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ABSTRACT

. Oswtalt, Dallds Leon. Ph.D., Purdue University, May 1973,
Nutritional Quality of Sorghum bicolor (L.) Moench as Estimated by
. Polyphenols, Crude Protein, Amino Acid Composition and Rat Performance.
‘Major Professors: R. C. Pickett and R. J. Bula.

Selections from 172 samples representing potentially ugeful
germplasm from the World Collection of grain sorghums were analyzed
and correlated nith weanling rat weight gains to evaluate nutritional
quality differences in genotypes. |

‘Significant differences in in vitro dry matter disappearance
‘percentages were found among eommercial hybrids and selected genotypes’
which showed a positive correlation to weight gain. In vitro dry
_matter disappearanee percentages~were negatively correlated with
catechin equivalents which were used to indicate low and high concen-
trations of polyphenolic compounds (tannins) associated with some
pigmented caryopses..
| Amino acid analyses of the. grain showed lysine to be limiting for
normal weanling rat growth. Supplementing rations made from grain of
genotypes having low eatechin equivalent concentration with lysine and
with lysine, threonine, methionine and phenylalanine resulted in
significantly increased 14-day rat gains. However, similar supplemenp
tation of rations made from grain of genotypes with high catechin

vequivalent coneentrations showed no significant inereases over

* unsupplemented ration weight5 ains.vyg :
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Partial removal of the pericarp and testa of genotypes containing
high concentfations of catechin equivalents lowered catechin equivalent
concentrations and rations made from such dehulled genoﬁypes resulted
in weight gains similar to rations made from low catechin genotypes L
with and without amino acid supplementation. Rat weight gains were
positively correlated with lysine content of grain in rations made
from genotypes containing low catechin equivalent concentrations.
However, rat weight gains on rations made from genotypes high in
catechin equivalent concentrations were correlgted with protein
sontent. These studies indicate that to effectively evaluate
nutritional quality factors of grain sorghum, genotypes containing low
and high concentrations of catechin equivalents need to be investigated

»”

as separate populations.



INTRODUCTION

Grain s0rghum,.SOrghum bicolor (L.) Moench, is one of the world's
‘Jfourlleading-sources~of food nutrients from cereal crops. It ranks
rhird as a»source of‘foodvin the arid or semi-arid tropics where several
millionjpeople.live at marginal levels of nutritional requirements.
Improving levels of education and methods of communication, increases
‘in the world population, improvements in health care and standards, and
higher economic standards of living, all demand more food and improved
food quality. The ability to meet the predictable food requirements of
the world necessitates the most concerted efforts of all scientists
concerned with efficienc manipulation of mechanisms of plant inheritance,
conservation of crop variabilities and adaptations, and the production
of nutritional food sources which maintain acceptability.

Chemical procedures hayeﬂbeen developed which can be used to
identify and predict components,related to nutritional qualities of
cereals, but the chemical analyses have not consistently predicted the
biological quality or nutrient availability in grain sorghum selections.
‘Variations in the performance of monogastric and ruminant animals.

_ utilizing grain sorghum rations having similar levels of crude protein,
':and carbohydrates, and having similar amino acid profiles suggested
' gthat nutritional quality was being sffected by factors not measured by

'{any single chemical procedure normally considered. A rapid and



efficient ideptification.ofigenotypic selections from established
genotypes and:from segregating populations which have improved
nutritional and produétion factors is paramount to meet future food

requirements demanded from grain sorghum producers.

It was hypothésized‘that: (a) rat weight gains from gréiﬁ sorghum
samples could be cor?e;ated with chemical tests indicating nutritional
quality of protein whicﬂ would eliminate the necessity for biological
testing of alllselections in a screening program, (b) at a given level
of protein, grain sorghums differ significantly in animal performance
due to factors related to pigmentation and bird resistance, and (c)
supplementation of selected éorghum grain samples with identified
deficient amino écids would result in rat weight gains similar to

complete and balanced rations.



Improvement o“the nutiitional level of food for- millions of people

vhose major source ofnfood is grain sorghum depends upon improvement of
the inherent nutritional quality of: the grain sorghums y produce
(Rachie 1969). Such improved varieties must be available, adapted and
accepted.in,the;near,future tovsatisfy even a portion of the predicted
w'afl"a‘ f'ood:' needs (Anonymous 1972). Johnson, Schmidt, and Mattern (1968)
stated that ‘the need for high quality grain sorghum genotypes is a great

*

challenge to b;ggdersswh,_rely_on»genetic variability to improve produc-

tion and nutritional quality. An increasing world population with rising

incomes, demands more and better quality meat per capita thus increasing

cereals (Wall and Ross 1970)

Major Nutritional Limitations

‘v Nelson (1969) defines the major nutritional limitations of céreals
as being the level of protein which they provide and the balance of
amino acids which they contain in relation to nutritional requirements

for its’utilization as’a food or feed. Lysine is recognizcd as the first

li_v ing amino acid in grain sorghum (Nelson 1969, Nawar et al. 1970)

and ‘most cereal.proteins (Anonymous 1970) Johnson, Schmidt, and
Mattern (1968 k *'roteinfefficiency'by the content, balance, and

availability of;thoseaamino'acids‘present in‘the cereal that are



ygsential for animal tissue synthesis and body growth. The identifica~
:ion of genotypes'héving increased levels of protein and lysine with
yther essontial amino acids balanced for animal tissue production and
growth should be the objective of the plant breeder concerned with the

nutritional improvement of grain sorghum to be utilized as a source of

food or feed.

Genetic Controls of Quelitx

Nelson (1969) states that it is most probable that the genetically
controlled pseful differences in protein quality in cereals can be iden-
tified when alterations in seed storage proteins have occurred. These
alterations in seed storage proteins would be relatively imert in
relation to the vital metabolic processes of seed viability and develop-
ment. The seed could then contain higher levels of nutritionally
desirable amino acids that would enhance the use of such seeds as a
source of dietary protein.
| The identification of opaque-2 and other high-lysine mutants of
corn (Zea mays) (Misra et al. 1972) has prompted Nelson (1969) to
predict that such mutants should be possible in grain sorghum as well
as some other eereals._ The grain sorghum protein quality improvement
project sponsored by US AID at Purdue University (Pickett 1966-1971)
has screened numerous samples from the World Collection pool of germ-
plasm by the use of automated amino acid analysis equipment., Pickett

(1970) reported crude protein values ranging from 7 to’ 25 percentlwith

lysine as percent of protein ranging from less than 1.0 to 3.03pe”ﬁyf$;



Environmental Factors Influencing Protein gualitx

“?Miller et al. (1964) reported the influences of soil type, 5

nfent‘lization, and moisture as causing the protein to vary from 6 6 toff

; 12;8% "m 1961 and from s 9 to 12, 1% m 1952.‘, Pepper and Prine (1972)
fand Lane (1963) reported the influence of light intensity and quality on '
;maturity and yield of various genotypes.» Deyoe and Shellenberger (1965)
show variety and location interactions for yield and protein content,
howevnr, Schaffert (1972) found genotype by year interaction for yield,
but years and locations could be. interchanged for protein quality
estimations of genotypes. The -amino acid composition and distribution
fwas shown to ‘be altered by nitrogen fertilization by Waggle et al.
h(1362)-) Clegg .and Maranville (1972) found. that delayed’ thinning reduced
hsten:diameter,,loweredfthe number-of seeds produced per head and in-
.sxgased‘seedhsize»n Ihe;gmain‘yield was altered by plant height, row
‘width, andiplanc populations-(Atkins and Martinezrl971) Time of haz-
vest as relnted to stnge of mnturity and moiuture eontent influenced
the chemical composition and digestibility of. sorghums studied by
AParrett and Riggs (1966) Johnson et al. (1971), Kersting et al.
?(l961a) -and Deyoe et al. (1970) reported an increase in milligrams of

"ntages of glutamic acid, proline and leucine

'protein per 100 se”d 7!'”‘
,in the protein,if d n available energy as the grain matured. ~Immature ‘

,grain contained highe amounts of lysine, aspartic acid and glycine

ain Deyoe et al.‘1970) Johnson et al. (1971) found

\tha the,amount of digestible cellulose and protein declined with

. until frost, at which time an increasn in rotein digestibility?

was oted with bird resistant sorghum silages ‘when fe to'shee

apparentknultifactor controls over plant'protein ynt "is;end‘




fldeposition have made identification of distinct genetic controls -of
wprotein quality and its variations in grain sorghum .elusive., Toufurther
lcomplicate the utilization of amino acid data it was found in tests
l:conducted at Purdue University that samples having the greatest amounts
'tof,bird resistance did not show.increased rat weight gains when
'supplemented.with lysine to 125% of the rat requirement (Axtell et al.
‘19323‘1 These same samples vere reported to contain high levels 'of
polyphenols (tannins expressed as catechin equivalents) in the 1970
-Annual Report of Inheritance and Improvement of Protein Quality and
Content-in Sorgh bicolor (L.) Moench, Purdue University (Unpublished
report to ﬁs AID). Harris,'Cummins and Burns (1970) stated that bagging
significantly reduced the tannin content and increased the digestibility
Ofgthﬁ bird resistant-varieties. They attributed this to flavor

‘ associated with a.brown subcoat containing anthocyanogens which they
.agsumsd:to bé.precursors of condensed tannins. Collins (1969), Liang
jet*alvf(léoéjg?and Bantayehu (1971) concluded that the agronomic
characters they studied were not directly related to protein quality or
"quantity.‘ Liang et al. (1969) fui:her concluded that the most success-
'ful wayxtoiselect for protein content would be by direct selection

_ rather than by some phenotypic character. But direct selection based on
i"'chem:l.cal analysis of protein content does not give a direct indication
:ﬁof digestibility of protein or its amino acid balance (Maranville 1971,
fAnthony and Hoveland 1971, Hinders 1971 and 1972, Inglett 1970 Donnelly

.fand Anthony 1969, Waggle et al. 1966, Vavich et al. 1959). However, the‘

amount of protein in a grain sorghum sample is important as well as‘the i;
}amount of protein produced by a given land area (Maranville 1971) h

jpotential sources of protein production are evaluated.


http:variations.in

ATFactors Associated withAPi mented orain Sor'hums_i

AT

Varieties of grainlsorghum having a pigmented testa, dark red or

‘ﬁbrown colored pericarp are usually identified as having some bird
ifresistance (Tipton et al. 1970) and desirable weathering and storage
:iqualities.; Such varieties have been reported by Wall and Ross (1970)
.f:t:o have higher levels of phenolio compounda than thoae varieties
.dhaving white, yellow or red pericarp colors.

Bates-Smith and Rasper (1969) 4dentified three distinct layers in
'vthe‘structure of the grain sorghum caryopsis containing variations in
:pigmentation. The‘three layers were the epicarp plus the hypocarp,

: making the pericarp, and the testa separated from the pericarp by a
7colorless mesocarp. These layers may or may not contain-tannins and

any one of the layers may be partially or completely absent.,

The inheritance of pigmentation related to tannins has been de-
-scribed by.Quighy and Martin (1954) and again by Wanjari and York (1972)
' nd classified by Nip and Burns (1969 and 1971) Although "tanninsh
“have been identified among the polyphenols associated with brown pig-
fﬁments, Bates-Smith and Rasper (1969) do not regard the grain sorghum
i;tannins as having all the characteristics of tannic acid and other
Aftannins. Tannins in plants usually have a strong astringency and
[combine rapidly with hide powder forming an insoluble complex. Barham
'fet al. (1946) found tannins in orain sorghum to be numerous, complex,

,;water soluble, hydrolyzable, mostly condensed, and at relatively low

f;concentrations compar d to ‘tannins found“tn other plants. Blessin et

::al. (1963) attributes’th"app ent astringency of grain sorghums to

nanthocyanogens thought toﬂbeAprecursors of condensed tannins. They |
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found that 12N hydrochloric acid produced a mageﬂta color with sdpghuﬁ}’v
samples, thus indicating the presence of anthocyanogens, but the gdlorv‘
of the pericarp was not related to the presence of anthocyanogens.,

Utilization of the genetic controls described by Wanjari and York
(1972) makes it possible to: remove adverse substances associated with
pigments if a given selection would be more nutritioué without the
pigments associated with or containing catechin tannins.

Morton (1970) has tentatively identified grain sorghum as being one
of the plant foods linking together areas of the world having high
incidences of esophageal cancer. She further reported that consumption
of plants containing sublethal levels of nitrates and nitrcsamines are
also associated with the utilization of highly pigmente& products such
as sorghum beexs and mashes. Caiechin tannins can cause inflammation
of the gastrointestinal tract and are apparent tumorigenic factors
(Moxrton 1970).

Production of the highl} pigmented grain sorghuﬁs persists due to
their preferred flavor (Doggett 1970), weather resistant‘qualities
(Wall and Ross 1970), resistance to germination in the panicle before
harvest (Harris and Burns 1970), red dye obtained from seed hulls and
glumes (Rachie 1969) and resistance to bird damage (Rachie 1969) which
helps to insure subsistence yields of grain each growing season.
However, McMillian et al.‘(£972)'reported that several lines containing
relatively low amounts of tannin appeared to be bird resistant. Thus,
quality and quantity of tannins or other associated chemical»cgnstituénts

.may be factggs‘influengiqg so-called bird resistance.



7times;the crude protein level of the ration being fed to monogastric or
7l”ruminant animals. Some workers indicate the presence of . tannins as |
'sifhaving a: toxic influence on at growth (Joslyn'and‘ Glick 1969) and on
| ilchicks (Chang and Fuller 1964, Vohra ‘et al. 1966 and Connor et al. 1969).

Work related to the absorption of nutrients by the intestine of a

mouse in the presence of'tannic acid by Mitjavila, de Saint Blanquat and
Derache (1970) showed that élucose and methionine uptake was depressed
by concentrations of:llmg/l'gallotannic acid while the uptake of
butyricfacid was unaffected by up to 10 mg/l concentrations of gallo-
tannic acid. Potter and Fuller (1965) reported that tannic acid
toxicity-in,chicks was reduced by supplementation with methionine or
arginine or both, the effect of both being additive, and the supplemen-
tation with choline being as effective as methionine in most of their
trialss Saba, Hale end Theurer (1972) reported that tannic acid alone
: could not account for the decreased utilization of the Aks. 614 bird
1resistant sorghum in an in vitro rumen fermentation study.

