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REPORT SUMMARY

A. !. Project Title and Contract Number: "Inheritance and Improve-
ment of Protein Quality and Content in Sorghum bicolor (L.)
Moench", Contract No. AID/csd-1175,

2. Principal Investigator, Contractor and Mailing Address:
John . Axtell, Department of Agronomy, lurdue Research
Foundation, Purdue University, W. Lafavette, Indfana 47907.

3. Contract Period (as amended): July 1, 1966 to March 31, 1975,
4, Perio: covercd by report: January 1, 1972 to December 31, 1972,
5. Total AID funding of contract to date: $1,177,902.

6. Total expenditures and obhllgations throush previous contract
year: (7-1-66 to 3-31-72) $935,684,

7. Total expenditures and obligations for current year:
(4-1-72 to 12-31-72) S$139,087.

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

B, Narrative Summary of Accomplishments and Utiltzation:

GCratn sorphum is a wajor source of cerbohvdrate and protein for
many millicns of people in the developing world, It {s venerally recog-
nized that the mutritional quality of many sorpghuns new beinp consuned s
relatively poor when compared to the other major cereals, This project has
ident?fied many of the problems responsible for this poor nutritional
quality throush a clesely coordinated interdisciplinary approach by animal
nutritionists, biochenists and plant geneticists. Protedn quallty s
limited by the low lysine content of the sorphum prain, which reflects the
high prolamine content of the endosperm, and the relatively sntll embryvo
size as a proportion of the mature graln. The tannin compounds present
in the grain of some cultivars substantially reduce protein avallabilftv,
which indircetly has a major negative effect on the nutritional qualfty
of grain sorphum,

Sorghum germplasm with superior nutritional quality has been
obtatned by screening over 10,000 lines in the world sorghum collection for
protein, lysine and tannin countent, and also from bfologlcal evaluations
in small animal trials. Random mating populations have been developed from
these selected superior lines for distributfon and utilization in the LNhCs.
An International Proctein Yield and Qualitv Tria! nursery has been established
at approximately 15 locations throurchout the world to determine the adapt-
ability of {mproved germplasm and to monftor proptess made in the improve-
ment of nutritfonal qualicy.

Data un the chemical composition and agronomic characteristics
of over 800 1linces has been summarized for distrlbutlon to sorghum workers
throughout the world. Research information has been distributed through
seminars, journal publications and annual reports, Graduate student and
postdoctorate training proprams continue to supply needed trained scientlsts
for sorghunm improvement programs in temperate and tropical areas of the world.
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A, GENIRAL BACKGROUND

Sorghum s the fourth nest important cereal crop in the world,
being surpassed only by rice, wheat and corn in world-wide Importance.
In Africa and much of Asia it {s the princlapl source of erersy for
many millions of people and provides a major source of pretedn In the
human diec. Though {t is considered relatively hich in carbohvdrates
and a fair source of total peotein compared to rost cereal crops, the
sitritional qualfty Is the poorest ot the nalor ~coreals with regard
to protoin‘cunlunl. amino acld balance and total dinestibilicy.

The purpose of this profect s to develsp and release for util-
jaation in the Lbhts wuperfor varictfes or bnes of sershum with
poenetically contrelled higher protedn content, f~proved anino acld
balance and total digestibility, Thousands of lines iron the world
worphun collection and the various breeding programs are be 2 eval-
wated tor levels of total protedn and for quality by chemical and
hinlopgical means,  The more promising strains are recombined fn various
wivs to {mprove further the amount and guality of protein in hreeding
populatiens.  The p1rnmel0r§ of Inherizance of the high qulritinnnl
quality facters are In the process of being deterained.  Lines which
do not produce seed at Purdue (abont 507) are sent to Puerto 2ico for
multiplication, ‘There these lines are sereened for improved yield for
the tropics aml seed returned to Purdue for screening of nutritional

characteristics, Sclected permplasm and supporting cultural practice
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information are previded to established propra=s ard {nterested
cooperiators to tes*, udcreen and to assist {n the exchange of breeding
materials., CGraduate depree and non-desrive trainliay precrams at Purdue
and workshops in selected LBCs are developed and renularly condurted

to incredase the rescarch capacity of developin notfons with the desfre

of improving the nutritional quality of thelr soratum.
B.  STATEMENT OF PROJFCT OBJECTIVES AS S7aT0h IN HT CONTRACT.

Oojective | - ldentify sorghum lines with fnprnvci pretedn qualiey
and quantity utflizine bath chemical and hialo-ica! -ethods.

Objective 2 - [dentify the chemicil natv- end corvosftlon of the
protein fractivns of selected sorpghum renotvpes an' correlate the prain
fraction composition with nutritonal quality.

Objective 3 - Ascertain the role of varic.s ehemfcal components of
sorghum grain such as polyphenols (tannins), =rotedn quality and carbo-
hydrate availability in monogastric anfmal nutrition,

Objective 4 = Determine the mechanism of inheritance of hiph
nutritional quallt§ and develop breeding metheds and materials {ncluding
populations with improved biclogical quality ‘or potential utilization
in developing countries.

Objecrive 5 - Disseminacte research infor-ation - d germplasm with

superior mutritional qualfit: for utiifzation ia the LDCs.



C. CONTINUZD RELEVANCE OF OBJECTIVES

Nbjective cne should encompass the identification of high
lvsine endosperm mutants In sorghum from chenicel mutapen treatnents,
in addition to screeninz of world collectien germplasm. Hich lvsine
nutants in barlev (5-6 cercent lysine, expressed as a percent cof protein)
have resulted [rom muta:ion inductlon researcn recently reportec by
Nanish werkers (Ingversen, J., Andersen, A. J., Doll, H. and Koije,
B. 1972. Selection and properties of high lvsine barleys. - FProc.
YA/ TATA/GSE resesrch coesdination meeting on the use of nuclear
technisues for i-provement of scud protedn, veuberbere (Municer’, 26-
30 Sune 1672, IARS, Vienna (in press).)

This linen of reseirch should be pursued as part of an overall
balanced appreach to irmproving lvsine content (n sorghun. Since this
[s a new area of research not previously supperted by contract funds,
reprints of two journal articles are attached as Appendix ¢ t2 {llustrate
the capibility of proje:t personnel for conducting rescarch In nuta-

poenesis.



D. ACCOMPLISHMENTS "0 DATE

1. Findings.

The major research finding during 1972 has been the discovery
and ldentiflcation of factors responsihle for the reduced protein
avallabtlity or digestibility i{n grain sorghm. The presonce of
tannin compounds {n som  wraln sorphum ines has been known for

abllity (and indirectly on nutritional quatite) s only now hoeon

demonstrated by research conducted on this profect.  This was made
possible by a closely coordinated interdiuciplinare anproach hetween
bfochemists, animal nutritionista, and plunt enet folsts, We helfove
our research ¢n the effect of tannins »n Aty o] Auality represents
a najor ceatribation toward the understarding of an 1 pertant netri-
tional problew whiech @av exiat {0 many sorcios consendnge areas of

the vorld.

Our data susgests that the protedn present in nbvh tainin sorehum
grain s unavailable for utftization by nenceoantric animals, which
presumably includes human populations, In essence we are propoaine
that much of the protein betng produccd {n some sorpeham consuming areas
of the world s currently belnn wasted, but could be salvaged I low
tannin sorghum genotvpes were rubstitated for the wish taanin varietics
now being grown. This, of course, §s an oversimpliried sulu(lnn‘tu the
problen, since the tannins which cause nutritional problems also confer
some very desirable agronomic characteristics to the prain such as bird
resistaace and the ability of the maturfng prain to tolerate "weathering

An alternative solutfon {s to develop prafn milling or processing
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methods to separate the tannins from the grain before consumption.
The "Palyl" milling system now being tested experimentally in
Nigeria (personal communication from Dr. Hugh Degrett) may represent
a method of achjeving the separation of tannins fivom mature grain
with relatively simple, low cost equipment adaptable to developing
countries.

These results (alluded to above and presented in more detall in
the next section) represent both a difficult challenge and an important
opportunfty for improving the nutritional quality of sorghum for use

fn the LDCs,

20 Interpretation of Data and Support ing Evidence.

The nutritonal problems In sorpghum parallel those in other
major cereals in many respects, but also differ {n some Important
respects.  The major components of nutritional quality in sorghun
are listed below:

1. Protein Quality
A. Lysine Content
1. Prolanine Content
2. Fmbryo Size
11, Protein Avallability
A. Tannin Content
Protein quallty {s limited by the low lysine content of‘sorghum g?nln.
which reflects the high prolamine content of the endosperm, and thé

relatively small embryo size as & proportfon of the mature graln.
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Protein availability is apparently limited in some sorghum genotypes
by the presence of unidentified polyplienolic compounds located
primarfly f{n the testa layver of the grain. Trese plemented conpounds
have not been well characterized chemically and are referred to

“t~nnins". The testa layer lies between the aleurone

generically as
cells which comprisce the outer laver of the endosperm and the pericarp
or seed coat., We do not fully understand how these tannin compounds
influence the nutritional guality of sorphum. Our hvpothesis at
present {s that the seed protefas become comnlexed or bound with the
tannin coapounds of the whole rrain, and that the complexed proteins

are substantially less avaliable for utilizaticn by monovastric anlrals.

