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Nutrition, Food Quality and Alternate uses of 30"hu.1

0.5, MURTY?

Sorghum is grown in India and Africa oprimacily for
husan consumption and s the staple tood for millions of
fareers, It s congidered to be & coarse and less
prestigeous grain for which reason the oprocessing and
utilization technology have remgined stagnant snd
traditional. Excellent reviews of Lliterature have been
recently made by several authorities on the grain quality
and utilization of sorghum (Hulse et al, 1980; Proceedings
of the intornational Symposium on Sorghum Gradin Quality -
ICRISAT, 1982; Sorghum in the Eightees: Proceedings of the
International Symposium on Sorghuas ICRISAT, 1982;
Satunkhe et ai. 1984). 7The objective of this paper {s to
briefly review the status of research on the nutrition and
utilization of sorghum and suggest some priorities for
future research with particular reference to the Indian
situation, It s hoped that the points that would be

brought out will initiate 8 discussion that could Llead to

1 Paper prcsontoq st the Seminar on VII Plan Progras,
Thrusts and Research Needs ~ AICSIP Workshop, 3-6 May, 1984,
Pharwar, India

2 Sorghua Improvesent Prograam, International Crops Research
Institute for the Seai~Arid Tropfcs (ICRISAT), Patancheru,

324, Andhra Pradesh, lndia
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vseful guidelines for sorghus research in the seventh five

year plan,

T.NUTRITIONAL QUALITY

The sorghus gratn 1¢ cosposed of three asatn parts:
pericarp (7.9%), embryo (9,.8%) and endospera (82.3X, Yadble
1). A study of the chemical composition of sorghum grain
(Table 2) showus  that, l'ke other cereals, it s
nutritionally poor 'n termss of essentral smino acid content,
particulariy that of lysine, and their balance. The problen
ig further compiicated by the poor digestib lity of sorghum
protein, which Leads to reduced nitrogen retention,
Nutritional fnhibitors like tannins and phytate P present in
the grain are known to result in reduced bio-availability of

protein and sinerals.

1.1 Essential Amino Acids

Although considerable variation exists asong sorghum
tultivars in their amino acid composition, none of thea
tulfil the provisional pattern of essential amino acids of
the FAO/WHO (1975, Silano et al., 1982) (Table 3). Lysine
is the tirst Liaiting amino acid and 1is far below the
recosmended level essential to support normal human growth

requiremsents, The second Limiting amino acid is threonine
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followed by eethionine. Hulse et al, (1980) estimated that
at 50X digestibility and 10X protetin level, 4t would be
necessary for a chitd of 5 yesrs to consuse | kg and o
Lactating wvoman 3.3 kg of sorghum daily to satisfy their
protein requirements, It i3 generally adeitted that few
survive solely on & sorghum diet, Nevertheless, these
estimates bring out the IlrktJ nutritional inferiority of
sorghua that one frequently overlooks. The amino acid
(eucine has been found to be far in excess of the desired
level Leading to reduced availabitity of isoleucine and
saftfecting tryptophan=niacin metabolism (Gopalan and
Srikantia, 1960; Belavadi et al, 1967). Protein
tractionation studies have shown that sorghum grains contain
8 high proportion of kafirin (prolamin) and kafirin Like
protein components relative to others (Table 4)., The
kafirin protein fraction 13 very low 'n lysine and other
basic amino acids and retatively high in glutamic acid and
leucine, As percent protein and percent lysine (g/100 ¢
protein) ;rc negatively related,improved agronomic practices
that lLead to increased protein content result in a poor
quality protein. The increase in protein is off set by
increased kafirin component (Waggle et al. 1967).
Therefore, it was recommended that breeders should seek for
increased concentration of Lysine st & safe level of 10%
protein. Although considerable efforts were made to achieve
this objective, significant progress could not be made till
recently, due to narrovw genetic variation for amino scid

content and high genotype x environment interactions.
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A systematic screening of sorghus germplass at the
Purdue University Lled to the discovery of two high Lysine
cultivars originating from Ethiopia, 1S 11758 and 1S 11167
(Rameshuar Singh and Axtell, 1973), These two cultivars are
photosensitive and have a floury and shrivelled endospera.
The grains contained 15 to 17X prote‘n snd sbout 3.1Y lysine
(expressed as percent of protein). It was also established
that the concentration of alcohol soluble kafiring s
significantly reduced 'n these high lysine sorghums relative
to that of normal sorghums (Table 4). The shrivelled grains
of these photosensitive Ethiopian high (ysine sorghums
precluded their direct wuse., Efforts to transfer the high
Lysine (hi) gene from these sorghums to normal plump grain
types have not met with much success. A second high Lysine
source, mutant P 721 was discovered by Mohan (197%5). This
mutant P 72% s n 8 photo'nsensitive 3 gene dwart
back~ground and has normal seeds with a floury and opaque
endospernm, The grains contained about 2.8X (percent of
protein) and 12,6 Llysine and protein respectively and
veighed about 2.2 ¢/100. <Currently progress is being made
#t Purdue University in transferring the high Lysine content
from P 721 opaque to normal high yielding types with

corneous grains (Axtell et al 1982).

At ICRISAT, Riley (1980) observed that under low soil N
conditions, the Lysine level of P 721 was no higher than in
the normal sorghum, The nutritional advantage of P 721

became smore pronounced in higher fertility eavironments, In
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;
contrast, the Ethioptan hl wesutsnt 11758 vhich possessed
higher protein and lysine levels than did P 729, maintained
1ts nutritional superiority over environments. Although
kernel weight of both the autants remsined lov in all
environments, IS 11758 was able to compensate with very high
nuabers of kerneis per head in-the better environments.
Progeny from crosses with P 721 reseabled P 721 in producing

floury endosperm, Light kernels and low grain yields,

Jayamohan Rao et al. (1984) drscussed in detail the
efforts  wmade 'nthe AlL Indip Coordinated Sorghum
Improvesent Project (AICSIP) to wutilize the high Lysine
sources and ~aprove lysine content n a normal plump gratn
type. Segregating generations of crosses between shrivelled
hi snd normal plump parents showed that the shrivelled
progenies were consistently high in L(ysine content, while
the plumsp progenies exhibited only marginal superiority over
their normal plump parents. Opaque type of endospera was
also found to be associated with high lLysine., The mutant P
721 was observed to be 8 good combiner for high lysine. The
use of P 721 as a wmale parent enhanced the chances of
recovery of plants with Llysine at high protein Llevels.
Iaproved sources of high Llysine and high protein with
shrivelled seeds (N 82) were also recovered (Table 5). They
concluded that recombination procedures would be the best
choice for further improveaent of protein quality in

sorghus,
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Deosthale (1984) susmarized the earlier work on
pellagra in retstion to sorghue consuuption and sentioned
tour sorghus varieties, 18 182, IS 199, I8 S76 and IS 4642
showing consistently low and ssfe Lovels of (eucine. Ne
reconmended that they could be exploited in pellagra endesic
areas. There are no reports of specitic breeding
experiments directed towards reduced leucine/isoleuc ine

retio.

