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Laboratory Procedures for Evaluating Grain and Food Quality

of Sorghum and Pearl Millet: Problems and Prospects

V. Subramanian and R. Jambunathan!

Abstract

To understand the processing and food quality characteristics of sorghum and pearl millet and to
improve their wilization, standard laboratory tests are essential, and they are useful in screening
breeders' samples. Discussed herein are methods currently available for evaluating various grain
characteristics tha. influence food quality. Problems faced in laboratory evaluation procedures are
also discussed, as are area- for further research. A comparison of the laboratory method of
dehulling with batch dehulling may lead to the identification of a suitable screening method. There
is a need to conduct village-level surveys in African countries to better understand the utilization of
sorghum and pear! millet. It is important to conduct taste evaluations in regions where these grains

are consumed. S Jor increased

included.

Introduction

Sorghum and pearl millet will continue to be used for
traditional foods in the semi-arid tropics of Africa
and Asia, although maize and wheat may replace
them partially. Local cultivars are usually preferred
over high-yielding varictics and hybrids. The prefer-
ence for local cultivars is due to their good processing
characteristics, acceptable quality, and storability as
prepared food. Several grain factors are genetically
controlled and the breeder can thus effectively manip-
ulate the grain types 10 suit various end-use qualities.

Information on traditional food uses of sorghum
and pearl millet is available (Rooney et al. 1987, Hos-
eney et al, 1981, Subramanian and Jambunathan
1980). Food quality includes grain quality, processing
quality, and culinary quality. Grain quality standards
such as moisture, protein content, and flour/grain
grades are available for wheat and rice. But such
standards are lacking for sorghum and pearl millet
because they do not play a significant role in interna-
tional market systems. Government pricing policies

including possible alternative uses, are

are important from the consumer's point of view be-
cause sorghum is costlier than wheat or rice in some
developing countries. Since sorghum and pearl millet
are important cereals in Africa and Asia, there is an
urgent need to establish standards and techniques to
characterize their grain quality by breeders, traders,
and policymakers. In this report we discuss our expe-
rience, current status, and existing problems in eval-
uating sorghum and pearl millet cultivars in India for
foods like rofi, boiled sorghum, and porridges. The
scope and need for further improvement and research
10 develop laboratory evaluation procedures for pro-
cessing and food quality, which will be useful in sor-
ghum and pearl millet programs, are indicated.

Grain Characteristics

Physical grain characteristics that contribute to food
quality are color, endosperm texture, presence or ab-
sence of testa, and hardness, in addition to various
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Table L Tests for routine evaluation of sorghum and peari millet grains and future research needs.

Availability Future research

Factorshests of methods needs Reference
Grain color A NR Murty et al. 1982
Endosperm texture

Sorghum A NR Rooney & Murty 1982

Pearl millet NA R
Floaters test A NR Haligren & Murty 1983
Pericarp thickness NA R -
Germ: endosperm ratio NA R —_
Kiya grain hardness test A NR Subramanian et al, 1987
Grain size distribution A NR -
Kernel shape NA R -
Dehulling quality A NR Reichert & Youngs 1976
Particle size index A NR Subramanian et al. 1987
Waler absorption grain and flour at 90°C A NR -
Gel spreading lest A R Murty et al, 1982

A = Available, NA = Not available, R = Required, NR = Not required.

chemical characteristics. These physical characteris-
tics influence both primary and secondary processing
of grains for food. Each food product requires unique
grain structure and composition.

Tests for routine evaluation of physical grain char-
acters are listed in Table 1. Local preferences for
grain color exist in various regions. White sorghum
and pearl millet grains have good potential for bakery
products. Sorghum grains are generally uniform in
size, although in pearl millet, grain size varies consid-
erably and we have encountered at least six different
sizes of pearl millet within the same cultivar. Smaller
grains generally have higher bran:endosperm ratios,
which is unfavorable for dehulling recovery. Large,
uniform, and round grains with hard texturc arc best
suited for optimum dehulling recovery.

Subjective scoring of endosperm for texture (cor-
neous/floury) is well established for sorghum, but not
yet for pearl millet. Though corneousness has been
used to evaluate grain hardness, this is not a precise
technique for comparing cultivars. Grain hardness is
still a very difficult parameter to measure and the
available methods to determine it require further
improvement.