Aﬂiﬂﬂnﬁiﬁd Composition.  The averaze protefn aad amino actd compos{tien

of §22 lines from the world sorshum collection are presented In Table
D-1. The average protefun content of these laes is 12.6 percent and
the average lysine content (expressed as a perceat of protein) §s 2.1
percent. A more meaninpful assessment of aniro acld content from a
nutritional point of view is a comparison of essential amine acid
content in sorghum with the rat requirenent, as shown In Figure D-1.
This fllustrates the Jdeficlency in lysine, and the excessive leucine
content ps2sent in sorghum.  The methionine centent of sorphum Is low,
but {f one considers the cystine content of 1.5 percent the overall

sulfur amino acld content approaches that required by the rat. The
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Table D-1, Protein and Amino Acid Composition of Sorghum Grain.*

Composition Mean Standard Deviation
Protein 12.6) 1.89
Lysine 2,14 0.35
Histidine 2.01 0.20
Arginine 3.59 0. 44
Aspartic Acid 7.83 0.77
Threonine 3.26 0.21
Scrine 4,52 0.32
Glutamic Acid 23.22 1.99
Proline 8.16 0.89
Glycine 3.07 0.27
Alanine 9.89 0.71
Cvstine** 1.50 -
Valine 5.35 0.31
Methionine** 1.80 -
Isoieucine 4.08 0.25
Leuvcine ' 14.27 1.2}
Tyrosine 4,50 0.32
Phenylalanine 5.19 0.37
Tryptophank** 1.31 0.14

* Weighted average for 522 lines.
** Velphted average for 3 lines.
teaVelphted averape for 9 lines.

tryptophan content of sorghum based on our evidence at this time
seems to be adequate which is in contrast to the low tryptophan
content {n normal corn.

Fractionatfon of Whole Grain and Endosperm Proteins. Dr. Mertz

and Dr. Jambunathan at Purdue have recently completed the fraction-
ation of sorghum proteins using the procedure of Landry and Moureaux
(1970). This procedure solubilizes most of the nitrogen of sorghum and
ylelds five different solubility fractions. Results of the fractlon-
ation of whole grain from two low tannin and two high tannin sorghum

Iines are shown in Table D-2. The average percent nitrogen in cach
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Table D-2. Nitrogen Distribution in Whole Grain.® (Lysine as
Percent of Protein in Parentheses).
Fraction Low Tannin High Tannin
I (Saline) 16.1 (5.8) 4.9 (3.1)
II (Isopropanol) 4.5 (0.3) 4.2 (0.4)

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

IV (Borate buffer + 2 Mercap-
toethanol) €.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 varicus fracticns is distinctly different between the high
and low tannin lines., This suggests that the presence cof 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 =amples 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 and sustenance of th.
plant. Sccond, within the low tannin sorghum, the protefn content

of fractions 11 and III {s high, but the lyaine content of these
proteins is very low. A summarv [llustration of Dr, Jambunathan'sy
fractionation studies of proteins from low tannin norphuns s
presented in Figure D-2. The bar on the right of cach palr reprenents
protein and lysine content of the endosperm fractions, with the har on
the left representing whole grain fractionattros,  This [Tlastrates
the preponderance of protefn fn Fraction IT and Fractlen 11T o endo-
spern and whole grain fractfonatfoas and also the Tow Iydfine content
of nroteins in these frac.ions.

Growth Respoanse of Rats Relat{ve ro Lvaine aml Tamtn (ontent. “fnce

Ivsine s the first Uaiting anins oid In soreham an experiment was
designed to verify the growth response of rats when fed sorphum vt fons
supplemented with adequite lTvsine hvdrochloride to fultffll the rat
requirerent for lvsine plus a 25 percent excess,  The cesalts of this
experiment are shown {n Figure D-3.  Two low tarnin Hoes (182719 and
1€0129) and one hiph tannin line (156992) were {ncluded in thiu trial,
As vou can see the rat growth on low tannin scrghum ratlons supplemented
with lysine, vitamins and minerals was substanttally greater than wrowth
on the raifon supplerented only with vitaming and minerals,  In contrast,
rats feo the high tannin sorghum (156992) lost welpht on the unsapple-

mented ration and pained only slightly on the ratton supplemented with
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Figure D-3. Rat Weight Gains on Iso-N{trogencus Samples of
Supplemented Grain Sorghum Lines,
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lysine. ‘This observation was first noted by Drs. Mertz and
Jambunathan about a year ago using other high tannin sorghums, and
has since been repeated with several high tannin llnes. These
results suppest that lysine is the first limiting amino acid fn
low tannin sorghum lines but that other factors are first limiting
in high tannin lines,

The results obtained from lysine supplementaticn experiments
are subatant lated by data from rat growth trials conducted by
Dallas oswalt at Pardue. In this experiment we used 17 low taunin
sorpghum 1ines and 10 high tannin lines which represented a range
in variation for protein and lysine content of sorphum !ines avillable
from our sercenfny program of the world sorghum collection.  The
results of this experiment, {llustrated in Flgure D=4, demonstrate
that rat welght pain {s dependent on lysine centent in the low tannin
sorphum proup, but not in the high tannin sorghum proup. The regressioern
of rat welpght pain on lysine content for the high tannin group {s nearly
zero, whereas the regression coefticient for the low tannin proups is
about 65. (From the historical point of view this difference in response
to lveine content hetweeﬁ high and low tannin sorghum lines caused
considerable confusion before we were able to distinguish differences
between these twe groups. Perhaps you can imagine the problems which
would be {nvolved in interpreting this data if all the poiqts on this

praph were Indistinguishable. One would certainly be tempted to conclude
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that chemical analysis for lysine content was unrelated to the
biological value of the grain.) We now have a simple, rapid
chemical assay for tannin contunt'which so far has been throughly
reliable for separating sorpglhum lines into hiph and low tannin
groups. We use the acidified vanillin method of tannin analysis
described by Burns (1970) which estimates tamin content as catechin
equivalents. 1t should be emphasized that the values obtained “rom
this test are based on catechin cquivalents, not actual tannin
content.  Rooney et al (1972) at Texas A & M have reported that
catechin equivalent values for graln sorghun are correlated with
tannin values obtained with other methods. In our experience

the rance of catechin equivalents for sorghun {s ‘rom O to 10,

Ve have classificd sorghum l{nes as low tannin [f the catechin
cquivalent value {s below 1.00. |

Frequency of Migh Tannin Sorghum Genotypes In the World Collection.

We have only limited evidence at this time on the {requency of high
tannin sorphum genotypes in the world collection., Armong 472 lines
which we have analyzed for complete amino actd content, shown {n Table
D=3, 307 were classified as low tannin and 172 were high tannin lines.
The averape catechin equivalent values for the low and high tannin
lines were 0.38 and 3,40, respectively, There were no significant
differences {n protein or cssential amino acid content between the

twe groups. We have just completed evaluating 288 lines collected

re:ently in Cameroon, Africa. The data on tannia and protein content
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Table D-3. Protein and Amino Acld Cumposition of High and Lcw Tannin
CGrain Sorghum. (Amino Acld Content Pxpressed as o of Pratein.)

Essential Amino Aclds 300 low Tannin 172 Wigh Tannin
Catechin Equlivalents 0.38 ¢ O.?A* 3,40 = 2.3%*
Protein 12.71 *+ 1.80 12,42 ¢ 1,95
Lysine 2,11 £ 0.33 2.15 = 0,35
Histidine 2.02 £ 0.19 1.99 = 0.21
Arginine 3.56 ¢ C.42 3.60 + 0,41
Thraonine 3.26 £ 0.20 1.24 = 018
Cystine* 0.94 = 0,22 0.89 + 0,22
Valine 5.713 £ 0.29 5.37 £ 0.1
Methionine* 1.02 + 0,53 1.0} = 0,16
Isoleucine 4,08 ¢ 0.29 4,07 0,22
Leucire 14,33 =+ 1.20 14,17 ¢« 1.10
Phenylalanine 5.21 ¢ 0.36 5,02 ¢ 0,34

+ Standard Deviation.
* Values may be low due to excessive oxfdation durine hvdrolvsis,

Table D-4.  Frequency of High and Lew Tannin Sorphunm Genotvpes arone
288 Lines Collected in Cameroon, Atric..

Hiph Tamnfe Low Taonin
Number of Lines 229 59
Average Catechin Fouivalent Value 4,07 0,49
Average Percent Crude Protefin 10.6] 10.93

of these lines s reported In Tahle D=4, Reuithly 80 percent of these
Iines were classifled as high tannin genotypes with an averave catechin
equivalent value of 4,07, There was no difference fn protedn content
between hiyn and low tanuin groups, although both were lower than the
overall averape of 12.6 percent reported {n Table D=1, Thls oo Bl
be accounted for by the observation that the Cameroon Hnes represent an
unnsually large seeded collection,  In general, {ft can be conuluded

that high tannin sorghum genotypes may conprise a sipnificant
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proportion of the sorghum germplasm in some areas of the world.

Alkalf Debulling of High and Low Tannin Sorghum Grain. Since the

tannin in corghum graln is contained primarily {n the testa layer
beneath the pericarp, we have tried with some success to remove the
tannin with an alkall dehulling technique described by Dr. Blessin
(1971) at the USDA laboratory in Peoria, Illinois. This methud involves
hot sodfum hydroxide treatment of the whole grain for six to eight
minutes followed by repeated washing with distilled water. The data

in Table D=9 shows the effect of dchulling on tannin content, proteln
content, rat gain and feed consumption for one loaw t  in Texas hvbrid
(BSGI0Y and two high tannin, high lvsine lines (176992 and IS8267)

trom the world sorphum collectien.

Table D=%,  Alkali Dehulling of High and Low Tannin Grain Sorphum,

Catechin Percent I4=Day Rat Feed

Fquiv, Protein Welght Gain  Consumed
Entry B () (g)
R$610 48 9.9 5.26 112
R8610_{dehulled) .Yo_ 9.9 . 6.72 132
156992 1.74 9.4 5.73 99
156992 (dehulled) .07 9.8 _19.20 10}
158260 3.71 8.1 4,12 95
158260 (dehullea) .10 8.4 7.98 97

Catechin equlvalent values were reduced without substantial change

fn protein content in all cases. Rat weight gain was not sign/ficantly
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improved by dehulling the low tannin RS610 hybrid, bat was substant-
fally increased by dehulling of hoth hMeh raonin lines, There was
no large difference in the amount of feed consumed between hutled
and dehulled samples which indicates that the poor welght paln for
whole grain samples of IS6992 and IS8260 vas not causied by redueed
intake.