1,2 Inhibitors

No discussion on sorghus nutritional quality is
complete without o amention of tannins which are known to
reduce the availability of proteins (Mulse et al. 1980,
Butler 1982). <Chavan and Salunkhe (1984) discussed the role
of . sorghum tannins in human sorghum nutrition with
particular reference to the Indian situstion and concluded
that the level of tanninsg required to possess
sntinutritional effects seems to be higher than the amount
of tannins usually present in the white and yellow grain
cultivars grown in India for human consumption., Tannins are
known to be significantly high in those grains with 3
subcoast or testa. The presence of tests and » brown
pericarp are governed by major genes and tannin content in
the grain is dependent on these genetic factors (Rooney and
Rilier, 1982, Polyphenols present in the pericarp at low
levels influence the color and acceptability of the food.

Selection of tan colored plants and grains with white/
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colortess perrcarp and no tests should help develop low
tennin Ya the gra'n, Quick pregress could be wmade by

breeders as these characters are governed by asjor genes,

Other solut ony to improve the nutritional value of
high tann'n  sorghuss ‘nclude alkalld treatment and
decorticatron, Since tann'ns are located in the pericarp
and testa, decortcat'on 13 probably the most convenient

eethod +f the endosperr s hard enough to withstand

mechan cal process 'ng.,

Hulse et al. (1980 opined that phytate phosphorous
may be of greater nutritional srgnifrcance to those who
subs1st on sorghum and mrilets than s generally roalized,.
The ampcrtance of phytyc ac'd in nutrition Lies in its
property ot forming 'nsoluble or nearly insotuble compounds
w'th mineral elements ncluding Ca, Fe, Mg and In, the
resultant phytates being excreted in the faeces. Among
thirty cultivars of sorghums, levels of phytate-P ranged from
0.17 to 0.38%, accounting for 80-87% of the total P present
‘n the kernel (Doherty et al. 1982). The Llevel of
phytate-P 'n sorghum was similar to that of other cereals.
boherty et al. (1982) observed that varietal effects were
the most critical factor in selecting a sorghum variety for
human consusption that would contain optimum available
phosphorous. Extent of milling and type of processing would
be of a lesser concern since they do not selectively lower’
the nondigestible phytate-p levels although dehulling as

such reduces phytate~P level in the processed grain,



Page 8

1.3 Protein Digestibitity:

Eggus (1977) pointed out that incressing the proportion
cf essential nutrients s not @ sufficient oanswer to
raproved nutritional qQual'ty wunless these nutrients are
resdily oaverlable to the biological system, Therefore,
factors aftect ng the avariability of the nutrients asust
receive due attention, In an experiment with rats, Eggua
(1977) measurea true drgestibility (TD) of protein in eight
different cereal gra'ns and found that the difference
between total and drgestible protein sn sorghum was about
15%. Simitarly differences for total and true
digestibilities for lysine and glutamic acid were 27.3% oand
9.98X respectively, He felt that biological experiments
with Laboratory snimals are extremely useful to evalupte the

nytritional quality of 'mproved varieties,

Hulse et sl (1980) reviewed experiments on
nutritional aqual 'ty of sorghums in rats, poultry, swine and
ruminants. Amcng both monogastric and ruminant fare anisals
total digestibility and protein digestibitity vary
sygn ticantly among sorghums. The yellow floury endosperas
showed greater calorie and protein digestibility than did
cultivars having white floury, white corneous, or yellow
torneous endosperms (Noland et al, 1977), Lichtenvalner et
sl (1978) reported that ruminal digestibility vas
increased by increasing doses of the wvaxy gene. Tanksley
(1975) observed in experiments with swine that nonyellov and

yellow sorghums exhibited a small but consistent advantage
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over hetero-yellow sorghuas., Nulse et al, (1980) opined
that 1t s probsble that wmany of the observed cultivar
differences, though in part attributed to differences in
nutrient content gmong the sorghuss used, resulted from the
videly drfferent proportions and coampositions of other
ingredients 'n the drets compared, In general, response of
suine, poultry and rats indicated that wunprocessed low
tannin sorghum 13 about equally or slightly Less efficient
than esize (Axtell et al, 1982). A definite positive
effect of feed efficiency was observed in ruminants by

feeding protessed sorghum,

Information on protein digestibility of sorghum in
humans s ('mited. Kurien et al, (1960) observed that
progressive substitution of sorghum for rice in the
predominantly vegetarian diets of 12-14 year boOys was
associated w'th progressive decrease in apparent nitrogen
absorption and retention. True digestibility improved when
sorghum diet was supplesented with lysine and threonine and
fed to 11 to 12 year old girls (Danfel et al. 19648).
Experiments in Peru with preschool children (6-27 mo) wusing
sorghum gruel a3 a8 diet indicated that whole sorghum grain
s markedly inferior to wheat, rice, potato and maize as
source of dietary protein and energy (MaclLean et al. 1982).
However, Axtell et al. (1982) opined thst the difficulties
encountered in sorghus utilization have been counteracted by
traditionally developed +food preparation practices Like

