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This repourt describes the various research activities
cerried out on blochemical, processing and food quallty
aspects of sorghum from Jesnuery 1986 to December 1987.
This work was carrlied out Ry Graln Quallty and
Blochemistry unlt In colliaboration with Sorghum

Breeding and Genetlic Resources Unlts.
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SORGHUN -~ PROGRESS REPORT
1966~1987

Project No. : $-106 (83) IC

Project titie t Evelestion of Food and Nutritional Quallty of Sorghwme

Project Sclentist: V., Subr lan
b joct!

8)

b)

c)

d)

o)

To assist nations! and regional! programs In determining
the cherscteristics of sorghum grain that contribute to the
quallity of specific foods In SAT,

To relete physicochemical, structura! and processing charsacters of

sorghum grain to product quality.

To estabiish simpile, rapld and rellable physicochemical tests

useful to breeders In nationsl progrem.

To evalunte o!ite breeding and standard cuitivars originating from
ICRISAT center as wel! as other natlconal!l programs for food end

nutritionai quality.

Study the varlability In protein and lys!ne content In germplasm and

breeding accessions (1985-1986).

1. Assisting the national programs In grain and food qusllty

Three trainees from Africe (Ethlopla, Kenye, and Sudan) were gliven

Intensive tralning for 5 months on grain and food quality of sorghum. The

traditional foods | ke lnjera, and ugal] were evaluated using the grains

brought by the trainees. Yarious chemical snalyses of grain and foods were

determined and the resuits were reported In Individual reports prepared by

the trainees. Out of the six cultivars tested, M 35-1 (India) and Gambe!la



1107 (Ethlopla) were comparsbie for thelr good lanjaca quellty.

Mr. JJM Mushonga, Sclentist, Ministry of Agriculiture, Zimbabve spent
three months In our (sboratory. We sssisted him In standardizing the
methods for estimeting diestatic activity in meited sorghum. VWe have
modifled the meiting method and compared with the disstatic activity valves
obtained by the esr!ier method. |t s necessary to obtain more Information
sbout the method of sorghum dlsststic units (SDU) estimastion from the iolsl
beer Industry, A wide renge of dlaststic activity vas observed among the
genotypes that were enslysed. The tennin content In ungerminated gralins

and SOU values in malted sorghum were not correlated.

We have worked on tortilla qualtlty of sorghum with the help of &
tralnee from Mexico. Jlartlilila prepered from sorghum veriety M 351 was

tound to be comparable to malze In quallty,

2. Processing quel ity

Dehulling end miliing are I[mportant processes for meking acceptable
foods from sorghum. As per the recommendation of the intfernational
Assoclation of Ceresl Chemistry (Study Group of Sorghum and Millet) meeting
In 1984, bulk sampies of 7 cuitivars of diverse graln quallty charecters
were supplied to coopsrators located at Institut de Recherches Agronom!ques
Tropicales (IRAT), Frence; Oversess Development Naturs! Resources Inst!tute
(ODNR1), Unlted Kingdom and Carisberg Research Center, Denmark. Physical
characters and dehulling quality of these grain samples were studied. The
greins of 7 cultivers showed varlation for 1000-graln mass, endosperm
texture, grain hardness, pericarp content and floeters percent (Table 1).
Hard graln type (SPY 472) had the least flosters percent while soft-grain

types (WS 1297, Dobbs) had 100 fiosters. The pericarp content of Dobds



Table 1. Physical characteristics of sorghum gralns

- A T WS N G YR G W T TS T TR S A A G AR WS A W

Graln Perlcarp

Cultivar Origin 1000-grain Enoosporr hardncssz_‘)con*onf Floaters

mess (g)  texture (kg sq cm (%) (%)
SPY 472 ICRISAT 39,2 4.0 9.1 6.9 8.5
o 4 {(indla) 30.5 1.0 4.0 4.5 54.5
ET 3491 Ethiopla 39.9 1.9 3.9 3.0 82.0
Luly dwart Tenzenle 21.5 2.5 4.3 8.3 84.0
s 1297 Ethiopla 37.9 1.0 ' 4.4 6.8 100.0
Dobbs Uganda 21.2 1.0 4.9 13.0 100.0
Lontrol
M 35-1 Indle 39.5 2.0 5.3 3.4 36.0
Mean 32.8 1.9 5.1 6.8 72,1
St 43.18 40.42 +0.70 41.20 £10.08

'Endospor- texture was scored on a !-5 scale, where | Is floury and 5 Is
corneous.

zsraln hardness was measured using 8 Klya hardness tester.



ves the hMighost smong the cultivers studled.