Rostagno s (1972) evaluation of sorghum grains showed lowered

_amino acid content of blood samples taken from very young chicks fed -

;high-tannin sorghums as compared to low—tannin sorghums. He also

-reported higher levels of fecal nitrogen from high-tannin sorghums ‘than

a"

tlow-ggnnin sorghums., All of his samples were fed at an iso-nitrogenous«»

level of 15 percent”crude protein.; -
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Driedgei‘and,ﬂétfield (197i)'indicate that in the ruminant the
Addition qf 10.pefcent tannin to soybean meal résul;ed in a éO percent
Tdécrease in deamination of proteins in the soybean meal. Pepsin
digestion was found to be unaffected and the pancreatic digestion de-
4créased under their expe?imental conditions. They recommended the use
of tannin to protect plant protein while it passed through the rumen.

Schaffert (1972) indicated that grain sorghum containing tannins
gave lower rat growth and that the tannins did not produce a so-called
toxic influence or reduce the intake as reported by Fuller et al. (1966),
Potcer et. al. (1965) and Prine et al. (1967). Peterson (1969) reported
that technical grade tannin affected feed consumption, chick gain,
chemical comﬁosition and edible‘guality of chicken meat, Sut these
factors were not a result of differences in metabolizable energy and
protein intake. Glick and Joslyn (1970a, 1970b) reported reduced chick
growth on high tannin rations due to factors other than reduced feed
intaie. |

Jambunathan et al. (1973) showed that a difference in distribution
of protein fractions by solubility exists between high-tannin and low-~
tannin samples of grain sorghum. The amount of protein found in the
p¥otein solubility fractions highest in lysine was much lower in tﬁe
high-tannin than low-tannin samples and the fifth fraction accumulated
greater amounts of the high-tannin protein complexes. Skoch et al.
(1970) did nmot indicate the tannin content of the samples they‘used
for prpteih fractionation. However, their results'wouid indicate that
two-of the vgrieties they ﬁsed could have been high in tannin since a

lgfég petéeht of the total protein accumulated in the last protein. -
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';fractions. ‘An‘incresse in fraction 1 and IV would indicate a’
,,Qe?t4“1 improvement in protein quality (Nelson 1969), rather than
'1the usual increase in the alcohol soluble (prolamines) which
L;accompany normal protein increases in. grain sorghum (Virupaksha and
’;Sastry 1968, end Nelson 1969) Thus, the weter soluble products

; isola:ed £rom the pericarp fraccions of bird resistant samples of
¥,grain thet precipiteted more nitrogen from centrifuged rumen fluid
fthan the soluble substances obtained from non bird-resistant types
*would«be a demonstration of the presence of catechin tannins or
"pigment agsociated complexes 4in the. outer layers of the sorghum grain
as reported by McGinty (l969a). He showed that mixing polyethylene
glycol with the bird resistant grains inereased animal performance
similar to the results reported by Armstrong et al. (1973) when
-polyvinyl pyrrolidone»was‘sdded to chick rations containing bird
resistent sorghums or tennic acid supplementetion to the level of
tannins in the bird resistant samples, This indicates that the com-
plexes £found in the bird resistant sorghums do perform in some
-instances as tannic acid or tannin-like substances (changed solubility

of'some proteins), but are not true tannins in that they do not form

insoluhle compleres'with hide powder (Bstes-Smith et al. 1969).

Pericar"‘Removal sndJEffect'on hutritionsl ualit
Removal of. the pericarp and testa layer hss heen accomplished byv
. Blessin (1971) by using hot sodium hydroxide. This process does not
, significantly disturb the endosperm or embryo or alter the crude pro-
‘teinihontent. but is not a process thet might easily become econom-

:iicel for large scsle usage. The pericsrp has been removed along with
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other seed parts by use of pearling machines by McGinty (1969b) and
Jones and Beckwith (1970). McGinty and Riggs (1968) showed that the
addition of the pericarp fraction back to pearled or to low-tannin
samples significantly decreased the animal performances. Thus, the
factor(s) associated with such reductions of animal growth were
assoclated with the outer layers of the highly pigmented browm éorghums
which were removed by the pearling machine.' Stephenson et al. (1971)
reported, however, that they found no relationship of seed coat color
or tannin content with availability of amino acids for animal growth.
'Several of their low-tannin samples showed low amino acid availability,
and both low and high amino acid availability were identified in
Qirtually all colors of pericarp. Maxson and Roonz2y (1972) and
McMillian et al. (1972) are onl; a few of the workers that have
indicated that the mechanismfs) involved with grain sorghum piémeﬂta—
tion and associated phenolic compounds merit further study to clarify
the unpredictable nutritional quality of grain sorghum selections
based on presently used chemical estimators of monogastric and

* ruminant animal growth responses.

Interpretation of the literature relative to the comparative
effects of lpw or high tannin sorghum selections is difficult because
of unknown levels and kinds of mixtures of protein supplementationm,
mixtures of sorghum varieties, amounts of sbrghum used in the total
diet and the complex chemistry of tannins and associated compounds that
have not been identified (Wall and Ross 1970). The levels of poly-
phenols or tannins in the grain uséd or in the mixed diets have not

 been stated and most feeding trials hﬁve been limited to commercial
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hybrids that have many common parents (Deaton and Quisenberry 1967,
Kremmerer and Heywang 1965, Roux 1957, and Halloran and Mhunder 1971).
'The identification of the factors resulting in bird resistance,
.weathering resistance and various: other beneficial influences have not
been definitely isolated from or associated with the factors causing

toxicity, precipitation of proteins or lowered nutritional quality

factors (Stephenson et al. 1971).

Chemical and Biological Evaluations of Sorghum Quality

Chemical procedures haveioeen identified to reliably estimate
the concentration levels of crude protein (A.0.A.C. 1960), essential
amino acid content (Deyoe and Shellenberger 1965), and tannins as
catechin equivalents (Maxson and Rooney 1971 and 1972, and Burns
1971) in ‘grain sorghum. Attempts to correlate chemical evaluations
with the growth of rats were made by Bermhart (1970). He found the
amino acid correlation to be similar in all but sulfur-amino acids
and for nitrogen levels.

The use of rats for‘evaluations of the extensive variation
evident in the sorghum germplasm pool have peen limited. Unidentified
reasons for noted differences. in rat growth reported by Nawar et al.
Sl?70),3nd-Howe and Gilfillag (1970) could be attributed to dilution
Fof adverse factorspin a given sorghum sample by other ration components,
rariations in digestiBility of carbohydrates'in the sorghum samples,
or. the provision of sufficient protein supplements in the ration that

N "w

overshadowed any adverse factors.
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Trible (1971) indicated that protein in grain sorghum was signif-

,iéancly less digestible (66%) as compared to corn (75%) and wheat

(79%) and that there was only 95% the digestible energy in grain
sorghum as in corn or wheat when the grains were supplemented with soy-
bean meal, vitamins and minerals in a swine ration containiné 172
protein. These differences in carbohydrgte availability may be related
to identified endosperm types studied by Gorbet and Weibel (1972).

The properties of grain sorghum starches were studied by Barham et al.
(1946) and they reported no correlation of starch type with protein
or tannin content. However, the failure to have identified different
endosperm types in an experiment could have resulted in varying

animal responses due to available energy differences amoné samples

as indicated by Trible (1971).

Various methods of processing grain sorghum commercially have
been discussed by Albin (1971) and Wall and Ross (1970). They reported
improved animal responses frcm waxy endosperm sorghums when steam
processed. Cummins (1971) reperted the dissipation of tannin in high-
tannin grain during ensiling. It would be expected that significant
differences in carbohydrate availability exist in the World Collection
germplasm pool and that such differences would be altered by prpcessing
procedures. The study of.the usefulness and poéential of the energy
within the identifiable grain sorghum genotypes merits considerable
effort concurrent with improvement for protein quantity and quality for

human consumption and farm animal feeding purposes.
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”kConcerns_of Sor(hum ‘Breeders. Related to Nutritional_iualit‘.

’0n1y,1imited usage of.biological methods and procedures have been
';utilize:;to evaluate the nutritive quality of grain sorghum. Mbst of
‘ﬂthe reported research has been done on a limited range of phenotypes
)with similar or common genotypic origins. The- ability of the sorghum
.breedet to identify genetic controls of protein quelity factors from a
'vsegregating population has been handicapped by the lack of data
_showing correlations of chemical -evaluations with simple biological
evaluations that significantly relate to monogastric or ruminant
animal performance. |

"The use of the weanling rat as a test animal has been widely |
accepted and the nutritional requirements o4 a rat have been documented
(Howe and Gilfillan 1970, Mertz 1969, and Rama Rao et al. 1959). The
amountvof_grain«required to conduct rat evaluations of nutritional
quality is not always available in early stages of breeding and
.selectiop programs. Therefore, the concerns of sorghum breeders
attempting to.improve autritional quality are: (a) the need to
aidentify the ractorsrthat affect'nutritional quality associated with
pigmentation complexes, (b)‘development of more rapid screening tests
~correlated uith biologicalrresponsesfthat require a minimum of sample,‘
‘time and equipment, and (c) simple procedures that can be utilized in
the field prior to pollination for identification of high quality

pplants for making specific crosses from random ‘mating and segregating

mnonulations.



MATERIALS AND METHODS

Grain samples for all chemical and biological tests were obtained
from replicated yield trials or seed increasevplots grown on the Purdue
Agronomy Farm, Lafayette, Indiana. The commercial hybrid grain
samples were grown in 196§ and the other lines and hybrids in 1970
.or 1971. Year of production, soil fertility level, size of plots,
crude protein and amino acid analyses were utilized in making original
éample selections and groupings of the samples subsequently selected

for feeding trials. Seed maturity was verified by field data. Low

density seed and foreign materials were removed by use of screens and

by air separation.

Rat Feeding

Weanling male rats were obtained from the Wistaur Inbred Colony
maintained by the Biochemistry Department at Purdue University, West

Lafayette, Indiana. _Six individually caged rats..comprised a_rep-

lication. The six.rats were matched initially by weight and assigned

ran@gg;y,xg~g§§§§_and_replications so that each replication had a
. - ‘\\—-—-—* .
similar-average starting weight. The individually caged rats were

placed on feeding shelves in a temperature, humidity, light and noise
controlled room at Shuman Laboratories, Battle Ground, Indiana. The
réts(yerg provided water and feed ad 1libitum. Spilled feed was

returned to. the feeders daily. Individual weight gains were
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'Q:calculated‘at ‘the end 'of. 14 days. -No respiratory or other. illnesses -

Jv;were_detected.at any tim'.:

To obtain heavier rats for comparison of their growth response to

1i;the.level of protein available in grain sorghum, weanling rats in excess ,.
yiof the required experimental number were fed a complete commercial a
ll'ration until they reached the desired weight. Ths rats were then ,:
r*sorted by weight and randnmly,assignedstn_treatments and placement as
was done for the smaller weanling .rats.

_residue from the initial supply and dividing by the number of rats fed
in.that replication. A feed efficiency ratio was then calculated by
divid;ng.the'amountfof feed'consumed“by the weight gain and expressed

as grams of feed consumedaper-gram of gain.

ChemigélﬁAnalyggg
The;micro-xdedahl'procedure (A.0.A.C. 1960) was used to determine
the‘nitrogen.content of selected samples and mixed rations. Percent
«nitrogen"was multiplied by 6.25 to obtain the percent crude protein.
A1l samples were defatted, hydrolysed and analyzed for amino' acid
content using an automatic Beckman Mbdel-lzo c ion-exchange resin
‘chromatography anino acid analyzer. '] : |
Percent oil in whole grain samples was determined at the Univer-
Vsity of Illinois, Urbana, Illinois, by use of the nuclear magnetic
fresonance spectroscopy (NMR) technique.
| ,‘: Catechin equivalents were determined as percent of sample by:
using the vanillin-HCl procedure described by Burns (1971) One gr&m '

of grain ground to pass through a: 20 mesh screen was. soaked in 50 ml
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metﬁanelffer'Zd*hdnre.- Standards were prepared by mixing one part of ;
‘ 8% HCl, ‘one- par* 42 vanillin and 40 mg catechin in 100 ml methanol.

,‘New standard curves were prepared daily. One ml of grain-free sample |

f extract was mixed with 6 ml of the vanillin solution and read after 20
: minutes at SOO*mu on a. colorimeter. -The readings~were then~calcu1ated ‘
as catechin equivalents from the standard curve established daily
from known samples. ' ‘

The in vitro dry matter disappearance (IVDMD) percentages wvere
determined by use of a modified Tilley and Terry (1963) procedure,
One gram of grain was digested at 39 C in 20 ml of nutxient buffer ‘
solntion‘and 5 ml of strained rumen fluid. The vials were flushed
with earben dioxide, stoppered and periodically shaken in-the stoppered
vials which were equipped with gas releases. After 48 hours, 2 ml of
6 N HCL and 0.1 g of pepsin was added and mixed for continued
: solnbilization at 39 C for 24 hours. The samples were then filtered,
washed nith distilled water and the dry weight determined after
drying the samples at iOO C overnight. The loss in weight of a
sample-wae calculated, corrected for rumen flnid solids and reported
as the .percent of the sample that disappeared during the in vitro
d;geetien\procednre~(IVDMD). |

;wﬁp1e grainaaampies were tested for anthocyanogens by heating
apprg?imately 1 g'of grain in lén HCl. A magenta color formation
‘1nd§ééies'the:presenee.ef anthocyanogens (Blessin et al., 1963). The.
celers produced were'rated_as follows: 1 clear, 2 yelldw, 3 mageyta?

4 darker red, and 5 dark red and cloudy.



Other Measurements and Statistical Analysis Procedures

Pericarp color was"evaluated_ac_ording to the following scale;fif

*gl white, 2 straw, 3 yellow, 4 orangefts"light brown, 6 brown, 7 rediff

?lbrown, 8;gray, and 9 purple.:?lpiffff“i e
: The grain was sectioned hy cutting in half and the endosperm
chlassified visually as follows.\ 3 floury, 5 normal, and 7 corneoustv.
thhe endosperm was further identified as being waxy or non-waxy |
'(blue-black color produced with iodine solution indicated non-waxy
'type endosperm).. . _ '

Standard analysis ofvariance,correlations, and regressions were

calculated according to. methods suggested by Steel and Torrie (1960).

Field Dataf?Collection
The number of days from planting until half the plants in the
5central portion of a. plot were flowering half way down the panicles

«were recorded .as’ days to half- bloom..

At the time of seed maLurity, height to the top of the panicle
vof~the‘average plants in‘thefcentral-section;of a plot was measured

,aand recorded in centimeters.

Plots utilized for grain yield evaluations and grain sample

"production were a minimum of 455 cm long with 75 cm.between rows. :
Where heights were &nownfand uuiform in the commercial yield trials,

f12—row plots were utilized with 305 cm sections harvested from,both

ﬂtwo or more,replications inda?giventexperiment were pooled and
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-completely mixed .to insure suffic’ent grain for feeding trials.
-’Starting at a randomly selected spot within each harvested area of a
plot, 10 consecutive panicles were cut, weighed, and subpacketed for
'obtaining estimates of moisture content at harvest, dry weight, and
threshing percentage after being dried and threshed. All panicles in
the‘'harvested area of a plot were cut just below the bottom branches
and the number of panicles per plot was recorded. Fresh weight of each
plot'was recorded at harvest time. Plant density for each plot was
obtained by use of number of panicles harvested in each plot.

