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I. ,Exe<:;utiv,e "Summary 

Thi S s!,!ct'i on ,contaj,ns t·i tles pr abstracif;s pf ,research 
reSl,llts i,n ;;upport of the four r;esearch objectives of the 
contract. We have included the res.earchof all three years 
in ·:this sect·ion.. Ther,e a,re brief narrativ,es of 'other ;project 
acti v-iti es. More detailed i nformat1ori is ,prov'i ded in other 
secti.ons of the 'report for year ,3,,1979-1980. For more detailed 

'information of the research for years 1 and 2, the annua~ reports 
for )·977-78 and 78-79 contain this information. 

I 
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Research Resul ts 

(Year 1 1 October 1977 - 30 September 1978) 

Objective 1. "Accelerate improvement in pearl millet yield by 
creating widely adapted high yielding populations 
and synthetic varieties and investigate possi­
bilities of creating inbred lines and hybrids for 
use in developing countries." 

Pearl Millet Breeding 

[penniset~ amepican~ (L.) K. Schum.] 

W. D. Stegmeier 

Pearl millet breeding and research was started in 1971 at the 
Fort Hays Branch Experiment Stat-i on. The work has progressed through 
the initial screening of materials available from the Southern Regional 
Plant Introduction Station, Experiment, Georgia and the World Pearl 
Millet Collection to the present stages of development of several popu­
lations, composites, and dwarf, early-maturing hybrids and inbred lines. 
In order to obtain breeding populations from the introduced materials, 
it was necessary to make extensive use of varieties from Ghana and 
Uganda to obtain earl i ness and increased seed size and forage inbreds 
from Georgia to provide dwarfness and the A1Bl and A2BZ cytoplasmic 
male-sterility and fertility maintainer systems. Therefore, the germ­
plasm base of the breeding population is restri'cted and crossing and 
backcrossing to both the original and new introductions will be neces­
sary to obtain additional variability. Hays Millet 'Population (HMP) 
550 and HMP1700 have been advanced, respectively, to the Cycle 2 progeny 
testing phase and the Cycle 1 recombination generation. Development of 
lines to be used as parents of grain type Fl hybrids continues to show 
promise. Several dwarf millet hybrids with maturity requirements 
similar to the sorghum checks produced yields, plant heights, and 
lodging scores comparable to hybrid grain sorghum. 

Yield and Heterosis Studies of Pearl Millet 
[Pennisetum americanum (L.) K. Schum.] 

J. C. Palmer, H. A. Praeger, Jr. and W. G. Stegmeier 

Pearl millet [Pennisetum americanum (L.) K. Schum.] often is 
characterized by low yields, excessive height, and small seed size. 
In the first experiment, selected millet hybrids were grown in field 
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plots and their performance compared to that of commercially available 
sorghum hybrids of the same maturity. In the second experiment, 
heterosis was studied among: certain parental lines of pearl millet and 
their Fl offspring. In both experiments, attention was focused on 
yield, seed weight, plant height, and head number per unit area . 

. Results indicate that millet hybrids are capable of yielding as 
well as sorghum hybrids under the same conditions. The highest yield­
ing pearl millet hybrids are still typified by excessive height. 
Heterosis was demonstrated in a number of Fl millet crosses, indi­
cating that hybrid seed production is one of the better approaches to 
the problem of increasing yields. Very large seeded types were not 
found, though some hybrids did produce much larger seed than others. 

Objective 2. "Determine factors related to and genetic varia­
bility in seed and seedling vigor, water use, 
drought resistance, and herbicide susceptibility 
of pearl millet." 

Herbicide Susceptibility of Pearl Millet 
[Pennisetum americanum (L.) K. Schum.] 

W. B. Ndahi, O. G. Russ, and ~1. C. Lundquist 

In 1977 and 1978, herbicides commonly used in sorghum production 
were evaluated on pearl millet at Manhattan and Minneola, Kansas. In 
1977 as a result of chinch Dug. attack at.t1anhattan and drought at 
Minneola, there were no treatment differences observed. In 1978 at 
Manhattan, marked differences in treatments were observed. Millet 
to 1 era ted the foll ow'i ng herbi ci des, Atrqzi ne, Cyana z.i ne, f'lodown, 
Propazine, and Igran. Bexton alone or with any other herbicide did 
not allow emergence, but replanting Bexton-treated plots three weeks 
after the first planting gave some yield. Eradicane killed all the 
millet on both first planting and the replanting. 

Seed Vigor Measurements and Their Use in 
Predicting Field Establishment of Grain Pearl Millet 

[Pennisetum americanum (L.) K. Schum.] 

G. J. Mwageni and R, L. Vanderlip 

Seed vigor is one of the problems that limits pearl millet pro­
duction because it directly affects field establishment. Laboratory 
and field tests were conducted in 1971 and 1978 to investigate the 
degree to which laboratory ·tests could predict field establishment 
of pearl millet. Laboratory tests included standard germination, 
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electrical conductivity of soaked seeds, and stress tests of soaking 
the seeds in ammonium chloride solution, soaking seeds in sodium 
hydroxide solution, artificially aging at high temperature and rela­
tive humidity, and soil cold testing. In 1977, 20 varieties were 
used while in 1978 a different set of 30 varieties were used. 

Germi na ti on percentages from the s tress tests were lower than 
those from standard germination as seeds of low vigor were killed 
after being subjected to the adverse treatments while vigorous seeds 
remained relatively unaffected. 

Criteria used to evaluate vigor tests were: 
field establishment, and ranking millet varieties 
performance. 

correlation with 
according to field 

These criteria suggest that all laboratory tests used except the 
electrical conductivity following 30 minute soaking were able to screen 
vigorous from non-vigorous seeds. Soaking the millet seeds in 5% 
sodium hydroxide solution for 2 minutes prior to normal germination 
seemed to be the best vigor test although NH4Cl, accelerated aging, 
and standard germination treatments were significantly similar in 
ranking the varieties. 

The Effect of Seed Size and Density on 
Field Emergence and Yield of Pearl Millet 

[Pennisetum americanum (L.) K. Schum.] 

J. C. Gardner and R. 'L. Vanderlip 

This study was conducted to determine whether seed size and seed 
density had an effect on field emergence, stand establishment and 
grain yield. Five pearl millet varieties were 'utilized, with eight 
treatments per variety. The seeds -were separated into four seed sizes, 
two density fractions, seeds from the original seed lot soaked in 
sucrose like those separated by density and the' original seed lot. 
The data were collected from two planting dates at two locations. : 
Medium to large seeds and high density seeds improved both field 
emergence and yield. 

Drought Resistance Screening of Pearl Millet 
[Pennisetum americanum (L.) K. Schum.] 

P. Singh and E. T. Kanemasu 

Pearl millet is primarily grown in areas and in periods of low 
precipitation. It is recognized as one of the most drought resistant 
cereals. Its drought resistant characteristics are not well known 
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or documented. This study investiga.tes the' water use and leaf tempera­
tures of pearl mnlet. The data from one' growing season indicates 
that the genotypes having the highest leaf temperatures produce the 
greatest grain yield. 

Objective 3. "Determi ne the nutriti ona 1 quality and di ges ti bil i ty 
of pearl millet grain by analyzing protein in 
germplasm introductions and breeding materials 
and determining magnitudes of variation in lysine 
content among and within populations and varieties. 
Determine the characteristics and digestibility 
Of pearl mill et protei n and carbohydrates." 

Nutrient Content of Pearl Millet 
[Pennisetum americanum (L.J K. Schum.] 

E. Varriano-Marston, R. C. Hoseqey and Y. F. Yeh Chung 

Crude protein, ·ash, mineral content, amino acid analysis, and 
riboflavin content were run on 4 bul~ populations and 17 HMP550 
lines. The results indicated that there was little variability 
among cultivars with respect to the f:actors measured. 

1 

Pearl Millet P~oteins 
[Pennia etum amenaanum CL.) K. Sch um. ] 

B. Mason and R. C: Hoseney 

The classification of cereal proteins according to their solu­
bility properties determines why certain cultivars contain more 
nutritious protein. The alcohol soluble prolamines are generally 
deficient in lysine while the saline soluble and alcohol insoluble 
are comparatively rich in this amino acid. The amino acid composition 
of each solubility class has been fairly uniform among the cereals 
studied. It is not known whether the: proteins of pearl millet will 
follow a similar pattern. Work is continuing to identify a protein 
fractionation procedure which adequately solubilizes pearl millet 
protein and yields consistent and distinct protein fractions. 

t 

" Pearl Millet Starch • 
[Pennisetum amenc«aum (L.) K. ?chum.] 

I 

A. Beleia and E. Varriano-Marston 

Starch comprises the major carbohydrate of pearl millet; the 
average content ranges from 60-65%. The properties studied to date 
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include starch granule size, shape, gelatinization range, and pasting 
properties of washed starch. The study has been expanded to include 
water binding capacity, iodine affinities, swelling and solubility 
patterns, amylose-amylopectin ratios, intrinsic viscosity, and suscepti­
bility to enzyme attack. 

Grain Quality Tests to Predict End-Use Properties 
[Pennisetum americanum (L.) K. Schum.] 

A. de Francisco and R. C. Hoseney 

Evaluation of cereal grains has shown the best measure of the 
functional quality of grain is its ability to produce a product that 
is acceptable to the consumer. As pearl millet is not a food crop 
in the U.S., it is difficult to judge consumer acceptability. We are 
working to develop simple tests that characterize the cooking charac­
teristics of various cultivars. Examination of the simple tests of 
water absorption, hardness and alkali disintegration are being studied 
to differentiate pearl millet cultivars. Standardized tests for making 
chapaties and other products from pearl millet are being developed. 

Animal Feeding Studies 
'[Pennisetum americanum (L.) K. Schum.] 

S. Dassenko and B. Fryer 

The study of pearl millet quality requires an evaluation of the 
nutritional quality of the grain with respect to living biological 
systems. Weanling rats were fed for a 28 day period on 10% protein 
diets which were adequate in all other nutrients. Protein efficiency 
ratios, protein di.gestibility and calorie digestibility of five diets 
were determined. The sources of protein were casein, raw whole wheat, 
raw millet, wheat chapaties and millet chapaties. When weight gain 
was adjusted to feed intake, rats on casein diet gained more than rats 
on any cereal diet. Of the cereal diets tested, rats gained more on 
raw millet than raw wheat. Cooking millet in the form of chapaties 
resulted ina: si gni fi cant decrease in wei ght gai n compared to the raw 
product. 

Objectfve 4. "Determine the storage stabil ity of pear.l millet 
grain and millet meal by determining the factors 
contri buti ng to gra i n losses_ duri ng storage and' 
determining the factors contributing to the 
development of rancidity in millet meal." 
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Characterjzation of Lipids in Pearl Millet 
[Pennisetum ameTicanum (L.) K. Schum.] 

C. ·Lai and E. Var.riano":Marston 

Free and bound 1 i pi ds and fa tty aci ds were determi ned for four 
pppul a ti ons and 18 HMP 550 S 1 1 i nes. The free 1 i pi d content ranged 
from :5 .• 8n to 7.08%; bound lipids ranged from 0.:57% to 0.90%. :Non­
'polar lipids were tentatively identif~,ed as steml esters, trigly­
cerides. diglycerides, free fatty acids and :parUal glycerides. 
'Mooogaiactosyl glycerides, phosphatidyl choline and lysolecithin 
were tentatively identified as components of the bound, polar ~ipid 
fraction. 

·Quality Deterioration During Storage 
[Pennisetum ameTicanum (L.) K. Schum.] 

Co. Lai 

The HMP 550 bulk population of pearl mill$t was ground and the 
whole meal stored in cotton bags under the following conditions: 
19°C, 58% relative humidity, 2YOC, 64% RH and 42°C, 75% RH. After 
designated storage periods tests were conducted. to determine titrat­
able acidity, moisture content, mold counts and organoleptic (sniff) 
tests using a trained panel. The total titratable acidity increased 
rapidly for millet stored at high temperatures and relative humidity 
during the first 108 hours of storage compared to millet stored at 
lower temperatures and relative humidity. The organoleptic evaluation 
of stored millet meal indicated that high temperature and humidity 
resulted in a decr.ease in the time necessary for detection of off­
odors. Organoleptic evaluation appears to be a more sensitive measure 
of deteriorative changes during storage than total titratab1e acidity. 

Field Fungi in Pearl Millet 
[Pennisetum ameTieanum (L.) K. Schum.] 

R. Burroughs 

The field fungi invading pearl millet at harvest were determined 
by plating 100 surface disinfected kernels on malt agar. Fungi were 
identified after 6-7 days incubation at room temperature. The predomi­
nant fungus was AZternaTia with smaller percentage of kernels invaded 
by FusaTium and CZaaZosporium. Also identified on the millet kernels 
were the genera CurvuZaTia, HeZminthosporium, PeniaiZZum, phoma and 

http:conducted.to
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Rhizopus. The principal field fungi found are of the same genera, and 
approximately the same percentages, as found in grain sorghum grown in 
Kansas. 

Initial Screening of Pearl Millet to Determine Insect Susceptibility 
[Pennisetum ameriaanum (L.) K. Schum.] 

D. Kossou and J. Pedersen 

A bulk population of pearl' minet grown' in Kansas was used to 
determine the susceptibility of infestation by certain species of 
stored-product insects. Fifteen of the major insect pests species 
which attack 'cereal grains were used in a "no-choice" screening test. 
Twenty-five gram samples of millet at 13.5% moisture content were 
infested with either 30 adult, 30 newly emerged larvae or 50 eggs, 
depending on species of insect. Infested millet samples were stored 
in small glass jars in a rearing room maintained at 27°C and 65% 
relative humidity for a period of 6-8 weeks. At the end of the 
exposure period each sample was examined for number of insects, loss 
n~ coo~ woinhT ~nn woinht nf f~~" {p~r.~pment. dust. etc. l. Rice 
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Research Results. (Year 2, October 1978 - September 1979} 

Objective 1. .IIAccelerate improvement in pearl millet yi'eld by 
creating widely adapted high yielding populations 
and synthetic varieties and investigate possi­
bilities of creating inbred lines and hybrids for 
use in deve 1 opi ng countr·i es. ". 

PEARL fmLEr BREEDING 
[Pennisetum ameT'icanum (l.) Leeke] 

W. D. Stegmeier 

Pearl millet breeding in 1979 has shown advancement in most areas of 
the program. Hays Millet Population (H~lP) 550 and HMP 1700 have been ad­
vanced to' the cycle 3 recombination generati.on and the cycle 2 S, progeny 
per.formance test; n9 phase, respecti ve 1y; HMP 559. Clnd the Wor1 d Co 11 ection 
Composite were adVanced by- se 1 ecti on for des·irab 1 e agronomi c character­
istics. 1978 Series 5 and 2 have progressed to the F2 and F3 generations, 
respectively, in a program to introduce genes for dwarfness and cytoplas­
mic male-sterility -maintainer systems into the World Collect'ion Composite 
and Plant Introduction material. Development of inbred· iines to be used 
as parental material of hybrid combinations involved the growing of over 
200 pairs of A1Bl and A2B2 dwarf derivatives of PI 185642 and 'Serere 3A, 
selection within 500 advanced generation male~fertility restorer lines, 
and selection of over 3,000 F2 segregates from -crosses involving 31 PI 
lines. Four male-fertility restorer lines were planted.in isolated 
crossing blOCKS, each with a group of 39 to 48 female lines, to produce 
Fl seeds for 1980 testing purposes. Several experimental Fl hybrids 
performed favorably in comparison with an early-maturing sorghum check. 
but later maturing sorghum checks, responding to late rains, produced 
larger grain yields than did the millets. 

http:planted.in
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HETEROSIS STUDIES OF PEARL MILLET 
[Pennisetum americanum (L.) Leeke] 

J .. C. Palmer, H. A. Praeger, Jr., and R. L. Vanderlip 

Heterosis was studied for a second year among eighteen pearl millet 
hybrids and their inbred parents. Emphasis was placed on yield, plant 
height, one thousand seed weight, number of heads per unit area, and 
plant population. 

In each of the hybrids, heterosis was clearly demonstrated. Hybrid 
yields were substantially higher than parent yields in all cases. In 
addition, increases in plant height, seed weight, head numbers per unit 
area, and plant population were noted. 

YIELD EVALUATIONS OF PEARL MILLET 
[Pennisetum americanum (L.) LeekeJ 

PART 1 

J. C. Palmer, R. L. Vanderlip, and W. D. Stegmeier 

Pearl millet hybrids developed at the Fort Hays Branch Experiment 
Station, Hays, Kansas were tested in yield trials at six locations. 
Five pearl millet populations and three commercial sorghum hybrids were 
included for comparison. Attention was focused on yield, plant height, 
seed,weight, head number per unit area, and plant population, 

At all but one location, pearl millet hybrid yields often were not 
significantly different than grain sorghum hybrid yields. The highest 
yielding millet hybrids exhibited short stature. Millet seed weights 
were less than sorghum seed weights but showed a slight increase over 
millet seed weights determined in'1978. There was no apparent relation­
ship between the number 'of heads produced and yield, though higher yield­
ing millets tended to produce greater yields per head and greater yields 
per plant. 
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YIELD 'EVALUATIONS OF 'PEARL Nn:UT ',' 
[?enntsetum ameNCa'lium (1L) L'eeke] 

PART n 

J. '1:. Palmer, H. A. Pra~ger, Jr", irnd \~" D. Stegmeiel" 

PeaY'1 millet hybrids developed at the t~astal Pla:ln~ Station. lifton" 
Georg';a byl3r. Glenn Vi. Burton, USDA, SEA, were 'tes'ted ,in y'ield trl<lls ,at 
two lbtati ons, Fo'f compar; son, two pe'arl 'mHlet PbPula:t~:ons and 1;W0 
tommerd a 1 sor,gh'uln hybri ds were inc 1 udea. Attenti 011 Was 'fotusea on ,y'i-e l'd" 
plant height. head number per unit area. and 'plant :populatl0n. 

At one , lOl::atibn, pearl ,mnlet hybrla yields lil many rcaseS were 'not 
significantly different than grain sorghulll hjbi'ld yields,. The 'hi:ghest 
yi e 1 di ng mrn et hybri dswere qlllte tall, Mill ets p'toducing 'more ,heads 
per unit aY'ea tended to 'have higheY" yields, but this relationship was not 
consistent gt bothlocatlons. There was noappa'rent relationsh'ipbetween 
Y1 e 1 d and plant popul at; on,,' head nuniber' per plant" yi e 1 d per 'head" hOY' 
yi el d per plant. ' 

Objettl-ve 2. "Det(:rmine fatto)'s 'related to and gen~t'lc var']:a'­
b'n ity i nseed and seed1 i ng vi 9br:, water 'use" 
drought resis tante, and herbi ci de sils'ceptlb'11 hy 
of pearl lnine't." 

GROWTH OF PEARL M1LLET [Penni:se-tum amenba'num (L .. ) Leeke] 
AS INFLUENCED BY HERBICIQE APPLICATIONS AND DUAl' IN PLANTING 

VI. D. Ntlah'i, O. G,. Ross, aml L. J. 'Moshier 

Seedllng tolerance' of 'RMP1' pearl llliHet 10 days, ane¥' treatment 
wa's eXte 1,1 ent to a trazi ne, propazi ne, terbuttyn or blfeiiOx app 1 i ca ti otiS 
'and mOderate to tyanazine applications. Emergence of pearl mili'et was 
severelY'redyced for propach10r or butylate plus R-"25788 appllcations 
and did not o,tcur for pY'opa.ch10r applitat'iohs ih cOfTlblhation with 'other 
h~rbicides 'Or EPTC plus, R-25788 appliG:ations, 'll&ight" number of heads 
aM yield was hOt sigilJlfi.cant1y reduced by appliCations o'f triaz'ine 
he'rbitides or birenox,. Pearl 111lllet was less su§ceptible to propach'lcyr 
applied alone or in combihation with other herb'ibdi:s when rep'lanted 
3 weeks after he-rbitide applitations. 

, Tolerance to atr-aZine, pl'opazine or terbutryn generally was not 
affected by 'delay between herblt'ide application anti planting 'in green-
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house studies. Tolerance to metolachlor, xylachlor or propachlor was 
greater if a two or four week delay occurred between herbicide application 
and planting. 

EFFECT DF SEED SIZE AND DENSITY ON FIELD E~lERGENCE 
AND YIELD OF PEARL MILLET 

[Pennisetum ameriaanum (L.) Leeke] 

J. C. Gardner and R. L. Vanderlip 

Seed sizes and densities of pearl millet were studied under field 
conditions in 1979 at the Ashland Research Farm south of Nanhattan and 
Sandyland Experiment Field, St. John. Serere 3A and RMPl along with two 
inbred lines from Fort Hays were utilized to observe both wide and narrow 
based genetic material. 

Size of the seed planted affected stand establishment, head produc­
tion, and grain yield. The smallest seed size was lowest in vigor. The 
relationship between seed size and quality does not seem to be a linear 
function, however, because the largest seeds also often were associated 
with a drop in performance. 

Density separations were made regardless of seed size. The effect 
of high density seeds upon emergence was positive. Though a sign·ificant 
variety x treatment interaction was found, the general effect of density 
was consistent in both varieties and inbreds at both locations. Seed 
density had a strong effect upon the initial vigor of the pearl millet 
plant. The relationship between seed density and yield seems to be 
different than that of seed size and yield. With seed size we have seen 
that the effect at emergence influenced grain yield. Seed density does 
not appear to remain as effective at harvest. Seed density was shown to 
be a consistent and effective criteria for improving seedling vigor. 
Small seeds seem associated not only with poor seed quality but also 
with a plant lacking the capability to adjust yield components to be an 
efficient grain producer. 

WATER USE AND WATER USE.EFFICIENCY OF PEARL MILLET 
[Pennisetum ameriaanum (L.) Leeke] 

P. Singh and E. T. Kanemasu 

Meteorological and physiological measurements were made on several 
millet genotypes at Manhattan, Kansas and Hissar, India. Because of the 
abnormally high rainfall at Manhattan, the irrigation treatment was 
omitted. Detailed analysis of the water use and water extraction pattern 
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of millet,·,is presented in this report. There· was a difference in wate,r 
use, water use ,effici'ency, and S9il water extraction patterns among the 
genotypes. Complete' anal:ysis ,of '.1978 and 1979 data has not been accom­
plished. A manuscript on ·the fioral development of millet has b~en 
'accepted for publi'cation and will appear in Field Crops Research. 

The results of the Hissar experiment were not satisfactory as antic,i­
pated because of the extremely dry conditions in India this year. Irri­
gation was poor and frequently unavailable. Plans have been made to avoid 
some of these problems in the future. 

" 

Objective 3. "Determine the nutritional qual ity and 'digestibil ity 
of pear1 'mnlet grain by analyzing protein in germ­
plasm introductions and breeding materials and 
determining magni,tudes of variation in lysine con­
tent among and. withi n popul a ti ons and vari eti es. 
Determine the characteristics and digestibility of 
pearl millet protein and carbohydrates." 

PROXIMATE ,AND AMINO, ACID ANALYSES 'OF PEARL MILLET 
[Pennisetum americanv~ (L.) LeekeJ 

. , 
Dave Wetzel and ~~ax Jones 

Proximate and amino acid analyses of hybrid pearT millet grain was 
studied for the hybrids developed 'by Dr. Glenn 'W. Burton and grown at 
Manhattan, Kansas 1978 and 1979. There ,were dHferent hybrid entries 
for the two growing seasons. For 1978 the protein content ranged from 
14.0 to n.6%. During 1979 the range in protein content WClS 10.6 to 
13·4%. The range for' protein content for the 'buH populations during 
1978 was 11 .·1 to 14.7%. 

NOTE ON MINERAL CONTENT AND LOCATION IN PEARL MILLET 
[Pennisetum ameriaanum (L.) Leeke] 

E. Varriano-Marston and R. C. Hoseney 

Mineral conterits'r(Ca, Mg, Zn, ,Fe, Na: K ,a~d P) of 17 HMP550 5, lines 
and 4 bulk populations were studied. Mg, K, arid P were present in the 
greatest concentrations in the whole grain. High levels of K and Fe were 
found in, the germ and cover; ng 1 ayers, wh il e the maj or porti oli' of the 
phosphorus was located in the germ. 
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CHARACTERIZATION OF STARCH FROM PEARL MILLETS 
[Pennisetum americanum (L.) LeekeJ 

Adelaide Beleia and E. Varriano-Narston 

Starch isolated from five rando~-mating populations of pearl millet 
varied in cold water-binding capacity (83.6 to 99.5%) and initial (59 to 
63 C) and end-point (68 to 70 C) gelatinization temperatures. Swelling 
power at 95 C varied between 14.1 and 16.4; starches with low swelling 
powers also were less soluble during heating. More variations among 
starch amy10grams were observed during the cooling than the heating cycle, 
suggesting that some starches tend to retrograde less than others. Small 
variations in amylose contents (20 to 22%) among starches indicate that 
other physicochemical factors, such as molecular dimensions, may be more 
important than amylose content in determining the characteristics of 
pearl millet starches. 

CHARACTERIZATION OF PEARL MILLET PROTEINS 
[Pennisetum americanum (L.) Leeke] 

B. Mason and R. C. Hoseney 

The amino acid composition ·of pearl millet grain and its milled 
fracti ons and ·the di stri buti on of grain nitrogen among protei n sol ubil ity 
classes was studied. Grain from a bulk composite was milled into bran, 
low ash flour, and high ash flour on a Brabender Quadrumat Junior Experi­
mental Mill. Whole meal had appreciably more lysine; arginine, and gly­
ci ne and '1 ess meth i on i ne than the low and hi gh ash flours. Low ash flour 

'contained slightly more lysine and arginine than high ash flour. 

Flour and meals were extracted successively with saline, ethanol, 
and a 1 ka·l i ne sodi urn dodecyl sulfate (50S) sol uti ons. Mi nima 1 differences 
were observed in the nitrogen distributions of meal and flour samples 
derived from the millet popUlation, but the low ash flour contained more 
prolamine protein than the corresponding meal. In addition, meal samples 
from four' pearl millet lines had similar nitrogen distributions among the 
different protein solubility .clas.ses. Our data did not suggest that a 
direct relationship existed between lysine concentration and nitrogen 
distribution in those samples. 

The protein fractionation scheme was modified to include 2-mercapto­
ethanol with the SOS-containing solvent and a final extraction with 0.1 N 
sodium hydroxide. The Tractions produced by that revised procedure were 
analyzed for amino acids. The. saline solubles were found to be rich in 
lysine, arginine, histidine, and aspartic acid. The prolamines were rich 
in leucine, alanine, phenylalanine, and glutamine. The pH 10 solvent-
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SDS-2-mercaptoethano 1 extracted protei ns that were ri ch in bas j c ami no 
acids, threonfne. and cysteine. The sodium hydroxide solubles and the 
insolubles fraction were comparable in amino acid composition. 

PRELIMINARY REPORT ON DECORTICATION OF PEARL MIllET AND GRAIN SORGHUM 
[PennisetuJ7l cvner-icanwn (L.) leeke] 

Alicia de Francisco, Allan Shepherd, R. Carl Hoseney, 
and E. Varriano-Marston 

A modified Udy Cyclone Mill was used to evaluate the decortication 
of small samples of pearl millet and grain sorghum. In genera1; grain 
sorghum decorticated much easier than did pearl millet. When millet was 
decorticated, the point of detachment was between the endosperm and the 
aleurone layer. However, with sorghum the point of detachment was in tne 
mesocarp. Two millets obtained from Sudan decorticated much easier than 
mi 11 et popul ati ons grown in Kansas. A Kansas-grol'ln sorghum ori gi na lly 
obtained from Sudan decorticated much easier than U.S.-developed varieties 

. grown in Kansas. 

EFFECT OF MILLING. FERMENTATION ANO COOKING oN NUTRITIONAL VALUE OF 
PEARL MILLET [Pennisetum amer'iaanwn (L.) Leeke] 

Sandra Dassenko and Beth Fryer 

Pearl millet meal and a 67% extraction flour were evaluated for 
amino acids, vitamins, minerals, protein efficiency ratio, protein di~ 
gestibility, and calorie digestibility. In addition, fermented, cooked, 
and fermented and cooked samples of the meal and f1bur were studied. In 
general, milling did hot lower the B vitamin content of samples, but 
mineral concentrations were lowered. When samples Were fermentetl, the B 
vitamin content increased. No changes were observed in amino acid COh­
tent of samples due to milling, fermentation or cooking. 

Pearl millet diets had lower PER's than the casein control (1.7 vs. 
2.5). In general, milling increased and fermentation decreased PER of 
millet diets. Millet diets were less digestible (both protein and 
calo:ies) than the casein diet. Milling or fer~entation had no effect 
on dlgestibility. However, cooking of millet flour increased calorie 
digestibility. 
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INFLUENCE OF CERTAIN GRAIN DIETS ON CHOLESTEROL LEVELS IN GUINEA PIGS 

Carol Klopfenstein 

Guinea pigs were fed diets containing fiber from different cereal 
grains: hard red wheat, oats, pearl millet and grain sorghum. Diets 
consisting of wheat, oats, or millet did not lower serum or liver cho­
lesterol levels when compared to the casein control diet. H0wever, serum 
cholesterol levels in the animals fed grain sorghum diets appeared lower 
than the other diets, even though the differences were not significant. 
Liver cholesterol concentrations were, however, significantly lowered 
when guinea pigs were fed diets containing grain' sorghum. 

PEARL MILLET: ITS CHEMISTRY AND UTILIZATION 
[Pennisetum america~um (L.) Leeke] 

R. C. Hoseney and E. Varriano-Marston 

This is a paper prepared for and presented at the International 
Conference on Cereals for Food and Beverages; Recent Progress in Cereal 
Chemistry and Technology, American Chemical Society, sponsor, Copenhagen, 
Denmark. The paper wi 11 be included in the proceedi ngs of the conference 
and is included in this report. 

Objecti've 4. "Determine the storage stability of pearl millet 
gra,i n and mill et meal by determi ni ng the factors 
contributing to grain losses during storage and 
determining the factors contributing to the 
development of rancidity in millet meal." 

LIPID CONTENT AND FATTY ACID COMPOSITION OF FREE AND BOUND LIPIDS 
IN PEARL IHLLETS [Pennisetum americanum (L.) Leeke] 

C. C. Lai and E. Varriano-Marston 

Lipid content and fatty acid composition of pearl millets were 
studied. Free lipid content ranged from 5.55% to 7.08%; bound lipid 
content ranged from 0.57% to 0.90%. Unsaturated acids averaged 70.25% 
of the free and 51.7% of the bound lipid fractions. Linoleic, oleic, 
and palmitic were the principal fatty acids in both free and bound lipids. 
Trace 1 eve 1 s of myri s ti c and 'beheni c aci ds were found in the free 1 i pi ds. 
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Of the total bound lipids, 1,34% to 2.16% had an odd number of carbon 
atoms (C13:0, C15:9, and C17:0). The total percentage of long chain 
fatty acids (C20:0 and above) was greater for the b,ound than the free 
1 i pi ds . 

CHANGES IN PEARL MILLET MEAL DURING STORAGE 
[Pennisetum ameYieanum (L.) Le~ke] 

C. C. Lai and E. Varriano-Marston 

Pearl millet meal was stored at 1-9 C, 58% R.H" 27 C, 64% R.H.; Qr 
42 C, 75% R.H. Changes in sensory attributes (odor), moJd co~nt! fatty 
acid composition, total titratable acidity, and peroxide value were 
fallowed. 

. A trained panel detected changes in the odor of stored millet after 
108 hr., 60 hr., and 12 hr. for these respective storage conditions: 
19 C, 27 C, and 42 C. A reduction in mold count the first 6 wks. of 
storage suggested that fungal growth had little effect on odor changes 
observed the first week of storage. However, periods f9r deteeting 
odor changes in,all stored samples corresponded to fat acidjty of 30 mg 
KOHl 100 9 meal and coincided with the end of the induction period for 
peroxi de forma ti on. TLG and GC s tudi es further' confi rmed that a Hera.­
tions in lipid components were responsible for r1!pid quali·ty deterioration 
in pearl millet meal. 

SUSCEPTIBILITY OF TWELVE LINES OF PEARL MILLET IN THRESHED 
AND HEAD STORAGE TO THREE SPECIES OF INSECTS 

[Pennisetum americanum (L.) Leeke] 

D. Kossou, J. R. Pedersen, and R. B. Mills 

, The susceptibility of 12 pearl millet lines,stored i11 the head or in 
the threshed form, to Angoumois grain moth, rice weevil, and red flour 
b~etle was studied. Red flour beetle populations did not inerease in 
elther the threshed or head millet lines whereas the rice weevil and 
Ang~umois grain moth populations did. Larger increases in weevil popu­
latl0ns wel'e noted in threshed millet than head millet. The reverse 
was true for Angoumois grain moth. Some millet 1 il1es were more susGep~ 
tible to insect attack than others. 
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Research Results 
(Year 3, 1979-1980') 

O'bjective 1. "Accelerate improvement in pearl millet yield by 
creating widely adapted high yielding populations 
and synthetic varieties and investigate possi-. 
bilities of creating inbred lines and hybrids 
for use in developing countri es." 

Pearl Millet Breeding 
[Pennisetum ameriaanum (L.) Leeke] 

W. D. Stegmeier 
(Page 57) 

Yield Evaluation of Pearl Millet 
[Pennisetum ameriaanum (L.) Leeke] 

H. A. Praeger, Jr., R. L. Vanderlip, W. D. Stegmeier 
(Page 66) 

O'bjective 2. "Determine factors related to and genetic variability 
in seed and seedling vigor, water use. drought re­
sistance and herbicide susceptibility of pearl millet." 

Effect of Crop Management on Seed Quality, Subsequent 
Seedling Establishment and Grain Yield of Pearl Millet 

[Pennisetum ameriaanum (L.) Leeke] 

Jul ius Okonkwo and R. L. Vanderl i p 
(Page 71) 

Soil Water, Plant Water and Temperature 
Relation and Their Relationship to Crop Yields 

Piara Singh and E. T. Kanemasu 
(Page 75) 

Effects of Seed Size and Density on Performance of Pearl Millet 
[Pennisetum americanum (L.) Leeke] 

Mahmud Lawan, F. L. Barnett, and R. L. Vanderlip 
(Page 94) 
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ObjecUve 3. "Determine the nutritional qual ity and di gesti bi1 ity 
of pearl millet grain by analyzing protein in germ­
plasm introductions and breeding materials and 
determining magnitudes of variation in lysine con­
tent among and within populations and varieties. 
Determine the characteristics and digestibility 
of pearl millet protein and carbohydrates." 

Pearl Millet Amylases I. Properties of Partia11y 
Purified Alpha-Amylase 

[Pennisetum ame~icanum (L.) Leeke] 

Adelaide Beleia and E. Varriano~Marston 

(Page 102) 

Pearl Millet Amylases II. Activity Towards Intact 
Granules and Heated Starch 

[Penni~etum ~ericanum (L.) Leeke] 

Adelaide Beleia and E. VarrianQ-Marston 

(Page 120) 

Analysis of Pearl Millet for Proanthocyanidins, 
Tannins and Other Phenolics ~ 

[Pennisetum am~~icanum (L.) LeekeJ 

Larry Butler, R. C. Hoseney and E. Varriano-Marston 

(Page 133) 

Preliminary Pearl ~1illet Roti Method 
[Pennisetum americanum (L.) Leeke] 

B. Mason and R. C. Hoseney 

(Page 135) 

Development of Pearl Millet Based Gruel~ and Steamed Cakes 
Designed for Infant and Preschool Childrgn Feeding in Cameroon 

[Pennisetum americanum (L.) Leeke] 

Julienne Ngo and Jean Caul 

(Page 140) 
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Hardness of Pearl Millet and Grain Sorghum 
[Pennisetum amerieanum (L.) Leeke] 

Alicia de Francisco, E. Varriano-r~arston and R. C. Hoseney 

(Page 143) 

Decortication of Pearl Millet and Grain Sorghum 
in Laboratory Abrasive Hill 

[Pennisetum ameriaanum (L.) Leeke] 

Alicia de Francisco, Allan D. Shepherd, R. C. HQseney 
and E. Varriano-Marston 

(Page 160) 

Effects of Pearl Millet and Sorghum Diets on 
Growth Rates and Cholesterol Levels in Guinea Pigs 

[Pennisetum ameriaanum (L.) Leeke] 

Carol Klopfenstein 

(Page 175) 

Note on Rate of ~ater Penetrating into Sorghum During Tempering 

A. A. Abdelraham and E. P. Farrell 

(Page 185) 

Grits from Grain Sorghum Dry Milled on Roller Hills 

A. A. Abderlraham and E. Farrell 

(Page 192) 

Sorghum and Millets 

Chapter for 

Advances in Cereal Science and Technology, Vol. IV 

Y. Pomeranz, Editor 

R. C. Hoseney, E. Varriano-Marston and D. A. V. Dendy 

(Page 208) 
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Objective 4. "Determine the storage stabil ity of pearl millet 
grain and millet meal by determining the factors 
contributing to grain losses during storage and 
determining the factors contributing to develop­
ment of ranci di ty in mill et meaL" 

Solubility of Pearl Millet Proteins 
[Pennisetum amerieanum (L.) LeekeJ 

B. Mason and R. C. Hoseney 

(Page 321) 

Moisture Content/Relative Humidity Equilibrium of Pearl Millet 
[Pennisetum amerieanum (L.) Leeke] 

Donsou Kossou 

(Page 326) 

r 
\ 
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Planning ~leetings Four IN-PROGRESS-REVIEWS were attended by the principal 
researchers and graduate students working with pearl millet. During these 
meetings plans for research projects 'were coordinated among the personnel 
and evaluations of the progress of research were made. Minutes of these 
reviews are in Section II. 

International Travel Drs. E. Varriano-Marston and R. C. Hoseney visited 
the Tropical Products Institute, Culliam, England; Food Research Center, 
Khartoum, Sudan; Bhabha Atomic Research Center, Bombay, India; Central Food 
Technological Research Institute, Mysore, India; International Crop Research 
Institute Semi-Arid Tropics, Hyderabad, India; Home Science College, Hydera­
bad, India; Food Science Technology Institute, Punjab Agriculture University, 
Ludhiana, India; and USAID and Institute for Tropical Agriculture, Dakar, 
Senegal. Their trip report is Section III. 

Contacts Established The personnel contacted in the research of this pro­
ject are listed in Section IV. 

Personnel There are seven principal research personnel assigned to the 
project. Other members of the faculty, experiment station personnel and 
graduate students prov,ided input to the program. A listing of the personnel, 
who assisted in, this project is in Section V. 

Budget The original contract was approved as a three-year program and 
funded for .the first two years. Later, the program was funded for three 
years in the amount of $770,000.00. These funds were utilized to support 
the program. The financial statement for this program is Section VII. 

http:770,000.00
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II. Planning Meetings 

Improvement ,of Fearl 'Mi]l et 

The tenth IN-PROGRESS-REVIEW of the gro.1ect, ,II Impnovement .of P£!ilrJ 
Mi 11 et"., was he l.d 1000 hours 11 December 1979 in Room 106, ,Waters Hall, 
Kansas State Uni vers; ty. Thi 5 was a cooperative ,meet; ng i rilcl udi ng 
personnel of the ori.ginal contract and the expanded KSU prl!Jgram, :Grain 
Sorghum/Pearl Millet, CRSP grant AIDISDAN/XII-G-Dl49, INTS0RMIL. 

Personnel attending: Richard L. Vanerlip, R. Carl Ho-seney, :Barry 
Mi chie, Janet E. Benson, James Converse, Fr,anci s L Barneti\:, Edward T. 
Kanema·su, Robert B. Mills, John R. Pedersen, Herman A. P.r:aeger, Jr., 
Wm. D. Stegmeier, Piara Singh, J.ohn Gardner, John Palmer, MithJ.esh 
Kumar, David Andrews, principal pearl millet breeder, ICRISAJ, on 
sabbatical at the University of Nebraska, and Earl R, Leng, Program 
Director, INTSORMIL, University of Nebraska. 

The agenda was organized to provide a thirty-minute period for eacb 
of the principal researchers of the six programs of INTSORMIL. Four of 
these six projects are the basis of the original contract and are con­
tinued or expanded in the INTSORMIL program. There are two new programs 
in INTSORMIL, Storage and Preservation of Pearl Millet and A Farming­
Sy-stems Approach to Sorghum and Pearl Millet Production in India, 

These minutes contain a synopsis of the presentations, as abstracts 
and detailed results of research are to be included in the Second Annual 
Report which is currently in preparation. 

Nutritional Qual Hy: presented by R. Carl Hoseney, di scussed stor,age 
of ground material, the lipid content, type of lipids, fatty acids !lnd the 
rancidity problem of ground material. Starch, its chemical composition. 
physical properties and milling problems, and problems associated with the 
decortication of the grain were presented. The program to prepare ethnic 
foods from pearl millet was discussed. Feeding studies with rats ilod 
guinea pigs were outlined. They are studying the total digestible nutrients, 
protein efficiency ratios for raw rations, processed rations by cooking and 
fermentation. The vitamin content is being analyzed by High Performance 
L~quid Chromatography. Storage of milled products is being studied. The 
mlneral content of milled products is being analyzed. Currently blo papers 
have been submitted for publication in scientific journals. 

Physiological and Developmental Processes Adversely Affected by 
Environmental Stresses was presented by Edward T. Kanemasu. His research 
includes water use efficiency, uptake of water from various levels of the 
soil profile, transp'iration and leaf temperatures under varying conditions 
and the influence of different levels of stress during different stages of 
growth on yield components. This research is being conducted at Manhattan, 
Ka~sas, Hays Branch Experiment Station, Hays, Kansas ilnd Harayana Agricultural 
Unlversity, Hissar, India. 

Se~dling Vigor, Stand Establishment, and Developmenta'] Physiology of 
Pearl Mlllet. Dr. Vanderlip had two of his graduate students present an 
update of the papers they presented at the ASA meeting, Ft. Collins, Colorado. 
John Gardner discussed the results of his thesis research on seed - - --
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size and seed density on emergence, stand establishment and grain yield. 
John Palmer reported on the',results of the yield trials of the various 
pearl millet populations and hybrids and comparison with commercial 
grain sorghum hybrids of similar maturities. These trials were planted 
at six locations throughout the state on varying soil types and under 
different climatic conditions. There are significant environmental 
differences in the results of the yield trials over the various locations 
in the state. The results of the herbicide study in the growing of pearl 
millet were discussed. 

Farming Systems Approach to Sorghum and Pearl Millet 'Production in 
India was presented by Dr. Barry Michie. As this is a new program 
requiring in-country coordination, the presentation was a plaA on the 
implementation of their program. 

Pearl Millet Improvement Program was presented by WID. Stegmeier. 
Harvesting of his nursery plots has been completed, but there are many 
plots to be threshed. He has four new populations of hybrid seed that 
produced over 1000 grams of grain for next year's yield trials so far. 
Some of his new hybrids' grain yield was calculated to be in the 4000-
5000 lbjacre range. There was a male sterility problem this year that 
was not present last year. Th~ winter nursery and grain increase 
program in Hawaii was discussed. ICRISAT is sending eigh1;y-two samples 
of their pearl millet germplasm for grow out in the glasshouse at Hays, 
KS under our APHIS permit so we will have the same material here in Kansas 
and at various locations of ICR1SAT. He has provided 4000 seeds of a 
line to David Andrews for growth chamber studies at the University of 
Nebraska. 

Stor.age and Preservation of Pearl Millet. Dr. Robert ~1ills reported 
on this program. Although this is a new program and not funded until 
September 1979, samples of pearl millet grain were provided to Departments 
of Entomology and Grain Science and Industry last year so they could 
injtiate a preliminary study. They have studied various grain storage 
insects response and compared these observations in corn, wheat, sorghum 
and pearl millet. The observations included population increase over time, 
size of adult, number of eggs produced, size of egg, percent damage to grain 
sample and other characteristics associated with the insect problem of 
stored grain. They will be studying the effect of mechanical harvesting on 
susceptibility to insect damage, storage of grain in the unthreshed head, 
and use more species of insects in the reseach that is currently underway. 

There was then a period for the research presonnel to ask questions of 
Earl Leng, Program Director, INTSORMIL. r~any of the questions were project 
specific. Then Earl presented an overview of the INTSORMIL program and the 
administrative requirements, overseas linkages, list of contacts and foreign 
training programs. 

The personnel of the project, "Improvement of Pearl Millet", then 
discussed their annual report requirements, the utilization of remaining 
funds and the grain and plant material requirements for 1980. 
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During his viSit to KSU to attend this iN~PROGRESS~REVII:W, Dr. Earl 
Len9 consented to pr:esent a ~emiJiar' to the Agronomy Faculty and Graduate 
Students on Title XII Grain Sorghum/Pearl Mi11et CRSP. 
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I~lPROVEMENT OF PEARL MI LLET 

The eleventh "IN PROGRESS REVIEW" of the project "Improvement of Pearl 
Millet" and Title XII was held 1315 hours 15 April in Room 106 Waters Hall, 
Kansas State University. 

Personnel Attending: Richard L. Vanderlip, Edward T. Kanempsu, Robert 
B. Mills, John R. Pedersen, Wi11jam D. Stegmeier, R. Carl Hoseney, Elizabeth 
Varriano-~larsten, Barry Michie, Herman A. Praeger, Jr., Hartmut Stutzel, 
Julius Okonkwo, and Piara Singh. 

Richard Vanderlip reported on the two technical committee meetings. 
The February meeting was in Washington, D. C. where the committee met with 
AIO Bureau Personnel. It was apparent that these personnel were receptive 
to the TITLE XII program. The bureau and in-country AID personnel control 
the foreign travel of this program. Requests for foreign travel and 
coordination must-be submitted at an early date to obtain all necessary 
approvals. 

The meeting 10 April was held in Lincoln. Richard L. Vanderlip did 
not attend the meeting, but has talked toJerry Eastin and has received a 
copy of minutes of the meeting from Darrell Rosenow. It appears most of 
the meeting was devoted to the External Review scheduled 15-19 September 
at Lubbock" Texas. All members of the Review Board have not been identified 
and some who have been selected, declined to serve. Hugh Doggett will be 
chairman of the External Review Committee. Each project will be scheduled 
time to present their program. There are forty-one (41) projects in 
INTSORMIL TITLE XII program. It was mentioned and discussed that the 
pearl millet crop will not be harvested by 15 September and there will be 
no results for 1980 to be presented. The 1978 and 1979 results that can 
be presented were not supported by INTSOR~lIL funds or program. 

The program director has requested a one page, double spaced, summary 
of results and accomplishments of each project. This to be written in 
popular language. 

The annual report and the requested financial support for the third 
year (1981-82) INTSORMIL was subitted to the program director. The budget 
for the six projects was $524,873.00. 

The annual report for TITLE XII INTSORMIL is six separate reports 
and financial statements. The possib1ity of combining this into one report 
similar to the "Improvement of Pearl Millet" program was discussed. It was 
considered this should be coordinated with the program director to see how 
he wanted the report. If it can be consolidate, then we will request the 
change through appropriate channels. 

The annual report "Improvement of Pearl Mi llet" was completed and 
distributed to project personnel and mailed to personnel on the mailing list. 

Plans for the summer programs and grain requirements were discussed. 
Entomology has a need for a large amount of grain, 200 - 300 pounds, just to 
raise insects for their research. This can be bulk and unidentified. Bill 
has reminant seed and Richard has a quantity in his lab that satisfies this 

http:524,873.00
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requirement. They are interested in small samples of identified genotype 
and growth location for their studies. One hundred grains to a few grams 
are adequate for this. They are also interested in adequate number of heads 
and threshed grain, 60 heads and one pound or more grain for larger studies. 
This amount of materials will be available at. the six locations where we 
have yield trials. They are planning macro- size studies when thousands of 
heads and bushels of grain are available. 

Grain Science has requirement for a large quantity Of bulk material. 
They could use five pounds of grain of each genotype at the various 
locations of the yield trials. They would like small samples of any new 
or unusual material. ~ 

Bill Stegmeier is to provide the seed for the yield trials. Hopefully 
there is adequate seed for twenty-five entries including the four entries 
of Glenn Burton for six locations. The yield trials are to be two rows 30 
feet long with three replications. Sixty grams of seed will be adequate. 

Bill has provided seed to Texas, Nebraska and Arizona. Chuck Francis, 
Nebraska, would like seed so he could have a yield trial the same as the 
Kansas trials in Western Nebraska. This will be coordinated with him 18 
April when Richard is in Lincoln coordinating the intercropping study. 
Carl requested when this seed is provided other states we should request 
a sample of the grain be provided so we can study the location effects on 
grain quality. 

International Coordination was discussed. The farming systems program 
does not have approval for its program in India. The project manager is 
trying to solve this problem. It is not known here what the problem is, 
but ICAR (India Council Agriculture Research) and AID India have not approved 
the collaboration required of our proposal. 

Requests for international coordination and travel for this summer and 
fall should be initiated now. Format for these requests will be provided. 

The financial condition of the two contracts were discussed. The 
project "Improvement~ of Pearl Millet" terminates 30 September 1960. The 
harvest will not be completed by that time and there can be no laboratory 
work accomplished. As this project is incorporated into INTSORMIL 1 October 
80, funds are not a problem. It was decided to request a six month non­
funded extension to the project to be able to complete the project and 
prepare the final report. 

The utilization of INTSORMIL funds is lower than programmed. The 
principa-I investigators would like a copy of the monthly financial 
statement provided to Nebraska. They have little or no information on the 
financial status of their program. Thanks to Xerox this is no problem to 
comply with their request. 

. The Farming Systems Workshop at Purdue University 22 - 23 May was 
dlScussed. Barry Michie plus two personnel from Grain Science, Post Harvest 
Storage will attend the conference. 
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The feasibility of expanding the pearl millet yield trials to Nebraska, 
Colorado, New Mexico, Texas and Oklahoma were discussed. At this time we do 
not have the ability to provide the seed fqr this type program. Performance 
testing should be included in the program over a large area of the semi-arid 
plains region. This will be explored at a later date. 
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IMPROVEMENT OF PEARL MILLET 

, The twelfth "IN-PROGRESS-REVIEW" of the project "Improvement of , Pearl 
Miilet" and TITLE XII "INTSORMIL" was held 1315 hours 26'Augus( in Room 106 
Waters Hall, Kansas State University. ' 

Personnel attending:' Edward 1.. Kanemasu, Robert B. Mnls, John R. 
Pedersen, William D. Stegmeier, R. Carl Hoseney, Elizabeth Varriano-Marston, 
Barry Michie, Janet Benson, Herman A. Praeger, Jr., Francis'L. Barnett, and 
Babra k Kha 1 eeq. 

The External Review Panel to be convened at the Lubboc~ Civic Center, 
Lubbock, Texas 14-19 September was discussed. Ed Kanemasu reported that he 
had called Earl Leng informing him of a conflict with his schedule. Earl 
informed Ed that there was no need for the principal investtgators to attend 
all the meetings that week. They should attend when their 8rogram was 
scheduled for evaluation. 

The organization of the reports was discussed. The time allocated for 
each report is ten minutes, with six minutes for presentation and four 
minutes for questions. A written report is to be provided. This report 
to be organized similar to the oral report so the reviewers may make notes 
and references for later discussion. One page summary should be adequate, 
wi th an abso 1 ute t\~O page maximum. 

Each of the six KSU projects will determine Who will present the project 
to the External Review Panel. They will make their own travel arrangements 
and reservations. They are to notify Richard Vanderlip who will be attending 
and during what period. 

trip 
trip 

Carl Hoseney and Liz Marston completed an international coordination 
during the summer to India, and Sudan and Senegal in Africa. Their 
report will be completed in the near future. 

Barry Michie completed a coordination trip to India coordinating a 
Farming Systems Program with the University of Udiapur in Rajasthan. He 
also visited AID India prior to departing the country. His trip report 
will be completed in the near future. 

Some of the research plantings did not survive the harsh summer weather. 
There are many plots that survived, produced grain and should prov,ide results 
to Support the research. There will be adequate supply of grain and heads to 
support the studies for grain storage and nutritional quality. 

The termination of .project 5597, "Improvemli!nt of Pearl Millet" 30 Sept 
80 was discussed. The utilization of the unallocated funds for the four 
pr?jects was discussed. There appears to be no problem to expend the funds 
prlor to 30 September. There should be no overexpenditure of funds on this 
project. Funds are available in TITLE XII to adequately support the program . 

. The current status of TITLE XII funds by project was p'rovi ded to eaeh 
pro~ect lead~r. As of 31 July 1980 there is $413255.00 to support the K$U 
proJects untll 30 June 81. Consideration should be given for reallocatibn 
of ~hese fund~ within tne various projects of KSU. This was not a popular 
subJect, but lt was considered that the funds shouid be effectively utilized 

http:413255.00
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within an institution prior to the pressures of adjusting funds between 
institutions. 

The project propo~als that are in the preliminary stages of development 
that may be of interest to KSU were discussed. Carl Hoseney was informed of 
the Senegal proposal prior to his trip to Africa. While in Dakar he con­
tacted ITA (Institut Technologique Alimentaire, The Senegalese Food 
Technology Institute) and discussed the proposal. The major outputs are to 
develop and evaluate millet-based machine processed traditional foods, non­
traditional snack foods, non-traditional staple foods and weaning foods. 
Basically, this is a request for funds with most of the allocation to be 
utilized by ITA. Consultation and advice would be provided by a u.S. 
institution. KSU is interested in this project. The status of the project 
is the development of the Program Identification Document (PID) by AID. 
The program is planned to be initiated during 1981. 

Harold Dickherber, Project Officer, Niger ,Cereals Project u.S. AID 
Mission to Niger has written a letter to Richard Vanderlip informing him 
of a Sorghum and Pearl Millet research program. They are in the planning 
stages of a five year bilateral project with the Government of Niger's 
Research Institute to improve the ongoing research programs. He has re­
quested that KSU consider submitting a proposal for the Niger Cereals 
Research Project when proposals are requested. 

The Tanzania proposal is in the office of International Agriculture 
Programs. There is a large Farming Systems Program in the proposal in 
addition to research programs for the various crops. 

The meeting adjourned 1500 hours. 