A comparstive statement of dehulling queilty of grains using three
methods Is glve In Teble 2. The dehullling quelity of M 35-1 (control) was
exceptionally good when the traditiona! method vwes used. |t required less
time to dehull with tewer strokes and the recovery of dehulled grain wes
higher as compered to other cultivars (Table 2). Soft grain types Dobdbs
and WS 1297 recorded lower dehulled grein recovery, and yle!ded higiter
quantities of husk end fines. The brokens percent was also higher for them
as compared to other cultivars. Luiu dwarf also had more brokens due to
dehulling by traditional method. Dobbs and WS 1297 greins also had high
percent floaters. |1 wes very diftficu!t to dehyu!l! Dobbs setisfactorily.
This dote confirms thet soft grain types sre not sulteble for trad!itions!

dehul | Ing.

When the grains were dehulled using a8 Scott barley pearlier, the
recovery of dehulled grain incressed considerably for all the cultlvsrs as
compared to the treditional method (Teble 2). Again M 351 gave better
dehul | Ing recovery than other cultivars, The cultivars having low percent
floaters (CO 4, SPY 472, snd M 35-1) ylelded higher dehulled gralin
recover {es by the barley pearler method. A similar trend was observed for
the dehulled graln recovery using a Tangential Abrasive Dehuiling Device
(TADD). Our deta cieerly Indicated that even soft grains can be dehu!led
comparatively better using mechanical methods as compared to the

traditional method.

Barley pesrier method Is based on vertical rotation of the hard or
rough surfece to come Into contact with grains. TADD method is based on

horlzontal rotation of the hard surtace. Though these two are different
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isborstory models, end work on different principles, the resu!ts ocbts!ned
by both these methods are similer for the cultivers tested (Tabie 2). This
observetion mey be useful In developing future prototype mode' of

dehu! lers.

Dehulied grain recovery using the three methods of dehulling was
negatively associsted with tiosters percent. But the husk recovery shoved
positive correlation with fioaters percent, suggesting that fioetdrs
percent give sn Indirect assessment of dehul!ing recovery. The magnitude of
correlation was strong between the two mechanical methods of dehul!ing,
Indicating that either of the methods can be used for evalueting dehulllng

qual ity of sorghum grains in the laboretory.

3. Malting studlies

Graoln sampies of 1% cultivars comprising ot sott and hard endosperr,
red pericarp, snd high tannin lines were germinated 'n an Incubator, for
16, 48, 96, ond 144 h, !n order 1o assess the potentisl of the cultlivars
tor dlestase enzyme production by maiting, a reistive humidity of 90% et
30°C during whiie germination was chosen, Changes in onre-huncred gréain
mass, proteln, starch, soluble sugars, tannin, tctal phenols contents anc
sorghum dlastetic units (SDU) were determined. The 100-grain mass ranged
from 1.9 to 4.0 (Teble 3). Obviousiy the welight decreased progressively es
germination time Increased. However, the rate of decrease varied

conslderably among the cultivers,

Germ!nation resulted !~ loss In welght, as explained. It Is to be
noted that the rate of loss from one stage to the other I[s highly variable
among for the cultivars. The decresse in weight was more pronounced