decortication, fermentation and supplementation with other
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plant products. It was aiso found that ip yigrp pepsin
drgestibility of fermented food predwets of Sudan (kisrs and
Abrey) were S50% more than that of uaferaented cooked gruel
(Axtell et al. 1981), It also recognized that sole sorghus
diets are detrimental to noreal grewth and health and need
supplementatron  w'th osdequate protein sources such as
cegumes, Adtule et ai,  (1982) creviewed experimental
evidence on the benefrcral effects of nutrition from sorghum
¢+ legume drets 'n an'mals, Pushpamma et al, (1979)
observed 4 great mprovement ‘n protein digestibility and
n'trogen retentron ¢f young thridren when they were fod with
sorghum/lequme drets. Addrtional nformation on gsorghue
prote'n and starch grgestibrlity in  humans would be
desrrable, partocuiariy with reference to traditional

methods of consumptron with or wirthout supplementation,

Several 'n vitro procedures have been usec to wmeasure
sorghul  prote'n drgestibrirty wus'ng single or amultiple
enzyme systems (Lamar 1973, Axtel!l et al. 1981, Hahn et al,
1982, Birthe ang Eggum 1982). Since bioassays with animals,
microorganisms ang humans are time consuming and expensive,
0 yitrg oprocedures offer simple, rapid and inexpensive
techniques for nutritional evaluation, provided they are

highly correlated with results from in yitro experiments,
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2. FOOD QuUALITY

In India, sorghus grain iy consumed mostly in rural and
sesi-urban areds, especially Dby poor people. Unlike rice
and  wheat, all the sorghus consumed s processed by
traditional wmethods, Several food products and snacks are
prepared from sorghum  (Ayyer, ° 1944, Rachie, 1963;
Subramanian and Jasbunathan, 1980 and Jedhav and Joglekar
1984). Most of the sorghue s consumed in the form of rotd
(bhakri), sankat: (mudde) and sory (annam), Roti, an
unleavened bread made from whole gra'n flour, s popular in
Maharashtra, Xarnataka, parts of Andhrp Pradesh, Madhys
Pradesh, Gujarat and Rajasthan, Traditionally, sankat!i {s »
thick porridge made with grrts/coarse flour of dehulled
graings and soru 's a bofted rice Like product wmade from
dehylled grains/brokens, Recently, however, the traditional
dehulling process has been generally given up because it g
Laborious and time consuming, Whole nilled
grits/brokens/coarse flour devoid of bran are being used,
Sankati and soru are popular in the southern districts of
Andhrg Pradesh, parts of Karnataka and TYemii  Nedu,
Considerable variation exists between regions {n the ensct
techniques wvsed to prepare these basic food products,
Generally, the differences observed ‘n the osctusl
preparation from one ares to enother and smong households do

not affect the quality of the grain preferred.
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Product evaluation studies have frpgquently indicated
the ‘nferror torsumer Quality of high yietding cuttivers in
contrast to preferred (o0ce!l cultivirs TReo ot ' al. 1964
Madhave Rao, 1965; Anantharamidrn, 1988; Voraktamath ot o,
1972 and ODesdkachar, 1977}, Sueh observationsg have
encouraged breeders to 'ntersct with teood technologists and
cereal chemists to evolve opt mum screening and evaluation

procedures that can be applied 'n breeding prograss,

c.1 Rot: !

Extens v wtud'es were carrred out at ICRISAYT on the

Y

qualty of rict produceo from a wide array of germplasa and
y
breedynyg mater-al wus'ng standard preocedures (Murty and
. b

Subramantan 1982 anc Murty et al. 1982b). The range of
{

[

variation '‘n roty quality parameters was significant even

L]

among pearly white grains which are visually good (Table 6).

by

Pericarp color, endosperm type and endosperm texture had
significant effects on rot: quairty. S gnificant effects

for season, year and genotype x Yyear nteraction were

+

recorded for gra'n, dough and roty quality parameters.

1

Considerable etfect of drought stress on dough cha

i

racters

was notrced while that of nitrogen fertilrzation level was

ingignificant., Wet weather leading to grain deterioration
W v o I v * ' -

L)

caused the most significant effect on rot’i quality, In
; A \ , N 4

I b

o ¥

general grains with a colorless thin pericarp and 60 to 70X
corneous endosperm produced the most acceptable rotis.

Presence-61 a tough, Leathery pericarp produced rotis with
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inferior texture and flavor. Ffloury grains produced s poor
Qual ity dough while waxy grains produced » sticky dough and

guasy rotis.

The physical and chemical properties of sorghus that
signiticantly atfect roti quality are not fully understood
(Rurty et al. 1982b). Chemical components Like water
soluble protein and aemylose were found to influence roti
quaslity (Subramanian and Jasbunasthan, 1982). Sorghua
varieties with & low gelatinisation temperature of starch,
high peak viscosity and set back and high water uptake gave
doughs with better rolling qavality. Water asbsorption
properties, extent of starch damage, particle size and
silling methods influenced dough qualt ity of flour
(Chandrasekhar and Oesikachar, 1984, Murty et al. 19840) .
Percent starch damage, wvater absorption, dough rolling

Quality and rots quality are positively correlated.

.2 Sankati

Traditional methods of sankati preparation and
consumption have been described (Murty et sasl, 1982a).
Thrity sorghum cultivars were evaluated for saenkati quality
at two locations, Grain with intermediate and hard
endospers texture and » white/creamy pericarp produced
sankatf{ with preferred qualities. There were amarginal
differences n the level of softness of the product
preferred at the two locations (Table 7). 1In general good

porridges of neutral pN can be produced by hard endosperam
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types which produce thick gels (Rooney and Murty, 1982s).
Sorghum varieties with high gelatinization temperature of
starch, low paste viscosity and low set back were found to
produce good mudde (sankati) (Desikachar and Chandrasekhar,

1982).