All of our previous tests on the differenc e 1n response of
lysine supplementation hetween hiph and Jow tannin servhun Hoes hve
been made by comparine lines from the world collection which ditrer
in tannin content hut are rot Isovenic for other charwererfaties, A
more direct test can be made by atfleine the 2kl dehal Tnge @ e b dae
to obtafn "low taonin™ centrol Tines which can then he conpared with
whole prafn with the saie penetic backeround but with o hivh tanntn
content.  The results of an experlment comparing the blologfca!l valage
of whole grain samples frorm two Yiph tunnin Yines, and dehulled counter-
parts of eai Mne, with and witheut Lines supplementat ton are shown
fn Figure D-5. 1In hoth cases the rats satned 1ttle or no we fpht
on the whole prain (high tannin) ratiens suppl wmented with lystoe, but
responded to lysine supplementation of the dehndled (Jow tannin)
ceunterpart rations. The evidence from this and other studies discussed
demonstrates thet lysine content Is the major factor lmiting the
bivlogical value of low tannin scorghum grain, but {s not flrst Iimiting

for high tarnin sorghum,
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Figure D-5. Lysinc Supplementation of Whole Grain and Dehulled
High Tannin Sorghum Lines.

m Unsupplemented Grain

D Grain + Lysine HCI
20 }- (Requirement + 25%)

all

Grain Grain Grain

14-DAY RAT GAIN (g)

IS 6992 I1ses92 }Z IS 8260
\Vhola Dehulled Dehulled

-10 I IS 82620
I Wihols
Grain




Supplementation with Sovbean Meal. One possible explanation for

lack of rat growth respouse fn lysine supplemented high tannin serphun
rations i{s that the tn;nin conpounds may produce a toxic etfect

which counrteracts the expecied growth response frem lvsine sujgple-
mentation. The data in Figure D-6 suggest that this 1s nut the case
since the addition of only five percent soybean ofl meal to hich
tannin rations produced a very significant fncrease in rat growth,

In this experiment, conducted by Schaffert (17272) at Purdue, ratt- .
containing two low tannin and two hixh tannin lines were canplo-ented
with 0, 9, 10 or 195 percent sovbean ofl meal, and rat prowth reaprae
neasured in a 13-daw trial, It seems onlikely that the additien -

smiall quantities of sovhean neal would dilute ary toxte of fecr T tin
extent required to account for the substantfal rat eain {llustrat. !

in Fipure D-6. we would expect the low tannin lnes to respend to
sovbean supplementation because of the relattvely high lysine content
supplied. It is quite apparent that something {s added with the sovbean
ofl meal which can correct a nutritional deficierncy or fmbalance {n

the high tannin rations. The effert of soybean meal supplementatieon

on feed effifclency ratios is {llustrated {n Figure D-7. This sealn
shows the striking reduction in amount of feed consumed per pram ot

pain when high tannin ratfons are supplemented with five percent or

more soybean oil meal. The most viable possibility at this time is

that the soybean o1l meal supplies avallable protcin which s deficient
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fn high tanain lines because the sorghum protein is complexed or

by some other mechanism made unavailable for menogastric animals.

The evidence obtained by Drs. Jambunathan and Mertz on protein fract!lon-
ation supports thls explanation, since the presence of tannin compounds
apparcently alters the solubility of major protein componuvnts in high
tannln sorghum lines. Dr. Jambunathan is currently determining the
molecular weight and other charac.~ristics of the proteins In each

high tannin sorghum fraction, which should provide direct biochemical
evidence on whether these proteins are complexed with tannins or not.
There are other possible esplanations which need to be tested, I{ncluding
the following:

a)  Soybean oll meal may provide some essential amino acld other
than lysine which is selectively unavailable in high tunnin
rationsg,

h) There may be a deficilency of available {norganic nitrogen,
peeded for bilosynthesis of non-essential amino aclds and/or
other nitrogenous compounds vital for rormal growth and
development in bigh tannin sorghum ratiors, perhaps because
of the unavailability of the nitrogen from the sorghum protein.

¢) There may be compounds in soybean oil meal which can bind more
competitively with tannins, ard thereby replace the protefn hound
to tannin making it more available.

Each of these pussibilities 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)

2)

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.

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 feas’ble in most
areas of the world where sorgtum is a major component of the

human diet.
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3) “%“ere may be dchulling procedures or methods of dry milling
. 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 with 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 ranpes
from 7.8 to 12 percent of the whole grain., This is smaller than the
frerm size in corn. In my estimation this difference explains part of
the difference in lysine content between normal corr and sorghum. Nermail
corn contains approximately 2.5 to 2.8 percent lysine (expressed as
percent of protein) whercas normal sorghum contains approximately 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 supgests differ-
cuce in perm sizes between these ~necies since most of the ofl {s con~
tained in the gern. We have identified several sorghum lines with 2.5
to 2.6 percent lysine which have a relatively large germ size. We
should be able to make quite rapld progress ir selections from vandom
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 al (1972) have rcported recently thal these mutants in corn
also effect lysine content in the endosperm. Mr. Rameshwar Sinph
working in our laboratory has identified five such "mutant" lines
in the world sorghum collection this past year. The protein and
lysine content of all five lines are shown in Table D-6. These

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 carbohvdrate mutants for ir)roving the nutcitional
quality of sorghum.

Table D-6. "Sugary" or "Brittle" Endosperm Lines.

Lysline Lysine
IS Number v Protein 4 of Pretefn 7 of Sample
Scrghum Average _12.61 2.4 ____.209
5376 16.3 2,27 .370
5614 14.8 2.65 .392
5623 15.1 2.73 412
4526 16.2 2.1 439
4668 14.9 . 2.18 .325

The prolamine content of sorghum endosperm 1s high, as we have
seen, and the lysine content c¢f the prolamine fraction Is very low
in sorghum as it i{s i{n corn., The situation in sorghum parallels that
in normal corn In many res,.cts. There 1s every reason to believe that

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

lines in the world sorghum collection and ldentified possible

opaque grain phenotypes. Some have been growr in Lafayette in 1972
and others (light-sensitive lines) are being grown in Puerto ltico

this winter. Protein and lysine analysis of.these putative opaque

lines will reveal whether any low prolamine lines have been f{dentifled.

Preliminary results of two lines from Ethiopia fdentified by Mr.

Rameshwar Singh are encouraging. The protein content of these lines fis
12 and 15 percen:, with lysine 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 {n Table D-7.

Table ND-7. Nitropgen Distribution in Sorghum Endogperm.

Sorghum Etkiopia Fthiopia
Fraction Average 204-1 20042
1 7.3 20.97 15.71
11 16.8 13.70 2.19
111 32.4 21.49 25.45
v 7.8 8.43 9.98
\ 25.3 ' 24,23 31.84

Total Nitrogen
Fxtracted 89.5 8.8 91.17
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Note the reduction in percent protein {n the prolumine fractiors

(I1 and IIl) and the increase in percent protein i{n fraction I,

whicn is the lysine rich fraction in sorghum. Data fro2 a zrelin-

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

best check line (1S2319) is presented in Table D-§,

Table D-8.

Results of 7-Day Rat Feeding Trial.

Fntry Rat Weight sain
ey

Ethiopia 204-2 10.2%

152319 (check) LA

* Avirage of four rats
**% Average of three rats

This verifies that the biological value of Fthicpia 20%-2 s

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

tine, that these lines from Ethiopia represcent the equivalent in

sorghun of the opaque-2 high lysine mutants in corn. Much rore

information is needed, but it is fair to conclude that Ethiopia

204-2 and 204-2 represent a step in the right directicn, f.v.,

teward better nutritional quality {n grain sorghun.

In summary, it will be necessary to consides each of thewe

parameters (prolamine content, germ size and taanin content) §n the

nutritional qualfty in sorghum. It is unlikely that aay lines In



=29~

the world sorghum collectfon will have all three necessary
characteristics. 1t 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 of characteristics.
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3. Resecarch Design,

Several methods for lysine analvsis have been evaluates dur.-:
the past year (a complete report is appended with research reszizs .
Results from dye-binding estimates of basic amino acld cortent were
highly correlated with the biolopical value of grafn sorg! == wice:-
the low tannin proup. This techaique will Ye adopted as a ra=-::=

screening method for low catechin coulvalent samnles. Shors :-2 -

chromatopraphy will continue to be used for Ivsine esti-ati-n

high tannin samples,

The XFOTEC prain quality analvzer §s currently belne eosl 02

for rapid determinations of protein, oil and maletnre contess.

Preliminary results supgest that correlatfons with sfere Voo 4

nitropen are poud (r = 0,96).

E. DISSEMIBATION AND UTILIZATION OF RFSFARCE *5SULT 1,

1. Dissemination of Kesults.

Publication of resesrch data in journals with the distriy od =

of the annual report data resulted in widesprread uti{lizaticn 7 f:0: s
Several requests for additional copfes of the 1971 report were rocele

from AID missions, Staff participition {a cendnars ot Ma=i, (-_r5i,

< ¢ - ...
NOULR ST e Tl TR

Mexico City and Washingten and a one-weex workshop for

and 107w reers,

workers in Brasilia gave dircct contact with research
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Visits to disease and research field days in lexas with visits

by U.S. and other country workers to ihe Purdue University campus with
their colleeting ideas, data and genctic materials resulted In sharing
project findings. Training of graduate students from the U.S. and
other countries stimulated and directed interest to the potuntials

for protein quality studies and developments {n grain sorphum and

the propress being accomplished. A bibliographic list uf publications
and short abstracts of each is attached as appendix E-1 (a). A list
of short statements that fdentify each known u.ie of materials produced

by this praject {s attached as appendix E-2 (hy.