between 48 and 96 h periods of germinstion., At the 144 h germinstion



Table 3. 100~grain mess (g) at ditferent stages of germination In

sorghus
Germination perlod (h;
Inated
Cultiver {Control) 16 48 9 144
ET 3491 4.0 3.7 3.3 2.6 1.9
Lulu dwart 2.1 1.9 1.% 1ot 0.8
M 35-1 3.9 3.8 3.2 2.4 1.6
WS 1297 3.9 3.6 3.0 2.3 1.6
SAR 1 2.8 2.6 2.2 2.1 1.0
SPY 351 1.9 1.7 1.4 0.9 0.5
SPV 386 3.3 3.0 2.9 1.7 -
SPY 473 2.9 2.6 2.3 1.6 1.4
Safrs 3.1 2.7 2.4 1.8 -
SPY 472 3.8 3.9 3.1 2.2 -
Dobbs 2.2 2.0 1.8 1.0 0.9
1S 7055 2.8 2.5 2.3 1.5 -
IS 14384 2.0 1.9 1.6 1.2 -
Framide 3.1 3.0 2.9 2.0 -
o 4 3 2.9 2.4 1.6 1.1
Mean 3.0 2.8 2.4 1.7 1.1

SE $0.18  $0.18 $0.17 $0.13 $0.09




nearly one~third to halt the orlgina! welght of grein wes lost Indicating
thet metabollic activity In terms of respiretion and thus loss in seed mess
shoved veriation among the cuitivars., The gerainstion percent resched
norme! sfter 96 h snd the percent germinstion wes low only for the grains

of WS 1297, and SPY 386.

Starch content verled from 59.8 to 72.3% In the sorghum cuitivars
(Teble 4). Sterch Is Important In maiting 25 !t undergoes moditication
during malting. Sterch Is converted to maltose, maltodextrins snd other
sugers although ei!l the starch present In the grains ls not modifled.
Reduction In sterch content was not observed In ail the cultivars st 16 and
48 h germination. The quantity of starch wes reduced only et 96 h In most
of the cultivars and In certaln cultivars there was an Increase [n starch
quantity as compared to ungerminated grain. This may be due to
preferential duplotion ¢f (ther nutrlents [ lke protelns and fat In the
grain and thus on an unit weight of maited grain, starch § was higher. The
dete elso Indicate that sterch convertlion may tske place only beyond 48 h
germination. However, In al! *he cultlvars, -eduction In starch content
wvas observed In 144 h germinated gralins from that present In the

ungerminated grains,

The soluble sugars content showed a varlation from 1.1 to 2.5% in the
cultivars (Teblie 3). In contrast to starch, the solub!e sugars shoved
appreclable changes in their quantity due to germination. The content
decreased In all the cultivars at 16 h germination. The sugars Increased
at 48 and 96 h germination perlod, !n all the cultivars. At 144 h perlod,
sithough the quentity decreassed from that of 96 h In several cultlvars, In

five cuitivars the contents Iincreased further. The incresse In suger may

10



Teble 4. Sterch content ($) In sorghum grains st dlfferent stages
of germination

Germination perlod (h)

- S YR e

Cultivar Control

16 48 96 144
ET 3491 67.5 67.3 69.0 64.3 56.9
Lulu dwart 72.3 69.9 7.7 65.4 62.0
WS 1297 68.3 69.2 70.4 67.0 99.4
Satra 70.2 70.3 Q.8 70.6 64.7
Dobbs 65.3 67.3 66.7 59.9 50.8
IS 7055 63.9 66.2 63.1 63.6 5.5
1S 14384 68.8 65.4 63.6 68.7 50.6
Framida 59.8 62.8 60.7 62.0 48.5
SAR 1 72.3 73.8 73.6 74.6 67.3
SPY 351 67.3 68.7 70.8 64.9 53.3
SPV 386 66.3 67.0 68.7 63.8 52.2
SPY 475 69.4 68.7 68.8 67.7 62.8
SPY 472 70.1 67.9 66.7 68.8 58.5
M 35-1 70.9 72.1 70.3 67.7 63.2
c0-4 69.4 70.9 70.6 64.3 56.7
Mean 68.3 68.5 68.4 66.2 57.9
St 20.82 +0.71 $0.92 $+0.94 11.48

1A



Teble 5. Soluble sugers content (§) in sorghum grains et dlfferent
stages of germination.

