 10.2* 

IS2319 (check) 4.3** 

* Avi rage of four rats
 
** Average of three rats
 

This verifies that the biological value of Fthlopia 204-2 is 

indeed superior to our best check line. We do not believe, at tiis 

time, that these lines from Ethiopia repre ent the equivalent In 

sorghum of the opaque-2 high lysine mutants in corn. :'uch ,-ort
 

iftforriation is needed, but it is fair to conclude that Eth!ropta 

20.--2 and 204-2 represent a step in the right directi'n, I.V.. 

tcward better nutritional quality in grain sorghum.
 

In sum.ary, it will be necessary to conside" each of thepe
 

parameters (prolamine content, germ size and tannin content) In te
 

nutritional 	quality in sorghum. It is unlikely that any lines in
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the world sorghum collection will have all three necessary 

characteristics. It is concluded we will have to identify lines
 

with each component of nutritional quality and then recombine them
 

to obtain genotypes with the desired combination af characteristics. 
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3. 	 Research Design. 

Several mtthod3 for lysine analysis have been ,,valuate4 dur..z 

the 	past year (a complete report is appended with research res-i:. 

Results from dye-binding estimates of btsic amino acid co.:e-.t "rr: 

.highly correlated with the biological value (if s'rain sorv. -:- ' 

the 	 low tannin group. "Ibis zechniiu,, will be ad,,nted as a ra:: 

screening method for low catechin caulvalent sa-inles. Shcr: 

chromatography will conti nu to be used for ]wi'::. tsti-at.-7: 

high 	 tannin ;antple,.. 

The N E ,raIn qual it. anal'.z r is curr,,t !v bt-!n; ,-. ,_ , 

for 	 rapid dtcternin ltion:; of pr,tviii, "t :. 

Pri- I f n i ry restult:; sthgo,gt thait ,torroI.itl i iti .Ith !- Ic r v . 

nitrogen are rood (r = 0.96). 

F. 	 DISF*ENI.NAT'I O% AND UTI.!ZATIO':1 RI'SFARCH! r. 

1. 	 )isseminat fon of RUstl Is. 

Publication of research data in Journal; wtth tie dis.:'L.' 

of tht, annual report data resul ted in widesnread %t .11t' .'-

Several requests for ald t Ilon.i copivs of the 1971 report -'ee r. 

from AIl missions. Stiff parrtcipit!,n in -cLnir. .a-: ..t 

Iexico CI t y and Wshi ntt,,n and a one-week wrkshop for cu /.7-. .

workers in Brasilia givo dirtect cor~tact with r'v..irc., . - V . 
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Visits to disease and research field days in rexas with visits 

by U.S. .nd other country workers to Lne Purdue University campu; with 

their collecting ideas, data and genetic materials. resulted in sharing 

project findinss. Training of graduate students from the U.S. and 

other countries stimulated and directed interest to the potentials 

for protein quality studies and developments in grain sorghm and 

the progress being accomplished. A bibliogra1 lhic list of piablirat tins 

and short abstracts of each is attached as apr.endi- E-1 (a). A list 

known u.w of materials producedof short statements that identify each 


by thi.s project Is attached as appendix E-2 (h).
 

2. 	 ivid.tcnt i d C(;pet W'here Fifndlngs are Beftnr Ured in ,I(' oand 1;.. 

a) 	 Lines h.ive been selected from the 20 entr i:: in thi First 

Purdhe-AID lnternational Protein Yield and 1uality Trials 

and entered Into extensiv! vield trials for possible Int rease 

and release in Brazil, and data from over ,:0 locations art htltiv, 

collected from plantin ,s beint, harvested now. 

b) A pecvtail study by Dr. lynn Bates at Kansas State 1'niveriltv 

with three selections of each of two levels of lysine and 

tannin has been established from our data and inventory at 

nno level of protein. ,v,.ral high tannin sorghuti lines were 

strit to the Univer,-itv of Kentucky IliocheAistry Department for 

ciemical .mnalysls of the tannii compounds present. 
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c) 	Feeding trials to compare rats, mice, chicks, voles and
 

crickets were entered by selections fron our data nd
 

inventory in connection with CI.f1YT e.valuatinn of other
 

crops.
 

d) 	 Requests for protein quality selections ani ,,pectfic 

phenotypes have been filled from Mexico, Bri7ll, Pucrto 

Rico. India, Uganda and the U.S. 

e) Sets of slides showtug oqulpr.ent, pher.type-, and disease 

and insect da.-aae were sent to, Argent ina, Un.versity of 

Brasilia, a-pir.s, Sao Patilo, Sete 1.,.,o.is ..:-d F, rtaleza 

in Rr zi-l a.; rc-utesttd by ;,.rt.cipaz t. in. .. c workshop. 

f [' A .or ;'cr -t eoria , IlIIi t.A s w rtr, -,vi. :.t t he Ir t.q~ t 

representative genotype sarmples of known Ie vels of tarini, 

protein and lysine. 

g) Visitors frr." Ulawl, W. Pakistan, Brazil, U'anda, Kenya, 

Niger!a and the U.S. and international centers discussed 

to Inand received data and 'rocedures relt!vart adaptation 

L[)C proframs of their Involvv.ent. 

h) Requests for computer programs developed for handling field 

and 	protein data have been answered by sending the prograns to
 

Brazil and Texas workers. 

handbook for nursery developmentI) 	A simplified general procedures 

is in a rough draft stage in response to jrazilian requests
 

This effort is to be completed
for a nursery procedure guide. 


In the near future.
 

http:1.,.,o.is
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j) 	 High altitude high protein types have been requested for 

use 	In Mexico and the cooler areas of Brazil. Our best
 

line 	 selections have been rent with relevant data. 

k) 	IIIgh protein ms3 populations requested for use in Brazil
 

and 	 NidIa with A and B line selections requested by 

ArgentIna, Colombia and Brazil were provided.
 

1) Entries with known disease and insect resistances having
 

protein estimates have been requcsted by Tndonesin. Others 

i.re also requesting this Information. Some have been referred 

to the Texas program. 

in) Ilylrlds, popul., t I uns, select ions and data from this project 

are forming a basis for the Sorghu.- DlvIsion of the Brazilian 

National Special Agriculttral Research P'rogram. 

i) Samples for standardizatlion and evaluation of NEOTEC's Grain 

Quality Analyzer were selected fron inventory samples with 

known dat;.. This may be a valuable tool for rapid estimations 

of moisture, protein and oil in L.D(s and other countries. 

o) Samples representing a high protein potential, but also 

potential forage varieties based on our field data were 

n;elected for requested experimental use in Haiti, Puerto Rico 

and Brazil. 

p) 	 I)ata being returned to us indicates use of the number coding 

system for note-taking and management suggestions distributed 

with requested seed sets.
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3. 	 Ways to Use Research Data More Effectively. 

a) 	 Continue full cooperation with ICRISAT a:.d with "ork be. 

done in Puerto Rico, Texas and Nebraska to avoid dupliica-tcns 

and 	 collect and summarize known data for nore efffc int 

utilization and distr.bution of collection Iters. T", .. l.

to coordinate and pr.duce data sur'niri-.. ::ul"
mL-nt of staff 


all sorghum work together is needed. Th!:s should be an- ., 

to of pro'ra-4.contract attached one the present research 

b) 	 A simplified nursery handbook outlining field lrvout . 

note-raking systems, data handling prce.iro. xr.e ,, 

and type of ,,quripmvent is neoeded to help c'-,rdln-,te ,: 

recording and sLi ulate 'or 'ers in 1.I)C; r nvest!a;,,. -. S 

and 	 systc..s when establishing ntw test stes and fir r-...'l 

,Ilolder programs. 

c) 	 Continue the development and conduction (-; workshops re:azt'! 

to production and managerient factors contributing to pr'te'.n 

and ,ther nutritional factors in Africa and A:.ia in cc.7Vratl-n 

with ICRISAT. 

and 	 Institutions. 