A film produced by IDRC (International Development Research Centre, 
Canada) entitled "No More Pounding", showing the mill ing machinery they 
developed for the decortication and milling of sorghum, corn and legumes 
for the Lesser Developed Countries of Africa was shown. This machinery has 
been developed for large scale use and small scale where a housewife can 
bring j'n a small quantity of grain (10 kilo or less) to be milled. It was 
an interesting film - but the discussion that followed indicated this process 
may not be utilized for pearl millet. The decortication of sorghum and 
~aize is a much simpler process than for pearl millet. Pearl millet germ 
1S not removed in the process as it is in sorghum and maize. The high oil 
content of pearl millet germ will cause rancidity in the flour even though 
this is a dry milling process. 
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IMPROVEMENT OF PEARL MILLET 

'. ., 

Tbe thirteenth "IN-PROGRESS-REVIEW" of the project "Improyement of 
.Pearl Millet" and nTLE) 11 "INTSORMIL" was he'ld 1315 hours '6 'November in 
Room 106 Waters Hall, Kansas State University. 

Personnel attending: Richard L. 'Vanderlip, Edward T. ~anemasu, Fr.ancjs 
L.. Barnett, Robert 6. Mill s, John R. Pedersen, Barry Michi e, Wi 11 i am D. 
Stegmeier, Babrak Khaleeq and Herman A. Praeger, Jr. ·Elizabeth Varriano­
Marston was briefed concerning the meeting later. 

The project "Improvement of Pearl Mill etH was compl eted 30 September .. 
The final fin~ncial report will be completed next week. Preliminary reports 
indicate we spent $769908.50 of the allocated $770000 during the three years 
of this program. We are required to prepare a final report for the project. 
The format for this report is to be the same as for our first and ·second 
annual reports. We wi 11 use thi s report for both the annua'l and fi na 1 
req\Ji.rement. T)1e contri buti ons to the report shoul d be .completed by the 
time of the Experiment Station Conference which is scheduled for early 
January 81, Contributions that can be completed at an earli.er date should 
be submitted when completed. 

Barry· Michie briefed the group on the problems encountered in the 
Farming Systems attempts to finalize the linkage required with India and 
the University of Udaipur. At the Board of Directors meeting in Kansas 
City 31 October, Floyd Smith was informed that the linkage with India for 
this program was doubtful. Dr. Friedmann and Barry had a meeting with 
Floyd Smith to discuss this matter. Barry then called Bob Jackson, AID, 
Washington, Bob was pessimist'ic regarding any linkage with India for 
this project but recommended Barry contact a Mr. Williams, AID, Washington, 
who attended the meetings in Delhi. He was also pessimistic concerning 
the linkage. Then Barry contacted Earl Leng, INTSORMIL Project Coordinator, 
Lincoln, Nebraska, Barry went to Lincoln 5 November for conference with 
Earl. Earl is not as pessimistic concerning this program. The India 
Council for Agriculture Research (ICAR) is favorable toward this TITLE XII 
program as is the University of Udaipur. There are communications that 
should be answered in the near future which may give an insight on how 
to resolve this problem. 

Bill Stegmeier reported on the Technical Committee meeting at Kansas 
City 30 October and the Joint Meeting of the Technical Committee and the 
Board of Directors 31 October. The Technical Committee pr.epared their 
reply to the report of the External Evaluation and Review Panel. There 
were two Kansas projects, KSU I (Breeding) and KSU 6 (Stand Establishment), 
that received some unfavorable comments. The Technical Committee reply 
was not only favorable to the Kansas programs, but recommended enlargement 
of the KSU I program as is, plus subcontracts wJtn other states in arid 
areas. It also included a recommendation that KSU establish at least a 
breeding program in Africa. Funds for the ehlargement and extension of the 
program to Africa will not come from the current Kansas allocation, but will 
be provided from other sources. 

http:769908.50
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Dick Frederiksen had written Richard Vanderlip concerning a trip he, 
Darrell Rosenow, Texas, Jerry Maranville, Nebraska, plus one other are 
making to Sudan week of 10 November to establish linkage with Sudan and 
TITLE XII INTSORMIL., It was decided that Bill Stegmeier would contact 
Frederiksen to have him include the KSU millet program in the linkage 
agreement with Sudan. At a later date Vanderlip and Stegmeier are to 
visit Sudar. to organize the millet cooperative program with KSU. 

The Management Entity, INTSORMIL, has received a request from AID, 
Zambia, for technical assistance. They have requested that Vanderlip 
be a mem~er of the Technical Assistance Team. The visit will be early 1981. 

The administration to extend the TITLE XII INTSORMIL one more year 
has been requested by the Management Entity. The original contract was 
for the period 1 July 1979 to 30 June 1984. It is the intent to extend 
the program until 30 June 1985. It is now required to have a year six 
budget - have it approved here at KSU and be available for the Boprd of 
Directors Meeting 19 Nov. Budgets for years 1-2-3 have been prepared and 
sUbmitted. The budgets for years 4 and 5 must be prepared prior to develop­
ing year six. After much discussion, it was decided to use the budget of 
year 3 as submitted as the base and developbudgets for years 4-5-6. It 
was decided to use a 10% inflation rate in developing the budget. The 
method of determining the Indirect costs was discussed. The original 
contract for years 4 and 5 can use the percentage figure of salaries, wages 
and fringe benefits. The budget for year six must be developed using the 
modified total direct cost (MTDC) procedure as outlined in the procedure 
manuaL These are to be developed and provided to Al Praeger by Monday 10 
November for consolidation. 

Al Praeger is to develop the budget for the Africa Rearl Millet 
Program in cooperation with International Agriculture Office. 

The meeting adjourned 1500 hours. 
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III. International' Trave'l 

Improvement of Pearl M-i'llet 

Tri'p report for Dr. E. Varrfano-Marston' and Dr. ~. Carl Hoseney 

July 5 through July 26, 1980 

"On July 7, we v;"sited Dr. 0'., A. V, Dendy Of ,th'e Tropica'l Prod'uq'ts 
Institute i ri Cul ham, Uni,ted Ki:ngqqm. Dr .. Dendy i's' co Ha'bora'ti ng wfth 
us on a' chapter ot'] sorghum and' mi Tiets; thu's a good! snare of OUr ti:nie 
was' spent di scuss i ng' the content and' organi zati'on' 6f t'hfl chapter. Dendi 
exin~a'fned' that TP lis funded partli by ttie' g0veniment with' i'nereasihg,l'j 
1 arger amounts of support coming' from' grants of var:i'ous types.. ThEri'r 
terea T s'ta:ff cons'iSts' of 8' pe'op,'l e,. and much Of the'H' ti me is spent i'n' 
developing countries on sh'ort (severa'l weeks) to' ,medi-uID (severa:l' months')' 
1 ength assi gnments: Thus,. the ;'ns'ti'tuie does re 1 atiVe Ty 1 itHe reseah::I\' 
wo'rR at Cu'iham. 

b'r. bendy ~hbwe'a us' a 1 ai"ge iiamqer of machi-n'es a'e'ie l' tip,ed at- TPI> .. , tn' 
general, most of them were very" simple',' nand or fQ'ot oj'ierated mat'h:ines , 
Usei:l td s'l'Yell, denu'll, br grin'd varto'u5 grains. The tecntio'lo'gy was simt)'le 
bili: practlcal and cou'id readily be use1 a:t the v'iiiage ievel in d'ev\,iop{irg 
tour-itri es. TPI has' develop'ed a: decorti cator for gra Hi sorghum Wh'i eh 
employs a wire tirush, The i:fecorticatbr appeared effedive qTMroug'h it Was 
imp'dssibie to evaluate it during the brief demonstratiori; A iarge' scai€! 
mbael has tieen desl gned and wi i 1 be btli it and sent to' Sou'dan' fa fJe eva lUa ned 
along, with ,other inach-tries undec a: FAt! prO~~Gt, However; TPi is about; i 
year behind scheaule in supplying the macHine. 

, Orr.Ouly 8, 1980 ,we, visi~e4 the Fidur: Miilitig and ~a~irig' Res~a:rih Assoo­
i ati oli i h Cherl eywoba; United Ki ngdoni: Nornian CHamberl ai il served as oUr 
host and gave us an overview of tliei r organi zati on, Their financi 0:1 support 
tom~s from membe~ fi~ni dUes (50%); from tHe g0Vernment (40%}, and from 
contract research (id%). 

Diiring our visit we had dheUssibn with Dh E: E: McQermitt on the 
role bf a-amylase in 8reaa. Of particular interest was the method they 
ha:ve developed to mea:sure stickiness; We nave usee their 80:siG nieiHda £0 
meqsure stickiness in cakes and varioUs millet products (tuwd), but have 
had limited success. We Under~tand that Rooney's group at Texas A & M 
have also been using the procedUre for sorghum tuwo; 

, A productive aiscussidn was held WitH Dr; p, l, R~s~eii who is working 
on staling. Dr. Russell is using a DSC of the same model that We naVe just 
receiv~d. The discussion was mainly on pr6~lenis ih ~ettirig Up the Haraware 
and how to handle the data. We felt that several points that were tovered 
would save us time in setting Up dur instrUment, and tHat Qr. Russeil would 
be an exce1ient cdhtatt for future reference on the Use OT the instrument: 

We visited with t. H. Cbliihs aHd Ndrmah Chamberlain on air inhorp6r~ 
~tion in lioughs and had luncH witH Dr: b. W. E: Axford; birector oT Research 
f?r, the institute. tn the iate aft~rp90h Dr: chamberlaih provided trans~ 
portation to the airport fbr our flight to KnartoUm, 
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On July 9, we visited Dr. Sitt Badi of the Food Research Center, 
Khartoum North and discussed their research program on sorghum and millet. 
They are involved in an FAD sponsored project to evaluate a number of 
different types of decortication equipment. Study is in progress even 
though some equipment (see TPI) is not yet there. Preliminary work shows 
rather large differences in the efficiency of decortication and on the 
percentage of broken kernels. 

We also visited Dr. Abdoul Hafiz Abdoula; Head, Department, of 
Agricultural Engineering, Khartoum University. They have a FAD' project 
on grain storage. The project has two major emphasis: first, to 
determine storage losses, both type of losses and extent of loss; and 
second, to study types of storage fcailities used in Sudan such as ground 
huts, buildings, or metal bins. We discussed K.S.U. work in the grain 
storage area and suggested that he contact Dr. Pederson or Mills or AID 
for futher details. 

We also met, very briefly, with Prof. Kamba1, a Sudanase trained at 
Nebraska but now working as a plant breeder in Yemen. 

Working with Dr. Badi is Mrs. Laila Yahia Monawar, a PhD student 
who is doing a nutrition project. She plans to feed chicks and rats 
to determine the nutritional value of certain sorghum dishes. 

We also met with Dr. Paul Ladu Bureng, a Sudanase who recently 
completed his PhD at Reading, United Kingdom and returned to the FRC. 
His thesis which is extremely long (500 pages) was on the malting charac­
teristics of sorghum, particularly the production of dried flakes. The 
title is "A ,Study of the Malting Characteristics of Sorghum Grain and the 
Preparation of the Fermented Food Huller-Murr." He used a feterita as the 
only sorghum varietY'. We are planning to obtain a copy of his thesis 
through the interlibrary loan system. ' 

From July 9th through July 11th, we attempted to reconfirm our 
scheduled flight from Khartoum to Jeddah via Mid-East Air and then from 
Jeddah to Bombay via Saudi Air. However, Mid-East Air stated they would 
not carry us unless we had a Saudi Arabian in-transit visa. We were not 
familiar with an in-transit visa and only had a 3 hour layover ,in Jeddah. 
Personnel at Saudi Air told us that we did not need a visa, and a note to 
that effect was sent to Mid-East Air. However, the note did not appease 
Mid-East so we had to make new travel plans from Khartoum to Bombay. 

To make a long story short, the next few days a great deal of time 
was spent attempting to arrange travel from Khartoum to Bombay. We 
tried to obtain routes through Ethiopia, Egypt, Kenya, and Kuwait but 
all were unsuccessful. The fact that telex machine was not working was 
not helpful. Also our tickets were billed on the basis of mileage and no 
one, including us, understood how they were computed. Thus others would 
not accept them or endorse them for TWA. Finally with the help of a 
highly placed Sudanase Government Official, who was a friend of Dr. Badi, 
we were able to obtain confirmed reservations from Khartoum to Athens. 
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There was a flight from Athens to Bombay after a 9 hr layover, but it could 
not be confirmed. We felt our chances in Athens was much better than Khartoum 
and thus took the flight. We did however have to purchase new tickets from 
Khartoum to Bombay. To date, TWA has refused to refund the Khartoum to 
Bombay part of our original ticket. We are still discussing the matter with 
TWA. 

With the additional time in Khartoum, we finally left on the 13th, in 
addition to sitting in various airline offices we did make a number of 
visits. We met with Mr. Wendal Morris of USAID in Khartoum and explained 
our work. He sent a cable to India for us to let the Indians know our 
schedule was revised. However, the cables had not arrived by the time we 
left India. 

We met with Mr. Abdoul Fahab Musa of Khartoum who has invented a machine 
to make kisra and has a kisra factory on the outskirts of Khartoum. The 
factory was not working at the time we were there but he planned to start 
production again soon. He was very proud of his equipme:nt and quite willing 
to show it and discuss the process. 

The following are notes on kisra production according to Mr. Musa. The 
amount of water varies but in general the formula consists of 1 part water 
to 2 parts meal. The milling of the meal was not thought to be critical. 
The mixture is allowed to ferment 10-16 hours, longer times are necessary 
in the winter due to lower temperatures. In general, the pH will drop to 
about 3.8. Different varieties of grain sorghum wiil definitely give 
different products. Color is viewed as a very important factor in consumer 
acceptance. There is a bleaching effect with fermentation. This is part­
icularly true with pearl millet which is used to make kisra in the western 
part of the country. The strength of the sheet is another important 
characteristic; it must be strong to peel as a sheet from the cooking 
surface. The product should not taste pasty. Another important factor is 
staling. The product becomes more brittle with time. The products will 
develop mold in 2-3 days which is the maximum storage time. Some varieties 
of sorghum will give a thicker kisra even though you dilute the batter with 
water. This appears to be a quality difference. Other varieties will give 
a pasty product. Mr. Musa feels that the most difficult part of the process 
is fermentation which manifests itself as differences in thickness and flavor. 

His kirsa machine was basically a cast iron wheel about 30 inches in 
diameter. The wheel was heated to 2000 C by a propane flame positioned 
inside the wheel. The batter was spread on the outside surface in a thin 
sheet and peeled from the surface at the bottom. The speed of the wheel 
could be varied to give a moist kirsa or a dried, and therefore, stable 
product. 

After visiting the factory, we felt that the machine would undoubtedly 
work, but a major problem would be handling, shipping and selling the limlt~ 
ed shelf life product. 

That same day (July 9th) we also were taken to a poorer section of 
Khartoum to visit a house where Marisa (a fermented beer from grain 
sorghu~) w~s pro~u~ed, consumed, and sold. Alcohol consumption in Moslem 
countr1es 1S not wldespread but occurs to a reasonable extent particularily 
amon~ the poorer people. It took a guide to find the house, and there was 
cons1derable discussion before we were allowed into the compound. Once 
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inside they were quite willing to show us the Marisa process and to be 
photographed. The process was explained as follows. The sorghum meal 
is pasted (cooked to gelatinize the starch), cooled and mixed with flour 
(uncooked) made from germinated sorghum. They are mixed together along 
with a starter from a previous batch and allowed to ferment for about 2 
days. The mixture is then strained through a cheese cloth to remove the 
peri carp and other larger pieces; the overs are fed to chickens. The 
material passing the cheese cloth was a thick, grey mixture resembling a 
hog slop and having a pH of about 3.4. Dr. Badi and associates stated 
that many of the people's diets consited almost entirely of Marisa, 
including some apparently healthy children that we observed. The alcohol 
content of Marisa is not known; however, an elderly gentleman that allowed 
me to take his picture was feeling no pain. Thus the alcohol content was 
presumed to be in the area of 3-6%. The temptation to taste the product 
was easily resisted. 

Arrangements were made with Dr. Badi to send us a number of samples 
of grain sorghum and pearl millet. We need to renew our import license 
before we can receive the samples. 

On July lOth, we visited Mrs. Shahwa El Guzuli, head of the nutrition 
department, of Sudan Ministry of Education. She gave us a tour of the 
department and explained that they provide a nutrition educational service 
for teachers, cooks, and housewives. They teach the students how to plan 
balanced meals and the importance of nutrition in the health of children 
and adults. Their program is sponsored by FAO, UNICEF, and the Sudan 
Department of Agriculture. Mrs. Guzuli indicated that malnutrition was a 
problem in Sudan but was related more to ignorance concerning good 
nutrition than to socio-economic status. The problem is particularly 
prevalent among children 1 to 5 yrs. of age. 

-We left Khartoum on July 13, at 10:00 a.m. via Athens to Bombay 
arriving July 14 at 9:00 a.m. The-next plane to Bangalore was not until 
July 15 at 8:50 a.m. While in Bombay we contacted Dr. and Mrs. V. S. Rao. 
The Rao's are KSU graduates and Sudha works as a Cereal Chemist at the. 
Bhabha Atomic Research Center in Bombay. We wanted to follow up our 1978 
visit to the center and see if atomic energy is being used to any extent 
to preserve grain. The report was that it is not being used. 

On July 15, we went to Bangalore by plane and on to Mysore by a 3 
hour taxi ride. - At the Central Food Technological Research Insti-tute 
(CFTRI) we met with Dr. C. P. Natarajan, Director of CFTRI, Dr. S. R. 
Shurpalekar, Head of the Milling and Baking Division of CFTRI. In Dr. 
Shurpalekar's laooratory we were given a demonstration of chapatti 
making by Mr. H. P. Rao. Mr. Rao had worked in Dr. Hoseney's lab at 
KSU for 2 months in 1979. In general, Mr. Rao reported that for wheat 
chapatti the farinograph water absorption minus 14% gave the correct 
water for chapatti. He had also found that the Research Water Meter was 
useful in measuring the water for chapattis. A flow time of 62-65 sec. 
was thought to be optimum. He stated that housewives allow the dough 
to rest overnight before baking. He rolled his chapatti dough to a 2 mm 
thickness and baked them in a gas tan door cooker. The cooker consists of 
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a rack wHh a indirect gas heate,r ~n the bottom and a dome ab0ve the NC'k. 
It appeared to be c~paMe ,of s~pp~yi ng ;,nt~nse ~eat a~d da,d ',a. n:i ce Job ,of 
puffing tile chapattl. Chapattl s brushed ,Wl til 011 dura,ng COO~l ng are ,c~ 1 ~ ed 
pareatta. He used a tear test to ,evaluate the strength ,o~ hlS chapattls. 
The machi.ne .used was a ,paper tester {Elmendorf Paper Teanng Tester~ 
H. T. ~lessmer Ltd., London, No. 16500). He felt this gave him reproducable 
results. 

Another project i,n tbe gmup was the baktng of :Nan (a leavened ['ndian 
bread) . Mr. Rahim headed this project. From our discussi.on ,Na,n appears 
to be ,more similar to our U.S. bread thar:l is the unleavened chapatti. 
Other ,p,rojects they are ,working on include: the effect of grain storage 
on baking qua 1 i ty, the effect of extracti on rate on qual i ty, and r.ep 1 ace­
ment of wheat iflour -with 1 egume 0.1' cassava fl ou,rs. 

On July 16, we visHed with the cereals section (an cereals other 
than ,wheat) which js headed by Dr. H. S. H. Desikachar. Unfortunately, 
he was out of the country during our visit. We met with Dr. K. R. 
Bhattacharva and S. N. Raghavendra Rao. Much .of their work is with rice 
but since the mid 1960's they ha.ve worked with sorghum, millets, and 
legumes, and have published a number of studies on pearling of sorghum 
and millet. Much of the millet work was with ragi (finger millet). 
Traditionally the gr.ain is pounded and made iJ;1to dumplings. They hav.e 
developed weanling foods containing 70% malted ragi and 30% green gram. 
Ragi has a verY high calcium content. They are .doing considerable work 
on developing new foods, mainly snacks. from sorghum. They are also 
working with Kodo millet (also called Varagu millet), PaspaLum 
scorbicuZatum, a dark brown small seed. The process for ragi milling 
is as follows: the seeds ar.e soaked overnight, allowed to germinate 
for 48 hours. sun dried, pearled or dehulled and toasted at 700 C. After 
toasting 10%, water is added and it is ground in a hammer and or plate 
mill and screened to remove the peri carp. With the small seed size the 
65% extraction that is obtained is a high yield and probably contains a 
part of the peri carp. 

On July 17, we arrived in HYderabad and visited the National Nutrition 
Instjtute (NNI) that afternoon. Dr. Tulpule, the director, told us of the 
problem of pellagra with sorghum eaters. Work with dogs and humans has 
shown that adding isoleucine will alleviate the symptoms and adding leucine 
will make the diet more pellagragenic. There appears to be little question 
that the isoleucine/leucine ratio is an important factor in the nutritional 
quality of sorghum. 

Dr. Tulpule feels that, in general, except for 1-2 year ,old children, 
there is little problem in obtaining adequate protein in the diet if 
su~ficient calories are eaten. He made the point that at weanling the 
Chl1d often has diarrhea because he is now consuming much more water of 
doubtful purity. The diarrhea causes losses of injested nutrients which 
means that the child must ~at more to make up for losses. He also stated 
that their stUdies have shown that poor women on insufficient diets give 
the ~ame quantity and quality of milk as a woman consuming diets high in 
nutn ents. 
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In a discussion with B. S. Narasinga Rao (NNI) we learned that 40 to 
60% of the people in India are anemic. People consume 20 to 30 mg of iron 
per day from the diet but the absorption is very low, 0.5% from millet and 
about 2% from wheat. Fortification of cereals is impractical as most are 
processed and consumed within the home. They are looking at salt as a 
possible carrier of iron. It is consumed by almost everyone and is already 
fortified with iodine. Ferrous sulfate does not work well because of water 
uptake etc. However, they have identified other iron salts which are 
stable and readily absorbed by humans. He did not identify which salts 
they were. testing. 

They have a simple method of estimating iron absorption. The sample 
is digested at pH 1.35 with pepsin, the pH is adjusted pH to 7.5, and the 
iron is determined in the supernatant. The method apparently gives good 
estimations of iron bioavailability. 

According to Dr. Deosthale studies on iron adsorption indicate that 
there is improved absorption with pearled grain and a good correlation with 
degree of pearling. They used the method given above to estimate absorption. 
Low iron absorption was thought to be related to tannins and phytic acid. 
However to date, is not very clear on which, if either are involved. They 
are continuing work in this area. 

For preschool children the staff at the institute estimate protein 
requirements at 1.75 mg/Kg body weight. In India 2.00 mg/Kg is commonly 
consumed. Energy requirement is 100 KCal/Kg body weight. Below 80 KCal/Kg 
or 1. 75 mg protein/Kg body weight, nutritional problems are encountered'. 

We had further discussions with Dr. Pant on the importance of the 
isoleucine/leucine ratio in sorghum. He could not produce black tongue 
in dogs with opaque-2 maize. In a study of 350 varieties of grain sorghum 
they found little variation in isoleucine/leucine ratio. 

Dr. Pant and associates are also working on storage stability of grains. 
In a 10 month storage study in Indian households, they found one variety that 
was resistant to storage insects (J. Sci. Food Agric. 28:963, 1977). 

They are also working on oligosaccharides in grams and have found that 
germination lowers the level and cooking increases the level of oligosaccha­
rides detected. The increase was thought to be due to improved recovery 
resulting from cooking. 

On July 18, we visited ICRISAT. The goal of Dr. A. Patanothai and 
Dr. Kumar, millet breeders, is to select for increased protein and lysine 
without reduction in yield. In general, they thought they could increase 
protein with no loss in yield. They have found a strong negative correlation 
between protein and lysine. Resistance to downy mildew have been found in 
pearl millets. They also are finding millets that are resistanct to ergot. 

Discussion with D. S. Murthy, dealt with the differences between field 
and s~orage mo~ds in sorghum. He stated they are screening their sorghum 
breedlng materlal for product quality; using a roti (chapatti) as a test 
product. Some varieties make good rotis, others do not. The factor 
responsible for the difference is unknown. With their trainees from West 
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Africa, they are worki.ng to produce typica,l products (tuwo etc. ),. He has 
found that the particle size index (developed by L. Rooney, Texas A & M:) 
is useful. They ·are looking at trad·itional pounding a,s an index ofmfll­
abil ity which is thought to be an important factor in acceptabil ity.. 'He 
also showed us a sample of a scented sorghum. The sorghum has been des­
cribed in a recent publication (Current Sci. 48:823, 1979). 

In ·our discussions with Lee House, sorghum breeder, he emphas;,zed 
that we shoul d look at quality di fferences withi.n vi sua 11y acceptabl e 
grain types. He and Dr. Murthy expressed a willingness to select and 
g,row grain for us. He also suggested that we contact J. Schrewring· i'n 
Mali for seed samples and food .preparation methods. 

Drs. R. Jambanathan and Subramanian showed us slides ·on food 'products 
made from sorghum and ,mi 11 et in Indi a. Thei r work wi 11 be descri bed in 
the Vi enna paper that wi 11 be publ i shed by TPI. They also demonstrated 
the making of mi,llet rotis. Basically they use a method similar to ours,. 
They do not use high heat but agree that villagers general]y do. lihe';'r 
procedure for millet roti was as follows: to 50 g'meal add 50 ml .water, 
knead for 5 min, roll to 3 mm thickness for millet and 1.5 mm for ·sorghum. 
Bake on a hot plate (2400 C) 1.5 min on first side then wet top surface with 
water and ,bake second side. There was very little ,puffing although they 
suggest that a good ,millet would ,give some puffing. 

They have also 
using Bio-gel P-2. 
and the millet .data 
papers. 

completed some work ,on sugars in millet and sorghum 
The sorghum paper has been submitted for publicat;ion, 
is being verified. They will Send us copies of both 

On July 19, we visited the Home Science College in Hyderabad and had 
,discussions with Dr. Pushpumma and Dr. Geervani. They felt that there 
were pressures on villagers to switch to rice and wheat from sorghum and 
millet because sorghum and millet must be processed each day. 

Dr. Pushpumma is writing a monograph on traditional processing and 
consumption of sorghum, millets, and legumes in India. It will be 
published by IDRC. 

Drs. Pushpumma and Greevani felt that color is an important quality 
factor; with sorghum, white or yellow is preferred. Villagers generally 
believe that new varieties are not as good for their health. In addition, 
they have found that sorghum stores with more difficulty than does millet. 

Their feeding studies with children ages 1 to 5 on diets of sorghum 
and ri~e in combination with legumes showed that growth rates were good 
by Indlan standards when sorghum was included in the diet and was often 
better than diets with rice alone. She (Dr. Pushpumma) feels that 
altho~gh protein is not a problem if calorie requirements are met using 
a typlcal Indian diet, it is impossible for the child to consume sufficient 
calo~ies (insufficient capacity in stomach - even 6 meals/day failed to 
provlde the necessary calories). 

\ 

" 
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She feels strongly that niacin deficiency in sorghum eaters has been 
overemphasized. Although sorghum may be deficient in niacin, most people 
eating sorghum also consume sufficient pulses so niacin deficiency is not 
a real problem. She also feels that diet surveys are worthless and that 
you can only learn by living with the people. 

The afternoon of July 19, we flew to Delhi. On July 20, we flew to 
Amristar. Dr. J. S. Sidhu met us for the 3 hr car trip to Ludhiana. On 
July 21, Dr. Sidhu and Mr. G. S. Baines gave us a tour of the new Food 
Science and Technology building at Punjab Agriculture University. A new 
building is being constructed (construction is slow because all concrete 
in the country is being sold to the Middle East for hard currency) to 
house the cereal section. At present they are working on the following 
problems: the milling of cereals; the use of durum wheat for bread­
making (durum allows them to avoid certain diseases); and a-amylase 
activity in both wheat and rice. 

We met briefly with Dr. Kirpal Singh, Director of Food Processing 
and Technology and with Dr. A. S. Cheema, Vice Chancellor of Agriculture. 
A major problem now in India is over production. This presents large 
problems with grain storage and transportation. They are currently 
suggesting that cereal production be limited. It seemed incongruous 
that food production in India be restricted. During our car trips from 
Amristar to Ludhiana,-we saw many tons of grain stored on the ground in 
gunny bags under black plastic. The temperature was near 400 C and the 
humidity near 90%, thus this grain is going bad very rapidly. Over 
production of both wheat and rice in the Punjab is indeed a problem. Also 
during our drive we saw many fields of pearl millet growing. However, the 
people we talked with did not want to discuss millet, but would talk about 
wheat and rice whenever we asked about millet. It obviously is a important 
crop in the area, but the very pround Punjab's would not discuss the crop. 

On July 22, we visited Punjab Breweries, a very modern brewery produc­
ing 40,000 liter bottles per day. They were using 10% sugar and 10% rice 
with the remainder being barley malt to produce the beer. The hops used 
were half imported and the other half domestic. On July 23, we visited a 
typi cal Indi an "chucky" mi 11. Thi s mill, as do many of the modern ones, 
had a pearling device and the wheat was lightly pearled before it was 
ground. The pearling removed about 6% of the kernel. The flour produced 
was rather white and more refined than what had been produced in the past. 
This is a-new trend in- India and is a concern to some nutritionists. The 
flour we examined was very gritty indicating that the white wheat they were 
grinding was extremely hard. 

The afternoon of July 23, we drove to Amristar for a flight to Delhi 
and from there to Bombay. We spent the 23rd in Bombay visiting the Dr. Rao. 
The flight from Bombay to Niarobi was delayed due to engine trouble and we 
arrived at 6:00 a.m. on July 24. We left Kenya that afternoon for Dakar 
and arrived in Dakar at 1:30 a.m. on July 25. 
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Dr. Ken Steinke of USAID-Dakar met us at 8:30 a.m. and took us to ITA 
where we visited with Dr. Thiam and Mme N'Deye Niang of their cereal section. 
We discussed the basic composition of sorghum and millet ,and the traditional 
processing of millet. The grain is cleaned, placed in a large mortar and 
pestle, wet with a small amount of water; pounded, dried and winnowed to 
separate the light pericarp. Water may be added 2 to 3X during the process. 
The decorticated grain is then washed and dried before being pounded into a 
flour. The flour must be produced each day because it deteriorates in 
storage. During the milling process the grain may attain a moisture ,content 
of 25%. They feel the high moisture leads to lipase activity and thus 
hydrolytic rancidity. They feel lipoxygena~e activity is low in millet and 
thus not much oxidative rancidity occurs during storage. They think that 
with dry decorticating and milling a flour with 6 months storage stability 
can be produced, even though the germ is still in the flour. He'feels the 
problem is moisture not fat. We were not convinced that both oxidative 
and hydrolytic would not occur in the dry milled grain. 

They also stated that in Senegal millet is preferred to sorghum for 
cous cous. They expressed concern that nutrients were lost in the tradit­
ional processing because water was used. It was not clear to us where the 
nutrients were going. 

They described the preparation of a number of traditional foods. Cous 
cous is made from a coarse ground meal, water is added, and the meal is 
agglomerated and then steamed. By law, bread is Senegal contains 15% millet 
flour, but it was not clear how well the law was being enforced. Cakes 
containing 50% millet flour can be produced. They were prepared for us to 
sample, and we found the cakes to be very heavy but with a reasonable taste. 
Biscuits are made with 20% millet and co us cous with 100% millet. Traditional 
milling gives about 65% yield of flour. 

They have developed weanling food based on millet with mixtures of 
groundnut and soy flours. Some traditional millet foods include: 

Dakh: There are at least two types: one is prepared with semolina, 
vegetables and fish; the other with millet flour. 

Millet: Millet is mixed with H20 to make small dough balls which are 
cooked in boiling water. The product is eaten with curds and sugar. 

Fonde: a more fluid paste, taken with sugar, curds, or tammer and pods. 

Rouye: millet flour cooked in water - very thin gruel - often given to 
babi es. 

Mr. Thiam also discussed fermented foods. He thought lipase would cause 
a sour taste due to free fatty acids. We had a problem with that explanation. 
We were given a tour of ITA and shown a millet, (sauna variety), supposedly 
the most popular vari'ety in Senegal. It was very small seeded and yellow in 
color. 
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Next we visited Mr. Gupta, the ICRISAT millet breeder, in Senegal. He 
said that a common practice in Senegal was to plant millet in one hill per 
square meter and maybe 50 seeds per hill. He wants to reduce the height of 
souna millet from 3 to 2 meters. We asked about the small seed size we had 
seen at ITA but he tells us that souna is large green-gray and what we were 
shown was not souna. 

In the afternoon we visited with Paul Rusby of AID Senegal to try and 
clear up the confusion on the pearl millet grown in Senegal. He stated that 
souna was the most preferred with a second variety sanio as less preferred. 
He had a young Senegalese lady help explain the difference. She stated that 
souna is green-grey and smaller in seed size and sanio is reddish and larger 
in seed size. This left us. confused about what the yellow variety was that 
at ITA. We arranged for the lady to accompany us to a local market to see 
the varieties. In the market the only variety available was souna, it was 
quite yellow, just as we had seen at ITA but much larger seeds. We were 
told that sanio was not available because of the time of the year. We are 
still not sure about the millets in Senegal. 

During our visit with Paul Rusby, we made several suggestions concerning 
his millet proposal. We suggested, that the first step of the project should 
be to determine which millet flour' is shelf stable. Can it contain the germ 
or not. Once this is known a milling system to make the proper separation 
could be developed. We also discussed what should be done with the material 
removed during processing, i.e. the pericarp and perhaps the germ. We 
suggested that it could be defatted, the oil recovered as a cooking oil and 
the defatted germ and perhaps part of the peri carp could be added back to 
the flour to improve the yield. We also questioned whether a simple cooking 
or even extrusion cooking could stabilize the product against rancidity as 
he assumes in his proposal. 

The Senegalese lady that accompanied us to the market stated that if 
millet was dried after decorticating, the flour would last 15 days (she 
didn't appear very certain) however, we saw millet in the market that had 
been decorticated. She stated that tnerewas normally a price differential 
between souna and sanio. 

Having accomplished most of our goals for Senegal that day we checked 
on flights leaving earlier than our scheduled flight on July 29. We found 
a flight leaving Dakar at 2:00 a.m. July 26, and arrived in Manhattan at 
3:00 p.m., July 26. 
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IV. Contacts Established First Year 

ARGENTINA 

J. M. TroncQso, Geneticist 
F9restal Pergamino S.A. 
Marcelino Ugarte ll~l 
Pergamino, Argentina 

U. F. Rosbaco 
12 B No. 2341 
Parque Field 2000 
Rosario, Argentina 

BOTSWANA 

Dr. John M. Peacock 
Crop Physiologist 
Dryland Farming Research Scheme 
Gaborone, Botswana 

CANADA SallY Voge:!. 
Program Officer, Agricu:I.tur-e 

Dr. R. D. Reichert Food and Nutrition Scien~es Division 
Cereal Chemist IDRG 
University of Saskatchewa~ 
Saskatoon, Saskatchewan 
Canada 

Room 268 
Chemic~l Engineering Building 
University of Alberta 
~dmonton T6G 2G6 

ENGLAND 

Dr. John Monteith 
Dr. Peter Gregory 
Dr. Geoff Squire 
Dr. Chin Ong 
Dr. Bruce Marshall 

Dr. Doug Barnes 
Uni1ever Corporation 
Sharnbrook, Beds. 
England 

GERMANY 

Dr. W. Seibel, Director 

Dr. W. Nierle, Chemist 

Same address for all: 
University of Nottingham 
Sutton Bonington 
Loughborough 
LE 12 SRd, England 

Same address for both: 
Federal Research Center 
for Cereal and Potato Processing 
Detmold, Germany 
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International Crops Research Institute 
for the Semi-Arid Tropics 

ICRlSAT Patancheru P.O. 
Andhra Pradesh 502324, INDIA Same address for: 

Dr. Robert C. McGinnis, Associate Director 
Cooperative Programs and Training 

Dr. J. S. Kanwar, Associate Director (Research) 
Dr. M. V. K. Sivakumar, Agroclimatology 
Dr. Huda, Agroclimato1ogy 
Mr. A. L. Narayana, ICRISAT Headquarters 
Dr. Bob Wiley, Intercropping Systems 
Dr. R. Jambunathan, Biochemist 
Dr. S. Appa Rao, Botanist 
Mr. K. E. Prasad Rao, Genetic Resources 
Dr. L. J. G. van der Maesen, Pulse Germplasm 
Dr. D. S. Murthy, Sorghum Breeder 
Dr. M. von Oppen, Economist 
Mr. Dave Andrews, Millet Breeder 
Dr. F. R. Bidinger, Cereals Physiologist 
Dr. L. R. House, Sorghum Breeder 
Dr. J. C. Davies, Leader Cereals Improvement Program and 

Cereals Entomologist 
Dr. M. B. Russell, Consultant Computer Modeling (U. of .111.) 
Dr. S. M. Virmani, Project Leader, Computer Modeling 
Dr. G. Alagarswamy, Plant Physiologist 
Dr. R. K. Maiti, Plant Physiologist 
Dr. B. A. Krantz, Farming Systems Program Leader and Agronomist 
Mr. G. D. Bengtson, Research Editor 
C. D. Handa, Documentalist, Library 
T. C. Jain, Documentation Services in Agricultural Research, 

Sorghums and Millets Information Center 
Dr. S. C. Gupta, Plant Breeder 
Dr. K. Anand Kumar, Plant Breeder 
Dr. K. N. Rai, Plant Breeder 
Dr. Dallas Oswalt, Training Officer 
Dr. R. J. Williams, Cereal Pathologist 
Dr. S. D. Singh, Plant Pathologist 
Dr. R. P. Thakur, Plant Pathologist 
Paul Gibson, Ph.D. candidate at Iowa State University, 

doing research at ICRISAT 

Andhra Pradesh Agricultural University 
Rajendranagar, A.P., India 

Dr. K. N. Murthy, Millet Breeder 
Dr. N. G. P. Rao, Millet Breeder 

Dr. Geervani 
Home Science College 
Hyderabad, A.P., India 

Same address for: 
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INDIA, continued 

Mr. Fletcher E. Riggs 
Agricultural Development Officer 
Agency for International Development 
U. S. Embassy 
New Delhi, India 

Mr. N. Rajamani 
ICRISAT Liaison Office 
23 Golf Links 
New Delhi 110 003, India 

Dr. S. C. Poklitiyal 
Senior Geneticist 
Cereal Laboratory 
Division of Genetics 
Indian Agricultural Resealfcb Institute" 
New Delhi 110 012, India 

Dr. D. P. Thakur 
P"lant Pathologist and 'j:eGhnical Pro"jeet 
Leader (Millet Pathology) 
Department of Plant Blfeeding 
Haryana Agricultural University 
Hissar, Haryana ii5 004, India 

I1r. Jeff Romm 
The Ford Foundation 
55 Lodi Estate 
New Delhi, India 1003 

MALAYSIA 

Mr. Mahmad Nor Jaafar 
Research Officer 
Water Management Section 
P.O. Box 154 
Kota Bharu 
Kelantan, Malaysia 

Dr. Halim Hassani, Acting Head 
Department of Agronomy 
University of Agricuiture 
Serdang, Malaysia 

Dr. Hasim, Associate Director 
Fundamental Programs 
Malaysia Agriculture Research Development In§titu~e 
Serdang, Malaysia 
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INDIA, continued 

National Institute of Nutrition 
Secunderbad, A.P., India 

Dr. Srikanthaiah 
Dr. Belvady 
Dr. Pant 
Dr. Bhat 

Dr. S. Rao 
Bhabha Atomic Research Center 
Bombay, India 

Same address for: 

Dr. G. Harinarayana', Project Coordinator (Millet) 
IARI and College of Agriculture 
Shivaji Nagar, Poona 
411 005 Maharashtra, India 

Dr. V. P. Gupta, Head 
Department of Genetics 
Punjab Agricultural University 
Ludhiana, Punjab, India 

Raja Balwant Singh College 
Bichpuri, Agra, India 

Dr. Roshan Singh, President 
Dr. S. P. Singh, Head, Department 
Dr. S. N. Temari, Pathologist 
Dr. B. P. S. Chanhan, Department 
Dr. G. S. Lavania, 

Dr. R. P. Narwal 
Department of Botany 
Kurukshetra University 

Department of 

Hissar, Haryana 125 004, India 

Agriculture Research Station 
University of Udaipur 
Durgapura, Jaipur, Rajasthan, India 

Same address for: 

of Botany 

of Botany 
Botany 

Same address for: 

Dr. R. L. Mathur, Joint Director (Research) 
Miss Uma Menon, Economic Botanist 
Dr. K. L. Vyas., Millet Breeder 

Water Technology 'Center 
Indian Agricultural Research Institute 
New Delhi 110 012, India Same address for: 

Dr. A. M. Michaels 
Dr. S. K. Sinha 
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NIGERIA, continued 

Prof .. J. H. Davies, Deputy Direc,tor 
Institute for Agricultural Resear,ch 
PMB 1044 
Za:r;:j.a, Nigeria 

IAR/Ahmadu Bello University 
PMB 1044 
Zaria, Nigeria 5iJ,me .addre,ss f,or" 

Prof. C. H. Caswell, Entomology 
Mr. Arokoyo, Extension, Entomology 
Dr. P. N. Egharevba, Agronomy 
Dr. Leleji, Plant Bree~ing 
Dr. Abalu, Agricultural Economics 
Dr. J. Ogborn, 'Weed Science 

Alhaji Jibril Wudil, Chief Agricultural Officer 
Ministry of Agriculture 
Kana State 
Kana, Nigeria 

Institute for Agricultural Research 
Kano Agricultural Research Station 
P.O. Box 1062 
Kana, Nigeria Same address for: 

Dr. Ramesh B. Thakare, Millet Breeder 
Dr. Fowler, Millet Improvement program 
Dr. J. C. Selvaraj, Millet Improvement Program 
Mr. B. K. Kaigama, Millet Improvement Program 

PHILIPPINES 
International Rice Research Institute 
P.O. Box 933 
Manila, Philippines 

Ms. E. Loresto, Plant Breeding 

Same address for: 

Dr, S. C. Modga1, Agronomy Department 
Dr. T. C. Hsiao, Agronomy Department 
Dr. V. S. Tomar, Agronomy Department 
Dr. E. P. Pacardo, Botany Department 
Drs. Bhuiyan and Early, Irrigation aqd Water ~ovement 
Dr. Zandstra, Multiple Cropping 
Drs. Angus and Morris, Multiple Cropping 
Mr. H. Inoue, Plant Physiology 
Dr. J. A. McMennamy, Agricultura! Engineering 
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NIGER 

Dr. o.usseini Sidibe,. Director 
Institut National de Recherches Agronomiques du Niger 
Department des Recherches Agricoles 
Centre National de Recherches Agronomiques de Tarna 
B.P. 240. 
Maradi, Niger Republic (via Paris) 

Diallo Ahi Bedaro 
Prefect of Maradi (Governor) 
Maradi, Niger Republic 

Mr. Botorou o.uendeba, Millet Breeder 
Niger National Program CNRA 
B.P. 240 
Maradi, Niger Republic (via Paris) 

Dr. B. B. Singh, Millet Breeder 
ICRISAT West Africa Program 
B.P. 240 
Maradi, Niger Republic (via Paris) 

Dr. Clark Harvey, Team Leader 
Niger Cereals Project, CNRA 
Maradi, Niger Republic (via Paris) 

Mr. Harry Dickherber 
Agency for International Development 
U.S. Embassy 
Niamey, Niger Republic (via Paris) 

Mr. W. E. Hall, Team Leader 
Seed Multiplication Program 
Agency for International Development 
U. S. Embassy 
Niamey, Niger Republic (Via Paris) 

NIGERIA 

Dr. Ango Abdullahi, Director 
Institute for Agricultural Research 
PMB 1044 
Zaria, Nigeria 

Dr. Joe Yayock, Agronomy Section 
Institute for Agricultural Research 
PMB 1044 
Zaria, Nigeria 

Dr. Shadrach O. Okiror 
ICRISAT/IAR 
Ahmadu Bello University 
PMB 1044 
Zaria, Nigeria 



USA 

Dr. Glenn W. Burton 
Research Geneticist 
SEA-USDA 
Tifton, Georgia 31794 

Dr. Raul Abrams, Director 

so 

Puerto Rico Agricultural Experiment Station 
Mayaguez, Puerto Rico 

Lidy Lopez-Matos, Assistant Director 
Puerto Rico Agricultural Experiment Station 
Mayaguez, PUerto Rico 

justo Lopez-Garcia; Superintendent 
Corozal Substation 
Cdrozal, Puerto Rico 

Jimmy L. Barber, Plant Breeder 
North American Plant Breeders 
West Memphis, Arkansas 7230i 

Paul Menge, Plant Breeder 
Northrup King & Co. 
Minneapolis, Minnesota 

Ray Smith, Plant Breeder 
Northrup King & Co. 
Bolivar, Tennessee 38008 

Bobby jones 
Plant Breeder, PAG 
Lubbock, Texas 

Roy Conlee; Owner 
Conlee Seed Co. 
Waco, Texas 

Paui Revier 
Funk Seed Co. 
Lubbock, Texas 

Dr. Dale E. Weibel 
Department of Agronomy 
Oklahoma State University 
Stillwater, Ok 74074 

University of Hawaii 
Honolulu, Hawaii Same address for~ 

Dr. James A. Silva, Ptincipal Investigatot; Benchmark Soils 
Project 

Dr. Peter Rotar, Head, Agronomy Department 
Dr. Walker, Agronomist 

, 



SENEGAL 

Dr. Glaude Charreau 
Proj ect Leader 
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ICRISAT/WA Cooperative Program 
BP 3340 
Dakar, Senegal 

Dr. Louis A. Sauger, Directeur General 
Institut Senega1ais De Recherches Agrico1es 
11 Rue Thiong Pro1ongee Angle Valmy 
Dakar, Senegal 

Mr. A. Hartman 
Agency for International Development 
U.S. Embassy 
Dakar, Senegal 

Centre National 'de Recherches Agronomiques (CNRA) 
Bambey, Senegal Same address for: 

Dr. Gora Beye, Director 
Dr. Aboubakry Sarr, Millet Breeder 
Dr. Claude Dancette, Agroc1imato1ogist 
Dr. A. Lambert, ICRISAT/CNRA Millet Breeder 
Dr. Claudie Lambert, Millet Breeder 

SUDAN 

Food Processing Research Center 
Khartollll1, Sudan 

Dr. Sitt Badi, Cereal Chemist 
Dr. A. Mustafa, Cereal Chemist 

UPPER VOLTA 

ICRISAT 
B.P. 1165 
Ouagadougou, Upper Volta (via Paris) 

Same address for: 

Same address for: 

Dr. C. M. Pattanayak, Team Lea'der and Sorghum Breeder 
Dr. Peter Lawrence, Hi11et Breeder 
Dr. W. A. Stoop, Agronomist 
Dr. J. P. Van Staveren, Agronomist 

Mr. A. McSwain, SAFGRAD 
U. S. Embassy 
Ouagadougou, Upper Volta (via Paris) 
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Contacts Established Second Year 

ENG~ 

INDIA 

Dr. M. J. Hopper, Soils & Plant Nutrition 
Dr, L. C. Chapas, Biometrics 

Grassland Research Institute 
Maidenhead, England 

Mr. M. A. Nair, AID, U.S. Embassy, New Delhi, India 

Punjab Agricultural University 
Ludhiana, Punjab, India 

Dr. Khem Singh Gill, Dean, College of Agriculture 
Dr. N. B. Singh, Bajra Breeder 
Dr. S. S. Chahal, Pathologist 
Dr. B. L. Bhardweig, Geneticist 
Manoj Srivecestava, Research Associate 

Ha~ana Agricultural University 
Hissar, Haryana, India 

Dr. P. S. Gill 
Dr. R. L. Kahpoor 
Dr. Faujdar Singh 
Dr. D. P. Thakur 

ICRISAT 

N. Seetharama, Plant Physiologist 
K. V. Seslv Reddy, Entomologist 
D. S. Murty, Sorghum Breeder 
Dr. M. Natarajan, Agronomist, Cropping Systems 
Dr. M. S. Reddy, Agronomist, Cropping Systems 
Dr. R. J. Williams, Cereals Pathologist 
B. L. Agrawal, Plant Breeder, Pest Resistance 
Bhola Hath Varma, Plant Breeder, Populations 
B. S. Talukdar, Plant Breeder 

HAWAII 

Dr. J. L. Brewbaker, Corn Geneticist, Horticulture p~pt. 
College of Tropical Agriculture -
University of Hawaii, Honolu~u, Hawaii 

P. H. Eichhorn, Nursery Manager, Hawaiian Re~earc~, ~t~, 
P.O. Box D, Kaunakakai, Molokai Island, Hawaii 96748 

t 
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Contacts year 3, October 1979-September 1980 

AUSTRALIA 

Brian Hare, Senior Plant Breeder, Pacific Seeds, 131 Margaret Street, 
Queensland, Australia 4350 

SENEGAL 

Paja Ibrahima Thiongane, Director General de l'I.S.R.A., B.P. 3120, 
Dakar 

Mahawa M'Bodj, Director du CNRA de Bambey, I.S.R.A.-S.B.R.S.I.­
Senegal, B.P. 51, Bambey 

Marcel Galiba, Sorghum Breeder, ISRA/CNRA, Bambey 

Gordon Bruce MacNeil, Regional Program Officer, CRDI, B.P. 11077, 
CD Annex, Dakar 

UPPER VOLTA 

USSR 

K. O. Akadiri-Soumaila, Coordinator, International OUA/CSTR, PC 31, 
SAFGRAD, B.P. 1783, Ouagadougou, Haute-Volta (Via Paris) 

The All-Union V. I. Lenin-Academy of Agricultural Sciences, 
Central Scientific Library, Department of International 
Book Exchange, Moscow, B-139, Orlikov per., 3, USSR 
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V. Proj ect Personnel 

A list of project staff members for the period 1 October 1977 ~ 
30 September 1980. 

Richard L. Vanderlip - Principal Investigator, Agronomist, KSU,Manhattan,KS 

R. C. Hoseney - Cereal Chemist, Grain Science, KSU, Manhatt~n, KS 

Elizabeth Varriano-Marston - Cereal Chemist, Grain Science, KSU,Manhattan,RS 

Edward T. Kanemasu - Research Microclimatologist, Evapotranspiration 
Laboratory, KSU, Manhattan, KS 

T. L. Harvey - Entomologist, Ft. Hays Branch Experiment Station, Hays, KS 

W. D. Stegmeier - Plant Breeder, Ft. Hays Br. Expt. Station, Hays, K$ 

Herman A. Praeger, Jr. - Research Agronomist, KSU, Manhattan, KS 

Adelaide Beleia- Grad. Student, Grain Science, KSU, Manhattan, Brazil Student 

Dennis Ernst - Agric. Technician, Ft. Hays Branch Expt. Station, Hays, K$ 

William Mason - Graduate Student, Grain Science, KSU, Manhattan, K$ 

Loren J. Moshier - Assistant Professor, Agronomy, KSU, Manhattan, KS 

Beth Fryer - Professor, Food and Nutrition, KSU, Manhattan, K$ 

Rosemary Burroughs - Research Associate, Grain Sci., KSU, Manhattan, KS 

Marvin Lundquist - Southwest Kansas Experiment Field, Minneola, KS 

Roy E. Gwin, Jr. - Supt., Tribune Experiment Station, Tribune, KS 

P. J. Gallagher - Agronomist, Tribune Experiment Station, Tribune, KS 

Merle Witt - Agronomist, Garden City Experiment Station, Garden City, KS 

George TenEyck - Superintendent, Sandyland Expt. Field, St. John, KS 

James D. Ball - Agronomist, Sandyland Experiment Field, St. John, KS 

William Myers - Ft. Hays Branch Experiment Station, Hays, KS 

Barbara Buchanan - Secretary - AgronomY, KSU, Manhattan, KS 

Yvonne Straub - Secretary, Grain Science, KSU, Manhattan, KS 

Robert Meagher - Graduate Student, Grain Science, KSU, Manhattan, KS 

Alicia Defrancisco - Grad. Student, Grain Science, KSU, Manhattan, KS 

Carol Klopfenstein - Research Associate, Grain Science, KSU, Manhattan, KS 

.. . , 
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Sandra Dassenko - Graduate Student, Grain Science, KSU, Manhattan, KS 

Piara Singh - Grad. Student, Agronomy, Evapotranspiration Laboratory, 
Manhattan, KS, ICRISAT/KSU cooperative student, India 

John Gardner - Grad. Student, Agron., seed density and seedling vigor, 
KSU, Manhattan, KS 

John Palmer - Grad. Student, Agron., yield trials and heterosi,s., KSU, 
Manhattan, KS' . 

Mithlesh Kumar - Grad. Student, Agron.,Manhattan,KS,ICRISAT/KSU'cooperative 
student, India 

Oliver Russ - Associate Professor, Agronomy, KSU, Manhattan, KS 

Alan Shepherd - USDA, Western Regional Research Center, Albany, California 

Dansou Kossou - Grad. Student, Grain Sci. & Ind., KSU, Manhattan, KS 

Gallus J. P. Mwageni - Graduate Student, Agronomy Seedling Vigor, KSU, 
Manhattan, KS, Tanzania Scholarship, Ford Foundation . 