2.3 Soru

The cooking quality of boiled sorghum (Soru) prepared
trom dehulled grasn of 25 <cultivars was evaluated using
Laboratory procedures and taste paneis (Subramanian et al
1982)(Table 8). The percent increase in volume and weight
of grains due to cooking, time required for cooking, texture
of the cooked grain, and overall scceptability of the cooked
product varied among genotypes. The increase in cooked
grain volume was positively related to grain desnity.
Inspite of a poor color sppeal, soru from local red pericarp
sorghus was acceptable. In general, a sorghua that cooks,
looks and tastes Llike rice is preferred. Rurty et ol
(19848) studied the cooking properties of 112 cultivars of
sorghum, It was noted that cooking time of dehulled grain
vas reduced by half that of ¢the whole grain while the
incresse in volume and weight of the cooked product was
sbout 80 percent. In general kernels with a white pericarp
and intermediate endospera texture combined good cooking
quality characters, nosely, L(ess cooking time, increased

volume of the product and a soft texture.
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2.4 Snack Foods

Prassda Rao and Rurty (1982) revieved the Literature on
spec’al purpose sorghums traditionally grown in Indias:
vani, basmaty and pop sorghunms. Rurty ot ool (1982d)
rdentified superior pop sorghums sfter screening Indian
gereplase and found that pop sorghums generally possess
small grein size, thick pericarp, hard endospera and a low

gern/endospers ratio,

2.5 Tradrtional Dehulling

Traditionally, sorghum has been dehulled by hand
pounding with a pestie moist grain contained in a mortar.,
6rain samples from 355 cultivars exhibiting diversity in
kernel size, shape, weight, endosperm texture and pericarp
thickness were studied for their traditional dehulling
quality (Murty et al. 1984a). Kernels with s highly
corneous endospera and a thick pericarp were found to be
syitable to dehull by hand pounding and gave relatively
cleaner and more pearied endosperms and lLess brokens, Grain
types with a floury endosperm and/or s testas were the least
suitable, Turtle beaked or caudatus type of grains posed
problems in pericarp removal at the hylar region. Round or
oval grain types with a hard endosperas and thick pericarp

would be ideal for traditional dehulling,

2.6 Effects of grain molds and weathering on
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The sost important factor affecting food qavality of
the grain s wet and hysid vesther, A ssjor portion of
sorghums produced in Indis {s harvested at the end of kherif
season, Early wmsturing and high yielding cultivars suffer
from grain deterioration when crop maturity coincides with
vet oend humid westher, The grains ssturing in wet weather
could be sffected by one or more of the following factors:
molds, weathering, drscoloration, and sprouting, Pathogenic
fungi infecting the grain before saturity cause grain wsolds
wvhile saprophytrc fungi lead to post maturity deterioration
or weathering (Castor and freder ksen, 1982), Grain wmolds
snd weathering lead to substantial loss in the quantity and
quality of grain yield. Dburing wet weather purple or red
colored blotches appesar on the grain due to leaching of
phenolic compounds present in the glumes and pericarp, Tan
colored plants do not have such red and purple pigments and
therefore the r grains do not exhibit such discolbration
although very light yellow staining may be observed in some
cultivars., Even slight discoloration of grain (eads to
intense discoloration of the food as the color pigments are

water soluble.

Studies in TYexas A & N University showed that there are
no significant Losses of nutrients due to grain weathering
(Anonymous, 1978), 6rains from rainy season harvest
frequently showed reduced grain weight breaking strength,
increased percent of wvater absorption by grain and

relatively poor food quality properties (Rurty et ale
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1982b). Rolling quality of roti dough and gel viscosity of
porridge were also relatively poor for kharif harvested
greins, Reducted hardness of the endospera results in poor
dehulling quatity, The grain density is also reduced due to
molds and weathering, Sprout damage Lleads to partial
degradation of starch as a result oO'f amylase activity, The
tood qual'ty of sprout damaged gratn could be seriously
saffected depending upon the proportion of sprouted grains in
the harvest., Murty et al,. (1984c) observed that sprout
dasage in kharr'f harvested grain s associated with
increased amylase activity and could be quantified through

eniyme assay.

2.7 Tests to Predict Food Qual 1ty

It would be useful to identify some physicochemical
tests that could predict the quality of sorghum verieties
for various end uses., for instance gel spread tests were
found to be usetul to predict porridge quality (Murty et al.
1982¢). A significant association of swelling power and
solubility of starch with qualities of boiled sorghum was
observed (Subramanian et al.1982), fFlour particle sfze
analyses, estimates of starch damage and water retention
capacity of flour could also be potential indicators of rotf
dough quality (Rooney and RMurty, 1982s; Burty et al.
1984b). Percent water absorption of grain was found to be

negatively correlated with rot! quality (Murty et al,
1982).
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The proportion of floury versus corneous endospera in
the kerne! 's colled endospers texture oOr Dhardness.
Although visual scores of gra‘n texture on o scale of 1 to §
can be done, environmsental effects, and subjectivity of the
scores suggest adoptton cf ob)ective tests, Grain texgure
or hardness can be assessec by 1ilour partictie size analyses,
pearling tests, mrii'ng energy evaluvation or floatation
tests (Kirle's and Crosby, 1982, Hallgren and Murty 1983,
Table 9). The percent of grasns float'ng 'n o solution of
NaNO (1.3 sg) s h'ghly correiated w th hardness of grain
and this parameter can be used rout nely to screen breeding
lines. Bresking strength measurements macde vwith Kiya Rice
Hardness Tester are frequentiy affected by the shape 0f the
kernel and could be erronecus. Laboratory pearling sdchines
can evaluate hardness of grains and only small samples are

required (Shepherd, 1979 and Oomah et ai. 1981),

Voge! and Graham (1979) have outlined procedures usetful
tor evaluation of food acceptability, Rooney and Murty
(1982a) suggested the use ot Munsell color charts
(Anonymous, 197S) tor the evaluation and comparison of color
of flour and food products, The most critical aspect of the
food ascceptability is texture. Simple objective tests are
needed to evaluate texture of sorghum food products.
Chandrasekhar and Desikachar (1984) suggested that tackiness
of sorghum foods could be sssessed by tachymeter devised at
CFTRI for rige. A penetrometer could also be used for

testing stickness ot porridges (Da et i, 1982).
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Subrasanian et at (1983) wused an Instron Food Tester for
seasuring dough quality Dbut such instrumsents are too

sophisticated and may not be vseful for routine screenting.