,a) 	 'khe workshop at Brasilia was organized and locally sup ,,rtvj 

by the Ministry of Agriculture, University of Brasilia ar.g 

USAD personnel In Brasilia. Dr. R. C. Pickett net with 

4. 	 Involvoment of LDC Personnel 

the planning committees and they developed the progran 



-35

and made local arrangements. Their invitation to our
 

project personnel to present papers at the symposium was
 

very effective in further development of the current interest
 

in sorghum in Brazil.
 

b) 	The First Purdue-AID International Protein Yield and Quality
 

Trials involved selecting entries on the basis of previously 

distributed gerrmplasm data and Purdue research data and 

correspondence with workers In areas whvre the trials were 

placed in previous years as well as concerning these upecifit. 

trials. Their return of field books and samples for analysis 

and data sur.iarizatien is leading to the selectlion of entries 

for a broad based widely adapted random matln' popilation 

with above av.rage protein quality and yield pott'ntial LO 

further LJC use in their breeding programs. 

c) 	 Dr. lielri lbrahin frum Egypt Is hero for a one-year study 

program sponsored by FAO, and Mr. Rainundo de Pontes Nunes 

from Fortalezi., Ceara, Brazil arrived recently for a Ph.D 

program sponsored jointly by Ford Foundation and USAID. Both 

are scheduled for future sorghum research programs when they 

return to their countries. One student from India, one from 

Uganda and two from the U.S. will be completing Ph.D. programs 

in 1973. 

d) Cooperation with Texas, Arizona and Georgia in disease and
 

insect evaluation of selected materials and the testing for
 



-36

protein quality of the converted lines fronm Texas has 

continued to identify genotypes more sultnhle for breedlng 

programs. 

e) 	Cooperation with USDA In Puerto Pico in completing their 

inventory of the IS collection and foc selection of nther 

potential]y high quality entries now I,,the world sorghun 

collection has continued. They are also helping advance our 

random mating populations.
 

f) 	 Extensive correspondence Involving germplasm, manag-::ent fact-11rS 

and nutritional quality resulted from the continued wide distri

bution of research report-, re'sulting in viltors from .D){*--. i 

others to our labortorios and fi.lds for direct vtntact itt 

this program. 



Category 


Salaries & Wages 


Overhead 


Salary Related Cost 


Non-Expendable Equipment 


Expendable Equipment & Supplies 


Winter Nurseries 


Travel & Subsistence 


Co=pt.ter Service, Publications,

Workshops and Seminars 


Subcontract Analysis 

Grand Total 


Total Budget 


Amount 

4/1/72-3/31/73 


S1,O.850 


63,962 


a,183 


4,000 


10,800 


8,000 


4.000 


13,000 


28,42. 

$242,218 


To Date 


4/l/72-

12/31/72 


$ 	 73,997 

46,470 

3.767 


516 


9,083 


-0-


4,637 


1.217 


-0-

$139,687 


Estimated 


1/1/73-

3/31/73 


$23,890 


15,003 


1,220 


3,484 


2,000 


11,700 


-0-


4,185 


36,825 

$98,307 


Total Actual 

and 
Estimated 

$ 97,887 

61,473 

4,987 

4,000 

11,083 

11,700 

4,637 

o 

5,402 

36,825 

$237,994 

X 

0 
z 

MI 

2J 

0_ 
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C. WORK PLAN AND BUDGET FORECAST FOR 1973-74. 

Objective I -. sorum1dentfy ..... nnproert_ . 1t 

and quantity utilizing both chemical :ud bioLoica! nethods. 

a) . major effort will be made to complete chemical analysis of ti 

world coll:tion of sorghum lines in our 
inventory for tannin
 

content, lysine content and protein content.
 

1) Tannin content will he estimated as catechin equivalents 

which has been a reliable assay thac is consistently 

negatively correlated with rat respo.se. 

2) The hic tar.nin sorghum lines will 'e analvzed for lvyire 

contt~n: uslng short column ion-exch.v:we chroarowraphy on 

the Bec'.man ALmino Acid Analyzer. 11i~h l-sine 'ines will be 

crosse' with low tannin ,enotypes tr txtract genes condit

ioning Mpih !ysine content In low tannin genotypes. 

3) The low tannin sorghum lines will be analyzed for tysine 

content using the dye-bindin, technicue, followed by rat 

feedin4 trials on 
the best entries.
 

b) Evaluate F2 and progeny
F3 from low tannin sorchum genotypes 

treated with che:iical mutagens in 1972 for isolation lowof 


prolamine (high lysine) endosperm 
 mutants. 

c) Make chemical evaluation of sorphum lines which produce grnin 

with a non-:itrecus endosperm phenotype selected by examinAtion 

http:respo.se
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(f sectioned .,rains of lines in the world collection.
 

d) Evaluation ei 124 sorghum lines released by the ISD)A Texas
 

Conversion Program for protein, lysine and tannin content.
 

Nutritional quality will be verified with rat feeding trials
 

un the most promising lines.
 

e) Evaluation of a technique for total sulfur detormination of
 

sorghum grain as a means of estinating :;ulfur-iar ing am'no
 

acid content of sorghum lines.
 

f) 	 Contlnue protein yiold trials with 12-15 cooprator fi the V.S. 

and overseas osing 20 sorghum lines selected for the. initial 

release of 500 lines and other quality selections. 

g) 	 Continue sampling from F2 to F5 progeny of ro4:;e, hl. twit, i hi th 

protein quality lines. Begin evaluation of lines from ins high 

protein and high lysine populatJons. 

)bji.ect!.ve 2 - Identify the chemical nat'ire and ccmpg_.oit!.on of the protejn 

fractions of selected sotjlu_. enotLyes and correlate the. grain fract ion 

corppsftion with nutritional q.xality. 

a) Fractionate sorghum.tylses showing major differences in nuitr'ttonal 

value based on rat feiding tests into five soluble fractions 

(l.andrv-Moureaux ae chud). The five fractions will be examined 

by clromatography and disc gel electrophoresis to identify 

Individual proteins and protein-polyphenol complexes which 

may 	 enhance or reduce the feeding value of the whole sorghum 

grain.
 

http:ccmpg_.oit!.on
http:bji.ect!.ve
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b) 	Determine lysine centent of a wide spectrum of sorghurm
 

genotypes In low tannin and dehulled high tannin samplvts using
 

the pyridine method (E. Vilegas and E. T. Mertz, CINIYT Res.
 

Bull. No. 20, 1971) and correlate the lvsine content with rat
 

performance and with lysine content of individlual protein
 

fractions.
 

c) Isolate protein-polyphenol complexes and determine their nutrkt I.',.
 

value in the rat.
 

Oblective 3 - Ascertain the role of various ,hvn.lrc,1..¢ompnogntsof 

sorehumgran such as Polvhfliens (tannrs ) prot In .... and 

carhohyd rate av. iIab Ii tv in rmono ,astrc a i'.,I nyut ri tion. 

a) 	To study the influence of dietary ;suppl Imontt I f methv I
 

group donors, specifically methlonine and cholnIn, oi the chick',
 

utilization )f sorghum grain containing high I,'veIs of 
tannic
 

acid.
 

b) 	To compare the nutritive quality of low and high tannin sorghum
 

grain from which the tannin containing tLsta layer hav been
 

chemically removed.
 

c) 	To study the feasibility of using an in vitro enzyme digestion
 

assay as a measure of the amino acid availability of sorghum
 

grain containing varying anounts of rannins which have shown
 

by growth studies to support widely differing rates of growth
 

and feed efficiency.
 

d) 	Evaluate carbohydrate digestibility and rat performance of 30
 

waxy endosperm lines selected from the world sorghum 
collection.
 