William B. Ndahi - Graduate Student, Agronomy Weed Control. KSU, Manhattan, 
KS, Nigerian Scholarship 

Cielo R. Sumayao Romm - Research Assistant, Evapotranspiration Laboratory, 
KSU, Manhattan, KS 

Christopher Chung Lai - Grad. Student, Grain Sci.,KSU,Manhattan,KS,Taiwan student 

Yung Fu Yeh - Grad. Student, Grain Sci., KSU, Manhattan, KS, Taiwan student 

Janice George - Graduate Student, Grain Science, KSU, Hanhattan, KS 

Dave Wetzel - Professor, Grain Science & Industry, KSU, Manhattan, KS 

Max Jones - Research Assist., Grain Sci. & Ind, KSU, Manhattan, KS 
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VI. Resu:l ts of Research 

Objective 1. "Accelerate improvement in pearl millet yield by 
creating widely adapted high'yielding populations 
and synthetic varieties and investigate possi­
bilities of creating inbred lines and hybrids for 
use in developing countries." 
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PEARL MILLET BREEDING 
[Pennisetum amerieanum (L.) Leeke] 

W. D. Stegmeier 

Introducti on 

Pearl millet, native to the semi-arid tropics, is consumed by 
millions of people throughout the dry tropics. However, as one of the 
world's major food crops it has received relatively little attention by 
the scientific community compared to the other major cereals. Since the 
start of the millet breeding program at the Fort Hays Experiment Station 
in 1971 a large number of introduced materials have been converted from 
tall, late-maturing types to dwarf early-maturing populations, inbred 
lines and Fl hybrids. At this time it appears that pearl millet grain 
yield potentials will approach and possibly equal that of sorghum of 
similar maturity, that crude protein contents will exceed those of sor­
ghum, and that present crude protein levels can be maintained at rela­
tively high levels while yield levels increase. 

Seeds of materials developed by this project have been sent to 
workers in several locations in the United States, Canada, India, and 
Africa. Interest has been expressed to evaluate pearl millet in Mexico 
and Honduras. It is believed that materials from this program can be 
used as germplasm for breeding programs in the dry tropics, particularly 
where monsoon seasons are short, and in developing countries in the mid­
latitudes. 

Materials and Methods 

Experimental designs used in the performance testing of Sl progenies 
and Fl hybrids were 7 x 7 and 9 x 9 simple and triple lattices and random­
ized complete blocks with three or more replications. Plots were either 
single or double rows depending on seed quantities and were planted with 
a four-row John Deere Flex planter equipped with cone seed feeders. Plant­
ing rates were three to six times the desired stand and mechanical and 
hand-thinning reduced final stands to populations of either 35,880 or 
47,840 plants per hectare. Nitrogen fertilizer was applied at rates of 
0, 33, and 45 kg per hectare based on the objectives of the planting and 
previous field history. Weed control involved the use of triazine and 
2,4-D herbicides and mechanical and hand cultivation. Performance test 
plots were harvested either by hand or with a plot combine equipped with 
"Hesston Head-Hunters" to gather lodged culms. 

1. Population Improvement 

Five populations and composites have been undergoing improvement as 
part of this project. 

Hays millet populations (HMP) 550 and 1700 are undergoing improvement 
using the 51 progeny performance testing method. Following recombination 
in a winter nursery grown on Molokai Island, Hawaii, "HMP 550 Cycle 3 So 
was planted to 0.4 ha to generate Sl selections for 1981 testing. Between 
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3,000 and 4,000 plants were self-pollinated and approximately 500' of these 
were selected for harvesting. Characteristics considered in the selection 
process include early maturity, drought tolerance, synchrony of heading; 
lodging resistance, seed set, seed size, head exsertion and plant type. 

A: total of 225 H~lP 1700 Cycle 2 $1 selections and sever-al millet and 
sorghum checks were performance tested in 9 x 9 triple lattices. 

HMP 559, a tall, long-headed population, was again planted in the 
same isolated 0.8 ha field that it has occupied since 1978. This field 
nas been continuously cropped for five years to induce a depleted soil 
fertility and moisture ,stress environment. Each year the popul~tion is 
mass-selected for phenotypically superior plants that have lodging resis~ 
tance, drought tolerance, good seed set and head exsertion; and dark green' 
plant color. Seeds are sized by screens to 2.8 mm and separated on a 
gravity table to obtain the larger, denser portion for replaAting. 

Composite 1978 Series 2 was planted in an i'solated 0.75' ha field. 
The 1979 harvested seed had been screened to separate seeds larger than 
2.8 mm' in diameter and the denser portion of the large-seeded fraction Was 
obtained by gravity table separation for the 1980 planting. PrimarY lieads 
of 800 open-pollinated plants of D2 height plants were selected for harv~st 
from the population of 02, Dl, and tall plants. Harvest was delayed until 
culm lodging of approximately 50 percent of the plants had occurre'd. In 
addition to lodging resistance and dwarf height, selection was based on 
plant conformation, synchrony of heading, head exsertion, and apparent 
drought tolerance. 

Composite 1978 Series 5 was not planted in 1980 due to inadequate 
isolation of the field prepared for its culture. 

2. Inbred Line Development 

A series ,of crosses were made during the period 1972 to 1976 between 
56 plant introduction lines, Tift 23D281, Tift 239°282, PI185642 and. , 
Serere 3A to introduce earlier maturity, increased seed size, dwarf pl,!i1t 
height, and the 81 or B2 male fertility maintainer reaction into the PI's, , 
Nearly all of the crosses were made in the following form: Pli/Tift 2~D2Bl/ 
2/PIi/PIl85642 and PIi/Tift 23902B2/2/Pli/PIl85642. Serere 3A was usee 
in addition to PI185642 in crosses with several of the PI lines. The F2 
seeds of these crosses have been planted as time and field space permit, 
A total of 105 F2 families from crosses involving 35 Plant Introauctibh 
Station lines, several materials of African and Indian origin and sources 
of 02 dwarf plant height and early maturity were planted to 1.5 ha, De­
sirable segregates were self-pollinated and will undergo further,develop­
ment for use as parental lines in hybrid combinations and populations, 
Approximately two hectares were planted to inbred nurseries anti crossing 
blocks containing male-fertility restorer materials ranging from F3 to 
F13 and male-sterile lines to be used as female parents of experimental , i 
tl hybrids. More than 200 Al and A2 cytoplasmic male-sterile lines; their 
respective fertility maintainer lines and over 100 Bl and B2 selections 
were planted in the backcross nursery for selection and advancement. 

\. 
I 



59 

Eighty-three lines of agronomic and physiologic interest were obtained 
from ICRISAT, Hyderabad and grown in the 1980 winter quarantine greenhouse 
under APHIS permit. Crosses were made between 72 of the introductions and 
several D2 dwarf, early-maturing lines in the greenhouse. The 83 lines 
and their Fl's were field grown under limited irrigation for observation, 
seed increase and the production of F2 families. 

3. Production of Fl Hybrids 

Five F, seed production blocks, each containing one male fine and 40 
to 70 advanced Al and A2 female lines, were grown in isolated fields to 
produce seeds of Fl hybri d combinati ons. Row 1 engths of the femal es va-ri ed 
from 15 to over 100 feet, depending on anticipated seed needs. Pedigrees 
of the male lines are: 

Senegal population (possibly GAM 73) 
78-7024: Tift 239D2B2/4* Serere 3A 
78-7088: Tift 239D2B2/4* Serere 3A _ 
79-4104: P 1287049/Ti ft 239D2B2/2/P 1287049/PI-l85642 
79-1137: PI295126/Tift 23D2Bl/2/Tift 23D2Bl/PI185642 

4. Fl Hybrid Performance Testing 

Evaluation of Fl hybrids included the following plantings: a single 
row observati on nursery of 120 experimental hybri ds, performance tests of 
225 hybrids planted in 9 X 9 triple lattice designs, and a factorial in­
volving all possible combinations between 30 female lines and 4 males. 
An advanced yield test of 30 entries including 3 sorghum hybrids and 4 
Georgia millet hybrids was planted at six locations in Kansas" two loca­
tions in Nebraska and a test at Lubbock, Texas. 

5. Insect Resistance Studies (cooperative work with Dr. Tom Harvey) 

The parental lines, Fl hybrids and F2 families derived from diallel 
crossing of inbred 'selectlons of the four parental lines of Georgia hybrid 
Gahi 1 were planted in a greenhouse screening test to determine the inheri­
tance of resistance or tolerance to the phytotoxin produced during the 
feeding activity of the green bug aphid, Schizaphis graminum (Rondani). A 
total of 210 items derived from these crosses were tested in comparison 
with sorghum checks of known reaction. 

Results and Discussion 

The 1980 growing season is characterized as being one of the three 
hottest, driest summers in 113 years of weather record keeping at Hays, 
Kansas. The 45 day period from late June to August 10 had 24 days with 
maximum daily ambient air temperatures ranging from 40 to 45 0 Celsius. 
The lack of rainfall during June and July and extremely high surface soil 
temperatures prevented secondary root development of about 80 percent of 
the materials planted in mid-June. These materials died or became severely 
stunted upon reaching plant heights of 25 to 50 em. As the plants reached 
-this size the primary root either could not anchor the plant to the soil 

• 
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,during the ,windy weather, or it was unable to supply sufficient water for 
i'urther growth. 'Materials planted in late May and early June 'had developed 
sufficient canopy and son shading at the base of the pl,ants to aHow good 
secondary and brace root development. Stand losses of these materials due 
to heat and drought were less than 10 percent. All of the 1980 millet 
,plantings emerged to acceptable stands. 

" 
The 1979-1980 fall and ,winter precipitatjon was above normal and the 

He 1 ds planted to ,mi 11 et in 1980 had subsoil moi sture .reserves extendi ng 
to the four to six foot levels of the soil profile. Extended periods of 
hot, dry weather also occurred during the 1~78 and 1979 growing seasons, 
and in a manner similar to the fall and winter periods of 1979-1980, above 
average precipitation before and after the growing seasons of 1978 and 1979 
provided good reserves of stored subsoil moisture for the plantings in 
those years. 

1. Population,Improvement 

Cycle 2 Sl progeny performance tests of H~4P 1700 were planted June 6, 
thus allowing time for sufficient growth to shade the soil surface during 
the period of hot weather from late June to mid-August: Stand losses due 
to heat and drought were less than 10 percent but several Sl lines were 
severely stunted by the stress. Yields of the Sl lines ranged from 190 
to 2090 kg/ha. Table 1 gives the average responses of the S] lines selected 
for recombination compared to the performance of the parental population 
used as checks. Several Fl hybrids have been maae using 52 selections from 
the first cycle of imprOVement as males. These hybrids will be evaluated 
in 1981. 

Selection of So plants to generate Sl lines in population HMP 550 
Cycle 3 So was aided by the severe drought stress. Individual plants 
selected for self-pollination had good plant development, synchrony of 
heading, and produced several tillers. Selection at harvest discriminated 
against plants that had poor seed set, tillers with variable heights, 
lodged tillers, charcoal stalk rot and poor head exsertion. Approximately 
500 plants were harvested and 225 of these will be performance tested in 
1981. Several S2 selections from Cycle 2 have been crossed to PI185642 
DZAl lines to determine their fertility reaction and suitability for back­
crossing to develop new cytoplasmic male-sterile lines. 

The random-mated, mass-selected populations HMP 559 and 1978 Series 2 
Composite had differential plant responses to drought stress. Primary 
heads of about 800 superior plants were harvested in each population. 
Harvest was delayed until lodging was readily apparent because of weak 
culms, poor root development and charcoal rot. Series 5 Composite was 
not planted because a production field of millet was planted too close 
to the site prepared for it. Alternate sites could not be used because 
of dry surface soils or lack of isolation. 

2. Development of Inbred Lines 

The nurseries of F2 families and early generation inbred materials 
were planted during the June 14 to 17 period and emerged to excellent 

( 
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stands. With the continuation of dry weather and high temperatures 
approximately 80 percent of the mater.ia1s died upon reaching plant heights 
of 25 to 50 cm. Heading and anthesis was delayed' 10 to 20 days in over 
50 percent of the surviving materials. Several F2 families derived from 
lines originating in northern Upper Volta had good survival and a rea1-
tively large number of segregates with the ability to grow and develop 
at normal rates. Nearly all of the early-maturing segregates within 
these families were self-pollinated. Superior segregates and lines 
were identified within several other groups of materials, but they 
occurred at much lower frequencies than the rate observed in the Upper 
Volta materials. Several superior F4 and F5 segregates and lines that 
survived under these conditions have been placed in the greenhouse to 
be crossed to male-sterile lines. Several hundred crosses were made in 
an irrigated crossing nursery containing some 500 advanced inbred lines. 
In this nursery about 10 F7 to FlO inbred lines appeared to have poor 
plant development as a result of heat stress whereas they, had appeared 
normal in previous years. The male-sterilization backcross nursery was 
abandoned because of severe heat and drought stress. 

Eighty-three lines and selections were obtained from ICRISAT. These 
included materials from several African countries, Southern RUSSia, 
several locations in India, and lines developed by ICRISAT possessing 
varying levels of seedling drought tolerance. Seventy-two of these lines 
have been crossed to dwarf, early-maturing lines. Sixty of the 83 lines 
were able to flower within 85 days of planting and produce mature seed' 
under field conditions. I~ most crosses the PI185642 and Serere 3A types 
of early maturity are either dominant or partially dominant and the major­
ity of the Fl's flowered within 75 days. However, there are a few crosses 
in which these sources of early maturity act as recessive characters and 
the Fl's required over 100 days to reach anthesis. 

P-924-B, a line received from ICRISAT and derived from material col­
lected at an oasis in Niger, reached anthesis in 38 days. The earliest 
maturing lines previously developed in this program had required 52 to > 

55 days to reach anthesis. Hybrid combinations of P-924-B and four 02 
dwarf, early-maturing lines had flowering time responses of 58 and 65 
days which are similar to the requirements of the dwarf parents. Matur­
ity segregation will be studied in the F2 generation of these crosses. 
At this time it appears that this new source of earl iness may greatly 
extend the maturity range available to the breeding program. 

3. Production of Fl Hybrids 

Production of F1 hybrid seeds in five isolated crossing blocks con­
taining 40 to 70 Al and A2 female lines ranged from 50 grams to several 
kilograms. Several of the male-sterile lines died in two of the blocks 
planted on fields having silty-clay loam soils but had good survival on 
silty loam soils. The F1 hybrid combinations produced in these blocks 
will be used in combining ability studies, hybrid performance tests, and 
as sources of seed for agronomic studies. 
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4. Evaluation of Fl Hybrids 

With the exception of the early June planted unit of the performance 
test planted at nine locations, all of the experimental F1 hybrid, perfor­
mance trials and the observation nursery were planted durlng the June 14 
and 17 period. Seedl ing emergence was excell ent in all tests" but the 
severe drought and heat stress occurring from late June to :mid-August 
caused severe stand losses. None of these tests were harvested, however; 
several hybrid combinations were identified a·s having plant stand surv.iva·T 
ratings of 50 to 100 percent, good plant development and drought tolerance. 
Exami nati on of thei r pedi grees ind,i cate that 12 ma'l e-sterile li nes and 24 
male-fertility restorer lines were each involved in two or more hybrid 
combinations giving superior performance. 

Grain yield results of seven of the nine trials of the Fl performance 
test are given in Table 2. Results of two of the tests have not been re­
ceived at t~is time. This test contained 23 dwarf (02) hybrids from' the 
Hays program, four hybrids from the USDA program in Georgia and three 
commercial grain sorghum hybrids used as, plant height, maturity and yield 
controls. Kansas locations of the trials are presented in Table 3 a's they 
occur from west to east across the state with Tribune located on the west­
central border of the state to the Ashland field at Manhattan, which is 
located in eastern Kansas. Topographi c el eva,ti on decreases from 1080 m 
at Tribune to 310 m at Ashland. Average annual precipitation increases 
from west to east with Tribune receiving 410 mm and Manhattan, 770 mm. 
In 1980, the area of the Great Plains affected by the drought extended 
to western Kansas and eastern Colorado, with Tribune located on the west 
edge of this area. The Tribune location had fewer hot days, cooler nights, 
and good seasonal distribution of rainfall, although the amounts received 
were below normal. All of the other locations were located within the heat 
and'drought affected area and received only 30 percent of the precipitation 
normally expected. 

Grain yield levels as affected by the weather conditions showed a wide 
variation. Average yields at Tribune were 4039 kg/ha, compared to the lowest 
average yield level of 863 kg/ha at Garden City, (severely drought stricken) 
which is located only 100 kilometers southeast of Tribune. Several of 
the locations received large rains in mid-August. Responses of the test 
entries were variable depending on interactions between planting dates, 
dates of anthesis and dates of rainfall. At Hays, sorghum hybrid DeKalb 
F67 had heading delays of up to 20 days and flowered after receiving rain. 
Acco 1014 flowered early and then produced a flush of secondary heads 
following the rains. Georgia hybrids 1 and 2 had a large number of second­
ary tillers that remained dormant until rain was received, and they headed, 
flowered and set seed late in the stummer. Nearly all of the millet hybrids 
had at least a few late developing secondary tillers, but within the group 
of Hays hybrids, reporduction had been completed by the time the rains occurred. 

5. Insect Resistance Studies (cooperative work with Dr. Tom Harvey) 

A set of Fl and F2 progenies derived from dialle1 crosses of selec­
tions from the parental lines of Georgia hybrid Gahi 1 were exposed to 
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greenbug aphid infestations. Inconclusive results were again obtained 
because the variability in response to the phytotoxin produced by the 
greenbug has not been eliminated from the parental lines following one 
cycle of inbreeding and screenin~. Consideration is being given to 
substituting another set of early-maturing inbred materials for the 
Georgia lines in this study because of the late maturity of the Georgia 
lines and the difficulties encountered in reproducing these lines and 
their progenies under field conditions. 

In the beginning of this study the Gahi 1 parental lines were selected 
because it had been reported that hybrid Gahi 1 was resistant to the toxic 
effects of greenbug feedi ng acti vity. i/hen the parental 1 ines were ex­
amined, however, it was found that two lines were resistant, one line 
appeared to be partially resistant, and one line was susceptible; thus, 
it appeared that these materials would be suitable for this type of study. 
However, several problems have been encountered in producing good quality 
seed of these materials because of late maturity. For example, plantings 
of the four parental lines in 1980 failed 'to produce mature seed before 
cold weather. Germination percentages of seeds of the one line that was 
harvested are less than 20 percent. 

6. Seed Requests and Distribution 

Seeds of several populations, inbred lines, and Fl hybrids were given 
to several worker.s for their use and evaluation in the states of Arizona, 
Colorado, Nebraska, and Texas during the period of 1978 and 19S0. Re­
quests have been received for several items from workers in the LDC's 
and seeds were sent to them either during the contract period (AID/ta-C-
1458) or soon after the expiration of the contract. Following is a list 
of the workers and the numbers oJ items provi ded: 

Dr. Shadrack Okiror ICRISAT Kano, Nigeria 4 1975 

Dr. D. J. Andrews ICRISAT Univ. of Neb. S 1979 Dr. C. Francis Univ. of Neb. 

Dr. D. J. Andrews ICRISAT Hyderabad, India 50 19S1 

Dr. R. P. Jain ICRISAT Wad Meda ni, Sudan ' 54 1981 

Dr. Keith Byergo (seeds forwarded to Mauritania) 7 1981 



. Table 1. Combined results of the HMP 1700 Cycle 2 Sl Progeny performance test, Hays, Kansas, 1980. ~/ 

Plant Visual 
stand appearance Lodging Plant Head 
score2/ score3/ score4/ height exsertion 

Kind 0-9 - 1-9 - 0-9 - cm 

Averages of 28 Hl,IP 1700 
Cycle 2 S~ lines selected 
for recom ination 7.0 4.1 2.1 81 

I-r.!P 1700 Cycle 2 So 6.0 5.7 2.0 71 

ill!P 1700 Cycle 1 So 4.3 5.7 2.1 69 

J!~IP 1700 
1976 mass-selected bulk 4.3 6.3 1.1 71 

Average of all entries 5.9 5.0 . 2.4 80 

1/ Results are averages of three test!; containing .a total of 225 Sl lines. 

~I Plant score.: 0 = no p1an.ts to 9. = 100% stand. : 

2,.1 Visual appearance score; 1 to 3 = good, 4. to. (', = fair, 7. to 9 =. poor. 

~/ Lodging score: 0 = no lodging to 9 = 90-100% lodged, . 

cm 

2 

1 

0 

:1, 

1 

Test Crude 
weight protein 

kg/hI % 

77 16.1 

76 16.2 

75 17.1 

76 16.4 

76 ~6.0 

Grain 
yield 
kg/ha 

1641 

775 

745 m ..,. 

622 

1035 



Tnble 2 Grain yields (kg/ha) of dw.1rf (0
2

) pearl millet hybrids plantc-d at 5CV(m locations, 1980. 

SI"\'cn 
tcH 

Trlbunc Gnrdcn Gay Hinneola St. John IIny<; Ashlnnd Lubbock avcrngc 

Yield Rank Yield Rank Yield Rnnk Yield Rank Yield Rank Yield Rank YJ.c1d Rank Yield Rank 

Sorghum 
~1014 4.541 9 955 10 2S 19 9 818 30 3209 , 7050 15 HMS 2Z91 5 

IIlone'cr 8324 5576 1 2376 1 36-72 1 J568 11 4008 1 3083 1 2252 3Z19 1 
DcKnlb F67 3565 n 703 19 33-80 2 1945 1 3093 3 2i'T5 13 3248 2601 2 

lIays ccarl mlilct 

79-2017/78-7024 3910 16 1169 2 2662 5 17]3 6 1906 21 1626 25 1693 10 2097 !3 
2042/78-7024 4S5d 8 683 21 1854 25 1562 " 2557 6 1662 23 1347 26 2031 

" 2055/78-7024 3783- 18 987 , 2092 20 1123 29 192'; 20 2'>62 5 l853 5 2046 18 
2059/78-702<'1 dSSO 7 951 11 2222 18 1752 4 2071 Jr, 1735 22 12dO 27 2079 16 
2148/7R-702<1 4161 13 637 23 2615 6 J9ld 2 2007 IB 2282 J2 \ 730 9 2192 9 
2157/78-7024 3732 '" t 159 3 2555 8 1656- 8 1882 " 2:WiJ 10 1522 '" 2115 10 
2159/78-702<1 4!lOR 4 1073 5 2598 7 1203 2B 2SSC) 6 1<174 27 1544 IS 2194 8 
2161/78-70211 3'>011 " 710 18 2910 3 J517 IS 1886- 22 827 30 1352 2S 1820 25 
2216/78-7024 3542 24 721 17 2308 16 1541 I' 2050 17 lOBO 28 lM6 12 1844 23 
2221/78-702<1 3958 J5 1071 5 2004 23 1437 17 2244 11 J640 " 1673- 11 2004 20 
220\ /78-7024 3f1S0 17 885 13 2423 13 1562 12 2125 12 2027 16 1778 6 2093 " 2208/78-7024 3515 26 843 15 17'99 26 1290 24 2277 10 259\ 4 1363 " 1954 22 

79· 2017 /79- 41 Q.1 2966 28 880 " 1667 27 1311 23 1580 27 179{. 20 1512 '8 1673 29 Q) 
2042/79-4104 4647 6 (.86 20 2158 19 1518 IS 2096 I' 1003 17 1474 2\ 2069 17 (j] 

2055/79-4104 4737 5 631 24 2279 17 1435 17 1661 26 2562 5 li191 20 2114 II 
2059/79-dlO<1 4,115 12 S64 27 24)2 14 16'4 10 2125 12 2455 9 11 (i6 28 2109 12 
2148-/79-4104 54201 2 935 12 2430 10 1332 22 2267 • 2817 3 1421 22 2382 3 
2157/79-4104 4150 " 1073 5 207.3 22 1725 5 1561 28 1799 20 1512 18 1985 21 
2161/79-4104 3684 21 tooo 8 2443 11 1705 7 2346 • 2017\ 8 1981 3 2233 6 
2216/79-4104 3(,J4 22 543 28 2711 4 1788 3 IRZO 24 2549 7 1522 16 208t ,5 
2221/79-4104 5211 3 648 22 2406 IS 1249 27 1957 I. 2289 11 1751 7 2216- 7 
2201/79-4104 2985 27 108J 4 2087 21 1435 15 1498 29 2079 " 16J3 " 1825 24 
2208/79-4104 2708 29 619 2S 1358 30 1263 26 1265 30 1574 26 1102 30 1413 30 

CcoT~iR I,!carl md let 

1 T230f\!:/6S3 G 653 2260 30 473 29 1634 28 13<19 21 2634 5 1871 J8 1640 13 1694 28 
2 T:730Ar./6-56 Q 653 4489 10 83. 16 2434 12 1659 8 2970 4 2875 2 1416 23 2382 3 
.3 T2.30At/756 & 756 4437 11 60S 26 1400 29 1378 ,0 It:99 25 t078 28 1735 8 1762 26 
8 "/756/2/(,56&653 3707 20 391 30 1902 24 1287 24 2080 15 180] 19 1108 29 1754 27 

Loeatlon AVerage 4039 863 2302 1489 2178 2036 1622 2076 

LSD .OS 1931 572 767 619 1018 1295 703 
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Yield Evaluations of Pearl Millet 

(Pennisetum americanum (L.) Leeke) 

H.A. Praeger Jr., R. L. Vanderlip and W. D. Stegmeier 

Field trials of pearl millet were planted at six locations in Kansas. 
There were at the Tribune Experiment Station, Tribune, Kansas; Garden City 
Experiment Station, Garden City, Kansas; Southwest Kansas Experiment Field, 
Minneola, Kansas; Sandyland Experiment Field, St. John, Kansas; Ft. Hays 
Branch Experiment Station, Hays, Kansas and Ashland Experiment Field, 
Manhattan, Kansas. This was a continuation of yield trials of the two 
previous years. As in previous yearsl the highest yielding pearl millet 
hybrids were comparable to hybrid grain sorghum of the same maturity. 

Materials and Methods 

The trials were organized to include three hybrid grain sorghums, one 
early maturity; one of midseason maturity and one late season maturity. 
Five of the pearl millet hybrids were developed by Dr. Glenn Burton, 
USDA, SEA, Coastal Plains Experiment Station, Tifton, GA. The other pearl 
millet hybrids were developed by William D. Stegmeier, Ft. Hays Branch 
Experiment Station, Hays, Kansas. The entries were planted in two row plots 
10 m long. Row spacing was 75 cm with seeded depth of 2.5 cm. Rate of 
planting was 13 seeds per meter. The experiment was a randomized complete 
block design with three replications. From each plot the best 5 meters of 
each row was harvested. Data obtained was grain weight (adjusted to 12.5% 
moisture) and number of heads. 

Results and Discussion 

Results of the hybrid yield studies and the number of heads are shown 
in Tables 1 and 2. 

At all locations the pearl millet entries matured prior too or at the 
same time as'the early matudty grain sorghum hybrid. It is considered that 
any comparisons that can be made should be with material that matures within 
a similar growing season. During this growing season the temperature was 
above normal from 1 July until mid August with no measurable preCipitation. 
Some locations then received rain with the late fall frost the later 
maturing grain sorghums produced grain. The grain filling period for the 
later maturing grain sorghum occurred after the pearl millet had reached 
physiological maturity. 

At all locations the higher yi.elding pearl millet hybrids were not 
Significantly different than grain sorghum hybrids of similar maturity. 
The pearl millet entries did perform admirably in comparison to grain 
sorghum, and these results are encouraging. 

In addition to these yield trials and to define geographical area 
of adaptation, pearl millet was grown at the Colby Branch Experiment 
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Station, Colby, Kansas (northwest) and at the Southeast Kansas Experiment 
Station, Parsons, Kansas. The researchers are enthused with the 
preliminary results and have requested to be included in the complete trials 
as seed becomes available. Another planting was at the Meade Experiment 
Field, Lincoln, Nebr.aska. These plots matured and produced grain. This 
field is located at 41 0 North latitute and is farther north than any re­
corded planting of pearl ,millet. 
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Tabl:e 1. 1980 Pearl Millet Comparison Y~e1d, kgf,ha. 

Entry Tribune St.John 
Yield, kg/ha 

,Ashland MjnneoUa ,Garden Glty Rays 

ACCO 1'014 4541 818 2050 .2519 '955 2634 
Pioneer 8324 5576 1568 3083 3672 2376 2970 
DeKa1b F67 3565 1945 ·2275 3380 '1,03 1699 
79-2148 x 79-4104 5424 1332 2817 .2480 935 '2007 

23DAE x 656+653 4489 1659 2875 :2434 834 3209 
79-2221 x 79-4104 5211 1249 .2289 2406 648 1925 
79-2055 x 79-4104 4737 1435 2562 2279 631 1'5'61 
79-2148 x 78-7024 4161 1914 2282 ·2615 637 1580 

79-2059 x 79-4104 4415 1624 2455 2412 564 2267 
79-2157 x 78-7024 3732 1656 2300 2555 H59 1'906 
79-2161 x 79-4104 3684 1705 2471 .2443 1000 2071 
79-2159 x 78-7024 4908 1203 1474 2598 a'073 2891 

79-2059 x 78-7024 4580 1752 1735 2222 951 2095 
79-2216 x 79-4104 3634 1788 2549 2.711 <543 1'925 
79-2017 x 78-7024 3910 1713 1626 2662 1169 1265 
79-2042 x 79-4104 4647 1518 1903 2158 686 1882 

79-2157 x 79-4104 4150 1725 1799 2073 1073 2125 
79-2201 x 78-7024 3850 1562 2027 2423 885 1820 
79-2055 x 78-7024 3783 1123 2562 2092 987 1'497 
79-2042 x 78-7024 4554 1562 1662 1854 683 2277 

79-2208 x 78-7024 3515 1290 2591 1799 843 1886 
79-2201 x 79-4104 2985 1435 2079 2087 1081 2080 
79-2161 x 78-7024 3541 1517 827 2910 710 1986 
79-2216 x 78-7024 3542 1541 1080 2308 721 1957 

(230AE x 756)x656+653 3707 1287 1801 1902 391 3093 
230AE x R83028 1676 1806 
79-2017 x 79-4104 2966 1311 1796 1667 880 2346 
79-2221 x 78-7024 3958 1437 1640 2004 1071 2050 

23DAE x 756 + 756 4437 1378 1078 1400 605 4008 
Senegal Bulk Hybrid 1888 1317 
23DAE x 653 + 653 2260 1349 1871 1634 473 2012 
79-2208 x 79-4104 2708 1263 1574 1358 619 2557 

LSD .05 1931 619 1295 767 572 1002 



69 

Table 2. 1980 Pearl Millet Comparison, 1000 heads/ha 

Entry Tribune St.John Ashl and Minneola Garden City Hays 

ACCO 1014 165.2 144.7 146.5 105.6 85.5 247.2 
Pioneer 8324 143.9 167.6 1ll.3 114.5 312.0 
DeKal b F67 113.9 170.8 102.2 92.6 303.3 
79-2148 x 79-4104 345.6 372.4 180.6 166.5 107.8 190.8 

23DAE x 656+653 384.7 378.2 293.6 196.9 '136.3 109.9 
79-2221 x 79-4104 282.6 305.6 169.5 157.0 76:5 207.3 
79-2055 x 79-4104 297.9 400.8 203.9 176.9 91.3 175.7 
79-2148 x 78-7024 268.8 493.0 155.8 155.9 97.8 197.6. 

79-2059 x 79-4104 261.4 377.3 204.3 178.5 111.1 212.4 
79-2157 x 78-7024 162.4 443.9 167.4 136.0 110.0 244.4 
79-2161 x 79-4104 239.6 452.1 168.4 155.2 75.2 196.5 
79-2159 x 78-7024 301.4 293.0 151.3 143.5 108.5 239.0 

79-2059 x 78-7024 262.7 436.5 195.6 124.3 71. 7 194.2 
79-2216 x 79-4104 283.0 416.5 156.7 169.3 126.5 219.1 
79-2017 x 78-7024 321.6 544.9 190.4 149.5 74.2 240.3 
79-2042 x 79-4104 318.2 384.7 158.7 167.0 107.4 189.5 

79-2157 x 79-4104 289.9 360.4 147.4 156.9 111 .3 194.2 
79-2201 x 78-7024 277.8 466.9 195.3 139.5 120.9 201.7 
79-2055 x 78-7024 279.9 377.3 220.0 158.2 131.0 179.1 
79-2042 x 78-7024 255.5 322.3 122.6 108.2 133.3 260.5 

79-2208 x 78-7024 291.2 403.0 302.1 197.5 106.1 208.7 
79-2201 x 79-4104 177 .4 396.0 197.4 141.3 94.7 224.3 
79-2161 x 78-7024 283.9 431.7 196.9 159.0 100.0 189.0 
79-2216 x 78-7024 232.4 405:6 170.8 134.3 98.0 214.0 

(23DAEx756)x656+653 426.4 369.9 288.9 185.7 123.9 118.2 
23DAE x R83D28 284.8 246.4 
79-2017 x 79-4104 228.3 304.7 176.1 144.3 90.9 215.5 
79-2221 x 78-7024 259.8 340.8 200.2 131.3 79.5 192.7 

23DAE x 756+756 381.8 220.0 227.7 179.8 65.6 97.5 
Senegal Bulk Hybrid 305.2 174.8 
23DAE x 653+653 159.9 296.9 169.5 147.8 65.9 247.5 
79-2208 x 79-4104 395.9 420.8 219.1 163.0 82.2 222.5 

LSD .05 149 167 61 51 71 57 
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Effect of Crop Management on Seed Quality, Subsequent 
Seedling Establishment and Grain Yield of Pearl Millet 

Julius Okonkwo and R. L. Vanderlip 

Pearl millet, Pennisetum americanum (L.) Leeke, is a major food crop 
of the semi-arid areas of Africa and Asia. The crop has problems of poor 
seed vigor and establishment which also affect the grain yield (3,6). 
These problems have necessitated a search for good production management 
to improve seed quality. 

Characteristics of seed quality we attempted to improve were seed 
size, density, and protein content. Studies have shown a close positive 
relationship between seed size, vigor and grain yield (2,4,5,9), also 
between seed density and grain yield (2,5). Ries et al. (7) reported 
that seed protein was positively related to seed size, vigor and grain 
yields. 

Application of nitrogen fertilizers was reported to increase seed 
protein (1,7,8). Little work has been done on the effect of tiller re­
moval on seed size and density. Although such treatment may reduce grain 
yield, it was thought that by directing the photosynthates to the main 
head only, seed size and density could be improved. Hill planting is 
widely practiced in Africa as an insurance against drought and low seed 
germination. We thought that shaving part of millet head could allow the 
remaining developing seeds more space to expand. 

The objects of this study were: (1) to determine the effect of some 
producti on management factors on mi 11 et seed qual i ty, (.2) to see if the 
management effects on seed quality also affected seedling establishment 
and_ grain yield of the subsequent crop. 

Thi s report is on the first phase of the study. 

Materials and Methods 

lie studied the effects of removing tillers, removing 1/3 of the 
florets from the head, hill planting, and nitrogen application on seed 
size, density, and protein content in 1980 at the Sandyland Experiment 
Field, St. John. Senegal population was planted under dryland and irri­
gated conditions and Serere 3A under dryland only. Plant populations were 
47,860 and 43,500 plants/ha for the irrigated and dryland locations, re­
spectively. To obtain pure seeds, each variety was grown in isolation. 

Tillers were removed once a week until plants reached maturity. 
Florets were removed from 1/3 of the head from the top, and on one side 
to the base as the head emerged from the flag leaf. We applied ammonium 
nitrate at 120 and 80 kg-N/ha for the irrigated and dryland locations, 
respectively, at the heading stage. Eight seeds were hill planted at 60 
and 40 centimeters for the dryland and irrigated locations, respectively, 
then thinned down to four plants/hill. Treatments were replicated four 
times. 
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A 50 9ram seed sample produced .from eacb treatment was .separated jnto 
different sizes, using '8/64, 7/64, :6/64, 5~/64, 4~/64, and 2~;'64 inch 
sieves, then calculated the average' seed diameter. We obtajned seed vol­
ume by placing the same 50 ,gram seed sample in graduate cyHnder containing 
40 milliliters of water stirred to eliminate air bubbles, then read the 
rise of water. Density ~Ias calculated from volume and weight. Protein 
was estimated by macro-Kjejdah1 procedure with a conversion factor of 6.25. 

R~sults and Discussion 

Analysis of variance for Senegal population showed that seed density, 
average seed'diameter, protein content and weight per 1000 seed were signifi­
cantly affected by the treatments under both dryland and irrigated conditions. 
Average seed diameter and protein content for Serere 3A also were affected; 
seed density and weight/1000 seeds were not. In addition to bird damage, 
the hot dry summer of 1980 adversely affected this variety.' Duncan's mul­
tiple range test showed that nitrogen application and shaving of millet. 
head consistently improved seed protein and size, respectively (Table 1). 
Higher seed densities were obtained from the control and,hi11 planting 
indicating that tiller removal and shaving of the head under the prevailing 
hot and dry summer may have interfered with the translocation of the photo­
synthates to the seeds. Senegal population produced heavier seeds under 
irrigation but the effects of the treatments were the same for other vari­
ables under dry1and and irrigated conditions (Table 1). 

Our results agree with previous studies which showed increased in seed 
protein when nitrogen fertilizer was applied (1,7). Shaving of millet heads 
reduced the number of seeds for the photosynthates to accumulate in and 
allowed more space for the seeds. to expand. Our results also support this 
hypothesis (Table 1). 
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Tabie 1.-- Duncan's multiple range test for weight/lOOO seeds, average 
seed di arrieter, dens i ty and protei n content as -affe-cted by 
management. 

Treatment No. Wt/lddO seeds Avg. seed 
Diameter 

1 
2 
:3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

Senegal Population, Dryland 

8.38 b* 5.12 b 
8.38 b 4.99 b 
9.18 a 5.47 a 
8.53 b 5.23 ab 
9.18 a 5.42 a 

Senegal PoQulation, Irrigated 

9.60 c 5.32 b 
10.32 b 5.55 ab 
10.80 a 5.72 a 
10.08 b 5.20 b 
9.58 c 5.29 b 

Serere 3A, Dryland 

11. 98 b 6.04 b 
12.33 ab 6.12 b 
12.88 a 6.29 a 
12.33 b 6.15 b 

---

Treatment 

* 

1 Control 
2 Tiller removal 
3 Head shelving 
4 Nitrogen fertilizer application 
5 Hi 11 pl anti n9 

Density 

1.24 a 
1.23 bc 
1.22 c 
1.24 ab 
1 .23 bc 

1 .24 ab 
1.23 bc 
1.22 c 
1.22 c 
1.24 a 

1.24 a 
1.24 a 
1.24 a 
1.23 a 

Means with the same letter are not significantly different. 

Protein 

10.09 c 
9.69 c 

10.71 b 
12.57 a 
9.63 c 

9.81 c 
10.40 b 
10.44 b 
12.72 a 
9.42 c 

8.99 c 
10.07 b 
9.75 b 

11 .61 a 
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Soil Water, Plant Water and Temperature 
Relation of Millet (Pennisetum amerioanum (L.) Leeke) 

and Their Relationship to Crop Yields 

Piara Singh and E. T. Kanemasu 

Pearl millet is believed to be one of the most drought resistant 
cereals. It is extensively grown in arid and semi-arid parts of the 
world. Unfortunately, there is not sufficient work, particularly on 
its drought resistance characteristics and the manner of its response 
to water stress, to draw any reliable conclusions (Rachie and t1ajmudar, 
1980). Four early maturing genotypes (Ht1P600, HMP1700, Serere-3A, and 
HMP550), two late maturing genotypes (Senegal bulk and HMP559) and 
four hybrids (2221 x 7024, 2221 x 4104, 2094 x 4104, and 2094 x 7024) 
were grown both under irrigation and no-irrigation conditions in a 
split-plot experiment to study their soil - plant - water relations, 
and canopy temperatures and their relationships to crop yields. 

This study indicates that a plant type with (1) short to inter­
mediate height, (2) minimum reduction in number of mature tillers, and 
(3) maximum soil-water depletion under stress, would be most drought 
resistant. 

Method and Materials 

Millet was planted on May 22, 1980 at Evapotranspiration Site, 
Ashland Agronomy Farm, Manhattan (KS). The experiment was a split-plot 
having three replications and arranged in a randomized complete block 
design. Two main treatments were irrigation and no-irrigation (rainfed) 
each divided in to ten 20' x 30' plots to which ten genotypes were 
randomly assigned. Total number of sub-plots thus amounted to 60. 
Planting was done with a two-row planter in 76 cm wide rows. Plants were 
later thinned 10 cm apart within a row. Each plot had 8 rows. Irrigated 
plots received total 3719 cm of water in six irrigations applied at weekly 
intervals starting July 1. Total rainfall received during the crop growth 
period was 15.6 cm. 

Four early maturing genotypes (HMP600, HMP1700', Sarere-3A, and HMP550), 
2 late maturing genotypes (Senegal bulk and HMP559) and 4 hybrids 2221 x 
7024, 2221 x 4104, 2094 x 4104, and 2094 x 7024) were studied in this 
experiment. Various morphological characteristics of these genotypes are 
presented in Table 1. Genotypes differed, within a maturity gruop, in 
plant height and maximum leaf area attained. 

Observations were taken on water use, xylem water potentials, leaf 
and stem osmotic potentials, leaf diffusion resistance and canopy temper­
atures. Neutron probe access tubes were installed within a row in each plot 
to monitor changes in soil water. Soil moisture observations were taken 
every other week in each plot from 15 to 165 profile depth at every 15 cm 
depth increment. Soil moisture of 0 to 15 cm layer was determined gravimetri­
cally. Xylem water potentials were determined with a pressure chamber. Two 
leaf samples were taken from each plot and then enclosed in a plastic bag 
and transported to a nearby temperature controlled room, and xylem water 
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potential determined. To ~etermine osm?tic potentials, leaf and ~tem sampl'es 
were enclosed in plastic dlsposable synnges and frozen over dry lce. Later 
the samples were thawed and squeezed to release cell ,contents. Osmotic 
potentials were determined 'with a C52 psychrometer (Wescor Sample Chamber). 

Leaf diffusion resistance (LOR) was determined with a steady state 
porometer (Model LI 1600, LI-COR, Inc.). Two leaves were sampled from 
each plot and observation was taken on both abaxial and adaxial surface 
of a leaf. Average leaf diffusion resistance for leaf was determined from 
the following relationship: 

Average LOR = (Abaxial LOR) (Adaxial LOR) 
Abaxial LOR + Adaxial LOR 

Canopy temperature and canopy - air temperature differentials were 
taken with an infrared therometer (Teletemp Model 44). These observations 
were taken both in the morning and afternoon on clear and warm days. 
Canopy and canopy-air temperatures were summed over the crop growth period, 
separately for morning and afternoon hours, to calculate average and 
cumulative canopy and canopy-air temperature for a given genotype. 

Crop was harvested during the second and third week of August as the 
genotypes matured. 

RESULTS 

Growth stages: Growth stages of different genotypes under irrigation 
and nO-irrigation are presented in Table 2. There was no significant 
difference between irrigation and no-irrigation treatment in number of days 
taken by a genotype to reach half bloom stage. Some genotypes under no­
irrigation reached physiological maturity about a week earlier. Early 
maturing genotypes including hybrids took 46 to 52 days to half bloom and 
76 to 84 to physiological maturity. There was a uncertainty in pinpointing 
the hard dough and physiological maturity stage of some genotypes because 
of rain during those stages. 

Grain, stover and total yields: Millet crop experienced a very high 
moisture and temperature stress this season. About 50 to 60% reduction in 
grain and total biomass yield was observed in different genotypes (Table 3). 
Under irrigation hybrids produced more grain and stover yields as compared 
to early and late maturing genotypes but their yields were drastically 
reduced under no-irrigation. Hybrids reduced their grain and stover yields 
by 50 to 70% under nO-irrigation. Early maturing genotypes, on the other 
hand, produced less grain and stover yield under irrigation but, in general, 
a higher grain yield under no-irrigation as compared with hybrids. About 
30 to 50% reduction in their grain yields was noticed under stress (Table 3). 
Total yield reductions ranged from 35 to 46%. Short stature genotypes 
(~hether hybrid, population, or a variety) which produced higher grain 
Ylelds under irrigation had higher grain yield reductions under no-irrigation. 
All the tall genotypes namely Serere-3A, Hr~P559 and 2221 x 4104 produced less 
grain yield both under irrigation and no-irrigation. They reduced their 
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yields relatively to a lesser degree under no-irrigation. But absolute 
yields of short genotypes were higher under no-irrigation. 

Yield Components: Significant reduction in number of heads per m2 
under no-irrigation was observ~d in all genotypes which varied from 47 to 
58% in early maturing genotypes, 13 to 50% in late maturing genotypes, 
and 42 to 66% in hybrids (Table 4). Reduction in number of heads was 
highly correlated with their respective yield reductions. Genotypes having 
high yield reduction had high reduction in number of heads under no-irrig­
ation. Thus, head number may be an index of drought resistance. Reduction 
in grain weight per ear head was non-significant. Similar results were 
obtained on 500-seed weight under no-irrigation (Table 4). 

Water Use: Total water use by various genotypes ranged from 50 to 
64 cm and 20 to 42 cm under irrigation and no-irrigation, respectively. 
In general, late maturing genotypes used more water both under irrigation 
and no-irrigation because of their longer active growing season (Table 5). 

Significant differences were also observed among genotypes in their 
subsoil (60 - 165 cm) water use. Subsoil water use under irrigation was 
much less than under no-irrigation. This may be due to suppression of root 
growth into deeper soil layers under irrigation. Water use both under 
irrigation and no-irrigation was highly correlated to crop yields. Genotypes 
with low yield under no-irrigation or those with high yield reductions had 
either low total water use or low water use from the subsoil. Similar 
trends were obtained in crop yield under irrigation. 

Water depletion patterns: Distinct differences were observed in water 
depletion patterns among genotypes both under irrigated and non-irrigated 
conditions. In general, the genotypes that yielded high depleted soil water 
from the entire depth of soil profile and to a greater extent than the low 
yielding genotypes. 

Water use efficiency: In general, water use efficiency (yield/water 
used) for grain yield was reduced under no-irrigation (Table 5). Among 
genotypes, WUE varied from 20 to 81 kg/ha.cm under irrigation and from 31 
to 62 kg/ha.cm under no-irrigation. Similarly, WUE for total above ground 
biomass also decreased under no-irrigation. It varied from 269 to 484 kg/ 
ha.cm and 263 to 620 kg/ha.cm under irrigation and no-irrigation, respect­
i vely. 

Leaf diffusion resistance: Significant genotypic differences in leaf 
diffusion resistance were observed among genotypes under irrigation and 
no-irrigation. In general tall genotypes namely Serere-3A and HMP 550 
showed higher leaf diffusion resistance both under irrigation and no­
irrigation as compared to other genotypes (Fig. 1). This may indicate that 
tall genotypes were stressed even under irrigation in 1980 dry and hot 
season. It appears that leaf diffusion resistance is correlated to amount 
of soil water depletion. The higher the leaf diffusion resistance, the 
l();/er the soil water depletion except in case of HMP559 whic,h used more 
water under irrigation but had higher stomatal resistance as compared to 
Senegal Bulk. Cumulative afternoon leaf diffusion resistance - which is 

http:kg/ha.cm
http:kg/ha.cm
http:kg/ha.cm
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defined as the leaf diffusion resistance observed between 12:00 to 17:00 
hours and summed over the season was inver.sely related to crop yield 
(Fig. 1). Serere 3A, HMP559, 2221 x 7024, and 2094 x 7024 had high 
cumulative leaf diffusion resistance and yielded low under no-irrigation. 

The relative leaf diffusion resistance, which is further defined as 
the ratio oJ cumulative afternoon leaf diffusion resistance under no 
irrigation for a given genotype to its cumulative afternoon resistance 
under irrigation, was also directly related to the percent reduction in 
grain and total yields under rainfed treatments (Fig. 2). 

Leaf xylem water potential: Average values of beforenoon (am) and 
afternoon (pm) xylem water potentials for various genotypes are presented 
in Table 6. Beforenoon xylem water potentials among genotypes ranged from 
-13.8 to -16.4 bars in irrigated plots. These potentials decreased in the 
afternoon and ranged from -21.8 to -25.2 bars. There was nearly a 2 to 3 
bar difference among genotypes in their xylem water potentials. Afternoon 
xYlem wate~ potentials were directly related to the yields under irrigation 
for a given genotype. Genotypes with low afternoon water potentials yield­
ed low. 

Under no-irrigation xylem water potential of genotypes were lower by 
about 3 bars and 5 bars for the beforenoon and afternoon values, respect­
ively, as compared to irrigation treatment. Differences among genotypes 
were only about 1 bar. Under no-irrigation, xylem water potentials were 
not strongly correlated to crop yields. 

Leaf and stem osmotic potentials: Plant leaves had lower osmotic 
potentials than those for stems (Table 7), and in general, osmotic 
potentials decreased by 2 to 3 bars as the stress increased on plants in 
the afternoon. Osmotic potentials were generally lower for the no-irriga­
tion treatments compared to irrigated treatments. 

Leaf osmotic potentials were not relatecr to crop yields under stress. 
But stem osmotic potentials under rainfed treatment showed some relation­
ship to percent yield reduction. Genotypes with lower stem osmotic 
potential had higher yield reductions and vice-versa. 

Canopy temperatures: Afternoon canopy temperatures averaged over the 
season for various genotypes are presented in Fig. 3. There was only 3 to 
40C difference in canopy temperatures between irrigated and rainfed plots. 
Canopy temperature differences between genotypes were even less, therefore, 
canopy temperature is difficult to correlate to their crop yield or yield 
reductions. Afternoon canopy-air temperature cumulated over the crop growth 
period were, however, correlated to the crop yields and leaf diffusion 
resistance under no irrigation (Fig. 4). Genotypes having low yields under 
nO-irrigation, in general, had less negative value of canopy-air tempera­
ture. Also genotypes having high leaf diffusion resistance had less 
negative value of canopy-air temperatures. (Fig. 4). 

Difference between rainfed canopy temperature and irrigated canopy 
temperature summed over the crop growth period for a given genotype also 
showed relationship to percent reduction in crop yields under stress. 
These differences were more for H~lP1700, Senegal Bul k and hybri d 2094 x 7024 
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(Fig. 5) ~hich hqd higher reductions in both grain and total yields. 

Su~mary and Conclusions 

Four early maturing genotypes (HMP600, HMP1700, Serere-3A, and 
HMP550), two late maturing genotypes (Senegal bulk and HMP559) and four 
hybrids (2221 x 7024, 2221 x 4104, 2094 x 4104, and 2094 x 7024) were 
grown both under irrigation and no-irrigation conditions in a 'split-plot 
experiment to study their soil - plant,- water relations, and canopy 
tempera'tures and their relationships to crop yields. In general, 50 to 60 
percent redu~tions in grain and total' dry matter yields were observed under 
no-irrigation than under irrigation treatment. High yielding genotypes 
had the m~ximum percent yield reduction under no-irrigation treatment as 
compared to low yielding genotypes. Reduction in crop yields of genotypes 
under no-irrigation was strongly related to number of ear heads produced 
of mature tillers. 

Genotypes differed significantly in their total water use and profile 
soil water depletion under both irrigation and no-irrigation. Total water 
use was strongly correlated to yield performance under stress. 

Tall genotypes were apparently stressed more than short genotypes as 
indicated by the cumul,ative leaf diffusion resistance. Genotypes having 
high cumulative leaf diffusion resistance yielded less under no-irrigation 
and had greater percent yield reduction. 

There was only 2 to 3 bar difference among genotypes in their average 
afternoon-xylem water potential under irrigation treatment, and this 
difference w~s even less under no-irrigation. Xylem water potentials were 
not strongly related to crop yields under stress. 

No distinct differences in leaf osmotic potentials were observed 
among g,enotypes both under irrigation and no-irrigation. Stem osmotic 
potentials were higb~r than leaf osmotic potentials. 

Afternoon average canopy temperatures of genotypes under no-irrigation 
were 3 to 40C more than those under irrigation. Differences in canopy 
temperature amQng genotypes were small both for irrigation and no-irrigation 
treatments., However, afternoon canopy-air temperatures summed over the 
crop growth, period of a given genotype showed a relationship to percent 
yield reductions. 

, This study in9icates that a plant type with (1) short to intermediate 
height, (2) minimum reduction in number of mature tillers, and (3) maximum 
soil-water depletion under stress, would be most drought resistant. 

Among several indices of drought resistance considered in this study 
for screening plant genotypes, percent reduction in number of mature 
tillers or heads, water use and profile water depletion, cumulative leaf 
diffusion resistance and cumulative afternoon canopy-air temperature under 
stress were significantly correlated to crop yields and percent yield 
reduction. On th@ other hand, xylem water potential, leaf and stem osmotic 
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potentials, relative canopY' temperatures and canopy temperatures per se of 
genotypes were weak'ly related to their crop y,ields,. ' 

Li tera ture Ci-ted 

Rachie, K. 0., and J. V.' Majinudar (1980): Pearl Minet., The Pennsylvania 
State University Press, University Park and London. ' 
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Table 1. Morphologi.cal characteristics of the genotypes studied in 1980 ... 

Genotype ?.1.ant: Height l>Iax ... nays to nays to 
(em) ~ Flowering Maturitv 

Early Maturing 

1) 1IMP600 135 , 2.9 46 ]6 
2) 1IMP1700 86 4.3 49 76 
3) Serere-3A 181 4.0 52 84 
4) 1IMP550 98 4.7 46 84 

La.te Matur~ng 

1) Senegal Bulk 123 4.2 57 91 
2) 1IMP559 219 5.6 57 84-87 

Hybrids 

1) 2221 lC 7024 77 4.1 46 75 
Z) 2221 " 4104 105 3.6 49 84 
3) 2094 x 4104 95 4.9 52 84 
4) 2094 x 7024 82 4.5 47 84 
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Table 2. Days after emergence co various plant growth stages under irrigation 
and no-irrigation creatmant. 

GENOTYPES 

growth stages !IMP !IMP Serere !IMP Senegal !IMP 2221x 2221" 2094 2094::-: 
600 1700 3A 550 Bulk 559 7024 4104 4104 7024 

Irrigated. 