3. ALTERNATIVE USES

Tuo important reasons for the poor acceptance of
sorghus as & food among urban areas and rich communities are
the low social status or prestige attached to the grein end
the Less attractive food qual 'ty attributes of sorghum Like
poor color, coarseness, high fibre content, grittiness, more
cooking time #nd supposedly poor digestibility (Pushpamma
and Vogei 1982), People who consume sorghum have to go
through a L(aborious and time cOnsuming process to prepare
refined or even acceptable products, Unlike rice and wheat,
sorghum flour and products are not available in the markets.
This situation 's not conducirve for an optisum demand for
sorghum grain when production trends are showing an
increase. Therefore, one has to adopt alternative wmethods
of processing and maximise the utilization of sorghum which
‘s probably the most efficient and dependable crop for the

dryland faraer,

3.1 Processing Technology

During the last two decades, wmechanical wmethods of
dehuliing sorghum were the most widely investigated subject.
Several types of mills have been proposed in India and

elsewhere (Raghavendra Rso and Desikachar, 1964; MNormsnd et
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al., 1965; virsktomath et al 197%; Perten, 1977, Riche,
1980, Rasper, 1977, Munck et al. 1982). Richert (1982)
reviewed the verious dehulling techniques that were or could
be applied to sorghum. These milling systems mainty fall
into & categordes: ) roller milling equipment and peeling
rolls b) rrce dehulliing equ'pment ¢) sbrasive type dehullers
and d) attrition type dehullers, The Last two systems were

developed spec frcatiy tor sorghum,

Several pitot scale milis hpve been erected in African
countries Lrke Sudan, Senegal, Nigeria and Botswana, It is
difficult to recommend 8 suitable milling system for the
Indian situstion without asctusl dats on its relative merits
‘n milling and consumer acceptability of products. One " has
to consirder several factors Llike capacity/hour, power
consumption, maintenance requirements, cost, efficiency of
pericarp removal, flour color, reduction of fat and ash and
the extent of nutrient losses. It has been felt that wmills
of an industrial scale are required in urban areas wvhile
ainy batech dehullers may be useful for villages. How wmuch
of the pericarp and germ should be removed is 2 matter of
debate and has to be carefully considered. The germ has to
be removed for decreasing rancidity of flour and increasing
its shelf Life, but this has an adverse effect on the
nutritional composition of the product. In case the flour
from dehulled grains s intended for inmediate use,
degeraination may not be wuseful and can have negative

nutritional effects. On the other hand bioavailability of
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the nutrients in the dehulled grain aight increase due to
the removai of inhibitors Like phytic acid. Therefore
desirsble qual'ty criteria of the flour sust be accurately
defined so :rat wmillers can wso0dify or operate thetir

equipmsent with definite objectves.

Desikachar (1982) described a modified oplate grinding
attl to which » set of sreves have been fitted, Tempered
gra'n  (3X morsture, S mn) is ground as per norsal
procedures and s srfted through & set of three sieves of
drfferent pore s 2es whith give four flour fractions of
different partrcle srze. The PRL batch dehuiler which uses
an abras ve mechan sam 13 gmple and s also suitable for

use n small villages.,

Reichert and Youngs (1976) <cospared three types of
mills - an attrition, an abrasive and » barley pearler ~ for
dehulling sorghus and e llet, They concluded that the
sbrasive m ll was the most suitable. They also showed that
all mechanical mills tested were wmuch more effective in
removing the grain's outer layers and its various nutrients

than was the traditional method.,

The Food Research (Center (FRC), Khartoum, Sudan s
running a pilot dehulling plant in cooperation with the FAO.
Precleaned sorghum is passed through a vertical Schule
silling machine. After separation, the unbroken pearled
sorghum s packaged for wuse in soups and as a rice

substitute or s mixed with brokens and silled to flour for
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use in composite flour bread.

High protein ftractions con be obtsined by wusing
abrasive dehuii'ng techniques (Norsand et al. 1965, Rooney

et al, 1972..

Corneous and hard graing with a8 thin pericarp are
suited for wechanical dehulling (Rooney and Rurty, 1982).
Soft endosperr types and brown graing bresk down during the
mechanical trocess and give poor recoveries of clean

endosperm (Tat:e 10),

The 'ntroguctron of suirtable dehulling mechines has the
following benefits (Pushpamma, 1982): a) it reduces the
drudgery of women in the sorghums eat'ng aress b) it conv;rts
sorghum as 2 convenient gran ¢) 't improves the quality of
sorghum products d) it checks the tendency of shifting fros
sorghum to other gra'ns e) it is an essential step toO
develop compos te flours and to commerciglise sorghus

products.

ln addition to dehulling, other processing methods that
can improve sorghum include fine grinding, rolling, steas
rolling, pressure cooking and flaking, popping, extruding,
micronizing, reconstituting, etc. (Rooney et al.1980).
Stringfeliow and Peplinski (1966) and Wall and Bietz (1980)
used airclassification techniques to obtain high protein

flour fractions,
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3.2 Movel Foods of Sorghus

The use of composite flours for bread waking has
received considerable research interest, oparticularly in
Africo., The FRC of Khartous {s producing a good quality
bread wus'ng ST wheat and 25X dehulied sorghum flour (Badi
et al. 1978), Hart et alL (1970) and Bijttebier (1980) used
certain gues produce bread from sorghuas flour. Use of
sorghum 'n produc'ng cakes, pasts products and cookies, has
been demonstrated (Badr and Hoseney, 1976, Miche et al,
1977, Viraktamatr et at. 1971, Rooney et al. 1980). A
range of attractive products that can be made from pearled
sorghus (ike semcling, vermicitli and flakes, are on display
st CFTRI Myscre, Dehulled sorghum can be cooked like rice.
FRC, Khartous, ‘s market ng dehulled sorghum grain with the

nase 'pearl dura' (Badi et al, 1981),

Sorghum grain is also being used for alcohol production
(Rooney et al 80, Anonymous, 1981), The whole grain is
ground to produce a coarse meal and cooked. The wsash thus
produced 1is hydrolyzed followed by cooling and inoculation
with yiest, After fermentation the alcohol is recovered by
distittation, Sorghus has also been used to produce lactic
acid, riboflavin, microbial polysaccharides, antibiotics and
citric achid, Use of sorghum as a substrate depends on its
price and availability relative to other grains Sorghum
grits are being wused in Mexico as an adjunct in brewing
European types of beer and were used for several years in

the USA (Aldape, 1981), A sizsble asmount of sorghua
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produced in Africa is consumed as beer (Novelltie, 1982). 1n
South Afraica, the smsil scole village process has been
scoled up to modern industrisl Llevel, Mighly alcoholice
whiskies are produced 'n C(hins using sorghum (Lee House,

personal commun:cation),
The potential of sorghum for use in malted foods {3
receiving greater attention (Desikachar, 1976), Germinated

sorghum has increased nutritive value and c¢can possibly be

used in manufacturing wealing foods (Adsule et al. 1984).