Objective to - Detrrmine the mechanism of inheritance ofhh hnutritional 

qualityand developbreedn__meth..ds and materials includi.ng 2oqpula.tons 

with~inmlrowtd hioloqgcalqalitv- forpotential utilization In 

develop lng_countries. 

ra) 	 Continue development o high protein ani high lysire male
 

sterile ms3 populations at Purdue and Puerto 
Rico. 

1) Third random mating generation for high lysine B and R 

populations (release seed). 

2) Second random mating generation for high protein B and R 

populat ions. 

3) Second random mat.ing generaLion for high yield with above 

avurage protein B and R populations;. 

4) First raindom mating generation for populations developed fro, 

20 outstanding lines with .uperlor protrdn yield. 

5) First random mating generation for population developed from 

lines selected on superior rat weight gains. 

6) Continue backcrossing elite lines (high lysine such as TS8260 

and others) on ms3 stock to deve op pure l ints for future
 

Inheritance studies.
 

7) Continue developing exotir cytoplasmtc male sterile A and B
 

lines (about 20 new backcrosses Initiated each year).
 

b) Use A lines after backcross six to set up a dIallel to study the
 

Inheritance 
of the traits affecting biological value. 

c) Contiaue to evaluate families in the F3 , F4 , F5, F6 and F7 

http:includi.ng


-42

generation made by crossing various combinations of pr.,te .n 

level, and nutritive value as determined by rat feedinL.. 

d) Study inheritance of genes controlling tannin content Ir' ,rrhum 

using F2 progeny from high tannin x low tannin crosses. 

e) Continue to study the environmental effects on proittin :.'vld 

and nutritional quality. All selections gro'un at .'jltfnlt 

locations will be analyzed for genotype x environ.nt Intt.racttuis. 

f) 	 The inheritance of the ability of plants to take tup nitre..en 

differentially under various nutrient levels and h.lance,. ill 

be invstigated as related to grain prote in quantitv .l'-"qli ty. 

O 	 c lve 5.-_.Inforr at.ion an, rr-.1,.s. utilizacr .I r.d d . ,t on. 

ii) 	 .a1ltav;ilable and distribute collected ani devel:'ed in,:natl,'n 

for improved nutritional qua.I ty of sorghiums, dl stributt ,iectvd 

germplasm to estabiIshed prograns and Intorestd ;---,,o:rs, 

and develop cooperative programs to tetst, screen ani ee h :x e 

breeding materials.
 

1) 	Breeding and evaluation material will be dlstrfhut.d ,:' 

'
 cooperatorO a.-follows:
 

Twenty sele!cted diverse lines for br,!edins, sources will be
 

sent to cooperators requesting seed. Instructions for
 

-


management, data collection and return of select grain 

samples useful for our study will acc:ompany tht, Ne.d 

shipment. Seed of selected lines and all data will ht
 

returned for analysis.
 

http:environ.nt
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- Populations and segregating materials vjll be made available. 

- All lines goins, to advanced trials will be sent for 

resistance studies, e.g., anthracnose (Georgia), Shoot fly 

(India and Africa) etc., as such trials can be' arranged in 

cooperation with IC.,R..AT. 

2) Print and distribute catalogs or suitable :ater~aIs tu enable. 

adequate utilizatior of data related to origin, composition, 

inheritance and nutritional quality o; no;p.ilatinns and 

collection items.
 

thesis on t.e work related to this
3) Ph.D. degree program. with 

of four ca..!Idates 
project will be continued at ab'ut thv !evl 

at a ti-e. 

deter.-.net. larvei: '.' copr.:Lor-O4) :on-dezree programs (number 

with response by this project to .he fc4 lowing: 

from rmny c-untries.- Continuation of visitors 

- Short-term AID-supported individuals and grl ips. 

- Loneer term (six months to 0ne year) visitinz professors 

and others.
 

and other trainees.- Coru'zercial comp.any 

- Special research problems by superier Purdue under

graduate students. 

- Post-doctorates (threeppositior.s funded by t-is project). 

5) W',rkshops. 

a Latin Anerican Work'4hop for morghtim- Continue to implement 

http:deter.-.net
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workers to be conducted in Puerto Rico In .'an.av-y 1974. 

- Initiate and develop plans for a workshop to be held In South

east Asia as soon as feasible to be followed by one in 

Africa (possibly Erhlopi.) .n cooperation with ICRISAi. 

6) Initiation of opportcnities to shaie flnd ins aid probl.n', 

with ICRISAT and co-wnrkers will be promot.d by visits to the, 

Texas sorghum propra., Nebraska sorghtim procgran, attendance 

at relevant seminars and conferencs, invitng co-wrker- to 

visit the project'ts nursery and labritories, Purda,, \gr 'ov' 

Fcrm Fielhc Day part ici pation and contititied c,'r-pcratl,,nr with 

tle Indi;a a .\c-ricjltcr:al 'xttcnsl,, .vr:i -.. 

Budget : 

1.i1n item I - Salary and Waues P,11469 

Line -tem 2 - Indirect Costs (6?.8') 7-I1,43 

l.1ne I ten 3 - Salary Related Costs 8,659 

l.Ine I tem 4 - Perr,.nent Eqcaipmcnt 4,00,1 

Line Item .5,6 - I:xpend.ibl e Supp I les RAO 
l.ine iten: 7 - Winter Nurs;ry 6,501 

Line item 8 - 1ravel 4 ,OU 

L.le item 9 - Computer Services 2,000 

Line Item 10- Sub-Contract Services 21,200 

Line Item 1I- PublIcatIons 2,000 

I ;no item 12- Sun .,00Vork:;hops, , 

Total $249,971 
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APPENIDIX: 

D. 	 Current Research Report Topics. 

Components of Nutritional Quality in Grain Sorghum. 

J. D. Axtell, R. C. Pickett, D. L. Oswalt, R. Jambunathan 
and G. Srinivasan. 

2. 	Genotype by Environment Interactions For Yield, Protein, 

Lysile, O11 and Seed Weight In Sorghum b icolor (L.) M7oench. 

R. E. Schaffert, R. C. Pickett, D. L. Oswalt and .1. 1). Axtell. 

3. 	 Amino Acid Composition of Uliole Kernel and Endosperm Protein 

Fractions of Sorghum. R. Jambunathan and E. T. Mertz. 

4. 	Coriparlson of Chertic:0l Evaluation Techniques with Biological 
Values of Il igh and Low Tannin Grain Setrphu. R. .lambunathin, 
.1. D. Axtell, r. 1. Mertz, D. L. ()swalt, and G. Srinivasan. 

5. 	 Aino Acid Compasition of Sorphum Grain and Relationships 

littwt.n A..ino Acids and Protein. (. Srinivasan, .1. D. Axtel 1, 
R. J.xihun.ithan anl 1).L.. Oswalt. 

(. Inflte:nce of Supplemtnntal Nitrogen on the Relationship Between 

T;nnin Content and In Vitro Dry Matter and Nitrogen Di sappearaice 
in irui (L.) Grain. E. !).Ilicolor .!oench R. Schaffert, L.. 
Os.w.lt and V. I.. LAchtvnberg. 

7. 	 Co'mp':ratlve Studies of the 1itillzatinn of Bird Resistant and 

:on-l-H.S stant Sorghum Grain by Chicks. W1. D. Armstrong, 7. C. 
IRogler and W. I. Featherston. 

8. 	 Effoct of SuppltEmental Protein on the Nutritive Value of Iigh 
and L.ow Tannin 7ori,htur Bt-olor (L.) Moonh Grain for the Growing 

Rat. H. F. Schaf.tert , 11. L.. )OSwalt, and I. D. Axtell. 

q. 	 A Comparison of Three-Row and Oi2-kow Plots for the Evaluation 
,itd Selection of Lines for Protein Content. D. L. Oswalt. 