1. final leaf visible 41 . 42 46 41 43 41 

2. boot st:age 43 41 46 41 49 52 43 46 43 

3. panicle emergence 44 46 49 43 52 43 46 49 44 

4. half bloom 46 49 .52 46 57 57 46 49 52 47 

5. seed set 57 52 60 60 49 52 49 

6. Grain filling 
a) ~!ilk stage 57-60 52-57 60-71 57-60 67-71 67-71 52-60 57-60 57-60 52-67 
b) Soft dough 67 60-67 67 67 67-71 67-71 71 
c) hard dough 71 71 76-80 71-80 71-84 76-80 71 76-80 76-80 76-80 

7. Physiological 76 76 84 84 91 84 76 84 84 84 
:naturity 

Non-irrigated 

1) 43 43 41 43 46 
2) 44 43 46 43 51 52 41 45 43 
3) 46 46 52 45 52 43 47 49 46 
4) 49 49 47 57 60 46 49 52 49 
5) 52 57 49 60 67 49 52 52 
6) 
a) 57-60 52-57 60-71 52-60 67 71 52-60 57-60 57-60 57-60 
b) 67-71 60-67 )6 67 71 6) 67 67 
c) 76 71 76-80 71 76-84 76-80 71 71-80 71 67-71 

7) 80 76 84 76 91 87 76 84 76 76 
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Table 3. Grain yield, §tqver yield and >to tal yield of genotypes un4~r irrigation and 
no-irrigation treatment. 

% Reduction in Yield 
GenotXEe "Irr1sated Non-irrigated under no-irrisation 

Grain Stover Total Gr:ain Stover Total ,Grain Stover 'Total 

IlHP,600 2617c 13872d 1648ge 1862" 8854bc 107l7!! 28.8 36.2 35.0 

HHPI700 3745ab 16435cd 20181cde ta91a 9039bc 10930~ 49.5 45.0 45.8 

SERERE-:)A 2523c 20296abc 22819 .. bcd 1205'1 11488abc 12693~b 52.2 43.4 44.4 

HHP5~9 3249bc 15115d '18363de 1807" 9043bc 10850!> 44.4 40.2 40.9 

Average 3304 16429 19463 1691 9606 11297 

SENEGAL BULK 3245bc 23674a 26920 .. 1325a 9970bc 11295b 59.2 57.9 58.0 

HlIP559 1277d 21519ab 22796abcd 1096a 16141a 17238a 14.2 25.0 24.4 

d.ver~g~ 4261 22596 24858 1210 13055 14266 
2221 x 702l. :l928ab 16697cd 20625cde 1543a i639c 9182b 60.7 54.2 55.5 

1924a 
, 

12897ab 42.4 37.7 38.5 2221 x 4104 3340bc 17618bcd 20958bcde 10974bc 

2094 " 4104 3590Iib 20375abc 23965abc 1379a 124Uab 13790ab 61.6 39.1 42.5 

2094 x 7024 4298a 213Qlab 25599 .. b 1270a 9814bc 1!084b 70.5 53.9 56.7 

Average 3789 18998 22787 1529 10209 11738 

L.S.D. (a-.O~) 945 4536 4890 946 4536 4890 

With~n each colul!ln, values folloto1ed by tbe same letter are not signl.fica.nt:l~; dif:e.rent 
(~ • 0.05) 
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Table 4. Yield components of genotypes under irrigation and no-irrigation treatments. 

IRRIGATED NON-IRRIGATED 

Genotypes No. of No. of %Reductic 
hZads per Grain wt. 500 seed hea1s per Grain we. 500 seed in no. 
111 per head(gm) wt. (gm) m oer head (gm) 'It. (gm) of heads 

m!P600 32.1 8.15 4.75 16.9 11.02 4.40 47.3 

mlP1700 56.7 6.61 3.56 24.0 7.88 3.53 57.7 

SERllRE-3A 25.6 9.85 5.16 13.0 9.27 4.50 49.2 

HMP5~O 31.9 10.18 4.59 15.9 11.36 4.63 50.2 

SENEGAL BL'LK 24.4 13.30 4.56 12.1 10.95 3.46 50.4 

mlP552 16.4 7.79 3.69 14.2 7.72 3.56 13.4 

2221 x 7024 35.6 11.03 5.45 15.8 9.76 4.96 55.5 

Z:!21 x 4104 37.5 8.91 4.93 19.9 9.67 4.75 46.9 

2094 x 2104 37.1 9.68 4.83 21.5 9.41 4.52 ~2.0 

2094 x 7024 56.9 7.55 5.62 19.1 6.65 4.84 66.4 

'. 
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lable 5. Totai wat~r use '(jirom 1'6,5 em soil ,p-rofilel) and silbsoil ,water use ('from :60 'to 
165 .em ;layer) of -various ,genotypes under a.rrigated and no-;VrJ:igation'treatment. 

GenotrEes 

.H11P- HMP- SERERE .H11P [SENEGAL .H1lP- ,222; ,222-1 2094 2094 
1600 FOO -3A '550 !BULK '559 x .~ x x 

7024 4104 4<104 70:!4 
.Irrigated 

Total ,water use ,em 6-1.3 '58.,6 '53.,6 '59.2 .62.'0 '64.3 50 .. 1 58.8 '60.4 52 .. 9 

Subso~l wa~er ,use 
7.~ 7.2 4.3 '4 .. 6 6 .. 5 :8.0 1 ,- ,6. i '8.1 ,2.2 

(em) .. ~ 

WOE for gra~n y~el~ 42 7 
(kg/ha . em, " 

,E3, .. 9 4;7.1 54:9 '52.3 1,9 .. .9 ']8/,'4 ;56.,8 59 .. 4 81.2 

WUE for: ttotal yield 
.(kg/ha . em) 269.0 344 .. 4 ,425.7 310 .. '2 434.2 354.'5 ,411.. 7 356.,4 )96.'8 483.9 

~on-i:rrigated 

To tal lola ter use (em)35.6 30.6 27.9 34.9 43.0 27.8 33.2 34.6 36.9 30,,0 

Subsoi:l ,water use 14.8 '15.1 15.4 17.4 17.8 17.0 17.0 17.0 14.9 14.1 
(em) 

~.;uE for grain yie.ld 
(kg/ha em) 52.3 61.8 43.2 31.8 30.8 39.4 46.5 55.6 37.4 42.3 

;.JU:E f.o r grain yield 
(kg/ha . em) 301.0 357.2 454.9 310.9 262.7 .020,.1 '216.6 3i2.7 373. i 369.5 
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Table 6. Beforenoon and afternoon average leaf water potentials (BARS) of various 
genotypes. 

Genotypes Irrigated !-lon-irrigated 

Beforenoon ~£ternoon Beforenoon Afternoon 

HMP60 -16.1 -25.2 -i7.8 -29.3 

P.Ml'1700 -15.9 -23.6 -16.4 -27.3 

SERERE-3A -15.2 -23.8 -17.8 -28.8 

IM'S50 -15.6 -23.3 -17.5 -28.5 

SENEGAL BULK -13.9 -23.6 -16.4 '-26.2 

HMP559 -13.8 -23.6 -16.4 -26.2 

2221 x 7024 -15.1 -22.5 -17 .1 -29.1 

2221 x 4104 -15.8 -24.1 -18.7 -28.7 

2094 x 4104 -16.4 -24.7 -18.0 -23.2 

2094 x 7024 -15.7 -22.2 -16.8 -28.2 
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Tab1.e 7.- Bef6:t-eno6d and a:fternoon~ average lear and stem' osmotic- ~6tentials of 
.genotypes. -- ~ 

Lea:£' osmo'cic' 
po t'en-tial~ S'tem 6smdtic 

, ",(~ars), potentiai ~Bar-s) 

Beforenoort Af t-e1:'noon' 3eforerioon Afternoon 

mIP600 ~23.,i -iLo ~16A -16.0' 

llMPi700 -11.,i ~i4.0 -18.3 ~18.5 

SERERE"'3A -ii .. 8 -21.0 -15.4 ~18.0 

HHP556 41-.... 8 -io .. 2 -18.5 -i5.5 

SENECAL iiL"LK -18,2 -20.2, -11.1 -14.4 

liflP559 ~16,6' ~19,6 -11.4 .... 14.4 

2'Z21 x tOZt, ~io. i ~2i.i -16.8 -19.0 

2221 x 41(i~ -20.,j -Z3.7 -14.1 -16.8 

2094 x 1i104 ~il.-3 "'22~8 -14,0, -17.5 

20'94 " 1624 -20 .. 9 "iO .. 7 -16.1 -17.2 

NOrl-irrigated 

ffilP500 --20 .... 9 -24.2 -i6.4 -18.5 

HMi'ii06 ...:22.3 -24.0 -18.2 -20d 

SERERE:;.jA, ~20.5 -24.,1 ~16:7 -20.9 

HMP550 ~ii.8 ~2tz4 -19.6 -20.8 

SENEGAL MI.;: -18.8 -2.:L6 -15.7 -IS.8 

mlP559 -li.s -20.6 -'14.4 -15.7 

2zii x i024 -2104 -24.5 -20,0 -21.8 

222i x 4i64 -23.2 -24.6 ... 17.7 -19.5 

2094 x 4104 -24,8 -25,1 -lS.l -19.9 

2094 5c 7024 ~2id -=25.0 -19.1. -23:3 

, .- ~--.~-------
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Fig. 3 Average afternoon canopy temperature of various 
genotypes under irrigated and nonirrigated treatment. 
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EFFECTS OF SEED' SIZE AND DENSITY' ON PERF,ORMANCE, OF PEARL MILLET 
[Pennisetum amerieanum (L, ~ LeekeJ " 

Mahmud Lawan, F. L. Bar,nett and R. L. Vanderlip" 

Research has shown that seed dens,ity. and stand establ ishment are 
positively related. The o~jective of this st\ldy is to investigate inter­
actions between seed density and size with regard to fieid ,establishment 
and growth. ': ' :: 

MATERIALS AND METHODS 

Seed of RMP1, HMP550, Serere 3A and Senegal population~ were used. 
The seed of each population'was divided into ~igh, medium, and low' 
densities by grav-ity table separation at Mis~dssippi State University., 
These density samples were then divided into'~hree seed-si~~ categories 
at Kansas State University;'as follows: ; 

Large: 
Medium: 
Small : 

Retained on 7/64 of a round sieve 
Retained on 6/64 of a round sieve 
Retained on 5~/64 or'4~/64 of a round sieve 

A field experiment was conducted at the Kansas State University 
Agronomy farm in a split plot design with three replications. The four 
populations were the main plots and the density x size combinations were 
randomly assigned as sub-plot treatments. 

Planting was on Julian day 157 in plots 54.8 m long with inter-row 
spacing of 76 cm. Each plot consisted of two rows with 110 seeds planted 
by vacuum planter in each row. The followin~ field observations were made. 

Percent Emergence - The percentage of seed that produced emerged 
seedlings. This was observed on Julian day 161 and counts made on Julian 
days 176 and 177, when the seedlings 'were in the 3 to 5 leaf stage. 

Seedling Vigor - Three seedlings in each row were selected randomly 
and seedling heights (em) were taken at the highest pOint of an extended 
leaf on Julian day 181. 

Days to Anthesis - Number of days from planting to anthesis. 

Heads per Hectare - Calculated from the total number of heads pro­
duced in each plot. 

Head Weight - Calculated by dividing yield per hectare/heads per 
hectare. . 

I 

Yield per Hectare - The amount of grain obta ned per hectare, calcu­
lated from plot yield adjusted to 12.5 percent mo sture content. 

Laboratory observations were also made. 
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Percent Germination - The percentage of seedlings that germinated 
from 50 seeds in petri dishes at a temperature of 80-85°F for seven days. 
No germination was observed on first day. 

Germination Index - Purpose of germination index was to emphasize 
speed of germination. 

Germination index = number germinated on second day x 6 + number 
germinated on third day x 5 + number germinated on fourth day x 4 + number 
germinated on fifth day x 3 + number germinated on sixth day x 2 + number 
germinated on seventh day x 1. 

RESULTS AND DISCUSSION 

Analyses of variance for the field experiment are summarized in 
Table 1. Population had a significant effect on percent emergence, seed­
ling vigor, heads per hectare, head weight, and yield per hectare. Density 
significantly affected percent emergence, seedling vigor, days to' anthesis, 
heads per hectare, head weight and yield per hectare. The effect of seed, 
size on seedling vigor and germination index was not highly significant. 
The interaction between seed size and density significantly affected per­
cent emergence, days to anthesis, and heads per hectare. 

The population and density interaction had a significant effect on 
percent germination and germination index. Days to anthesis was weakly 
affected by population by seed-size interaction. 

The mean effects of population, density, and seed size are shown in 
Tables 2, 3, and 4. Serere 3A had the highest percent emergence, seedling 
vigor, heads per hectare, and yield per hectare. HMP550 had the highest 
head weight. High seed density resulted in the highest percent emergence, 
seedling vigor, heads per hectare, head weight, yield per hectare, and less 
days to reach anthesis, while low seed density was the opposite. The 
highest seedling vigor and germination index were obtained with the large 
seed size. 

Table 5 shows the effects of seed size and density on percent emergence, 
days to anthesis and heads per hectare. The lowest percent emergence and 
heads per hectare were obtained with low density-small seed size. It also 
took longer to reach anthesis with the low denSity-small seed size. 

Generally, the variables increased with different seed size category 
regardless of the density but in days to anthesis, there was a decrease 
from the small to large seeds. Significant differences are more pronounced 
in the low and high density than in the medium density for the variables. 

The results for heads per hectare with medium density exhibited the 
opposite of low and high density. 

The mean effect of population and density on percent germination and 
germination index are shown in Table 6. HMP550 and Serere 3A indicated 
significant differences within the density groupings for the variables. 
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Serere 3A indicated the highest percent germination within all the density 
groupings but in germination index; it did not exhibit suc~" a trend. 

Table 7 shows the mean effect of population and seed s,ize on days to 
anthesis. Serere 3A with large seed size \'las the 'early population while 
RMPl with small seed size was the late variety. 

Simple correlation coefficients are indi'cated in Table 8. Days to 
anthesis were negatively correlated with all the variabiles. None of the 
variables inqicated a perfect correlation but the highest correlation was 
between germination index and percent germination. 
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Table l. Analysis of variance summaries. 

Probability of F Value for Indicated Variables 

Heads \\~"'d 
Percent Seedling Days to Per Weight Yield Germination Gennination 

Source of Varjatjon I1E Emer.gence Vi gor (cm) Anthesjs Hectare (g) --<t1D- percent IndeX 

Total 100 

Replication 2 

Population 3 ' 0.0001 0.0001 0.0001 0.0010 0.0001 0.0016 0.0001 0.0001 

45.07761 17.431 3.6957 1 481.8991 27.691 104117.781 24.7081 526.761 <D 

Error a 6 '-J 

Density 2 0.0001 0.0001 0.0001 0.0001 0.0044 0.0001 0.0001 0.0001 

Size 2 0.0810 0.0457 0.0855 0.3282 0.0661 0.1640 0.5869 0.0346 

Density x Size 4 0.0010 0.9730 0.0134 0.0315 . 0.0865 0.1221 0.2202 0.0757 

Population x Density 6 0.1010 0.7797 0.2745 0.9561 0.3100 0.5428 0.0058 0.0034 

Population x Size 6 0.6678 0.1693 0.0494 0.6588 0.8210 0.5951 0.5946 0.3860 

Population x 
Density x Size 10 0.3296 0.8515 0.0703 0.0900 0.2170 0.1119 0.5239 0.2714 

Error b 59 47.62801 8.5541 9.90271 518.81 9.60561 76624.641 3'9.1281 295.0181 

1/ Mean square for indicated error. 
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Table 2. Effect of population on indicated variables. 

Yield 
Seedlin9 Heads Head Per 

Percent Vigor P,er Weight Hectare 
Popul ation Emergence (em) Hectare (g) (kg) 

1. 'RMP1 36.25 19.30 72.[2 -4.41 390.25 

2. HMP550 57.38 24.81 55.-49 10.98 612.37 
• 1 

3. Serrere 
,3A 65.77 25.11 80.71 9.42 764.96 

4. 'Senegal 52.62 21.44 69.31 7.05 532.40 

.LSD (.05) 4.62 2.86 15.:12 3.62 222.22 

Table 3. Effect of density on indicated variables. 

Yield 
Seedling Heads Head Per 

Percent Vigor Days to Per Weight Hectare 
Density Emergence (cm) Anthesis Hectare (g) 

Low 46.11 20.48 66.66 50.15 6.81 410.48 

Medium 56.98 23.45 62.82 74.67 8.77 635.50 

High 59.24 24.72 62.69 82.51 9.01 714.21 

LSD (.05) 3.36 1.43 ' 1.53 11.10 1. 51 134.95 

Table 4. Effect of seed size on seedling vigor and germination index. 

Seed Size Seedling Vigor (cm) Germination Index 

Small 21.9 242.5 

Medium 22.4 238.5 

Large 24.7 243.4 

LSD (.05) 1.43 8.37 
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Table 5. offects of seed size and density on percent emergence, days to anthesis, 
and heads per hectare. 

Percent Emergence Days to Anthesis Heads Per Hectare 
Seed Seed Size Seed Size Seed Size 

Density Small Medium Large Small Medium Large Small Medium Large 

Low 39.9 42.5 59.1 69.8 66.0 63.3 31.9 57.2 65.1 

Medium 56.7 56.5 57.8 62.9 62.6 63.0 80.7 79.9 62.2 

High . 59.1 57.0 62.4 63.0 63.0 61.8 77.6. 80.5 91.7 

LSD (.05) 5 .83 ~ 5.83 5.83 2.66 2.66 2.66 19.23 19.23 19.23 

Table 6. Effect of population and density on percent germination and germination 
index. 

Percent Germfnation Germination Index 
Density Density 

Populatjon Low Medium High LSD low Medium High LSD (.05) 

RMPI 69.7 78.8 74.3 3.05 179.2 207.1 199.2 8.37 

HMP550 78.2 91.5 94.7 3.05 221.7 269.7 279.1 8.37 

Serrere 3A 87.8 93.6 95.8 3.05 244.1 269.4 . 278.8 8 • .37 

Senegal 83.3 90.4 82.7 3.05 221.3 254.2. 233.8 8.37 

LSD (.05) 6.02 6.02 6.02 20.78 20.78 20.78 

Table 7. Effect of population and seed size on days to anthesis. 

Seed Size 
Poeulation Small Medium Large LSD (.05) 

RMPI 67.9 64.4 66.0 1.53 

HMP550 67.8 66.7 67.8 1.53 

Serrere 3A 58.2 59.4 57.0 1.53 

Senegal 67.1 64.9 62.8 1.53 

LSD ( .05) 2.81 2.81 2.81 

, . 



Table 8. Simple correlation coefficients. 

Yi eld 
Heads Per Head 

Percent Days to 'Seedl i ng Per Hectare Weight Germi na ti on Germihati on 
Emergence Anthesis Vigor (em) Hectare (kg) (g) Percent. Index 

Days to Antbesis -0.59259 
0.0001 

Vigor 0.61878 -0.43875 
0.0001 0.0001 

Heads per Hectare 0.34012 -0.57938 0.30561 
0 .. 0005 0.0001 0.0019 

Yield per Hectare 0.59471 -0.59113 0.60441 0.65734 
0..0001 0.0001 0.0001 0.0001 ~ 

0 
0 

Head Weiglilt 0.60234 -0.33893 0.59609 0.15435 0.74988 
0.0001 0.0005 0.0001 0.1233 0.0001 

Germination Percent 0.70854 -0.37504 0.48418 0.22338 0,43784 o .~6'470 
0.0001 0.0001 0.0001 0.0247 0.0001 0.0001 

Germination l~dex 0.74673 -0'.32446 0.53644 0 .. 17789 0.44931 0.51612 0.95544 
0·.0001 0.0009 0.0001 0.0751 0.0001 o;oom 0.0001 
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Objective 3. "Determine the nutritional qual ity and di gesti­
bility of pearl millet grain by analyzing protein 
in germplasm introductions and breeding materials 
and determining magnitudes of variation in lysine 
content among and within populations and varieties. 
Determine the characteristics and digestibility of 
pearl millet protein and carbohydrates." 
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PEARL MILLET A~1YLASES. 1. PROPERTIES OF PARTIALLY PURIFrEP. ALPj1A-AMYLASE 

Adelaide Beleia and E. Varriano-Marston 

ABSTRACT 

Studies on miller alph~-amylases indicatep that purifi~ation method 
affected the physiocochemical characteristics pf purified aJpha-amylases, 
Polyacrylamide gel electrophoresis showed thre~ protein bands for alpha­
amylases purified by glycogen complex formation, and seven p,rQtein bands 
for al pha-amyl ase purified by starch col umn procedures. AJ:l protei n 
bands exhi bi ted alpha-amyl ase acti vi ty.· A 1 ph<,l'-amYl ase i sozymes had 
molecular weights, determined by SDS gel electrophoresis, r~nging from 
22,000 to 53,000, and isoelectric points rangjrg from 4.8 to 6.2 The 
pH optima were between 4.4 and 4.8; temperatur.e optimum was' 550 C. Many 
of the above characteri sti cs are simi 1 ar to those reported for a[llyl as.es 
purified from immature cereal grains. . 

INTRODUCTION 

Pearl millet is grown extensively for human consumption in India 
and Afri'ca, .especially in semi-arid areas. Its resistance to drought 
often assures farmers and adequate y~eld under conditions considered 
unfavorable for other cereals. That makes pearl millet an important 
component in the diet of individuals in many countries. 

Many food uses of pearl millet involve a steeping or fermenting 
period before cooking, and fermented beverages made from millet are 
common (Vogel and Graham, 1978). Although millet consumers subjectively 
distinguish "good" from "poor" quality grains for particular end-uses, 
little work has been done to determine what physical and chemical 
factors are related to grain quali,ty. 

Amylases are important enzymes for controlling the end-use quality 
of many food grains like wheat (Kulp, 1975) and sorghum (Novellie, 1962). 
However, little work has been published on amylases in pearl millet. 
Based on current information on uses of pearl millet (Vogel and Graham, 
1978) and suggestions that pearl millet has an active amylase system 
(Badi et al., 1976), our objective was to isolate alpha-amylase from 
mature pearl millet grains and to determine some of its physical and 
chemical characteristics. 

MATERIALS AND r~ETHODS 

Materials 

. Eleven random mating bulk populations and nine Fl hybrids of pearl 
mlllet were screened for alpha-amylase activity. Location, year of growth, 
a~d proximate analysis of the samPles are presented in Table 1. Hays 
mlll~t populations (H~P) were developed at the Hays Branch Experiment 
Statlon. All pearl mlllets studied were from sound grains, i.e. there was 
no visible sprouting damage. . 
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Alpha-amylase Activity: Viscometric Methods 

AACC Methods 56.81B'and 22-10 were used to determine falling number 
and amYlograph viscosity, respectively. Pearl millets were ground in a 
Quadrumat Jr. and the fractions were recombjned before analyses were done. 

Alpha-amylase Activity: Reducing Power Method 

The activity of purified alpha-amylase preparations was determined 
by the method of Robyt and Whelan (1968) except that the temperature was 
maintained at 350 C instead of 25°C. Reducing sugars were determined by 
Nelson's colorimetri.c copper method (1944). Enzyme activity (Units of 
activity) was expressed as ~moles of apparent maltose produced per ml of 
alpha-amylase solution per min. ' 

Specific Activity 

Protein in the alpha-amylase solutions was determined by Miller's 
(1959) modification of the Lowry et al. (1951) method. Specific activ­
ity was expressed as milliunits (mU) per mg of protein. 

Gel Electrophoresis 

Electrophoresis of purified enzymes was done on polyacrylamide gels 
at pH 8.9 by the method of Davis (1964). Multiple forms of alpha­
amylase were detected by incubating sliced electrophoresis gels, 2 to 3 
mm sections, in a test tube containing 40 mg Phadebas amylase substrate 
and 4 ml of 0.05 M acetate buffer, pH 6.0 (o.om CaC12) at 500 C for 0.5 
to 3 hr. The reaction was stopped by adding 1 ml 0.5 N NaOH, the mixture 
was filtered, and the absorbance was read at 620 nm. 

Molecular weight determinations were done by SDS gel electrophore­
sis according to the methods of Weber and Osborn (1969) as described in 
Sigma Technical Bulletin No. MWS-877 (Sigma Chemical Co., St. Louis, MO). 

Isoelectric points were determined by the gel electrofocusing 
methods of Wrigley (1968). After electrophoresis, gels were stained. 
overnight in 0.04% Coomassie Brilliant Blue G25 in 3.5% perchloric acid 
(Reisner et al., 1975). 

RESULTS AND DISCUSSION 

Alpha-amylase Activity in Pearl ~1.illet 

Based on amylograph data from one pearl millet sample, Badi et al. 
(1976) reported that millet flour contained an active alpha-amylase 
syste~. Whether high alpha-amylase activity was common to many pearl 
millet populations or hybrids was not known, so we used the falling num­
ber.m~thod to rapidly screen pearl millet samples for alpha-amylase 
act1 V1 ty. 
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Falling numbers of pearl millet bulk populations varied from 67 
sec. for Ht~P 1700, harvested in 1977, to 383 s~c. for Sudan Yf!llQw, 
harvested in 1979 (Table II). Falling numbers for Fl hybrids varied 
from 185 sec. for 1166 x 1700 to 319 sec. for 2224 x 7024, both har­
vested in 1978. Falling numbers for sound pearl millets were, in 
general, 10wer,than those reported for sound wheat. 

To further confirm the viscosity data of Sadi et al. (1976), we 
also determined amylograph peak viscosities on millet meals with 1pw, 
medium, and high falling numbers (Fig. 1). Amylograph pastiD9 tempera­
tures for millet meals varied from 640 C for HMp 02 to 740 C fqr HMP 559, 
Peak viscosities paralleled falling number data, i.e, millets with low 
falling numbers also had low amylograph peak viscosities. For example, 
HMP 02 had a falling number of 134 sec. and a peak viscosity of 520 B.U. 
Maximum amylograph viscosity was attained at temperatures from 800 C to 
850C. . 

The falling number and amylograph viscosity data indicate that many 
sound pearl millets have active alpha-amylase systems. Sinc~ many tradi­
tional food uses of pearl millet involve natural fermentations (Vogel 
and Graham, 1978), level of amylolytic activity in the grain may be one 
important factor in grain quality, so we conducted studies to determine 
the characteristics of purified millet alpha-amylases. 

Isolation of Alpha-amylase from Pearl Millet 

Alpha-amylase was extracted from millet (HMP 02) with 0.05M acetate 
buffer, pH 4.8, containing O.OlM CaC12' The ratio of buffer to meal was 
2.5:1; extraction time was 2 hr. The slurry was centrifuged for 15 min. 
at 2000 rpm, and the precipitate was discarded. 

The supernatant was brought to a concentration of 0.2% with calcium 
acetate and the pH was adjusted to 6.0 with NaOH before dividing it into 
10 ml fractions and heat treating at 700C for 15 min. to inactivate 
beta-amylase. After heat treatment the solution was rapidly cooled in 
an ice bath, centrifuged at 5000 rpm for 15 min., the precipitate was 
discarded, and the supernatant was dialysed overnight against 0.2% 
calcium acetate. 

After the heat treatment two methods were used to further purify 
alpha-amylase: (1) the starch column procedure of Schwimmer and Balls 
(1949) and (2) organic solvent fractionation followed by glycogen com­
plex formation (Loyter and Schram, 1962). Details of the isolation pro­
cedures are given in Fig. 2 . 

. T~e p~ocedure of Schwimmer and Balls (1949) includes an (NH4)2 504 
preclpltatlon followed by alpha-amylase adsorption on a starch column and 
elution with 0.5% Ca acetate. In this study pearl millet starch, washed 
from the grain as previously described (Beleia et al., 1980), was used as 
the adsorbent. 
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Before the glycogen complex was formed the heat-treated sample was 
fractionated with acetone. Co19 acetone (-lOOC) was slowly added to the 
dialyzed solution, maintained at -lOoe in an ice-salt bath, to a concen­
tration of 20%. The mixture was centrifuged for 30 min. at 10,000 rpm, 
then the precipitate was discarded. Additional cold acetone was added 
to the supernatant to a final concentration of 40%. The precipitate, 
containing the alpha-amylase, was recovered by centrifuging at 10,000 
rpm for 30 min. and dissolving in acetate buffer. Cold (-lOOC) 80% 
ethanol containiog 0.5% CaC1 2 was then added slowly to the enzyme solu­
tion to a final concentration of 20%. The solution was centrifuged 
(10,000 rpm, 20 min.) and the precipitate was discarded. The alpha­
amylase in the supernatant was complexed with purified glycogen in 0.2 
M phosphate buffer (pH 8.9) by the method of Loyter and Schramm (1962). 

Enzyme activity determinations were recorded at each step in puri­
fying alpha-amylase by the starch-column procedure and glycogne complex 
formation; those data are presented Table III and IV, respectively. In 
both purification procedures, acetate buffer was used to extract alpha­
amylase from millet meal; it was as efficient as 0.2% calcium acetate or 
O.OlM CaC12' The high enzyme activity of the initial extract resulted 
from both alpha- and beta-amylases. Heat-treating the crude extract 
increased specific enzyme activity but reduced amylase activity. Deter­
mination of alpha-amylase activity in buffer extracts before and after 
the heat treatment using the Phadebas substrate (specific for alpha-amylase) 
indicated that 15 to 20% of the alpha-amylase activity was lost during 
heating. A portion of the heat-treated extract was also treated for 
beta-amylase by first adjusting the pH to 3.2 with acetic acid and holding 
for 1 hr. at R.T. After the acid treatment the pH was adjusted to 4.6 with 
acetate buffer and beta-amylase activity was determined according to 
Robyt and Whelan (1968). Beta-amylase activity was found to be less than 
30 mU/ml in all heat-treated extracts. 

Controlling the pH before heat-treating the extract was crucial in 
obtaining an active enzyme preparation. If the pH of the buffer extract 
was not adjusted to 6.0 before the heat treatment, low recovery of the 
enzyme resulted. Even when the pH was adjusted, amounts of enzyme re­
covered varied. For example, heat treatment of the buffer extract that 
was later used in the starch column gave 58% recovery. An identical 
heat treatment of another buffer extract, used in glycogen complexing, 
gave 75% enzyme recovery. Variations in enzyme recovery could have been 
affected by the amount of protein solubilized during the extraction 
procedure (compare protein contents of dialyzed buffer extracts in 
Tables III and IV). Greenwood and Milne (1968b) also suggested that 
protein concentrations in the enzyme extract during heat treatment were 
critical for removing beta-amylase and recovering alpha-amylase. 

Subsequent steps in both purification methods increased the specific 
activity several fold above that of the heat-treated extracts (Tables III 
and IV). In general, glycogen complex formation increased specific enzyme 
activity more than starch column procedures did. In fact, the glycogen 
complex formation increased specific activity of the purified alpha-
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amylase 6O'-fold (Table IV) compared with a 21-fold increase with the 
starch column (Table III). 

Greenwood and r4ilne (1968b) could not form the glycogen complex 
with alpha-amylases from mature oat, rye, or wheat, which they 
attributed to the low enzyme concentrations ih the mature grains. 
Since they used a different method to measure alpha-amylase activity, 
we cannot directly compare our results with theirs to determine 
whether millet grain has a higher alpha-amylase content. 

Properties of Purified Millet Alpha-amylases 

Pol acr lamide gel electro horesis. Polyacrylamide gel electro­
phoresis PAGE of pearl millet alpha-amylase purified by the starch, 
column procedure revealed seven protein bandS; alpha-amylase purified 
by glycogen complex formation exhibited three bands (Fig. 3). Alpha­
amylase determinations on sliced gels, with the Phadebas substrate, 
indicated that all bands that stained for protein also showed alpha­
amylase activity. The protein with the greatest mobility showed about 
two times greater alpha-amylase activity than the other bands. 

The different electrophoretic properties of millet alpha-amylase 
purified by adsorption on starch granules or glycogen complex formation 
is a result of the purification method. Adsorption of alpha-amylase 
on starch granules or formation of a glycogen amylase complex is temper­
ature, pH, and concentration dependent (Walker and Hope, 1963; Levitzki 
et al., 1964) so some forms of alpha-amylase may be preferentially 
adsorbed on starch granules or preferentially complexed with glycogen: 
Data reported by MacGregor (1977) lend some support to that hypothesis. 
He found that the elution pattern of a glycogen purified alpha-amylase 
(malted barley) from a CMC cellulose column differed from the elutiqn 
pattern obtained when the enzyme was purified without glycogen complex 
formation. Apparently, dextrins produced from the hydrolysis of the 
glycogen inhibited adsorption of one form of alpha-allJYlase onto the 
column. 

SDS gel electrophoresis. SDS gels of alpha-amylases purified by 
glycogen complex formation showed three distinct protein bands: Ohe at 
a molecular weight of 31,0'0'0', one at 46,0'00', and one at 53,000' (Fig. 4). 
The molecular weight of alpha-amylases purified from the same millet 
population by the starch-column procedure showed two bands in the SDS 
gels: one at 31,0'0'0 and one at 22,00'0'. Lower molecular weights of 
alpha-amylases from starch column purifications than from glycogen 
complex formation supports that hypothesis that only certain alpha­
amylase isozymes are preferentially adsorbed onto starch or complexed 
with glycogen. 

Molecular weights of most cereal alpha-amylases range from 42,0'0'0' 
to 46,0'0'0' (Greenwood and Milne, 1968a). But, Tkachuk and Kruger (1974) 
reported molecular weights from 20',0'00 to 57,000 for alpha-amylases 
from malted wh~at, and molecular weights have exceeded 50,000 for some 
alpha-amylase lsozymes from malted barley (MacGregor, 1978) and immature 
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wheat (Narchylo et al., 1976). 

Isoelectric focusing. In isoelectric focusing a protein migrates 
in a gel support, which has a pH gradient, to the region of its isoelec­
tric pH (Wrigley, 1968). We used isoelectric focusing between pH 3 and 
10, and dissolved purified, freeze-dried alpha-amylases in water before 
mixing with the concentrated gel mixture and photopolymerizing. Alpha­
amylases purified by either the starch column or glycogen complex showed 
three protein bands corresponding to isoelectric points of 4.8, 5.2, and 
6.2. The isoelectric points of 4.8 and 5.2 agree with values reported 
by Marchylo et al. (1976) for immature wheat alpha-amylase isozymes. 
They also reported isoelectric points from 6.0S to 6.20 for isozymes 
from malted wheat. 

pH and temperature optima. Optimum pH for activity of purified 
alpha-amylases from millet was determined with a soluble starch sub­
strate and acetate or tris buffers in a pH range from 3.6 to 7.2 The 
enzyme was diluted with the buffer, and an aliquot was added to 1:1 
mixture of soluble starch and buffer. Reaction time was 10 min. at 
350C, and reducing sugars were measured according to Nelson's method 
(Nelson, 1944). 

Data on optimum pH of purified alpha-amylases, recorded as percent­
ages of maximum activity, are presented in Figure 5. Optimum pH for 
alpha-amylase purified on the starch column was between 4.4 and 4.8; 
optimum pH for the glycogen complex alpha-amylase was 4.4. An optimum 
pH from 4.4 to 4.8 is lower than reported for other cereal alpha-amylases, 
especially for malted grain alpha-amylases (Greenwood and Milne, 1968a). 
However, alpha-amylase from malted sorghum had an optimum pH at 4.6 
(Dube and Nordin, 1960.), and alpha-amylase from immature wheat showed 
maximum activity in that pH region (Marchylo et al., 1976). 

The activity of the glycogen complex alpha-amylase was not so 
drastically altered by changes in pH as was the activity of the alpha­
amylase purified by the starch column procedure, particularly between 
pH values of 6.0 and 7.2 For example, at pH 6.0 the glycogen complex 
alpha-amylase still had 82% of its maximum activity while the starch­
column alpha-amylase had only 48%. The glycogen complex alpha-amylase 
exhibited 32% of its maximum activity at pH 7.2, but at that pH the 
activity of the starch-column alpha-amylase was only 12% of the maximum. 

Temperature optima for purified millet alpha-amylases were deter­
mined with acetate buffer at the optimum pH determined above (Fig. 6). 
The optimum temperature for enzymes purified by either procedure was 
5SoC, which is similar to that reported for immature barley alpha­
amylase (MacGregor et al., 1974). 
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Table I. Proximate analyses of pearl millet~. 

Sample Pro. Fat Ash Moisture 
(%) (%) (%.) (%) 

Bulk Poeulations 
HMp· 559a 10.3 5.2 1.5 7.6 
HMP 557Aa 9.5 5.6 1.6 8.4 
HMP 56;1 a 8.9 5 •. 6 1.6 6.7 
H~lP 02b 13.4 5.2 1.5 8.9 
HMP 1700a 10.7 6.2 1.6 6.7 
HMP 1700c 14.7 6.9 1.6 10.4 
HMP 550c 13.6 7.1 1.8 9.6 
Serere 3Ac 13.5 6.2 1.6 9.5 
RMPI(S)Cld 15.7 6.8 2.0 10.4 
Sudan Greene 12.0 5.9 1.5 7.8 
Sudan Yellowe 14.5 7.8 2.0 7.4 

Fl Hybrids 
2090 X 7l0la 11. 6 5.7 1.7 7.3 
2090 X 7l0lf 14.5 6.0 1.6 7.6 
2279 X 7l01a 

10.4 5.6 1.6 7.0 
1166 X l700a 11.0 6.0 1.6 6.8 
1166 X 17009 9.0 6.6 1.7 7.5 
2118 X 7024a 

10.3 4.9 1.8 7.1 
2118 X 7024b 12.9 6.1 1.7 10.0 
2224 X 7024d 

12.1 5.2 1.6 7.2 
2224 X 70249 9.1 5.3 1.7 8.8 

Superscripts indicate growth location in Kansas: (a) r~ineol a, 
1978; (b) Hays, 1978; (e) Hays, 1!'i77; (d) Ashland, 1978; (e) 
Sudan, 1979; (f) Tribune, 1978; and (g) St. John, 1978. 
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Table II. Alpha-amylase activity in sound pearl mi 11 ets 
as determined by Falling Number. 

Sampl e Growth Locationa Falling No. b 
(sec. ) 

Bulk Po~ulations 
HMP 559 IIi neo 1 a 248 
HMP 557A Mineola 261 
HMP 561 l1ineola 252 
HMP 02 Hays 134 
HNP 1700 i~i neo 1 a 199 
HMP 1700* Hays 67 
HMP 550* Hays 230 
Serere 3,\** Hays 203 
R~lPI (S)CI Ashland 259 
Sudan Green + Sudan 346 
Sudan Yellow + Sudan 383 

Fl Hybrids 

2090 X 7101 Nineola 249 
2090 X 7101 Tribune 243 
2279 X 7101 Mineola 253 
116.6 X 1700 Mineola 185 
1166 X 1700 St. John 324 
2118 X 7024 Mineola .214 
2118 X 7024 Hays 221 
2224 X 7024 Mineola 247 
2224 X 7024 St. John 319 

aSome sampl es were !1arvested in .1977 
all others were harvested in 1978. 

(*) , 1975 (**), and 1979 (+) ; 

bLSD = 13 
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Tab),e Ul. Purifj,ca't'ion of ,minet alpha-,amylas,e l\,lsi'ng 
,salt pr,eci,pHat'i on and a starch co}ul\1n. 

Fr,ac,ti on 

Buffer ex trm:t 

Heat tr,egted ,extract 

GU5 saturated {I'JH4)2S04 

Starch column 

1780 

1450 

1930 

2010 

pg maltose/m1/min aU ' nl ts = X 2 
342 

b 
mU 011-1 X Volume 

Tota 1 4(:,i tvity of Buff.er Extract 
X LOO 

Pr,otein Spec'i fi c 

mg m.,-1 
,acti'Yity 

mU/mg ,Pl',otein 

5.9 .302 

3 • .8 3.82 

'2.2 877 

0.,3 .6,7,00 

U.o l.ume 
{m] ) 

14.0 

10.0 

33 

14 

lDO 

58 

26 
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Table IV. Purification of millet alpha-amylase using 
acetone fractionation and glycogen coolplex formation. 

Fracti on 

Buffer extract 

Heat treated 
extract 

40% acetone 

Glycogen 
complex 

a 
mU ml-1 

1600 

1200 

2500 

4300 

aUnits 
~g maltose/ml/min 

= 342 

b mU ml-1 X Volume 

Protein 

mg ml-1 

6.7 

4.5 

2.4 

0.3 

X 2 

Specific 
activity 

mU/mg protein 

238 

266 

1,042 

14,333 

X 100 
Total Activity of Buffer Extract 

Vol ume 
(ml) 

150 

150 

50 

8 

Recoveryb 
% 

100 

75 

52 

14 
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Figure 1. Amylograms of millet meals. 
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Figure 2 

Alpha Amylase Isolation 
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Figure 3. Polyacrylamide gel electrophoresis 
of alpha-amylase purified by the- starch 
column (a) and by glycogen complex (b). 
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PEARL MILLET AMYLASES. II. ACTIVITY TOWARDS INTACT GRANULES 
AND HEATED STARCH 

Adelaide Beleia and E. Varriano-Marston 

ABSTRACT 

The effects of pearl millet amylases on intact granules and heated 
starch suspensions were studi'ed. Amylases in crude millet extracts 
showed higher amylolytic action on wheat starch than on millet starch, 
both in the amylograph determinations and in studies on hydrolysis of 
raw starches. Products formed by the hydrolysi's of raw and gelatinized 
starch, as well as millet starch fractions, by purified millet alpha­
amylase were studied by paper chromatography. The action pattern of 
millet alpha-amylase was similar to other cereal alpha-amylases with 
the rate of appearance of hydrolysis products being dependent on the 
particular starch substrate. 

INTRODuCTION 

Pearl millet populations and hybrids, in general, contain an active 
amylase system, with purified alpha-amylase showing characteristics 
similar to those reported for amylases from immature cereal grains 
(Beleia and Varriano-Marston, 1981). Although pearl millet starch has 
been extensively studied (Badi et al., 1976; Beleia et al., 1980), no 
information has been published on its susceptibility to amylolytic 
attack. We report here the effects of pearl millet amylases on millet 
starch and starch fractions. 

MATERIALS AND METHODS 

Materials 

A random mating bulk population of pearl millet (HMP 02), grown at 
Hays Branch Experiment Station in 1978, was used as the source of crude 
amylases and of purified alpha-amylase. 

Commercial wheat starch was obtained from Midwest Solvents. Pearl 
millet starch was isolated from the grain according to Beleia et al. 
(1980). Starch samples contained less than 0.5% starch damage as deter­
mined by the AACC method (1972). 

Alpha-Amylase Isolation 

Alpha-amylase was isolated and purified from pearl millet by solvent 
f~actionation and glycogen complex formation. Details of the purifica­
tlon procedure and enzyme properties have been presented (Beleia and 
Varriano Marston, 1981). 

r 
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Starch Amy10grams 

lve determined effects of crude enzyme extracts from pearl millet (HMP 02) 
on wheat and millet starch amy10grams. Ground millet (3 to 60 g) was 
extracted with phosphate-citrate buffer (pH 5.3) for 1 hr and centrifuged at 
4000 rpm for i5 min. Phosphate-citrate buffer was used to extract the 
amylase from the grain because that is the standard buffer used for deter­
mining diastatic activity in flours (AACC, 1972). The precipitate was dis­
carded and the supernatant diluted with buffer to' 460 ml. The resulting 
solution then was used to determine the effect of amylases on wheat 'starch 
(11% d.b., w/v) or millet starch (9% d.b., w/v) amy1ograms. Total enzyme 
concentration in the buffer-extract was estimated by the Phadebas method 
(Barnes and Blakeney, 1974). Phadebas tablets were ca1ibrated·against 
purified enzyme in mi11i Enzyme Units. One Unit of amylase activity was 
expressed as ~mo1es of apparent maltose groduced per m1 of digest per min. 
The starch suspension was heated from 30 C to 950C in a Brabender Amy10graph 
with a 700-cm gm hea~ and operating at 75 rpm. 

Paper Chromatography 

The nature and sequence of products formed from various substrates by 
the action of purified alpha-amylase were determined by qualitative paper 
chromatography. The substrates studied were gelatinized and raw millet 
starch, and amylose and amylopectin prepared from millet starch by the 
method of Montgomery and Senti (1958). All substrates except raw millet 
starch 11ere used at 0.5% concentrati on; raw starch was used at a concen­
tration of 50 mg/0.5 m1 of solution. For studies on starch fractions and 
gelatinized starch, we used an enzyme concentration of 430 mu/mg of sub­
strate. Higher enzyme concentrations (2150 mU) were used for studies on 
raw millet starch. All samples were incubated at 35°C and sampled as 
hydrolysis progressed. A few drops of toluene were added to prevent 
'microbial growth. Chromatograms were developed by the method of Robyt and 
,French (1963). Carbohydrate standards were produced by acid hydrolysis of 
wheat starch and subsequent separation on a charcoal column. 

:; Starch Hydrolysis 

The hydrolysis of raw wheat and millet starch by a dialyzed crude 
extract of millet was followed by incubating 250 mg raw starch with 7 m1 
of millet extract (20 g meal + 50 m1 0.D1M acetate buffer, pH 4.8, D.Om 
CaC12) at 350C. After designated times, the suspension was centrifuged 
(2500 rpm, 10 min), and total carbohydrate in the supernatant was deter­
mined by the phenol-sulfuric acid method (Dubois et a1., 1956). 

Scanning Electron Microscopy 

Starch granules hydrolyzed by millet amylases were examined by 
scanning electron microscopy. Granules were separated from the amylase 
solution by centrifugation, rinsed three times with distilled water and 
dehydrated with ethanol. The dried starch was sprinkled on doub1e-~ided 
adhesive tape which was attached to specimen stubs. Samples were coated 
with gold-palladium, and micrographs were taken on an Etec U-l' Scanning 
Electron Microscope at an accelerating voltage of 10 KV. 
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RESULTS AND DISCUSSION 

Action of ~1i11et Alpha-amylase on Heated Starch Pastes 

Supplementing wheat flours with millet meal reduces the viscosity 
of flour pastes (Badi et al., 1976). To obtain a better understanding 
of what levels of alpha-amylase were required to significantly reduce 
the viscosity, we ran amy10grams containing isolated wheat or millet 
starch and alpha-amylase. Mf11et meal was extracted with phosphate­
citrate buffer, and the crude extract was used to run amylographs with 
wheat a"nd pearl millet starches. An estimate of the total alpha-
amylase activity in the extracts was determined by the Phadebas method 
(Barnes and Blakeney, 1974). Amy10grams of millet starch showed a higher 
peak viscosity (1440 B.U.) than wheat starch (900 B.U.) at the same 
concentration, i.e., 11% (d.b.), so the concentration of millet starch 
was reduced to 9% (d. b.) to give a peak vi scosi!ty in the same range as 
that of the wheat starch. " 

The peak Viscosity of the control wheat starch (900 B.U.) was re­
duced to 580 B.U., 300 B.U., and 250 B.U., respectively, by adding 2.4 U, 
5.6 U, and 7.2 U of pearl millet alpha-amylase (Fig. 1). Pasting tempera­
ture was lowered and the shape of the curve broadened as amylase concentra­
tion increased. Those same alterations in amy10graph curves were observed 
by Anker and Geddes (1944) when takadiastase was added to wheat starch. 
Since the amount of soluble starch is the major factor producing the 
amy10graph consistency (Miller et al., 1973), a decrease in the pasting 
temperature results because the solubles are degraded by amylolytic attack. 

Higher levels of alpha-amylase were needed to reduce the viscosity 
of millet starch pastes than were needed to reduce the viscosity of wheat 
starch pastes, indicating that millet starch was less susceptible to amylo­
lytic degradation (Fig. 2). Because millet starch has a higher gelatini­
zation temperature than wheat starch (Beleia et al., 1980), alpha-amylase 
had less time to degrade the millet starch before heat inactivation. The 
peak viscosity of the control millet starch (900 B.U.) was reduced to 850 
B.U. by adding 16 U of millet alpha-amylase, while 48 U of millet alpha­
amylase reduced the peak viscosity to only 420 B.U. (Fig. 2). Both pasting 
temperature and temperature at maximum viscosity were reduced, but shapes 
of the millet starch amylograms did not broaden as they did with wheat 
starch. 

Hydrolysis of Raw Starch by Millet Alpha-Amylase 

Although the amylograph may provide information related to changes in 
starch while millet is cooked, it supplies little information on the events 
that occur at room temperatures or at temperatures below 700e, so we 
studied rates of hydrolysis of raw pearl millet and wheat starches by alpha­
amylase at 350C. 

Percentages of raw wheat and mi 11 et starch hydro lyzed by amyl ases in 
a crude extract during a 32-hr reaction period are shown in Figure 3. 
Wheat starch ~as 30% hydrolyzed at the end of the time period, compared with 
only 19~ o! ml~let starch. These data confirm the amy10graph results (Fig. 
1 & 2) lndlcatlng that millet starch is less susceptible than wheat starch to 

f 
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millet amylolytic attack. 

Scanning electron micrographs (Figs. 4a~c) clearly showed the erosion 
of the granule surface by the amylases of the crude extract. Large wheat 
starch granules (Figs. 4a and b) and spherical millet starch granules 
(Fig. 4c) were preferentially attacked. Degradation of many of the large 
wheat starch granules was confined to the interior of the,granule, leaving 
only an outer shell similar in structure to a mushroom cap (Fig. 4b). 

Millet starch hydrolyzed by alpha-amylases in a heat~treated,.crude 
millet extract showed no erosion at the surface of the granules, ·but 
pitting of the granules was apparent (Fig. 4d). Millet starch granules 
hydrolyzed by purified alpha-amylase (Fig. 4e and f) also showed signs of 
attack similar to the starch that was hydrolyzed by amylases in the heat­
treated extract (Fig. 4d). Formation of deep pin holes into the granule 
surface appears to be a characteristic alpha-amylase mode of attack. 
Purified alpha-amylase attacked a higher proportion of millet polygonal 
starch granules than the other alpha-amylase preparations probably 
because of the higher enzyme concentration in that,'d.igest. 

Hydrolysis Products of Alpha-Amylase Action 

Paper chromatography was used to study the products formed by the 
hydrolysis of millet starch by purified alpha-amylase. Alpha-amylase 
purified from pearl millet produced the same general pattern of action 
on starch and its fractions as do other cereal alpha-amylases. 

The products of millet amylose and amylopectin hydrolysis were 
essentially the same (Fig. 5). For both substrates, maltooctaose frag­
ments were present after the first five min of hydrolysis, but dis­
appeared after 15 min.l. From 3 to 12 hr, however; olygosaccharides with 
four to six glucose residues disappeared faster from amylose hydrolyzates 
than from amylopectin hydrolyzats. This suggests that the initial pro­
ducts of amylose hydrolyzates. This suggests that the initial products 
of amylose hydrolysis are more susceptible to further degradation by 
alpha-amylase than are products from amylopectin hydrolysis. The concen­
tration of maltose in the hydrolyzates of both amylose and amylopectin 
increased throughout the reaction time. Such accumulation of maltose is 
characteristic of cereal alpha-amylase action patterns (Greenwood and 
Milne, 1968a). 

Hydrolysis products of gelatinized millet starch after 30 min of 
digestion were glucose to maltoheptaose (Fig. 6). As the reaction pro­
gressed, higher molecular weight maltodextrins disappeared and after 72 
hr only glucose and maltose remained. t1aeda et al. (1978), using alpha­
amylase purified from malted barley to hydrolyze soluble starch, found 
products ranging from glucose to maltoheptaose after one min of reaction, 
but after 30 min, only carbohydrate fragments containing one to three 
glucose units remained. Their much faster hydrolysis of soluble starch, 
compared with ours, probably stemmed from a higher enzyme concentration 
rather than to differences in enzyme source, because their hydrolysis 
products were essentially the same as those observed for pearl millet 
amylase action. 
1 

The white streak, having the same Rf as glucose, is an artifact produced 
during chromatogram development. 
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Hydrolysis of raw millet starch by alpha-amylase (Fig. 6b) produced 
glucose, maltose, and maltotriose the first 5 hr of reaction. After 8 hr, 
maltotetrose could be detected, and at 72 hr traces of maltopentaose were 
present. Nordin and Kim (1959) found only low molecular weight sugars 
(glucose to maltotriose) in the hydrolyzates of raw sorghum ~tarch by 
sorghum alpha-amylase after a 3 -day digestion period at 30oC. On the 
other ,hand, Maeda et al. (1978) found maltohexose, maltoheptaose, and 
higher molecular weight maltodextrins in 24 hr hydrolyzates of raw barley 
starch by malted barley alpha-amylase. 
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Figure 4. Scanning electron micrographs of wheat starch granules 
hydrolyzed by amylases in a crude (unheated) extract of 
millet meal (a, b); millet starch granules hydrolyzed by 
amylases in a crude (unheated) extract of millet meal (c); 
millet starch hydrolyzed by amylases in a heat treated 
extract of millet (d); and millet starch hydrolyzed by 
purified (glycogen complex) alpha-amylase (e. f). 
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Figure 5. Chromatograms of products formed by the hydrolysis 
of millet amylose by alpha-amylases purified by 
glycogen complex formation (430 mU mg amylose). 
The standards (5) consist of carbohydrate fragments 
containing 1 to 8 glucose units. 
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Figure 6. Chromatograms of products formed by the hydrolysis of gela­
tinized millet starch (a) and raw millet starch (b) by a1pha­
amylase purified by glycogen complex formation. Enzyme con­
centrations of 430 mU/mg gelatinized starch and 2150 mU/mg 
raw starch were used. The standards (5) consist of carbo­
hydrate fragments containing 1 to 7 glucose residues. 
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FIGURE CAPTIONS 

Figure 1. Amylograms of wheat starch and a buffer extract of millet meal. 

Figure 2. Amylograms of millet starch and a buffer extract of millet meal. 

Figure 3. Percent hydrolysis of wheat and millet starch granules by 
amylases in a crude extract of mi.llet meal. 

Figure 4. Scanning electron micrographs of wheat starch granules hydro­
lyzed by amylases in a crude (unheated) extract of millet 
meal (a, b); millet starch granules hydrolyzed by amylases in 
a crude (unheated) extract of mi 11 et meal (c); mi 11 et starch 
hydrolyzed by amylases in a heat treated extract of millet (d); 
and millet starch hydrolyzed by purified (glycogen complex) 
alpha-amylase (e, f). 

Figure 5. Chromatograms of products formed by the hydrolysis of millet 
amylose by alpha-amylases purified by glycogen complex for­
mation (430 mU mg amylose). The standards (5) consist of 
carbohydrate fragments containing 1 to 8 glucose units. 