2. Feidence and Cases Where Findings are Beine Used {n LDCs and 1LY,
a)  Lines have been selected from the 20 eatrics in the First
Purduc-ATD International Protein Yield and Oualftv Trials

and entered into extensive vield trials for possible {ncrease

and release in Arazil, and data from over .0 locatinns are belns

collected from plantings belng harvested now.

b) A special study by Dr. Lynn Bates at Xansas State Pniveralty
with three sclectlon; of cach of two levels of lvsine and
tannin has been established from our data and {nventorv at
nne level of protein., Several high tannin sorghum lines were
sent to the University of Kentucky Biochemistry Department for

chemical analysis of the tannia compounds present.



c)

d)

e)

£)

h)

i)

Feeding trials to compare rats, mice, chicks, voles and
crickets were entered by selections from our data and
inventory in connection with CIMMYT cvaluatinn of cther

crops.

Requests for protein quality selections and specific
phenotvpes have been filled from Mexico, Brizfl, Pucrto

Rico, India, Upanda and the U.S.

Sets of slides showinyg equiprent, phenozvpes and disease

and insect danmage were sent to Argentina, University of
Urasilia, Ca-pinas, Sao Paulo, Sete lasoas .nd Fortaleza

in Brazil as ré~uested hy participants {n tle workshop.

SPDA worrers it Peoria, Illinofs were sent ot thelr reguest
representative genotype samples of known levels of tannin,
protedin and lvsine,

visitors frem 'falawi, W. Pakistan, Brazll, Uzanda, Kenya,
YWigeria and the U.5. and internationa) centers discussed

and recelved data and rrocedures relevant to adaptation in

LDC prosrams of their involvement.

R2quests for computer programs developed for handling field
and protein data have been answered by sending the programs to
Brazil and Texas workers.

A simplified general procedures handbook for nursery development
is in a rough draft stage in responsc to Brazilian requests
for a nursery procedure puide. This effort s to be completed

{n the near future.
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High altitude high protein types have been requested for
use in Mexico and the cooler areas of Brazil. Our bhest
linc selections have bheen sent with relevant data.

High protein ms. populations requested for use in Brazil

3
and Iudia with A and B line selections requested by

Argentina, Colombia and Brazil were provided.

Fntries with known disease and insect resistances havinp
protein estimates have been requested by Indonesia., Others
s#re also requesting this Information. Some have been referred
to the Texas program.

Hybrids, populations, selections and data from this project
are forming a basis for the Sorghun Division of the Brazilfan
Natfonal Special Agricultural Research Program.

Samples for standardizatifon and evaluation of NEOTEC's Grain
Quality Analyzer were selected from Inventory samples with
known dat:.. This may be a valuable tool for rapid estimations
of moisture, protein and oil in LD(s and other countries,
Samples representing a high protein potential, but also
potential forage varieties based on our fleld data were
selected for requested experimental use in Haiti, Puerto Rico
and Brazil.

Data being returned to us indicates use of the number coding
system for note;takinn and management suggestions distributed

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

a) Continue full cooperation with ICRISAT and with work bef-a
done in Puerto Rico, Texas and Nebraska to avold duplicaticns
and collect and summarize known data for more efficient
utilization and distr.bution of collectfon ftems. Thuo establisi-
ment of staff to coordinate and praduce data surmaries oo zul’
all sorghum work together is needed. This should be an addivi_ nal
contract attached to one of the present research provra=s.

b) A simplified nursery handbook outlining field lavout svie™s,
note-taking systems, data handling proceldares and sour.es

and type of equipment 1s needed to help crordinate dat:

recording and stimulate worvers in LDCs te Investiuale foes

and systems when establishing new test sites and for veeewal
of older programs.

¢) Continue the development and conduction ¢f workshops related
to production and management factors contributing to protein

and cther nutritional factors in Africa and Asia in cocterati-g

with ICRISAT,

4. Involvement of LDC Personnel and Institutlons.
a) ‘the workshop at Brasilia was orpanized and locally supovreed
by the Ministry of Apriculture, University of Brasilia and
USAID personnel in Brasilia. Dr. R. C. Pickett ret with

the planning committees and they developed the progran



b)

c)

d)
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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 intercst
in sorghum in Brazil.

The First Purdue-AID International Protein Yteld and Quality
Trials involved selecting entries on the basis of previously
distributed germplasm data and Purdue research data and
correspondence with workers in areas where the trials were
placed in previous years as well as concerning these specific
trials. Their return of field books and samples for analyals
and data summarization i{s leadinpg to the selection of entries
for a broad based widely adapted random mattn, population
with above average protein quality and vield potential to
further LDC use in their btreeding programs.

Dr. Helrd lbrahinm from Egypt is here for a one-year study
program sponsored by FAO, and Mr. Raliundo de Pontes Nunes
from Fortalezs, Ceara, Brazil arrivced recently for a Ph.D
program sponsorced jointly by Ford Foundation and USAID. Both
are scheduled for future sorghum research programs when they
return to thelr countries. One student from India, one from
Uganda and two from the U.S. will be completing Ph.D. programs
in 1973,

Cooperation with Texas, Arizona and Georgia in disease and

insect evaluation of selected materials and the testing for
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protein quality of the convertied lines from Texas has

continued to identify penotynes more sultable for breeding
programs.

Cooperation with USDA {n Puerto Pico in completing their
inventory of the 1S collection and for selection of ather
potentially high quality entries now - the world sorghun
collection has continued. They are also helplng advance our
random mating populations,

Extensive correspondence {nvolving germplasm, management factors
and nutritiénnl quality resulted from the cont{nued wide distri-
bution of rescarch reports resulting in visftors from LDCs aad

others to our laboratories and ficlds for direct contact wit

this program.



Total Budgec To Date Estimated Total Actual
Amount 4/1/72- 1/1/73- and
Category 4/1/72-3/31/73 12/31/72 3/31/73 Estimated
Salaries & Wages $101,850 $ 73,997 $23,83%0 $ 97,887
Overhead 63,962 46,470 15,003 61,473
Salary Related Cost 3,183 3,767 1,220 4,987
Non-Expendable Equipment 4,000 516 3,484 4,000
Expendable Equipment & Supplies 10,800 9,083 2,000 11,083
winter Nurseries 8,000 -0~ 11,700 11,700
Travel & Subsistence 4.000 4,637 -0- 4,637
Cozputer Service, Publications,
Workshops and Sezinars 13,000 1,217 4,185 5,402
Subcontract Analysis 28,422 -0- 36,825 36,825
Grand Total $242,218 $139,6€87 $98,307

$237,994
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G. WORK PLAN AND BUDGET FORECAST FOR 1973-74.

Objective 1 - ldeatify sorsl

e
3
15
‘w
le
'ﬁ

improved protein qualitv

i
I
|

and quantity utilizing both chemical and biolegical methnds.

a) A major effort will be made to complete chemical analysts of the
world colle:tion of sorpghum lines i{n our fnventorv for tannin
content, lvsine content and protein content.

1) Tannin content will be estimated as catechin equivalents
which kas been a relfable assay thac is consistently
nepatively correlated with rat response.

2) The hich tannin sorghum lines will be analvzed for lvsine
content using short celumn ion-exchanve chrorategraphy on
the Besnan Amino Acid Analyzer. High lysine llnes will be
crossed with low tannin genotvpes te extract genes condit-
ioning Y%iph lysine content in low tarnin genotvpes.,

3) The lov tannin sorghun lines will be analyzed for (ysine
content using the dyve-binding technicue, follewed by rat
feedine trials on the best entries.

b) Evaluate F2 and F3 progeny from low tannin sorchum genotypes
treated with chenical mutagens fn 1972 for {solation of low
prolamine (high lysine) endosperm mutants.

c) Make chemical evaluation of sorghum lines which produce grain

with a non-vitrecus endosperm phenotype selected by examination
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of sectioned jrains of lines in the world collectlon,

d) Evaluation o1 124 sorghum lines released by the USDA Texas
Conversion Program for protein, lysine and tannin content,
Hutritional quality will be verified with rat feeding trlals
on the most promising lines.

c¢) Fvaluation of a technique for total éu]fur determinat fon of
sorghun grain as a means of estirating sulfur-bearing amao
acid content of sorghum lines.

f) Continue protein vield trials with 12-15 cooperators In the B8,
and overseas using 20 sorghum lines selected tor the Inltial
release of 500 lines and other quality sclections,

£) Continue sanpling from F2 to Fs progeny of crosses between high

protein quality lines. Begin evaluation of lines from LY high

protein and high lysine populations.

Objective 2 - Tdentify the chemical natnre and compusition of the protufn

fractions_of _selected sorghum penctypes and correlate the graln fractfon

composition with nutritional quality.

a) Fractionate sorghum.types showing major differences fn nutritional
value based on rat feeding tests into five soluble fractions
(L.andry-Moureaux nechod)., The five fractions will be cxamined
by chkromatography and disc gel electrophoresis to {dentify
fndfvidual proteins and protein-polyphenol complexes which

may enhance or reduce the feeding value of the whole sorghum

grain.
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b) Determine lysine centent of a wide spectrum of sorghunm
genotypes in low tannin and dchulled high tannin samples using
the pyridine methad (E. Villepas and F. T. Mertz, CIMMYT Res,
Bull. No, 20, 197]) and correliate the Iysine content with rat
performance and with lysine content of fndividual protein
fractions.