10. 	 Prelfrminary Results of the First Purdue-AID International 
Prottein Yield and Quality Trial. D. L. Oswalt, R. C. Pickett, 

and 	 .. 1). Axtel1. 
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APPENDIX:
 

E-la. Bibliographic List and Short Abstracts of Research Reports
 

for 1972 Representing Efforts to Disseminate the RenultL of the 

Research Project.
 

1. Axtell, J. D. Purdue University International Sorghum Program.
 
Paper Presented at the AAAS Symposium ent!tled "Organilzinp 
for International Research" December 28, 1972, Washingtcn, 1).C. 

2. Axtell, J. D., R. C. Pickett, D. 1..Oswalt, k. Janibunathan and 
G. Srinivasan. Components of Nutritonal Qualltv In Crain 
Sorghum. Paper Presented at the Cl.:.":-Purdue International 
Symposium on Protein QualitV in M:aize, o!Dember 4-8, 1972 It 
El Batan, Mexico. 

3. Armstrong, 1.1.D., '.I.R. Featherston rnd 1. C. Rogler. Infence 
of Methionine and Other Dietary Additlon; ,n the Perf,,rriance
 
of Chicks Fed Bird Resistant Sorpga:i C;rln 11iets.
 
Poultry Science (In Press - 1973).
 

4. Co1i1ns, F. C. and R. C. Pickett. Cor-hlnir.' Ability for Grain
 
Yield, Prcent Protein, and g Lvs'nt,/l -, Irot.-In in,aNin,-
Parent Diallel of B1ic (I..) Hot-nch. Crop .Sorehum lo r em';cI. 
12:423-425. 1972. 

5. Collins, F. C. ard R. C. Pickett. Co7-blin;; Ability for Yiel, 
Protein, and Lysine in an Incomplete I)allel of S5'ry'~ulnm
 
Bicolor (L.) Moench. Crop Science 12:5-6. 1972.
 

6. 	.Jambunathan, R., J. S. Hisra and 1'.T. Mertz. Nutritive Value 
and Protein Solubility Characteristics of Normal and ligmented 
Sorghums. Federation Proceedings. (In 'rt,; - 1973) 

7. Oswalt, !). L., R. E. Schaffert, K. C. Pickett and .1.I).Axtell. 
Relationships of Chemical Composit tons to Ml1,lugical Vliiem of
 
Sorghum bicolor (L.) Moench. Agronomy Abstract:;. 1912. p. 70.
 

8. 	Oswalt, I).L. First Interamerican Sorgthum Svmpos um. Papers
 
Presented at the First Interamnerican Sorghum Symposlum, August
 
28-31, 1972. Brasilia, Brazil.
 

9. 	Rostagno, 11.S., W. R. Featherston and J. C. Rogler. Studies on
 
the Nutritional Value of Sorghun Grains with Varying 'rnninn
 
Content for Chicks. Growth Studies. Poultry Selnc e.
 
(In Press - 1973). 
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10. 	 Rostagno, II. S., J. C. Rogler, and W. R. Featherston. Studies 
on the N'utritional Value of Bird Resistant Sorghum Grain 
for Chicks. Amino Acid Digestibility Studies. Poultry
 
Science. (In Press - 1973). 

11. Schaffert, R. E., D. L. Oswalt and R. C. Pickett. Genotype 
by Environment Interaction Effects for Grain Yield, Protein, 
Lysine, Oil and Seed Weight of Sorghum bicolor (L.) Moench 
Agronomy Abstracts. 1972. p. 19. 

12. 	 Schaffert, R. E'. Protein Quantity, Quality and Availability

in Sorglum bicolor (L.) Moench Grain. Ph.D. Thesis, Purdue
 
University. 1972.
 

13. 	 Srinivasan, G. and D. L. Orwalt. Rat Growth Response Related
 
to Grain .orghum. Jour. An. Sc. 35:1110. 1972.
 

E-lb. Uses of Materials Produced by This Project. 

a) Corres;ponidence with Individual workerq (Indlcated in brackets) 

from each of the following couno tries was answered by sending 

data, infortition and/or gcrmpla.s as specifically requested; 

often more than one round of corrtespondence evolved with a 

gi\en worker; Argentina (2), AustralIa (1), Botswana (1), 

Brazil (7), Chile (3), Colombia (2), Congo (1), Costa Rica (1), 

Ethiopia (I), Hawaii (2), India (9), Israel (1), Jordan (1), 

Kenya (1), Korea (3), Lebanon (2), Malawi (2), Mexico (4), New 

Zealand (1), Nitarapiua (1), Nigeria (2), Paraguay (1), Peru (4), 

Philippines (1), Senegal (1), Tonga (1), Uganda (2), Upper Volta (1), 

1rt.,:,uay (I), Venezueal (2), and West Pakistan (1). In addition 

requests from workers in California (1), Colorado (1), Georgia (3), 
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IllinoIs (2), Kansas (2) , !hcbraska (6) , Puerto .fc.o (I) 'mud 

Texas (6) have been answered. This rt-presentc c,,ntact with 

over 80 Indlvidualsi, 33 countries and 50 cpar.t, prs,'ramus
 

working on sorghum qu.ality control and irproverti.
 

b) The First lnteramrica Sorghum S.'poslumn was he'ld Autriust
 

28-31, 1972 in Brasilia, 
 Brazil with our staff presentine 

six sections and conferring perscnal],, with the, workers, 

students and university staff in attundan,:.. Ovter 134 

registered for the, four-day workshop re-pr,,e:tiug Brasilia (65). 

Brazil other than Brasilla; (54) ,m'-:ict, (3;, !Hondu,.is (1), 

Aripent ina (4), Vciezu,.la (3), Puert I o .I I), .-C ta RIh.1 (11 

and Purdue (2). R.q,'st!; for d:ta, :,lides of mtimr;vr. r r *,h,r,,-; 

and 	 disease aid sp,,i'fir Information were pr.'ovided t. Ihe 

UniverslLy staff at Brasilia and other key trainers of workers. 

The need for a nursery h.dlook to en;ible the use of uniform 

proceduires in planning anid data collect ion was exvressed. 

c) Annual report numbcrs 7 and 8 were sent to those requentlnu 

current daita. )emands for report no. 8 were. treat ,nough ,ti 

ng 


distribution of approxlmately 695 coples.
 

require reprint l of an addition.al 125 copies making a total 

d) 	 The pcoJect directur presented papers at the t'[M1YT-Purdue 

internatfowlSympn;"slurm on Protein (Ouality In Maize held ut
 

El Batan, Nexico, December 4-8, 1972 and at 
 the AAAS Symposlum 

on "Orpanizing for internation;al Research" in Wnshington I). C:. 

Decembur 27 and 28, 1972.
 

http:addition.al
http:Vciezu,.la
http:Hondu,.is
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e) 	Two papers were presented in November at the American Society
 

of Agronony meetin.s, Miami, Florida; one paper was given In 

November at the Midwestern Section of the Aerican Society (f 

Animal Science meetings in Chicago and one paper was given
 

at the 7ederation meetings, Atlantic City in April of 1972.
 

f) 	 Local seminars at ?urdue University wcre presented at the request 

of th_ Aniaal Science Department (2 seminars) and two were 

presented in the Plant Breeding Seminar. 

g) 	 Requests for computerized listings of the complete list ol all 

IS origin !nformaton have been requested and Fent to Ieven 

,eople. 

h) 'he t. ifling list kept current for all known sorghum workers la.s 

been sent to all requesting its use (4 or 5). 

) The ctmputer system used for data handlir.g, plot randorizatlun, 

field book printing and pedigree listing nas been requested and 

sent to Texas and Brazil. 

J) 	 Soruhum gerriplasm is being utilized In Brazil ixtensively by the 

Ford Foundation sorghum project at Fortaleza and the Brazilian 

National Special Agricultural Research Program at Sete agont. 