Figure 6. Chromatograms of products formed by the hydrolysis of gela­
tinized millet starch Cal and raw millet starch (b) by alpha­
amyl ase purified by glycogen -camp lex formati on. Enzyme con­
centrations of 430 mU/mg gelatinized starch and 2150 mU/mg 
raw starch were used. The standards (S) consist of carbohydrate 
fragments containing 1 to 7 glucose residues. . 
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ANALYSIS OF PEARL MILLET FOR 
PROANTHOCYANIDINS, TANNINS AND OTHER PHENOLICS 

Larry Butler, R. C. Hoseney, and E. Varriano-Marston 

Six samples of pearl millet were sent to Dr. Butler, Department of 
Biochemistry, Purdue University. Dr. Butler has developed a battery of 
tests to characterize the phenolics in sorghum and agreed to submit the 
pearl millet samples to those tests. The results were quite clear, 
there were no significant amounts of tannins or proanthocyanidins in the 
pearl millet samples, the only assay which did not give zero numbers 
was the Pruss ian Blue assay for reducing equivalents (total phenols). 
The Prussian Blue results (Table 1) are uniformly comparable to those 
for RS 610, a standard low-tannin variety of sorghum, and far smaller 
than those for BR-64, a standard high-tannin sorghum. 
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Table 1. A~says for reducing power (eq / g) of pearl millet (Prussian 
Bl ue). 

Sample Whole grain Extract 
methanol H+/methanol 

~ -

Senegal (H)ll 0.40 0.30 0.45 

HMP 02 (H) 0.15 0.17 0.27 

fn1i' 559 0.24 0.24 0.31 

1166 x l70(l (T) 0.33 0.27 0.38 

2090 x 7101 (S) 0.35 0.30 0.32 

2i18 x 7024 (H) 0.25 0.24 0.38 

8R-64 (High tannin sorghum) 1 .64 4.37 1.14 

RS 610 (low tannin sorghum) 0.32 0.37 0.27 

aGrown in Hays (H), Tribune (T) or St. John (5), Kansas in 1979. 
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PRELININARY PEARL r~ILLET ROn NETHOD 

B. Nason and R. C. Hoseney 

INTRODUCTION 

In India, pearl millet (Pennisetum amerieanum) grain is consumed 
primarily by the rural population of Fajasthan, Nahasta, and ~lysore 
states. It is eaten in the form of an unleavened, pan-baked bread called 
a chapati or a roti (Upretty and Austin, 1972). The latter term is pre­
ferred because it distinguishes the pearl millet product from the customary 
wheat chapati and will be employed in this paper. No published methods for 
preparing experimental roties were found, although several such methods 
have been reported for chapaties (Murty and Austin, 1963; Sinha, 1964; 
Chaudry, 1968; Archer, 1970; and Rashid, 1974). Pearl millet does not have 
the gluten forming properties of wheat flour accordingly the chapati dough 
behaves differently from the roti dough. In short, the roti dough traps 
gas less readily and tears more easily when handled. It is the purpose 
of this paper to report preliminary efforts to adapt the chapati making 
methods cited above, along with those learned through personal communication, 
for the reproducible preparation of pearl millet roties. 

Chapati Preparation in the Home 

Indigenously, chapaties are made from stone ground wheat flour from 
which the larger bran particles have been removed to yield an extraction 
rate of 85 to 100 percent (Rashid, 1974). The flour is mixed with water 
and sometimes fat and salt to produce a dough of the proper consistency 
(quite slack relative to a bread dough). The dough is then rested under 
a cover or a moist cloth. Following the rest period the dough is divided 
and each piece is rolled between the palms of the hands to form a round 
dough ball. The dough balls are rolled or patted into a disc before being 
baked and puffed on a greaseless iron plate or in a mud-walled oven. The 
time required for cooking which of course depends upon the temperature of 
the plante and the size of the chapati was 3 minutes for one study by 
Indian researchers who used a 220 to 2400C grill (Rao et al., 1964). Puff­
ing of wheat chapaties may be spontaneous on a hot surface but it is also 
encouraged in the home by tamping the baking dough's upper surface with 
a moistened cloth or by'flaming the baked chapati. Chapaties are generally 
eaten soon after preparation. 

Quality Parameters in Chapaties and Roties 

Since a roti is an ersatz chapati a consideration of desirable chapati 
quality is helpful in defining what a roti would be. Aziz (1960) observed 
that a chapati should be flexible with a soft and silky surface. The mouth­
feel should be smooth with the chapati easily chewable. The chapati should 
resist staling. Ahmad (1960) also ,noted that the thickness and texture of 
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the chapati should be uniform across its diameter. Sinha (1964) painted 
out that a chapati should not be leathery, tough, brittle, or gritty and 
that the chapati should be well puffed on both sides and well baked inside. 
These qualities can be approximated in a roti although the latter product 
must be thicker to compensate for decreased dough strength. 

In the present study the following roti characteristics were sought: 
1) minimal thickness; 2) puffing throughout roti; 3) centering Of cleft 
between upper and lower surfaces; 4) flexibility; 5) tan to golden brown 
surface color; 6) uniformity of texture and color across roti; 7) adequate 
internal cooking; 8) chewy rather than gummy or brittle texture; and 9) 
appetizing aroma and taste. The Ultimate reference in this study was the 
subjective evaluation by two Indian food technologists who grew up near 
Hyderabad, ate roties in their family homes, and now study and work at 
Kansas State University. The procedure reported below was found to produce 
a roti comparable to roties these gentlemen (P. R. Reddy and H, S. Sharma) 
ate at home. 

Factors Affecting Chapati Quality 

Several factors have been reported to affect chapati quality. Aziz 
and Bhatti (1962) reported that finer flour granuiations were preferable 
and suggested that this might be due to improved water absorption. Ahmad 
(1960) noted that the level of water absorption was critical but that there 
was not a good objective approach for the determination of optimum Water 
absorption. The methdds employed for the determination of water absorption 
in breadmaking are not directly applicable because of the increased Slack~ 
ness of the chapatl dough. High diastic activity wheat varieties are some~ 
times considered desirable (Singh and Bailey, 1940), Knight (1965) 
considered the adVantages of dough resting and suggested that imprdved 
hydration of starch and protein afforded optimum dough development and a 
more pliable chapati. 

Evaluation of Chapati Quality 

Most of the chapati stUdies to date have based product evaluatioh o.n 
taste panels (Murty et al., 1963; Chaudry, 1968; and Archer, 1970). Rashid 
(1974) employed the Instrom Universal Testing ~1achine to measure texturai 
properties of chapaties. Three tests were used; pull-break, hole punching, 
and compression. In the present study product quality was estimated as per 
the desired characteristits outlined abOve under "Quality Parameters in 
Chapa ti es and Roti es" • 

Proposed Roti Method 

The following represents the roti method found to be most staisfactofy. 
The p~ocedure is follOWed by descriptive and explanatory notes regarding 
certaln steps. 
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1. Mix 50 9 millet flour with 38 ml boiling water using a spoon. 
When the mixture is adequately cool, work the dough by hand 
to achieve a uniform consistency. 

2. Roll the dough into a ball and place the ball in a zip-lock 
plastic bag for 60 minutes at room temperature. 

3. Remove the dough ball from the bag and place it on a tray 
covered with dusting flour and dust the top of the dough itself. 

4. Pat the ball into a flat disc with intermittant dustings, flips, 
and thickening of the disc's' periphery. Continue until the 
disc is 15 cm in diameter. 

5. Invert the disc and dust and pat the undersfde of the molded roti. 

6. Transfer the unbaked roti to a 2000 C, ungreased grill. 

7. Bake on side 1 for 90 seconds. During the last 15 of the first 
90 seconds apply about 4 ml of water uniformily over the roti's 
exposed surface and rub the water into the dough. 

8. Flip the rot; and bake for 90 seconds on side 2. 

9. Flip the roti and bake again for 90 seconds on side 1. 

10. Flip the roti and bake again for 90 seconds on side 2. 

11. Transfer the roti to a tripod ring stand with side 1 down. Flame 
the entire surface of side lover a period of about 10 seconds 
using a bunsen burner. 

12. Invert the roti and flame side 2. This time begin at the center 
and spiral outward as the flamed area puffs. 

Descriptive and Explanatory Notes Regarding Roti Method 

Each note is proceded by the number of the step to which it refers. 

1. Boiling water was found to improve the cohesiveness of the dough 
and therefore increase the ease with which roti dough is formed 
and handled. The flour used included the high ash and low ash 
flour streams from a Brabender Quadrumat Junior Experimental Mill 
and corresponded to an extraction rate of 60%. 

2. Resting improved the 'smoothness' of the roties' texture as well 
as the uniformity of the color ahd texture. A 60 minute rest was 
decidedly better than a 30 minute ·rest. 
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4. During flattening of the dough ball it may become apparent that the 
dough's consistency is too dry or too sticky. Additiona~ water mixed 
in thoroughly will prevent excessive cracking of the .dry dough. 
Additional amounts of flour will render a wet dough eas~er to handle 
without tearing. 

The elimination of cracks around the roti's perimeter i~ critical to 
puffing as these fissures along with surface scars constitute the 
main causes of steam pressure loss. 

Thickeni.ng is achieved by pushing the outer edge toward the center 
of the disc and sealing any cracks present with a downward pressure 
on the dough' at the points of fissure. 

Doughs containing 50 g flour will be about 4 mm thick when 15 cm wide. 

5. To prevent excessi,ve drying and brittleness the roti surfaces must 
be well dusted prior to baking. To invert the fully molded roti gently, 
slide a spatula between the dough and the tray to free the disc. 
Invert the tray and allow the disc to fall onto the free hand. It is 
important to seal all cracks in the roti prior to baking. But even if 
no cracks are present a brittl e roti surface will fracture under the 
pressure of trapped stearn and no puffing will occur. 

5. A 2000 C gri 11 all 0\1ed thorough cooki ng of the roti without burni ng or 
drying of the surface. Inasmuch as publ,ished chapati studies (Rao et al., 
1964) also employed some higher temperatures for baking, greater grill 
temperatures should be tested as well. 

7. The water applied in this way appeared to aid in the formation of the 
internal cleft and in the puffing phenomenon. 

11. The brief flaming of side 1 (which has the lesser gas holding ability) 
appeared to help center the cleft within the'roti. 

12. Flaming is done over a fire in the homes where roties are eaten. 

SUMMARY 

The experiments reported above were preliminary efforts toward adapting 
laboratory,chapati methods to the preparation of roties for pearl millet 
flour quality evaluation and other analytical purposes. Subsequent studies 
are needed to further clarify the optimum procedure for laboratory use. ,~ 
Studies employing higher grill temperature, added' salt, added fat; higher 
extraction flour, and more precise, control of flour-water absorption and 
dough rheology will be especially beneficial. 
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DEVELOPMENT OF PEAR],. MIUET BASED GRUELS AND S'l'EA~E.I'l 
CAKES DESIGNED FOR I:NFANT ANI) PR.ESCHOOL C.HILDREN :FEEDI~G IN~AlMER00N 

JU'lienne Ngo 'Som and Jean Caul 

M? .Ngo S,om was a Ph, D. studen:t i.n· th~ Department of F90ds :ancj ,Nutrition 
at Kans.as State Uni.yersity. Her hOl1)e j s CalJleroon,. She was notpa i.d on the 
project but received support in the ,form of ingredients, ancrlyti.ca] res,ul-ts,? 
etc. Her. complete Ph.D. dissertation would be availab'le to interestecl 
partj~s from Dissertation Abstracts. 

The study ,was desi gned to deve'! op acceptabl e grue'l sang steamed cakes 
for infants and preschool chiidren. The food was to, be bas~d on pearl millet 
and to use other ingredie.nts commonly available il) Camer.qon, 

As :the result of preliminary work, the formula given in Table 1 was 
adopt.ed. The prepa ra ti on of the gruel was ,as fO'll ows : 

1. To ,millet flour !idd water and lemor,juke stirring well. 

2. Add goundnut flour, s,alt, sugar, ginger, and stir to a smooth paste. 

3. Blend egg and on for 30 sec. at medium speed and stir into the 
mi 11 et-gro.undnut mi xture. 

4. 'Cook the mixture over medium heat until the temperature reacQ~s §50 C1 
stirripg constantly to avoid lumps. 

5. The formul!i given,produces about 500 ml of gruel. 

Procedure for steamed cakes: 

1. To mfll et f'lour aCId half of the water and lemon j ui,ce and mi x 
into a smooth paste. 

2. Add and mix groundnut flour, salt, sugar., and ginger. 

3. Blend eggs, oil, and other half of water for 30 sec. at medium 
speed, 

4. Add the blended liquid to the paste, a small amoynt at a time 
with mixing at eacnaddition . . 

5. After the' 1 ast addUi on, hand mi x for an addUi onal 3 mi n. 

6. Transfer the mixture into 3-100 ml custard cups. 

7. Place custard cups into a custard pan with racks. 
\ 

8. Stearn for 40 min. in oven at 190°C. 

9. Let cool at room temperature for 5 min., invert cups to release 
cakes. 
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Pearl millet flour (PMF) of 75% extraction and a food-grade groundnut 
flour (GNF) were used. Lemon juice, egg, oil, sugar, salt, and ginger, all 

, available in Cameroon, were added. Protein contents, essential amino acid 
patterns, and chemical scor.es were estimated from proximate and amino acid 
analyses of the pearl millet and groundnut flours. Selected gruels and 
steamed cakes were freeze-dried and their protein content, essential amino 
acid patterns, and chemical scores determined. Gruels and steamed cakes 
were evaluated for color, aroma and flavor (blandness), texture (grittiness), 
consistency (thickness), and moistness by five taste panelists. The flavor 
profile of selected gruels and steamed cakes was analyzed by six trained 
judges. Percent reflectance, Hunter L-values, and pH of gruel and steamed 
cakes pastes were .measured. 

Supplementation of pearl millet flour with groundnut flour increased 
protein content and chemical scores. The addition of eggs increased the 
protein quantity and improved the protein quality in gruels and steamed 
cakes. Color scores, % reflectance and Hunter L-values indicated that the 
addition of lemon juice to gruels and steamed cakes significantly improved 
their color (from dark grey to creamy light). Flavor and aroma scores 
showed no significant (~ = .0.5) differences in blandness for steamed 
cakes or gruels. Steamed cakes or gruels supplemented with 20 and 30% GNF 
were significantly less smooth than those made from 100% PMF. Gruels 
treated with lemon juice were significantly thinner than those with no 
lemon juice added. There were no significant differences in moistness 
among the steamed cakes. Flavor profile analysis showed the gruels made 
from 70% PMF + 30% GNF were fruity, cereal-like, nutty and sweet. Steamed 
cakes of the same composition had cereal-like" sweet, and nutty flavors. 

It can be concluded from this investigation that gruels and steamed 
cakes made from 70% PMF + 30% GNF can be easily prepared at home. They 
are palatable and nutritious. The gruels and steamed cakes are creamy in 
color, and have a nutty, fruity flavor and sweet taste. Two servings of 
gruels or steamed cakes provide 30.5g and 36.7g protein, respectively, per 
day. Those values are higher than the 1973 FAO requi'rements for infants 
and preschool children. 
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Table 1 • Formula adopted for gruel and 
steam cake. 

Gruel Steam cake 
Ingredient g. g. 

Pearl Millet Flour 70 70 

Groundnut Flour 30 30 

Sugar 100 50 

Oil 20 40 

Lemon ,joice 10 15 

Whole egg 100 100 

Water 800 135 

Salt 4 3 

Ginger 2 2 

Banana 200 
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HARDNESS OF PEARL MILLET AND GRAIN SORGHUM 

Alicia de Francisco, E. Varriano-Marston, 
and R. C. Hoseney 

ABSTRACT 

The hardness of various populations of pearl millet and cultivars 
of grain sorghum was determined by particle size analysis after milling 
the grains on attrition and roller mills. Sudan grown millets were in 
general, softer than Kansas grown populations. However, the degree of 
kernel vitreosity did not parallel the hardness of the grain as deter­
mined by particle size analysis. Futhermore, tempering either millet 
or sorghum before milling did not significantly phange the particle 
size distribution compared to nontempered samples. 

INTRODUCTION 

Grain hardness has always been a major concern of the miller 
because it determines grinding time and energy expenditures as well as 
the performance and appearance of the final product. Grain hardness 
also is a concern of people in developing countries where much of the 
milling is done by hand using wooden or stone mortars or hand operated 
stone mills (Vogel and Graham, 1979) . . 

Although a substantial number of reports have dealt with measuring 
wheat hardness (for review see Obuchowski and Bushuk, 1980), only 
limited data are available on hardness of grain sorghums and pearl 
millets (Rooney and Sullins, 1969, 1970; Maxon et al., 1971). Our 
objective was cultivars of grain sorghum by characterizing the particle 
sizes after milling the grain in attrition and roller mills. . 

MATERIA~S AND METHODS 

Materials 

The proximate composition and pedigree of the millet and sorghum 
samples studied were described in a previous report (de Francisco et 
al., 1981). One other pearl millet that was studied, HMP557A had a 
proximate composition of 10.4% protein, 9.8% moisture, 1.6% ash, and 
5.7% fat, and it was grown in Minneola, Kansas in 1979. 
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Grain Cleaning 

The millet samples were Giea~ed in a iaboratory rice eascatih9 . 
aspirator, to remove ,light weight gebriS, Aaheriflg glumes Wide reinoyetl 
in a Satake rice, pqlisher and broken ariii.,U!lilers,iied kernels w~re .r.~moVeii 
bj passihg tne graih over an 8 In: dia: Tyler Rotap sieve Witn 2362 ~ 
openings. G1umes on sorgnum kernelS Were refnovei:! oj Harid. 

Moisture Determination 

Moisture contents of millet and sorghum were aetermined by tMe AAGG 
method (i972). 

Miliing and sieving Studies 

Graih ~amples (50 g) wer~,~iiied i~ a Ho~att,e6ffee griDder attf?: 
tltJti f[Iill; Model 275 (Hdbart t,1P'G. Gd,; TroY, Ohi6), at ffle fHi.e~t.se1l~1iig, 
THe milled product Was then t611eGteil ~nil r,lacetl on a staeR,of 8 in: ilia: 
TYler Rotap sieves (Table 1) for one miri, to separate the t1ifferent 
partiCle sHes: 

the separated particles were combined irito tWo fr'ac;;t-ibHs: One 
fraction; Galled the fines, Gonsisted of the overs of the i95; 2G8, 147 
jJ sieves alid tJ1e pari frac;;tibn: The otlier fraction; tHe 00arse paY'ti&les; 
inCluded the overs of the 1i91, 833; 589; 417 ~ sieves: Thosetw6 ffae­
tions Were milied separatei¥ iii a Ross iaboratory miil equippeci witfi 
smootti rolls at gaps Of 80 alid lb'O~; h!spediVelj. ~ieve anaiysi§ Was 
then performed on tne Tyler Rofap sifter as described above, 

iempering of Miiiet alid Sorghum 

Sudan ye llbw and Serer€! iii; llE;ts were c;;ondi fi ened fbI' i 5 ~olirs ~6 15; 
18 alid 21% moisture content. The Motbmco' moiSture meter was iised tiJ 
check the fi na 1 mol stu res : Addit; ona j -teiriperi ng of Serere -tt)' 18 and 2i §d 
moiSture Content was dbne for is hours with Q: 5% sodi uni meta5iSUHHe; a 
stiireh"protein bond weakening agent ilescribed by Badi et al. (.1 978j : 

SGanning Electron Photomicrographs 

8amples of the fine fractions « 417~) were dlJsted on doUbie"§-iiieR-y 
tape mo'uhted dn alufnnium stubs, Goarse fnietioiis (:> 41711) were mi:iUfiMil h 

on.stubs with conduHiVe silver paste.. Samples wer.e.Goated,~\'iitfl q: iSO=~ 
fhlCk; gold-palladium layer viewed and pnotographeo in an ElEG ~"l 
autosGan ele'(:troil microscope at an accelerating voltage Of 20 kv: 

RESULTS AND b'ISCUSSION 

Millet 

, Vi sua 1 observati oils ali hafid-'d ssetfie'd keriie 15 tif pearl mi ti et (Fi <j: 
1) show llhat the populations are d ffereht in' their' proportion ci'f trans= 

mailto:weoe.eoat@d
http:doUbiez�ti.ky
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lucent and opague endosperm. Serere 3A, RMPI(S)CI, and Sudan green have 
a higher proportion of translucent endosperm than do HMP550 or Sudan 
yellow. It has generally been assumed that opaque endosperm is synono­
mous with soft endosperm. To test that assumption, we used a series of 
milling and sieving operations to study the relationship between vitreo­
sity (and opacity) of millet samples and physical hardness as determined 
by particle size distribution. 

, Grinding pearl millet samples in the Hobart mill did not differ­
entiate the samples based on particle size (Fig. 2). If the opaque 
endosperm was soft, it should have broken into smaller particle sizes 
during Hobart milling. Similar grinding of soft wheat gave a finer 
particle size distribution (Fig. 3). Further grinding of millet fine 
particles «4l7~), persumably originating from the opaque endosperm, in 
a Ross laboratory mill equipped with smooth rolls, di~ not change the 
particle size distribution of the fine fraction. Thus, that fine frac­
tion is characterized by strong bonds between starch granules and prote'in 
matrix (Fig. 4) which is typical of hard endosperm particles. 

Milling the coarse fractions (>417)1) with Ross smooth rolls shifted 
the particle size distribution to finer sizes (Fig. 5). That reduction 
in particle size is not a reflection of grain softness but simply that 
larger particles are easier to reduce. 

In general, the millet samples could be divided into two groups 
according to their particle size distribution after Ross milling (Fig. 5). 
Group I (relatively large particle sizes) included all the millets grown 
in Kansas. Millets obtained from Sudan form the second group and gave 
smaller particle size distributions than the Kansas grown millets. Those 
results show that the large endosperm particles of the millets obtained 
from Sudan were softer and therefore more easily disrupted during milling 
than were the large particles from millets grown in Kansas. Millets 
obtai ned from Sudan, whi 1 e softer than' the other mi llets, were sti 11 much 
harder (i.e. gave larger particle sizes) than a soft wheat (Fig. 3). 

Sorghum 

To determine if grain sorghums showed the same milling characteris­
tics as pearl millets, three experimental sorghum lines, SRAI W6, SRAI 
,W4, and Dwarf White (PI400226(, were ground in the Hobart mill. They all 
gave similar particle size distributions (Fig. 6). Milling the coarse 
fractions (>41'7].1) from the Hobart mill on the Ross smooth rolls gave 
similar particle size distributions for SRAI W6 and W4, but the Dwarf 
White had a greater amount of smaller particle sizes. Those results 
indicate that Dwarf White is softer than the other grain sorghums, 
which is contrary to what might be assumed from the higher proportion 
of translucent endosperm shown in Figure 7. 

Temper,ing Studies on Millet and Sorghum 

Millet. We tempered Serere 3A and Sudan yellow millets to moisture 
contents of 15, 18, and 21% to determine the effect of tempering on the 
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size of parti'cles produced. The samples were ground in the Hobart mill and 
sieved as previously described. Tempering and subsequent milling in the 
Hobart mill did not significantly change the particle sizes compared to the 
nontempered samples (Figs. 8a & 9a). When the coarse fractions (>410~) were 
passed through the Ross smooth rolls and sifted, the particle size dist­
ribution showed that tempering produced larger particle sizes (Figs. 8b & 9b). 
For both millet samples, as the tempering level (moisture c0ntent) was 
increased the particle size of the products increased. Thus tempering 
appears to make the particles resistant to reduction. This is contrary to 
reports for wheat showing that tempering causes the endosperm to break into 
finer particles (Butcher and Stenvert, 1973). 

In wheat, it has been shown that the factor responsible for grain 
hardness is the strength of the protein-starch bond (Simmonds et al., 
1973; Simmonds, 1974). This bond is weakened by water and thus may be 
responsible for the softening effect during wheat tempering. 

As shown above, tempering with water did not soften millet, i.e. 
it did not decrease the particle size distribution (Fig, 8b). Therefore, 
Serere 3A was tempered to 21% moisture with 0.5% sodium metabisulfite, a 
starch-protein bond weakening agent (Badi et al., 1978), and then ground 
in the Hobart mill and shifted. The particle distribution after grind­
ing in the Hobart mill was the same as we had observed with the water 
temper (Fig. 8a). Similarly, when the coarse fraction (>417~) was passed 
through Ross smooth rolls, it did not alter .the particle size d~stribution 
from that of the water temper (Fig. Bb). Therefore, sodium metabisulfite 
shows no advantage in particle size reduction over tempering with water. 

Sorghum. Tempering all three sorghums to 18% moisture and grinding 
in the Hobart mill increased the number of particles having a size 
treater than 1191~ (compare Fig. 6a & lOa) again suggesting that the 
tempering process made the larger particles more resilient and thus more 
resistant to breakage. When the coarse fraction (>417~) of tempered 
sorghums was passed through the Ross smooth rolls, the resulting' distri'­
bution' was shifted to larger particles sizes (compare 5b and 8b), this 
was particularly evident for Dwarf white. Thus, grain sorghum responds 
to tempering in a manner similarly to pearl millet. 
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Table 1. Tyler Rotap Sieve Stack Used for 

Particle Size Distribution 

U.S.A. Equivalent Opening (Microns) 

16 1191 

20 833 

30 589 

40 417 

50 295 

70 208 

100 147 

pan . <"147 
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Table 2. Moisture Contents of Pearl 

Millets and Grain Sroghums 

samp 1 e 

Pear 1 Mi 11 ets 
J-t.lp 1700 
ffo1P 557 A 
liMP 550 
RMPI(S)CI 
Serere 3A 
Sudan Ye 11 ow 
Sud an Green 

Gr'a ln Sorghum 
SRAI W4 
SRAI W6 
Dwarf White 

% MOisture 

10.4 
9 
9.6 

10.3 
8~9 
6.7 
7.0 

14.4 
8.2 . 

12.6 
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Figure 1. Pearl millet kernels showing distribution 

of opaque and translucent endosperm in 

various popul a tions; (a) Serere 3A, 

(b) HMP 550, (c) Sudan Green, (d) Sudan 

Yellow, and ( e ) RMP l(S)Cl. 



50 

40 

..J 
<! 30 
~ 
o 
~ 

LL 
0 20 

~ o 

10 

1191 833 : ·89 417 

SUDAN YELLOW 
SUDAN GREEN 

HMP 1700 
HMP 557 
HMP 550 

295 

RMPISCI 
SERERE 3A 

--
208 

SIEVE SIZE f1-

--------
------
-- .... _---

----
- ..... __ ._--

147 
1 

)147 

Figure 2. Particle size distrubution of pearl millets ground in a 
Hobart mill. 



50 

40 

-.J 30 
<{ 
f-

~ 

01 0 
f-

~ 

ll.. 20 

0 

~ 0 

10 

1191 833 589 417 
147 > 147 

295 208 

SIEVE SIZE f.L 
Figure 3. Particle size distribution of soft wheat ground in a Hobart mill. 



152 

Figure 4. SEM of millet particles 
after roller milling the 
fine fraction C<417p) 
obtained from the Hobart 
mill. 
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Figure 7. Grain sorghum kernels showing distribution 
of opaque and translucent endosperm in 

various cultivars: (a) SRAr W6, (b) SP~I W4, 
and (c) Dwarf White. 
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,DECORTICATION OF PEARL MILLET AND GRAIN, SORGHUM 
IN A LABORATORY ABRASIVE MILL ' 

Alicia de Francisco, Allan D. Shepherd, R. Carl Hoseney, and 
E. Varriano-Marston 

INTRODUCTION 

One important factor in determining g~ain quality is its ,milling 
characteristics. 'For millet and sorghum their decorticating behavior 
drastica lly i nfl uences the pal atabil i ty and cook~ ng quality of the 
grains (Desikachar, 1977; Kapasi-Kakama, 1977). 

The equipment used to study the decortication of sorghum and millet 
includ.e barley pearlers or similar machines (Hahn, 1969;, Rooney et al., 
1972; Stringfellow and Pepl inski, 1966; Anderson et al., 1969)" rice 
hullers and polishers (Raghavendra and Desikachar 1964; Virakthamath ~et 
al., 1971; Anderson and Burbridge, 1971), wire brush-type mills 
(Weinecke and ~10ntgomery, 1975; Rooney and Sull ins, 1969) and peelers 
(Shoup et al., 1970). Very few laboratory decotricating mills for 
small grains have been' descrfbed. Hogan et 'a 1. (1965) descri bed the 
original laboratory decorticating mill, and Barber (1972) modified it. 
It consisted of a transential abrasive device effective in dehulling 
but deficient in the ease of collection of the decorticate and de­
corticated' bran. 

Reichert and Youngs (1975) compared different dehulling methods 
and concluded that the abrasive technique was the most,favorable for 
the dehull i ng of sorghum and pearl mi 11 et. Recently a· laboratory 
decorticating mill for small seeds was developed by Shepherd (1979). 
It is an abrasive-type mill that is an efficient decorticator and 
provides convenient methods to determine the responses of d.ifferent 
random mating populations of pearl millet (Pennisetum amerieanum (L.) 
Leeke) and cultivars of grain sorghum (Sorghum hieoeor (L.) Moench) 
to decortication on shepherd's 'Udy Cyclone modified mill. We wanted 
to determine if decortication behavior could be used to differentiate 
millet and sorghum samples. . 



161 

MATERIALS AND r'lETHODS 

Materials 

The proximate compositions of the pearl millet samples studied are· 
shown in Table 1. The pedigrees of the millet cu1tivars grown in Kansas 
were as follows: H~lP 1700 (PI263540/Tift 23 DB1/2/Tift 239 DB2/2*Serere 
3A), H~lP 550 (Tift 23 DB1/*2PI185642), RMP reS) (Parentage from Serere 
3A, Serere 17 and Tift 239 DB?), and Serere 3A, developed by Serere Exp. 
Stn., Uganda, Africa. The peaigree of the Sudanese yellow and green 
millets was unknown. Those tvlO samples were selected from the market­
place in Khartoum, Sudan, and represented "good" (green) and "poor" 
(yellow) quality grains as judged by the Villagers based on flavor 
characteristics and price differential in the marketplace (Badi, 1979). 

Sorghum cultivars, SRAI W6 and SRAI W4, were developed at the Seed 
Research Association, Scott City, Kansas, and the Dwarf·White sample 
originated in Sudan but was grown in Kansas. Proximate analyses of 
those samples also are shown in Table 1. 

Grain Cleaning 

Light weight debris was removed from pearl millet samples with an 
aspirator, and the grains were passed over a 5 1/2/64 X 3/4 in. slotted 
sieve to remove undersized seeds. The sorghum samples were cleaned and 
sized over a 8/64 in. round perforation-dimpled screen. After cleaning 
the grains, the overs were hand cleaned to remove broken kernels and 
seeds with adhering glumes. The latter were deglumed in the decorticat­
ing mill which contained a rubber liner in place of the abrading surface. 
Deglumed seeds were combined with the hand-cleaned overs for decortication. 

Decorti cati on 

Decortication was performed with a Udy Cyclone modified mill 
(Shepherd, 1979). The grain was fed into a chamber where air from an 
impeller conveyed the kernels against a cylindrical abrasive surface. 
Particles of sufficiently small size left the grinding compartment 
through a screen and were carried by an air stream to a cyclone con­
nected to a glass receiver. To empty the grinding chamber, the screen 
was removed, and the motion of the impeller was reversed. This debranned 
sample was collected in a clean glass receiver. 

For pearl millet decortication, the Udy Cyclone mill was fitted with 
4 blades so that the distance from blade tip to blade tip was 4.25", 
a mesh grit impaction surface, and a screen perforated with round holes 
1 mm in diameter. It was operated at 1800 rpm for both Kansas and 
Sudanese millets. The latter were also decorticated with an 80 mesh 
grit at 1500 rpm. 
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For sorghum decortication studies, the mill was fitted with four. blades, 
a 60 mesh grit impaction surface and a 3/32 round hole perforated screen. 
It was operated at 1800 rpm. 

Preliminary decorticatons were performed on 10 g samples of millet in 
order to determine.the optimum times for obtaining 5, 10, 15, and 20% 
bran removal. The bran or decorticate fractions were collected and weighed 
every 20 sc. From the cumulative run, the optimum decortication times were 
selected and fresh samples were run at each time interval. 

Dye Studies 

The decorticated grains were stained with· a mixture of 0.05% methylene 
blue and 0.15X Eosin-Y in 70% ethanol to differentiate the tissues of the 
pericarp which was a modification ·of the method of Scheuring and Rooney (1979). 

Fractionation of Decorticated Sorghum 

The sorghum endosperm material whole or broken (decorticated grain) as 
well as the materials removed from the surface of the grain (decorticate) 
were fractionated and grouped according to their particle size as is shown 
in Figure 1. This fractionation technique allowed us to obtain a more 
precise estimate of the amount of "pure" bran removed from the kernels 
(uncontamination by endosperm fragments) as well as the percentage of broken 
kernels resulting from decortication. 

RESULTS AND DISCUSSION 

Decortication 

The amount of bran removed from pearl millets during decortication 
varied considerably among populations (Fig. 2). The Serere 3A and R~lPI(S) 
CI required more time than the other samples to obtain the same degree of 
decortication. Conversely, the millets obtained from Sudan were much 
easier to decorticate than the millets grown in Kansas, except for HMP 550. 
We found that Sudan Green took longer to decorticate than Sudan Yellow 
(Fig. 3) when using less severe decortication conditions. 

The Udy Cyclone mill has been reported (Shepherd, 1979) to be use­
ful in differentiating sorghum cultivars. Using that mill vie found the 
Dwarf White sample required the shortest time for decortication followed 
by SRAI W6 andW4 (Fig. 4). Sorghum was more readily decorticated than 
was millet. 

Structural Studies 

Microscope studies were conducted to determine why sorghum was more 
easily decorticated than millet. Scanning electrdn micrographs of half­
kernels of decorticated pearl millet and grain sorghum show that the 
germ was retained in both (Fig. 5). The pericarp from millet was re~ 
moved in small flakes (Fig. 6a) which readily passed a 1 mm screen. 
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Conv~rsely, the peri carp of sorghum was removed in large flakes during 
decortication (Fig. 6b). The structural point of detachment of the 
peri carp for millet was at the junction between the endosperm and the 
aleurone layer (Fig. 7a & c). The structural point of detachment for 
sorghum peri carp was in the starch~containing mesocarp (Fig. 7b & d). 
Millet mesocarp cells are devoid of starch granules, as reported by 
Sullins and Rooney (1977). Based on the SEM data, we concluded that the 
process of decortication of grain sorghum and pearl millet follow dif­
ferent patterns due to inherent structural dissimilarities. 

Fractionation of the Decorticate 

To explain differences in the amount of decorticate obtained with 
different sorghum cultivars, we classified the decorticate into bran, 
brokens and intact decorticated grains according to the fractionation 
scheme shown in Figure 1. A large variation in the percentage of bro­
kens was found. The data showed that Dwarf White, the cultivar with 
the most decorticate, had a higher percentage of brokens than did the 
other samples (Table 2). Therefore, differences in decortication be­
havior of sorghum cultivars are related to "softness" of the endosperm, 
with Dwarf Whie having a softer endosperm than the other sorghums. The 
amount of bran removed ranged from"lO.l% to 14.2% (Table 2) in the three 
cultivars studied. This is a surprising amount of variation and may 
indicate genetic variation in the amount of starch in the mesocarp or in 
the thickness of the outer peri carp layers. 
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Table 1. Proximate composition of 

pearl millets and grain sorghums 

Protein Moisture Ash 
Sample % % % 

Pearl Mi llets 

liMP 1700a 14,7 10.4 i.6 

i-IMP 550a 13.6 9.6 1.8 

RMPI(S)Clb 1l. 1 14.2 l.4 

Serere 3Ac 13.5 9.5 i:6 

Sudan Ye 11 owd 14.5 7.4 2.0 

Sudan Greend 12.0 7,8 l.5 

Grain Sorghume 

SRAI W4 9.3 i7:0 l.5 

SRAI W6 9.8 16.6 1.2 

Dwarf White 13;5 14.4 1.8 

~Grown in Hays, Kansas, ;977 
cGrown in Manhattan, Kansas, 1976 
dGrown in Hays. Kansas, 1975 
eGrown in Sudan 

Grown in Scott City, Kansas 

Fat 
% 

6,9 

7,1 

6.il 

6.2 

7.8 

5;9 

3.5 

2:8 

3.2 
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Table 2. Fractionation of Decorticated Sorghums 

Recovered Products (%) 
Cultivars Bran Brokens Who 1 e Gra in 

(Fines & Flakes) (Small & Large) 

SRAI W4 10.1 ± -0.05 5.0 ± 0.03 83.6 ± 0.03 

SRAI 146 13.0 ± 0.5 7.3 ± 0.005 80.8 ± 0.15 

Dwarf White 14.2 ± 0.04 43.0 ± 0.02 41.2±0.2 
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Figure 5. Millet (a) and sorghum (b) decorticated to 12% and 15%, respectively. 
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Figure 6. Flakes from decorticated sorghum (top) 
and millet (bottom). 
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EFFECTS OF PEARL MILLET AND SORGHUM DIETS ON GROWTH RATES AND 
CHOLESTEROL LEVELS IN GUINEA PIGS 

Carol Klopfenstein 

Sorghum and pearl millet are major dietary staples in some parts of 
the world, but the nutritive value of these grains has not been exten­
sively studied. Recently several health problems have been associated 
with the consumption of sorghum (Belavady, 1975; MacLean and Graham~ 
1980). It has long been suspected that a high incidence of pellagra 
results from the consumption of diets high in sorghum (Gopalan, 1968). 
Several have suggested that sorghum's high leucine: isoleucine ratio 
interferes with normal niacin metabolism (Gopalan, 1968; Belavady, 
1975) . 

For some population groups having diets high in lightly processed 
cereals, serum cholesterol levels are low and coronary heart disease is 
rare (Trowell, 1972, 1975; Connor et al., 1978; Phillips et al., 1978). 
Laboratory work investigating the causes of that phenomenon has been 
sparse. While some attention has been given to wheat, wheat bran, and 
various oats fractions, virtually no data are available on the effects 
of sorghum or pearl millet diets on cholesterol levels. In our 
preliminary study (2nd Annual Report) guinea pigs fed sorghum diets 
high in ascorbic acid appeared to have lower serum cholesterol levels 
than those fed wheat, rolled bats, or pearl millet diets. Liver . 
cholesterol was significantly lower (P ~ 0.05) for animals fed sorghum 
diets. 

The experiment described here was designed to determine (1) the 
effect of pearl millet' and sorghum diets on guinea pig growth, (2) what 
anatomical portion of the sorghum kernel was responsible for the 
cholesterol-lowering effect, and (3) if ascorbic acid in the diet was 
a related factor. 

MATERIALS AND METHODS 

Experimental diets were fed to male albino English Shorthair guinea 
pigs ranging in weight from 280 to 386 grams. The control diet consisted 
of vitamin-free casein (20%), skim milk powder (20%), sucrose (29%), 
soybean oil (9.9%), cellulose (19%), and cholesterol (0.1%). Potassium 
acetate (2.5 lbs.), magnesium oxide (0.5 lbs.), vitamin diet fortification 
mix (2.2 lbs.), and Briggs N salt mix (6 lbs.) were added to 100 lbs. of 
that diet. Vitamin and mineral mixes were obtained from ICN Nutritional 
Biochemicals, Cleveland, OH. 

The sorghum diet formulation was the same as the control diet except 
that 58% ground whole sorghum (DeKalb C46+) replaced the skim milk powder 
and sucrose. Cellulose was reduced to 10%. 
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The sorghum bran diet contained bran obtained by decorticating the 
grain in a Sa take mill. The first 20% of the grain removed was used and 
substituted for 11.5% of the cellulose in the control diet. The decorti­
cated grain, which consisted of the endosperm and germ, was ground 
(corrugated rolls set at 0.013") and then used to replace the sugar and 
skim mil k powder of the control diet to make up the sorghum endosperm 
diet. 

The sorghum + ascorbic acid diet had the same formulation as the 
sorghum diet except the ascorbic acid level was tripled to provide an 
intake of approximately 60 mg ascorbic acid per day/per animal. 

The pearl ~illet diet was the same as the control diet except that 
58% ground whole millet (HMP1700, 1979) replaced the skim milk powder 
and sucrose. Cellulose was reduced to 10%. 

The feeds were mixed and pelleted as described previously (2nd 
Annual Report). Animals were individually housed and given feed and 
water ad libitum. Daily growth records were kept. Blood samples were 
taken from a toenail vein at 62, 87, and 95 days; serum total choles­
terol and cholesterolester-cholesterol ratios were determined. Liver 
samples were taken after 95 days and lipids were extracted (2nd Annual 
Report). Serum and liver cholesterol concentratiohs were measured 
using the reagent of Rosenthal et al. (1957). Cholesterol ester -
cholesterol ratios were determined by spotting an ~ther:absolute 
ethanol (80:20) extrayt of the serum on Brinkman thin layer plates pre­
coated with silica gel 60. The plats were developed in hexane;ether; 
acetic acid (80:20:1), dried, and then dipped in a solution of ·3% cupric 
acetate in 8% phosphoric acid for 3 sees. and heated at l300C for 30 min. 
(Bitman et al., 1980). After cooling, cholesterol and cholesterol ester 
were measured densitometri ca lly at 400 nm. 

RESULTS AND DISCUSS ION 

Growth Rate 

During the first 37 days of the experiment, animals eating the sorg­
hum bran diet (which contained skim milk powder and casein instead of 
sorghum endosperm) grew significantly (p~0.05l faster than those in any 
other group except for animals on the pearl millet diet (Table 1). 
Animals receiving the other grain diets grew at the same rate as the 
control group (casein base). Of animals receiving the experimental grain 
diets, those eating sorghum bran and pearl millet grew faster (P~O.05) 
than those eating sorghum + ascorbic acid, sorghum or sorghum endosperm. 

After about day 40 of the experiment, animals eating the sorghum, 
particularly the sorghum endosperm diets, began to grow slowly and some 
lose.weight. We thought these animals might be. becoming pellagranenic, 
so nlcotinic acid \~as orally administered to animals in those groups. A 
concentration of 1 mg of the vitamin per day caused a marked improvement 
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in their appearance. Previously lethargic animals became active and the 
condition of their coats was better. Animals appearing to be near death 
began to slowly grow again (Table 2). Although niacin had no significant 
effect on growth rates, the general health of the animals was markedly 
improved. Niacin deficiency may have accentuated or initiated unidentified 
probl ems. 

While those animals discussed above were doing poorly on sorghum ,or 
sorghum endosperm diets, animals eating a diet essentially identical to 
the sorghum diet, but containing three times more ascorbic acid, continued 
to grow and remain healthy and active. Animals receiving higher levels of 
ascorbic acid grew significantly (P ~0.05) faster than those on sorghum 
and sorghum endosperm diets, even after the later diets had been supple­
mented with niacin (Table 3). As in our previously reported experiment 
(2nd Annual Report), growth rates of animals on the ascorbic acid 
supplemented diet were not significantly different (P ~0.05) from those 
on the millet diet. Growth rates for the sorghum bran diet also were not 
different from those for pearl millet and sorghum + ascorbic acid (Table 
3). Pearl millet diets produced the highest growth rate for days 37 
through 51. 

Because of the dramatic effect ascorbic acid had on the health and 
growth of sorghum-fed animals, we supplemented the other diets for 13 
days with 40 additional mg/day of ascorbic acid {equivalant to about 8.4 
grolvth rates of animals on any of the diets. 

Liver Weight - Animal Weight Ratios 

As in our earlier work (2nd Annual Report), livers of animals fed 
grain diets appeared to be proportionately heavier than those of control 
(casein-fed) animals. In the present experiment, liver weights were 
significantly higher for animals fed pearl millet (P ~0.05), sorghum 
(P ~0.01), and sorghum endosperm (p $0.05) diets. Sorghum bran and 
ascorbic acid supplemented sorghum diets gave the same liver weight/ 
animal weight ratios as did the control diet (P ~0.05, Table 4). 

Serum Cholesterol 

Serum total cholesterol analyses were performed three times during 
the experiment: after 62, 87 and 95 days, Those values were found to 
be in the normal range (Ginter, 1977) even though the animals received 
0.1% dietary cholesterol.' At each sampling date serum cholesterol was 
lower in animals eating the ascorbic acid-supplemented sorghum diet than 
for animals in any other group. In the 62-day samples serum cholestenol 
values were significantly lower (P 50.10) in the sorghum + ascorbic acid­
fed animals than in animals fed sorghum, sorghum endosperm or sorghum bran 
diets (Table 5). In our earlier experiment (2nd Annual Report), the mean 



, , 
178 

serum cholesterol level was also lower for the ascorbic acid supplemented 
sorghum diet than for other grain diets or the control diet, but the 
difference was not significant (P 5 0.10). The unsupplemented sorghum 
diet produced significantly higher (P 5 0.10) serum cholesterol values 
than the control diet. The pearl mil'et diet gave intermediate serum 
cholesterol values (Table 5). 

Liver Cholesterol 

After 95 days on the diets, the animals' liver cholesterol values 
were exceptionally high, being approximately twice those of animals 
which were fed similar diets for only 43 days (2nd Annual Report) the 
the difference was not significant. 

Cholesterol Ester - Cholesterol Ratios 

Oral supplementation of 40 mg ascorbic acid per day for 13 days to 
all animals, except those already rec~iving the ascorbic acid supplemented 
diet, resulted in higher cholesterol ester - cholesterol ratios (Fig. 1). 
When supplementation of ascorbic acid was discontinued, ratios dropped. 

Disc Electrophoresis for Lipoproteins 

When serum was electrophoresed using Redi-Disc lipoprotein gels (AmeS 
Co., Elkhart, Indiana), the chylomicron fraction was always low. The gel 
pattern resembled the common lIb phenotype for human blood. A narrow pre­
S-lipoprotein band, a wide, more diffuse B-lipoprotein band and a sharp, 
dark a-lipoprotin band were noted for all animals. Few differences were 
noted among experimental groups before or after supplementation with 
ascorbic acid or after its subsequent removal. 

Sepraphore Strip Electrophoresis for High Density Lipoprotein Cholesterol 
(HOLe) 

The HOL cholesterol electrophoresis system (Gelman Sciences, Inc., 
Ann Arbor, ~li chi gan) proved unsati sfactory for separa ti ng and measuri ng 
the HOLC in guinea pig serum. Using this method, human blood serum 
normally shows 2 to 3 red/pink bands: these being (from point of appli­
cation) low density lipoprotein cholesterol (LOLC), very low density lipo­
protein cholesterol (VLOLC) and high density lipoprotein cholesterol (HOLC). 
Often the second band (VLOLC) is very faint or absent. When barbitone 
acetate or tris-buffer, pH 8.6, was used, guinea pig serum produced only 
one pink band in the alpha-, or HOLC, position, directly aligned with the 
HOLC band of human serum. When strips were then stained with Coomassie 
Blue protein stain, these HOLC bands were located immediately behind the 
albumin and directly in front of a dark alpha-protein band. 

Summary 

The pearl millet diet produced strong, healthy animals with the best 
average growth rate of any of the diets after 41 days of feeding. After 
about 40 days of the experiment, animals eating sorghum and sorghum endo­
sperm diets were growing poorly, were lethargic, and had poor coats. We 
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assumed that the animals had pellagra an administered 1 mg nicotinic acid/ 
day for 11 to 16 days. The nicotinic acid alleviated most of the symptoms 
but did not significantly improve growth rate. Animals on the ascorbic 
acid-supplemented sorghum diets did not exhibit the symptoms described 
above and remained healthy throughout the experiment. This study confirmed 
our earlier work showing that ascorbic acid-supplemented sorghum diets 
exert a cholesterol-lowering effect in guinea pig serum and liver. No 
differences in serum lipoproteins were noted among the groups. 
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Table 1. Weight Gained;Day for First 37 Days 

Me~n 
Diet e.g/day) GrQuping+ 

Sorghum Bran (4)* 6.5 A 

Pearl Millet (5) 5.4 AB 

Control (6 ) 4.2 Be 

Sorghum + Ascprbic 
Acid (3) 2.8 C 

Sor!lhum (5) 2.3 C 

Sorghum Endosperm 
(4) 2.2 C 

*Number of animals in group 
+Analysis of variilnce procedure, Dunciln'.s multipl<;: 
range test, alpha 1 eve 1 ::: 0.05. Meilns with the 
.sal1l!'! letter are not significantly different. 

Table 2. Effect of .Niaci.n Suppl<;:mentation 

10 days before 
niacin 

2.5 :!; 1.0 

Grams Gained/Day 
During 10 days after 
niacin* niacin 

Sorghum EndQsp<;:M)l 0.2 ± 1.8 

3.0 :!; 1.0 

1.8 :!; 0.8 

2.9 ±.0.4 

1.8:t 1,5 

*Sorghum animaJs .received 1 mg nicotinic ilcid/day for 11-13 dilYS, 
Sorghum Endosperm animals received 1 mg/day for 16 da~s. 
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Table 3. Weight Gained/Day for Days 37-51 

Diet 

Pearl Millet 
Sorghum + Ascorbic 

Acid . 
Sorghum Bran 
Control 
Sorghum Endosperm + 

Niacin 
Sorghum + Niacin 

Mean:!: S.D. 
(g/day) 

5.8 :!: 1.2 

4.4 :!: 1.1 

3.4 :!: 1.8 

2:3 :!: 2.1 

2.1 ± 1.1 

0.6 ;; 2.0 

Table 4. Liver Weight/lOO Grams of Animal Weight 

Diet 

Pearl Millet (4)* 

. Sorghum (5) 

Sorghum Endosperm (4) 

Sorghum Bran (4) 

Sorghum + Ascorbic 
Acid (3) 

Control (5) 
-;-

Number of animals in group. 

Mean. Grouping+ 
(g/100g) 

4.55 A 

4.49 A 

4.22 AB 

4.10 ABC 

3;911- BC 

3.65 C 

+Analysis of variance procedure, Duncan's multiple range 
test. alpha level :;; D~05. Means with the same letter 
are not Significantly different. ' 
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Table 5. Serum Cholesterol After 62 Days 

Diet Mean 
(mg/dl) 

Sorghum (4)* 

Sorghum Endosperm (3) 

Sorghum Bran (4) 

Pearl Millet (3) 

Control (S) 

Sorghum + Ascorbic 
Acid (3) 

,.. 
Number of animals. in group. 

93.8 

89.2 

86.9 

77.1 

72.4 

, 62.9. 

Grouping+ 

A 

A8 

AB 

ABC 

BC 

C 

+Analysis of variance 'procedure. Duncan's multiple 
range test. alpha level ~ 0.10. Means with the 
same letter are not signifieantly different •. 

Table 6. l.iver Cholesterol 

Diet Mean Groupinq+ 
(;ng/lOOg) 

Sorghum (S)* 1478.0 A 

Pearl 11illet (4) 1302.5 AB 

Sorghum + Ascorbic Acid (3) 1203.3 ABC 

Sorghum 8ran (3) 1116.7 ABC 

Sorghum Endosperm (4) .947.S BC 

Control 74S.0 C 

* Number of animals in group. 
+Analysis of variance procedure. Duncan's multiple range 
test. alpha level S O.OS. Means with the same letter 
are not signiTicantly different. 
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Fig. 1. Effect of ascorbic' acid on cholesterol ester­
cholesterol ratio. 

a b c a b c a b c a b c 

I 2 3 4 
D!ET 

Diet 1- Control 
2. Sorghum 
3. Sorghum bran 
4. Sorghum endosperm 
5. Pearl mill et 

a = pre-ascorbic acid (day 67:'75) 
b = high ascorbic acid (day 75-88). 
c = post-ascorbic acid (day 88-94) 

abc 

5 
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NOTE ON RATE OF WATER PENETRATION INTO 
SORGHUM DURING TEMPERING 

A. A. Abdelrahman and E. P. Farrell 

Grain is often "tempered" 'Prior to grinding. Tempering involves adding 
water, followed by a rest period (Gi,llespie, 1948; Cleve, 1954). For wheat, 
tempering toughens the bran, allowing a cleaner separation of bran and 
endosperm (Bri ggs, 1925 )., and increases the fri abil ity of the endosperm 
partic1es (Butcher and Stenvert, 1973). 

The effects of tempering on milling are not completely understood, 
but adding moisture to grain causes the germ to swell and to pull away 
from the endosperm (Martin, 1970; Sorenson and Person, 1970). The fac­
tors affecting proper conditioning of the grain prior to milling are the 
amount and distribution of water in the kernel (Bradbury et al., 1960; 
Anon, 1957) which, in turn, are affected by the amount of water added to 
the grain, the water temperature, and the time allowed for water to 
penetrate the kernel (Kuprits, 1965). 

The rate at which water penetrates grain affects the time needed 
for tempering, and this must be considered in the mixing of different 
grain lots (Baker, 1935; Blessin et al., 1962). Fraser and Haley (1932) 
found that the. amount and rate of water absorption by wheat was affected 
by wheat 'variety, tempering time and temperature, and kernel size. Scouring 
the grain increased water absorption; the percentage of protein in wheat had 
a minor effect on water absorption. 

In contrast, Butcher and Stenvert (1973) found that the concen­
tration and distribution of protein within the wheat kernel greatly 
affected the rate at which moisture penetrated the grain. High concen­
trations of protein below the aleurone layer retarded the movement of 
moisture into the grain, but the grain's hardness was not related to the 
rate at which moisture penetrated the kernel. 

Little work has been done on the 4ptake of water by grain sorghum. 
Recording weight gains during tempering, Fan et al. (1963) found that 
the initial weight gain was rapid but decreased gradually with time. 
They reported that the diffusivities of water in corn and sorghum were of 
the same order of magnitude as those in wheat. Others have found that hard 
sorghum absorbs moisture more slowly than does soft sorghum (Weinecke et al., 
1965) and that waxy sorghum cultivars absorb more water than do nonwaxy 
cultivars (Mustafa, 1969). 