Germination perlod (M)

Cultiver Controi

16 48 96 144
ET 3491 1.4 0.9 4.9 1.1 12.8
Luly dwart 1.4 1.0 4.6 6.6 5.9
Sefrea 1.4 1.1 4.6 7.0 5.9
NS 1297 1.3 1.0 4.8 7.8 5.8
Dobbs 1.8 1.4 6.2 11.4 10.0
1S 7055 1.7 1.4 5.1 11.8 9.9
1S 14384 1.9 1.3 $.6 10.7 13,7
Framides 2.5 1.5 4.1 10.9 10.4
SAR ! 1.2 1.0 5.9 6.7 5.6
SPY 351 1.1 0.8 6.3 10.9 9.0
SPY 386 1.6 1.2 2.8 9.8 3.”
SPY 473 1.3 0.8 3.5 5.6 4.8
SPY 472 1.2 1.1 4.3 9.0 5.2
M 35-1 1.4 1.3 3.6 7.8 0.8
o 4 1.8 1.4 6.8 13.1 16,2
Mean 1.5 1.1 4.9 9.3 8.7
SE +0.09 +0.06 +0.29 +0.59 +0.96

12



be due tc metabolic pathways other than starch degradative pathway at
ditferent Incubstion perlods. However, at 144 A, the increass may be from
starch degradation, as starch content apprecledly decressed In these

grains.

Among fifteen cultivers oniy four had tennin In the grains and the
tennin content (C.E.5) varled from 0.9 to 2.7 (Table 6). Germination
decreased the tennin (cetechin equivalents) at 16 h germination perlod,
followed by en Incresse up to 96 h. The Incresse was remarkadle !n Dobds
due to germinetion, which needs further study. Tots! phenols In
ungerminated gralns of 3 cultivars (Dobds, IS 7055, and Fram!ds) were high
(Teble 7). These I!nes have subcost In their grains. Other cultivers had
comparatively low quantities of phenols. A decrease was observed at 18 h
germination In the gralns followed by a progressive Increase. The
quant!ties were high in the three cult!vars indlceted above. The

significence of the varlation neecs further study.

Proteln cuntent /mcresser in general, except In SPV=475 et 16 h
germination. At [ater pariocs ! germinstion, elther It remeined same or @
decresse was observed tor most ot the cultivars (Table B), Although the
proteln content par se¢ d'd not change appreclably, the enzyme leve! In the

malted samples varied as Indicated below,

Diastatic activity (called ss sorghum dlastetic units, SDU) Is
reported as an !mportant factor In the quality of graln for meaking
traditional opaque beer in Africa, The SOU wes very jow In ungerminated
grain., It progrecsively Increesed from 16 h to 96 h of germination, and
showed elther decreasse or Increase !n some of the cultivars at 144 h

germination. Appreciable varlation among the cultivars was found only from

13



Tabie 6. Tannin content (C.E. $) In sorghum grein at different stages
of geraination

Germination period (h)

Cultiver Control

16 48 96 144
WS 1297 0.9 0.4 0.3 0.6 0.5
Dobbs 2.7 2.0 2.6 4.5 5.7
1S 7098 2.1 1.4 1.3 2.1 2.4
Fremids 1.9 1.4 1.2 1.8 2.0

L 2 2 4 L X 4 2 1 2 X X . L L 2 2 2 2 2 0 X X 2 2 7 2 2 2 2 X 2 1 J A O G W D G G P W G S e T S S PG O U SD D G o S

C.E. : Catechin equivelents

14



Teble 7. Total phenols content (Aggn g™') In sorghum graln at different
stages of germination,

RS S

Germination perlod (h)