Grain Processing
Dehulling
Dehulling of sorghum or pearl millet grains is a prior-

ity problem in many African countries. Mechanical
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dchulling reduces drudgery in food preparations
while rendering the food more palatable and accept-
able. Laboratory evaluation showed variation for de-
hulled grain recovery among sorghums and millets
(Reichert and Youngs 1976). The Scott Barley Pearler
and Tangential Abrasive Dehulling Device (TADD)
have been used ly for ing dehulli
quality. Our studies indicate that these two systems of
grain recovery are similar. There is a need to compare
laboralory evaluation methods with those of batch-type
commercial dehullers. Acceptable dehulled grain re-
covery and a larger proportion of nutrient retention in
dehulled grain are desirable when grains are dehulled.
Variation in loss of nutrients due to dehulling methods
has been reported (Reichert and Youngs 1977). There-
fore, a trade-off is needed between nutrient loss and
dehulling.

Milling

Grinding grains to a desirable particle size is neces-
sary to utilize the grains for specific foods, and is
mostly done by hand pounding. Although the particle
size may be manipulated to some extent by grinding
or pounding, genotypic variation has been observed.
Mechanical production of coarse (brise) and fine
(sanxal) grits has been standardized by the Institut de
technologie alimentaire, Senegal, and is being popu-
larized. Laboratory methods are needed to test the
cultivars for the production of grits or flour with de-



sirable particle size suitable for the prep of
specific traditional foods. Sorghum and pearl millet
cultivars that yield higher proportions of fine flour
particles with less starch damage are beter suited for
bakery products than those with large flour particles
and extensive starch damage. Factors like hardness
and corneousness of grain play vital roles in the yield
of grits/flour particles. It is desirable to subject all
advanced entries to a milling test.

Q 4 <o Meathad.
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Secondary processing of grains or flour includes fer-
mentation, malting, extrusion, flaking, and popping.
Partial fermentation of pearf millet grain is common
for the preparation of hourou in Niger. Sorghum flour
is fermented before making kisra (Sudan) or injera
(Ethiopia). Preliminary studies in our laboratory indi-
cated that flours of hybrid and local sorghums differ
in their fermentation characteristics as determined by
swelling volume of the batter.

Malting is used to produce baby food and beer.
Malting involves steeping the grain in water, followed
by sprouting for up to 96 h. The ability to produce
amylases on germination has always been the most
important criterion (Novelle 1982). Malter grain is
dried at 50°C to reduce the diastase activity. This
process has been reported to improve storability and
flavor and color of malt. The processing method used
during malting significantly influences the diastatic
power, and studies are needed 10 establish whether
malted grain (green malt) can be used directly for
making {ermented porridges/beer without drying.
Pearl millet malts are comparable to barley malt in
amylolytic and proteolytic activities (Pal et al. 1976),
and this similarity needs further exploration.

The possibilities of snack foods from sorghum and
millets are excellent, since such products have long
shelf life. Flakes made from sorghum generally have
poor color, however, and improvement studies are
needed (o ensure consumer acceptability. Small sor-
ghum grains with white or creamy color, medium-
thick pericarp, and hard corneous endosperm are
characteristics of popping types. Extruded fat-fried
products are commonly produced from rice and
wheat flour. Extrusion cooking has good potential for
industrial utilization for sorghum and pearl millet.

Food Quality

From the breeder’s viewpoint, grain types with desir-
able agronomic traits and good food quality must be

further developed. Each type of food product requires
different grain quality criteria. For example, soft
wheat with low protein is desirable for cakes and
cookies, and hard wheat with high protein is suitable
for b ing. The i posium on
Sorghum Grain Quality held at ICRISAT generated
valuable information for the classification of tradi-
tional sorghum foods and for the identification of var-
ious physicochemical grain factors contributing to
food quality (Rooney and Murty 1982). A survey con-
ducted in 171 villages in India provided information
on various foods prepared from sorghum and pearl
millet and their quality criteria (Subramanian and
Jambunathan 1980). Similar surveys at village level in
Africa and Latin America will be very useful in un-
de ding the requi of the traditi con-
sumers, the farmers.