Grain ssmples were dried at 40 C to less than 12 percent moisture
and .allowed to equilibra;e‘at room temperature prior to threshing.
Samples were threshed, weighed and a Brown-Duvel grain moisture tester
uss used to determine grain sampie moisture content. All yield data
were adjusted to 15 percent moisture levels. All grain samples were
stored’ under controlled conditions where the temperature ranged from
15-20 C and the relative humidity ranged from 30 to 40 percent.

Five plants were selected ‘at random from the harvested plants
and divided into leaf, stem and panicle components for determining
plct yields. Plot dry weights uere determined after the components
were;dried to constant weight (9% moisture) at 45 C. These plant

semples were 9pilize&‘to calculate yields and for chemical analysis.

Feeding Sample Preparation
All samples were uniformly prepared for feeding by cleaning,

‘blsﬁiug,sgrinding, and mixing of .97 g of grain with 4 g mineral mix
‘and‘l g vitamin mix ‘or 96 g of grain with 4 g mineral mix and 2. 8
-1fvitamin mix unless specified differently in a. given, experimeut.u

L
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”‘Grain samples were freshly ground just prior to feeding trials and

:;chemical analyses,~ The Hawk-Oser salt mixture number three was
3fobtained from Nutritional Biochemical, Inc., Cleveland, Ohio and the
t Vitamin Supplement was produced by Biochemical Research Producta,
'Chagrin Falls, Ohio., Bothkcontained above minimum levels required
for normal weanling ratvgrowth.

A;large;sample_ofithe line identified as IS (India Sorghum) 2319
. was obtained,ﬂsubdivided'and stored unground. These subsamples were
used as the check.sample for comparisons among samples fed to different
groups'of rats at different times. Rat weight gains were calculated
as actual grams of weight gained and expressed as percent of the
check gain obtained with a given set of rats'at a given time.

Bartial removal of the pericarp and testa was accomplished by
steeping the grain for 5 minutes in 60 C water, followed by heating it
for'S;gdnutes in 20 percent sodium hydroxide solution at 60 C. The
grain was rinsed six times in water at 60 C, neutralized with 5%
acetic acid at 60 C for 5 minutes, washed five times with 60-C water,
and;dried'at 60 C as described;by.Bleggin (1971). This procedure was
.used. to reduce the amount of tannins and/or pigmented complexes
'mmasured as catechin- equivalents from selected samples of grain sorghum.

Iso-nitrogenous samples vere prepared by utilization of crude
aprotein and amino acid’ analyses of" selected representative grain
samples. The concentration of crude protein in the grain was deter-
_mined and the amount of a selected grain sample that would supply a
frequired amount was calculated. Thefgrain:sample was then diluted to

‘ja selected X protein by the addition of ‘commercial corn starch.
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When supplementation of a:given amino acid wasAdésired, the amount
provided by the grain waé‘caICulated and the commercially prepafed
amino acid was added to bring its level to 125% of the rat requirement
(Mertz 1969), replacing equal amounts of the cornm starch filler. Thus
the major source of piotein supplied to the rats was from the grain
sorghum samples with a very small amount added via the cofn starch
and am;no acid supplementation. Subsamples of each iso-nitrogenous ration
were analyzéd after mixing to Qerify the actual Q:ude protein and amino

acid content being fed.
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RESULTS AND DISCUSSION

'Differences found in IVDMD rates of selected commerciaiihvbrids.

Table 1 shows yield, crude protein concentration, and % of
'IVDMD for~1eaves, stems, and grain from selected commercial hybrids.
;Tnehcrude protein concentrations ranged from 8.3 to 13.3% in the grain
’seiections. 'fOr.some grain samples the IVDMD percentages were lower
~than expected for grain as compared to IVDMD percentages for stems and
_leaves. The IVDMD percentages for grain were significantly different

among the‘vsrieties in this trial and ranged from 3150 to 7070 kg/ha.

The ‘range of total solubilized dry matter in the stems, leaves,
Vand grain among hybrids was from 6,800 kg/ha to 11,460 kg/ha.
These differences among commercial hybrids led to the subsequently
‘described studies designed to identify the factor(s) in the grain of a
specific variety which reduced the solubility rate of the in vitro

procedure.

In vivo differences of the magnitude demonstrated among these
‘“selected hybrids by the in vitro results, if and when translated ‘into
‘animal performance, could be of considerable economic importance. For
"human nutrition, understanding and controlling ‘the factor(s) related
to availability of dry matter differences of such magnitudes could be

‘1critical for making steps toward improvement or maintenance of health.

"fThis would be of ’rimary importance in isolated geographic areas where

7fpeop1e are dependent upon grain sorghum as. a major food source.
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Table 1. . Comparisons of yield, protein content, and in vitro dry
matter disappearance (IVDMD) percentages of selected commercial
hybrids (planted June 17 and harvested October 21, 1969 from
replicated yield trials on the Purdue Agronomy Farm) (1).

Variety Plant Dry Matter
Part Yield Protein ° IVDMD (2)
% kg/ha % kg/ha % ke/ha
DeKalb A-25 Grain 43 7350° 13.3 970 50 3680
Leaves 15 2530 12.0 300 55 1380
Stems 28 4820 4.4 210 55 2640
C-42a Grain 44 8580 9.7 830 70 6000
. Leaves 18 3490 10.9 380 55 1930
Stems 22 4440 3.4 160 40 1780
BR 44 Grain 40 6350 10.0 630 50 3150
Leaves 16 2480 12.4 300 57 1410
Stems 30 4720 4,1 190 47 2240
Pioneer 866 Grain 42 9910 9.8 970 71 7070
Leaves 13 3070 12.0 370 55 1680
Stems 28 6700 3.7 250 40 2710
846 Grain 41 8160 9.7 800 67 5500
Leaves 18 3540 12.7 450 54 1930
Stems 24 4840 3.9 190 40 1930
Taylor Evans Grain 40 9960 8.3 820 67 6740
Exp. 11105 Leaves 17 4380 11.1 480 53 2340
Stems 26 6480 3.1 720 35 2260
RS 610 Grain 41 7360 9.7 720 67 4940
Leaves 14 2600 12.1° 310 60 1580
Stems 30 5470 3.7 200 41 2260
Averages Grain 41 8230 10.1 820 63 5300
Leaves 16 3160 11.9 370 56 1750
Stems 27 5350 3.7 200 43 2250
C.V. (%) Grain 4.9 12.1 5.8 11.1 5.9 13.8
Leaves 6.5 9.3 4.0 11.2 5.0 8.7
Stems 5.1 12,1 9.6 18.5 4.7 11.4
L.S.D. (.05) Grain NSD NSD 1.4 NSD 5.6 1530
Leaves 2.5 720 NSD 100 4.2 320
Stems 3.3 NSD NSD NSD 2.9 380

(1) Yields were calculated from 7 replications, two replications were
used in the IVDMD calculations, and all plots were fertilized
with 309-64-360 kg/ha.

(2) 1In vitro dry matter disappearance percentages as determined. by
the modified method of Tilley and Terry (1963).
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e sorghum rations.,

Weanling rats have been used extensively for nutritional studies.,

| It was hypothesized.:hat‘dilution of grain sorghun selections to an

‘ ian-nitrogenons levelvdould 1ower nhe crude proteinrcontent of the .

: rationa to- below 8% in oxrder to feed the desired samples. The alterna-
} tives were to- supplement all rations with a fixed amount of crude
_p:otein or feed the samples at their natural concentratinn of crude
protein. To avoid eonfounding protein quality by the addition of some
other source of crude ptotein in the rations, grain sorghum selections
mixed with only vitamins and minerals were fed. Considerable variability
was found among rats on a selected ration.

Starting weanling (50g) rats on an ali cereal diet was thought to
cause much of this noted variability among a set of rats. Weanling
rats were fed on complete rations until they reached 80g and then
compared with 50g weanling rats on rations containing varying concen-
trations of crude protein and CE. It was hypothesized that older or.
heavier rats would have a lower protein requirement and thus show
less variability than the 50g weanling rats in l4-day weight gains on
grain sorghum rationms.

It was foundfthan 50g rats showed a lower coefficient of varia-
bility than 80g rats‘(Tab%egzg‘and«gere thus as useful for test A
animais in samples fedrwinh yafying?concentrations of CE and crude
profein .as older rats. These data indicated that the younger rats
gained more than the older rats when fed rations made up of the high
CE aamples and gained leaa than the heavier rats when fed rations made

- up of the‘ggg‘QE samplea.i When eonside:edlgver.bo;h rat sizes and
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without regafd.to CE differences of the grains, weight gains werelvery
similar and the range in wéight gains was not related to crude protein
concentrations of the ratioms.

The effect of CE concentrations was evident by the comparison of
rations made from RS 610 and BR 64. These selections had similar crude
protein concentrations, but differed greafly in rat weight gain.

BR 64, which contained a higher CE concentration than RS 610, resulted
in significantly less weight gain than RS 610. Further, the 80g rats
showed a tendency to gain less than the 50g rats when fed these two
grain selections. These data indicated that 50g rats could be used as
effectively as 80g rats to compare rat weight gains from grain sorghum

samples fed at various concentrations of CE and crude protein.

'Table 2. A comparison of l4-day rat weight gains on variable concen-
trations of crude protein and CE in grain sorghum samples starting with

rats having initial weights of 50 and 80 grams (1).

Sample Catechin Crude Rat Weight Gain
Identification Equivalent Protein 50 g 80 g

: Z _£ g
RS 610 . .48 9.9 5.32 3.59
IS 2319 ' 51 11.8 14.24 15.98
IS 0062 «52 12.3 12,32 17.56
IS 3982 .63 12.6 8.21 10.29
IS 0075 .97 12.5 2,12 - 2.25
Low CE Average T .62 11.8 '§.4Qj 9.93
IS 6992 4,61 9.3 3.19 2.20
IS 2942 5,70 10.0 2.21 -2.91
BR 64 8.10 9.3 1.54 -2.28
High CE Average 6.14 9.5 ‘?.31 \ -.99
Average of all 11.0 6.15 5.84
C.V. (%) ' . .36 .59
LSD (.05) 2.98 7.35

(1) 6 rats were fed per replication. Means of 2 replications are
reported. ' '
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L'guaiiti.;;A‘]'

Grain sorghums vary greatly in crude protein, amino acid, pigment,
and oil concentrations as well as endosperm types. To correlate
‘chem;cglgdataqwith biological.estimates of nutritional quality, weanling
'fa§$'werg fed the grain sorghum samples supplemenoed only with minerals
: éﬂd;viéamins; This reduced the diluoion of pigments, carbohydrates,
andﬁgthefbfactors, but confounded the normal consideration of feeding
rations.for nutritional quality at iso-nitrogenous levels to avoid
differences due to variable concentrations of crudo protein. To cver-
come this consideration, it was hypothesized that crude protein
differences could be minimized by observing weight gains within
groupings having similar concentrations of protein in the grain. The
data shown in Figure 1 iodicated that at any selected crude protein
concentration, there was a wide range of rat weight gains, expressed
as ¥ of the IS 2319 sample fed as a control (% of check). Selections
with a high CE concentrotion tended to result in lower average rat
weight gains. Thesé high CE concentrations were found to be associated
with a dark colored teota. A dark colored testa was found also on the
- commercial varieties showing 1ower rates of IVDMD (Table 1). It was
furcher noted that visual ratings, according to testa and pericarp
;ﬂcharacg%giotios, 41d not copoistontly predict CE concentrations and -

‘subsequent rat response.
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- Figure 1. Rat weight gain from 110 grain sorghum genotypes of differing
" crude protein and catechin equivalent (CE) goncentrat:lons.
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Relationshi of polyphenols (tannins as measured by catechin

eguivalents (CE), to the evaluation of grain sorghum nutritional quality.

" pata for 172 grain sorghum samples fed to weanling rats over

la-day feeding periods are presented in Appendix Tables 1 and 2. To
study the relationships of rat weight gain to chemical analyses, 110
of the 172 samples were chosen to represent a random selection of the
range of crude protein and CE concentrations within the genotypes fed.
CE concentrations were used as a measure of the amount of polyphenols
(tannins) in the grain (Maxon et ‘al. 1972)

within the 110 genotypes, a natural break seemed evident by the
spread in the sample frequency, m:eans for CE concentration and amount
of weight gain between the group of samples just below and just above
the CE concentration of 1.00 (Table 3). The five groups based on CE
concentrations, as shown.in Table 3, were then grouped into 66 samples
selow a: CE concentration of*l.OQ (low CE group) and 44 samples contain-
ing a CE concentration of 1.00 or above (high CE group). Data relative
to means and correlations of.weight gains with selected means are
shown for the high and low groups in Table 4.

Interpretation of the data for all 110 of the selected genotypes
(Table 3), when. divided into low and high CE concentration groups, W
diffiouit ‘because correlation of weight gain, as % of check, with
grams of lysine per 100 grams of protein (lysine % of protein) was
found to be negative rather than positive at low CE concentrations.
Amino acid analyses indicated that all genotypes contained less lysine
than re?uired for normal growth of weanling rats,” Therefore, a
positive correlation of weight gain with lysine as % protein was

anticipated. However. since these grain sorghum samples were not fed



[able 3.
>£ 110 selected sorghum genotypes (1).

Rat weight gain as related to CE concentrations, IVDMD and correlations with lysine content

JYo. of CE ?rotein -Weight Gain Mean IVDMD Correlation (r) of %Z Check with:
Samples Range Mean Mean Mean Protein Lysine Lysine IVDMD
A g Z_Check % Z X _Protein % Sample A
42 .00 - ,49 «25 10.60 5.75 63 78 .268 .047 .221 «309%
11 1.00 - 1.49 1.43 10.38 3.37 .27 66 .084 o445 475 .285
12 1.50 - 3.99 3.13 9.09 3.21 28 58 «552 .035 .416 .281
21 4.00 - 8.10 5.96 9.44 .92 4 55 «751%% - 503% .046 +295
: ' Low CE Group
66 .00 - .99 .38 10.70 5.72 63 77 «280% 104 «293% 459%%
High CE Group
44 1.00 - 8.10 4.13 9.69 2.15 17 59 «392%% - 331% .055 .301%
- : All Samples
110 .00 - 8.10 1.90 10.28 4.29 44 69 <400*%% ~-,090 «292%% «548%%

(1) All rat rations were composed of 94% grain sorghﬁm, 2% vitamin mixture, and 4XZ mineral mixture.