Cultivar Control
16 4 ] 144
ET 39 1.7 0.9 2.4 $.2 8.9
Lulu dwart 1.2 1.3 2.4 5.0 6.7
WS 1297 1.% 1.2 2.3 30 6.3
Satra 2.0 1.0 "2.8 2.3 5.1
Dobbs 15.0 11.6 16.1 27.6 34.8
IS 7058 12.7 9.5 10.4 19.8 21.4
1S 14384 3.8 2.7 4.1 3.2 8.0
Framide 14.6 9.8 12,3 17.9 26.8
SAR 1 1.5 1.0 1.7 2.6 4.9
SPY 351 1.2 1 1.6 3.1 5.2
SPy 386 1.6 1.0 1.5 3.3 5.0
SPY 472 1,7 1.4 2.3 2.4 8.7
SPY 475 1.3 1.4 1.9 3.6 5.4
M35 1.0 0.7 1.7 3.3 4.8
o 4 3.1 2.6 3.8 7.0 10.2
Mean 4,3 3.2 4.5 7.3 10.8
SE +1.34 *0.97 $1.18 22,02 +2.39

- anen o o - Ay G D A A W A D TS S S T TS A WP G O AR N W W AR G S G T G Y G T S -
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Teble 8. Protein content ($) in sorghum at different stages of

gerainstion
) Germinstion period (hrs)

Cultiver Control

16 48 96 144
ET 3491 12.4 12.3 11.2 1.1 11.3
Lulu dwert 9.6 9.3 7.% 7.2 7.4
Safre 9.7 9.0 8.4 7.4 8.2
ws 1297 10.1 10.0 9.0 8.3 9.0
Dobbs 9.0 9.4 6.5 5.3 5.0
IS 7088 1.1 10.9 10.9 1.3 8.2
IS 14384 10.7 11.2 1.2 8.5 1.1
fFremida 14.3 4.3 14.6 1.2 14.9
SAR 1 7.2 6.6 6.2 6.3 7.4
SPY 3%1 10.7 10.7 9.2 8.7 10.3
SPY 386 1.5 10.2 10.3 9.7 11,7
SPY 475% 10.2 11.6 10.8 11.4 11,5
SPY 472 Q.% 9.2 9.6 7.6 9.6
M 35-1 9.¢ 9.9 8.3 8.7 9.2
-4 10,6 10.9% 8.6 8.5 8.8
Mean 10.4 10.3 9.5 8.5 9.6
SE 0.4 20.45% +0.5% +0.46 +0.68

AR A5 W S W A QORI U S R e O G O G W v UL T W W e W O ARG W A S R B B T O U G SR W W G W e B U A G W O W S T S G W G
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48 h onverds and the SDU renged from 10.0 to 85.9 (Teble 9). The cultivars
SAR 1 and M 351 had lov values even at 96 h period. Cultivars IS 7085, ¥$
1297, SPY 386, Dobbs, Framids and |S 14384 had higher values compared to
other cultivars. 1S 14384 had the highest values among the cultlivers.
Although the values decreased at 144 h perlod for most of the cultivers, en
incresse was observed for WS 1297 and ET 3491, The decresse vas
spprecisbie for SAR 1. It is Interesting to note that though varistion for
profein content due to germingtion was not appreciable and even a reduction
wes observed for 8 few cuitivers, SOU fncreased appreciadly due to
gersiantion, perticulariy up to 96 h. This study suggest thet grains of IS
14384, 1S 70%5, WS 1297, SPY 386, Dobdbs and Framide have good potential for
malting as they showed an !ncrease in SDU values with the Incresse In

period of germination,

3.1 Studies on walting conditions to Improve the enzywe activity

We compared the maiting quallity In terms of seedling yleld, malting
loss, total loss and SODU using 8 cultivars. Grains were germinsted under
‘“hroeo different conditions. Germination was done for 48 and 96 h. The

detalls of germination conditions are:

Method |. 5 g greins sosked In weter for 16 h at 300C. Drained the
excess of water and germinated by keeping the grains In
polyethylene cover (10 x 7.8 cm) with big holes. They were
Incubated at 30°C snd the Incubator had a clrculating fan, The

approximeto relative humidity in the Incubstor was 33§ during

germination,

Method !1. All condltions were similar to thet described In method |, but

the slze of polyethylene cover was 6.5 x 5.8 cm with small

17



Teble 9. Diastatic ativity (SDU g~!) In sorghum grain at ditferent
stages of germination.