¢) [Isolate protein-polyphenol complexes and determine thelr nutritf . e

value in the rat.

carhohydrate aveilability {n monogastric anfwal nutrition,

a) To study the influence of dietary supplementat fon of methvl
proup deonors, specifically methlionine and choline, on the chick's
utflization of sorghum grain containiny high levels of tannic
acld.

b) To compare the rutritive quality of low and high tannin sorghum
grain from which the tannin containing testa laver has been
chemically removed.

c¢) To study the feasibility of using an in vitro enzyme digestion
assay as a measure of the amino actd avallahility of sorghum
grain centainlng varying amounts of rannins which have shown
by growth studies to support widely differing rates of arowth
and feed efficiency.

d) Fvaluate carbohydrate digestibility and rat performance of 30

waxy endosperm lines selected from the world sorghum collection.
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Objective 4 - Detcrmine the mechanism of inheritance of high nutritional

quality and develop breeding methods and materials including populations

with _improved biclogical quality for potential utiliaation in

developing countries.

a) Continue development of high protein aad high lysine male

sterile ns, populations at Purdue and Puerto Rico.

1) Third random mating generatfon for high lysine B and R
populations (release seed).

2) Second random mating peneration for high protein B and R
popuiatlons.

3) Second random mating gencration for hipgh yleld with above
average protein B and R populations,

4)  Flrst random mating generation for populations developed from
20 vutstanding lines with Juperior protefn yield.

5) First random mating generation for population developed from
lines selected on superior rat weipht gains.

6) Continuce backervssing eltte lines (high lysine such as 7188260
and others) on ns, stock to develop pure llnes for future
inheritance studies.

7) Continue developing cxotic cytoplasmic male sterile A and B
lines (about 20 new backcrosses fnitiated each year).

b) Use A lines after backcross six to sct up a diallel to study the
fnheritance of the rraits affecting blological value.

t) Contiaue to evaluate famillies in the F3, F&' FS' F6 and F7
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generation made by croessing varifous combinations of protein
level, and nutritive value as determined by rat feedine.

Study inheritance of genes controlling tannin content {r sorghum
using F2 progeny from high tannin x low tannin crosses.

Continue to study the environmental effects on protein vicld

and nutritional quality. All selections grown at =altinle

locations will be analyzed for genotvpe x envirvennent [ntervactions.

The inheritance of the ability of plants to take up nitreden
differentially under varlous nutrient levels and balances will

be investipated as related to grain protefn guantity ard juality.

Make available and distribute collected and develeped fnfczmation

for improved nutritional quality of sorphums, distribute sviected

germplasm to established prograns and interested s-operaters,

and develop ccoperatlve prourams to test, screcn ani exch .owe

breeding materials.

1) Brecding and evaluation materfal will be distributed o
cooperators ar ‘follows:

- Twenty selected diverse lines for breedine sources will he
sent to cooperators requesting seed. [Instructions for
management, data collection and return of select grain
samples useful for our study will accompany :ﬂv seed
shipment. Seed of selected lines and all data will he

returned for analysis.
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Populations and seprepating materials will be made available.

All lines goiny to advanced trials will be sent for

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

(India and Africa) cte., as such trials can be arranped In

cooperation with ICR®..AT.

Print and distribute catalogs or suitable raterials tuv cnable

adequate utilfizatior of data related to origin, composition,

fnheritance and nutritional quality ol populations and

collection items.

Ph.D. degree proprams with thesis on the work related to this

project will be continued at abeut the level of four candidates

at o time.

ven-desree programs (number deter~ined largely bv COnperLLors)

with response by this project to .he tollowling:

- Continvation of visitors from rny ¢ -untries.

- Short-term AlD-supported {ndividuals and groups.

- lLonger term (six months to oue year) visitina professors
and others.

- Commercial company and other trainces.

- Special research problems by supericr Purdue under-
graduate students.

- post-doctorates (threecpositions funded by this project).

5) Workshops.

- Continue to implement a Latin American workushop for sorghum


http:deter.-.net

-

workers to be conducted fn Puerto Rico In ‘anuary 1974,

= Initiate and develop plans for a workshop te be held {n South-
cast Asla as soon as feasible to be followed by one In
Africa (possibly Frhiopfa) .n cooperation with JCRISAT.

6) Initiation of opportunitfes to share findings and prohlems
with 1CRISAT and co-workers will be promoted hy visfts to the
Texas sorghun program, Nebraska sorghum prowram, attendance
at relevant seminars and conferences, {aviting co-werhers to
visit the project's nursery and laboraturies, Purdie Agronomy

Farm Field Day partfcipation and continued cosperation with

the Indfana Aericaltural Extension Service,

Budget:
Line {tem 1 - Salary and Waees s116, 409
Line item 2 - Indirect Costs (62,.8™) 73,143
Line ftem 3 - Salary Related Costs 8,659
Line {tem 4 - Pernanent Equipment 4,000
Line item 5,6 - Expendable Supplies 8,000
Line {tem 7 - Winter Nursery 6,500
Line {tem 8 - Travel 4,600
Line ftem 9 - Computer Services 2,000
Line ftem 10~ Sub-Contract Services 21,200
Line Item 11~ Publications 2,000
1.ne ftem 12- Workshops, Senfnars _4,000

Total $249,971



-45-

APPENDIX:
D. Current Research Report Topics.

!. Components of Nutritional Quality {n Grain Sorghum.
J. D. Axtell, R. C. Pickett, D. L. Oswalt, R. Jambunathan
and G, Srinivasan.

2. Genotype by Environment Interactions for Yield, Protein,
Lysine, 0il and Sced Weight In Sorghum bicolor (L.) Moench.
R. E. Schaffert, R. C. Pickett, D. L. Oswalt and J. D, Axtell.

3. Amino Acid Composition of Whole Kernel and Endosperm Protein
Fractions of Sorghum. R. Jambunathan and E. T. Mertz.

4, Comparison of Chemical Evaluatlion Techniques with Biological
Values of High and Low Tannin Grain Sorghum. R, Jambunathan,
J. D, Axtell, F. T. Mertz, D. L. oswalt, and G. Srinivasan.

9. Amino Acid Composition of Sorphum Grain and Relatf{onships
Between anino Acids and Protein. 6. Srintvasan, 1. D, Axtell,
R. Jumbunathan and D, L, Oswalt,

6. Influence of Supplemental Nitropen on the Relationship Betwueen
Tannin Content and In Vitro Dry Matter and Nitrogen Disappearance

{n Soryhun Bicolor (L.) Moench Grain. R. E. Schaffert, D. L.
tswalt and V. L. Lechtuenberg.

7. Comparative Studies of the Utilization of Bird Resistant and
Non=Resistant Sorphum Grain by Chicks. W, D. Armstrong, J. C.
Ropler and W, R, Featherston.

8. FEffect of Supplemental Protein on the Nutritive Value of High
and Low Tannin Soryhum Bicolor (L.) Moench Grain for the Growing
Rat. R, F, Schaffert, D, I, Oswalt, and J. D. Axtell,

9. A Comparison of Three-Row and On2~Kow Plots for the Evaluation
and Selection of Lines for Protein Content. D. L. Oswalt,

10. Preliminary Results of the First Purdue-AID International
Protein Yield and Quallity Trial. D. L. Oswalt, R, C. Pickett,
and J. D, Axtell.
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APPENDIX:
E-la. Bibliographic List and Short Abstracts of Kesearch Reports
for 1972 Representing Efforts to Disseminate the Results of the
Research Project.

l. Axtell, J. D. Purdue University International Sorphum Program.
Paper Presented at the AAAS Symposium entitled "Organizing
for International Research' December 28, 1972, Washingion, D. .

2. Axtell, J. D., R. C. Pickett, D. L., Oswalt, kK. Jambunathan and
G. Srinivasan. Components of Nutritional Qualfty {n Grafn
Sorghum. Paper Presented at the CIMMYT-Purdue Internat{onal
Symposium on Protein Quality in Malze, December 4-8, 1972 at
El Batan, Mexico.

3. Armstrong, ¥W. D., ¥. R. Featherston and J, C. Ropler. Influence
of Methionine and Other Dietary Additfons on the Performance
of Chicks Fed Bird Resistant Sorphum train Dicts.

Poultry Science (In Press - 1973).

4. Collins, F. C. and R. C. Pickett. ombinirye Ab{lity for Grain
Yield, Percent Protein, and g Lvsine/100z Protedn tn a Nine-
Parent Diallel of Sorghum Bicolor (L.) Moench. Crop Selency
12:423-425, 1972,

5. Collins, F. C. ard R. C. Pickett. Corbininig Ability for Yield,
Protein, and Lysine in an Incomplete Diallel of Sorghum
Bicolor (L.) Moench. Crop Science 12:5-h, 1972,

6. .ambunathan, R., J. S. Misra and E. T. Mertz. Nutritive Value
and Protein Solubility Characteristics of Normal and I"Mpmented
Sorghums. Federation Proceedings. (In Pross - 1973)

7. Oswalt, D. L., R. E. Schaffert, R. C. P'fckett and J. D. Axtell,
Relationships of Chemical Compositions to Blological Values of
Sorghum bicolor (L.) Moench. Agronomv Abstracts. 1972, p. 70.

8. Oswalt, D. L. First Interamerican Sorghum Svmposium. DPapers
Presented at the First Interamerican Sorghum Symposfum, Aupust
28-31, 1972. Brasilia, Brazil,

9. Rostagno, H. S., W. R. Featherston and J, €. Rogler. Studies on
the Nutritional Value of Sorghum Grains with Varying Tannin
Content for Chicks. Growth Studles. IPoultry Selence.

(In Press - 1973).
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10. Rostagno, . S., J. C. Rogler, and W. R. Featherston. Studies
on the Nutritional Value of Bird Resistant Sorghum Grain
for Chicks., Amino Acid Digestibility Studies. Poultry
Scicnce. (In Press - 1973).