* Significant at .05 level
*% Significant at .0l level

3
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u 5Tab1e 4.- Correlacions of 14-day weanling rat weighc gain, expressed
| as percent ‘of check; with percent protein, amino’ acids as pereent
'{protein and selected factors. e :

,Low CE

High CE

R Low CE - High CE .
f;‘Selected Samples Samples = ‘Samples  Samples
fﬂ?Factots . 66 - 44 - 66 44
R _ Means Means _ r r

‘Weight gain (% of check) .63 . 17, 1.000 1.000
% Protein - - 10.63.  9.69 ' .292% +392%%
Weight (g) 5,75 2.28 . 788%% <928%%
Days Flower 80 - 82 =074 -.098
‘Height (cm) 183 187 408%%  -,015
HCl test 2,91 3.94 <234 -.176
% 0il 3.13 3.21 .184 174
IVDMD 77 59 . JabhRk .301%* -
100 seed (g) - 2.46 2,36 .051 247
mg P/seed 2.78 2.43 o214 - . 364%
mg L/Sveed g .. 062 . . 055 0276 . 0244
Pericarp 4,08 . 5.74 -.087 -.360
Endosperm © 5.36 4.47 -.217 -.171
Lysine Z of sample «254 «233 .278% .055 -
Meth+Cyst 2,64 2.80 .001 .305%
Iso/Leuc -.289 .292 =,071 -.331%
Lysine 2,29 2.33 .088 ~,373%%
Histidine 2,22 2,56 -.346% 217
Arginine 4,05 4,17 112 -.066
Asp. acid 7.31 7.17 -,006 -.190
Threonine 3.23 . 3.19 -.120 012
Serine 4,42 4.37 -.064 +200
Glu. acid - 22.98 22.44. =075 .316%
Proline . 8.05 7.72 -.103 «605%%
Cystine 1.25 1.32 =.352%% .273
Glycine - 3.21 3.25 013 -.238
Alanine 9.75 9.67 -.196 .233

. Valine . 5.21 5.11 -.093 -.013

Methionine 1. 41 1.53 157 +239
Isoluecine 4,11 < 4,05 -.268% .148.
Leucine 14.14 13 91. -.237 «278.
Tyrosine © 4,88 4,60 -.081 <3974k
Phenylalanine : 5;35.9 5 .35 . =.280% 114

* Significant at .05 level -
*% Significant at .0l level
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'tatrigo-nitrogenous levels, the varying levels of protein confounded.
the directAuSeof'l§sine‘e¥pressed as percent of protein as a measure
to predict.nrotein onality and thus be a predictor of rat weight
gains. Had the selected samples all been fed on an iso-nitrogenous
basis, then lysine as percent of protein would have been equivalent
to lysine content or lysine as % of sample (grams ‘of lysine per 100
grams of sample). As fed in this study, correlation of weight gain
with lysine expressed as percent of sample, for the low CE concentra-
tion group of samples, showed the expected dependency of rat growth on
‘lysine % of sample (r=.293%). However, the high CE group did not
show a.significant correlation of weight gain with lysine % of sample
fri.OSS) which is indicative of an overshadowing influence of the
factors aasociatea with high concentrations of CE on nutritive quality
of sorghum grain. -

Weight gains (g) for 48 low CE samples and 35 high CE samples
were plotted against their respective lysine percent of sample
(Figure 2 a & b) and protein percent of sample (Fignre 3). The
regression Oflrat-weight gain on lysine Z of sample for the low CE
samples was positive (r=.290%), but for the high CE samples the
regreasion of weight gain on lysine % of sample was not significantly
different from zero (r=.055) These differences indicated that the
low and high CE samples should be studied separately due to factors
zassociated with the high CE concentrations which reduced rat weight
gains more than the lysine content which normally limits rat growth"

in cereal crops. The lysine content was lower in these samples than f

the amount required for normal rat growth. (See discussion later and

Figures Szand 6)
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Rat weight gains from lov'and high CE genotypes showed a positive
response to increased protein content as anticipated (Table 3 and
Figure.3). Since the low CE sample weight gains were correlated with
both Z crude protein and lysine Z of sample and the high CE weight
gains were correlated only with Z crude protein, this would suggest
that the limiting factor in the high CE sample was associated with ¥
crude protein and its availability rather than lysihe % of sample.

This is supported by the lower weight gains obtained at a given %

crude protein and the difference in the regression lines shown in

Figure 3 which is lower for the high CE samples than for the low CE
samples (Schaffert 1972). However, the regressions for low and high

CE group weight gains on % crude'protein were not statistically different.

The high level of error associared with these data, representing
the means of six rats fed in unreplicated rat trials at inherent crude
protein content, limits their use to general implications. In the
screening of'large numbers, identification of extremes was possible and
useful to select genotypes within the high and low CE concentrations
for more detaileq_iso-nirrogenous studies of factors associated with the
CE concentrations and the nutritional quality of grain sorghums.

Use of the in vitro dry matter disappearance (IVDMD) procedure
(modified Tilley and Terry 1963) for estimating rat weight gain and
thus estimating the nutritional ouality of grain sorghum was shown by
the data in Table 3. The mean IVDMD for each CE group was consistently
lower as the CE mean increased. The correlation of weight gain as %
check was positively correlated with IVDMD for low CE samples

(r-.459**). high CE samples (r=. 301*) and all samples togerher (r-.548**)&'“¢
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f;Correlations of IVDMD with CE concentrations (not shown) were xr= -.185

iffor the lovaE samples, r='-.457** for the high CE samples and when
:iconsidered all together ré .623** These data indicate that IVDMD
i?percentages were reliable estimates of nutritional quality in groups
f;of grain sorghum where high and low CE samples were studied together
:or when high CE samples would be studied in a separate group. The
pIVDMD percentage was a good estimator of the combined influences of

crude protein and ‘CE concentrations as shown by the IVDMD means and

their correlations with weight gain,

Comparison of rat weight gains in high and low CE groups of grain
sorghum gemotypes at near iso-nitrogenous levels. '

Each of the near iso-nitrogenous groups had similar.CE values
(Table 5). The average crude protein and lysine as % protein concen-
trations of the low and high CE groups‘at a given level of crude protein
were"similar; However,ptheflysine content (g of lysine per 100g sample)
increased as the y4 crude.proteinllevels increased. This indicated
that.the % lysine in the .crude protein remained constant or decreased
only slightly as the Z crude protein increased. Thus, in the low CE
‘samples as the z crude protein increased the lysine as % sample
‘increased and this resulted in an lincrease in rat weight gain.

Increased weight gain was also indicated in the low, CE group by
the general increase of the IVDhD percentages. High CE: group means

fwere consistently lower in rat weight gains (except at the 10%: crude

kprotein level), rat weight gains expressed as z of check and IVDMD

fz for all levels of crude protein as compared to the low CE sample

'”'”f;fruo of the eighr genotypes in the hish CE 8‘°“P at the lOX
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Table 5. Compar;sohsrqfamgans of grain'sorghum genotypes grouped by.
crude protein levels and high and low concentrations of catechin
equivalents (CE).

No. of C.E. Protein Rat Weight Gain IVDMD Lysine*
Samples y4 g % Check % % Sample % Protein
| Below 8.97% Erude protein
12 40 8.37 4.10 47 70 .20 3.00
From 9.0 to 9.9% crude Erotéin
15 .26 9.63 4.87 46 74 24 2.59 .
13 4.96 9.48 2.39 17 52 22 2.64
From 10.0 to 10.9% crude protein
11 51 10.47 5.19 71 73 25 2.75
8 4.09 10.34 5.20 39 68 24 2.96
From 11.0 to 11.9% crude protein _
13 « 34 11.26 6.86 66 84 .28 2.45
O :
’ From 12.0 to 147% crude protein
15 42 13.19 6.94 80 80 «30 2.50
6 2.21 12.58 3.33 30 71 .26 2.75

* Lysine rat requirement is 1% of sample (Mertz 1969).
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'icrude protein level gave unusually high rat weight gains and thus :
fcaused the mean weight gains for this protein level to be higher than
‘fwould be indicated for the other high CE samples in the protein level
1 group., ; 1 '

| Weight gains increased in the low CE genotype as the % crude
‘protein and the lysine content of the sample increased. Likewise
weight gain expressed as % of check for the high CE samples showed a
tgeneral increase as % crude protein increased but at much lower levels
(1-39) ‘than for the low CE samples (46-80). This showed that CE con-
centration was a dependable indicator of the presence oé a factor(s) ia
the high CE genotypes which resulted in reduced rat weight gain at a

given crude protein and lysine content.'

Data in Table 5 showed, as has indicated in Table 3, that the IVDMD
procedure was an effective method of predicting rat weight gain when CE,
crude protein and lysine concentrations of a given sample were considered
'simultaneously. This was especially true when samples were studied at
_various levels of crude protein in order to screen large numbers of
samples having relatively limited amounts of grain for feeding purposes.

These data indicate that the IVDMD procedure would be useful to ideatify
| genotypes having exceptional nutritional quality for detailed iso-
‘nitrogenous or other atudies~that could lead»to the ideatification of the

specific factors in a genotype related to its ‘inhereat nutritional

qualities and inheritance of these qualities.
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Supplementation of high and low CE commercial grain sorghum rations
for weanling rats with choline and methionine.

Methionine and choline are potential methyl donors (Mitjavila
et al..1970) that could be expected to furnish methyl groups for the
breakdown'of tannins in the intestinal tract of a rat. Since it is
thought 'shas the test for CE sgngsngggciong measures tannins, weanling
rats were fed a.low CE selection (RS 610) and a high CE seléction
(BR 64) ration supplemented and unsupplemented with methionine and
choline alone and in combination with each other.

No significant differences in weight gains, feed consumed or
feed efficiency ratios were found for any of the rations containing
RS 610 (Table 6). ‘Howevér, BR 64 fed unsupplemented or supplemented
with methionine or choline alone showed a éignificantly lower rate of
rat gain than the rations made with RS 610 and low in CE. The feeding
of choline with methionine as a supplement in the BR 64 ration showed
weight gains and a feed efficiency ratio similar to that of ratioms
from RS 610. In addition, the amounts of feed consumed on each of the
4 BR 64 raticns were similar to the RS 610 containing rations.

These data indicate that some factors limiting rat growth in the
BR 64 rations were corrected for rat growth when both methionine and
choline were added simultanenusly to the grain sorghum ration containing
the high CE concentration. The data showed, in addition, that feed
consumption was not significantly reduced for the 3 BR 64 rations which
produced the lowest amount of rat weight gain. Thus, palatability or
acceptability in this trial was not the-fact;r causing the high CE

concentration sample (BR 64) weight gains to be significantly loﬁer
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* Table 6. Supplementation of low (RS 610) and high (BR 64) CE.
'comniercial grain sorghum rations:for weanling rats with methionine
- and choline *, SR LR 4

l4-~day Feed

séﬁéiéi U Weight . Consumed g ‘feed/
"Identification Gains o g gain
" RS 610 (low CE group: 0.48 CE) 5.27 a 112 a 21 a
RS 610 + methionine (1) - 5.95 a 107 a . 18 a
RS 610 + choline (2) - 4,05 a 117 a 28 a
RS 610 + methionine + choline (3) ° 6.50 a . 105 a 16 a
B8R 64  (high CE group: 8.10 CE) 1,31 b 116 a 88 b
BR 64 + methionine (1) ' 91 b 97 a 106 b
BR 64 <+ choline (2) 76 - 136 a 179 v
BR 64 + methionine + choline (3) 4.39 a 129 a 29 a
Averaga 3.64 CEE;;
C.V. (%) 45v 9"’

* Numbers followed by the same letters are not significantly different
at the 5 percent level based on Duncans multiple range test. All -
values are the average of 2 replications containing 6 rats each fed -
for a pariod of 14 days. All rations contained 2% vitamin mixture

and 4% mineral mixtura.

1) Mechionine was supplemented at the rate of .15 g per 100 g of
ration,

2) Choline was supplemented at tha rate of .20 g per 100 g of ration.

3) -Mathionine and choline wera supplemented at .15 g and .20 g
zaspaectively par 100 g of ratien,
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than the RS 610 ration gains. The apparent benefit from combining

methionine with choliné is not understood and merits further

investigation.

The effeét of dehulling and lysine supplementation of high CE grain
sorghums on weanling rat weight gain.

Removal of the outer layers of the caryopsis with hot sodium
hydroxidé lowéred the CE (tanuin) level of the remaining grain without
significantly altering the crude protein content of the grain as
Blessin (1971) had reported was possible (Table 7). Amounts of feed
consumed by rats fed rations based on dehulled grain was not signifi-
cantly different from whole grain rations. However, the feed effic}ency
ratio was higher for the whole grain sample of BR 64 which contained
a higher CE concentration than the low CE selection fed (RS 610) and
che'dehulled samples. This indicated that the factor(s) associated
with the CE concentration test wére removed by the dehulling procedure
and that weanling rats could then gain weight on the dehulled-sample
ration at a rate similaf to weight gains obtained from low CE selections.
The data indicated that dehulling did not alter the rate of weight
gain, feed consumed‘or the feed efficiency ratio for the low CE
selection, but did remove the factor(s) measured by the procedure to
determine high CE concentrations that were 9;using reduced rat weight
gains. .

Supplementation with lysine of two high dE samples did not signif-
icantly increase l4-day weight gains for weanling rats (Figure 4).
Howaver, dehulling grain of these genotypes did result in increased
weight gain and an additional increment of weight gain resulted when -

tﬁexdgh611¢d»sqmples were also supplemented with lysine. 'DehQL}gq;,d le,ﬂ
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18 6992‘supp1ementéd with lysine produced }at weight gains similar to:
those of low CE grain SOrghnm genotype rations for ; 1l4-day period.
Appnrently, facﬁor(s) related to poor rat growth present in high CE
sorghum lines were removed by thg dehulling process since the weight

gains following dehulling were similar to those of low CE lines with

" and without lysiné supplementation,

)

Table 7. Effect of alkali dehulling of grain On rat weignt gain or a
high and a low catechin equivalent (CE) grain sorghum ration.

.

, 14~day Feed
Identification C.E. Protein Weight Consumed g feed/
% 4 £ g gain .
: ﬁ: 610 (Whole) 0.48 9,90 5.27 112 21.3
610 (Dehulled) 0.10 9.95 6.73 132 19.6
IBR 64 (Whole) 8.10 9.30 -.99 122 -
BR 64 (Dehulled) .35 9,38 8.42 118 14,1
Mean | 4,86 121
C.V. (2) _ 42 01

L.s.D. (.05) . 6.47 28

Essentinl amino acid content of high and low CE grain sorghums compared

s22=leld. anno acld content of ailgh and low (OB grain sorghums compared
to weanling rat amino acid requirements and rat gain responses to amino

acid sugglementation.