.- = -

Germingtion period (W)

Cultiver Control

16 48 96 144
ET 3491 0.1 3.8 31.7 79.5 80.7
Lulu dwarf 0.2 2.5 39.5 73.5 25.9
WS 1297 0.3 3.4 48.8 95.3 97.9
Safre 0.2 2.3 44.7 68.7 35.2
Dobbs 0.2 1.9 49.0 89.5 71,7
IS 7059 0.3 3.0 83.2 114.0 81.8
1S 14384 0.2 4.5 85.9 150.4 147 .4
Framida 0.! 1.5 57.0 87.0 65.3
SAR 1 0.7 2.7 16.5 20.0 3.4
SPy 351 . 2.1 5.5 61.2 58.2
SPY 386 c.: 2.7 54.4 85.2 52.9
SPY 472 v.! . 32.7 37.2 11.7
SPY 475% 0.? 3.0 44.7 70.5 45.8
M 35-1 0.3 3.0 10.0 26,3 14.3
CO-4 0.< 2.1 38.7 74.5 69.4
Mean 0.2 2.8 45.2 75.5 58.8
SE $0.02 +0.52 +5.26 +8.51 +9.58

A e e T T W S T U GGG OO NS WS WS Wl T G U S W G0N I S W D A T 0 U e TG T T TS T T A IR N G W A W S T A S S
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holes. The approximate relative humidity In the Incubator was
50%.

Method 11! 3 g grains were spread over s bed of cotton teken In @
petridish (9.0 ce dlemeter). Enough vater was added such that
the grains are vetted well end germinated at 30°C tor 48 and 96

h. The approximate relative humidity inside the incubator was
90%.

The grains after germination by the methods I, Il and |1l were dried
at 50°C for 24 h. The meaited and dried gralns were ground In an Udy mill to

pass through 0.4 mm screen and anelysed for SOU,

It |s obvious thet due 1o Incroased relative humidlity, metabollc
activity In the grain may be Increased. Seed!ing yleld Increased with more
humidity §. The differences betwaen 48 and 96 h was only [Ittie except
for SPY 386 and Framide using the method | (Table 10). But higher seed!ing
yleid was obtained bty method |! and 111, The scrghum cultlivers differed
markedly In producing seec!ting yleld. An Increase of several-folds from 48
t0 96 h perlod was observed for the method !l (high RH), The cultivars Red
Swaz! A, IS 14384, Dobbs and 1S 7035 had higher seediing yleld than others

(Table 10).

Maiting loss 8t 48 h did not vary much among the three methods of
germination (Table 11). At 96 h, malting loss Increased as RH Incressed
during germination. Red Swazl A, 1S 14384 and Dobbs had comparatively high
malting loss. Loss In grain weight which comprised of maiting and seed!ing
loss Increased w!th Increased RH cond!tions. The loss was very high st 96 h
germination, particulariy In cultivars |lke Red Swaz! A, Dobbs, WS 1297, IS

14384 and 1S 7055 (Tabie 12). Though higher SDU Is desirable, It I
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Table 10. Seed!ing yelid st 48h and 96 h germinstion in sorghum.

A A A

Seed!ing yleld ()

48 h 96 h
Cultivar
Method Method

; t L o | i Lt
Red Swaz! A 0.8 3.4 15.9 0.7 6.1 3.
Dobbs 2.1 3.4 7.0 2.7 3.8 27.9
WS 1297 0.7 3.4 5.1 1.0 5.3 19.6
SAR 1 - 1.7 4.4 - 4.9 9.0
SPY 386 0.8 3.3 6.9 1.6 6.1 12.%
IS 70%% 1.9 4.3 8.2 2.2 10.1 217
1S 14384 —— 3.0 9.8 0.6 8.0 29.3
Fram!da 0.9 3.4 3.5 2.3 7.7 15.1
Mean 1.2 3.2 7.5 1.5 6.5 20.8
Sg 20.26 $0.25 $£1.3% .5 +0.71 +2.90
Method | ¢ 35 § Relstive humigity T

Method !l : SO § Relative humid!ty

Method 11 : 90 § Relative humidity
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Table 11, Malting foss at 48 h and 96 h of germination In sorghum