Axtetl et at (1982) proposed the wutilizastion of
Ethiopian high L(ysine sorghums for producing specfal baby
and weanling tood. Another possible way to use them is to
can their grains at hard dough stage just before the grains
start shrivelling. Moderately high yielding, low tannin and

high lysine (shrivelled) types are available,

3.3 Sorghuas for Food, Feed, Fuel and Fiber

Sweet sorghums have been videly used in the USA for
syrup production by extracting juice fros the stalks,
Coleman (1970) described good quality sorghum syrup as aild
and sweet with a distinctive sorghua flavor. A syrup with
Light amber <color, high viscosity and Little or no
crystallization are preferred. Bapat et al. (1984) have
recently advocated the use of sweet sorghua and its
production in India. Sweet sorghum can also be used for the

production of crystalline sugar provided the juice contains
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very Little —nvert sugars and a higher concentration of
sucrose, A pilot plant in Wesleco, Texas, USA, has been
used to produce sugar from sweet sorghua (Saith, et
al.1973), Starch 's an  undesiradle component because it
interferes wr'th Jurce concentration, Aconitic acid content
should be .cw to prevent interference with sucrose
crystalivzat-on, The biggest potential use for producing
sugar from sweet sorghum s that of & supplementary fuger
source to sugarcane., However, the economics of crystalline
sugar productron trom sorghum does not sees  to be
encouraging wuniess su'table sweet sorghum genotypes are
‘dentitired and 'mproved techniques of sugar extraction are

found.

Schatfert and Gourley (1982) descridbed stalk quality
characters of some currently used syrup and sugar varieties
of sorghum. Both syrup and sugar varieties can be used for
alcohol production as both sucrose and invert sugars are
directly fermentable. Several countries like USA, Brazil,
Newzealand, Austria, Australia, South Africa, Phillippines,
Kenya, Sudan and Thailand are developing alcohol fuel
programs based on crop production, On the basis of alcohol
production experience in Brazil, Schaffert and Gourley
(1982) strongly suggested the use of sorghum as 2 source of

energy.
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Sorghums that have desirable ylelds of grain, suger in
the sap and useful type of fiber have been referred to as
high energy sorghuss (HES)(Creelman et al. 1981). These
sorghums were characterised o3 about 1.5 to 2.5 a glll,
yielding 5000 kg/ha of high quality grain which s suitable
for human consumption, fermentation, or Livestock feed, and
stalks with high carbohydrate levels suitable for wmultiple
uses (Tables 11 and 12), After grain harvest, stalks can be
harvested, crushed and extracted, fed to (ivestock, used fn
direct combustion or as fibers for pressed wood, paper,

chemicals for industry, etc.

Sweet sorghum, grain sorghum and high energy sorghuas
represent 8 wide range of variability {in the species,
Sorghym birgoler L. Moench., Sorghum is the most efficient
crop in terms of biomass production per day, surpassed only
by napier grass (Loomis and Williams, 1963), It s also
widely adapted to a range of sdverse climatic conditions,
The broad range of genetic variagbility in sorghua could
enable breeders to 'custom build' 3 sorghum to fit the need
of industry and develop cultivars valued not only for high
yield but also carbohydrate components easily extracted and

converted into convenient energy forms.

&.FUTURE RESEARCH PRIORITIES
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Given the inferior nutritional quality of sorghua and
the dependence of poor people upon it a8 & staple diet, it
is iaportant that bDreeders give some  attention O
nutritional qQavei'ty n addition to grain yield and its
stabil'ty. Two 'mportant criterig were established in the
sixtees tfor nutrstronal  mprovement of sorghum: higher
concentration of (ys 'ne and lower concentration of Lleucine
(Ganda Prasads Rao, 1972; Peosthale, 1972), Inspite of
signifrcant progress 'n breed'ng research current status of
research achrevements in improving protein quality would
essentially recommend the same criteria for the future. The
prospects of breeding improved levels of lysine with an
average prote n content (10X) appear to be brighter in view
of the identiftication of sources of high Lysine and an
understanding of their breeding behavior, Experience
indicates that  benefits trom recombination breeding
procedures could be substantial. However, identification of
newer sources of high Llysine, possibly through increased

mutation breeding efforts, would be useful,.

High lysine cultivars with shrivelled grains could be
utilized as such for cultivation, Sose improved cultivars
with sfgnificantly higher concentration of lysine, but with
shrivelled graing are available. These are
photoinsensitive, white grain types suitable for cultivation
in India. These could be extended to the farmers as special
purpose sorghuss (ike vani, basegpti and pop sorghums.

Public agencies should make efforts to wmarket thems as
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special weanling and nutritious foods, Food technologists
should research into methods for conning high Lysine types
at hard dough stage. Early weaturing and higher yielding
genotypes with shrévellied grains could be bred with rejative

ease provided there s 3 desand.

High yreiding variet es and hybrids under test at All
India level should be comparatively evaluated (using grain
harvested from tryals) tor their nuytritional characters at
central laborstory. Such » procedure would help in the
identificatron of stable cultivars for nutritional

charscters,

There s an increasing concern about the ‘poor
digestibitity of sorghum n humans, atthough animal feeding
experinments indicate sorghum to be as efficient as asize,
except that slightly sore quantity of sorghum has to. be fed.
More inormation is required froe nutritional experiments on
humans using sorghum 8s a staple diet supplemented with
ditferent Legumes. The most nutritious sorghum ¢+ Llegume
combinations have to be identified. Nutritional value of
different sorghum products and processing sethods have to be
found out, The wuse of jp yitrg digestibility tests in
predicting the nutritional value of breeding Lines should be

investigated.