Our objective was to study the rate at which water penetrates sor­
ghum kernels during tempering by using autoradiography and an electrical 
conductance moisture meter. 
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MATERIALS AND METHODS 

Materials 

A commercial, low-tannin sorghum, grown in Kansas in 1978, was 
used. After the grain had been cleaned on the Carter Dockage Tester 
and scoured with an experimental scourer, the light debris was removed 
with a Kice Aspirator. The cleaned grain had a test weight,of 59.8 lbs/ 
bushel and a 1,000 kernel weight of 24.9 g. One sample contained 9.1% 
protein (N x 6.25), 3.3% fat, 1.5% ash, and an initial moisture content 
of 12.5%. Another sample had an initial moisture of 10.8%. 

Water Penetration into Sorghum Kernels 

Water penetration was studied with a Tag-Heppenstall electrical 
conductance moisture tester. With the electrrtcal moisture tester the 
resistance of the grain to passage of an electrical current decreases 
as the moisture content increases. By measuring the decrease in appar­
ent moisture in the outer layers of the grain at regular time periods, 
the rate of entry of the water into the kernel is determined. Sorghum 
(3,000 g) was tempered to different moisture levels (15, 16, 17, & 18%). 
The amount of water required to attain each level was mixed with the 
grain in a rotating steel drum long enough to allow water on the surface 
to be absorbed, and then each sample was kept in a closed alumnium can .. 
A small sample from each can was tested in the moisture meter at various 
times after the initial introduction of water to the grain. 

An autoradiographic technique (Jackson and Varriano-Marston, 1980) 
also was used to determine the rate and pattern of moisture uptake. 
Sound kernels (30) were placed in glass vials, and 0.2 ml of tritiated 
water (50 mCi/ml) was added to each vial. The vials were shaken and then 
stored at 250C for 1 to 3 hr. After a designated time, sorghum kernels 
were washed with distilled water, cut with a razor blade, mounted in 
pithwood, and frozen in liquid nitrogen. Half-kernels were taped to 
pre-frozen strips of NMB film and then exposed for 24 hr at -780 C. 
Following exposure, kernels were removed from the film, and the film 
was developed in 0-19. 

RESULTS AND DISCUSSION 

The rates at which water penetrated sorghum kernels as determined by 
the moisture meter are presented in Figures 1 and 2. Since nearly all 
added water was initially on the surface of the kernels, the initial 
reading indicated a much higher moisture percentage than that of the 
tempered kernels. Initial moisture content of the grain had an effect 
on the rate that water penetrated the grain during the first 2 hr of 
tempering. Grain with an initial moisture content of 10.8% (Fig. 1) 
absorbed more water than did grain having an initial moisture content of 
12.5% (fig. 2). 
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As time progressed, the moisture on the surface was absorbed into 
the kernels. Initially water penetrated rapidly; after 3 hr most of 
the water had adsorbed into the kernel. Water uptake, thereafter, was 
slow and was not affected by initial grain moisture content. 

Autoradiographic data agreed with data obtained on the conductance 
meter. The extent to which tritiated water had penetrated individual 
kernels after 1 hr and 3 hr is shown in Figure 3. After 1 hr the water 
was confined to the outside layers of the kernel, but after 3 hr water 
was distributed throughout the entire kernel. The autoradiograms sug­
gest that the structures of the peri carp do not delay water penetration 
into the grain; i.e., the rate of penetration through the bran is the 
same as through the germ. Similar results were reported for wheat by 
Jones (1949). Comparing our data with similar autoradiographic studies 
on wheat kernels (Jackson and Varriano-Marston, 1980) indicates that 
water penetrates sorghum more rapidly than it does wheat. 
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INITIAL MOISTURE - 10.80/0. 
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TIME AFTER TEMPER. (hrs.) 

Figure 1. Effect of tempering moisture level and time 

on the absorption of water by grain sorghum 
with an initial moisture content of 10.8%. 
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Figure 2. Effect of tempering moisture level and time 
on the absorption of water by grain sorghum 
having an initial moisture content of 12.5%. 
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Grits from Grain Sorghum Dry Milled on 
Roller Mill s 

A. A. Abdelrahman and E. Farrell 

ABSTRACT 

Dry milling sorghum with a pre break system produced grits with lower 
fat and ash contents than grits produced without a prebreak. Yields of 
bran and fines (-30LW) increased and the quantity of grits decreased as 
temper moisture increased. The optimum tempering treatment for the 
production of grits with maximum yield and low fat content was 17% 
moisture and 8 hr tempering. 

Although sorghum is widely used for human food, and potential for 
other uses is great, sorghum milling technology is far from adequate. 
In developing countries, most grain is milled by grinding on stone mills 
or in a wooden mortar and pestle (Vogel and Graham, 1979). 

Modern dry milling processes for sorghum use roller mills and 
pearlers. Hahn (1969) and Hoseney et al. (1980) have thoroughly re­
viewed those methods. A major problem in sorghum dry milling is sepa­
ra ti ng germ from endosperm; temperi ng thf gra in appears to facil i tate 
the separation (Hahn, 1969). 

Our objective was to determine the suitability of a simple system 
consisting of roller mill, sifters, and gravity separators for milling 
sorghum into refined endosperm fractions with low fat and ash. We 
wanted to develop a commercial dry milling process to produce grits from 
sorghum. 

MATERIALS AND METHODS 

Materials 

The commercial low tanntn sorghum, grown in Kansas, in 1978, we used 
was cleaned on a Carter· Dockage Tester, scoured with an experimental 
scourer, and the light debris removed with a Kice Aspirator. Test weight 
of the cleaned grain was 59.8 lbsjbushel; its 1000-kernel weight was 24.9 
g. The grain contained 9.1% protein (N x 6.25),3.3% fat, 1.5% ash, and 
12.4% moisture. 

Milling Equipment 

A pair of corrugated rolls (6" x 6") with adjustable belt drive 
were used to break the kernels into small particles that then were 
separated on a Gyro Laboratory 'Sifter having a 2.1 in. throw run at 225 
rpm. After sifting, a gravity separator was used to separate particles 
based on density. 
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r~i 11 i n9 Procedure 

Initially the milling system consisted of three breaks and three 
sifters followed by three gravity tables (Fig. 1). A sample of 300 g, 
tempered to 17% moisture for 4 hr., was run through the system. 

In wheat milling processing, a pre break (no differential) is used 
to crack the kernels open before the first break. That creates more 
surface area, which fosters cleaner endosperm removal from the bran 
(Farrell, 1980). To study the effect of a prebreak instead of a normal 
break on the end-products of sorghum milling, we tempered a sorghum sam­
ple to 17% moisture for 4 hr, then passed it through the system shown in 
Figure 2. The pre break rolls had a fine corrugation and a differential 
of 1: 1. 3. 

To study the effect of different tempering conditions on the 
behavior of the sorghum during milling, we modified the prebreak milling 
system by eliminating the first gravity separator and adding two more 
breaks to grind the grits going to the first gravity separator (Fig. 3). 
Samples were tempered to four moisture levels (16, 17, 18, & 19%) and 
held for, three time periods (2, 4, & 8 hr) before milling. Twelve com­
binations of temper moisture levels and holding times were tested. In 
each case the samples were milled with a constant roll and feed ,setting. 
The percentages total products in the fractions from each sample were 
determined. Each fraction was analyzed for moisture, fat, and ash 
(AOAC, 1975). 

RESULTS AND DISCUSSION 

Dry Milling System 

The data in Table 1 compare the prebreak system with the sorghum 
dry-milling system using three breaks. The prebreak system produced 
grits with lower fat than when it was not used. It tended to open the 
grain rather than crush it, so it produced less bran powder and it gave 
more endosperm separation in subsequent breaks than the three-break system. 

The prebreak system still yielded refined coarse grits (+lOW) with 
high fat content (Table 1). When the modified system (Fig. 3) ,was used, 
a small fraction with high fat content was separated leaving grits with 
low fat content (Table 2), suggesting that the overs of the 10 wire con­
tained the 'germ. Apparently, the sorghum germ remained attached to the 
endosperm in the overs of the 10 wire. Several authors have noted that 
the germ is firmly embedded in the kernel and is difficult to remove 

'during dry and wet milling (Rooney and Clark, 1968; Wall and Ross, 1969). 

Effect of Tempering 

The effect of different tempering conditions on the behavior of 
sorghum during milling was studied by comparing the total yield, fat, 
and ash contents of each fraction. For each sample, four fractions 
were obtained after grinding and sifting (Fig. 3): bran, germ, fines 
(-30LW), and grits (-lOW + 30LW). 
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The interaction between moisture and time on total production, fat, 
and ash was tested by Tukey's test (Ostle and Mening, 1975), and the 
characteristic' root test. Both tests failed to show a significant 
interaction between moisture and time on total product, fat, or ash. 
The main effects of moisture and time on each fraction also were studied 
by analysis of variance (ANOVA). The f-values for each effect are given 
in Table 3. 

Bran separation. The amount of bran produced (T.P.) .increased as the 
moisture content increased (Fig. 4). Fat and ash were affected less by 
moisture except at 19% where both fat and ash decreased markedly. At the 
higher moisture l~vel some endosperm apparently remained attached to the 
bran and lowered its fat and ash contents. As tempering time increased, 
total production of bran decreased (Fig. 4), but tempering time did not 
significantly affect eithel' ash or fat content of the bran. As tempering 
time increases, moisture penetrates deeper into the kernel leaving the 
bran with less water so it is less tough and breaks up more easily into 
particles that pass through the 8W sieve. 

Our results indicate that the effect of moisture on sorghum bran is 
the same as that reported by Gillespie (1948). Moderate amounts of 
moisture make the bran tough and easy to separate while excessive moisture 
makes it difficult to separate from the endosperm material. 

Germ separation. Level of tempering moisture significantly affected total 
production, fat, and ash content of the germ (Table 3). As the moisture 
level increased, germ produced increased (Fig. 5). However, at 19% 
moisture and 2 hr tempering, the quantity of germ produced decreased. 
Some germ probably remained attached to the bran as the quantity of bran 
produced was much more than expected. 

Fat and ash contents of the germ d~creased as tempering moisture 
increased. Tempering time had no significant effect on the total product 
or on fat and ·ash contents of the germ (Table 3). 

Fines (-30LW) production. Temper moisture significantly affected the 
total production of fines (Table 3). As moisture increased, fines 
produced increased (Fig. 6) . 

. The fines are derived mainly from the floury endosperm, which is 
easily released upon grinding. As tempering moisture increased, the 
corneous endosperm became soft and mpre easily broken into fines. The 
increaSe in fines came from the corneous endosperm, not the bran, 
because fat and ash decreased as the fines increased (Fig. 6). 

Less fines were produced after a 4 hr temper than after 2 or 8 hr 
t~mpe~ (~ig. 6). The de~rease in fat and ash with increasing tempering 
tlme lndlcates that the lncreased fines at 2 hr comes from reduction of 
the outer layers while the increase in fines at 8 hr comes from the 
reduction of corneous endosperm. At high tempering moisture (19%), 
total production of fines increased with time and fat and ash contents 
decreased. 
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Grits (-lOW + 30LW) production. Both tempering moisture and holding time 
significantly affected total production, fat, and ash of the grits (Table 3). 
Increasing moisture decreased total production (Fig. 7), probably by 
increasing the friability of the grits (corneous endosperm) so they more 
easily reduced to fines. On the other hand, high moisture may have caused 
some outer layers of the endosperm to remain attached to the bran. 

As tempering time increased, grits yield increased probably from 
the reduction of kernel outer layers. Some bran may have been included 
with the grits because fat and ash contents of the grits increased. 

Refinement of Grits on the Gravity Separator 

The coarse and medium grits obtained from different tempering conditions 
were refined with a gravity separator (Fig. 3). Total product, ash, and 
fat content of refined coarse grits after tempering for various lines at 16% 
moisture are given in Table 4. Data from other tempering conditions 
(17, 18 & 19%) were similar to those in Table 4. 

The separator operated at high efficiency to separate refined grits 
from bran. An average of 81% of the material from the separator was 
refined grits with low fat and ash (Table 4). The remaining 19% was bran 
characterized by the high fat and ash of that product. Our data on 
sorghum refining grits on the gravity separator agree with findings of 
Anderson et al. (1969) who reported that a gravity separator for grit­
germ separation gave results comparable to flotation in sodium nitrate 
solution. 

SUMMARY AND CONCULSIONS 

Dry milling of sorghum with a prebreak system produced grits with 
lower fat and ash contents than grits produced without a prebreak. 
During dry milling with roller mills the oil-rich germ stays with the 
material remaining over the lO-wire sieve. 

Tempering conditions affected the behavior of sorghum during milling. 
An increase in temper moisture increased yields of bran and fines (-30LW). 
and reduced the quantity of grits produced, so tempering water affects 
the dry milling performance of grain sorghum as it does wheat; it toughens 
the bran while working the endosperm soft and friable. The optimum 
tempering treatment for the production of grits with maximum yield and 
low fat content was 17% moisture and 8 hr tempering. 

The gravity separator was effective in separating grits from bran. 
The suction of the gravity separator helped remove bran particles during 
the refining of grits. Yield of refined grits separated by the gravity 
separator var.ied with the amount of bran in the throughput. 
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Table 1; Effect of Prebreak Milling System on Distribution of 
Grain Sorghum Products 

3 Breaks Prebreak + Two Breaks 
LP. 1 Fat Ash T.P. Fat Ash 
(%) (%) (%) (%) (%) (Yo) 

+ lOW 34.1 2.13 0.92 28.0 2.15 (J.94 

+ 16W 21.8 1.30 0.48 22.9 1.09_ 0.48 

+ 30LW 10.2 2.76 1.18 11.9 2.50 1.00 

-30LW 8.9 1.87 0.81 11 .1 1.77 0.81 

Bran 4.6 8.06 3.56 4.6 7.89 3.47 

lTota 1 product 
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Table 2. The Effect of a Milling System with Prebreak Plus 
4 Breaks on Distribution of Grain Sorghum Products 

T.P. Fat' Ash 
(%) (%) (%) 

+ 16W 36.5 1.59 0.69 

+ 30LW 17.1 1. 19 0.48 

-30LW 17.0 1.86 0.77 

Bran 4.4 8.30 3.82 

Germ 7.6 14.30 b.87 
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Table 3. F-Values for the Main Effects of Moisture and Time on 
Total Product, Ash, and Fat of Bran, Germ, Fines, and Grits 

Moisture Time 

T. P. 34.38* 9.12* 
Bran Ash 2.52 2;41 

Fat 8.15* 1.99 

T. P. 4.55* 0.39 
Germ Ash 19.22* 1.89 

Fat 11. 12* 2.69 

T.P. 12.99* 2.81 
Fines (-30LW) Ash 51.62* 10.50* 

Fat 56.06* 28.29* 

T.P. 248.42* 14.97* 
Grits (-lOW + 30Ll~) Ash 55.27* 13.36* 

Fat 61.48* 14.55* 

*Significant at P < 0.05 
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Table 4. Performance of Gravity Separator in Separating Coarse Grits 
(-lOW, +16W) from Sorghum Tempered to 16% Moisture 

High side (%) Low side (%) 
Temper Syste~ 2 System 
time yield T.P. Ash Fat yield T.P. Ash Fat 
hrs (%) (%) (%) (%) (%) (%) (%) (%) 

2 82 42.6 0.70 1.77 18 9.5 2.32 5.31 

4 81 44.2 0.79 1.77 19 10.2 2.40 5.77 

8 83 44.6 0.78 1.78 17 9.4 2.30 5.28 

lpercentage of total product obtained from gravity separator. 

2percentage of product of the overall system. 
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I. INTRODUCTION 

1 

:1' 

Sorghum [Sorghum bicolor (L.) Moench] and the various millets are maJor 
food crops in Asia and Africa. They are grown in semi-arid areas and 
usually as dry-land crops. Most of the grain produced in those areas is 
consumed directly as food for humans. Sorghum, millet, and corn (maize) 
are coarse grains that tend to produce gritty tasting products unless they 
are cooked properly. Traditionally sorghum and millet have been considered 
poor man's food and the crops of last resort, with crop failure often mean­
ing starvation. 

Relatively little millet is grown in the Western Hemisphere.' In con­
trast, the United States produces over }/3 of the total sorqhum in the world. 
Other than small amounts in Argentina and other South American countries the 
rest of the sorghum is grown in the Eastern hemisphere. In India so~~hum ' 
and millets compose about 14% of the total grain production (Subramanian and 
Jambunathan, 1980). The U.S. crops are grown under quite different condi­
tions than those in India and Africa. In general, U.S. sorghum is produced 
under hi gher fertil i ty, and re 1 ati ve ly high ra i nfa n conditi ons and gi ves 
much higher yields (Rachie, 1969). For all practical purposes all the 
sorghum grown in the U.S. is used for animal feed, with only minor amounts 
finding their way into food products. 

The literature covering sorqhum and millets is difficult to locate and 
often contradictory. Much of it is in meeting reports that have limited 
distribution. The U.S. literature is relatively small and scattered over 
several disciplines. The non-U.S. literature is larqe but also scattered 
in many journals. Both sorghum and millets are referred to by a number of 
common and scientific names, resulting in much confusion in the literature. 
Our objective is to compile most of the literature in this chapter and, we 
hope, to reduce some of the confusion. Areas not covered in this review 
are (1) uses of sorghum, both grain and fodder, as animal feed, (2) sweet 
sorghum as food, and (3) the agronomic production of the crop. 
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II. SORGHUM 

A. Structural Characteristics of Sorghum 

Sorghum kernels are generally 'spherical (Fig. l) and have a thousand 
kernel weight ranging from 20 to 30 g. Kernel colors may be white, red, 
yellow, or brown. 

The schematic diagram in Figure 2 shows the relative proportions of 
the various parts of a sorghum kernel. Hubbard et al. (1950) hand-dissected 
kernels and found that the pericarp, germ, and endosperm composed 7.9%, 
9.8%, and 82.3% of the grain, respectively. They also reported the compo­
sition of the fractions (Table I). The pericarp, aleurone layer and endo­
sperm portions are clearly observed in Figure 3. Numerous authors have 
described the structural features of sorghum as viewed with the optical 
microscope (Swanson, 1928; Sanders, 1955; \~atson et al., 1955; Roone.y, 1973; 
Sullins and Rooney, 1974,1977; BlakelY et al., 1979). 

Scanning electron micrograph (SEM) of the outer layers of a sorghum 
kernel reveal a complex peri carp consisting of three layers: the epicarp, 
the mesocarp, and the endocarp (Fig. 4). Unlike other cereal grains, 
sorghum mesocarp can contain starch granules ranging in size from 1 to 4 ~m; 
however, in certain genotypes a·thin pericarp with only remnants of mesocarp 
cells are found. The presence of a thick or thin mesocarp is controlled by 
a single, dominant qene. Cross and tube cells constitute the endocarp layer. 

The mature sorghum caryopsis may (Fig. 4) or may not (Fig. 5) have a 
pigmented inner integument. The inner integument is often erroneously 
called a testa layer. The testa is the seed coat that is joined to the 
outer edge of the inner integument. Some cultivars have been reported to 
lack a testa (Rooney and Sullins, 1977; Hoseney et al., 1974). Obviously 
all mature seeds have a testa (seed coat), but certain grain sorghums lack 
an inner integument. 

The aleurone cells are the first layer of endosperm cells ,(Fig. 6). 
Ultrastructural observations on sorghum aleurone cells indicate that they 
contain protein bodies surrounded by numerous lipid bodies (Fig. 6). Some 
protein bodies contain crystalloid inclusions. 

Cells containing high concentrations of protein and few starch granules 
are found just beneath the aleurone layer (Fig. 7). Most of the protein is 
in the form of protein bodies, 2 to 3 ~m in diameter, which appear to have 
a lamellar structure (Adams and Novellie, 1975a). Acid protease, acid phos­
phatase, glycosidase, and nuclease activities have been detected in the 
protein bodies (Adams and Novellie, 1975a; Adams et al., 1976). Prolamines 
are the major components of the protein bodies (Seckinger and Wolf, 1973; 
Hoseney et al., 1974). Matrix protein, consisting mostly of glutelin 
(Seckinger and Wolf, 1973), surrounds protein bodies (Fig. 8). Adams and 
Liebenberg (1975) have suggested that, unlike in wheat, rye, and triticale 
where protein bodies coalesce to form matrix protein as the seed matures, 
protein bodies of sorghum and corn persist into maturity and become a major 
source of storage protein. 
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The cells below the peripheral endosperm layer are par,t of the hard 
endosperm and contain polygonal starch granules packed tightly together and 
surrounded by protein bodies (Fig. 8). The size and number of protein 
bodies in the hard endosperm have been related to lysine content (Seckinger 
and Wolf, 1973; Hoseney et al., 1974); cultivars with high lysine contents 
generally have smaller or fewer protein bodies. 

The floury endosperm, with its large intergranular air spaces (Fig. 9), 
is structurally different from the compact hard endosperm. The spherical 
starch granules have small particles of protein adhering to their surfaces 
or are loosely associated with papery sheets of protein. Vitreous and 
opaque areas of sorghum endosperm contain identical quantities of nitrogen 
(Palmer, 1972). The opaque appearance of the floury endosperm is related 
to the diffraction of light by the air spaces. 

The terms "hard" and "soft" have been used to designate vitreous and 
opaque areas of sorghum endosperm as well as'the general appearance of 
.individual kernels. Simmonds (1974) has suggested that, for wheat, the 
causal factors determining vitreosity and physical hardness are different. 
Therefore, some kernels may appear vitreous but be classified as soft by 
objective measurements. Like wheat, visual determination of sorghum kernel 
hardness may be arbitrary so satisfactory physical methods are needed that 
provide quick and accurate analyses of grain hardness. 

B. Sorghum Proteins 

The proteins in sorghum were covered in a review by Wall and Paulis 
(1978) in volume 2 of this series. Thus, we shall concentrate on the 
substantial literature appearing in the last few years and refer to older 
literature only as necessary. 

The protein content of sorghum, as with all cereals, varies widely 
(Johnson et al., 1968; Sisodia et al., 1979; Haikerwal and ~1athieson, 1971; 
Worker and Ruckman, 1968; Miller et al., 1964; Deyoe and Shellenberger, 
1965). Pr.otein values, usually reported as N x 6.25, vary from about 6% 
to 25%. t40st of the vari abi 1 ity is caused by those factors that affect 
grain yield. Horker and Ruckman (1968) reported a correlation coefficient 
of r = -0.85 for grain yield and protein content. Important factors 
affecting protein content were reported to be planting date, cultivar, seed 
size, and air temperature; of course, the level of nitrogen fertilization 
exerts a major influence on grain protein content (Burleson et al., 1956; 
Waggle et al., 1967). 

The amino acid composition of sorghum, as reported by a number of 
workers, is given in Table II. In general, sorghum is high in glutamic 
acid, leucine, alanine, proline, and aspartic acid. The amino acid compo­
sition is similar to that of corn (Wall and' Paulis, 1978). Briley et a1. 
(1979) have recently reported methods of computing amino acid content of 
sorghum samples that eliminate systematic errors in certain amino acids. 

As with most cereals, lysine appears to be the first limiting amino 
acid (Adrian and Sayerse, 1957). The level of lysine and certain other 
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amino acids in the grain varies with the protein content of the grain 
(Waggle and Deyoe, 1966). Table III, reproduced from Waggle and Deyoe 
(1966), shows that the level of all amino acids is positively and rather 
highly (r = 0.71 to 0.98) correlated with protein content. The slope of 
the correlation line, however, varies widely. When the amino acid distri­
bution (grams of amino acid per 100 g protein) is correlated with protein 
content, a different picture is presented. Glutamic acid, alanine, and 
leucine are highly positively correlated with protein content and lysine 
and glycine are highly negatively correlated with protein content. Waggle 
and Deyoe (1966) also presented a confidence interval for lysine as a 
function of protein content (Fig. 10). Similar results for lysine and 
leucine have been reported by Deostha1e et al. (1970a), Chevassus and Agnes 
(1979), and Sikka and Johari (1979). 

The protein and amino acid composition varies with the anatomical part 
of the sorghum kernel. Haikerwal and Mathieson (1971) hand-dissected 
grains and reported that the protein content was high in the germ and low 
in the peri carp with the endosperm protein content being close to that of 
the total kernel. Both germ and pericarp were high in lysine and rela­
tively low in leucine. Shoup et al. (1969) and Jones and Beckwith (1970) 
had reported similar results working with milling fractions. 

The existence of a dense, high protein layer of endosperm cells just 
below the aleurone cells is well documented in sorghum (Normand. et al., 
1965; Hubbard et al., 1950; Rooney et aT., 1972). 'This layer has been 
implicated in processing problems for the wet-milling of grain sorghum 
(Watson et al., 1955). 

The amino acid composition of immature grain sorghum (late dough stage, 
40% moisture) was found to be markedly different from mature sorghum (Deyoe 
et al., 1970). The immature sorghum was much higher in lysine, aspartic 
acid, and glycine and much lower in glutamic acid, proline and leucine. 
Protein content of the immature and mature samples was similar. Therefore, 
from an amino acid standpoint the immature grain was more balanced. 

Improved amino acid balance was also obtained by the discovery of a high 
lysine mutant gene (hl) in sorghum (Singh and Axtell, 1973). Analysis of 
sixty-two floury endosperm lines selected from over 9000 lines in the world 
sorghum collection gave two lines of Ethiopian origin, IS 11167 and IS 11758, 
that were exceptionally high in lysine (3.34 and 3.13, g/lOO g protein, at 
15.7 and 17.2% protein). Inheritance studies suggested that the increased 
lysine concentration was controlled by a single recessive gene. The gene's 
effect was to increase lysine, arginine, aspartic acid, glycine, and trypto­
phan and to decrease glutamic acid, proline, alanine, and leucine. 

Another high-lysine sorghum, P-721 opaque, was produced by chemical 
mutagen treatment of normal grain (Mohan. and Axtell, 1975). The P-721 has 
an opaque endosperm, is photoperiod insensitive, dwarf, and has plump white 
seeds. The two high lysine Ethiopian lines, on the other hand, are photo­
period sensitive, tall, late, and have shriveled or dented seeds. This is 
not to reduce the significance of their discovery but does indicate that 
substantial breeding will be required before those sorghums make an impact 
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on nutrition. Part of that work has been started at CIMMVT (Singh, 1976). 
Modified recombinants with varying degrees of kernel vitreosity Were ob­
tained in crosses between normal and high lysine Ethiopian lines. 

Another approach to improving nutritive value of sorghum was used by 
Wang and Fields (1978). They reported that germination increased the 
leVels of lysine, methionine, and tryptophan. Their results were confirmed 
and extended by Wu and Wall (1980), who reported that the lysine content of 
germinated (10 days) normal sorghum increased from 2.2 to 3.2 g/16 g of 
nitrogen. The lysine content of high-lysine sorghum germinated 7 days 
ranged from 3.0 to 7.8 g/16 g nitrogen in lysine. The absolute amount of 
protein per kernel did not change but there was a loss of about 10% dry 
matter. 

The classical OSborne-Mendal extraction ,of protein fractions from_grain 
sorghum has not been particularly successful. Virupaksha and Sastry (1968) 
modified the procedure by extracting kafirin with 60% ethyl alcohol at 60 0 G 
and the glutelins with 0.4% NaOH. Their total yield of extracted protein 
ranged from 80.7 to 103.4%. However, it appears that they did not extract 
in sequence and thus their results may be high. Skoch et al. (1970), using 
a sequential scheme and the Osborne-Mendal solvents, reported extracting 
only 26 to 40% of the nitrogen from sorghum meals. 

The advantage of using hot aqueous ethanol rather than room temperature 
ethanol for extraction of kafirin was confirmed by Kaikerwa1 and Mathieson 
(1971). Jones and Beckwith (1970) reported that aqueous 60% tertiary butyl 
alcohol at room temperature was as effective as 70% ethyl alcohol at 60°C 
in extracting kafirin. 

Jambunathan and Mertz (1973) reported that the solvent system of Landry 
and Moureaux (1970) Was quite effective in extracting grain sorghum proteins. 
They found 83 to 95% of the protein extractable. Using this procedure they 
reported that the distribution of proteins among the five fractions was 
distinctly different for high tannin and low tannin sorghums. The high 
tannin samples gaVe lower values in the saline fraction (fraction 1) and 
higher values in the borate buffer + 2-mercapto-ethanol + sodium dodecyl 
sulfate fraction (fraction 5). Neucere and Sumrell (1979) and Chavan et al. 
(1979a) have found similar effects of tannin on the fractionation of pro­
teins using the more classical Osborne procedure. 

The solvents used by Wu and Wall (1980) were water, 1% NaGl, 60% t­
butyl alcohol, 60% t-butyl alcohol + 0.05% dithiothreitol, and borate 
(0.0125 M borax + 0.043 N sodium hydroxide + 0.425 M sodium chloride) + 
sodium dodecyl sulfate + 0.05% dithiothreitol buffer at pH 10. The solvent 
series extracts albumin plus globulin (water + 1% NaGl, 16%), kafirin (17%), 
cross-linked kafirin (31%), and glutelin (25%), respectively. The percent­
age of each fraction is that reported by Wu and Wall (1980) for normal 
sorghum. The fraction solubilized in 60% t-butyl alcohol + dithiothreitol 
has been called both cross-linked kafirin and alcohol soluble reduced 
glutelin. Polyacrylamide gel electrophoresis (Paulis and Wall, 1979) and 
amino acid composition indicate that the fraction is similar to kafirin 
and not to glutelin. Thus, the term cross-linked kafirin appears preferable. 
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Protein fractions isolated from grain sorghum have not been studied 
extensively. Sastry and Virupaksha (1969) studied the alcohol soluble or 
kafirin proteins by polyacrylamide electrophoresis and found them to be a 
complex mixture of several proteins. The electrophoretic pattern of re­
duced and alkylated kafirin was similar to that of unmodlfied kafirin, so 
they concluded that the disulfide bonds of kafirin occur predominantly in 
the intrachain form. 

The other major group of proteins, the glutelins, were studied by 
Beckwith (1972). Glutelin was isolated by first extracting the albumins, 
globulins, and prolamines and treating the residue with a-amylase (Paulis 
et al., 1969). Beckwith (1972) reported that the glutelins contain more 
basic amino acid than do the prolamines. Many of his protein fractions 
were colored, indicating that protein-pigment complexes were present. 
Reduction of disulfide bonds in the sorghum glutelin increased nitrogen 
solubility in 6 M guanidine hydrochloride to 85-90%. The proteins were 
also soluble in 8 M urea but the system gelled on standing. Disruption 
of the disulfide bonds also produces proteins (peptides) that can migrate 
under electrophoresis so it is quite likely that glutelin protein fractions 
of grain sorghum consist of small protein chains joined together through 
disulfide linkages. 

The amino acid composition of isolated protein fractions has been 
reported by several workers (Virupaksha and Sastry, 1968; Neucere and 
Sumrell, 1979; Wu and Wall, 1980; Guiragossian et al., 1978). In general, 
albumins and globulins are relatively rich in basic amino acids. The 
kafirin and cross-linked kafirin fractions are very low in basic amino 
acids and relatively high in glutamic acjd and leucine. The glutelins are 
relatively high in basic amino acids and glutamic acid and contain moderate 
levels of leucine. 

Work with high-lysine sorghum (Jambunathan et al., 1975; Paul~s and 
Wall, 1979; Wall and Bietz, 1980) has shown that the alcohol soluble frac­
tions, kafirin and cross-linked kafirin, are lower as a percent of total 
protein and the water- and salt-soluble protein and the glutelin are higher 
as a percent of total protein than normal cultivars. Those changes in the 
distribution of protein fractions are responsible for the increase in lysine 
and decrease in leucine found with the high-lysine sorghums. 

The production and composition of a protein concentrate from normal 
and high-lysine sorghum were described by Wu (1978). The major solubility 
of proteins occurs at pH 8 and above. 

C. Carbohydrates 

Sugars 

Total sugar content in sorghum varies with stage of grain development. 
In normal sorghum, maximum levels of 9% to 13% occur within 12 days after 
pollination, follo.wed by a rapid reduction to 1% to 2% after 20 days 
(Kersting et al., 1961). Total sugar content in normal, mature sorghum 
cultivars ranges from 0.9% to 6.0% (Watson and Hirata, 1960; El Tinay et al., 

" 
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1979; Barham et al., 1946; Bhatia et al., 1972; Edwards and Curtis, 1943; 
Subramanian et al., 1980; Neucere and Sumrell, 1980). White sugary cu1ti­
vars can contain twice the quantity of sugars as normal sorghums (Karper 
and Quinby, 1963). 

Free reducing sugars constitute 0.2% to 0.9% of sorghum, with glucose 
and fructose as the principal components (Watson and Hirata, 1960; Nordin, 
1959; Barham et al., 1946; Bhatia et al., 1972; Subramanian et al., 1980). 
Maltose is not found in germinated grains (Newton et al., 1980). 

Nonreducing sugar content ranges from 0.3% to 2.1% (Bhatia et al., 
1972; El Tinay et al., 1979; Neucere and Sumrell, 1980), with sucrose being 
the major constituent (Nordin, 1959; Watson and Hirata, 1960; Newton et al., 
1980). The trisaccharide, raffinose, and the tetrasaccharide, stachyose, 
also were found in small amounts in mature grains (Nordin, 1959; Watson 
and Hirata, 1960; Neucere and Sumrell, 1980; Subramanian et al., 1980). 

Bhatis et al. (1972) reported that 0.67% to 1.23% of the glucose and 
0.13% to 0.60% of the fructose in two sorghum cu1tivars were bound in oligo­
saccharides. Sharam and Bhatia (1979) isolated three oligosaccharides from 
ripening sorghum kernels. Those oligosaccharides consisted of fructose and 
glucose units in ratios of 2:1,4:1, and 9:1 and may be intermediates in the 
formation of starch during grain development. Other studies in Bhatia's 
laboratories (Bhatia et al., 1980; Bhatia and Uppal, 1979; Sharma and 
Bhatia, 1980) indicate that sucrose can be a direct precursor of starch 
in sorghum; its glucose moiety is transferred to starch via a sucrose trans­
glucosylase system. 

Starch 

Starch contents of 32% to 79% have been reported for sorghum cultivars 
(Kersting et al., 1961; MacMasters and Hilbert, 1944; Horan and Heider, 
1946; Roofayel, 1967; El Tinay et al., 1979; Watson and Hirata. 1960; 
Sisodia et al., 1979). The lowest values in that range (32~57%) are 
generally for sugary sorghums. Waxy sorghums also tend to have lower 
starch contents than do the nonwaxy cultivars. 

Sorghum starch granules (Fig. 11) are polygonal or spherical in shape 
and range in size from 4 ~m (Wall and Blessin, 1970; Miller and Burns, 
1970). The physicochemical properties of sorghum starch granules are 
affected by amylose content, which ranges from 0.8% to 1.0% for waxy 
starches and from 21% to 34% for normal starches (Deatherage et al., 1955; 
Horan and Heider, 1946; Miller and Burns, 1970). Amylose contents of 33% 
to 62% also have been reported for some sorghum hybrids (Lin and Pi, 1964). 
All of the reported values were based on data obtained by iodine-titration 
methods. The results, therefore. represent only an estimate of amylose 
content and not the actual content because iodine binding by starch is -
dependent on chain length and degree of branching as well as amylose con­
tent (Bates et al., 1943). 

Gelatinization temperature ranges are affected by amylose:amylopectin 
ratios. In a study of 125 sorghum lines. Heusdens and King (1962) found 
that waxy starches had slightly higher initial and endpoint gelatinization 



215 

temperatures than the nonwaxy starches. Initial and endpoint temperature 
ranges for waxy starches were 63.0 to 65.2°C and 72.1 to 73.4°C, respectively, 
compared to initial and endpoint temperatures of 63.0 to 63.8°C and 70.8 to 
71.9°C, respectively, for nonwaxy starches. Those birefringent endpoint 
temperatures agree with values reported- by Freeman et al. (1968) for 85 
sorghum cultivars. MacMasters and Hilbert (1944), however, reported slightly 
lower initial temperatures (49-58°C) and slightly higher endpoint tempera­
tures (75-78°C) for 11 waxy sorghum starches. Variability in values reported 
by different authors may be due to differences in genotype and environment 
under which the sorghum was grown (Freeman et al., 1968). 

Because waxy milo starch has greater swelling power and solubility than 
nonwaxy starch (Leach et al., 1959), it is not surprising that these starches 
show distinct amylograph pasting curves (Fig. 12). Pasting temperatures 
between 69 to 73°C have been reported for waxy milo compared to 80 to 86°C 
for nonwaxy types (Lindemann, 1951; Horan and Heider, 1946; Otterbacker and 
Kite, 1958). At the same starch concentration, waxy starches produce higher 
peak viscosities, greater thinning on cooking, and little setback on cooling 
compared to the nonwaxy counterparts. 

Studies on the susceptibility of raw sorghum starch to a-amylolytic 
enzymes indicate that attack is confined to the surfaces with a few granules 
showing concentric shells (Nordin and Kim, 1960; Harbers and Davis, 1974; 
Tovar et al., 1977; Rooney and Sullins, 1977). Waxy starch appears to be 
more susceptible to a-amylolysis than nonwaxy starch (Tovar et al., 1977; 
Rooney and Sullins, 1977). Susceptibility of sorghum starch to a-amylases 
also is affected by heat processing of sorghum grains (Harbers, 1975; 
McNeill et al., 1975; Holmes et al., 1966; Osman et al., 1970; Hinman and 
Johnson, 1974a & b; Riggs et al., 1965). 

Nonstarchy polysaccharides 

Cellulose. Kamath and Belavady (1980) reported cellulose levels rang­
ing from 1.19% to 5.23% for three sorghum cultivars. No information has 
been published on the physicochemical properties of sorghum cellulose. 

Pentose-containing polysaccharides. Pentose-containing polysaccharides 
have been termed pentosans, a description which disregards chemical struc­
ture, particularly since those polymers usually contain some other non­
pentose sugars. Differences in solubilities have led researchers to further 
subdivide pentosans into water--sol uble and water-insol uble components. The 
water-insoluble pentosans have sometimes been referred to as hemicelluloses. 

The pentosan content of whole sorghum grain ranges from 2.51% to 5.57% 
depending on variety and location of growth (Karim and Rooney, 1972a). The 
major portion of the pentosans is found in the pericarp, with a gradual 
decrease in pentosan content from the periphery to the center of the endo­
sperm. 

Pentosans purified from grain sorghum peri carp have been classified as 
water-soluble, cold-water soluble, hot-water soluble, and alkali soluble 
depending on the isolation procedure employed {Karim and Rooney, 1972b; 
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Woolard et al., 1976a). The alkali-soluble pentosans have been further 
characterized into hemicelluloses A and B (Woolard et al., 1976a). Glucose 
was the predominant sugar in the cold- and hot-water soluble pentosans 
(Table IV) isolated from the peri carp by Woolard et al. (1976a). This is 
in contrast to the relatively low levels of glucose found in the water 
soluble fraction of Karim and Rooney (1972b). 

Hemicelluloses A and B, which were extracted from the peri carp with 
aqueous NaOH, contain arabinose and xylose as the predominant sugars 
(Woolard et al., 1976a). Karim and Rooney's (1972a) alkali soluble frac­
tion resembles hemicellulose A in that it also contains glucose as a major 
component sugar (Table IV). 

Woolard et al. (1976a) further fractionated hemicellulose Bon DEAE 
cellulose into 13 polysaccharide components (Table V), many of which were 
highly branched and had primary chains containing S(l~) linked xylopyranose 
residues. Differences in uronic acid contents among the various hemicellu­
lose B components accounted for their separation by DEAE cellulose. The 
B(A) groups had a higher uronic acid content than the B(B) groups (l~oolard 
et a 1., 1976b; 1977a, 1977b). 

Hemicelluloses A and B and water-soluble pentosans were also isolated 
from the endosperm of sorghum (Woolard et al., 1976c; 1977c). The major 
component of hemicellulose A was a S-D-glucan, a linear polymer containing 
S-(1+3)- and B-(1+4)- glucosidic linkages (Woolard et al., 1976c). Hemi­
cellulose B fractions had biochemical characteristics similar to those of 
the comparable fractions of the pericarp (Woolard ·et al., 1977c). 

Cold- and hot-water-soluble pentosans from the endosperm are D-glucans 
containing a large proportion of a-linked D-glucosyl residues (Woolard 
et al., 1977c). The cold-water solubles contained glucan A (d.p. 23), a 
polysaccharide with (1+4)- and (l+6)-linked D-g1ucopyranose residues in the 
ratio of 2:1 with a ratio of 4:1 of a- and s-linkages. Branching points 
occurred every three D-glucose residues per molecule of glucan A. Glucan 
B (G:p. 20), purified from the hot-water solubles, was structurally similar 
to glucan A but differed in the ratio of (l~)- to (l+6)-linkages, being 
6:1 for glucan B (Woolard et al., 1977d). 

D. Sorghum Lipids 

The lipid content and fatty acid composition of grain sorghums have 
been extensively studied (Wall and Blessin, 1970; Paul et al., 1972; 
Rooney, 1978; Badi et al., 1976a; Neucere and Sumrell, 1980; Price, 1975). 
Sorghums, in general, contain 2.0 to 4.1% "free" lipids (petroleum ether 
extractable) and 0.1 to 0.56% "bound" lipids (extractable with water­
saturated butanol). The major portion of the lipid is located in the 
germ (Hubbard et al., 1950). 

Sorghum lipids are highly unsaturated, with oleic and linoleic acid 
accounting for at least 76% of the total fatty acids (Table VI). The 
fatty acid composition of grain fractions obtained by wet milling indi­
cates that the germ lipids contain the highest proportion of unsaturated 
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fatty acids (84%). The protein fraction contains about 75% unsaturates 
and the starch contains 52% unsaturated acids and about 32% palmitic acid 
(Baldwin and Von Sniegowski, 1951; Von Sniegowski and Baldwin, 1950). 

Thin-layer chromatography has been used to tentatively identify lipid 
components in grain sorghums (Paul et al., 1972; Badi et al., 1976a; Price, 
1975). Nonpolar lipids comprise 86% of the total lipid (Price, 1975), and 
the major components of that fraction are triglycerides (Table- VII). Minor 
components of the nonpolar lipids include diglyceriiles, sterols, pigments, 
nonesterified fatty acids, sterol esters, and hydrocarbons. Bound lipids 
contain a higher percentage of nonesterified fatty acid than the free lipids. 

Nonesterified, esterified, and glycosylated sterols and triterpene 
esters have been identified in sorghum (Palmer and Bowden, 1975a). More 
than twenty, 4-demethylsterols, 4-monomethylsterols, and triterpenes have 
been isolated from mature sorghum (Palmer and Bowden, 1975b). Some of the 
sterols identified were cholesterol, campesterol, stigmasterol, sitosterol, 
28-isofucosterol, and 24-ethylidene-cholest-7-3a-ol. a-Sitosterol composed 
from 43 to 46% of the 4-demethylsterols (Bowden and Williams, 1971; Palmer 
and Bowden, 1977). The components of the triterpene fraction include lupanol, 
cr-amyrin, and isoarborinol (Palmer and Bowden, 1977). 

Sorghum waxes, also classified as nonpolar lipids, have be~n isolated 
and the major classes of components have been identified (Cannon and Kummerow, 
1957; Dalton and Mitchell, 1959; Hubbard et al., 1950; Seitz, 1977; Bianchi 
et al., 1979). Surface wax from sorghum (0.22% to 0.5% of the grain) con­
tains n-alkanes, esters, aldehydes, alcohols, and nonesterified fatty acids. 
Dalton and Mitchell (1959) and Seitz (1977) found that the major wax con­
stituents are alcohols (40-46%) and esters (46-50%). Conversely, Bianchi 
et al. (1979) reports that aldehydes (32%), alcohols (34%), and acids (24%) 
are the major components of sorghum wax. 

Extensive structural studies of the major wax compounds, using gas 
chromatography, mass and infrared spectrometry, have been completed (Bianchi 
et al., 1979). The n-alkanes consisted of straight chains, mainly heptaco­
sane and nonacosane. Chain length ranges for aldehydes and free alcohols 
were similar to each other and had high levels of C28 and C30 compounds. 
Nonesterfied fatty acids were 25% oleic acid and 20% linoleic acid as well 
as acids with 28 and 30 carbons. Major concentrations of C40 to C46 chain 
acids were also reported. 

The polar lipids of sorghum, mainly glycolipids and phospholipids, 
constitute 3% and 11%, respectively, of the total lipids (Price, 1975). 
Mono- and digalactosyl diglycerides, phosphatidyl choline, phosphatidyl 
ethanolamine, and phosphatidyl serine are among those components which have 
been tentatively identified in the polar lipids (Paul et al., 1972; Price, 
1975) . 

E. Enzymes 

Amylases 

About 90% of the total sorghum consumed in South Africa is as beer, 
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most of which is home-brewed (Aucamp et al., 1976). Because sorghum amy­
lases play an important part in that brewing process, extensive studies 
have been conducted on those enzymes. 

Determination of amylase activity in sorghum malts has proven to be 
difficult due to their relative insolubility (Novell ie, 1959). In a series 
of experiments Novellie (1960a) showed that, depending on the cultivar 
malted, sorghum malt amylases can be either water soluble or insoluble. 
Amylases in birdproof and sweet sorghum grains were partly or entirely 
insoluble while those in normal grains were completely soluble. Novellie 
suggests that the amylases themselves are not water insoluble but are, in 
fact, tenaciously bound to an insoluble material. Partial solubilization 
of bound sorghum amylases was obtained by using salts, surface active agents, 
or basic SUbstances. Maximum solubilization was obtained using histidine, 
proteins, peptone, ethylenediamine, and compounds having an -N·C(X)·N- group, 
where X is not oxygen. 

Early studies by Kneen (1945) had suggested that sorghum malts con­
tained only trace amounts of s~amylase. Work by Novellie (1960b), however, 
indicates that s-amylase contributes from 18 to 39% of the saccharifying 
activity in South African malts. Further studies on purified sorghum s­
amylase (Novellie, 1960b; Botes et al., 1967a) indicated that sorghum malts 
contained low levels of s-amylase. However, the activity of the purified 
enzyme was comparable to other cereal s-amylases. 

Unlike in barley, wheat, and rye, s-amylase is not found in ungermi­
nated sorghum grains (Novell ie, 1959, 1960a, 1960b), but upon germination 
both a- and s-amylase are synthesized at the same rate, i.e., the ratio of 
s- to a-amylase remains constant. The actual ratio of the two enzymes 
varies with malting temperature and sorghum variety (Dyer and Novellie, 
1966). Dyer and Novellie (1966) showed that under their malting conditions 
more s-amylase was synthesized at 30°C than at 20°C. Moisture content had 
no effect on the enzyme ratio. 

Other studies on the effects of malting conditions on amylase develop­
ment in germinated sorghum indicated that high germination temperatures and 
moistures produced optimum development of diastatic power (Novell ie, 1962a). 
Optimum temperatures for the formation of amylases were 20 to 30°C; germi­
nating at 35°C lowered diastatic activity. Moisture levels of at least 58 
to 60% during the early stages of germination resulted in higher diastatic 
activities than when water was limiting. Unfortunately, high moisture 
conditions during malting greatly elevate malting losses (Novell ie, 1962b). 
Jayatissa et al. (1980) found that, in general, sorghum malting losses were 
higher than those encountered in malting barley. 

Since sorghum a-amylases contribute significantly to the total dia­
static activity of malts, their properties have been extensively studied. 
Four a-amYlase isozymes, with molecular weights ranging from 48,200 to 
51,000, have been identified in malted sorghum (Botes et al., 1967b). The 
activity of purified a-amylase is similar to values reported for crystalline 
barley a-amylases. Optimum pH for activity is 4.6 to 4.7 (Dube and Nordin, 
1961; Botes et al., 1967b). Oligosaccharides having 6, 7, and 8 glucose 
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residues are produced when sorghum a-amylase acts on soluble starch (Dube 
and Nordin, 1962). 

Proteases 

Ungerminated sorghum has low proteolytic activity, but on. germination 
the activity increases three fold (Garg and Virupaksha, 1970a). Most of 
that activity is located in the endosperm. 

The preparation and enzymatic properties of acid proteases from germi­
nated grain sorghum have been elucidated (Garg and Virupaksha, 1970a). The 
purified, crystalline protease has a molecular weight of 80,000, as deter­
mined by gel filtration, and has no metal ion requirements. Intact disul­
fide groups in the enzyme protein are necessary for activity, but free SH 
groups do not participate in the enzymatic reaction. The pH for optimum 
activity of the acid protease is 3.6 (Garg and Virupaksha, 1970a). At pH 
5, only 20% of maximal activity is exhibited; minimal activity occurs at 
pH values greater than 5. Optimum temperature for activity is 50°C. 

The substrate specificity of sorghum acid protease is narrow, cleaving 
only peptide linkages involving the a-carboxyl group of either aspartic 
acid or glutamic acid (Garg and Virupaksha, 1970b). That enzyme does not 
have ser'ine at the active site so the protease is not inactivated by pres­
ently identified sorghum proteinase inhibitors (Kumar et al., 1978; Kumar 
et a 1 ., 1979). 

Other enzymes 

Insoluble glucosidases have been detected in protein bodies and sphero­
somes of grain sorghum (Adams and Novellie, 1975b), and, Hke the water­
insoluble amylases, they are solubilized by peptone solutions (Watson and 
Novellie, 1974; Watson et al., 1974). Glucosidase activity in aleurone 
lytic bod,ies was found to be much higher than that of embryo lytic bodies 
(Adams et al., 1975). 

Numerous other enzymes have been detected in the protein bodies and 
spherosomes of mature sorghum seeds (Adams and Novell ie, 1'975b). Those 
include acid protease, B-galactosidase, phytase, p-nitrophenyl phosphatase, 
and RNase. 

F. Vitamins and Minerals 

A knowledge of vitamin and mineral contents of grain sorghum is essen­
tial in evaluating its nutritional quality, because many diseases can 
result from deficiencies in one or more of those nutrients. The vitamin 
and mineral contents, averaged from a number of sources, of sorghum are 
presented in Table VIII. 

Sorghum contains more thiamine than pearl millet but approximately the 
same amount of riboflavin (Carr, 1961; Hoseney and Varriano-Marston, 1980). 
Compared with corn, sorghum contains equivalent levels of riboflavin and 
pyridoxine, lower levels of carotene, and higher levels of pantothenic 
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acid, niacin, choline, folic acid, and biotin (Tanner et al., 1947; Miller, 
1958). The greatest total quantity of B-vitami'OS is located in the germ 
portion of the grain (Hubbard et al., 1950). Long term storage of sorghum 
can result in significant losses in thiamine and niacin (Pushpamma and 
Reddy, 1979). 

Data are scarce on the fate of vitamins during the processing of 
sorghum for foods and beverages. Changes in the B-vitamin content of 
sorghum during brewing processes were studied by Aucamp et al. (1961). 
Malting increased the riboflavin content 40 to 70% but had little effect 
on niacin and thiamine. No significant synthesis of niacin occurred during 
alcoholic fermentation, but there was a 16 to 32% increase in thiamine and 
a 70 to 80% increase in riboflavin. Consumption of 1/2 gal of Bantu beer 
supplies an average of 2.1 mg thiamine, 1.3 mg riboflavin, and 7.2 mg niacin. 
The quantity of beer meets the minimum daily requirements for thiamine and 
riboflavin, but only 40% of daily niacin requirement. 

Equally important as the vitamin content is the bioavailability of 
sorghum vitamins. Vitamins, determined by chemical or microbiological 
assays, may be only partially available when consumed by test animals or 
humans. For example, using a chick growth assay, Frigg (1976) found that 
bio·tin in sorghum was only 20 to 30% bioavailable; biotin in wheat was 
essentially unavailable. Bioassay studies by Anderson et al. (1978), using 
chicks, later showed that the available biotin in sorghum was 0.092 mg/kg 
compared to 0.108 mg/kg in corn and 0.043 mg/kg in wheat. 

The relationship between the content of other vitamins in sorghum and 
bioavailability has also been studied. Niacin content of sorghum exceeds 
the RDA's for swine but most of that niacin is unavailable (Luce et al., 
1967). Using bioassays for B-vitamins, Reder (1934) found that sorghum 
riboflavin was essentially unavailable to albino rats. Smith (1930) found 
that when yellow sorghum was fed to rats as the only source of vitamin A, 
it was not as effective as yellow corn in promoting normal growth. Deosthale 
et al. (1969) have, however, demonstrated that ~-carotene content in sorghum 
is genetically determined so it may be possible to develop cultivars- that 
have high levels of ~-carotene. 

Information on the bioavailability to humans of vitamins in sorghum 
is limited to studies by Obizoba (1979) and Srikantia (1978). In the 
former study it was noted that humans fed dietary mixtures consisting of 
70% wheat flour (WF) and 30% sorghum (S) showed higher niacin balance (+105) 
than those fed WF:S mixtures of 50:50 or 25:75 (+60 and +40, respectively). 
This may have been due to higher levels of niacin in the 70% WF diet. Diets 
containing blends of WF (25%) and high lysine (25%) and normal (50%) sor­
ghums induced negative riboflavin balance in the subjects. Conversely, 
that same diet, which had the highest folic acid content of all diets 
tested, also produced the highest balances of that nutrient. Srikantia 
(1978) noted endemic pellagra among jowar (sorghum) eaters in India and 
suggested either (a) breeding, sorghum cultivars with enhanced leucine: 
isoleucine balance or (b) increasing the niacin content of the diet. 
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The role of minerals in human health and disease is well recognized. 
In recent years the importance of micronutrients in the diet has been 
emphasized because trace elements such as Zn and Cr affect dietary protein 
and carbohydrate utilization (Schwarz and Mertz, 1957; Oberleas and Prasad, 
1970) . 

The total mineral (ash) content of sorghum ranges from 1.2% to 2.2% 
(Hubbard et al., 1950; Aucamp et al., 1961; Deostha1e and Belavady, 1978; 
Neucere and Sumrell, 1980). Sixty-nine percent of those minerals are 
located in the germ, 21% in the endosperm, and· 11% in the bran (Hubbard 
et a 1., 1950). 

The mineral elements in sorghum are shown in Table VIII. As in most 
cereal grains, P and K are the major minerals in grain sorghum. A large 
portion of the total P (48-70%) is in the form of phytate' P (Kurien et a1., 
1960), which may affect the absorption of Ca and other minerals by the 
human digestive tract. 