— o T Ma!ting toss ($) )
@\ - %hn
Mathod  Mathod -

Cultivar ~"l“”rlm“”.l'rlm ! | T i

Red Swaz! A 10.5 11,1 12.8 1.t 14,4 23.2

Dobds 0.4 0.6 10.0 ° 109 1.7 20.3

ws 1297 9.6 10.6 8.0 10.0 14,8 17.0

Ser ! 8.1 8.7 8.1 8.5 14,3 19.9

SPy 186 7.7 8.6 8.3 9.6 13.9 12.9

1S 70%9% 8.0 8.2 8.7 9.3 12.0 19.3

1S 14384 7.1 7.t 8.8 8.5 12.0 19,4

F-amida 10.8 10.6 8.4 12,5 15,0 15.%

Mean 9.0 9.4 9. 0.1 13,5 17,4

St +0.52 0.9 20.%7 +0.49 +0.48 41,18

ot | ;35§ Relative hemlslty T

Method !! : 50 § Relative humid!ty

Method 1! : 90 § Relative humigity
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Tabie 12. Loss in grain weight at 48 h and 96 h of germination in sorghum

L2 X v F 2 X X 2 g -

Tota! loss ($)

48 h 96 M
B Method ) Method
1 ' Ry ) ( ' Y
Red Swaz! A 1.2 141 26.2 1.8 19.6 4.0
Dobbs 12.3 13.6 16.3 13,2 15,1 42.%
WS 1297 0.3 13,6 12.6 0.9 191 33.3
SAR 1 8.1 10.3 12, 8.5 18,7 23.9
SPv 386 8.5 11.6 14,6 1.0 19,1 23.8
1S 7055 9.8 12.2 6.2 1.y 200 33.6
1S 14384 7.1 9.9 17.5 .0 19.0 43.0
Framida 1.6 136 11,6 14,6 21.5 28.2
Mean 9.9 12.4 15,9 1.3 1690 34.4
Sé +0.61 +0.%4 +1.58 .66 10.63 +2.99
etod 1135 % Relative hamaity
Method !t : SO % Relative humidity
Method !!| : 90 § Relative humidity
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sdvantageous 10 have lower |oss,

In general, SOU increesed with increased ML Wide verlation among the
cultivars was observed for SOU at 48 and 96 A by the three methods of
germirgtion, By the methods | and 11, an increase In SOU was cbserved for
Red Swazl A (Table 13). But an Incresse In velues wes observed from 48 to
96 h by the method 111, The values Incressed progressively due to time as
vell as RH In IS 14384, Dobds, WS 1297 and Fremide. The SOU did not
improve appreciebly for SAR 1 with lncru;o of RH during germination end
with time. This study suggest that the potentisl tor high SOU can be

reslized In cultivars Ilke 1§ 14384, WS 1297, Dobds, Red Swazi A, Framide

and 'S 7055 ot relatively high humidity condit!ons,

4. 1n ylfro protein digestid!iity (IVPD)

Proteln digetibliity (U8 xltro) wes cerried out in grains, ugall, and
tortilla using 5 sorghum cult!ivars and one malze cultivar, The IVPD of
sorghum was comperatively higher than malze, but only one malze cultivar
»8s used in this experiment. IVPD voas lower !n ygall made from sorghum.
A'though the reduction vas {ow for malze ygall, the percent cecresse was
higher for all sorghum cultivers except M 35-1 (Table 14). (VPD of
iortillas elso was low for sorghum as well 8s malzs, Prote n content

nc-eased due to cooking In ugall or tortlilla made from sorghum,

IYPD was estimated In who!e grein and malted sorghum. Protein content
decreased due to germination for 96 h (Tabie 15). An sppreciabie Increase
In |YPD was observed dus to mal*ting, particularily for cultivars |lke Dobbs

and 1S 7055.