Basic information on wmajor sorghua food products
consumed in India and their distinguishing features are

available. Sorghum grains with a thin colorless/vhite
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pericarp, intersediate to hard endospera and an oval or
round shape would be suirtable for wvarious processing and
food quai'ty characters, Breeders should wuse objective
tests for gra'n hardness and pearting auality routinely even
'n early segregating generations., They should evaluate the

on harvest from ei'te ¢cultivars (from yield trials)
for ftood procuct qQual'ty, consumer acceptance and market
value. In th s Context, a central laboratory to evaluaste
consumer and nutritional value of gra'n from ALl Indie
Trials would oe desrrabie, Eftorts to breed for increased
levels of gra'yn mcia resistonce should continue without
detriment to des'rable food quality, Objective methods to
evaluate the rain affected Kharif harvest for moldiness and

food quality characters are required.

Objective critersa to help fixation of quality (inked
market prices should be developed. Frequently, produce from

hybrids is not fetching a reasonable price,

Identifrcation and extension of suitable mechanical
dehullers would go a long way in alleviating processing
problemss of consumers, Public and private agencies should
be involved in the promotion of mechanised processing of
sorghum Th:is would remove the ‘coarseness' and low
prestige of the gra'n and isprovoe 1its ascceptance and

uti{izatron,
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Increased production of sorghum, particularly froa the
Kharit season would soon lead to & glut in sorghum serketing
unless it is completely utitized, The visually poor kharif
harvest discourages traditionsl amodes 0f consumption., On
the other hand currently no industrial wuse of sorghua 13
being made., Several aiternstive wmethods of wutilizing
sorghum grain gare avatiable. Mechanized dehulling and
industrial process'ng would open new avenues for sorghus
consumption and demand. Priot scale plants are operating in
some African countries, Sorghus grain can be wused in
producing good quality bresd, cakes, flakes, popped
products, verg ¢ lid, semoling and instant mix recipes that
are currently made from other cereals, Success of these
products 'n the market would depend on the relative price of
sorghum in relaltion to other cereals. Therefore, a tesam of
experts comprising food technologists, industrialists,
breeders, nutritionists and governaent representatives
should study the case for promotion of mechanized processing

and industrial use of sorghum grain,

Sorghum grain can be used not only as an animal feed
but also as an adjunct 'n beer production, This is slready
underway n some countries. Similarly, there is a strong
case for us'ng sorghum grain for alcohol production, The
spent grain left over contains 25 to 30X protein and s an

excellent source of animal feed.
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The concept of high energy sorghuas (HES) {3 gaining
somentum in several countries, Thig idea of total plant
vtilization -~ gra'n for food, stalk for tfeed, fuel and fiber
is worthy of consideration (Creelman et al 1981), The
economics and feas'dilrty of ‘'gasohol' production from
sorghuas ‘s an important topic for another teas study end
follow up acton, Breeders could select for dncreased
biomass product:on wnrie matntaining the high yield of

currently popu:.ar hybrids,
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Teble 1. Composition of Sorghum Fractions end Whole Grulna/

fraction Percent Ash Protesn 01l Starch
of whole 'y (%) (%) (%)
kernel
Whole grain 100.0 1.65  12.) 3.9 13.8
Lndosperm 82.) 0.3 12.) 0.6 82.5%
Germ 9.8 10. 36 18.9 28.1 13.4
Bran 7. 2.02 6.7 4.9 .6
a/ Adapted from Hubbard et al, 19O
Table 2. Nutritional [ompossition of '.urqhmrs/
Component Range
Proximate analsses
Protein N « 5.7 7.1-14,2
Lipid 2.4- 6.5
Carbohydrate 70-90
flbr('.' 1-2' 305
Amino acids ‘mg/q N
Lys 71'212
Lys amino acid score 21- 62
lle/Leu 1.9- 5.0
Minerals (mg/100g:
Calcium 11-586
Phosphorus 167-751
Iron 0-9'2010
Vitamins (mg/100g;
Thiamine 0.24-0.5
Niacin 2.9- 6.4
Riboflavin 0.1- 0,2

Adapted from Hulse et al 1980

a’ Ranges of means from several investigations
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Table 6. Rot1 quality charecters of sorghum cultivars with pearly white greine
with 40-60% cornecus endosperm

Genotype RollanSI fETEFE/ Taste N#sitgi; Arome  Keeping
quality q::glty
M 35-1{Check 22.3 164 1.3 1.4 1.1 2.0
P.S. Mohol®
CSH 8 23.0 118 .2.0 2.0 1.8 2.2
Local Market 2%.2 144 1.3 1.3 1.0 1.8
{Maldandi
SPY 1N 23.2 144 2.1 2.4 1.5 2.0
SC 423 22.9 144 2.6 2.7 1.7 3.5
SC 110-114 22.8 118 2.9 3.3 2. 3.0
8272-1 22.9 144 2.} 2.7 1.8 2.3
M 36116 22.2 143 1.3 1.4 1.0 2.3
M 36270 21.6 143 2.0 2.2 1.0 3.0
52-1 22.5 144 1.3 1.6 1.0 1.5
285 (R. Nagar) 22.3 144 1.3 1.6 1.0 1.5
SEM +0.1 +0.1 0.04 0.04 0.0} 0.04

a/ Evaluated by measuring the diameter of the roti abtained by continuous
rolling of dough from 30g flour with a pin unti]l the roti breske

b/ Besed on the scores of @ trained panel of five members on rotis mede froa
grain samples of the postrainy season harvests grown st ICRISAT Center,
1978. Taste, texture, and keeping quality were scored on a scale of 1 to
5 (1zqgood) while aroma wes scored on a scale of 1 to 3 (1zgood).

¢/ All color codes refer to white or pale yellow grades of Munsell's Soil
Color Charts (Angnymous, 1975)



Table 7., Senksti quslity charscteristics of sorghums with visually similsr
grein properties a/

Cenotype Color Taste Texture Keeping Quelity
M 35-1 1.9 1.8 2.5 2.5
CSH 5 1.3 1.} 1.7 1.9
M 50009 1.4 1.7 2.0 3.0
M 5001) 1.5 1.8 1.5 1.7
M 35052 1.3 1.8 2.5 2.3
M 50297 1.6 1.7 1.8 1.8

8/ Average scores given by five and six farm workers at two locations,
Bhavenisagar and Anantapur (5. India), respectively (replicated
twice) on 8 scale of 1 to 5 (1:zqood).