11. Schaffert, R. E., D. L. Oswalt and R, C. Pickett. Genotype
by Environment Interact{on Effects for Grain Yield, Protein,
Lysine, 0fl and Sced Weight of Sorghum bicolor (L.) Moench
Agronomy Abstracts. 1972, p. 19,

12, Schaffert, R. E. Protein Quantity, Quality and Availabilicy
{n Sorphum bicolor (L.) Moench Grain. Ph.D. Thesis, Purdue
University., 1972,

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

E-1b. Uses of Materials Produced by This Project.

a) Correspondence with individual workers (Indicated {n brackets)
from cach of the following countrivs was answered by sending
data, informatien and/or gpermplasm as specifically requested;
often more than one round of correspondence evolved with a
piven worker; Arpentina (2), Australia (1), Botswana (1),
Braz{l (7), Chile (3), Colombia (2), Conpo (1), Costa Rica (1),
Ethiopla (1), Hawaii (2), Tndia (9), Israel (1), Jordan (1),
lenya (1), Korea (3), Lebanon (2), Malawl (2), Mexico (4), New
Zealand (1), Nicaragua (1), Nigeria (2), Paraguay (1), Peru (4),
Philippines (1), Senegal (1), Tonga (1), Uganda (2), Upper Volta (1),
Urviuay (1), Venczueal (2), and West Pakistan (1). In addition

requests from workers in California (1), Colorado (1), Georgia (3),



b)

c)

d)
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Illirois (2), Kansas (2), Mebraska (6), Puerte Rico (1) and
Texas (6) have been answered. This represgents contact with
over 80 individuals, 33 countrics and 50 separdate proprams
working on sorghum quality control and [mprovenent,

The First Interamerican Sorghum Symposium was hoeld Aunust
28-31, 1972 in Brasilia, Brazil with our staf{ presenting

six sect{ons and conferring perscnally with the workers,
students and univers{ty staff in attendance. Over 134
repistered for the four-day workshop represeating Brasilia (65),
Brazil other than Brasilia (54), Mexlco (37, Yorduras (1),
Arpentina (4), Veneruela (3), Puerte Rico (1), € sta Rica (1Y
and Purdue (2),  Requests for data, slides of pursery procedures
and discase and specific {nformation were provided to the
University staff at Bras{lia and other key trainers of workers.
The need for a nursery landbook te enible the use of uniforn
procedures in planning and data collectlon was exvressed.
Annual report numbers 7 and 8 were sent to those requesting
current data. Demands for report no. 8 were wreat enouph to
require reprinting of an additional 125 copius making a total
distribution of .approximately 695 coples,

The peoject dircector presented papers at the CIMMYT-Purdue
Internatioml Symposiem on Protein Quality {n Maize held at

El Batan, Mexfco, December 48, 1972 and at the AAAS Sympos fum
on "Orpanizing for International Research" in Washington D, (.

December 27 and 28, 1972,


http:addition.al
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e)

f)

1)

h)

)
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Two papers were presented in November at the American Socicty

of Agronomy meetincs, Miami, Florida; one paper was piven in
November at the Midwestern Section of the American Soclety of
Animal Science meetings in Chicago and one paper was given

at the Federation ceetings, Atlantic City in April of 1972,
Local seminars at Purdue University wcre presented at the request
of tho Aninal Science Department (2 seminars) and two were
presented in the Plant Breeding Seminar.

Requests for computerized listings of the complete list of all
IS origin information have been requested and rent to neven
reople.

The nafling list kept current for all known sorghum workers has
been sent to all requesting its use (4 or 5).

The cumputer systen: used for data handlirg, plot randomfzation,
ficld book printirng and pedinrece listing nas been requested and
sent to Texas and EBrazil.

Sorghum germplasm is being utilized in Brazil extensively by the
Ford Foundation scrghum project at Fortaleza and the Brazilian
Xational Special Azricultural Research Program at Sete Lagoas.
Nine lines were selected from onur First Purdue-AID International
Protein Yield and wuality Trial sent to Fortaleza and have now

been planted in mcre than 20 yield trials throughout Brueztl.



k)

-50~

Requests regarding the 20 sclected lines in the First
Purdue-AID International Protein Yield and Ouality Trials

and their general widespread adaptation {s prompting requests
for additional selected sets before the origlnal set can

be completely finished.



BSTRACTS

PURDUE INTFENATIONAL SORGHUM PROGRAM. J. D. Axtell, Department of
Apronomy, Purdue Unfverslty, Lafavette, Indiana.

(An fnvited paper presented at the AAS Svmposium on Orpanizing for
International Research, Washington, b, C., December 27, 1972.)

Sorphum s the fourth most fmportant cereal crop in the world,
belng surpassced only by wheat, rice and corn in world~wide Importance.
In Africa and much of Aslia, grain sorghum {s the principal source
of cnerpy for manv mlllions of people, and provides a major source
of protein in the huaan diet,  There s an urgent need for improving
the nuiritional quality of the graln sorghums which are used in
the human diet in these areas of the wor.d. This need vas recognized
in 1966 by the Unfted States Apency for Internitfonal Development
with the ectablfshment of our program at Pordue Uofversity with the
prinary parpose of developluy and relevasing sorghum germplasm with
higher protedn content, faproved aminoe acid baiance, and better total
dpestibit ey for uti)ization In the lesser developed countries of the
world,  Our project has major objectives in three areas: research,
application and uwtilfzatfon of the research findings, and training.
This paper discusses cash of {hese areas to 1llustrate the inter-
dependence of these functfons in meeting the overall objectives
of  the project.

This research supported by the United States Agency for International
Development Contract AlD/csd=1175 entitled "Inheritance and Improvemen
of Protein Quality and Content in Sorghum bicolor (L.) Moench".




ABSTRACTS
COMPONENTS OF NUTRITIONAL QUALITY TN GRAIN SORGHUM. J. D. Axtell,
V. C. PMckett, D, L. Oswalt, R. Jambunathan and 6. Srinlvasan.
Department of Agronomy, Purdue Universitv, Lafavette, Indfana 47917,

(This paper presented at the CIMMYV-Purdue Internatfonal Symposiun
on Protein Quality in Malze, E]l Batan, Mexico, December 4-8, 1972.)

Ther» are several factors which effect nutritional quality In
cercal crops. The nutritional problems in sorphum parallel those
in other major cereals in many respects, but also differ in some
important respects. TFrotein quality is limited by the low lysine
content of sorghum grafr, which reflects the hish prolamine content
of the cendosperm and the relatively snall enbrvo slze as a proportion
of the mature grain,  Prote!n avallability {s apprently Infted in
some sorphum genotypes by the presence of unidencif ted polyphenolt
compounds located primarily fn the testa laver of the araln. These
pigmented compounds have not heen well characterized chemically and
are rveferred to generically as "tannins". We do not fully understand
how these tannin compounds Influcnce the nutritional quality of sorvhun.
Our hypothesfs at present {s that the sced proteins become complexcd
or bound with the tannin compounds of the whole prain, and that the
complexed proteins are substvantially less availlable for utilization
by monopastric animals, This repor: presents the data and cexperirental
evidence which supports these general observations, and briefly descrtbe
the status of our efforts toward improving the nutritional quality of

sorghum.

This rescarch supported by United States Agency for International Develop-
ment Controct AID/esd-1175 entitled “Inher{cance and Improvement of Protefn
Quality and Content in Sorghum hicolor (L.) Moench."
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ABSTRACTS
INFLUENCE OF METHIONINE AND OTHER DIETARY ADDITIONS ON THE PERFORMANCE
OF CHICKS FED BIRD RESISTANT SORGHI™ URAIN DIETS. W. D. Armstrong,
W. R. Featherston and J. C. Ropler, Depirtment of Animal Science,
Purdue University, Lafayette, Indfana 47907,

Studies were cuenducted on the performance of chicks fed diets
containing the bird resistant sorghums BR64 and 158260 as compared
to chicks fed dicts containing the non-resistant sorghums RS619
and RS671 and to observe the effects on chick perfornance and leg
scores of varfous deitary supplements, Feedinge bird resistant
sorphum gralfns BR64 and 188260 resulted in siuunificantly poorer
prowth and feed efficiency as comparced to that noted when non-resistant
sorghun prafes RS610 and RS617 were foed,  Supplementatien of bird
resistant sorghums BROA and 188260 with aethionlne resulted in oa
.mnrkud frprovenent in chick prowth and feed eificiency to levels
comparable to these noted with the nen-resistant sorghums.  Supple-
mentation of the bird resistant sorphums with choline Jdid not result
in an improvement in chick prowth or feed efficfency. Methionine
supplementation did not overcome the growth depressing effects noted
wien 1.0% commercial tannic acid was added to the sorghum RS671 diet.
Additions of 1.07 polyvinylpvrrollidone overcame the depressing effects
of commercial tmmic acld additions to sorghum RS617 diets as well as
the tannin provided by the bird resistant sorghum BR64,

An increascd Incidence and severity of a leg abnormality was
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noted in the more raplidly growing chicks fed the bird resistant
sorghum BRG4 and 158260 diets supplemented with methlonine. Supple-
menration of the non-resistant sorghum diets with methionine did not
result in an increased incidence or severity of the Ver abnormality.
Dietary supplementations of lysine, carnftine or a mineral mix
cortaining calcium, manganese and zine fatled to alloviate the

problem.