COncqntratiqns of nine amino acids éonsidnred essential for normal
wennling rat growth are shown as grams of amino acid per 100 grams of
protein of grain sorghum in Figure 5. The means fbr‘36 low and 34 high
CE concentration grain sorghum genotypes are compared to the Qeanling
rat requirements. The mean protein concentration for the low CE

samples was. 11.61% while the mean ‘for the high CE samples was. 10 332.«;;,;;
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‘Plgure 5.. Comparison of weanling rat essential amino acid requirements

expressed as percent of protein with high and low polyphenol
(CE) grain sorghum selections.:
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'*ﬁIn Figure 6, similar comparisons are made except the amino -acid valuesf;‘

‘fa'e expressedlasigrams of amino acid per 106 grams of sample.
vafEssentially no differences in amino acid concentrations vere apparent V'
u‘between the high and low CE selections. The slight difference was
'=consistent and due to the lower crude protein concentration found in
',the high CE selection means as compared to the. 1ow CE selection means.
Expressing the amino acids as % of protein (Figure 5) or as % of
| sample (Figure 6) showed concentrations of lysine.in the grain samples
fto be very low compared to the weanling rat requirement for normal
' growth. In-addition, the amounts of leucine and arginine were shown
to be present in. concentrations of more than double the weanling rat
‘(requirement. These excessive amounts could be expected to be
Jpotentially toxic to normal weanling rat growth (Mertz l972) Grain
jsorghums would appear to be also deficient in methionine, threonine
_fand possibly in. isoleucine and phenylalanine when compared to con~
centrations of these amino acids required by weanling rats ‘expressed
as z of sample (Figure 6). o

To test the validity of supplementing grain sorghums with lysinge
:‘alone, as indicated being the only amino acid needed when expressing

'lamino acids as. z of protein (Figure '5), compared to the need for addi-

;tional amino acids when they were. expressed as % of sample (Figure: 6)'

kH"“w CE grain sorghum samples which possess a complete or Paftial

testa,\but which were both low in CE concentration and one sample H

co taining a high concentration of CE were fed at. iso-nitrogenous‘7 Lo

flevelspin replicated trials.¢ Rations composed of the selected grain

\sorghum (952), mineral mixture (42), and vitamin mixture*(zz were fed-

?141day57u§g'pplemented or supplemented with sufficien
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‘itheocontent;up to-lfsﬁsthe'rat requirement for normul growth. Figure
’>7 shows ‘that IS 2319 responded well to lysine supplementation and that
YIS 0149 also responded significantly to lysine supplementation by
',increased rat gain. However, lysine supplementation of the ration

. based'on the high CE selection (IS 6992) did not result in normal rat
gains’. Data in Figure 4, discussed earliar, showed that I8 6992.,' if
dehulied, did respond favorably to lysine supplementation. '

To test the influence of toxicity due to excessive amounts of
arginine and leucine indicated in Figure 6, and to test the influence
.of supplementation with additional amino acids, the same grain sorghum
samples discussed in the previous section and shown in Figure 7 were
supplemented with lysine alone and with lysine in combination with
methionine, tl.reonine and phenylalanine. Each of the amino acids were.
supplemented to 125% of the ret requirement based on grams of amino
acid;per 100 grams of the mixed ration. Data presented in Figure 8
indicated that the addition of all four amino acids, significantly
increased rat gains when fed iso-nitrogenous rations containing grain
* from the low CE genotypes. The slight increase in weight gain noted
for the high CE genotype was not significant at the .05 level of
probability. .The lack.of meight gain by weanling rats when fed IS 6992
A(high Ggg'supplemented~wi§h lysine and when supplemented with all four
‘amino ecids again points out the'difference between selections that
contain high and low CE concentrations. In order to effectively

identify the nutritional potentials of the sorghum genotypes containing:'

high concentrations of polyphenols (tannins or tannin-like compounds)

l;‘measured as CE'concentrations (catechin equivalents), the: sample‘ﬁmust #ngj
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PR and phenylalanine supplemented iso-nitrogenous low and

high CE concentration grain sorghum rations on lé4-day: .
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;be dehulled or have these pigment-associated substances de-activated

fbefore normal rat growth at the inherent level of crude protein can be ‘

Work reported by Schaffert (1972) indicated that supplementing '
;high CE genotypes with soybean meal (and likely other forms of protein)
rcan result in normal rates of rat growth if sufficient protein was
‘supplied by the soybean meal. Work reported by Rostag.no (1972)
;indicated that such supplementation would result in inq;eased fecal
losses of protein compounds, and the 4 amino acids used to supplement
'the high CE- sorghum did not improve significantly rat weight gain.
iTherefore, total protein is indicated as being the primary limiting
Ffactor for rat growth in rations containing high concentrations of CE.

The amount of weight gained on the rations of low CE sorghums
'sdpplemented with all four amino acids indicated that in the l4-day
period measured in this experiment, the excessive amounts of arginine
;and leueine did not significantly retard ‘rat weight gains since gains

rinxegceasnof.3«grems"per rat;per day”were observed.
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SUMMARY AND CONCLUSIONS

Wide variations in commercial hybrid grain sorghum in vitro dry
matter disappearance percentages (IVDMD) were found. Part of these
differences in IVDMD percentages were found to be associated with the
presence or absence of polyphenolic compounds associated with the
pigmented testa and pericarp of the mature grain sorghum caryopsis.

Phenotypic differences in polyphenol concentration were expressed
in catechin equivalents éCE). Sorghum lines with CE concentrations
below 1.00 did not affect IVDMD ;ercentage. Genotypes containing CE
concentrations‘above 1.00 had significantly reduced IVDMD percentages.
IVDMD percentages were negatively correlated with CE concentrations
(x=~.623%%),

Fourteen-day wennling rat weight gains from 172 sorghum selections
were positively correlated with IVDMD percentages (r=.484*%) and
negatively correlated with CE concentrations (r=-.493%%). However,
when all grain sorghum selections were considered as a single group,
at inhérent crude protein concentrations and with varying CE concen-
trations, identification of genQCypes having high anutritional quality
by amino acid analyses was masked by the influence of factors
‘assoclated with high CE concentrations in some of the pigmented sorghum
sélectiohs., Thus, to relate the amino acid data to rat weight gains

i; is necessary to consider .the low and high CE concentration groups

independently.
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Positive rat weight gain responses to lysine supplementation were
tt;obtained when rations made from low CE concentration selections ‘were
'i:tsupplemented with 1ysine. Additional increases in weight gains were
’inobtained by supplementing the rations made from low CE. selections with

i three other essential amino acids (methionine, ‘threonine and phenylalanine)
when'compared to lysine supplementation alone. Weight gains by rats
.-fed rations supplemented with all four amino acids were in excess of

3g per day, indicating that the high lencine and.arginine content in
.grain sorghum grains did not induce toxic effects for these short

(l4—day) feeding~trials.

Rations from yiain sorghum genotypes containing similar concentra-
tions of crude protein and amino acid profiles, but containing CE
'concentrations greater than 1.00 produced significantly lower weanling
rat weight gains than those obtained from the rations containing a low
CE concentration. Supplementation with choline plus methionine of the
ration from a sample containing a high CE concentration apparently
corrected the adverse effects of high CE concentration since rat weight
' gains were similar to those of the ration having a low CE concentration.
However, supplementation oflrations from the genotypes having a high
CE concentration with lysine alone or with lysine, methionine, threonine
| and phenylalanine combined, resulted 'in no significant increase in rat
'iweight gain. L ; R I
| Partial removal of the pericarp and testa oX the genotypes con-
;taining high CE concentrations lowered the measurable level of CE
fconcentration. When rations containing dehulled grain were. fed to

lweanling rats, weight gains were comparable to gains from rations with )
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1§w%CE selections of similar crude protein and 1ysine content., Rations
from dehulled high CE genotypes when supplemented with lysine resulted
in improved feed efficiency ratios and weight gains increased to rates
comparable with rations from genotypes with low CE concentrations.
Lysine was shown to be a limiting factor for weanling rat growth
in grain sorghum by amino acid anélyées. However, it was shown that
lysine was not the most limiting factor in genotypes containing high
CE concentrations. Therefore, genotypes containing high CE concentra-
tions must be studied separately from genotypes containing low CE
concentrations td ;dentify amino acid deficiencies relative to.
nutritional quality. The chemical nature and activity of the factors
associated with the pericarp and testa of genotypes containing higﬂ

CE cbncéntrations merits further investigation.
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7.90
99

1,73

OIL
80
hell

37
3.00

36
3.32

50
3.69

78
3.12

44y
3.27
80
bot3

83
3.10

45
3.82

50
2+49

46 .
3032

77
3,12
70
2.77

78
3e.22

HT o
FLo

210
89

140
77

240
87

165
83

165

84 -

230
90

280
80

295
94

230
i01

165
81

200
87

160
84

170
88

249
92

MG.P/S

MG.L/S

2.46
«0579

2.14

0450

3445
«0739

1.99
« 0394

1.73
« 0498

2.29
« 0497

2.70
o 0747

3.21
« 0601

1.52
« 0433

1.78
«0404

2.06
<0462

204
« 0498

475

0355
2.31

0541

66

PERI
ENDO
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_ APPENDLX TABLE 1. (CONTINUED) .

HT GAIN IVDHD

IDENTf PRO.-
souace Ca E.‘ GHEOK oIL
o710 10.2 ¢ 8400 80
132319-' o514 100 “i3
'9072 9‘5‘ 7.90 79
158295 .16 95 3.60
073 10.2 3.05 74
IS3457 .31 167 3,13
074 9.1 3.30 72
95#2“2 o« 47 40 348
, 075 9.2 8453 75
932452 .24 103 - 3.39
076 845 3.90 56
152848  1.00 47 2.78
077 8.5 5.40 79,
IS3198 .15 65 3431
078 9.4 5.75 58
IS9563  3.16 - 69 3081
079 11.2 8430 80
IS2319 .54 100 bhet3
980 . 8.3 bes2 76
956036 '1.32 48 2i28
081 8.5 8,27 63 .
954206 .21 9007 3,35
_-082 8.3 .f@fs.szi 74
IS1482 .73 7eD 3414
083 948 70600 61
8 .25 83 3. 3o¢
e I ‘
‘L%szs.s fo 5.30;; llsg |
‘»;.7a 80T 2436

HT-,
TFLt

280

80

175

84

200
70
130
83

205
86

195
83

230

92

230
92
280
80

175
83

160
86

165H

84
195

88

Y >ﬁ-r§i'

; :”{18 5. _;
87

HCL

100 SeWe

2457
2434
2410
1.79
1497
2449
2455
3.07
2457
2445
2470
2402
3024

2415

MG.P/S

- MG.L/S

2486

« 0841
2.30

0541 .

2.14
00587

1.63
« 0391

1.80
«0486

2.24
+ 0525

2.61
« 0544

2.88
« 0707

2.89
<0796

2.13
« 0544

2651
« 0604

1.80
00468

3.30

.0808:
2412

.0“66

&Jf

-67

PERI
ENDO



§s

KPPENDLX TABLE 1, (CONTINUED).

INENT PRO. WT GAIN IVOMD HT.  HCL MG.P/S PERI
SOURCE C.E. CHECK oIL FLe 100 SeWe MG.L/S ENDO
035  B.8 6.73 58 245 5 2.82 7
932127 2¢89 73 4,09 90 2.95 « 0682 5
686 8.8 3.52 61 160 2 1.93 8
932075 o b 38 2.78 85 2.03 <0435 5
087 11.1 9.16 80 235 2 2.86 1
IS2319 51 100 4b.43 87 2.57 0800 6
088 10.2 6,79 55 130 5 . 2.56 6
954255 S35 55 - 2.91 .84 2.42 <0494 t
065 8ot 9.68 70 165 1 2419 3
954217 39 78 2.90 82 2.64 40562 5
090 8.6 9,00 81 140 1 2.80 . 2
954063 .23 73 2,80 77 2444 .0737 7
091 9.1 540 65 225 5 2.86 7
932065 3.22 44 3.89 92 3e11 .0732 2
092 10.4 4.90 69 230 2 2.23 5
083034 55 40 2.36 101 2416 <0484 5
093 1040 7.47 75 125 1  2.55 2
954114 .23 58 3.37 86 2.57 .0588 6
094 8.6 7.70 61 170 2 1,70 3
954239 .37 62 2.95 86 1.91 <0496 8
095 11.5 2.38 80 235 2 2.86 1
[S2319 .51 100 - 2.95 87 2.57 .0725 6
096 8.6 5,60 69 120 2 1.55 8
132145 .68 69 3.5¢ 85 1068 .0362 7
097 9.4 4.32 61 120 ° 3 1.96 3
154248 .30 53 2.84 84 2,01 <0418 6
098 8.3 6,63 78 - 155 1 2.01 2

6

154445 015 82, .. 3.46 85 2433 0486

-



-;“,.‘ Insnri
\}‘SOJRCEE

A 099?
1:595“232fff’
V‘Pi°Q  8 9

954136

101

954068
102

954119

103
152319

104
954400

105

932127

4106
954052

107
- 954071

108

9540676

109

954167
1110

932175
111

| Is2318.

112
152319

;7PR0. :
50 Eo

71611.
>€35

.25

11.1_
o 40

9.9
«98

11.1
.52

i0.2
e« 28

9.3
1.68

10.3
53

8ol
.32

10.7
.90

9.9

40
»gosuv'

6%
11,1

f?52 f;k

" CHECK

.22
1260
5.67

70

. 570

70

5.05
62

8.13
100

5038
57

1.93
21
4487
52

7.98
. 85

5.18
55

jGQQUAQ

'11'2"§i%>i1  F

WT GAIN IVOMO
COIL

TS
2446

74
3.02

63
334

77
3.20

80
& o 43

78
3.26

52
2459

59
2,88

84
3.31

51
3.48

63

3.22

" 465
‘394

60

i1235~ .
87

s

80

S I N
beb3

| APPENDEX TABLE 1. (CONTINUED).