Adapted from Murty et al. 1982s.

Table 8. Quality parameters of soru from cultivars with visually gimiler
cheracteristics a/ .

Genotype Color Taste Texture Keeping quality
M 35-1 1.7 1.2 1 1.6
M 50009 1.5 1.5 8 1.7
M 50013 1.) 1.5 2.0 2.1
M 50297 1.9 1.8 2.0 1.}
529 1.1 1.2 1.2 1.2
€S 3541 1.1 1.7 1.8 1.9
Market 1 1.5 2.0 2.0 1.8

@/ Soru ssmples were evaluated by six farm workers st Bhavanisagar (S.India)
on a scale of 1 to 3 (1zqood).

Adapted from Subramenian et al. 1982



Table 9. Mean properties for some grain, flour, and dough quality attributes of 1% sorghum genotypes

Grinding work ¢/

Genotypes fndospermg/ PFEf in Brabender Alpine ¥ernel Flour Particle Bough Lel d/
texture NaNO} 10 g grain 5 g grain breaking s1ze e rolling sprend
(%) (% (e “arbitrary strength 125 um quality d/  (mem -
units: kg 4/ - femy
22198 78 5 0.0 27.% 14.9 22.4 5%
£ 351 74 17 75.6 24 .1 11.4 19.% 22.3 56
CSH 6 66 2 64.4 2.4 6.1 16.5 23.1 57
IS 5604 66 23 67.0 24.5 5.1} 18.0 23.1% 59
S 29 65 87 &8.0 21.7 7.2 20.0 22.0 60
SPV 351 58 32 65.4 21.a 4.1 19.5 21.0 58
296 B 48 57 56.8 18.0 6.3 26.5 21.0 62
SPV 422 48 &9 59.9 18.1 7.9 25.5 18.% 61
CSH 8 47 4% 59.9 18.6 5.8 25.0 22.4 59
SPV 393 a4s 63 62.9 20.1 6.8 22.0 22.0 62
M 35.1 38 67 56.8 14.9 5.7 28.5 22.5 60
20778 36 70 SQ.7 15.9 a.1 29.0 23.0 58
1S 9985 n 98 51.2 13.2 6.1 37.5 19.3 67
IS 1401 24 97 80.6 12.1 4.3 33.0 18.1 67
P 721 Opaque 17 99 43.8 9.4 5.2 29.5 14.5 67
Mean 52.6 5%.4 59.5 18.7 6.5 24.3 21.0 60.6
Standard 5.1 4.5 0.80 0.88 0.5 - 0.59 1.33
deviation
Coefficient of 9.6 8.1 1.34 4.71 7.9 - 2.8 2.2
variation

NMeens of 50 kernels
Pf=Percentage of kernels floating in W, solution. Means of triplicate determinations.

©/ Means of duplicate determinations
4/ Means of nine determinations
o/ Single determinations

Adepted from Hallgren and Murty, 1983



Table 10. ‘arietal differences in breakage of sorghum samples milled in a McGill mill L4

Variety H?;::::fn;fs:::ngizln Totafﬁyieldyllli or2¥:::§§ " Brokens
in Kiya units) (%) whole grains (%)
Unpolished Polished (%)
BP 53 6.54 2,08 82.5 67.5 15.0
H 2259 7.16 2.26 84.5 68.0 16.5
Patcha Jonna 5.10 1.86 82.0 68.5 13.5
My-316-% 7.20 1.78 88.5 83.5 5.0
GPR 370 5.34 2.24 83.5 70.% 13.0
£ 351 10.80 6.94 82.0 73.0 9.0
M 351 7.12 4.94 85.0 80.0 4.7
Pattancheru 5.66 1.90 83.5 71.% 12.0
GPR 148 $.82 2.30 86.0 80.5 5.5
M 7777 6.20 4.00 88.0 82.2 6.0
P 721 % .84 1.86 82.0 68.5 13.5
CSH 6.%96 1.90 82.5 68.5 14.0
M 6477 6.64 1.86 80.2 77.2 3.0
CSH 1 6.5%6 2.06 B6.5 79.0 7.5
CSH & 6.44 2.16 87.0 79.5 7.5
A 2283 3.00 0.90 87.2 64.7 22.5

Ef These samples were grown at ICRISAT in the postrainy season of 1978. All samples were grown in the same
nursery

Adapted from Desikachar, 1982



Teble 11, Grain, sugars, stem starch, dry biomass and alcohol (estimated) yields
from selected 'High Energy Sorghums's

Total TatInated
Cultivar Total Carbohydretes Stem A y
Grain  Sugars Starch kg/ha T/he f7£§ gal/ac

High Energy Sorghum

A5930 x RTx430 BRSSO 1517 130 10197 6.30 4997 534
ATx623 x 77CS1 7730 1480 N 9283 5.72 4558 468
ATx623 x Rio 5889  2%7 464 8920 9.54 4618 494

Grain Sorghum

RS671 4708 382 26 5116 .17 261
RS610 4006 103 25 4134 .Y 1942 208

Sweet Sorghum

Atlas 2067 254 68 2389 5.9 1161 124
Rio 1397 437} 319 6089 . 3559 280

8/ Estimated at .62 1/kg of cerbohydrate (1 gal/13.5 lbs carbohydrate)
(75% starch from the grain yield used plus total stem carbohydrate
yield).

Adapted from Creelman et al. (1981)

Table 12, Quantity of glucose, fructose, sucrose and starch in juice of 'High
Energy Sorghums' at hervest (kg/hs)

Sorghum Type Glucose fructose Sucrose  Starch

High Energy Sorghum

A5930 x RTx430 136.52  169.79 121112 130.40
ATx623 x 77C51 158.70  191.21 1129.67 72.66
ATx623 x Rio 216.83 14N 2175.20  463.46
Grain Sorghum

RS671 55.07 37.86 288.73 26.39
RS610 29.06 24,47 49.33 24,48
Swest Sorghum

Atlas 85.28 87.19 81.07 68.07
Rio 172,85  136.52 3617.69 9.3

Adspted from Creelman et al. (1981)
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