More than 20 micronutrients, elements present at concentrations less 
than 100 mg/g, have been identified in sorghum. Fe contents in sorghum are, 
in general, higher than Handbook 8 (Watt and Merrill, 1963) values for corn 

'or wheat. In addition to those trace minerals listed in Table VII, Sn, Ag, 
Be, Bi, Ga, and Fe have been determined for sorghum at levels between 0.05 
and 0.5 mg/g (Pinta and Busson, 1963). Environmental factors, such as 
location, appear to have a g~eater effect on mineral and trace element 
composition than does genotype (Deosthale and Belavady, 1978). 

The bioavai1abi1ity of sorghum minerals by humans has not been exten­
sively studied. Kurien et al. (1960) reported that boys fed diets containing 
25%, 50%, or 100% sorghum (in combination with rice), and having mean dietary 
P contents of 0.74 to 1.09 g, retained 0.17 to 0.31 g P. The higher P con­
tents in sorghum compared to rice promoted higher P retention. Conversely, 
the amount of Ca retained decreased as the proportion of sorghum in the 
diet increased. This mayor may not be related to the higher phytate con­
tent of diets containing sorghum. McCance and Widdowson (1942) suggest 
that absorption of Ca, P, and Fe by humans is decreased by phytate in 
cereal grains. 

Obizoba (1979) fed five college women isonitrogenous mixed cereal 
grain diets containing wheat flour, three varieties of sorghum, and navy 
bean flour. Calcium balances of subjects fed sorghum (S) and wheat wheat 
flour (WF) blends in WF:S ratios of 50:50, 25:75, and 70:30 ranged from 
+147 to +167, with diets containing 70% WF and 30% S showing the highest 
Ca balance. Adding 20% navy beans to a diet containing 50% WF and 30% S 
further increased Ca balance to +188. Diets containing 50% WF and 50% S 
produced the lowest P and Fe balances while combinations of 70% WF and 30% 
S induced the most positive Mg balance. 

Bioavai1abi1ity studies on South African sorghum beer indicated that 
iron absorption by humans was more than 12 times greater from the beer than 
from a gruel made from the materials used to prepare the beer (Derman et al., 
1980). Iron absorption was inhibited by high· solid content (100 gil) in 
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the beer. Improved iron absorpti on was attri buted to redudfon of sol i ds , 
during fermentation and accurnulaUon of ethanol and Iactic acid, which 
increased i ron sol ubil i-ty. 

G. Po-lyphenolics 

Sorghum, as' do other cereal grains" conta,ins, polyphenoIics' in both'the 
outer layers and the endosperm. Many poTyphenolics- are co-lored, and' respon­
s'ible for bran pigmentation., Some polyphenolics are- colorless wh·i.le others; 
act as a reversible indicator, producing a color as, the pH is changed. 
Other polyphenolics are' ir.reversibly changed to coTored pigments at extremes 
of pH. In general, polyphenolics are responsible for the colors found in: 
food products and the starch isolated from sorghum. 

In addition to' the pigments discussed above, certai'n cultivars of 
sorghum and barley contain a special class of polyphenolics, the tannins. 
There has been, and continues to be',. confusion i'n the scientific l.fterature 
on tannins. Tannins are polyphenols which interact with and predpitate 
protein. Their name is derived from their abiNty to precipHate the pro­
tein in hides and thus tan the raw 'hide to leather. There are-two types of 
tannins wjdely distributed in plants, the hydrolyzable and condensed tannins. 
The hydrolysable tannins are composed of a sugar and a phenol carboxylic 
acid. They are readily hydrolyzed by enzymes or acid. In contrast, the 
condensed tannins are not affected by enzymes but decompose upon treatment 
wi th aci d, formi ng small amounts of anthocyanid'i ns (hence thei l' class ifi­
cation as proanthocyanidins) with the remainder being polymerized to 
amorphous, phlobaphens (Has 1 am, 1966; Ri'ber.eau-Gayon, 1972') . Chemically 
the condensed tanni ns are 01 i gomers of polyhydroxyfl avan-3',4-dio 1 S" or 
hydroxyflavan-3-0'1, or oli'gomers of combinations of those two classes of 
compounds. An excellent di scuss i on of the proanthocyani di n polymers i's 
given by Foo and Porter (1980'). 

There is no evidence to suggest that sorghum contains significant 
quantit-i es of hydro lyzab 1 e tanni ns. On the other hand, cons i derab 1 e data 
indicate that certain sorghum cultivars, the b-ird-resistant types', contain 
condensed tannins. 

In many areas where sorghum is grown, depredation by birds is a 
- serious problem with losses of up to 100%' reported (McMillian et a1., 1972; 

Tipton et al., 1970). Sorghum that is high in tannfns and has an open 
panicle structure deters attacks by birds (Burns, 1971; McMillian et aT., 
1972; Neihaus and Schmidt, 1970; Tipton et a1., 1970). The high tannin 
content 'also has been related to reduced germi'nation in the head- (Harris 
and Burns, 1970) and reduced seed molding (Harris and Burns, 1973). 

Bird-resistant sorghums are not birdproof. There is no question that 
birds will eat bird-resistant g)'ain if no other i's available. Bird resis­
tance is related to the presence of condensed tanni'ns in the- grain. It has 
been speculated that the tannins precipitate the mucoprotein in the bird's 
mouth, producing an astringency that birds do not like. 
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Bullard et al. (1980) evaluated 15 varieties of bird-resistant sor­
ghums for preference by birds. The varieties were divided into 3 groups 
(7 least, 7 intermediate, and 1 most preferred). The 7 least preferred 
were essentially uniform in polyphenolic properties whereas substantial 
variation occurred among the remaining 8 varieties. 

Bird resistance and the presence of condensed tannin in grain sorghum 
appear to be related to the presence of a pigmented inner integument in the 
grain. No reports of bird resistance or condensed tannins have been found 
for grain not containing a pigmented inner integument. The inner integu­
occurs just outside the aleurone cells. A large pigmented inner integument 

- is present in certain cultivars (bird resistant) and absent in others 
(Figs. 4 and 5). The thickness of the inner integument varies with differ­
ent varieties of bird-resistant sorghum. Most bird-resistant sorghums 
grown in the U.S. have a dark brown peri carp. This has led to assumptions 
that the brown peri carp and the presence of a pigmented inner integument 
are related. That assumption is not true because many cultivars, particu­
larly the feteritas from Africa, have a white peri carp and a pigmented 
inner integument. A convenient bleach test to determine the presence of 
the pigmented inner integument was described by Weak et al. (1972). 

Effect of tannins on animal performance 

High tannin content causes several problems in the utilization of 
bird-resistant sorghums. Those problems include lowered digestibility 
indices (Armstrong, et al., 1974a, 1975; Chang and Fuller, 1964; Connor 
et a1., 1969; Cummins, 1971; Maxon et a1., 1973; ~1cGinty, 1968; Saba et a1., 
1912; Schaffert et ,al., 1975; Jambunathan and Mertz, 1973), possible carci­
nogenic effects (Morton, 1970; Singleton and Kratzer, 1973), lower palata­
bility due to astringency (Bate-Smith and Rasper, 1969), and off colors in 
milled products and foods (Bate-Smith and Rasper, 1969; and Blessin et al., 
1963; Rooney et a 1., 1980). 

Many studies have detailed the detrimental effects of tannins on 
animal and bird growth (Armanious et al., 1973; Armstrong et al., 1974a; 
Cummins, "971; Damron et al., 1968; Davis, 1973; Davis and Harbers, 1974; 
Maxon et al., 1973; McCollough, 1970, 1973; Nelson and Cummins, 1975; 
Potter and Fuller, 1968; Rahman, 1972; Rostagno et al., 1973a; Schaffert 
et a1., 1975; Vohra et a1., 1966; Elkin et a1., 1978a, Armstrong et a1., 
19?4b, Nel~on et al., 1975; Rostagno et al., 1973b). In addition to 
effects on growth, leg abnormalities in chicks consuming high tannin sor­
ghum grain have been reported (Elkin et al., 1978b). The effect of high 
tannin on iron availability has been reported as minor (Radhakrishnan and 
Si vaprasad, 1980). 

The effect of tannins on animal and bird performance is presumably 
because of their ability to bind proteins making them insoluble and indi­
gestible. The tannins also bind with enzymes such as a-amYlase (Miller 
and Kneen, 1947; Strumeyer and Malin, 1969; Davis and Harbers, 1974; Maxon 
et al., 1973) and proteolytic enzymes (Chibber et al., 1980). Sorghum 
condensed tannins bind to starch and reduce its digestibility (Davis and 
Hoseney, 1979a). 

, ~'. 
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Isolation and character~zation of condensed tannins 

The condensed tannins. al'e polymers of either flavan-3-ols (catechins) 
or flavan-3,4-diols (leucoanthocyanidins) or polymers of combinations of 
the two flavonoids. A condensed tannin (precipitate protein) usually has 
molecular weights between 500 and 3000. Monomers do not precipitate pro­
tein and as the polymer becomes large they presumably lose their water 
solubility and become inert. , 

Condensed tannins bind not only with protein but also with most 
separation media used in chromatography. Thus, it is relatively easy to 
remove nontannin po1yphenolics from condensed tannins. Polyphenols can 
be eluted from thin-layer plates, paper chromatograms, and columns but 
condensed tannins are bound at the point of application with no elution 
techniques available. Strumeyer and Malin (1975) have reported that con­
densed tannins can be removed from Sephadex LH-20 with 50% acetone. Thus, 
the polyphenolics from sorghum can be extracted and separated into con­
densed tannins and nontannins by the scheme in Figure 13. 

5trumeyer and Malin (~975) found a single red pigment (cyanidin) 
generated by alcoholic HC1'treatment of condensed tannins from Leoti and 
Georgian 615 varieties. Bates-Smith and Rasper (1969) had reported luteo­
linidin as the principal product of heating Kafir sorghum tannin with acid. 

NO,ntanni n pi gments 

The seed coat of many, sorghums has a reddish or, brownish color while 
others have little or no apparent pigmentation. Some of the pigments 
migrate during steeping or tempering prior to milling and thus give dry or 
wet-mill fractions containing objectionable pigments. 

Blessin et al. (1963); reported that some types of grain sorghum con­
tained water-soluble leucoanthocyanins (anthocyanogens) while other types 
did not. Treatment of the isolated 1eucoanthocyanin with 12 N HC1 at room 
temperature gave a product tentatively identified as fisetinidin. Yasumatsu 
et a 1. (1965) i dentifi eo thY'ee anthocyanogen-type fl avonoi ds from sorghum. 
The pigments were extracted with methanol and separated by paper chromatog­
raphy. Hydrolysis of the .three pigments with boiling acid gave the same two 
compounds from each of the pigments. One was tentatively identified as 
eriodictyol and the other was pelargonidin. Recently, Kaluza et a1. (1980) 
reported that Sepharose CL-6B and Sephacryl 5-200, that are useful in iso­
lating polyphenolics by cOllumn chromatography. 

In the most comprehensive studies of the pigments to date, Nip and 
Burns (1969, 1971) reported that in red varieties of sorghum, pigments were 
found mainly in the stylar area, the epidermis, and cross and tube cells. 
In general, the mesocarp was not colored. 

Chromatographic separation of the pigments extracted with acidified 
methanol gave three major pigments, two yellOW and one orange. Nip and 
Burns (1969) reported that the two yellow pigments were similar to api­
geninidin-5-g1ucoside and kaempferol-3-rutinoside-7-g1ucuronide. The 
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unidentified orange pigment had anthocyanin properties. Pigments from white 
seeded sorghum varieties were identified as two forms of apigeninidin and 
two forms of luteolinidin (Nip and Burns, 1971). Bate-Smith (1969) reported 
that the red color of the seed coat of sorghum was due to complex "phobo­
phenes" made up of apigeninidin and luteolinidin. Gupta and Haslam (1978) 
isolated a polymeric procyanidin from the seed coat of sorghum. They showed 
it has a molecular weight of between 1700 and 2000. Fletcher et al. (1977) 
have proposed a biosynthetic pathway. Much more work is required to under­
stand the pigments of sorghum. 

Estimation of tannin content 

The determination of tannins in cereals presents several major problems. 
Tannins, polyphenolics that precipitate proteins, are contaminated with 
polyphenolics that do not precipitate proteins. Thus, procedures that 
measure total polyphenolics are clearly unsatisfactory. The second major 
problem is that we have no isolated tannins of known structures to use as 
standards. Third, both hydrolyzable and condensed tannins precipitate 
protein but they are quite different chemically. 

Because of the above problems, many workers have used the protein 
precipitation property as the basis for their estimation. The molecular 
weight of the tannins along with possible differences in molecular shape 
can influence their interaction with protein and thus cause divergent 
results from chemical determination. That is a major argument for use of 
precipitation 'methods. 

Bate-Smith (1973) developed an assay based on precipitation of hemo­
globin.. The procedure has the disadvantages of requiring fresh blood and 
of saponins interfering with the assay (Bate-Smith, 1977). Goldstein and 
Swain (1965) used inhibition of S-glucosidase as their assay but as with 
the inhibition of other enzymes (i .e., Davis and Hoseney, 1979a; ~1axson 
et al., 1973; Strumeyer and Malin, 1975; Daiber, 1975) the results are 
somewhat difficult to interpret. Hagerman and Butler (1978) precipitated 
tannin with bovine serum albumin, isolated the insoluble tannin-protein 
complex, dfssolved the complex in alkaline solution, added ferric chloride, 
and measured the absorbance at 510 nm. Their results showed linear results 
with both hydrolyzable and condensed tannins. 

Maxson and Rooney (1972) examined a number of procedures for the 
chemical determination of tannins in sorghum. Although no method was 
judged adequate, three methods were identHied as having potential: 
(1) the procedure of Bate-Smith and Rasper (1969) where tannin is deter­
mined by treating the grain with concentrated mineral acid in the cold and 
measuring the color produced at 550 nm; (2) the ferric ammonium sulfate 
method based On the work of r4ejbaum-Ka 1 zene 11 enbogen and Kudrewi cz-Hubi ca 
(1966); and (3) the Maxson and Rooney (1972) modification of the vanillin­
hydrochloric procedure of Burns (1971). 

As pointed out by Strumeyer and Malin (1975) the ferric ammonium 
sulfate method measures hydrolyzable tannins and low molecular weight 
polyphenols but not condensed tannins. Thus, the relatively low values 

\ 
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and small changes in value-from low to high tannin cultivars obtained with 
that method are explainable. 

Maxson and Rooney (1972) reported that the Bate-Smith and Rasper (1969) 
procedure was rapid and reproducible. They also noted that different culti­
vars gave different absorption maxima, which suggests that different sorghums 
contain different tannins. 

The vanillin assay appears to be the best procedure to determine sor­
ghum tannins. The chief advantage of the method is its specificity for 
flavanols or compounds which have a single bond at the 2,3 position on the 
Bring (Sarkar and Howarth, 1976). The flavanol monomers and dihydrochal­
cones give a positive test.and are not tannin. However, the specificity is 
much better than for the Pru5sian blue procedure (Price and Butler, 1977), 
which detects all phenols but with different sensitivity (Fig. 14). The 
same general criticism applies to UV methods (Sharp et al., 1978). 

Price et al. (1978), in a critical evaluation of the vanillin procedure, 
found that using catechin as a standard overestimates the tannin content. 
They also found the use ofja blank to correct for background color was 
essential. El Tuhami et al. (1980) reached a similar conclusion. Price 
et al. (1978) also reporteg that the reaction was extremely temperature 
sensitive. Dalby and Shuman (1978) noted a reversible temperature depen­
dence on the absorption for. the vanillin reaction. With adequate tempera­
ture control, the assay gave excellent reproducibility. Earp et al. (1981) 
has recently evaluated several methods to determine tannins and applied the 
methods to sorghums with widely varying kernel characteristics. 

Interaction of proteins with tannins 
: 

Chibber et al. (1978) reported that protein distribution, as determined 
by the Landry-Moureaux (1970) procedure, shifted as a hi9h tannin sorghum -
was progressively dehulledl Their finding was interpreted as consistent 
with strong interactions between tannins and the kafirin (prolamine) frac­
tion in sorghum. Fishman and Neucere (1980) gave gel filtration evidence 
of glutelin-tannin interaction. 

The nature of the bond between tannins and protein is not clear. If 
we.ign?re the covalent bonding brought about by atmospheric or enzymatic 
oXldatlon -- hydrogen bonding, ionic bonding, and hydrophobic bonding all 
appear likely. Such complexes result in the precipitation of proteins under 
neutral or acidic conditions (Hoff and Singleton, 1977; Oh and Hoff, 1979). 
Ionic bonding is excluded by the absence of charged groups in condensed 
tannins at low pH (Oh et al.; 1980). Those workers also present evidence 
that hydrophobic bonding may be the major mode of interaction. Nontannin 
po~yphenolics also react with protein, probably by the same mechanism. The 
maJor difference is that pr-otein-polyphenolics may retain their solubility. 
For a discussion of protein-phenolic interactions see Van Sumere et al. 
(1975) . 
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Changes in tannins during maturation 

Upon ripening of many fruits there is a "disappearance" of tannin 
(Goldstein and Swain, 1963). A similar trend was reported for sorghum 
condensed tanni ns (Davi sand Hoseney, 1979b). Usi ng an, a-amyl ase i nhibi­
tion test procedure and expressing the results as % inhibition per kernel 
the tannin content increased to a peak, 4 to 6 weeks preharvest, and then 
either remained constant or declined depending on the variety. Gel filtra­
tion on Sephadex LH-20 indicated that the molecular weight of the tannins 
declined as the inhibitory activi,ty was lost. 

Price et al. (1979) found similar results in a study of 12 sorghum 
varieties using the vanjllin test. Tannin contents of mature seeds, varied 
from 3 to 93% of the maximum found in the immature seeds suggesting that 
varieties of sorghum can be found with high level of tannin during the 
immature stage, when birds are a problem, but with low tannin levels at 
harvest. Some workers have reported tannins to increase (Johari et al., 
1977) or remain constant during matur~tion (Tipton et al., 1970). 

Detoxification of high tannin sorghum 

Price and Butler (1978) reported that moistening high tannin sorghum 
with ammonium hydroxide markedly reduced the tannin content as measured by 
the vanillin assay. The same treatment strikingly improved the nutritional 
quality of the high tannin sorghum when fed to rats and chicks. Chavan 
et a~. (1979) reported similar results when grain was soaked in sodium or 
potassium hydroxide; soakfng the seed in water alone was effective but at 
a much slower rate. 

Reichert et al. (1980) have reported that soaking high tannin seeds in 
water, HC1, or NaOH and storing the seeds anaerobically was effective in 
reduci ng the tanni ng content as measured with 'the vani 11 i n assay. Tanni n 
content was also markedly reduced by germination. Rat feeding studies ' ": 
showed that the soaking treatments produced weight gains equivalent to a 
diet containing low tannin sorghum. 

Price et al. (1980) found that the level of tannins was reduced when 
high-tannin sorghum was boiled in water on dilute sodium bicarbonate. The 
protein binding capacity of tannin in the ground grain is similarly dimin­
ished by preparation of a batter and is further decreased by cooking. How­
ever, normal cooking procedures do not overcome the harmful nutritional 
effects of tannin in sorghum. 

H. Nutritional Quality of Sorghum 

Amino acid bioassays 

Most information on the biological value of sorghum protein has been 
obtained from animal rather than human subjects. Bioassays using a variety 
of animal subjects indicate that lysine is the first limiting amino acid in 
sorghum (Pond et al., 1958; Bressani and Rios, 1962; Chang and Chao, 1969; 
Harden et al., 1976). Other limiting amino acids are threonine (Pond et al., 



228 

1958; Harden et al., 1976) and methionine (Bornstein, and Lipstein, 1971; 
Wessels, 1970; Jensen et al., 1965; Ilori and Conrad, 1976; Waggle et al., 
1966). Conversely, high leucine contents are common to grain sorghum 
(Axtell et al., 1972). Amino acid levels, and therefore protein quality, 
are affected by genetic and environmental factors (Deostha1e and Mohan, 
1970; Deosthale et al., 1970a; Nawar and Clark, 1970; Ilori and Conrad, 
1976) • 

Amino acid imbalances 

To be nutritionally sound, sorghum must provide not only adequate 
levels of the essential amino acids but also the correct balance of amino 
acids. Amino acid imbalances in sorghum appear to be an important factor 
determining the quality of its protein. It has been suggested that high 
leucine contents in sorghum may be related to _the increased incidence of 
pellagra among people who subsist mainly on that grain (Gopalan, 1968; 
Srikantia,1978). Deosthale et al. (1972) suggest that sorghum leucine to 
lysine ratios lower than 4.6 are "unsafe" with regard to the prevention of 
pellagra. In a study of three sorghum cultivars, Belavady and Rao (1979) 
found that levels of leucine below 11 g/100 g protein did not induce black 
tongue in dogs. 

Evidence of disturbance in niacin metabolism caused by a high level of 
leucine in the diet has been provided by several authors. Gopalan and 
Srikantia (1960) and Be1avady et al. (1963) found that feeding leucine to 
normal or pellagrin human subjects resulted in increased excretion of 
quinolinic acid (an intermediate in the biosynthesis of NAD and NADP from 
tryptophan) and decreased excretion of the 6-pyridone ring of N'-methyl­
nicotinamide. Raghuramulu et a1. (1965) later showed that adult rats fed 
a sorghum diet adequate in-tryptophan but high in leucine excreted more N'­
methylnicotinamide and niacin than when fed a wheat diet. In addition, 
dogs fed sorghum diets or nonpellagragenic diets supplemented with leucine 
showed the same pathological changes observed in canine black tongue 
(Belavady, 1975). Administration of niacin alleviated the pathological 
symptoms. Gopalan (1968) and Belavady (1975) have thoroughly reviewed the 
literature converning the possible role of leucine in the development of 
pe 11 agra. 

Antinutritional factors 

Antinutritional factors can decrease the protein value of sorghum. 
Filho (1974) reported trypsin inhibitor activity in sorghum, but he later 
concluded that the effect was probably due to nonspecific binding of tannins 
to protein. The effects of tannins on nutritional quality have been re­
viewed in another section of this chapter. The deleterious effects of 
cannins on animal growth can be decreased by treating with polyethylene 
glycol or NH3 (Ford and Hewitt, 1979) or by soaking the grain in water, 
NH40H, NaOH, or KOH (Price and Butler, 1978; Chavan et al., 1979; Reichert 
et a 1., 1980). 
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Improvement in the protein value of sorghum diets 

Whole sorghum, when fed as the only source of protein in the diets of 
8 to 30 months old Peruvian children, was found to be a poor source of 
dietary energy and resulted in poor nitrogen absorption and- retention 
(Maclean and Graham, 1980). Extended cooking times or pressure cooking 
did not appear to improve its nutritional quality. From their limited 
data, Maclean and Graham (1980) concluded that wheat, rice, potato, and 
maize were superior to sorghum as sources of protein and energy. On the 
other hand, they reported that children eating Thriposha, a blended food 
containing pearl ed, extruded sorghum, showed excellent nitrogen absorption 
and retention. Maclean and Graham (1980) recommend that whole sorghum 
should not be used in AID sponsored feeding programs if any other major 
staple foods are available. This appears to be contrary to reports that 
certain healthy population groups in Sudan exist on diets consisting solely 
of Marisa, a fermented drink made from sorghum (Badi, 1980). 

Maclean and Graham (1980) rejected the use of diet blends containing 
whole sorghum based on a study by Kurien et al. (1960). Kurien et al. 
(1960) found that when children (ages 10 & 11) were fed diets in which part 
of the rice was replaced by sorghum, substantial reductions in nitrogen ab­
sorption and retention occurred when-sorghum replaced 50% and 100% of the 
rice in the diet. However, replacing 25% of the rice with sorghum results 
in only slightly lower nitrogen absorption and retention. Kurien et al. 
(1960) showed that subjects on all diets maintained positive nitrogen 
balance. 

The protein value of sorghum for animals and humans can be improved by 
supplementing diets with limiting amino acids (Narayanaswamy et al., 1970; 
Harden et al., 1976; Fernandez et al., 1974; Nawar and Clark, 1970; Bornstein 
and lipstein, 1971; Daniel, et al., 1966; Adrian et al., 1979). Daniel 
et al. (1966) found a significant improvement in nitrogen retention of grow­
ing girls when sorghum diets were supplemented with lysine and threonine. 

Rather than adding synthetic amino acids to the diet, legumes are 
often combined with sorghum to increase the total lysine content of the 
diet (Desai et al., 1970; Pushpamma and Devi, 1979; Pushpamma et al., 1979). 
Some legumes performed better in growth trials than did others. Pushpamma 
and pevi (1979) found that PER's for rats were higher when sorghum was com­
bined with redgram, greengram, or horsegram. In addition, nitrogen balance 
studies on preschool children showed that a sorghum-blackgram combination 
performed as well as combinations of rice and redgram but that sorghum­
redgram combinations did not (Pushpamma et al., 1979). Children fed 
sorghum-legume combinations daily for over a year grew well and did not 
show signs of niacin deficiency even though the levels of niacin in the 
diets were lower than recommended allowances. Those data suggest that 
sorghum-legume diets are nutritious and can be safely consumed by infants 
(Pushpamma et al., 1979). 

Supplementation of sorghum with leafy vegetables (Talwalkar and Patel, 
1970) or other cereal grains (Obizoba et al., 1979) can also improve the 
biological value of sorghum protein. Obizoba et al. (1979) found that mean 
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nitrogen balances were higher when college women were fed a 25:25:50 combi­
nation of wheat flour (WF), high lysine sorghum (HLY), and normal sorghum 
(PN), respectively, compared to 50:50 (WF:HLY) or 70:15:15 (WF:Nigerian 
Normal:HLY) combinations. Nitrogen balance and digestibility increased as 
the sorghum content of the ',diet increased, suggesting that sorghum was 
better utilized by human females as a nitrogen source than wheat flour. 
Furthermore, high lysine sorghum was found to be a better protein supple­
ment than WF or PN when it 'provided 2% of the total dietary nitrogen. 
Axtell (1976) had earlier reported that high lysine sorghum mutants im­
proved protein biological value in rats. 

The nutritional value of sorghum can be improved through germination 
(Wang and Fields, 1978; Hu [and Hall, 1980). Increases in lysine, methio­
ni ne and tryptophan' 1 eve 1 s were observed when sorghum gra ins were germi­
nated (Wang and Fields, 1978). In addition, the relative nutritional 
value (RNV), determined by the phagotropic protozoan Tetrahymena pyrifor.mis 
W, increased from 56% for the ungerminated sorghum to 63% for the germi­
nated grains. Hu and Hall '(1980) noted increases in lysine-rich albumins 
and globulins as well as a ,diminution of leucine levels as a result of 
sorghum germination. 

Natural fermentation of sorghum also improves its nutritional value. 
Au (1979) found that lysine and methionine levels increased and RNV was 
significantly improved when sorghum was fermented at 25°C or 35°C for 4 days. 

Protein and calorie digestibility of sorghum 

Digestibility of sorghum by animals varies among cultivars and has 
been related to factors such as seed coat and endosperm color and starch 
type. Calorie and protein ,digestibility in swine indicate that sorghum 
varieties having yellow seed coats are superior to brown-seeded types 
(Noland et al., 1977). Furthermore, yellow floury endosperms showed 
greater calorie and protein digestibility than varieties having white 
floury, white corneous, or yellow corneous endosperms (Noland et al., (1977). 

The effect of starch type, i.e., waxy versus normal, on sorghum di­
gestibility has not been clearly determined. Cohen and Tanksley (1973) 
found that digestible and metabolizable energy values for the growing pig 
were the same for normal and waxy starch varieties. Lichtenwalner et al. 
(1978) showed that ruminal digestibility was increased by incremental 
doses of the waxy gene. That increase may have been due to the increased 
solubility of proteins in the waxy grains compared to nonwaxy varieties. 

Sorghum protein and calorie digestibility in animals can be improved 
by including a methionine hydroxy analog to the diet rations (Brommelsiek 
et al., 1979) or by processing the grain using combinations of heat, 
pressure, and moisture (Liang, 1969; ,Hinman and Johnson, 1974a, 1974b; 
Holmes et al., 1970). 

Studies on protein digestibility of sorghum in humans are limited, 
and values for sorghum calorie digestibility in humans have not been re­
ported. Kurien et al. (1960) reported apparent protein digestibility 
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coefficients ranging from 64% to 69% in 10 and 11 year old boys consuming 
diets consisting of combinations of rice and sorghum. Daniel et al., (1966) 
found that the true digestibility of sorghum diets in 11 to 12 year old 
girls increased frpm 74% to 77% by supplementing the diets with lysine and 
threonine. In a study of college women, Obizaba et al. (1979) reported 
that increasing the sorghum content in a diet blend of wheat and sorghum 
increased protein digestibility. 

III. PEARL MILLET 

Pearl millet (Pennisei;um ameriaanwn (L.) Leeke), often identified even 
in recent literature as Pennisetum typhoides, and in older literature as 
P. gZauawn is also known as bulrish millet in Africa and bajra in India. 
Pearl millet is the largest seeded and most widely grown of the mille'ts. 
It is one of the most drought tolerant of man's food crops and is grown 
primarily in the dry Sahel zone across Africa and in the semi-arid areas 
of India. As water is more available, sorghum usually replaces pearl 
mi 11 et. 

Recent annual cultivation of pearl millet has averaged 31 million 
hectares with production of about 18 million metric tons. Th~s accounts 
for about 1.8% of total cereal production (Pomeranz, 1975). In the area 
where it is grown, grain yield is often low. However, with pearl millet, 
a low yield is not necessarily bad. It is grown as a crop of last resort 
and a low yield is infinitely better than no yield, because no yield often 
means starvation. Thus, a consistently low-yielding cultivar is .preferred 
to a potentially high-yielding cultivar that may fail completely in a poor 
year. 

Serious attempts to develop improved cultivars of pearl millet have 
been made only in the last 20 years (Brunken et al., 1977). Both head 
type and plant height vary quite widely .. An attempt to expand and maintain 
a world collection of pearl millet is under way at the International Crop 
Research Institute for the Semi-arid Tropics (ICRISAT) in Hyderabad, Indja. 
The highly cross-pollinated nature of pearl millet is a great problem with 
regard to maintenance of identity (van der t4aesen, 1978). 

I. Structure of Pearl Millet 

Pearl m,illet kernels (Fig. 1) are generally tear shaped and weigh" 
about 8.9 g/lOOO kernels. This is about one-third the weight of sorghum. 
Seed sizes vary widely among different cultivars of millet and within 
different locations within a single head. 

A SEt4 pi,cture of a fractured kernel (Fig. 15) shows that the germ is 
large in proportion to the rest of the kernel. The kernel contains both 
translucent and opaque endosperm portions. The ratio of translucent to 
opaque endosperm varies considerably among cultivars. The peri carp has 
three layers: the epicarp, the mesocarp and the endocarp. Unlike some 
sorghums, pearl millet does not have starch in the mesocarp (Badi et al., 
1976a; Sullins and Rooney, 1977). Sullins and Rooney (1977) also reported 
that the five pearl millet samples they examined did not contain a pig­
mented inner integument. 
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J~e aleurone celis are a single iayer tHick ana apRear to b~ firm11 
attached to the pencarp. Most of tlie 1 ipid in the grain is fourid in tne 
aieurone; ~germ; aQq peri carp (Lai ~nd Varriano-Marsi6n~ 19~OaJ; tfi§ trans­
lLici!nt endosperm (Fig. 1,6) is devoid of air spikes and contains polygbnai 
starch granules embedded in a,protein matrix. The protein matri~ ai~9 con-
1;ajns prot~in bodies ranging iri slze from 0;3 to 4 lJin (B~di ~et al;, 1976a. 
SuliiDS and Rooney, 1977; Adams et ill., 1976). Those protein bodies nave 
a well defined internal strtictur~ as shown by the pahern Of ,electron 
scattering in Hie transmission electron micro'graphs (Fig. 17). 

The floury or opaque endosperm contains ,manY,voiils or air spaces. 
starch grantiie~ in that area are spherical (Fig; 18); There appear to be 
n6 protein bodies in the opaque ~ndosperm. 

J: Chemicai Composition 

Prote,; n 
Although it is precarious to compare the proteih content of difrerent 

grains; it is generally true that pearl millet has a higher protein content 
than other cereals grown under similar conditions: The reason for the 
higher protein content is riot clear, The protein c9'ntent of pear1 mil'iet 
was increased when jt~was treated with rii~r6gen at the rate of 88 kg/na 
(Sawnney and NaiR; i969); Deosthale et al. (1971) reported similat resuits 
for,gratein content and also reported that yield increased with nitrogen 
application up to 120 kg N/ha, RigneY. levels of nitrogen decreased y,l.el~. 
Rec~ntly d~~~ on inbred hybrids and Fl hybrids gave similar results (Bailey 
et a 1 :, 1980 l. 

in a study or selfect, 'sibbed, ojlen'::PQlliiiated, and intermated plots, 
Burton ~t al. (i980) found that self-pollinated seed of pearl millet,sHould 
be used for the most accurate estimation of grain cliaraCteristlcS; A mini:: 
mum seed p'optilation and a starla~rd po'llen soUrC;e toiJid serve as ah aiterij~te 
btlt less desirable substitute for selfed seed for crops; sucli as pearl inii.: 
l~t; with a high degree of self-incompatibility. High,and low values ror 
amino acids fQunQ in pearl millet meal ~re given ih Table I~. Tne,aatJ. 
show wi de vari abil ity for most ami no aci ds; of'(;en Vi!ry; og by a factdr of 
at least 2; In general; pear; millet is low in ijSiiie; tryptophan; threo.: 
nine; and tlie sulfur containing amino acids ~s are other cerea1s:, oefHill 
lines; however, show values. for lysine, and tryptoplian equal to tHose found 
in bpaque-2 corn., It.is also noteworthy that the leUcine to isoleucine 
fatio for pearl millet is about 2:1, which is mucH lower tnan tnat found 
for sorgHum or the other millets. 

As w~tiia be expected, 'the amirio aCid.comPQsi£iQn varies .witH ~ifferen't 
anatomical parts of the grain. ~earl millet flour is lower in,lysine, 
arginine;,~nd.giyclne and higher iii,methi8nine thclii is the whole mea; (Badi 
et al:, 1976a). Pearl millet bran is high in lysine; arginine, ,glycine, 
arid aspartic acid and low i'n glutamic acid and the sulfur containing amino 
acid~; , 
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The cereal proteins are generally high in the alcohol soluble prola­
mines. The prolamines are low in lysine and other nutritionally critical 
amino acids (Pomeranz, 1975). High-lysine maize, barley, and sorghum have 
all been shown to be the result of depressed synthesis of prolamines (Mertz, 
1975). It is not known if the high-lysine pearl millets also have low 
levels of prolamines. 

The distribution of protein classes in pearl millet and the amino acid 
composition of the different protein classes have not been studied in de­
tail. Early attempts to fractionate the proteins by successive extraction 
with water, cold 70% ethanol, hot 70% ethanol, and dilute base gave low 
protein recoveries in the extracts (Narayamurti and Aiyar, 1930; Abhyander 
et a1., 1939). 

Sawhney and Naik (1969) fractionated several pearl millet varieties 
with a modified Mendel-Osborne procedure. They reported that the storage 
proteins, prolamines plus glutelins, accounted for about 60% of the total 
protein. The distribution of the various fractions varied across cultivars. 
Nitrogen recoveries varied from 72 to 92%. 

Nwasike et a1. (1979) used the Landry-Moureaux procedure to fractionate 
pearl millet proteins. They reported that their extraction of protein was 
100%. In general, their results showed millet protein to be more similar 
to that of corn than to that of grain sorghum in distribution and lysine 
content of the protein fractions. Narayamurti and Aiyar (1930) reported 
that a prolamine fraction from pearl millet had a surprisingly high level 
of tryptophan (2.8 g/16 g N). Sawhney and Naik (1969) reported a similar 
value for tryptophan in their prolamine fraction. Contrary to this, 
Nwasike et al. (1979) reported very low levels of tryptophan in their pro­
lamine and prolamine-like fractions obtained by the Landry-Moureaux pro­
cedure. The reason for those contrary results is not clear. 

The water-soluble proteins from pearl millet genotypes containing high, 
,medium, and low total protein were compared by using gel chromatography, 
gel electrophoresis, and selected enzyme activity (Galyean et al., 1980). 
High protein genotypes were rich in low molecular weight proteins. Lipoxi­
dase and proteolytic activities were greatest in the high protein samples. 
Several attempts have been made to improve the protein content of pearl 
millet. Rabson et al. (1979) determined dye-binding capacity and Kjeldahl 
nitrogen as an index of total basic amino acid sin mutants. Lines were 
selected for high dye-binding capacity relative to protein content. 

Changes in protein and enzyme activity during grain development was 
studied by Gupta et al. (1980). The combining ability for a number of 
traits in pearl millet was detailed by Khangura et al. (1980). In general, 
hybrids having higher grain yield had bold, hard grains but low protein 
contents. A few hybrids combined high yield with an average protein content. 

The preparation of protein concentrate from pearl millet has been 
described (Bailey and Sumrell, 1980). The millet protein gave minimum 
solubility at pH 4.0. About-80% of the protein was extracted as a con­
centrate. 
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Carbohydrate 

The starch content of ,pearl millet ranges from 56 to 65% of the grain 
(Freeman and Bocan, 1973; Sheorain and Wagle, 1973; Bailey et al., 1980). 
The starch granules are both spherical and polygonal in shape and range in 
size from 4 to 12 vm (Fig. 19). A rather large hilum is clearly visible 
(Fig. 20) in fractured polygonal granules (Badi et al., 1976b). 

Iodine affinities of pearl millet starch ranged from 4.43 to 5.05%, 
suggesting that pearl millet starch has an amylose content equal to that 
of most other cereals (Table IX). Beleia et al. (1980) reported amylose 
contents of 20 to 22~: for 5 cultivars. Badi et al. (1976b) had reported 
17% amylose in one sample o'f pearl millet starch. 

The gelatinization temperature of pearl millet starch falls within the 
ranges reported for sorghum and corn starches (Table X). Starch swelling 
at 85°C ranged from 10.5 to 12.5; solubility varied from 3.2 to 9.3% 
(Freeman and Bocan, 1973; Beleia et al., 1980). A plot of starch solu­
bility at equal swelling power (Fig. 21) indicates considerable variability 
among cultivars. 

Pearl millet starch gives an amylogram peak viscosity similar to that 
of sorghum and corn starches. However, pearl millet flour has been re­
ported to give low amylograph peak viscosities (Badi et al., 1976b) and 
low falling numbers (Beleia, 1980). Those results imply that pearl millet 
flour from sound grains has a high a-amylase activity. 

Sullins and Rooney (1977) have reported that pearl millet starch is 
more resistant than sorghum starch to attack by pancreatic a-amylase or 
amyl ogl ucosi dase. A study of the acti on pattern of mill et a-amyl ase on 
starch indicates that it shows higher amylolytic action on wheat starch 
than on millet starch (Beleia, 1980). The enzymes preferentially attack 
the spherical granules and "appear to attack more vigorously at the center 
of the granule than at the periphery. Sullins and Rooney (1977) have also 
suggested that degradation of the starch by amylases is more complete in 
the granule center than in the outer portions. The increase in s-amylase 
activity in germinated pearl millet has been studied by Sheorain and Wagle 
(1973). 

Bailey et al. (1979) ~eported that pentosans soluble in 80% ethanol 
had relatively high glucose and galactose contents (28.4 and 18.5%, re­
spectively). The pentosans extracted with water at 50°C had galactose as 
the principal sugar. Arabinose and xylose were the predominant sugars in 
pentosans extracted at room temperature or 0.5 N alkali. On the basis of 
sedimentation coefficients, Bailey et al. (1979) suggested that the pento­
sans extracted in water at room temperature or in alkali had branched 
structures while those solubilized in water at 50°C had a linear con­
figuration. Hank and Rasper (1974) have reported on the effects of millet 
nonstarchy polysaccharides on the rheological behavior of wheat doughs. 

Crude fiber has been reported to range from 1.96% to 3.88% of whole 
peal'l millet (Carr, 1961; Reichert and Youngs, 1977; Desikachar, 1977). 

F 
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Crude fiber values of 0.58,0.72,0.96, and 1.12% were reported for pearl 
millet dehulled with a barley pearler, an abrasive mill, an attrition mill, 
or a wooden pestle, respectively (Reichert and Youngs, 1976). There is 
little or no information available on the chemical structure or character­
istics of fiber in pearl millet. 

Relatively few data are available on the type or amount of free 
sugars in pearl millet. Lineback and Pompipom (1978) reported 10 mg 
glucose/g of flour in one sample. Bhatia et al. (1972) reported water 
soluble sugars of 4.6 and 5.4% in two samples. Subramanian et al. (1980) 
reported values ranging from 2.16% to 2.78% for nine cultivars. Five 
sugars -- stachyose, raffinose, sucrose, glucose, and fructose -- were 
separated by gel filtration. Sucrose was the predominant sugar, accounting 
for about 2/3 of the total sugars. 

Li pi ds 

The level of "free" lipids (petroleum ether extractable) extracted 
from pearl millet cultivars has been reported to vary from 3.03% to 7.40% 
(Sharma and Goswami, 1969; Goswami et al., 1969a & b, 1970a & b; Rooney, 
1978; Lai and Varriano-Marston, 1980; Ahuja et al., 1979). The free lipids 
from pearl millet had acidity values which ranged from 2.02 to 11.95 mg/100 
g and saponification values from 190 to 333 mg/g (Sharma and Goswami, 1969; 
Agarwal and Sinha, 1964). The fatty acids in the free lipids were 'reported 
by Agarwal and Sinha (1964) as oleic (53.8%), linoleic (34.9%), palmitic 
(10.8%), stearic (0.28%), and myristic (0.20%). 

In a study of 65 1 ines of pearl millet Jellum and Powell (1971) found 
the following levels of fatty acid: linoleic (40.3 to 51.7%), oleic (20.2 
to 30.6%), and palmitic (17.7 to 25.0%). They also reported average values 
of 3.69% for linoleic acid, 3.9% for stearic acid, 0.64% for arachidic acid, 
and 0.55% for palmitoleic acid. 

The "bound" 1 ipids (extractabl e with water-saturated butanol) of pearl 
millet have not been studied in detail. Two Indian varieties were found to 
contain 0.5% bound lipids. Bound lipid contents ranging from 0.58 to 0.90% 
were reported for 18 samples of pearl millet grown in Kansas (Lai and 
Varriano-Marston, 1980a). The major components of the polar bound lipids 
were phosphatidyl choline, sterol glycosides, and di- and monogalactosyl 
diglycerides. Acyl glycerols 'were the major nonpolar bound. lipids (Pruthi 
and Bhatia, 1970; Badi et al., 1976a; Lai and Varriano-Marston, 1980a). 

The quality of pearl millet quickly deteriorates once it has been 
ground into a meal (Reddy, 1978). It is generally assumed that lipid 
components are responsible for that quality deterioration. Storage of 
millet flour at 30°C, 95% R.H. for 3 months gave a 3% decrease in the 
amount of ether extractable lipids (Carnovale and Quaglia, 1973). No 
explanation was given for the decrease. Nechaev et al. (1973) showed 
essentially no change in total ether extractable lipids in millet during 
storage. 
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Carnovale and Quaglia (1973), using infrared to study extracted 
1 i pi ds, showed increases in absorpti on due to the -COOK gro:up i ndi cati ng' 
an increase in fat acidity. In general, thei.r da,ta suggest that hydro-' 
lyti c as well as oxi dati ve changes in 1 i pi ds occur duri ng s,torage., Lower 
grade fl ours gave more rapi d and pronounced changes than refi ned flours .. 

Thiam et al. (1976) suggest that the major cause of quality deteri­
oration in millet flour during storage is microbial growth. However, 
they found that millet flo~r (85% extraction) stored at 30°,(, 50% RH, for' 
four months did not show odor or taste deterioration. Conversely,. millet 
meal stored at 19°C, 58% RH, showed detectable changes in odor after only 
4.5 days (Lai and Varriano-Marston, 1980b). The time at which odor changes, 
were detectable corresponded to 30 mg KOH required to titrate free fatty 
acids in 100 g meal. 

Minerals and Vitamins 

Pearl millet has been reported to vary in ash from 1.46 to 3.88% 
(Goswami et al., 1969a & b, 1970a & b; Deosthale et al., 1971; Burton et al., 
Varriano-Marston and Hoseney, 1980). In general, these values are high 
compared to those reported for other cereals (Casey and Lorenz, 1977). 

The range of val ue's for certain of the mineral constituents of pearl 
millet are presented in Table XI. The Na, Mg, and Cu contents are within 
the ranges reported for wheat. Levels of Ca vary over a wide range, with 
some of the values extremely low. The levels of Mn and Mo in pearl millet 
are considerably lower than those found in wheat while the levels of P, K, 
and Fe are higher than those reported for wheat. 

Varriano-Marston and Hoseney (1980) reported high levels of Si and K 
in the covering layers (includes aleurone) of pearl millet. A major por­
tion of the phosphorus was found in the germ; high levels of Fe were found 
in both germ and covering layers. In general, the endosperm was low in 
minerals; the predominant elements detected were S, K, and Fe. 

Relatively little work has been reported on the vitamins in pearl 
millet. Thiamine and riboflavin contents of 0.22 mg/100 g and 0.26 mg/ 
100 g, respectively, were reported for one sample of millet (Carr, 1961). 
Dassenko (1980) reported a niacin content of 36.9 mg/g for one millet 
random mating population. No published data were found for vitamin E in 
pearl millet. Aykroyd et a1. (1963) reported a vitamin A level of 220 
I.U./100 g, a thiamine value of 0.33 mg/100 g, a riboflavin value of 0.16 
mg/100, and nicotinic acid level of 3.2 mg/100 g of pearl millet. Hariharan 
et al. (1965) reported a vitamin A content of 153 I.U./100'g for the "poor 
pearl millet diet." 

Pigments 

The most common and generally preferred color of pearl millet is slate 
grey. However, the grain can vary from an off-white to a dark brown and in 
West Africa yellow seeded varieties are preferred. 
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In parts of Africa millet is often soaked overnight in water contain­
ing tamarind pods or sour milk (Vogel and Graham, 1979). The soaking not 
only alters the flavor but also bleaches the grain. Reichert and Youngs 
(1979) showed the bleaching to be pH dependent. Citric acid or 0.2 N HCl 
was as effective as sour milk or tamarind pods. Reichert (1979) showed 
that C-glycosylflavonoids (glucosylvitexin, glucosylorientin, an9 vitexin) 
were responsible for the natural grey color of pearl millet. Butler (1980) 
has shown that pearl millet does not contain tannins. 

K. Nutritional Quality 

Kurien et al. (1961) studied the metabolism of nitrogen, calcium, and 
phosphorus in undernourished children. Diets were varied from 100% rice 
to 100% pearl millet. All children maintained a positive nitrogen balance 
during the study. The apparent digestibility of protein decreased as pearl 
millet increased in the diet. Higher levels of pearl millet in the diets 
gave higher levels of both calcium and phosphorus in the diets. The re­
tained phosphorus increased and calcium decreased as the percentage of 
pearl millet in the diet increased. 

Much of the information on the nutritional quality of pearl millet 
for human food has been extrapolated from studies conducted with weanling 
rats. As noted by Vaghefi et al. (1974), rats have many shortcomings as 
test animals for human nutrition. Examples are the rat's much higher pro­
tein requirement, as a result of its much faster growth rate and the rat's 
relative inactivity in test cages. 

The most widely used guides to nutritional quality are weight gains 
and protein efficiency ratio (PER). In evaluating the PER several factors 
must be kept in mind. The PER is only a measure of the quality (amino 
acid balance) of the protein and does not measure the usefulness of a 
sample or type of grain as a food. To accurately measure PER, other 
factors such as vitamins or minerals must not be limiting and the protein 
content of the diet must be 10% or less. 

Table XII gives PER's for pearl millet alone or supplemented with 
amino acids or other plant proteins. In general, the PER for pearl millet 
is higher than that reported for wheat or sorghum (Pushpamma et al., 1972; 
Rao et al., 1964; Oke, 1977). Lysine appears to be the first limiting 
amino acid in pearl millet as shown by the large increase in PER as when 
pearl millet is supplemented with lysine. The data of Daniel -et al. (1965) 
and Hariharan et al. (1965) both show the effect of vitamins and minerals 
on the growth rate of rats fed pearl millet. 

As with other grains, mi'lling processes influence pearl millet PER 
and digestibility (Goussault and Adrian, 1977). The traditional pounding 
of pearl millet did not alter the PER from that of the original grain. 
However, additional milling progressively lowered PER. On the other hand, 
Dassenko (1980) showed that the PER significantly increased when pearl 
millet was milled to a 67% extraction. 
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, 
Most studies of nutritional quality of pearl millet have been on the 

raw grain. In a study including milling, fermentation, and cooking, 
Dassenko (1980) showed that cooking millet into chapaties lowered the PER 
while cooking as a gruel did not alter PER. Fermentation before cooking 
significantly lowered the PER. Milling, to a flour improved PER, suggest­
ing that some component(s} in the outer layer of the grain is decreasing 
PER. Dassenko (1980) also showed that milling or cooking or fermentation 
and cooking did not increase protein digestibility. Milling and fermen­
tation had no effect on carbohydrate digestibility. Cooking improved 
carbohydrate digestibility of flour but not millet meal. 

Millet porridge, a traditional Nigerian weanling food, was found to 
have a PER of 1.22 (Ifon, 1980). Substituting 22.5% soy flour increased 
the PER to 2.18; adding lysine or methionine ,did not raise the PER further. 
Similar results were reported by Thiam (1980) in Senegal for weaning foods 
based on millet. Supplementation with soy and ground nut pr,otein was bene­
ficial but additional supplementation with amino acids or skim milk gave no 
further benefit. 

Energy is the first need of man, or indeed of any animal, thus, one 
can measure the nutrient requirements based on calories (Hansen, 1973). 
When this technique is applied to pearl millet (Oke, 1977) one finds that 
millet satisfies the requirements for protein, iron, and vitamins Bl and 
82. Thus~ as has been shown by mill ions of people in India and Africa 
who consume millet each day, pearl millet is an excellent food. 

IV. OTHER MILLETS 

In addition to the more widely grown and larger seeded pearl millet, 
there are three other millets of sufficient importance to warrant discus­
sion (Fig. 1). Proso millet (PaniawT/ miZiaaewn) is w;ed in birdseed mix­
tures in the United States, and it is grown primarily in eastern Colorado 
and western Nebraska. Some, is also grown in South America and Australia 
for birdseed trade. Howeve,r, it is grown mainly as a human food in the' 
Soviet Union and Eastern Asia (Rachie, 1975). 

Finger millet (EZeusine aoraaana), also known as ragi, is an important 
food crop in parts of Indial and Africa. It is a small round seed, gener­
ally red. The last of the other millets to be discussed is foxtail millet 
(Setaria itaZica). It is grown in many parts of the world either as a food 
grain or as forage, but most extensively in China and India. Rachie (1975) 
gives the production of various millets on a worldwide and regional basis. 

The work on the other millets has lagged behind that on sorghum and 
pearl mi 11 et. Recently" i ncreasi ng numbers of reports have been appeari ng 
in the literature. Although not discussed in detail in this review, 
varagu millet (PaspaZwn scorbiauZatwn) has recently been characterized 
as to carbohydrate and lipid composition (Paramahans and Tharanathan, 
1980) . 
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Proso Mi 11 et 

Proso millet is, in general, very low in basic amino acids, particu­
larly lysine (Lorenz et aL, 1980; Jones et aL, 1970). It is high in 
alanine and leucine and appears to have a high leucine to isoleucine 
ratio (3.5:1). Ambegaokar et al. (,1965) reported proso millet to be pri­
marily limiting in threonine. 

Lorenz and Dilsaver (1980) studied the solubility of proso millet 
protein at various pH values. They reported the isoelectric point of the 
protein to be 5.0 and noted that the millet proteins are much less soluble 
than wheat proteins. Jones et al. (1970) fractionated proso millet pro­
teins into four fractions: water soluble (5%), 1% sodium chloride ·(4%), 
60°C, 60% t-butyl alcohol solubilized only 3% of the total nitrogen. 
Amino acid analysis of the protein fraction showed the t-butyl alcohol 
soluble fraction to be very low in lysine (O.l%) and high in leucine. 
Alcohol-soluble proteins from millet were found to be oligomers of a 
20,000 molecular weight polypeptide (Maki and Tashiro, 1979). 

Starch isolated from proso millet was characterized and compared with 
wheat and rye starches by Lorenz and Hinze (1976). The millet starch had 
higher water binding capacity and gelatinization temperatures than did 
wheat starch. In general, solubilities of millet starch were lower than 
those of wheat starch; millet starch also gave higher amylograph viscosities. 

The amylose/amylopectin ratio of millet starch was reported by Rakhimbaev 
(1968a). The type of millet was not identified but was probably proso. 
The amylose content for seven varieties over two crop years varied from 
12.0 to 19.5%. Most of the variation was due to the genotype and not a 
result of the crop y'ear. The values are lower than the 22 to 25% amylose 
found for most cereal starches. 

Enzymatic hydrolysis of proso millet starch has been reported 
(Kapustina and Dudkin, 1972). The amylase complex of millet (presumably 
proso) malt was studied by Zherebtsov and Kosmacheva (1980). The a­
amylase was unstable to acid but relatively heat stable, while s-amylase _ 
was acid-stable but thermolible. A stable dextranase was also reported 
that cleaved both a-l,4 and a-l,6 - glucosidic bonds. Other enzyme activi­
ties of proso millet were reported by Skovron and Lorenz (1979). 

Rakhimbaev (1968b) studied the sugars of millet (presumably proso). 
Sucrose, raffinose, glucose and fructose were the major sugars. Becker 
and Lorenz (1978) found sucrose and raffinose to be the major sugars in 
proso millet with galactose, glucose, and fructose present only in trace 
amDunts. 