Nine lines were selected from our First Purdue-AID International 

?rotein Yield and Quality Trial sn to Fortaleza and have now 

been planted In cre than 20 yield trial! throughout Brizil. 
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k) Requests regarding the 20 selected lines in the First
 

Purdue-AID International Protein Yield and Ouality Triails
 

and their general widespread adaptation is prompting requeitsi
 

for additional selected sets before the or!gInal set can
 

be completely finished.
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AIISTRACTS 

J'IRIiIT IN;TF1,NA'I'lOAI. ;I)cSGIUHM PROGRAM. J. D. Axtell, Department of 
Agro'nomy, Purduie iPUnernitty, l.afayette, Indiana. 

(An Invi ted papitr presenttd at tle AAAS Symposium on Orpanizing for 
Internatlonal RIesearci, atshington, II. C., )ecember 27, 1.972.) 

Sorghum Is the fouith ininst Iimportruit cereal crop in the world, 

being surpan:s d only by wlihat, rice and corn in world-wide Importance. 

In Africa and much of Asia, grain sorghum is the principal source 

of energy for many nilllonh of people, and provides a major source 

of pr,,t in it th' hlialn lli f. '1here Is an urgent need for improving 

in:il ia lf whIch are used InHit, n qi of the grin sorgiums 

tfit, huli it ,1,,t In tiL'i se a rts of tiw wor.a This need ,as recogn I .d 

St:t,;ui for 

wili the t'.t lii *fhrient of ou r prog ram at Purdue UIversitv wIit the 

prinutry pmrpoise of dltvulbOlug and releasing sorphuni germplasm with 

flilh'r proti in contint , hmprove'd aruino acid ba ;ance, and better total 

.ll'ui.t Il ltv for tili '.at Ion In the lesser developed countries of the 

world. Our project has major objectives in three areas: research, 

applicatimi and utlizatlfn of the research findings, and training. 

This paper dlHcusnem' ,.a.ih of these areas to illustrate the inter

dept'ndt'nu'e of these functlon:i in mveting, the overall objectives 

of thi, protect. 

hit 1966 bv tih t I ,d Avency Internit ional Development 

'rhis research supported by the United States Agency for International 
Dt'velopment Contract All)/csd-1175 entitled "Inheritance and Improvemen 
of Proteln Quality and Content in Sorghum bhcolor (L.) Moench". 
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ABSTRArs
 

COMPONENTS OF NUTRITION'AL QUAI[TY IN GRAIN SORGHU . .. D. ,xtvll,
 
P. C. Pickett, D. L. Oswalt, R. Jambunathan and G. Sriniviisan.
 
Department of Agronomy, Purdue University, Lafayette, Indiana 4797.
 

(This paper presented at the CI.!iYT-Ptirdue Internntional Symposiu.
 
on Protein Quality in Maize, El Batan, Mexico, Dlece-mber 4-8, 1972.)
 

Thet2 are several factors which effect nutritional quality In
 

cereal crops. The nutritional problems in sorihum parallel tilose
 

in other major cereals in many rvspects, bit also differ In same
 

important respects. frteln quality is limited by tle low lysIne
 

content of wh ich reflects tht gh prolamine coiit.nt
sorghum gr.-ir, hl, 

of the, endosperm and the relat!vely srall ribirvo size as a proportit 

of thle 1ature sgrain. Protv!u availability Is lpprt-ntlv limit'; i. 

some sorghum qenotype-s by the1presence of uniden~i." ed polyphnoltl 

compounds located primarily in the testa layer of the grain. Thtese 

pigmenited compounds have not been well characterized chemicallv and 

are ,Lferred to generically as "tanitins". We do nut fully underst.nd 

how these tannin compounds influence the nutritional. qual Ity of sorshur. 

Our hypothesis at present is that the seed proteins becume romplexed 

or bound with the tannin compounl.s .if the whole hran, and that the 

complexed proteins are subsuntially less available for utilization 

by monoastric animals. T.Is report presents the data and xperir, enra] 

evidence which supports these general observations, and briefly describe 

the status of our efforts toward improving the nutritional quality of 

sorghum.
 

This research supported by Unlted States Agoncy for International Devlop
ment Contr.,:t Al!D/csd-I175 entitled "Inheritance and Improvement of Protein
 
Quality and Content In ohuu_ hiL.color (L.) Moench."
 

http:underst.nd
http:coiit.nt
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ABSTRACTS 

INFLUENCE OF METiRIONINE A;ND OThJER DIETARY ADDITIOlNS ON TIlE PERFOP.%INCF 

OF CHICKS FED BIRD RESISTANT SORIC'. ICRAIN DIETS. W. D. Armstrnng, 
.

Purdue University, .afnyette, Indiana 47907. 

Studies were cLnducted on the performance of chicks fed diets 

W. R. Featherston and J. C. Rogler, I)ep-rtment of Animal Science, 

containing the bird resistant sorghuis 11,R64 and ISS2b0 as compared 

Lo chicks fed diets conta~nin: the non-resista:'t sorgiums RS610 

and RS671 and to observe the effucts on chict" perforaance and lem 

,icores of various deitary supplenents. Fcet'w bird resistant 

sorghum gtain- BR64 and IS82b0 resili ted in sigznIi,-ant v poorer 

..rL'wtl and feed efficiency :s comp;red to th;" not',! whtn non-re:Istant 

sorg ium rralr s RS610 anti RS617 wer fed. .upiplrlnntatin of b rd 

rk-;si;tamt -;orghums iR64 and IS8200 with mvthienit v resuilted In a 

mnarkcd Improvement In chic: growth amd feed Vif tkci,'ncv to levels 

Comlparale t t host noted with tie non-resistant r:orr.1mr-s. Supple

mentation of the bird resistant sorghtms with choline did not result 

in an improvement in chick growth or feed efficiency. ethionine 

supplementation did not overcome thu growth depressing effects noted 

w-ten i.0W%corercia1 tannic acid was added to the sorghtmm RS671 diet. 

Additions of 1 .0 polyvinylpyrrolidone overcame the depressing effects 

of commercial tannic acid additions to sorhum RS617 diets as well as 

tie tannin provided by the bird tetiistant norghum BR64. 

An increastd incidence and severity of a leg abnorrmality was 
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noted in the more rapidly growing chicks fed the bird resistant 

sorghum BR64 and IS8260 diets supplemented with methlonine. Stipple

mei.-ation of the non-resistant sorghum diets with methionine did not 

result in an increased Incidence or severity of the leg abnorn-.-,ity. 

Dietary supplementations of lysine, carnitine or a mineral mix 

cortaining calcium, manganese and zinr failed to all,?vlate tl,, 

problem. 

!'ou t rv Seiov 
'In Prvss - 1971 ) 

Animal Science Department project 015.68 entitv!d '"NutritIon and 

Bone Formation in Yong Chicks". Part siU rt , rovi ,! h'-" 

the United States Agency for Internat,,n.il ;"nt Co,.'cntract 

AID: csd-1175 ent i tled "Inheri t w,,:f and ;Trprov,..,.t of I'r-Ittefl 

nu., itv and C-tnt t, in Sort-hu.; biol-' (. .; ,,,.,'h. 

http:Internat,,n.il
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ABSTRACTS
 

COMBINING ABILITY FOR GRAIN YIELD, PERCENT PROTEIN, AND g LYSINE/100g 
PROTEIN IN A NINE-PARENT DIALLEL OF SORGHUM BICOLOR (L.) MOENCH". 
F. C. Collins and R. C. Pickett. Department of Agronomy, Purdue
 
University, Lafayette, Indiana 47907.
 

Parents and one set of FI hybrids from a nine line diallel of
 

Sorghum bicolor (L.) Moench were evaluated for combining ability for
 

grain yield, percentage protein, and g L/lOOg P using the Criffing 

analysis. The ranges in performance were 31 to 159 q/ha for yield, 

9.2 to 18.2% for protein and 1.74 to 2.74% for ly-lne In the protein. 