Physical Chemical Characters

Food quality is complex and single tests can seldom
predict overall food quality. The details of various
tests are given in Table 2. It may be observed that the
correlation between the quality parameters and physi-
cochemical properties arc not always high. It is ob-
vious that several factors complement each other to
influence food quality. After two decades of intensive
research on wheat chemistry and quality, the micro-
baking test is still considered the best method of pre-
dicting bread quality. However, Finney et al. (1987)
reported the use of six important milling and baking
parameters to rank soft wheat cultivars for use in
food. A value for each of the six quality parameters
was assigned and the sum of total values was used for
comparison of cultivars. Such a system should be de-
veloped for sorghum and millets. Correlations be-
tween several characters were worked out in
evaluating sorghum and pearl millet foods, but further
work is needed to understand the relationships among
the characteristics to devise a suitable technique for
screening. Rheology and texture measurements of
sorghum and pearl millet foods are complicated, In-
struments like Instron are precise but very expensive,
and further work on standardization is required for
sorghum and pearl millet fuods. Attemplts are needed
to study the relationship between Instron values and
taste panel results for cvaluating food texture.

It is essential that breeders incorporate grain traits
for preferred food quality along with agronomic fac-
tors contributing to yield. As a routine practice, spe-
cific tests as lisied in Table 3 should be performed on
all breeding lines. Although this list is not exhaustive,
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Table 2. between and overall food quallty of sorghum and peart millet.
Factors ¥ value/relationship Reference
Dough
Sorghum dough-rolling quality vs Roaters (%) 071 Hallgren & Murty 1983
Good quality sorghum dough Lower gelatinization Desikachar & Chandrashekar 1982
temperature: higher peak
viscosity and set-back values
Redi
Overall sorghum rori Murty et al. 1982
vs waler quality absorption (%) -0.80!
vs gel spread -0.76" Murty et al, 1982
vs amylose (%) 0.65! Murty & House 1987
Good sorghum roti quality Water-soluble flour Subramanian & Jambunathan 1987
fraction, water-soluble
proiein, amylose
Sorghum roti texture vs starch damage -0.72} Subramanian & Jumbunathan 1987
Pear! mitlet rori quality
vs swelling capacity of flour 0811 Subramanian et al, 1987
vs water-solubie flour fraction 087 Subramanian ct al. 1987
vs water-soluble protein 067! Subramanian et al, 1987
Tortilla
Sorghum tortilla quality
vs phenols -0.50! Murty & House 1980
vs gel spread 0.66" Murty et al, 1982
To (ugali)
Sorghum /o quality
vs water-soluble amylose 0.58! Murty & House 1980
vs starch granule number -0.59 Murty & House 1980
Sorghum ugali quality vs gel spread -0.80 Murty et al. 1982
Sorghum porridge quality vs starch damage -0.85! Subramanian et al. 1987

Good quality sorghum nuldhae

Soru (bolled product)
Sorghum soru quality score of vs
swelling power of starch at 60°C
Pearl millet soru quality vs swelling
of score starch at 70°C
Soru quality score vs gruel solids
Kisra
Sorghum kisra quality vs gel spread
Cous cous
Sorghum cous cous yield vs overs
Sorghum Bread
Organoleptic evaluation vs evaluation (%)
Organoleptic evaluation vs amylose (%)

High gelatinization
temperature, low peak
viscosity and set-back values

Starch content,
gelatinization and
dextrinization of starch

-0.67"
-0.83!

-0.65%

0.60!

063

-0.52!
-0.50'

Desikachar & Chandrashekar 1982

Rooney et al, 1987

Subramanian &

Jambunathan 1987

Subramanian &

Jambunathan 1987

Subramanian & Jambunathan 1987

Murty & House 1980

Galiba et al, 1985

Miller & Burns 1970
Miller & Burns 1970

1. Significant a1 5% level.
2, Significant af 1% level.




Table 3. Useful laboratory tests for

and end-use

of sorghum and pear! millet.

Food Products

Torti- Kisra/ Cook-

Traits Roti  lla injera Bread ies

To!

Ugali rouye  soru

0jil

Nifrol Cons-  dried

Sun-

cous snacks beer Swarch

Tests for grain processing

Dehulling recovery

Pericarp thickness

Grain hardness

Prolamin content

TADD test

Milling recovery

Grain hardness

Flour particle size index

Malting/brewing/
fermentation 3 3 1 | 3

Prolamin content

Gelatinization temp.
of starch

Pericarp thickness

Endosperm texture

Alpha-amino nitrogen

Tunnin
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Waler retention capucity
Flour swelling capacity
Alkali test (phenols)
Flour particle size
Gel spreading iest
Volume changes in batter/
flour granulation
Protein
Water soluble flour fraction |
Water soluble protein 1
Starch damage i
Swelling power and solubility
of starch 2
Amylose 1
3
I

—_———w
o —-——
o — — —

oW

— s w
9w —
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Maltose
Visamylographic properties
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| = Important, useful to carry out the test.