Poultrvy Seioare
Tn Press - 197 1)

Animal Science Department project 01548 ontitied Sutritfon and
Bone Formation in Young Chicks”. Partlal support was provide! hy
the United States Agency for Internativnal Develonment Contract
AID‘csd=1175 cntitied "inheritaree and Irprovenent of Pretedn
Nusifty and Content in Sorchum bilcoles (i3 Moeneh,”
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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 Fl hybrids from a nine line diallel of

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

grain yield, percentage protein, and g L/100g P using the Griffing
analysis. The ranges in performance were 31 to 159 q/ha for yield,
9.2 to 18.27% for protein and 1.74 to 2.747 for lys«ine in the protein.
General (GCA) and specifle (SCA) combining ab{lity were found ro be
fwporrant for all three characters. The GCA:SCA ratio of nean squares
indicated that additch gene action was more important for protein and
less lmportant for yield and g L./100g P. One parent had large GCA
effects for all three characters. Several hybrids exhibited heterosis
for percentage protein while no positive heterosls was observed for

g L/100g P. Froteln was negatively correlated with g L/100g P and
vivld., Yield and g L/100g P were positively associated,

Crop Science 12:423-425
1972,

- —— e o= e

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

COMBINING ABILITY FOR YIELD, PROTEIN, AND LYSINE IN AN INCOMPLETE
DIALLEL OF SORGHUM BICOLOR (l..) MOENCH. F. C. Collius and R. C.
Pickett. Department of Agronony, Purdue Unive. Jitv, Lafavette,
Indiana 47907,

Estimates of general and specific combining abfliety for wraln
vield and protein and lvsine levels in the ﬁrain were ohtafned by
evaluating the performance of 48 Fl sorghum hvbrids which were derfved
from crossinp 12 restorer lines onto 4 male sterile testers,  Stenidleant
differences amonp restorer lines wore found In general comhining abi fiw
for vield, protein, and Ivsine while s!unificant differenivs wey the
nale sterile testers existed tor wleld and protedin,  The varfation due o
specific cembining ab!lity was not sien:fteint for avw of the (Mt *or s,

Neterosis for vield was exhibited By most ot the hybrids whine onls
four hybrids demonstrated heterosis for percentae protefn and ne Swbrids
were superior to elther parent for percentage lvaine,

Percentage protedn was necatively correlated with viceld and porcentase
lysine and levels of lysine was not sivaificaatly related to yield, YHoweier,
the degree ot these associations vas rot strony easuph to prevent Incorporatine
high levels of protein and lyvsine into sfeh vielding Hnes [ stmul taneoas
selection was perforned for all three characters.

Crop Science 12:5~6, 1972,

This research was supported by the Unfted States Agency for Internaticonal
Development throuph Contract AID/csd-1175 entitled "Inheritance nn? Improve-
ment of Proteln Quality and Content {n Sorghun bicoler (L.) Movnch™.
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FIRST INTERAMERICAN SORGHUM SYMPOSIUM. D. L. Oswalt, Departrent
of Agronomy, Purdue University, Lafayette, Indiana 47907.

The full four-day workshop-type mecting in Brasilia, Brazil
wias well attended by 134 participants representinﬁ Brazil, Mexico,
Honduras, Argentina, Venezuela, Puerto Rico, Costo Rica aud this
project in the U.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 Purduc-AID work. They were summarfzed as three p.pers which are
attached to the trip report. The attendance and discussion cevolving
from presentations demonstrated the {mmediate interest in sorshum
tmprovement and production especially in Brazil. The requests for
visual afds, permplasm and svstems of uniform evaluations « f the
total sorghum plant performance and qualitv in a1 hardbheok forn
demonstrate the timeliness of this workshop and values of much of
the fnformation regarding techniques which were presented. The
Brazilian establishnent of an annual Brazilian Sorpht Workers
Conference and the estaolishment at this conference of a comitte
for snother such symposiun in three years further demonstrates the
continulng inftlative of the symposium. Visitation at two locations
of our ‘irst Purdue-AlD International Protein Yield and Quality Trials
showed pood performance of the lines under well managed systerms and a
relatively high depree of selection belng made for in=country follow-
up by wide spread vield trials within Brazil of nine lines sclected
rom the Firs® Purdue-AID International Protein Yield and Quality
Trial contailning 24 entries,

This resecarch was supported by the United States Acency for International
Development through Contract AID/esd-1175 entitied "Inheritance and Improve~
ment of Protefn Quality and Content in Sorghum bicolor (L.) Moench".
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ABSTRACTS
STUDIES 0% THE N TRITIONAL VALUE OF SORGHUM GRALNS WITH VARYING
TANNIN CONTENT FOR CHICKS. GROWTH STUDIES. H., S, Festapno,

W. R. Featherston and J. C. Rogler, Department of Aninmal Sclence,
Purdue University, Lafayette, Indiana 47907.

Studies were conducted on the performance of chickes fud dlets
containing either a bird resistant sorghum (BREY) or an {nterrcdiate
bird resistant sorghum [JK300) as compared with that ebserve! vien
chicks were fed d-ets containing a bird susceptible sorchun (R&e10)
or corn as the cereal grain. Chicks fed sorvhun BRAG exhibited
§

) i -
P soerahd

poorer growth and feed conversfon as compared with chicks

RS010. In gencral, the performance of chicks fed sergha= LU was

intermedlate between the other two sorghuas,  (hloks fod the eone dir s

consistently exhibited superfor welpht gafus and, in acme cases,

containing diets.

Weipht gains and feed conversion were decreased when tannte ol
was added to the corn, sorghum RSH10 and sorghum NEICO diets to the
lovel found In the sorghum BR64 diet. The performance of chicks fed
the corn and sorphum RS610 diects with added tannic acld was still

superfor to those of chicks fed the BR64 or the SK300 diet with added

tannic acid. These results supgest that the poor performance of chicts

fed the latter two diets was not due solely to the presence of tinnfc

acid.

Chicks adapted to a high tannin diet durine 1-21 davs of age and

superior feed conversion as compared with chicus fed the vartoas worel:
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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 60.6%

as compiared with adapted chicks fed a low “annin dlet from 21 to

1% days. Chicks fed a low tannin diet from 1 to 2) davs of age and
switched to a high tannin diet from 21 to 35 davs exhibited weloht
wins of 43.57 and an increase {n feed required per gram gain of
85.1% as compared with non-adapted chicks fed a low tawnin dlet from
2] to 35 days.

Similar welght pafns and feed conversions were noted when
essential amino acfds were added to corn and sorevhum RS610 dicts to
Frise the levels to those found In the other rrain., A stgnificant
froprovereat fn wetght cafn and feed conversfon as ceapared with chicks
fed an ansupplemented dict was noted when chicks were fed a soryhuyn
BROG d{ct with essential antno acids added up to the ‘ovels found
In corn,  Weight paln, but not feed conversion, of chicks fed the
supplemented sorphum BRO4 diet was equal te that of chizks fed the
unsupplenented RSH10 dict, but chick performance was poerer than
that observed with an unsupplenented corn, diet, a supplemented
corn diet or a supplemented R§610 diet,

Poultrv Science

(In Press - 1973)

Animal Sclence Department project 01562 entitled "Nutritfion and Bone
Formation In Young Chicks", Partial support was provided by the

United States Agency for International Developrent Contract AID/csd-1175
etitled "Inheritance and Improvement of Protein Nualfty and Content in
Sorghum bicolor (L..) Moench".
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ABSTRACT
GENOTYPE BY ENVIROMMENT INTERACTION EFFECTS FOR GRATN YIELD, PROTEIN,
LYSINE, OIL AND SEED WEIGHT OF SORGHUM KICOLOR (1..) MOENCH.
R. E. Schaffert, D. L. Oswalt and R. C, Plekett, Nepartnent of
Agronomy, Purdue University, Lafavette, Indiana 47907,
Ten sorghum genotypes from the World Collectlion and their

hybrids with two male steriles were yprown for two vears in Indlana,
Texas and Nebraska. Grale yicld, peccent protein, protein vield, lvsine
(% protein and 7 sample), lysinc yield, seed weieht, pretefn per seed,
percent cil, plant height, and deys to redian flower were measared,  The
genntype-vear-location fnteraction was significant for all variables
except lsvine (% protein). The penctvpe-locativn Interaction was
sipnificant for all variables except gprain yield, protein vield, lvsine
vield, lysine (% sample), and oll. ihe wenotyvpe=vear foteraction was
slpnificant for all variablec vxeept percent protein, lvsiae (O sample),
and plant height.  Genotypes were different for alt varfables. Davs to
flower were negatively correlated with percent protein (=0 56) and
pusitively correlated with lvsine (5 protein) (0.61). Percent proteln was
negatively correlated with lysine (7 protetn) (=0.66) and positively
correfated with lyvsine (2 sample) (0.68), percent ofl (0.48), and seed
wolpeht (0.51). These data indicated that for most variables the substitutfon
of years for locations or locations for vears in a testine prowram would
have little effect,

Apronomv shstracts. 1972 p.l9

This research was supported by the Unfted States Agency for International

Development throuph Contract AID/esad=1170 entitled "lonheritance and Improve-
ment of Protein Quality and Content in Sorghum bicolor (L.) Moench".
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ABSTRACTS

PROTEIN QUANTITY, QUALITY, AND AVATLABTLITY IN SORGHUM BICOLOR (L.)
MOENCH GRAIN. R. E. Schaffert.

Thirty-{ive penotypes were planted in six location including Indlana,
Nebraska, and Texas In each of two years for the purpose of estimating
fenotype-environment interactions for yield, protein, lysine, oll, and
sved slze. Significant genuotype-year-location Interactions existed for
grain yleld, percent protein, protein yield, percent lysine of sample,
lysine yield, percent oll, seed weight, protein per seed, height and days
to median flower. The relative small genotype-vear and genotype-location
fnteractions of ncnrly.equal magnitude Indicated that years and locations
could be interchanged for percent nrotein, lysine as a percent of protein,
lysine as a percent of the sample, percent ofl, seed welght, and protedn
per seed without Increastng the varjance af a renotvpe mean.  Correlations
boetween genotypes averaged across environments Indicated that percent
protein could be {nervased by selectinyg for increased oil or protein per
seed. Protein per seed was nor cerrelated with vield but percent ofl was
nepatively corrclated with vield. The pnsitive'corrulatinn between days
to flower and percent lysine of proteln and the negative correlation between
days to flower and percent protein indicated that selection for these trafts
should be done within maturity groups.