HT.
'FLof[
175

77
' o210

84

175
85

230

77

235
87

175

84
130

83

125
76

210
88

170

165

83

HCL

.
(%]

O . on P ?P‘yw_mmj
N P& +& (%] X)) -~ S

.
[ =4
(Vo]

P— NN NE BPW NG PN NW
"\
N

33.27 1 |

100, s"w.“

'“73§f}1

C MG.P/S:
;MG.L/S

2@90 

«0652"

2.37
y0532

360
«0769

2.85
«0552

3402

« 0698

3¢75

«0768

2.49

«0498

3e24
«0669

234
<0630

3.00
«0628

1.85
« 0389

i1.92
« 0423

2.86
40879

4.33

o0957 f

“PERT
ENDO

3
7
2
6
8
7
N
7
1
6
2
7
®
4
4
7
9
5
2
6
4
7
4
7

O o



APPENO[X TABLE 1.,

IJENT
SOURCE

113
156992

114
025035

115
IS2942

116
Is3982

117
IS0219

118
152549

119
Is2319

120
IS0075

121
IS0129

122

954111

123
954151

124
IS3483

125

150508
126

153935

\

PRO.
c.E.

9.3
be61

12.5
o U2

i0.0
5.70

12.6
63

i1.0
35

10.3
«63

11.5
- 58

12.5
1440

12.5
.65

12.5
o bl

12.0 .
6430

8¢5
3.82

11.0
43

9.8

032

WT GAIN IVOMD

(CONTINUED)»

CHECK

A

4.22
37

' 6.80

60

2.42
21

70
95 -

7.83
69

.83

96

100

-

6438

.39

04

«93
a8

1.48 .

13

60
05

53

05

2093 '“

26

57

1.32

OoIL
65
3463

71
¢34

50
3.26

89
2.90

87
306

88
2.89

80
82

2478
60

2457

63
354

78
3e19

57

2,85

88

264

93

T 2098

bhotd

HT
FL.

205
98

120
78

205
81

135

83

180
84

185
84

235

87
165

77

100

67 -

125
69

115
80

155

104

140
87

110

" 79

HOL "

100 SeW

MGoP/S.

MG.L/S

2455

+0600
3.81

«0720 .

2.15
<0439

2.35
<0572

3.49
« 0641

2.19
'00602

2.86
«0883

4.89
«0846

2449
» 0480

3454
«0622

2.01
00475

2.70
<0517

2428
00542

70

PERL
ENDO

o ON ON VW &N VI SO
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‘APPENDIX TABLE 1. (CONTINUED).

IDENT PRO. T GAIN Iy0HD: HT. CUMG. P/S PERL.
\ ;;;MG.L/s ENDO.

SOURCE ™ GeEe - ‘GHEGK . OIL. 'FL;ﬂjp

“ff127r,1a.u 1.13 ‘7 80 2355 f%/ﬂ2ch*;;2;eq[“ |
IS2319 .58 200 . A asgg_a7~yvr)u2557g;?*3nea§¢'
128 14eb 8. 605”'?*89 Co280 5. Bebb
155083 57 Y418 388 2.2L <0674

p20°°11.5 W95 .91 280 B . 481
152500  «16 70 .. 3:39 93 3.93 .0983

130 1244 B8.45 76 . 115 - 3472

954039 <54 54 3.35° 77 3.01 <0667
431 9.9 473 500 190 §  .2.42

MX3165 3.i7 30 270 2,36 +0504 -

132 9.8 3.42 43 190 5 2,57
RX8165 5.22 22 = 2476 2.54.  +0533

133 117 4,95 61, 155 2 2.78
954239  5.88 31 ‘2456 83 2433 «0665

134 10.6 425 86 110 5 2.4l
ISB165 5.16 . 27 - - 2.9k 96 T 2.39 0577

136 10.0 25 83 430 3 241
IS2939 .13 65 2,95 87 225 0542
. ey S R o 5 Ry . 2 3'86 '.“

2 2.86
2481 . <0749
2.8 <0671

137 9.9
152508 +09

138'911.5i;; ;[
182349  «58° 210

B 139. 11[3,' 8403
‘9541307i) .25:_‘,-4f

0 3 1,79

140 1042 . 6465 . ”
64 0383

:Isarssba 2.59,;“5.fjkﬁiaf

L6l 4107 7.8
ISdi?Sﬁyg@_,_:fi;

iﬁ”*w? ON O ON FN VWl NGO £0 &S0 N& 5 & OB




B R
APPENDLX TABLE 1. (CONTINUE), -

Ex IDENTQ?PRO. CUWT GAIN:CIVOMQ.  HTe. ' HCL-. o = 'MG4P/S" PERI
gsoaacpgfc Ee. _,_h”,ﬁgm>;_ ,z,u;hru;;fgzou s w.; uc@y/s ENDO

| 1«21fiziiﬁﬂsf}iiii}’T?LGS»?ﬁjézofﬂfi77fi‘,/w 4 13
_95u179g‘;g¢§a¢_qysx;; < h'z.esg;_aezf“- - TR 0772; '

2

3
56 - 3.3 80 . 2439 ;0676.
- 5408 sg . 435 (¢ 4 2,38
a‘284jv'b;'3 22_ 72 2.25 ' 0053§

2.35

8.2 75 155
W16 <0457

‘i? ‘ - 3408 72

BR64 . 8410 '. 11 - 3.11 Th <06 <0446
 quz 9.9, . 8,07 64 - 155 |
RS610 o8 44 3.20 66

448 9.9 . G758 215 5 . 225
NK30O  4.01 35 3,40 76 2.13.  +0505

2.57

5
$671 2
-f146{119{3__7“;1.97,\, 54 160 5° 1.8

2

P

2.42 <0566

449 12.1 . 8,35 80 280 2 2.86
152319 .58 . 130  4e75 80 2,57 .0646

156 10.9  7.27 67 420 5 2.84
640072 - 58 49 - 3.20 7k 264 0662

‘ 151(?12}bf.f 4,63 61 140 1 2.7
95421’ . w81 - 31 2,48 61 2442 #0677

452 (8.5 . k.65 50 220 s 1.84
'ISBZBQFujQQIDL; :§1ra: 302897 2.26°  .0638

74 485 3 2440

153 - 3 .
3010 . 90 2¢3% o0Q3if{gj

Issssau”fc~“'“

A R L A L ¢0 66.Qﬁ?

if’y79*‘vf21oﬁ .

> L*2078 ; 83!_
e Ta20

o Aess 780

- 1“1  »
:150075’\; °,

' ass 10 &
IS0104  o54 "




& 157
-;RSGiO

y 15° 12 0 ,-:5 Lo | "‘_'j‘:j’:‘ ) =
jﬁxssba? »»'15* e 3.34*:u§pfw} |

640072 .ag

L 151 11.11;1‘ 68 i |
‘226 es7l oz L2 aa 74,
U 4p2 1146 2468 720 128
smss, 45 ke ZaT e
163 110.7; 1.73-~g‘.%n“ ‘120
5750104 Lees 3t .27 T8

16"’ 10 01 o 073' 63 e 150
:_»j-ISO3‘05 ) 53 5 ‘08 3005 68

L]
+

.
KN
N

R

o
\V:
©®

o z.zef"€jg 

73

TN BN NF TN Ua NN SO OO0 NE Vs oF



(1)
- Ident = Sample Number
Source = Purdue Base Number

Pro. = % Protein
C.E. = Catechin Equivalent (Z)

Wt Gain = g/Rat/l4 Days
Check = Sample Weight Gain +%
Sample 2319 Weight Gain x 100

IVDMD = In Vitro Dry Matter
. Disappearance ance (%)

0il = Z 011 -
Ht. = Height in cm
Fl. = Days to 50% Bloom

-~

HCL = Anthocyanogen Test:
1 clear, 2 yellow, 3. magenta,
4 red, 5 darker red

100 S.W. = g/100 Seeds

MG.P/S = Milograms Protein/Seed
MG.L/S = Milograms Lysine/ Seed

Peri = Pericarp Color:
1 white, 2 straw, 3 yellow,
4 orange, 5 1lt. brown,
6 brown, 7 red brown,
8 gray, 9 purple
Endo = Endosperm:

%

* APPENDEX  TABLE' 1. (CONTINVED)
" IDENT PRO.  WT GAIN IVOND HT,  HOL MG.P/S PERI
SOJRCE CeE. - CHECK  OIL FL, 100 S.W. MG.L/S ENDO
170 12.4 13 80 230 2 2.86 . 1
152319 «68 100 449 80 2.57 = <0906 6
171 9.3 1.12 30 160 5 1,85 6
. BR64 ©  8.10 11 3.41 Th 2,06  .0426. 7
172 11.2 2.60 72 220 3 2.79 5
157493 .25 27 2.58 99 251  .0703 5
173 9.9 2.58 64 155 4 2.81 5
RS610 .48 25 3.20. 66 2.42 <0612 5

3 floury, 5 normal, 7 corneous



i;fﬁappsuuzx TABLE z. "PROTEIN. AND AMINO ACIO. DATA FOR
e AL SAMPLES. FED TO WEANLING RATS ﬂ)

”ffhsf; f;Leu;',‘HIS.Hf?AtAyT 6LU. ,{sea.,
;;dafCYS;. IS0, ARG, TYR. - PRO. GLY.
S HEGe I/L,[;TTHR.. ‘PﬂE§-,,ASP., VAL,

;Qi§}?d0i5; “'*fié;ié3. .50 . 45.55 2403 12,09 26,24 4499
354116 1490499 ko2l 4,08  he49 7456 3430
T 23410 1449 . 4273 3451 5448 779 5.55

je2 . 13.50 ¢ 1.32 15,65 1.76 - 10.38 - 33.48 4450
3ska3L 1,95 W61 4.36 2.42 4475 8.71 3.02
T 28435 1493 4279 3,36 5.95  7.66 5,52

_~~vous 14462 482 14480 1.98 10440 23.59 5.19
325080 . 1,99 1.01  3.90 3.74  be6b 8,52 3.02
1210 29210 . 1.83 V263 3.41  5.20 8417 5.22

©00b. 42.37  1.17 16407 2419 .1.38 26485 4480
. 95“05“ ' ;2{33‘. 1.21 ‘ “64?‘ 3'73 5.12 7.61 3els7
28482 2438 ..278 3.56  5.71 8,23 6405

005 13.00 1.16 43.58 1,79 S.11 23,40 426
325006 2.29  1.46  3.71 heil  4.35  6.01 324
2062 20,76 * 2.32 273 3,13  4.89  7.98 5.19

006 10,25 118 13,49 1.40 898 23.52 2.80

325074 1.95 e31  3.91 3.4l 3,09 6,27 2487
2283 20,000 1,43  .290 2.26 4e27 5038 4,97

207 15,63 1.28 14483 1,87 13.24 23.02 5407
‘925°18 2 06 087 3.92 Seltts boe? ‘8457 3410
0204 32.21 2,15 . 263 330 4098 '7e52 504

008 11,12 1,83 43,84 2,41  13.06 22,62 4460
S0 72075 1041 4ed5 5490 4486 7482 361
2319 30.62 3,25 4300 3.37  5.73  7.45 5.50

908 11425 1,21 12488 1468 8,94 21.25 427
] 317085 ‘{41085 1055 3 68  3070 ‘3L85 8e.24 2499
1295 . '21.94  1.75  4286/3,01  4.35  6.96 4487
.10 12.50 50 ;18 50 1)70 12.23 . 38468 4.83
A 1.84 020 4e38 3432 494 ° 8. 06 2.84
0075 22,94 _ 79 4266 2,93 5.73  8:56 5.8

G181 11.9% 4404 16467 2.01 40466 27.42 4498

-f’aSbioea 1490 1416 - 440 3484 5.0 8416 3,33
o 22,66  2e21 ' 4264 3.53 5. 87,;'7-90 5+92

(1) See page 90 £or :Ldentificat::lon of column headinge.

Vv


http:detficat:Lon.of

© APPENOIX TABLE 2, (CONTINUED),

TeDs:

SOURCE '

‘TeSe

912
354125
013
0366
014
354065

315

354062 -

116
2319
917
95400 4

018
" 354156

219

325080 °

020
029144

2L
329041

022 .
2075

" PROT.

LYS.
PXL.

12.00
2477

33e24

12412
2.70
32.74

11.81
2,34

27 .26 -

8.69
2.54
22407

11.50
2.78
32402

14,81
2.13
31,53

12.87
2.95
37.93

8,75
be.02

35.22

9.75
241

‘23451
1081 <

2e28

24466"
11.62

1.86

2i.65

HET.
CYsS.
M+l

025
53
78

31

091
i.21

62
«S8
1.60

1.89
1.34
323

1.82
1.42
3e24

23
57

80

1.02
54
1.56

81
1.17
1.598

229 .

1.36
1.65

06

1.42
108

16

1,12

EW TR

LEU.
Is0.
I/L.

13.57
4425
¢313

14.14
b4e 40
«311

14.58
4. 06
0279

14.13
hei2
-¢291

- 13476

bhel5
302

13.26
3.79

286

13.95
4.07
«292

12.35
4.12
«334

14.95
Lel?
«279

14443
4,05
.284

15.67
hed?

*266

HIS.,
ARG.
THRe

1.89
keG4
327

2.02
te60
3.66

2.02
L.30
3.34

2.31
4,45
3.13

2.49
h.85
338

1.73
335
2483

1.86
Ge23
3.06

2430
5.79
4405

2.41

hel0
353

2015'

3492
3e46

1.92

'30“9‘
Se2k -

ALA.

TYR.

-PHE .

13.25
4.09
4.70

1J.56
bhe53
ho605

Q.47
4e60

5,22
 9.90

4,63
5.58

9,88
4475
5.50

8476
3.96
4437

9,80
3.75
4.65

3.54
be35
4,52

9.60
4,57
4.96

9.25
Lot
4e77

9.85

e 40

5519.

GLU.
PRO .
ASP .

32,49
6.57
8.79

33.81

8438
9.18

24,77
7.06
8.23

21,66
8403
7.24

22.26
7.96
7Te42

19.37
7.28
7.91

20.98
6.94
7.63

18.63
6¢27
S.79

21.72
7.79
8e74

: ‘55

SER.
GLY,.
VAL.




f%r Se

LI
3129
.QfJZEj;' |
l{3§?§f
025" 
 h32g 

927
0345
p28 -

0057

( 6?9.

RN
dfééésv
~g,$';,
292319fff;”.
Cese
§;a33 ":
us08

.ffsougcgfn@f;

. (CONTINUEO). =

i ALAW
v TYRG
i;hf:PHE..

“‘Zvia 03;
&"407#~
5,51

9672
4o 65
5.03

9462
“168
524

9,27

4.59

4,90 -
" 8.69

427
betS

7.85

3.85
bel?2

90“8
3.82
be38

J.46
4466
4493

9;56

heBlL

4.91

9.26

bol0
5.28

1 40.53

15.04

6404

BLUy
T,PROd-
ASP.

‘22(58:

7+59

:7:48v
224238

752
8.41

21.95
8.32

8o47
21.02

8.75
8e43

19,69
6.91
6451

17.20
5.48
7.52

20.81
8.24
7.81

21.36
7.29

.8.54 .