The tocopherol content of millet (presumably proso) was compared with 
that of wheat, and changes in tocopherol content during 12 months storage 
were followed (Seit-Ablaeva et al., 1973). Millet lipids had a lower 
tDcopherol content than di d -1 i pi ds from other cereals. In additi on, the 
tocopherol content of grain products decreased rather rapidly during 
storage. 
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The lipid content of millet (presumably proso) varies from 3.55 to 
3.95% (01 ifson et a 1., 1979). Nechaev et a 1 .' (1973) reported the change 
in fatty acid composition of free lipids, glyceride fractions, and free 
fatty acids of millet (proso) during storage. Changes in the overall 
fatty acid composition were slight. However, nonesterified linoleic 
acid increased and esterified linoleic acid decreased. They attributed 
the changes to hydrolytic decomposition of triglycerides. Lipase 
activity in 50 varieties of proso millet was studied (Pavolva and Olifson, 
1979). Optimum conditions 'were 370 C at pH 4 qnd the lipase was most 
active on millet or sunflower oils. The activity varied from 2 to 46 m9 
KOIi/10 g grain. 

Lorenz et al. (1980) reported that proso millet could be dehulled with 
a barley pearler.by using ~ 0.5 mm screen. After pearling, a hammermill 
was used to produce flour .• The same authors also reported that the mi 11 et 
could be milled on a Quadruma1: Jr. t~ill without prior dehulling and that it 
was feasible to comill with wheat if the grains were tempered separately. 
Crabtree and Dendy (1979) reported similar results using a Buhler laboratory 
mill. 

Unfortunately, Lorenz ret al (1980) did not report the proximate 
ana lyses for the mi 11 et they worked with; however, they di d report ana lyses 
of flour and bran. From those data, it is clear that the grain was high 
in protei n, ash, and 1 i pi d .compared to with other cereals. The hull was 
very high in ash (bran 15%) and was reported to contain a high level of 
silica. The lipid material was mainly in the germ because the lipid con­
tent of the flour and bran fraction varied widely depending on the milling 
conditions. Jones et al. (1970) reported that dehulled proso.millet 
contained 4.9% lipid. Vitamin and mineral contents of proso millet have 
been reported by Aykroyd et· a 1. (1963). 

Lorenz and Dilsaver (1980) studied the use of proso millet flour in 
a number of traditional wheat flour products. Loaf volume and mixing 
time decreased as level of millet flour was increased. Bread was con­
sidered acceptable when up to 15% of wheat flour was replaced with millet 
f~our. Amylograms indicated a very low o.-amylase activity in the proso 
mlllet flours. Cookie spread increased and cookie top grain improved 
with increasing amounts of millet flour added to wheat flour. The millet 
flour imparted a slight but objectionable grittiness to the cookies. 
Noodles of acceptable quality were made with 20% proso millet flour in the 
blend; higher levels of millet flour caused the noodles to be gritty. 

Awadalla (1974) also studied the supplementation of wheat flour with 
proso millet in Egyptian bread. He reported that replacing part of the 
wheat flour with millet decreased the baking quality. 

The effect of germinating millet on its cooking properties was studied 
(Alekseeva et al., 1978). The fat, starch, and protein did not change, 
howeyer, the hydrolytic enzymes increased greatly. It was impossible to 
obtaln normal cooking properties from sprouted millet. 

( 
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The use of proso millet in human diets has been studied (Kies et 
a1., 1975). Millet alone gave a negative nitrogen balance, presumably 
due to lower digestibility. Supplementation of the millet with triticale 
or soy greatly improved nitrogen balance. 

A. Finger Millet 

Rachie and Peters (1977) and Hulse et al. (1980) have recently re­
viewed the composition and botanical characteristics of finger millets. 
The proximate analysis of a commercial sample of finger millet (ragi) as 
reported by Kurien and Desikachar (1966) was protein (N x 6.25) 8.8%, 

'lipid 1.8%, ash 3.2% and crude fiber 3.6%. The lipid content is much 
lower than that reported for other millets and is lower than the range 
(3.4-4.0%) reported by Wankhede et al. (1979a) for tQree cultivars. 
Kurien and Desikachar (1966) also reported high levels of calcium (0.47%) 
and phosphoru's (0.27%). Milling on a Buhler mill gave up to 72% yield 
of flour and materially reduced the protein, ash, and fiber contents of 
the flour. The protein, thiamine, and calcium contents of the flour was 
about one half of the whole meal while the phosphorus was much less. 
Pore and Magar (1979) reported that 75% of the P was in the form of phytic 
acid. Deosthale et al. (1970) reported the following values for the B­
vitamins in finger millet: thiamine, 110 to 610 ~g/lOO g, and niacin 270 
to 870 ~g/lOO g. The sterol lipids in finger millet have been reported by 
~lahadevappa and Rai na (1978). 

The protein content and amino acid composition of finger millet were 
studied by Virupaksha et al. (1975)". Twelve varieties of finger millet 
ranqed in protein content from 6.77 to 11.03% (N x 6.25). A similar pro­
tein range was repQrted by Deosthale et al. (1970) for twenty varieties. 
Using the Landry-Moureaux (1970) procedure, protein extraction ranged 
from 60 to 84% (Virupaksha et al., 1975). More protein was solubilized 
from the whole meal than from the endosperm flour. In general, the 
lysine content of the finger millet was quite high, ranging from 2.89 to 
5.52 g/lOO g protein. Deosthale et al. (1970) reported lysine values 
ranging from 2.1 to 3.8% protein. Also of interest was the leucine to 
isoleucine ratio of about 3 (Virupaksha et al, 1975); Indira and Naik 
(1971) had reported a ratio of 2. Amino acid analysis of the protein 
in the various solubility classes showed that the prolamine was low in 
lysine (0.4%) but the water- and salt-soluble protein and the glutelin 
fraction were both.high in lysine (about 7.0%). 

It is generally believed that the occurrence of tannins in cereals 
is 1 imi ted to grain sorghum and barl ey. However, Ramachandra et a 1. 
(1977) analyzed 19 Indian and 10 African varieties of finger millet for 
tannins using the vanillin-Hel procedure. Two Indian cultivars gave 
values over 1% (catechin equivalents); two African cultivars had even 
higher values (3.47 and 3.42%). They also showed that the high tannin 
lines alter the distribution of protein solubility fractions by the 
Landry-~loureaux procedure. The gl ute 1 in fraction had the hi ghest tanni n 
conten~. The h~gh tan~in lines had lower in vitro protein' digestibility. 
Dehulllng the flnger mlllet greatly lowered the tannin level and in­
creased ~ vitro protein digestibility. 
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The starch from finger millet was studied by Wankhede et al. (1979b) 
and Tharanathan et al. (1980). Starch from finger millet gave single 
stage swelling and low solubility. Gelatinization temperature range was 
reported. as 620 and 700e. AmYlose contents ranged from 15.8 to 17.5%, 
similar to values reported for proso millet (Rakhambaev, 1968a) but lower 
than that found for most cereal starches. 

The carbohydrate composition of finger millet was studied by Wankhede 
et al. (1979a). Xylose, fructose, sucrose, maltose, maltotriose, raffi­
nose, and hi9her oligosaccharides were found as free sugars, with sucrose 
being the principal sugar. Cold-water-soluble gums constituted about 0.5% 
of the grain and contained xylose, arabinose, and glucose as the major 
sugar constituents. Hot-water-soluble gums contained mostly glucose, with 
xylose, arabinose, mannose, and galactose found in minor quantities. 
Wankhede et al. (1979a) also characterized hemicelluloses and cellulose 
from finger millet. 

Malleshi and Desikachar (1979) studied the malting quality of new 
high yielding cultivars of finger millet. Of the six cultivars studied, 
4 were reported as relatively good malting and two were poor. The poor 
cultivars had low amylase activity. 

: The nutritive value of finger millet has been studied in rats 
(Kul"ien, 1967; Hemanalini et al., 1980) and children lJoseph. et al., 1959; 
Kurien and Doraiswamy, 1967). In a study with 9- and 10-year old girls, 
Joseph et al. (1959) replaced rice in a ve'getariarl diet with 25% and 50% 
finger millet. Although the intake of protein wa~ only about 28 g., all 
the subjects were in positive nitrogen balance. They also found that 
more calcium was retained from diets containing finger millet and 
concluded that replacing part of the rice in the diet with finger millet 
would help overcome calcium deficiency of rice diets. The availability 
of calcium from flour was significantly more than that from whole meal 
(Kurien, 1967); however, 49% of the calcium was in the husk (Kurien et al., 
1959) . 

With 36 boys between the ages of 7 and 12, Kurien and Doraiswamy 
(1967) replaced about 50% of the cereal in the diet with whole or refined 
finger millet flour. They found no significant differences in the height, 
weight, nutritional status, or blood chemistry of the children fed the t\~O 
diets over a 5 1/2 month period. No significant differences were found in 
the retention of nitrogen, calcium, and phosphorus between the two diets. 
There was a significant increase in apparent digestibility of the protein 
of refined flour versus whole meal. 

N. Foxtail Millet 

Relatively little work has been reported on foxtail millet. Taira 
(1968) studied the amino acid composition of ten varieties that varied in 
protein content from 10.6 to 15.2% (dry basis, N X 6.25). In general 
foxtail millet appeared to be low in lysine (1.5 to 2.4%) and high in 
proline and leucine. The leucine to isoleucine ratio was about 3. How­
ever, Baptist and Perera (1956) and Mangay et al. (1957) report a much 
lower ratio. VJhen compared with the FAO amino acid pattern, foxtail 
millet was low in lysine but not tryptophan. 
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Foxtail millet prolamines were separated into four fractions by gel 
filtration (Maki and Tashiro, 1978, 1979). SDS electrophoresis patterns 
showed two bands of 21,000 and 12,000 molecular weight, respectively. 
Danno and Natake (1980) sequentially solubilized 97% of foxtail millet 
protein into five solvents: water, salt, ethanol, sodium dodecyl sulfate 
(50S), and 2-mercaptoethanol. More than 15 different molecular weight 
classes of proteins ranging from 11,000 to 150,000 were found. 

The starch of foxtail millet starch gelatiniz~s over the range 550 

to 620 C (Wankhede et al., 1979b). The starch granules had both small 
(5 to 8~m), oval and large (8 to 25~m), polygonal shapes. The strach 
gave a single stage" swelling and low solubility. However, foxtail millet 
starch had significantly higher water binding capacity than proso millet 
starch (Lorenz and Hinze, 1976). Iodine affinity for foxtail millet 
starch was 3.1%, indicating a low amylose content (Wankhede et al., 
1979b). The saccharides in foxtail millet were studied by Becker and 
Lorenz (1978). r~ature kernels contai ned sucrose, ra ffi nose, and myo­
inositol and trace amounts of glucose, fructose, and galactose. 

Nonstarchy carbohydrates of foxtail millet were also studied by 
Wankhede et al. (1979a). In general, the free sugars and gum were very 
similar to those in finger millet. The gums from both species contain 
the same sugars but in different proportions. 

The lipids of foxtail millet apparently have not been studied. 
However, Wankhede et al. (1979a) have found foxtail millet to be quite 
high in total lipid (15%). 

Weanling rats had poor weight gains on a 86% foxtail millet diet 
(Tashiro and Maki, 1979). Supplementation with 0.4% lysine and 0.1% 
threonine gave better growth than casein. Foxtail millet was effective 
(mainly by virtue of its tryptophan content) in correctinq an induced 
niacin deficiency in rats (Mangay et al., 1957). Takahashi et al. (1978) 
reported that an isolated foxtail millet protein fraction was equal to 
wheat gluten when fed to rats. Ganapathy and Chitre (1976), in studying 
the poor abi 1 ity of foxtail mi 11 et to promote growth of rats, concl uded 
that a high ratio of arginine to lysine was responsible, 

VI. ~IILLING OF SORGHUM AND ~lILLET 

The traditional milling of sorghum and millet is by pounding. 
Pounding involves the use 'of a mortar and pestle to remove the outer bran 
(Fig. 22). 80th dry and slightly wet (tempered) grain is used. After 
pounding, the outer bran can be removed by winnowing. This process is 
still widely used in both Africa and India, although mechanical burr 
mills are being found in smaller villages (Vogel and Graham" 1979). 

Another traditional millino technique is by the use of hand-operated 
stone mills (Fig. 23) and saddlestones. With sufficient skill, the oper­
ator can produce meal of controlled particle size. The bran is removed 
by winnowing and the prodUcts varying in density can be separated by tap­
ping a hand-held gravity table (Fig. 24). In traditional milling, the 
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separa,Hon' genera'lly i'nvo 1 ves removi ng on'lY' the outer porti on: of the' 
bra'n. With, grai'n sorghum, the perfearp tends to separate in the mes_ocarp. 
layer. Thus." a considerable' part of the bran remains wfth. the endosperm' 
and germ., As shown, by Shepherd (;19):9), with at least. some gra,i.n' sorghums" 
the' outer' bra:n comes. off easily i'n, ra'ther large flakes .. Those ty,pes. of 
sorghum would thus. mn1- easily' and be much preferred; i,f one was pound-i:ng' 
the gva to' .. 

O. Dry NiHi.ng 

The' object of dry milling' operations is primarily to separate· the 
gvain into its ana tomi'ca 1 parts. The' bra iii, woul d· i'ne lude the peri cavp". 
testa, and aleurone'. The germ should be obtC!!ined as a separa.te· and, 
intact entity. The endosperm would then be, free: of contami,nati;otJ and: 
could be reduced to the particle s,Ize desi'red", Of course,. in practiice 
such clean-cut separa ti ons are' never obtai ned'. 

Hubbard et a1. (1950) hand dissected sorghum and: reported the yi.e·l:d 
and compositi on of the vari ous components.. Those· resul ts are i'nvC!> l:uab 1 e 
in judging how good a separation one is making in. dry mi.lling·, They 
reported that the endosperm.ranged from 80 to 85% of the kernel.. This, 
of course, giVes the upper limit of high purity flour. 

There are two major approaches to the dry milling. of sorghum. 1.n 
the U.S. much of the sorghum dry milling is accomplshed on roller mills 
(Hahn, 1969; Shoup et al., 1970; Anderson, 1969; Anderson and Burbr·idge,. 
I971; Stickley, 1973; Niche, 1980). Although processes vary widely, in 
general, the grain is tempered to make the bran tough and rubbery so that 
it will not grind easily. Tempering is also useful as it makes the 
endosperm soft and friable. In general, sorghum is harder than wheat and 
thus more difficult to grind. Sorghum flour produced from most milling 
operations is more coarse than wheat flour. IvJost dry milled sorghum is 
reduced to grits rather than to flour. 

The other major approach to dry milling is peraling or decortication. 
Sorghum kernels are a slightly flattened sphere so they work well with 
pearling or decortication equipment. There are several types of decorti­
cating mills; all are designed to remove the outer part of the kernel by 
abrasion with a minimum breakage of the kernel. Studies of various types 
of mills used for sorqhum and/or millet have been reported (Normand et al., 
1965; Hahn, 1969; Rooney et al., 1972; Stringfellow and Peplinski, 1966; 
Anderson et al., 1969; Raghavendra Rao and Desikachar, 1964; Viraktamath 
et al., 1971; Rooney and Sul,lins, 1969; de ~lan et a1., 1973; Kapasi-Kakama, 
1977; Desi kachar, 1977; Perten, 1977; Rasper, 1977; l\yss, 1977; Ni che, 1980; 
Ooma h et a 1., 1980). 

Rei chert and Youngs .( 1976) compared three types of mi 11 s, an attri­
tion' an abrasive, and a barley pearler, for dehulling sorghum and millet. 
They concluded that the abrasive mill was most suitable. Reichert and 
Youngs (1977) also showed that all mechanical mills tested were much more 
effective in removing the grain's outer layers and thus various nutrients 
than ~Ias the tradi ti ona 1 mortar and pestl e. Simi 1 ar results were reported 
by Adrian et a 1. (1975). 

I. 
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At a meeting held at the Food Research Center, Khartoum, Sudan, in 
April 1979, (sponsored by the Food and Agriculture organization of the 
United Nations) a new sorghum pearling process developed there was put 
on public view. Precleaned sorghum is passed through a vertical Schule 
milling machine and after separation the unbroken pearled sorghum is 
either packaged for use jn soups and as a rice substitute or mixed with 
brokens and milled to flour in an ASI~~ progress mill for use in compo­
site flour bread. The Khartoum plant is specific for sorghum and appears 
to be more economical than similar large scale processes (Runte, 1979). 
A new pearling machine from Tropical Products Institute, England, using 
a novel wire-brush abrasive technique, was 'also reported at thaCmeeting 
(Dendy and Pinson, 1979). 

At the 1980 Vienna symposium sponsored by the International Associa­
tion of Cereal Chemists (ICC) (Dendy, ed." in press) the International 
Development Research Center (IDRC) introduced a film, "An End to' Poundi ng, " 
which shows a new mechanical sorghum milling system developed fQrBotswana 
(Eastman, 1980). ," 

Normand et al. (1965) have reported that high protein sorghum flours 
can be obtained from the outer layers of the starchy endosperm by tangen­
tial abrasion. Rooney et al. (1972) reported similar findings, They 
obtained a fraction contining 25% protein whicn represented 27% of the 
original grain. The original grain contained 15% protein. ' 

Degermination is an important factor in sorghum dry"milling. The 
germ is high in oil and must be removed if the flour or grits are to be 
stored. Hahn (1969) recommends tempering and impact mi.lling. The germ 
can be separated from the grits if conditions are such that the kernel 
is not broken into small pieces. Typical sorghum dry milling results 
are given in" Table Xiii. Gravity tables have also been successfully 
used to separat~ germ from grits. 

Grinding to fine particle size has been accomplished by using impact 
grinders (Stringfellow and Peplinski, 1966'). They reported that sorghum 
air-classified better than did corn or rice. Wall and Bietz (1980) have 
shown that the high-lysine sorghum lends itself to fine-grinding and air­
classification. Reductions in particle size without a 'large increase in 
starch damage were reported by Badi and Hoseney (1976). The technique 
involved wetting the sample" followed by air drying. The dried flour was 
then passed through smooth rolls. 

Little work has been reported on the dry milling of different types 
of sorghum. Maxson et al. (1971) milled lines with different proportions 
of corneous and floury endosperm. Grit yields were highly related to 
endosperm texture, hardness, and density. Anderson et al. (1977) reported 
that the all 'floury e~dosperm, high lysine mutant, P-72l, gave a very poor 
yield of grits upon dry milling. 

The comilling of four species of millet with wheat to produce composite 
flours was reported by Crabtree and "Dendy (1979). Combinations of proso and 
finger millets gave the, best extraction rates. The optimum level of proso, 
for breadmaking, was 10%; the optimum level "for finger, pearl, and foxtail 
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millets was 5%. They concluded that comilling to produce a composite flour 
was desirable. 

P. Wet Milling of Sorghum 

In wet milling the object is to separate the grain into starch, pro­
tein, and fiber fractions. Sorghum has been commercially wet milled at 
various times at the CPC plant in Corpus Christi, Texas. The laboratory 
wet milling of sorghum has been discussed in detail by Watson and co­
workers (Watson et al., 1951, 1955; Watson and Hirata, 1954, 1955). In 
general, wet niillfng of sorghum is considered more difficult than that 
of corn. Starch yields are lower and the starch contains more protein. 
This is thought to result from a higher percentage of peripheral endo­
sperm cells. Those cells contain a relatively high protein content and 
appear to steep with great difficulty. Sorghum with pigments in the 
peri carp and/or subcoats is unsuitable for wet milling because those 
pigments can be leached during the process and thereby discolor the s~arch 
(Rooney and Clark, 1968). - - . 

Watson et al. (1955) have reported large differences in the starch 
yields from different varieties. Norris and Rooney (1970) found similar 
results and reported that peripheral endosperm content was significantly 
related to protein content of the starch and negatively correlated with 
starch yield. The composition of the feed products from wet milling of 
sorghum has been reported by Reiners et al. (1973): 

The use of water (Freeman and Watson, 1969) or alkali solution 
(Blessin et al, 1977) to peel sorghum has been suggested to improve the 
yield and color of starch produced. Apparently those treatments haVe 
not been used commercially. 

VI. FOOD USES OF SORGHUM AND ~1ILLETS 

The traditional food uses of sorghum and millet have recently been 
compiled and summarized by Vogel and Graham (1979). The book is a report 
of a workshop held in Nairobi, Kenya, in 1978, and is an excellent sum­
mation of food processing and uses in India, East Africa, and Nigeria. 
A survey of the many vari ed uses of sorghum and mi 11 et in vari ous parts 
of India was given by Subramanian and Jambunathan (1980). A general dis­
cussion of sorghum and millet foods was presented by Deyoe and Robinson 
(1979) and Cluskey et al. (1979). 

Relatively little has been_reported in the scientific literature on 
the food uses of sorghum and millets. In general, the traditional food 

-uses of sorghum and millet are similar. The products are known under a 
wide range of names;_however"many are the same or minor variations of 
similar products. 

The products can be divided into several types. The flat, unleav­
ened breads of India (chapati or roti; Fig. 25) or South and Central 
America (tortilla) are examples of one type. Neither sorghum nor miHet 
has the dough forming properties of wheat so it is more difficult to' 
make desirable products from those grains. In some instances hot water 

r 
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is used to partially gelatinize the starch to aid in forming the product 
(Oesikachar, 1975). Use of micronized (dry heated) sorghum (Rusnak et 
al., 1980) to make tortillas is also using partially gelatinized starch 
(Johnson et al., 1980). Tortillas have been traditionally heated with 
lime (calcium hydroxide) and this is an important flavor component of 
the product. The use of alkali with sorghum often leads to a number of 
off-colors (Khan et al., 1980; Rizley ~nd Suter, 1977). 

The traditional tortilla is made from maize. Naize does 
dough forming ability so it is similar to sorghum and millet. 
other than tne color problem caused by the phenolic pigments, 
and millet should make good tortillas. . 

not have 
Thus, 

sorghum 

The traditional roti or chapatti, on the other hand, is made from 
wheat so it is much more difficult -to subst"itute sorghum and millet. 
The ideal product will puff to give a semi-light product and is light, 
flexible, uniformly round, and firm but not tough. In general, sorghum 
and millet do not make ideal rotis. 

A scented cultivar of sorghum from India was recently described 
(Prasada Rao and ~lurty, 1979). Porridge (sangati) made 'from the seeds 
was more scented than were rotis made from the same grain. 

Another product is fermented flat bread such as the Sudananase kisra 
(Fig. 26). A detailed account of kisra preparation is given by El Tinay 
et al. (1979). Sorghum flour (1 kg) is mixed with water (2:1) in a· bowl; 
a "starter" of previously fermented dough (300 g) is added. At the end 
of 18 hr fermentation, the pH reaches 3.7, and the dough is spread thin 
and baked on a hot plate (1600C) for a very short time (~2 to 5 sec). A 
nonalcoholic drink is made in a similar fashion. The batter is thinner 
and the product dried to a flake on the iron plate. It is stored, dried, 
and added to water to make the acidic drink. 

Ot,her types of sorghum and millet products include rice substitutes 
and decorticqted whole or cracked grains that are steamed soft (Badi et 
al., 1980). Sorghum appears to require longer cooking than millet to 
give a soft product (Viraktamath et al:, 1972; Subba Rao et al., 1953). 
The cous co us of Senegal is a similar product but is agglomerated from 
a coarse flour instead of being from whole grain. 

Nuch of the sorghum and millet is consumed as a porridge. There are 
a number of porridges that vary in whether they are fermented and on the 
ratio of flour to water. The thin porridges, Uji, etc., are made both -
with and without fermentation. The carboxylic acids produced during 
fermentati on have been identifi ed (Bani go and Hull er, 1972). The 'thi cker 
type porridges, tuwo, etc., are frequently moulded or shaped (Fig. 27). 
The thick porridge should be stiff enough to mould smooth without cracks 
and should not stick to fingers or mouth. The thick porridges are'the 
major foods in some countries and may be eaten more than once a day. 

A sizable amount of sorghum is consumed in the form of alcoholic 
beverages (beer). In genera1, the sorghum beers (Harisa, Fig, 28) are 
high in soilds content and relatively nutritious (Nonawar, 1980), Zammit 



248 

(1980) reports vitamin contents of thiamine (0.78. mg/100 g), riboflavin, 
(0.87 mg/lOO g), and niacin (7.37 mg/lOO 'g solids) for sorghum beer. 
Iron absorption from sorghum beer was more than twelve fold greater than 
from gruel made from the constituents used to prepare beer (Derman et 
a 1., 1980). ' 

An area that has received considerable research interest has been 
the use of composite flours for breadmaking. Generally, addition of 
more than small amounts of sorghum or millet flour will decrease loaf 
volume; however, the flavor of bread containing millet is generally 
reported as excellent (Dendy et al., 1970; Crabtree and Dendy, 1979; 
Basse, 1978; Badi et al., 1976b; Casier et al., 1977). The use of 
methyl cellulose gums to produce bread from sorghum flour was reported 
by Hart et al. (1970). Bijttebier (1980) used gums to make bread from 
sorghum and millet flours. The use of sorghum and millet in cookies has 
been reported (Badi and Hoseney, 1976). Work at the Food Research Center 
in Khartoum, Sudan, has also stressed the production of snacks from 
sorghum and millet (Badi et al., 1978). Traditional snack foods are 
limited; however, the use of certain varjeties of both sorghum and millet 
to produce popped grain is certainly an exception. 

" I 
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Tabl(~ I. Composition of Sorghum Fractions and Whole Grdin 
(Adapted from Hubbard et al. 1950) 

------ ---------
% 

of Whole Ash Protein Oil Starc:~ 
Fraction kernel % % % % 

_.-.... ---

Whole grain 100 1.65 12.3 3.9 73.8 

Endosperm 82.3 0.37 12.3 0.6 82.5 

Germ 9.8 iO.36 iil.9 28.1 13.4 

Bran 7.9 2.02 6.7 4.9 34.6 

-) 



Lysine 

Histidine 

Ammonia 

Arginine 

Aspartic Acid 

Threonine 

Ser ine 

III utamic Acid 

Pr(\line 

Glycine 

Alanine 

Half-cystine 

V d 1 ine 

Methionine 

isoleucine 

Leuc il.e 

Tyrosine 

Phenylalanine 
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Table II. Reported Amino Acid Composition 
(g/100 g protein) of Sorghum 

Reference 
Jones and Jambunathan 

Waggle et al. Beckwith and [~ertz 
1967 1970 1973 

2.08 1.8 2.14 

2.23 2.1 2.01 

3.3 

3.32 3.2 3.59 

6.87 7.0 7.83 

3.10 3.5 3.26 

4.34 4.6 4.52 

2'2.40 24.9 23.22 

8.27 9.0 8.16 

3.10 3.2 3.07 

9.85 9.9 9.89 

1.56 0.7 0.92 

5.25 4.!i 5.35 

1 .17 , 1.3 1.03 

4.24 3.!i 4.0il 

14.36 14.5 14.27 

2.14 4.6 4.50 

5.30 5.3 5.19 

Hoseney et al. 
1974 

2.24 

1 .71 

2.95 

3.18 

6.94 

3.64 

4.73 

22.27 

7.19 

3.40 

9.11 

1.73 

4.51 

1.23 

3. '17 

13.11 

? "' V.""l" 

4.89 
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Table III. Correlation and Regression Coefficients of the Relation Between 
Protein Level and Amino Acid Composit ion and Distribution of Sorghum 

(Source: Waggle and Oeyoe, 1966). 

Gl utamic acid 

Pro 1 ine 

A1imine 

Isoleucine 

Leucine 

Phenyl alan ine 

Lysine 

Hi st id ine 

Ar~ in ine 

Threon ine 

Glycine 

Aspartic acid 

Serine 

Va 1 inc 

Nethionine 

Amino Acid Compositiona 
Versus Protein Content 

r 

0.98 

0.97 

0.98 

0.97 

0.97 

0.97 

0.66 

0.93 

0.84 

0.94 

0.86 

0.96 

0.96 

0.97 

0.71 

Slope 

0.277 

0.095 

0.118 

0.046 

0.175 

0.057 

0.009 

0.020 

u.QZ3 

0.030 

0.020 

0.069 

0.046 

0.052 

0.011 

Anino Acid Distributionb 
Versus Protein Level 

r 

0.78 

0.57 

0.74 

0.47 

0.73 

0.46 

-0.84 

-0.27 

-0.59 

-0.26 

-0.73 

0.03 

0.15 

0.08 

-0.04 

Slope 

0.720 

0.169 

0.269 

0.065 

0.460 

0.072 

-0.154 

-0.021 

-0.106 

-0.025 

-0.132 

0.006 

0.019 

0.010 

-0.004 

aCornposition, grams amino acid per 100 gram sample. 

bOistribution, grams arnino acid per 16 gram nitrogen. 
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Table IV. Nonstarchy polysaccharides from sorghum pericarp 

Po 1 ysaccharide 

Water-soluble 

Gold-water soluble 

liot-water sol ub le 

Alkali-soluble 

Hernice.ll ul ose A 

Hernice 11 ul ose B 

Ratio 
ARAB: XYL: GLU 

2.1:1.0:0.8 

1.3:1.0:7.2 

1.3:1.0:20.5 

1.3:1.0:1.1 

1.1:1.0:0.7 

1.2:1.0:0.1 

a1 = Karim and Rooney. 1972b; 
2 = Woolard et al •• 1976a 

Referencea 

1 

2 

2 

1 

2 

2 



Po lysaccharide 

B( A) 1 
H-1 
11-2 
11-3 

B(A)2 
11-4 
H-5 
H-6 
11-7 
1i-8 

B(B) 
H-9 
11-10 
11-11 
11-12 
H-13 
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Table V. Data on Hemicellulose B Fractions 
Separated by DEAE Cellulose 

(Hoolard et al., 1976a) 

Recovery 
Eluting from 80 g Hem. B Ratio 
Buffer 9 ARAB:XYL:GLU 

23.5 1.1:1.0:0.1 
Water 4.9 1.0:1.0:0.7 
0.0025 N Borate 3.7 1.7:1.0 
0.0100 M Borate 10.4 1.0:1.0 

12.7 1.1:1.0:0.1 
0.025 fvl NaCl 7.8 1. 7:1.0:0.1 
0.050 M NaC1 1.8 1.1 :1.0:0.1 
0.075 M NaCl 0.9 1.2:1.0:0.1 
0.100 M NaC1 0.5 1.4:1.0:0.1 
0.300 M i~aCi 0.5 1.5:1.0:0.3 

29.0 1.0: i.0 
0.025 M NaCl 16.0 1.0:1.0 
0.050 M NaCl 1.9 1.0:1.0 
0.075 M NaC1 1".3 1.0:1.0 
0.100 M NaC1 2.1 1.0:1.0 
0.300 M NaC1 2.6 1.0:1.0 

{a}O 

_89 0 

_53 0 

_860 

-1060 

_860 

-101 0 

_75 0 

_61 0 

_27 0 

+19u 

_92 0 

_980 

7~0 
-, v 

_700 

_680 

_440 
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Table VI. Fatty aGi5 composition pf grain sorghuma 

Reference 

Ne ucere and b Weill and Freeman and Price 
Fatty Acid Sumre 11, 1980 Blessin, 1970 Bocan, 197jC 1975 

C14:0 < 0.5 0.4 nd 0.2 

C16:0 12.9 13.2 12.3 lY.5 

C16: 1 0.9 "1.3 nd 0.8 

C18:0 3.3 2.0 0.8 1.7 

C18: 1 37.7 30.5 34.3 28.1 

C18:2 38.4 49.7 49,Y 44.7 

C18:3 2.9 2.0 2.7 5.U 

C20:0 0.7 hd nd nd 

C20! 1 1.5 nd hd ntl 

C22:0 1.9 nd hd !lei 

C22; 1 0.5 hd nd nel 

C24:0 1.1 nd nd ml 

a' Values reported are means. hd = not determiried. 
b 5 samples. 

c2:, samples. 
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Table VII. Nonpolar Lipids of Sorghum 
(Paul et al., 1972) 

Mean Composition (%) 
Lipid Free Bound 

Part i a 1 glycerides 3.4 6.1 

Stero 1 s 6.0 5.7 

Pigments 5.0 1.5 

Free (nonesterified) 
Fatty Ac ids 7.9 43.8 

Triglycerides 64.5 38.2 

Unidentified 5.8 

Sterol esters + hydrocarbons 7.9 4.8 
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Table VIII. Vit"amin and Mil'eral Content of Sorghum 

, \19/9 
Nutrient Range Mean-

Vitaminsa 

Thiamine 4.6 - 6.8 5.8 
Riboflavin 0.8 - 3.1 1.7 
Niacin 21 - 84 48 
Biotin 0.1-0.5 0.3 
Folic acid 0.1 - 0.3 0.2 
Pyridoxine 2 - 9 6 
Pantothenic acid 5 - 16 10 
Cho 1 ine 528 - 954 762 
!{ -Carotene 0.2 - 1.7 0.3 

" Mineralsb 

Si 1000 - 3000 2UOO 
Na 100 - 200 
K 3500 - 5200 4000 
Ca 12 - 432 205 
Mg 1080 - 2300 1550 
p 2500 - 6300 4U55 
Fe 24 - 200 59 
Cu 3 - 10 5 
Zn 14 - 75 25 
Mo 0.3 - 8 3 
Cr 0.2 - 1 0.7e 
Co <1 0.5 
Mn 7 - 30 15 
Ni <1 - 14 1.7 
Se <1 
Ti 0.2 - 2 1.0 
Sr 0.1 - 3 1.8 
V < 1 -.2 
A1 5 - 69 18 
B 1 - 3 1.3 
l3a 0.2 - 2 0.8 
Li U.2 - 2 U.! 
Pb 0.2 - 2 1.1 
Rb 1 - 3 1.2 

a From Hubbard et a1., 1950; Tanner et a1., 1947; Knox 
et al., 1944; Miller, 1958. 

b From Deosthale et al., 1977; Deosthale and Belavady, 
1978; Neucere and Sumrell, 1980; Pinta and Busson, 1963. 

cNeucere and Sumrell (1980) reported a Cr value of 
30 \19/9 for one sorghum variety. 

( 

", 
\ 
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Table X. Physicochemical Characteristics of 
Pearl Millet Starch 

Property 

Iodine affinity (% d.b.) 

Amylose content (% d.b.) 

Intrinsic viscosity 

~elatinization temp. °c 
initiation 
end-point 

Amylograph pasting surves 
past ing temp. C 
peak viscosity (BU) 

Viscosity 1 hr at 95°C (BU) 

Viscosity after cooled to 
50°C (BU) 

ViscosiSy after 1 hr at 
50 C (BU) 

Cold water binding capacity 
(% d.b.) 

1 

17 

51 
69 

72 
560 

640 

780 

7::>5 

Referencea 
2 

4.84,5.05 

1.74,1.50 

59,67 
70,75 

600;600 

400;600 

660,760 

600-690 

3 _.-

4.43-4.75 

20-22 

1.47-1.71 

59-63 
68-70 

76.5 
400-~OO 

340-460 

500-640 

460-620 

83.6-99.5 

al . Badi et al. (1976b) using 50 9 starch for the amylogram; 
1 sample studied. 

2. Freeman and Bocan (1973) using 35 g sLdrch for the illllylo­
gram; 2 samples studied. 

3. Beleia et al. (1980) using 50 g starch for the amylogram; 
5 samples studied. 

http:1.47-1.71
http:1.74,1.50
http:4.43-4.75
http:4.84,5.05
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Table XI. Minerals in Pearl Millet (P. americanum)a 

Element mg/100g (d.b.) 

Na 2.2-4.9 

K 366-543 

Ca 7-117 

Mg 71-156 

P 631-1353 

Fe 2.1-11.7b 

Cu 0.42-;0.58 

Mn 0.66-0.92 

Zn 0.10-3.8 

Mo 0.014-0.024 

aData obtained from: Carr, 1961, Goswami et al., 
1969a,b; Shah and Mehta, 1959; Burton et al., 
1972; Varriano-Marston and Hoseney, 1980. 

bCarr (1961) reported an Fe content of 46 mg/100 9 
of grain for pearl millet ground on stones con­
taining high levels of Fe. 

http:0.66-0.92
http:0.42-0.58
http:2.1-11.7b
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Table XII. Protein Efficiency Ratios of Pearl Millet Alone or 
Supplemented with Other Nutrients 

Diet 
Level of protein 
in the diet (%) PER Reference 

----------------------------------------------------------
Pearl millet 

Pearl mi llet + 
amino ~cids 

None 
Lysine 
Tryptophan 
Lys + Trp 
Lysine 
Lys + threonine 

Pea!"l millet + 
plant protein 

Bengal gram 
Red, black + 

green gram 
Cocon ut cake 
Jlmaranth leaf 
Grams + 

iJlaaran lh 1 eaf 

11 
5 

10 
10 
11 

11 
11 
11 
11 
10 
10 

10 

10 
10 
10 

10 

1.67 
1.3 
1.4 
1.8 
1.84 

1.84 
2.41 
1.83 
2.34 
3.41 
3.54 

2.16 

~ .05-2.10 
1.60 
1.73 

2.04-2.30 

--_.----------------

Hariharan et al., 1965 
Rao et a 1 .-;-1964 
Rao et al., 1964 
Rao et a 1 ., 1964 
Pushparnma et al., 1972 

Rao et a1., 1964 
Pushpamma et a 1., 1972 
Rao et a1., 1964 
Rao et a 1 ., 1964 
Daniel ef a1., 1965 
Uanie1 et al., 1965 

Rao et a1., 1964 

Rao et a1 .. , 1964 
Rao et a 1., 1964 
Rao et a 1 ., 1964 

Rao et a 1., 1 %4 

--------------

http:2.04-2.30
http:2.05-2.10
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Table XIII. Typical Sorghum Dry 
Milling Results (Hahn, 1969) 

Yield Protein Oil Fiber 
% % % % 

100 9.6 3.4 2.2 

67 9.6 0.6 0.8 

12 8.9 5.5 8.6 

11 15. I 20.0 2.6 

10 7.1 2.4 1.3 

Ash 
% 

1.5 

0.5 

2.4 

8.2 

1.0 
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Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

262 

Legend of Figures 

Picture of sorghum (center), pearl millet (upper left), 'proso 
millet (upper right), foxtail millet (lower left), and finger 
mi11et (lower right). 

Diagram showing the component parts of a sorghum kernel: 
scutellum (S), embryomic axis ,(EA), stylar area (SA). 
SourCe: Rooney, 1973. 

Sectton of sorghum kernel illustrating the pericarp, aleurone 
layer, peripheral endosperm area and corneous endosperm (300X). 
Source: Rooney, ;1973. 

·Scanning electron photomicrograph (SEM) of a sorghum peri carp 
showi ng the eptcarp (EP), mesocarp (r~), endocarp (Ed), a large 
pigmented inner' i'ntegument (1), and the aleurone layer (AL). , . 

SEt'l of a sorghum peri carp showing the aleurone layer (AL), 
seed coat (SC), also called a testa, but no inner integument. 

Tri\nsmi ssi on e lec<tron mi crograph showi ng the aleurone 1 ayer ('AL) 
and a thin electron transparent seed coat (SC) tightly fused to 
the structures of the peri carp (P) and nucellar epidermis. 

Figure 7. Optical photomicrograph of destarched section of peripheral area 
of the kernel showing subaleurone (SA) proteinaceous,cells, pro­
tein granules, and the aleurone layer (AL); 7 ~m thick section 
stained with AO-12 (650X). Source: Seckinger and Wolf, 1973. 

Fi gure S. SH1 of the transl ucent endosperm of sorghum showing protein 
bodies (P). 

Figure 9. SEf·1 of the opaque endosperm of sorghum. 

Figure 10. Relationship between lysine content and protein content of sor­
ghum wi th a confi dence belt. Source:' Waggl e and Deyoe, 1966. 

Figure 11. SEM of isolated sorghum starch. 

Figure 12. Amylograph studies of starches (6.6% pastes): 
ghum, (b) waxy corn, (c) nonwaxy sorghum, and 
Source: Horan and Heider, 1946. 

(a) waxy sor­
(d) nonwaxy corn. 

Figure 13. Extraction and purification scheme for isolating condensed 
tannins from,sorghum. Source: Davis

1
and Hoseney, 1979a. 

Figure 14. A72Q for Prussian blue method vs. concentration of Fe+2 and 
vanous phenols: quercetin (A), catech'in, (8), gallic acid 
(C), cyanidin chl'Oride (D), catechol (E), hydroquinone (F), 
phenol (G), and Fe (NH4)2 (S04)2 (H). Source: Price and 
Butler, 1977. 
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A fractured kernel of pearl millet showing the relatively 
large germ (G) to endosperm (E) ratio. 

SEM of the translucent endosperm portion of pearl millet 
grain showing protein bodies (P). 

A TEf1 micrograph of the protein bodies from pearl millet. 

SEI1 of the opaque endosperm of pearl mi llet. 

SEM of isolated starch from pearl millet. 

SH1 of the trans 1 eucent endosperm of pearl mi 11 et showi ng the 
starch hila (H). 

Solubilities of pearl millet starches at equal levels of 
swelling. 

Decorticating sorghum with a mortar and pestle. 

Grinding grain with a hand operated stone mill. 

Separation of ground meal on a hand held gravity table. 

A sorghum roti from India. Source: Subramanian and 
Jumbunathan, 1980. 

Sudanese ki sra. Source: Badi, 1980. 

Preparation of African Tuwo. Courtesy of Lloyd Rooney. 

A bowl of sorghum beer (r~ari sa from Sudan). 
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Figure 1. Picture of sorghum (center), pearl millet (upper left), proso 
millet (upper right), foxtail millet (lower left), and finger 
millet (lower right). 
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Figure 2. Diagram showing the component parts of a sorghum kernel: 
scutellum (S), embryonic axis (EA), stylar area (SA). 
Source: Rooney, 1973. 
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Figure 3. Section of sorghum kernel illustrating the pericarp, aleurone 
layer, peripheral endosperm area and corneous endosperm (300X). 
Source : Rooney, 1973. 
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Figure 4. Scanni ng electron photomicrograph (SEM ) of a sorghum peri carp 
showing the epicarp (EP ), mesocarp (M) , endocarp (Ed), a large 
pigmented inner integument (I ), and the aleurone layer (AL). 

Figure 5. SEM of a sorghum peri carp showing the aleurone layer (AL), seed 
coat (SC), also called a t esta, but no inner integument. 
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Figure 6. Transmission electron micrograph showing the aleurone layer (AL) 
and a thin electron transparent seed coat (SC) tightly fused to 
the structures of the peri carp (P) and nucellar epidermis. 
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Figure 7. Optical photomicrograph of destarched section of peripheral area 
of the kernel showing subaleurone (SA) proteinaceous cells, pro­
tein granules, and the aleurone layer (AL); 7 ~m thick section 
stained with AO-12 (650X). Source: Seckinger and Wolf, 1973. 
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SEM of the translucent endosperm of 
sorghum showing protein bodies (Pl. 

Figure 9. SEM of the opaque endosperm of sorghum. 
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Figure 10. Relationship between lysine content and protein content of 
sorghum with a confidence belt . Source: Waggle and Deyoe, 1966 . 
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Figure 11. SEM of isolated sorghum starch 
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Figure 12. Amy10graph studies of starches (6.6% pastes): (a) waxy sorghum, 
(b) waxy corn, (c) nonwaxy sorghum, and (d) nonwaxy corn. 
Source: Horan and Heider, 1946. 
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WHOLE GRAIN 

W-STD. BuOH 

RESIDUE --__ f---- SOLUBLES 

DRIED, GROUND 

MeOH (5X) 

---+-- SOLUBLE 

VACUUM CONCENTRATED 

INSOLUBLE --~-- SOLUBLES 

50i. ACETONE 
(CONDENSED TANNINS) 

LH-20 

__ -'--__ 95% ETHANOL 
(POLYPHENOLS, ETC.) 

Figure 13. Extraction and purification scheme for isolating condensed 
tannins from sorghum. Source: Davis and Hoseney, 1979a. 
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Figure 14. A720 for Prussian blue method vs. concentration of Fe+2 and 
various phenols: quercetin (A), catechin (B), gallic acid (C), 
cyanidin chloride (D), catechol (E), hydroquinone (F), phenol 
(G), and Fe (NH4)2 (504)2 (H). Source : Price and Butler, 1977. 
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A fractured kernel of pearl millet showing the relatively large 
germ (G) to endosperm (E) ratio. 
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~ 
Figure 16 . SEM of the translucent endosperm portion of pearl millet grain , 

showing protein bodies (p), 
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Figure 17. A TEM micrograph of the protein bodies from pearl millet. 

Figure 18. SEM of the opaque endosperm of pearl millet. 
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Figure 19. SEM of isolated starch from pearl millet . 

Figure 20. SEM of the translucent endosperm of pearl millet showing t he 
starch hila (H). 
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Figure 21. Solubilities of pearl millet starches at equal levels of swelling. 
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Figure 22. Decorticating sorghum with a mortar and pestle. 
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Figure 23. Grinding grain with a hand operated 
stone mi 11 . 
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Figure 24. Separation of ground meal on a hand 
held gravity table. 
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Figure 25. A sorghum roti from India. Source: Subramanian 
and Jumbunathan, 1980. 
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Figure 26. Sudanese kisra. Source: Badi, 1980. 
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Figure 27. Preparation of African Tuwo. Courtesy of Lloyd Rooney. 
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Figure 28. A bowl of sorghum beer (Marisa from Sudan). 
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SOLUBILITY OF PEARL MILLET PROTEINS 

B. Mason and R. C. Hoseney 

The classification of cereal proteins according to their solubility 
properties is helpful in understanding why certain cultivars vary in 
amino acid composition. The protein classes each have unique amino acid 
compositions. As the amount of protein in each class varies, then the 
amino acid composition of the grain varies. Reported here is a contin~ 
uation of the work reported in the 2nd annual report. 

As reported earlier (2nd annual report), a major problem was find­
ing a series of solvents that would solubilize a high percentage of the 
pearl millet proteins. Since NaOH could have adverse effects on certain 
amino acids and thus on the proteins, we did not want to use it as a 
solvent. 

With the solvent systems reported in the 2nd annual report, but 
without NaOH, a residual insoluble fraction amounting to about 20% 
of the total protein was obtained. That insoluble residue was found 
in about equal amounts, in both meal and flour samples and indicates 
that it comes from the endosperm and not from the bran. Amino acid 
analysis of the residue fraction showed it to be protein (good recovery 
of amino acids) that was similar in amino acid composition to that of 
total meal samples. 

At this time our attention was focused on a report (Nwasike et al., 
1979) showing 100% solubilization of pearl millet proteins using a 
Landry-Moureaux (1970) solvent system. We were unable to obtain 100% 
solubilization of pearl millet protein using their system, however, 
we did obtain 94% solubilization which was much better than the 80% 
obtained previously. An example of the data obtained with that solvent 
system is given in Table 1. 

Interestingly, if the first extraction is made with isopropanol 
followed by dilute salt rather than dilute salt followed by isopropanol, 
the distribution of protein in the various fractions is quite different 
(Table 1). This shows the powerful effect of salt on the solubility of 
proteins and raises questions concerning the "best" solvent system for 
pearl millet proteins. 

In addition to whole meal, the modified solvent system was used on 
an endosperm fraction. Pearl millet was decorticated with a Satake "grain 
testing mill". Following decortication the grain was reduced in an 
Alpine pin mill and then extracted. As shown in Table 2 the level of 
isopropanol soluble proteins increased and the level of the isopropanol 
+ ME and insoluble residue protein both decreased for protein extracted 
from endosperm instead of the whole meal. 
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Table 1. Extra~tionof. pearl millet meAl with l-andry-Moureaux solvents. 

% % 
Solv~nt soluble Solvent s~luble 

0.5M NaCl 31.6 70% Isopropanol 48.7 

70% Isopropanol 21.1 0.5 M NaGl 11.8 

70% Isopropanol + 0.5% M.E. a 22 .. 4 ZO% Isopropanol + M.E. 4.8 
b . 

pH 10 + 0.5% M.E. 4.7 pH 10 + M.E. 3.5 

pH 10 + 0.5% M.E. + SDS¢ 14.9 pH 10 + M.E. + SDS ·23.9 

TOTAL 94.7 TOTAL 92.7 

a merca ptoethano 1 
b bora te bu ffer 

csodium dodecyl sulfate 
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Table 2. Extraction of protein from 
pearl millet endosperm with the 
modified solvent system. 

Solvent 

70% Isopropanol 

0.5 M NaCl 

70% Isopropanol + M.E. 

pH 10 + M.E. 

pH 10 + M.E. + SDS 

TOTAL 

% 
soluble 

- 53.8 

11.2 

2.2 

3.9 

25.2 

'96.3 
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Objective 4. "Determine the storage stability of pearl millet 
grain and millet meal by determining the factors 
contributing to grain losses during storage and 
determining the factors contributing to the 
development of rancidity in millet meal." 
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Moisture Content/Reiative Humidity Equilibri'um of 
Pearl Millet (Pennisetum americanum (L.) Leeke) 

Dansou Kossou 

Four pearl millet lines (HMP 550, PI 295157, Serere 3A, and RMPI 
(S)Cl) were compared for their moisture content (MC)/relative humidity 
(RH) equilibria. RH (30-90% at 150, 25° and 400C) was mainatained in 
desiccators with sulfuric acid solutions. Samples held at 90% RH during 
adsorption and all desorption samples were treated initially with 0.3% 
propionic acid as a fungi stat. MC of whole kernels was determined in a 
forced-air oven at 1200C for 18 hours after 3-week equilibration period. 

Adsorption isotherms of the four lines varied significantly (Figures 
1-4). IMP 550 was significantly higher than all other lines at all tem­
peratures. Serere 3A was significantly different from RMPI(S)Cl, but 
PI 295 157 was not significantly different from either of those lines. 
In contrast to the adsorption isotherms, no differences appeared in 
desorption curves. . 

Equilibrium moisture contents (EfiIC) for all samples at 30-90% RH 
and 150 , 250 or 40°C are shown in Table 1. Maximum EMC's at 70% RH 
were 13.5, 13.4 and 13.0% at 15°, 25° and 40°C for all lines when 
adsorbing. Desorption EMe's at the same conditions did not exceed 15.8, 
14.5 and 14.0%. 

r 



Table Adsorption and Desorption ~!oisture Content/Relative Humidity Equilibria for 
Four Pearl ~!illet Lines at 15, 2S and 40°C. 

HNP 550 PI' 295 157 Serere 3A R~!PI (5)C1 Temp 
DC %RH Ads Des Ads Des Ads Des Ads Des 

% ~Ioisture Content (Wet Basis) 

15 I~!C 21.14 21.17 21.29 21.17 
90 18.68 20.90 18.13 20.63 18.38 20.61 18.87 20.78 
80 15.60 17.77 15.23 17.76 15.33 17.64 15.49 17.66 
70 13.48 15.53 12.93 15.65 13.19 15.54 13.11 15.71 
50 10.42 13.33 9.53 13.29 10.17 13.26 9.96 13.21 
30 8.44 11.08 7.93 11.17 8.10 11. 00 7.65 11.21 

nic 7.19 7.17 7.26 7.14 

25 IMC 21.14 21.17 21. 29 21.17 
90, 19.04 20.24 19.06 20.27 19.12 20.21 19.02 20.49 w 

N 

80 15.81 16.67 ' 15.58 16.64 15.42 16.56 15.71 16.73 ..... 
70 13.28 14.38 :'3.05 14.42 13.02 14.31 12.83 14.48 
50 10.47 12.23 10.10 12.14 10.18 12.06 9.94 11.93 
30 8.25 9.70 7.73 9.95 8.05 9.81 7,64 9.85 

mc 7.19 7.17 7.26 7.14 

40 HlC 21.14 21.17 21. 29 21.17 
90 19.61 20.39 ' 18.75 20.27 18.59 20.10 19.53 20.35 
80 15.30 16.33 14.86 16.09 14.75 16.02 15.17 16.13 
70 ' 12.80 13.89 12.68 13'.91 12.54 13.74 12.79 13.96 
50 10.19 11.65 10.09 11.67 10.07 11.62 9.91 11.47 
30 8.31 9.31 7.72 9.64 8.00 9.25 7.60 9.54 

HlC 7.19 7.17 7.26 7.14 
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Lccke) llnes HMP 550, PI 295 157, Serere 3A and RMPI(S)C1 at 15 C. 
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VII. Financial Status 

Year - 1 1 October 1977 - 30 September 1978 

AID - 3 yr KSU Budget 
funded fi rst year 

Salaries 290,170.00 89,260.00 
Fringe Benefits 43,124.00 12,532.00 
Indirect Costs 187,766.00 57,309.00 
Travel & Per Diem 72,000.00 20,000.00 
Equipment 51,000.00 51,000.00 
Material & Supplies 100,246.00 25,246.00 
Other Direct Costs 15,694.00 4,500.00 
Publications 10,000.00 2,000.00 

Grand Total $770,000.00 $261,847.00 

Year - 2 1 October 1978 - 30 September 1978 

Budget-3 yr KSU-2 yr 
Funded Budget 

Salaries 280,048.00 169,798.00 
Fringe Benefits 19,310.00 11 ,397.00 
Indirect Costs 172,824.00 104,162.00 
Travel & Per Diem 83,126.00 53,126.00 
Equipment 132,829.00 115,645.00 . 
Material & Supplies 45,801.00 30,810.00 
Other Direct Costs 27,443.00 15,943.00 
Publications 8,619.00 4,119.00 

Grand Total $770,000.00 $505,000.00 

Year - 3 -1 October 1979 - 30 September 1980 

Budget-3 yr Actua 1 
Funded ExpenditurE 

Salaries 280,048.00 294,278.30 
Fringe Benefits 19,310.00 22,860.11 
Indirect Costs 172,824.00 164,834.00 
Travel & Per Diem 83,126.00 62,902.54 
Equipment 132,829.00 117,741.17 
Material & Supplies 45,801.00 62,255.45 
Other Qirect Costs 27,443.00 39,057.11 
Publications , 8,619.00 6,071.32 

Grand Total 770,000.00 $770,000.00 

Actual 
Expenditure 

54,797.54 
3,955.13 

33,102.74 
1·7,426.60 
37,040.90 
10,117.47 
4,442.53 

69.13 

$160,952.04 

Actual 
Expenditure 

185,523.15 
13,376.32 

111 ,192.36 
37,552.72 
87,145.49 
34,884.28 
20,097.24 
2,243.14 

$492,014.70" 
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