The in vitro dry matter disappearance (IVOMD) and in vitro nitrogen loss

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

- -

This research was supported hy the United States Arency for Tnternational
Development through Contract AlD/csd-1175 entitled "Inher{tance and Improve-
meat of Protein Quality and Content in Sorghum bicoler (L.) Muench".
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value of sorghum grain. The TUDMD technique detected differences within
high tannin varieties, within low tannin varfetics and between hipgh and
low tannin varfeties. The addition of small amounts of urea to the system
decreased the cxperimental error nearly 757%. Significantlvy lover vi'ues
for 1VDMD and IVNL were observed for the high tannin varfctles. The
average difference of IVDMD bhetween high and low tonpnln vartcties with
urea and one incubation was 14.1%, without urea and twe Incubations was

L4

8.3%, and with urea and two incubations w«as 7.4Z. tppreximately 50. of

the difference in IVDMD between high and lew tarnin varieties wag accounted
for by differences in tannin content and inscluble mroteln, Tt was

assumed that the tarnnin bound to the proteln to ferm en fncaluble corplex,
The IVDMD teehnique can be an important teol of the plant breeder tor
sclecting penutypes with superior nutritive value.

Feur levels of protein supplementation, with lov and hipn tannin sorghun
prain cach with a low and high level of protcfa in the arafn were ted to
weanlins rats. Thirteen-day welght gain, feed efflciency ratio, protein
e¢fficiency ratio, and feed consumcd were highly significant for tannin
levels and levels of protein supplementation, Protefn offfctency ratfo
and feed counsumed were highly signif[rnnt]y different for Jevels of grain
prozein. The high tannin graln had poorer weipht pains, reduced feed
efficiency and lower protcin efficiency. Feed consumption of the high
tannin dlets was greater or ecqual to the low tannin dicts. Stentf{fcant
differences between high and low tannin genotvpes for weight galn were
observed at intermediate levels of protein supplementation (5 and 107

soybean meal) but mot at the high level (15%) of supplementation. The
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lack of antagonistic interactions with supplemental protein for
welght gain, feed efficiency, protein efficiency and feed consumption
indicated that protein from soybean meal can be supplemented without
ing the relative performance of different sorghum genotypes.

chang,

Ph.D. Thesis. 1972.
Purdue University
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ABSTRACTS

RELATIONSHIPS OF CHEMICAL COMPOSITIONS TO BIOLOGICAL VALUES OF SORGHI™
BICOLOR (LINN.) MOENCH GRAIN. D. L. Oswalt, R, E. Schaffert, R, C,
Pickett and J. D. Axtell, Department of Agronomy, Purdue University,
Lafayette, Indiana 47907,

Ninety three low tannin and thirty four high taunnin grain sorghum
samples were supplemented with minerals and vitamins and fed to weanling
rats for fourteen days. Veight gains were expresscd as a percent of the
check sample (PCS). PCS values were negatively correlated with catechin
equivalents (tannins). In the low tannin samples the PCS values were
positively correlated with in vitro dry matter disappearance (IVDMD),
protein, and lvsine percents of sample, while leuctine and phenvlalanine
percents of protein were nepatively correlated with I'CS values. The
range of PCS values was from -48 to 216 with IVDMD being the best
single estimator of rat performance. In the high tannin samples PCS
values ranged from =57 to 73 and were positively correlated with percent
0il and methionine plus cystine (relative estimates), tyrosine, and
phenylalanine percents of protein. Nigh tannin sample PCS values indfcatud
protein unavailability and available amino acid imbalances.

Agronomy Abstracts. 1972, p. 70
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This rescarch was supported by the United States Apency for International
Development through Contract AID/csd-1175 entitled "Inherftance and Improve-
ment of Protefn Quality and Content in Sorghum bicolor (L.) Moench".
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RELATION CF RAT GROWTH TO HIGH AND LOW TANNIN GRAIN SORGHUM
AND LYSINE CONTENT.

16 - : S
¢ T ozLow Ternin Sorghum v
| %=High Tarnin Sorghum
14 -
i
2 )
14.- Dcy i Y: -9,07+64,79 X;
Aot 10 i‘ ' Q
. o
Weight !
. e r Co” ©
Gain N
! o
(o) ' X
6
© /010 X xo Y 247
. 24,23 A
4 '/'( OX X v/x—_ - l
! A
14 % 7 \
2 " A o ’Y

20 22 24 26 .20 .30 32 34 o

Lysine (g/iCOg Sample)

This rusearch’was supported by the United States Agency for
International Development through Contract AID/csd-1175 entitled
"Inher{tance and Improvement of Protein Quality and Content in
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ABSTRACT
RAT GROWTH ZESPONSE RELATED TO GRAIN SORGHUM., G. Srinlvasan and
D. L. Oswalt. Department of Agronomy, Purdue University, lLafayetie,
Indiana 47907.

Feeding trials of 125 grain sorghum samples selceceted from the
world collection were conducted to study the effect of amino acid
content and polyphenols on weight gain in rats as a part of a graia
sorghum protein quality improvement project. The li-day feeding trials
revealed that the weight gain in rats was significaatly influenced by
polyphenol content 1in grain sorghum. Slow growth or even weight loss
was found wren the high polyphenol grain sorghum sa~ples were fed with
vitamin and ninera! supplementation. The influence of the polyphennls
masked the c¢ifferences in protein level and other amino acld quatlocy
factors In the feed. Supplementation of grain samples high In polyphenovls
with sovbear ofl meal (0, 5, 10 and 15 percent soybean ofl meal) preatly
increased tle amount of weight gain, tut did not alter the cumparative
welght gain responses of individual samples In the high or low poly-
phenol grours. Correlations of amino acld, proteln with welght gain in
high and low polyphenol sorghum lines and removal of polyphenols by

chemical dehulling and supplementation with individual arino aclds were

also studied.
Jour. An.Sc. 35:1110. 1972.

This research was supported by the Unit. i States Agency for International
Development through Contract AID/csd-1175 entitled “"Inherftance and Improve-
ment of Protein Quality and Content in Sorghum bicolor (I..) Moench".
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ABRSTRACTS
STUDIES ON THE NUTRITIONAL VALUF OF BIRD RESISTANT SORGHUM GRAIN
FOR CHICKS., AMINO ACID DIGESTIBILITY STUDIES. H. S. Rostazno,
J. €. Rogler and W. R. Featherston, Department of Animal Sclence,
Purdue University, Lafayette, Indlana 47907,

Studies were conducted to determine apparent and ccrrected
amino acid digestibility of sorghums varying in taunin content.
The cffects of adding tannic aci{d to low tannin serghum and a protein-
free diet were also Investigated. Supplementation of a protein-free
diet with 1,41% tannic acid resulted tn a four-fold increase in
endogenous amino acid excretion. The additi{on of tannic acld to a
low tannin sorphum *o provide 1,417 tannin produced a relatively small
decrease in apparent amino acid digestibility which could be accounted
tufiby the fnervase In endopenous amino acld excretfon. Arparent
and corvected amino acid digestibf{ltics of sorphums of Intermediate
and high taunin content were greatly lower than the low tannin sorghum
or the fow tannin sorghum plus tannlc acid equivalent to the high tannin
sorghuns,  Apparent digestibllity of all of the amino acids for the
low, {utermediate and high tannin varieties was 73, 41 and 22¥%, respect~-
fvely, whereas the corresponding vialue for the low tannin sorghum plus

tamndic acld was 63%.

Poultry Sclience
(In Press ~ 1973)

Animal Science bBepartment project 01568 entitled "Nutrities and Bone
Formation i{n Young Chicks". Partial support was provided by the United
States Agency for Imternational Development Contract AID/csd-1175
entitled "Inherftance and Improvement of Protein Quality and Content

fn Sorghum bicolor (L.) Moench". '
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ABSTRACT

NUTRITIVE VALYE AND PROTEIN SOLUBILITY CHRARACTERISTICS OF NORMAL

AND PIGMENTED SORGHIMS. R. Jazbunathan, ».S. Misra ard E. T. Mertz.

Department of Biochemistry, Puriue Univer:ity, Lafavette, Indlana 47907,
Low pigment sorghum varfety A (IS 0062) and plemented sorshum

varlety B (1S 2283) were each fed to six weaniing rats for a perfod

of four weeks (95% ground sorghun, 47 ninerals, 17 vitamin mix). Rats

on variety A gained an average of 8.7g per week, those on varfetv B

lost 0.2g per week. Protein fractionatian of powdered defuatted rernels

was carried out with the following solvents successivelv (sequence D -

J. Landry and T. Moureaux, Bull. Soc. Chim. 3f{ol. 52:1001 (1970).

Fraction: I1-0,5M NaCl, II1-70% isopropancl (v/v), 111-70%7 isopropanol

with 0.6% 2-rercaptoethanol (2-M7), IV-borate buffer (U5, pH ID)

with 0.6% 2-ME, V-borate buffer with 0.6% 2=V and 0.5 sodiun liury)

sulfate (w'v), More than 87% of the total nitrocen was solubifliced. The

rercent of total uitrogen in the ffve fracticns of sorshums A and U was

respectiveiy I:16.8, 3.7; I11: 18.4, 1.9; ITl: 21.6,21.1; IV: 4.9, 13.0;

V: 26, 47. The percent distribution of soluble lvsine in sorgiums A and B

wad respectively [: %6.8, 0.8; II: 0.8, 0.1; I11:0,5, 1ol IVve 4.2, 22.7:

Ve 47.7, 75.3. Similar growth response and nitrogen and lysine distribution

were obtained with a second low pignent (IS 3982} and pisnented sorghum

(IS 6992). It {s sucgested that the pigrents in sorghum biad to the major

proteins, reducing their nutriti~e value and changing their solubilite

characteristics.

Federation Procecdings 1973 (in press)

This research was supported by the United States Aeency for International
Development through Contract AlD/csd-1175 entitled "Inheritance and Improve-
nent of Protein Quality and Content in Sorghum bicolor (i..) Moench".
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