21.40

7.22.
7019{"

'19.69'
. 7413
790

22.99
8480
8o bl

SER.
 jGLY.'
2VAL,

;a 65
3466
5452

4e53
330
5418

.94
3458
S+46

be76
3437
5.09

4406 .

254
hoh9

4407
3,29
61

3477
3e45
5.23

Le62°
3.28
Sedls

Gol5
3¢45
5(33

4458

3036
5.06

5403

3.95

Se7b.


http:9.26.'19.69

APPENDIX TABLE 2,

I.0.
SOURCE
I.S.
334
9508
335
0314
036
0219
037
3527
338
2283
039
2319
040
2543
Dbl
0508
042
3485
343
2818
04
1210

PROT.
LYS.
PXL.

11.62
2.03
23.64

6.94
2.61
18.11

7494
1.80

_14.26

9.00
2.23
20.06

9,25
2.97
27.45

12.50
2481~

35410

8.56
2.14

18.32

10.69
2.27
2h.27

11.06

1 0092

‘21,19

12,81 _
,2.05
26428

12.31
1497
2“0§Q'

3407

(CONTINUED) .
MET e LEU.
CYSQ ISO.

" M#C. . I/L.
1,51 13.20
1.%& 3.86
2465 0292
1.78 12486
1.26 3.83
3.04 «298

58 16.71
1.54 “053
2¢13 0271
Qe 47 15.11
1.68 belt3
1.21 .,0293

61 12.14
1.26 3.85
1.87 317

o71 14.06
1,13 4,09
1.84 ~ «2681
1.65 13.79
1.05 4,17
2.70 «302
1.59 . 13.97
1.5@ 4oe13
;.13 «296
1.31 14,19
1027 413
2{58 .291
1.75 12.75
1.35 '3@72
Jel1dl 292
185 1374
1,22 3.85

+281

HIS.
ARG
THR.

2.29
3.68
3.00

2.26 .

Le2b
3.17

2.59
374
3e49

2.39
3.95
3ol

2.57
4.89
332

2.19
4.95
- 3+49

2.21
3.70
3.02

2.27
be23
3.23

2.10
. b etiB

2,95

2.07
3.67
2.93

2433

4406

2.99'

ALA.
TYR.
PHE.

9,25
4450
Selt6

9.26
Le60
5¢39

11.67
Selth
6439

19.73
5485
5457

9.02
hel3d
5.03

9.49
4.58
4.89

9,52
4,52
5652

3.66
bhe74
5.11

S.73
be78
S.11

9.25.
bolols -

5.05

v 981

4453

529

GLU.
PRO.
ASP .

21. 44
7456
6.39

21.08
6.61
7.10

25.49
9.52
8.32

24004
8.49
848

19.09
748
8.17

20. 49
686
7.89

21.92
7.64
6.61

22477
8.27

6.96

22.70
8.19
6.85

21.28
7.23
6463

22.9%
7495

6472;}

78

SER.
GLY.
VAL.

be35
3407
he78

he3b
3435
4490

5.10

337
5.68

4,92
344
5.53

be72 .
3.96
5417

b o 42
3048
5442

he15
3.10
5.03

4438
2.83
5.05

4425

2478
4485

b5
2.88
be73

'4.28:

2489
heb2 .



ffappenoxx TAaLe 2.

:*>0URCE“

Lse
if:us
 f39sz
aue
sa01
967
}23i§
o
2709
249
354062
50
225
051
fﬂ?ggy
952
0314
053

954104

ash.

?Jsé'f' .

_ eRoT
LYS.

Jfﬁﬁafsﬂ.
";fV2;§1~
.19”34

1“.62:
.71

24, 95

’12050 _

2.81
35410

8.75

2.01
17.59

11.00
2436

25,98

8.81

2.62

23.11

9;62
278

26006v

6.94

2461
18411

8. 35‘
2452
21408

ST 10469
31954164_, Eriets
. eke02

11419

2.80

;31033'

(courrnueo,, S

COMET.
- CYS.
HeCs

1.i2”

1.24

.’2096

1.31
1.28
2.59

71
1.13
1.8¢4

1.55
143
2.98

1;03
i.08
2.11

1,93

1.36
329

2.0
1,42
3.46

, '.78
1.26 .
3.04

41,85

1.33

‘3018
149 )

1.13
2.62

. .68
1,13
1.81

LEU
IS0,
- I/L.

13.67
4.06"

« 297"

16.67
HolW?
+«268

14406
4.09
e 291

43.86

Je91
0282

15.08

4,22
«280

13.43
394

e 294

12.84
3.84
«299

* 12086

3.83.
«298

14.86
.35

‘292

14450
4,20
0289

i#.og
be 09
- «290

. HISe
ARG -

THR.

2.38

3.95

323

2.04
3.69
3.06

2.19
4496
3.49

2';33
3.97
2.97

2.06
«00

347

2,52
L84
3.29

2.53
5.03
3.29

2.26

be24

3.17
2455

1A

3455
2.02
3.87
3e1b

2.17

4.92.
3459

QALA.
TYR.,

PHE.

.46
o7
5457

~ 11.06

4.95
65603

9.49
Le58
4489

9.52
be65
5460

8,79
Le76

5. lfl}

9,81
4e94
5e61

0,35
4.51
517

9.26
460
539

1345
4Leb8

5.50
10.12

".40
%254

9436
be56
he89

GLU.
-PRO.

ASP.

21,84
7. 51
6,59

26.60
9,40
7.27

20449
6.80
7.89

22.39
7.29
6435

25.70
7.36
8.01

22,75
737
7.42

21.64
7.24
6.91

21.08
6.61
7.40

23.84
8.39
7.26

23.28
8.09
7.27

20(ﬂ0
6082
844

iﬁjg

SERe
GLY.
VAL.

bebl
3¢38"
4.99

4439
271
5.30

hel2
3.48

Seb2

"‘.3“
340
be76

Le71
3,48
5455

4,61
3.58
5¢13

4,55
3.67
5.03

Le34
3435
4,90

4 .96
3463
Se47

4,66
3.40
5.01.

4052
3.54
5,43



APPENDIX TABLE 2. (CONTINUED).

I.0. PROT.
SOURCE. LYS.
t.s.‘ PXL.
156 8.88
332198 2,46
21.80
057 9,62
332033 2435
22,61
058 9,13
. 2.11
7122 19,23
659 10.56
. 2.14
5861 22.60
060 9.00
932296 1,98
17.8%
061 9,06
354038 2.23
20.20
062 T 8469
2.18
3453 18,91
963 10450
2.77
2319 . 29405
064 11.44
925098 bed12 °
© 47,08
065 °  8.00
. 2.85
9198 | 22.81
066 8+12
' 2427

7822 | 18443

MET .
CYS.
M#C o

1,83
1.51

. 3034

1.35
1.52
3.37

1,80
1.58
3¢38

1.68
1e34
3.02

1.70
1.47
317

‘1018
1,39
2457

1,63
1.36
2.98

1.84
1.43

3.26,

«09
1.38
1.47

1.75

1.24

2.99
1.66

. 4434
2.98

LEU.,
ISO.
I/,

12.99
3.85.
« 281

14.12
.19
«296

13,43
3.87
.288

13.94
3099

.0 286

13.44
3.84
«286

14,02

4413
«295

13.41
3.86
«288

13.97
4.06
«291

13,33
4446
.335

12.43
3.94
«317

12.96
3.84
" 9296

HIS.
ARG«
THR.

2.53
3.99

3.07.

2.34
h.52
3.22

2.31

413
3.11

2.10
.22
3.42

2.10
3.80
3.08

2.40
3.80

'3017

2.19
3.82
3.06

2039
be7h

3.37 -

2.22
Se75
4e37

2423
4,17
3.19

2425
3.94
2499

ALA.
TYR.
PHE,

8489
be25
5.60

S.51
459

6415

9.10
bel5
5.77

Qeltly
4450
5.81

9.27
4o 60
Sedl

9.37

bobrd
Be2l

9.14
427
5458

9.98
4.98
Se7k

9.37

2.83
beTl

8.67
5606
‘5465

885
4619
5.64

6LU.
PRO .
ASP .

21441
7434
6456

22,62
8.11
6e74

21.52
7.50
6.58

22. 43
7.83
7.01

21.83
747
6. 46

22.18
779
7.20

21. 32
7.04
6.52

22.95
7.12
7.46

20.14
8.72
i1.40

19.63
6.61
7e3b

20,80

6.84

6046

80

SER.

- GLY.

VAL

4415
3420
h.83

A
313
5404

4419
3417
4.89

4426
3.03
5.03

be16
2494
4,82

4437 -

3.08
b +96

4,16
3.12
4e81

4457
344
524

5.10
4426
5.91

4430
3.35

4490 .

4409

3.12.



;ZAPPENDIx TAaue z. (CONTINUED)g“f L

1.0,
‘;SOUﬁvE ﬂg
?iIoSofﬂ'

. IS0, ARG, .
~I/0. THR

e 9406 2061 1he46 2449

T 2428 4482 44A3 4elh
0831 '20*35%,,2;93‘ «286 3.10

068 9. 257::i;5a- 12.67 2403 -
354130 2,43 " 1429 3.94 3.88

, 22452 2.97 311 3.04
269 8.62  1.58  13.96 1.84
354136 2,03  LoLh 4410 3446
RO 19,51 2.72 «294 2491

070 ‘ 9. 25» 1.66 12.49 1.95

2434 1,37 3.73 4407

7579 21463 3.06 - 4299 2.96

071 . 11412 2493 - 13.95 .2.70
T 2494 . L1e85 | he22 5464
231§ . 32.71 ' 3.39 ¢302 3.52

072 . 9.81 1,81 14,42 2.31°

L 2¢35° 1429  4e2h 4413
85295  23.10 3410 . .294 3.25

073 10419 1,98  13.68. 2.56

o 2.78 1417 - 4432 4455
3957‘4-; ‘27 96‘v 3615r 0316 3.44

078 9e13  Le74  1he58 249
f,[_f.'/;' 24400 1415 | 4429 he47
21433 21.863552?&5'~ <294 3445
075 9% 31;"1532 45047 2.32
332152 24657 . Llell 4456 4436

T 2b465 3406 . <301 3,51

076 9,00 _ 1481 13.81 2.33.°
ST 2,367 10154409, 4430
2848 21,08 2,96 .297 318

18425
Che9b
5.82'

077 },“10 25 1.76 . 14bh 2.23
' 20085 w1t12 g;;bdZngkoiif,
21432, 2488 ' .29h 3.23 -

s199,

'US wLEUoT‘§HiS|

ALA.;»

“TYR.

PHE.f

9.84
be814
6e1ll

8.68
429
5.91

9.38
beld
B6e0k

3.54

423

S5¢43
9.65
4e76
5.39

'9.,98

4482

575

19.16
4e87
5653

10.31
4,68
550

10640
he88

. 597

9452
be77

{jsésa .

§GLUO o
PROG"

ASP.-

és,az
714

7.24
20,00

6.82
6.69

22.03
6461
6464

19.85
6e34
7.04

23.51
742
7e k0

23.29
8.01
737

23.64
8.45
753

23.70
856
738

23.93
8e74
7.75

22.07

7«80

6-89

23.56
8.26

6.91w

'}Léig

SER.
GLY.
VAL.

Ge38
3,04

’5000

4415
3e12
4.69

3.96

2475
6,87

3.97
3.02
4,75

4465
3.71
5453

4.67
338
5.26

Leb67
3¢67
5463

“Q75
J¢49
5.45
L4858

3459
5456

4.50

Fe37
5.06

AQQG
337

{£p36. 



APPENDIX TABLE 2.~ (CONTINUED).

I.0,
SOURCE
[.Se
978
9569
979
2319
080
356036

081
354206

082
332175

183
354098

084
. 354140

)85
332027

086
332075

987

2319

088

54255

PROT,
LYS.
PXLe

9,38
2446
23.03

11.12
2.76
30467

8469
2,56
22,22

9.31
2.40
22437

9.19
2.20
20424

1019

2445
24,98

9.87

2.20

ai.ss.

9.56
2.42
23.13

9.50
2.25

21.41

11.12
2.80
3i.41

. 10456
1092
20427

\

MET .
CYS.
M+Ce

1.72
i.22
2.94

1.96
i1.45
3eb1

1.94
1.40
3e34

1.71
1.41
3.11

1.53
1.35
288

1.386
1.40
3.26

1.84
1.16
3.00

1.73
1.24
2497

1.78
1.50
328

58
1.29
1.88

1.95

1.38

3.33

LEU.
Iso.
I8

14.42
4.23
«293

13.76
L.06
«295

1421
he27
«300

12.68
3485
_+303

. 12.18

3066
303

15.88
4460

«289.

16.02
4.61
«288

13.32
4e02
302

14.16
4e21
«298

13.86
4.00
«289

15.05

«291

HIS.
ARG
THR.

245
bheb2
3.39

2..50
4.93
3et47
2.31
4ot3
Selt2

2.16

he38

3.03

2.15
3.60
2490

2e44
ool
3.54

2.23
3499
3.37

2436
4.19
3426

2.15
3.98
3010

2.17
4469
3e31

2414

375
3ek0 .

ALA .
TYR.
PHE

9.97
5.03
5.88

3453
4469
13.44

9.88
k.80
S5.71

8.73
4e51
ke96

8.52
4.00
4489

10..3
543l
6450

11.30
520
6.20

J.28
bolt?
5.21

3.72
4. 80
581

10.18
.59

5,18

10.75.
5632

6023

GLU.
PRO.
ASP.

23.15
8.12
7T.42

23.19
6.88
7.49

22.90
7.20

19.99
7eb1
663

19.60
7.17
6.27

25.25
8.71
7449

25.79
8.39
7e42

21.56
7.87
7.06

22.35
8.21
656

22.89
6.65
8e72

24479
8083
6492

82

SER..
GLY.
VAL.

4469
49
$5.39

4,58
3.66
5 ¢ bl

L.67

3.62.
534

bell
3.25
4477

4o0k
3.03
4460

Le.91
3449
5.57

4473
333
5472

Lobl
3¢43
5.21

bbb
3.25
5.15

be30

374

5465

4492
Se QLO
5438



. 'SOURCE
 LeSe™

989
354247

J90

354063,

091
932065

392
089034

093
354114

194
354239
395
2319
596
332145

097

354268

I5H145

599
354232

9,60
2463
23,69

9.19
2,56
23.53

10434
2.47
22.41

.94
2.30
22,86

8.88°

2 93
25499

11.12
2454
28,22

9,25
233

21456

9.75
2¢13

*20.79

8463
2.42

20.87

10.63
2425
23.87

PROT.
.~ LYSe

8e88
2459
23403 .