General (GCA) and specific (SCA) combining ability were found to be 

important for all three characters. The GCA:SCA ratio of nean squares 

indicated that additive gene action was more Important for protein 111d 

less Important for yield and g L/100g P. One parent had larve CA 

effects for all three characters. Several hybrids exhibited heterosis 

for percentage protein while no positive heterosis was observed for 

g L/1OOg P'. Protein was negatively correlated with g L/100g P and 

vii'ld. Yield and g L/lOOg P were positively associated. 

Crop Science 12:423-425
 
1972.
 

This research was supported by the United States Agency for International 
l)evel pment through Contracr AID/csd-1175 entitled "Inheritance and Improve
ment of Protein Quality and Content in Sorghum bicolor (L.) Moench". 
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ABSTRACTS
 

COMBINIG UILITY FOR YIELD, PROIEI:N, AND I.YSTIY IN AN INCOM1. 1Y.1:
 
DIALLF. OF SORCIILU BICOLOR (I..) MOENCH. F. C. Col Iins and R. C.
 
Pickett. Department of Agronoriv, !'urduo Unive. ,itv, lafjvtivete,
 
Indiana 47907.
 

Estirates of general and specific combinint, abilit. f,,r v.rar.
 

yield and protein and lysino levels ir the grai:n were obtainrd lv
 

evaluating the performance of 48 F1 sorghum hvhrid, which were derived
 

from crossing 12 resLurt-r lines onto 4 ale l. :.,;tvr,;. Ic.I:,t
v. ;'-i;n1 


differences amon, restorer lint s wort :ound In cera] co.hinl n . i I*t 

for yield, protein, and ysrne while s!vnific-int dlIH rn,.,; .c-, the 

male sterile- testers existed for yield .t;Jprt.ln. fie v.irlit Ir. I: , 

specific cwn:nhinino a!l1t, w . tier -i::.:I f: In.' . -I'H t..,I . .! . 

Iletcrosis for yi'eld was exhibited by r,st , the hvlrhd, whil, ,I)!% 

four hybrids dt.u'n-trated hvteros : for perce-nt v, protein ind no !,.'r I 

were superior to vithr parent, nr rctnt,,e vy,tIlt. 

Percent,ige protein -was ne,a t vcIv corrli ttaidwith vi. ,llldptiren t .,. 

lysine and levels of ivsInc was noft sv-nIffc;.itlv rel aled to yield. Io','.',.r, 

the degree of those associatfon, v., rot st ron)' s,:iit' to prevent Intorpl, r.t!r 

high levels of protein and .lysinc into k:1hy~eldllg I Inou I a .ir l t.lt'o,'l, 

selection was perforied for all three Lharacters. 

Crop Science 12:5-b. 1972. 

This research was supported by the Unite: State. Agency for International 
Development through Contract AlI)/csd-l175 entitled "Inheritance and Improve
ment of Protein Quality and Content in Sorghum bicolor (I..) Moench". 
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AB.STRACTS 

FIRST INTERAXERICAI SORGIHM SYMPOSIU . D. L. Oswalt, Departnent 
of Agronomy, Purdue University, Lafayette, Indiana 47907. 

The full four-day workshop-type meting in Brasilia, Brazil 

was well attended by 134 participants representing Brazil, Mexico, 

Honduras, Argentina, Venezuela, Puerto Rico, Costa,Rica aiid this 

project in the L'.S. The participants represented all but four 

major sorghum research centers in South America. Over 40 papers 

were formally presented. Six presentations were made representing 

the Plurdue-ATl work. They were sumnmarized as three p..pers which art,

attachtd to the trip report. The attendance and discussion evolving 

from pre.,entat oils deronstrated the imitediate Interust in s.rtlhum 

linprovtVIrnt and production especially iii Brazil. The requlnts for 

vist;il ial' s, yorm.plasm :nd syste.is of iinIform t.'.,ltiatlons , f the 

totaI sorghiim pl at pt,rforr;ance and qualitv in I harfldbok ftor

tlur.ion.trait the tlimllne ;sof this workshop and v'iliev:, of tilch of 

the information retgarding te-chniques which were presented. The
 

Brazilian establishm.,ent of -n annual Brazilian Sorght ,orkeri 

CXnferest'e and tile estnifltsh-mvknt ;it ti s conference of a cor.-. tte 

for antother sit,'h sympositin in three yoa's further ILnonstrates the 

out (ning InltLiEtlve of the srmposlum. Visitation -it two locations 

of oitr .Irst P'urdot,-AID Inte'rnationai Protein Yield and Quality Trials 

shted'.giod pterforrance of the lines tinder well :manazed syst-s and a 

relativl v high degree of selection being nade for in-country follow

ul by w.dv spread yield trials within Brazil of nine lines selected 

I rm th Flrs' Ptirdue-All) International Protein Yield and Ouality 

Trial containing ?4 entries. 

'll1 research wasu9ipported by the United States Ardencv for International
Development through Cont ract AID/csd-1 175 entitied "Inheritance and Improve
nent of Protein o,:Itlity and Content in Sorghum bicolor (L.) >ioench". 

http:syste.is
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ABSTRACTS
 

STUMIES ON TIlE %TRITIO:AL VALUE OF SORl.UN CRAI'; W!TII '.ARYI: 

TANNIN CONTENT CHICKS. S]UDIFS. H. .,. o'FOR GR' WII 	 ,tyknn, 

W. R. Featherston and J. C. Roler, Dt'partment of A:niial .Sc!ence, 

Purdue University, Lafayette, Indiana 47907. 

Studies were conducted on the performance of 'hick' ft-d dI,.ts 

(BR6",) or an interr-c..tt,cantaining either a bird reistant sorlhu! 


bird resistant sorghum :,'K300) as compared with that observ.,
 

chicks were fed d:ets containing .n bird susceptfhble .,.r,:h., (.R. )
 

corn as the cereal grain. Chicks fed s.rchu- Y, exhPltedor 

poorer growth and feed converstun as c'-.par.d ;!th chlcks 	f.,'d 

: ,RS610. In general, the 	perfor,anct, of chic's fv.i r .) "-,sa.'c, 

et two .hums ("' ks 't ,',-: Interr;edlate h:.tween th th,: .,,r . , th" d . 

vonsi stent lv exhibited superior we iAtigains .,n,!, tti,'-,,',.,.e. 

fed thc viri.-,o .superior feed conversion as comparied with cl,ic,. 

containing diets. 

:We ight gains and feed ,cuentir-ion were decreased whet t i:.ol,I .. 

was added to the corn, sorhti RS610 and sorghum N1300 diets to th 

level found In the sorghuti BR6t, diet. The perforr.ance of chlck. fed 

"t I'rhv corn and sorghum RS610 diet with added tatic actd was 

superior to those of chicks fed the BR64. or thte NK300 diet w!th ;.hded 

acid. These results sugest that the poor performance of chic;.stannic 

diets was not due solely to the pre-ence of t i.nntcfed the latter two 

acid. 

Chicks adapted to a hith tannin diet durinz 1-21 daus of aie and 
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fed the high tannin diet from 21 to 35 days showed weight gaIns 

of 54.77 and an increase In feed required per gram gain of 60.6Y 

as compared with adapted chicks fed a low ':annin diet from 21 to 

1', days. Chicks fed a low tannin diet from I to 21 days of ap.e and 

switched to a high tannin diet from 21 to 35 days exhibited welht 

gains of 43.5% and an increase in feed required per gram gain of 

85.1' as compared with non-adapted chicks fed a low tannin diet from 

21 to 35 days.
 

Similar weI ght rains and feed c:nversions were noted when 

essenttil amino acils were added to corn and :ors'hum RS610 dietst to 

r isc the. level.s to thoi.!e found In thwe other ,rain. A signifira t
 

i:,rove,vie' it in W,'glit valIi and feed ciunvers ion .x- ,.'pared 
 t0., -licks 

fed ;in inunlippIleuentted diet was nt ted when chicKs were fed a sorIhum:n 

li4 dict witi e,stnt LaI almino ,-Idls ;idded utr to the evels fonLd 

In vorn. 1 i;,altin, tut not feed ronvers ion, of clicks fed the 

supp I emented sorghum BR64 diet wa,; equal to that of cli k fed the 

ui.supple"ucnt dI RS60 diet, but ci!cK performance was poorer than 

that observed with an MIuSUppiL ented corn, diet, a supplemaented 

corn diet or a supplemented RS610 diet. 