2 = Important, further research needed for developing the test.
3 = May not be important; data not available.

TADD = Tangential Abrasive Dehulling Device.
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these tests will be useful for evaluating the various
food products to fix quality criteria which can be used
for developing rapid, simple tests in a breeding
program.

Taste Panels and Consumer Preference

Taste panelists must be familiar with the foods they
are asked to evaluale. We have d diffi-

location, like Kenya. Therefore, a suitable system
needs to be developed to represent the region and the
type of food in question. A sample size of 100 g is
required for testing physicochemical characters. For
comparisons of dehulling quality or organoleptic
evaluation, grain quantities of up to | kg are needed.

International Testing of Laboratory

Methadal

culties in training panelists at Patancheru (India) be-
cause they were unfamiliar with pearl millet rori.
Pearl millet rotis were therefore evaluated at Hisar
(India), a major pearl millet-consuming area. Correla-
tion between evaluations at Hisar and Patancheru var-
ied between 0.12 and 0.53 for the various roti quality
parameters studied. It is best to test the food in loca-
tions with the assistance of food research institutes or
local universities/institutions where it is ly
consumed.

Consumer, panels are different from taste panels.
Before a variety or hybrid is released, it should be
tested for acceptance as food at the village level by
local consumers. Unless the new cultivar is equal or
better in quality than the local cultivar, it will not be
accepted, even though it may have other favorable
attributes such as resistance to diseases and excellent
yields.

Sorghum for Starch

Sorghum and maize starches are similar in several of
their physicochemical characteristics. Starch proper-
ties of sorghum hybrids and high-yielding varicties
must be compared with maize in terms of grain prop-
erties suitable 10 industrial starch production. Bold
grains with low protein are preferred in the starch
industry. Special attention should be paid to develop-
ing sorghum cultivars that yield larger amounts of
starch as well as better quality starch.

Grain Sampling

A wide variation was observed in the organoleptic
properties of roti made from grains grown in rainy
and postrainy seasons (Murty et al, 1982). Measuring
alpha-amylase activity in grains from the rainy-sea-

(o

Cooperative tests on cooking properties and amy-
lography of rice were useful in comparing values
across different laboratories (Juliano 1985). Collab-
orative tests for estimating factors like grain hardness,
amylography, starch damage, in vitro protein di-
gestibility, and food characteristics can be considered
by different world laboratories working on sorghum
and pearl millet. Cooperative testing will be useful in
relating food quality factors with grain characteris-
tics, including functional quality, and facilitate com-
parative evaluation across different laboratories, thus
improving and defining methodologics.

Strategies for the Nineties

Exploratory laboratory rescarch on the potential utili-
zation of sorghum and pearl millet to assist the
breeders and consumers is required. Efforts o iden-
tify major quality criteria of foods should continuc,
taking into account the traditional processes involved.
Economically feasible milling technologies to suit the

illage-level should be developed. Certain
|mporunl areas for the future research lre as follows.

* Basic breeding work on heritability of grain factors
relating to milling, particle size distribution, and
food qnnllly

 Starch-p| i latini; charac-

ters, food rheology, and texture.

» Storage quality of flour and foods.

o Utilization of high protein, high lysine lines for
developing baby foods and protein digestibility.

» Identification of bird-resistant high-tannin sorghum
with hard grain to withstand dehulling.

o Grain quality standards for industrial uses: for ex-
ample, starch, malting, brewing, and baking.

son crop may be useful because it infl food
quality. The question arises whether cultivars grow-
ing in one location, for example in India, can repre-
sent the grains of the same genotype in another
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y and Conclusi

Laboratory evaluation of grains for food quality must
form an integral part of any crop breeding program.



There is an immediate need to develop suitable pro-
cessing technologies for sorghum and pearl millet 10
enhance consumer acceptability and develop alterna-
tive uses. Basic studies on physicochemical properties
of the grain that relate to food quality are important
and useful.

While developing high-yielding lines, breeders
must incorporate traits essential in acceptable tradi-
tional foods, good processing qualities, or industrial
products, idisciplinary research teams i ing
plant breeders, food technologists, cereal chemists,
socioeconomists, home economists, and industrialists
are necessary to achieve these goals.
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