-

JMET.ff*
{;cvs.f

1450
1469
3019

1.90
1.59

3. 49
1,71

1.36
307

1.73
1425

2.39

1.63
1.38

3.01

2419
1,70
3,89

W87

1001
1.88
1.90
1,55

3445
'1.91

1.41
3.32

Lobilh:

3o 00
1.91

1.36

3.28

&ﬁﬁ@ﬁﬁm¢@#¢®ﬁW@hﬁ

1LEUO; 

I1S0.

I

19h55
4ol
303

- 1374

4e23
«308

13.77

hel3
«300

14,37
4e27
: «298
14e43
4e29
<297

15442
4eB66
5308

14.05
4e 05
.288

1#.01
$e19
.299

15.82
100;5_‘.‘* g

13.37
4405
<308

L4484

4e53
.305

. HIS .
;ARG.-,
‘THR.

2,73
‘4636
3,55

2.36
4437
3.31

2.48

Ge&S
3eb1

2436
3e77
3e24

2.38
4.19
3Q27

2.66

518
3.80

1.88
be38
330
2.43
he23
3-28

2.32
4423

'3.38

2.27

4,02 .
317,

2,52
4,05
3.36

ALA.
TYRe
PHE.

991

4499
Bell

Fe47
be63
5.61

9.55

4.89
5.67

10.11
Le68
573

9.93
4e60
5.51

13.48
534
6o 42

9.69
4be 38
beblt

9,75
he99
5¢95
13%.90
5¢39
6455

3.94

Lbab7
{5.47

10 07

5e24

643

| GLU.
PROY
ASP.

23456

8457
7.48

22407
7.79

7.064.

22425
787
740

23.69
8.19
6.88

23.05
8446
689

24410
8o &7
7.82

2847
626
7.96

22.70
8.02
678

25.19
8.92
7020

21.52
Telt?
6«94

23.65
8.95
7.15

83

:sen.__
- GLY..
VAL.

4489

3476
5.51

4445
3462
5.37

4.65
363
5.34

Le?73
3.28
5.11

b7
3ol
533

5.09
hell
5487

445
3.40
5ek8

4,57
3e48
519

4485
3439
Sel7

4432
3.16
494

4457
3452
5,35



{PPENDIX TABLE 2; ‘(CONTINUED).

”L(D! .
SOURGE
LeSe

100

354138

131
354068

102
354119
103
2319
104
954100

105
332127

106
354052

107
354071

108

954076

109
354167

110
1482

PROT,

LYS. ’

PXL,

. 994

2428
22.62

10.87
2ells

23.23 .

10.56
1.94
2044

11.75
2431
2715

10.56
2.05

21.64

9.06
2427
20.56

11.50

3.06

23.71

8.56
2.70
23.09

11.62
2«09

'a“033

10.75
- 2.40
. 22463
Te 94

2,92
23218

L e
MET.

CYS.

:BfCO‘

1.40
1,22
2.62

1,66
1.52
3.18

1.79

1,50

3.29

98
40
1.37

1.73
1.43
3.16

1.80

1e42

3422

1,63
1.23
2.87

1‘\ 67
1.43
3.10

1.52
1.26
2.78

1.64

1,?9 '
. 2493

1.7

1e48
3.20

LEU.
IS0, -
/L.

13,36
3e92
«29%

13,45
3494
<293

15.91
bet?
e281

12.96
3.82
295

14.31
be27
«299

14.50
4031

«297.

13.53
4b.10
303

13. 80
4e26
«309

13.61
3499
283

14443

4430

298

44,24

he43
¢314

HIS.

ARG

THR .«

2.22
3.91
3.03

2.21
4,07
3.10

2.27
367
328

1.66
Le.03
2.98

2.00
3.80

3013 .

2.23
4.29
3.29

2.11
3.80
Je1b

2.62
4457
3.42

2.19
3.99
3.04

2.28
3.76
.04

2.70
5.08

3.51

CALAS
‘TWRO
'PHEO

3411
4429
5,63

3.51
4«69
Selt3

11.12
5.01
6,04

8.92
4,16
he35

9.83
4486
5485

13.00
he75
5.83

e 28
.58
5640

9.72
heb62
S¢47

9.60
He43

5433

9.95
be7h

6410

10.04
4e58

5.61 °

G6LU.

PRQ\
ASP.

21.56

7.22
6.79

22.20
Tebl
659

25.62
8.72
710

25.88
8.10
693

23.02.

8.09
6.76

23.20
8.11
7.06

21.72
7.85
6.64

22.68
7.87

7.10

22.18
7.86
6.80

23,438
7.91
6.78

23.04

8.13
7.67

SER.

GLY.
VAL,

hel2
2,98

4,91

424
3419
5.06

4.68
3+03
57

4etS
3448
5430

4alb |
321
5426

4.57
350

5033 .
4422

331
5.10

bhe37

3.61
554
430
3.1d
502

4e3l

3.15

5&21'
4467

“3079

5.61



ro.

?,SOURGE
fI S. ,

111
f??i9%§;
C 13425

S 2.1
- 29:28

Ttz
2319 .

©5992,

146
025035

115
2962
116
a8z

oats
Rt

b
L
?;é?&fgf

 PROTe
LYSe
o PXL.

11412
3,06
‘3.2

9,94
235
2303

13431
1489
25419

19.12
2.0
20470

,12.%#
2¢hG
. 30.29

1164

4484

21403

Te37
2.3
'18.69:
14412
v 3e09
34,37

13425

1.73

22493
12,69
- "1.93
- 24e b9

“1;oh”sw
: 097f )
2. 01&-1&

1. 66* ”
D122
288
Cdlebb
AT
1450
3018

1468

1.51

3.19°

1.99

176
3¢75 "

1.73

1.66

3.39;;,

11.10fu4
,_b35fw
1445

‘*51.29,.;
1o
2,74

1609
- 1e¢19
2,68
1.55 .
- 4437
292
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’QPPENDIX TABLE 2'

T. Do h"h

,soURCE
I S.

122
LLITEYS

123
354151
124
3485
125
0508
126
3935 |
127
2319
128
5083
129
2500
130

L31

4x316531

132
1X8165

PROT.
lLYS. ‘
PXLe

,‘;g;sg
4,76
Zifgg‘

10.040
‘2¢36

‘23Q61

11406
1.92
21.19
9,75

2038
23.17

13.31
2.18

28,99

1i.12
277

. 30.82

15,56

C 1 .96 -
30 49

12.25
204
25400

13;06

1.76
‘23.01"
10425

2408
21.35.

10925‘

2407
g;.ZS

(CONTINUED’Q N

METt"‘
CYSe
M&C-_‘

. 1439
1:19

257
1.77
1.58
3435

1.34

1,27
" 2¢58

1.67
1.59

. 3426

1?6“
01.28
2093

«55
-1
1.51

1.76
1.37
30L7

1.32

1.31
263

1.72
1'0;6 4

1.75.

1.55

3430

1,10

- 1.54
2464

QPLEU- :
IS0. -
I/L’

;#925
3.921
275

13.64
4,02
295

14,19

hol3
«291

13.19
4,02
305

13,93
4.15

«298:

14.11

'290‘

14450
420
284

13.87
3.92

. 283
1469

4.07
277

13.57

3,89
.286

14470
be16
«283

H;So
ARG..
 ThR.

214

3033
2.84

2.29

4458

3.16

2010
446

2.95 °

2440

".49"

3.17
2.51

5.60 "

2.95

2.34
4.62
3.58

2.16
he2k
2,92

2.05
3455
288

2.25

330
2.86

2.29

4428 -

2.98

2ebd
3.77
322

"ALA.

TYR'
PHE-

9&33

n
5:94

S.40
boeb1
’5002

.73
.78
5¢11

9.38
4453
beBlL

9.83
Leb2

4062

9.36

l}Q 56

be8i

9.78
4,80
4.99

9,37
4460
hoe82

9.9¢

4486

5.06

Jeb1 .
4433

10,20
Y

5.08

GLUY

PRO ..
" ASP .

22,60

7:68

6427

22.28

8.29

690

22470
8.19
6485

21.71
‘9,50
6.79

23,41
3¢3%
6491

19,93
8.15

8113*

23.36
7.40
6.76

:22.32

7.62
7417

23.51
8.33

6.08

22.14
7+98
6055

24,12
Be48

Te61

SER.
. 6LY.
VALQJ

4e08
2466
4i6h

4437
3.27
5402

4425
2.78
4.85

4433
3.18
5.09

QQOA ’

2.77
5.08

o tid
3465 °
549

heOL
2006
SeG0

4416
2473

4487

’lgog
2.85
bo.97

4,08
3.03
4,88

.#047. ﬁ
;3911f*'
5.30
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6LYa
VAL

b

PROL
asPy

0. 22,05
055 8456,

- 9487

7,18
22,27

6B
22.99
8480 -
"Bolily

.72
793

22,99

- 19,30
. beldl

23.59

8413
5498

87

SER.

btk
32k

6,13
4,54
3431

Selil

A
3419
5406

5.03
3495
SeTlh

bebs
(3o 44
“5e19

bty
2,95
4+96

3.66
_'2 07“'
Lol

he22
hel2:

4476 766 2464
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'j:APPENDIX TABLE 2. (CONTINUED).

L o.;,;v'ﬁhgbii” ‘NET.3 LEU.x; HIS. . ALA.. GLU. SER.
SOUQCE . ‘s fﬁ ISO. ARGO. fTYRo PRO. fGLYo

1@5 - 'fih}%lﬁ;f;.eo.'~is.59~'a¢27;]'79.4i& 21,99 -3.91
| 23670%; 1495 (1432 3497 3455  , 4e31 7,90 2,92
LR ‘21§18i, 293 0290.2396 5!16 6.29 4.98

?frgai"f 19413 1.60 13,27 2469 . 9.23 21.37 4,50
3R6H . . 2437 - 1.631 3499 " 4,03 ° 4.49 7.96 3.39
ST T 21086 3.2 “301 3.31  5.50 6.68 5.02

147 40463 1.60 13,00 2,32  9.05 21.09 4.08
610 2420 L.48 3481 3498 453 7417 3415
s 23,3  3.08 293 3.07 5443 6434 4,87

148° 10456 1¢66  13.51 2.25 9,29 21.97 4.26
VK390 2,24 1.42 3,94 4.02  4.60 7.82 3.12
23,69 3.08  ..291 3,08  5.58 6.72 4.92

149 f=, li1a;2 1.80 . 13.48 1.97  9.68 21.34 4.27
v ‘ LE'&@ZG 98 394 5,14 Le.804 2.69 3.28
2318 125.15 . 2.77 0292 3.16  4.90 6.98 5.21

150 10475  1.85 46,00 2.56 41.10 26458 4.88
540072 2033  1.60 4458 4.28  5.20 8.57 3.41
| . 25509  3.54 4286 3.51 6423 7.40 557

151 1225  £.46  43.76 2442 9415 21.99 4.27
;954021 72031 153 %.23 3.70  4.36 8.16 3.18
| 26426 2499 4308 3.9  5.58 7.04 5.00

152 8412 1,31 13,72 _2.27  10.46 20,71 4.96
Poao  3ekTo 4857 4423 4468 4e57 4o 87 4ol
jggﬁoéik ‘_?§hz1;'$2 26 u e308 3.81 5.25 9.1 »5.79

‘,:”;1.49  15617 1493 19427 24,47 4455
C 1030 T Be32 3,75 4487 8,04 2487
2,79 ‘,,.zas 3 06w'j;6{09 8090 4491

as 2.91’*“;

\13.967 2.33°
4009 416"
4293 3.30 .
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\phioTX TABLE 2. (0

ai3e . 8008 L 2ii0e
© 43098 4 ‘
3'07 g

2435 11.08 25,84 4,65
417 5.12  8e31 2490
3023 6.36. 7.06 5.32

2,28 10,52 24298 Leb2
3.35  4.76 821 2476
8 3,07  5.53 6.81 5.02

2.40 11.54
379 5.09
3.36° 5496

3.37 be16
| 2496 5e17

L 3.01  5.21
96 2433 9.78
293.3.30 . 5459

6 2431 9.56
2,55 4469
84 3.42  Sebh
a5 9.2 2217
§.77 - bebB 857 .

- 3eld

2.07
95,2493/ . 4e85
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WPPENDTX TABLE 2 (CONTINUED)

1.0, PROTs . MET.. LEUs HIS. ALA.  GLU.  SER.
: SOJRCE LYS. CYSe ISO. ARG TYR. ~ PRO% GLY,
167 o 12 25.“1-67' 16419 2.35 11.08 25.84% 4,65
RRE 1499 148 bell 4417 95,12 831 2490
3687 = 24439 3.16 272 3.23 6436 7,06 5432
168 13.12  1.67 15,28 2.45 13.37 25,17 4alb
3765W 2.01 1.33 4.29 3.84 4481 8+.04 2,94
26443 3.00 w281 .14 .S.64 7.11 Sobb
169 " 8412 1.31 13,72 2.27 10.46 20071 4.96
: , 347 95 4,23 4,68 4,57 487 belb
8260 . <28.21 2426 «308 3.81 525 9.4 5«79
170 11,12 1.89 13.56 2.40 9.70 21.97 4,28
' 3.17 1.39 bell 4,29 be59 7.09 3.39
2319  ° 35.27 3.28 «303 3.32 Se24 7.39 5.42
171 9400 1419 13,81 2.45 10.23 26.35 438
3R64 2.30 2.36 °~ 3.94 3.88 he39 7.86 3450
20.69 1.17 0285 3.39 he75 8442 5439
172 11.12 o664 13.26 1.88 Je24 21424 4,32
2.52 95 3483 4423 434  T.47 3419
173 11.62 1.69 13.36 2.33 937 22444 404
RS610 2.17 .95 394 L,92 boelt2 7.84 3,07
. 25%.27 2.64 «295 3.09 4,87 697 5S.48
m o |
I.D. = Sample Number ' Prot. = X Protein
_Source = Purdue Base Number Lys. = Z Lysine of Protein
I.5. = Indign Sorghum Numbexr . PXL. = Lysine % of Sample x 100
(the following are all given as pezcent of protein)
Met. = Methionine « Leu. = Leunine
Cys. = Cystine : ' Iso. = Isoleucine
-fM+c. = Methionine + Cystine S ‘ I/I..~l=l Isoleucine/Leucine Ratio
His. = Histidine ' Ala. = Alanine ‘
v;Arg..- Arginine T ‘Tyr. = Tyrosine - =
;,Thrqu Threonine .: v' ‘Phe, = Phenylalanine
SGiﬁgv-’Glu:nmic Acid - .SQr. = Serine o

o = Prolina 5 . Gly, = Glycina
v -_Aapartic Acid - " Val, = Valine

Q@