Pool trv Science 
(In Press - 1973) 

Animal Science Department project 01568 entitled "Nutrition and Bone
Formation in Young Chicks". Partial support was provided by the
United State; Agency for International Develnprent Cortract AID/csd-l175
eititled "Inheritance and Improvement of Protein Ouality and Content in 
Sorghum b color (I..)Moetich", 
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ABSTRACT 

GENOTYPE BY ENVIR(MiI.ENT rNTERACTION 'FFE(:IS FOR GRA rN y' I El.D, PROTEI N, 
LYSINE 1,OIL SEED OF (M..)AND WEI GHlT SOit:'l BIiCOI.iR MWNCII. 
R. E. Schaffert, D. 1.. Oswo i t aind R. C. !'ickvtt, Departrent of 
Agronomy, Purdue tniversi ty, L.afavet t., Indiani 47907. 

Ten sorghum genotypes from the World Collection .and their 

hybrids with two male steriflv wer, ,rown for two years in Indiana, 

Texas and Nebraska. Grain yield, perrent protein, proteIin yield, Ivslfe 

(% protein and Z sample), lysine yticid, seed wel tht, prvteln per seed, 

perc'ent ctl, plant, height, nd(1 d;.y!; to rle' in fl owe r wore mao;is-ired. 'Ihe 

genot ype-venr-l ocation Int vrac t I on was -;Ipn i f i i:int for ;i Il var i.b I es 

except IsyIno (7.protein). Th. gentYp,-locnit ion Iltr ict Ion -w.is 

significant for all variabLe:; ex:cept grAin yevld, protIn yIcId, lv,;iint, 

Vteld, lysi ne C' s;amplo), and ill. i i llotypt-... iutr.ict i't wI. 

sIgntfi';cnt for lil varlabl,,, txce-pt Iptrelt protei , I.'ii. ( .a; l e) 

andl plant heIight. Genotypes were difforont for all varlahlblon. Dayvs t o 

flower were negatively corrvlated with percent prote in (-0 %6) and 

positively correlated with IvsIw (% prot ,in) (0.0I). Percent protein was 

negatively correlated with lvs lne (7 pr, tel n) (-).66) 11til s Ittvol v 

ct.rrelated with lyslin (T. saliple) (.68), percent oil (0.48), ,ind sped 

weight (0.51). These data inill(';Ittd th.t for inost v;ir:.il]).1( the suhstitutlon 

of years for locintlLins or loation-, for vears In a ta t in., progrim would 

hav 	 little effect. 

Aglr.,l 'iv d st -. t'l. i . 1972 p. 19 

Th is research was supported by the UnItted ;tat ,s Agency for International 
Development through Contract AllI/csd-117i entitlid "1 hLeIitance and Improve
ment of Protein Quality and Cont ent In Sorf-lum hi color (L.,) oelrh". 

http:BIiCOI.iR
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ABSTRACTS 

PROTEIN QUANTITY, QUALITY, AND AVAILABIiTY IN SORGHUM BICOLOR (L.)

,MOI.NCII GRAIN. R. I'.Schaffert.
 

Thirty-flve genotypes were planted in six location including Indiana, 

Nebraska, and Texas in each of two years for the ofpurpose estimaring
 

genotype-environment interactions 
 for yield, protein, lysnIne, oil , and 

seed size. Significant genotype-year-location interactions existed for
 

grain yield, percent protein, protein yield, percent lvsine of sample, 

lysine yield, pu:'cetlt oil, seed weight, protein seed, andper heigl.t days 

to median flower. "ihe relative small glnotype-year and genotype-locatIon 

interactions of nLearly equal magnitude Indicated that andyears locations 

could he Interchanged for percent protein, lysInL as a percent of prottLei,
 

ly:c;Ine as a pt-trcetnt of the sample, 
 ;:t,.d and 


per seeed without Increasing the v;:rJanc, o! 


perctnt oil, weight, proteiln 

a gentavpe meoi. Co-rel at Ions 

btwoen genctypts averaged across environments ind i ated that pereent
 

protein coul.d be Incrast.d by selecting for Increased oil or protein per
 

seed. 
 Protein per sLud was no. ccrrelated with yield but percent oil was
 

nepatively corrLlated with ThL*yield. positive correlation between days
 

to flower 
 and percent ly.,inc of protein and the ne'gartve correlation between 

days to flower and percent protein thatIndicated 3election for these traits 

should be clone within maturity groups. 

The In vitro dry matter disappearance (IVM)) and in vitro nitrogen loss
 

(IVNL) techniques were used 
to study the effect of tannin on the nutritive
 

This research was supported by 
the United States Agency for Tnternationnl
Ievelopment through Contract AID/csd-1175 entitled "Inheritance and Improvemett (f Protein Quality and Content 
in .bcolor (L.) ,uench". 



-62

value of sorghum grain. The IVM) technique detected differences within 

high tannin varieties, within low tannin varieties ad l-bet wen hi gh and 

low tannin varieties. The addition of small amO'tant, of ire. to tht system 

decreased the experimental error nearly 75%. Signiflcatlv lmer v-i',le. 

for IVDMD and IVNL were observed for the high tannin variclt:s. "lIt 

average difference of IVDMD between high and low t:.nln v:iri.t ir.s with 

urea and one incubation was .14.1%. without ur..1 and tw. Incubatlions Was 

8.3., and with urea and two Incubations wfas 7.8.. .%pprc-xlmately 50.. of 

in IVD.D high and t::rnin varietes was rctounLt.,dthe difference between l.w ' 

for by differences in tannin content and ir.,,lubl,t: .t,,t r,. I t Iv.s 

assumed that the tar.nin bound to the proein to fC r- In-,lubl, o,:.lex. 

The IVDJD tulinique can be an ir.port.1t tO Of th, ;l::m" hirrder Ilor 

selecting genutypes with superior nutri ti.'' value. 

Fo~ur le.'els of protein supplementat ion, wilh .o,: and hipmi t iniln s,,}-hun 

were t,.) tograin each with a low and high level of prot f.i in tOi qr in 

wvanliI, rats. Thirteen-day weight Pain, feed fficiencv ratio, prt.'in 

and feed consurm;d were highly significant for tnninefficiency ratio, 

leo,,s and levels of protein supplene-ntation. !'rte In fflciencv rat i 

and feed consumed were highly s ignificantly difffero t for levels of ;rain 

tannin grain had poorer weliht gains, reduc.d I'vedpro:eln. The high 

efficiency and lower protein efficiency. Feed consumlption of the high 

tannin diets was greater or equal to the low tannin diets. Sltnificant: 

differences between high and low tannin genotvpt's for weight gain were 

observed at intermediate levels of proteln supplerentation (5 and 10% 

soybean meal) but not at the high level (15%) of supplementatIon. The 

http:ir.port.1t
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lack of antagonistic interactions with supplemental protein 
for
 

weight gain, feed efficiency, protein efficiency and feed consumption
 

can be supplemented without
indicated that protein frm soybean meal 


sorghum genotypes.
changing the relative performance of different 

Ph.D. Thesis. 1972.
 
Purdue University
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ABSTRACTS
 

BIOLOGICAL VALUES OF S()R;I{HIN 
BICOLOR (LINN.) MOENCII GRAIN. 1. L. Oswalt, R. E. Schaffert, R. C. 

Pickett and J. D. Axtell, Department of Agronomy, Purdue University, 

REI.ATIONSIIIPS OF CHEMICAL COMPOSITIONS TO 

Lafayette, Indiana 47907.
 

low and four tannin sorshumNinety three tannin thirty high grain 

samples were supplemented with minerals and vitamins and fed to weanllng 

rats for fourteen days. Weight gains were expressed as a percent of the 

check sample (PCS). PCS values were negatively correlated with catpchin 

wereequivalents (tannins) . In the low tannin sampl.-s the PCS values 

positively correlated'with In vitro dry matter disappearance (IVI), 

vnc!nu and phenvalllnintprotein, and lysine percents of sample, while 

percents of protein were negatively correlated with ICS values. 1h, 

range of I'CS values was from -1.8 to 21b with IVI)MD being the best 

single estimator of rat performance. In the high tannin samplen PCS 

to 73 and were positively correlated with percentvalues ranged from -57 


oil and methionine plus cystine (relative estimates), tyrosine, and
 

Ilgh tannin sample PCS values indicatedphenyla]anine percents of protein. 


protein unavailability and available amino acid Imbalances.
 

Agronomy Abstracts. 1972. p. 70
 

the United States Agency for InternationalThis research was supported by 
Development through Contract AID/csd-1175 entitled "Inheritance and Inprove

ment of Protein Quality and Content in Sorghum bicolor (L.) Moench". 
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RELATION CF RAT GROWTH TO HIGIH AND LOW TANNIN GRAIN SORGHUM
 
AND LYSINE CONTENT.
 

1G ;
 

00: Low Tcrnin Sorghum 

x. High TanninSorghum 

12 

14 - Day Y: -9.07 64.79 Xi
Reot 10 i o 

Weight C 

Goin 0 

G 0 x0 x" x Ao 

4 X V 

x 

2 
.20 .22 .24 .2G .23 .30 .32 .34 .B 

Lysine (g,'iCOg Somple) 

This research'was supported by the United States Agency for 
Intern:tional Development through Contract AID/csd-1175 entitled 
"Inheritance and Improvement of Protein quality and Content in
 
Sorghum blcolor (L.) Moench".
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ABSTRACT
 

RMT GROV17ll RSPONSE RELATED TO GRAIN SORGHUM. C. Srinlvasan and 

D. L. Oswalt. Oepartment of Agronomy, Purdue University, Lafayette, 
Indiana 47907. 

Feedinz trials of 125 grain sorghum samples selected from tl. 

world collection were conducted to study the effect of amino acid
 

content and polyphenols on weight gain in rats as a par. of a grain 

sorghum protein quality improvement project. The IA-day feeding trials 

revealed that the weight gain in rats was significantly influenced by 

polyphenol content in grain sorghum. Slow growth or even weight 1o;s 

was found w-en the high polyphenol grain sorghum sa-ples were fed with 

vitamin and mineral suppheientation. !he influence of the polyphenols 

masked the differences in protein levL and other amino -icid qualltv 

factors In the feed. Supplenentation of grain sar.p!es high in polyphenlin 

with soybean oil meal (0, 5, 10 and 15 percent soybe:an oil meal) greatly 

of weight gain, lut did not alter the c,,.par.1tlveIncreased tLe amount 

weight gain responses of individual samples in the high or low poly

phenol grouts. Correlations of amino acid, protein with weight gain in 

high and lo' polyphenol sorghum lines and removal of polyphenoln by 

chemical dehulling and supplementation with individual arIno acids were
 

also studied.
 

Jour. An.Sc. 35:1110. 1972.
 

Agency for InternationalThis research was supported by the Unit, I States 

Development through Contract AIfl/csd-117i entitled "Inheritance and Improv'

ment of Protein Quality and Content in Sorghum bicolor (L..)Moench".
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ABSTRXCTS
 

STUDIES ON TilE NUTRITIONAL VALUE OF BIRD RESISTNT SORGHUM GRAIN 
FOR CIIICKS. AMqIN.:O ACID DIGES TBILITY SIUDIFS. 11. S. Rostagno, 
J. C. RogI(|r and W. R. Featherston. Department of Animal Science, 
Purdue University, Lafayette, Indiana 47907. 

Stiudies were conducted to determine apparent and corrected
 

amino acid digestibility of sorgliums varying in tannin content. 

The effects of adding tannic acid to low tannin sorghum and a protein

free diet were also investigated. Supplementation of a protein-free 

diet with 1.41% tannic acid resulted in a four-fold increase in 

endogenous amino acid excretion. The addition of tannic acid to a 

low tannin sorghum :o provide 1.417 tannin produced a relatively small 

dcroase in apparent amino acid digestibility which could be accounted 

t,, by the incra!tu In endogenrous ;mitnno :tld excretinn. Alparent 

and corrocted ainoilO acid digestibilti.a of sorghtims of Inte.,ediate 

and high tannin content were greatly lower than the low tannin sorghum 

or the low tannin sorghum plus tannic acid equivalent to the high tannin 

sorgliums. Apparent digestibility of all of the amino acids for the 

low, intermediate and high tannin varieties was 73, 41 and 22%, respect-

Ively, whereas the corresponding value for the low tannin sorghum pl.us 

tannic acid was 63%. 

Poultry Science 
(In Press - 1973)
 

Animal Sclencv Department project 01568 entitled "Nutriti',.1 and Bone 
Formation in Young Chicks". Partial support was provided by the United 
States Agency for International Development Contract AID/csd-1175 
entitled "Inheritance and Improvement of Protein Quality and Content 
ill or hum bioIlor (L.) Meench". 
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ABSTRACT
 

NUTRITIVE VALUE PROTEINAND SOLUBILITY CILARACTERISTrCS OF NORY.AL

&ND PIGMENTED SORGHL.IS. R. Ja-bunathan, ".S. lisra ard E. T. .!ertz.

Department of Biochemistry, Purdue tnlver:;it:, Lafayette, 
 Indiana 47907. 

Low pigment sorghum variety A (IS 0062) and pinRented sot -hum 

variety B (IS 2283) were each fed to six weanling rats for a period
 

of four weeks (95% ground sorghum 44 minerals, 1 vitamin mix). Rats
 

in variety A gained an averaRe of 
8.7g per week, those on variety B
 

2lost 0. g per week. Protein fractionation of powdered defatted kernels 

was carried out with the following solvents successively (sequt.nc, D -

J. Landry and T. .oureaux, Bull. Soc. Chim. Biol. 5,2:102I (1070).
 

Fraction: I-0.5M! NaCI, 
 II-70% isopropanl (v/v), 111-0 isoprop3nol
 

with 0.6%2-,"ereaptoethanol (2-.-), IV-boratd buffer (uO.5, 
 pil 11)
 

with 0.6 2-:' r, V-borate buffer "ith 
 0.6; 2- i and 0.5' sodfun I itrv 

sulfate (w"v). More than 97" of th? total nItro,,.n was solubli.-cd. The
 

percent of total titrogen in the 
 five fra, tions of sorchums A and B was
 

respectively I:16.8, 3.7; 11: 18.4, 1.9; II : 
 21.6,21.1; TV: 4.9, 13.6; 

V: 	26, 47. The percent distributlon of soluble lvsine.' in sorgiiums A and B 

gasrespectively i: -6.8, 0.8; 1:: 0.8, 0.1; 111:0.5, 1.1; IV: 4.2, 22.7; 

V: 	47.7, 75.3. 
Similar growth response and nitrogen and lvsinLe distribution 

were obtained with a second low pigment (IS 3982) and pleriented sorghum. 

(IS 6992). It is suggested that the pig-.ents in sorghu.i bad to the major
 

proteins, reducing their nutriti--e value and chanzing their solubilit.

characteristics.
 

Federation Procecdfng.z 1973 (in press)
 

This research was supported by the United States, Aonc.' for International
Development through Contract Al!,'csd-1175 entitled "Inheritance and Improve
ment of Protein Quality and Content in Sorghum bicolor (I..) IMloench". 
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