Table 13, Dlestatic power (SOU g~') at 48h and 96h of germinstion In

sorghum
Sou
T as %

“.*h;;-------- Method T
Cultiver T T
Red Swez! A 37.2  59.7 103.5 30.0 42.8 120.4
Dobbs 35.7 45,0 58.% 53.3  %0.3 123.0
ws 1297 27.4 54.8 55.0 52.% 70.9 135.8
SAR 1 8.} 11.2 16.2 3.7 16.9 18.1
SPV 386 215 46.6 NG, 4 6.0 46.% 80.7
IS 705%% 4.6 QT 6.4 44.% 78.4 130.6
1S 14384 20,7 43.% “%.g 35.3 65.7 173.%
Fram!ds 3.9 52.% 3.8 41,7 63.4 105.6
Mean 28.4 46,8 53.2 38.3 54.4 110.3
SE +4.77 45,30 49,07  4.61  +6.92 +16.72

Method ! : 3% € Relat!ve humic!ty
Method !l : S0 § Re'at!ve rur'city

Method 1] : 90 ¥ Relative hum'dity
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“sb'e '4. 1n Yitrg Proteln Digestidiiity (1VPD) of grein, ugall end
foctilla of sorghum and melze,

- apas AT SRR AN G G D A

DAL W U B AP U TS A W AN SN T

¥ho'e ;nln lUgall loctilia

VR D DA« IR W A A Lo L a4 LA 1 L 1 1 3 3 1 ' T ¥ ]

Cuttivers Protein $ IVPD § Protein 3 IVPD § Prcotein § I1VPD ¢

- A

Sorghus

SPY 351 8.3 Bs 0.6 M 2.0 70
CSH 11 8.! 8s 8.5 74 t.9 73
Hagee~ durra 1 8.2 8% 8.3 73 8.t 4
SAR 1 9.7 8% 8.9 74 10.3 N

M 35-1 10.2 82 10.4 719 10.8 16
foize 9.3 80 1.9 mn 9.9 70
Vean | 9.0 84 9.1 15 9.5 172
SE 0,36 $1.0 0.9 #1.0  $0.35 41,0

- Y G DG W A DR G e G W AR A A S G DA G AR ED A AR A e AR AR EE G PGB TGP W W W GRS e w G W U G WS N -~
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Table 15, Changes In 1n yltro protein digestiblilty (1YPD) of
sorghum grein due to maiting

¥hole grain Maited gra!n’
Cultlvar Protein § IVYPD § Protein l__ IVPD ;-- o
00 4 10.4 83 8.5 90
Dobbs 9. 49 5.3 1A *
ET 349 12.6 79 11,1 91
Lulu dwort 9.7 82 1.2 ND
M 3%-1 10.0 81 8.7 86
wS 1297 10.0 82 8.3 91
SAR 1 7.2 81 6.3 91
SPV 351 10.8 82 8.7 90
SPY 386 M. 82 9.7 88
Satfra 9.4 8% 7.4 86
IS 7055 1.4 59 1.3 73
IS 14384 10.8 75 8.5 90
SPY 472 9.6 85 7.6 90
Mean 0.4 1Al 8.3 8%
5 0.4 +3.0 .44 2.2
M 35-1 (Check) 13.5 63 1.2 70

U WY WA A A R S O G T G e O S5 G TS TR W A G 05 A S5 0 ORI W T L L A & 1 1 L X I J - -

! : Grains were malted (germinated) for 96 h at 30°C.

ND : not determined
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“. Nutritional quality
5.1 Tennin/polyphencis in relation to bird resistance

A set of eight cuitivers reported to be bird-resistent sorghums were
chosen. Thase sorghums were grown during the 1983 postreliny season ot
ICRISAT Center for studying the tennins and polyphenols In developing
grains st 10, 20, 30, 40 and 50 deys sfter fiowering. The same |ines were
grown by Dr. L.G. Butier, Purdue University In indlena, USA for evalueting
bird atteck. This is & colisboretive research Detween (CRISAT and Purdue
University, USA,

Tennin, flaven-4-ols, tots! phenois end protein precipitable phenols
contents were determined In the developing gralns. The date for the elght
Cultivers sre given In Tadblies 1619, Tannin content of developing graln
was high at 10 deys atter flowering In tive cuitivers (Tedbie 18) end cvs (S
2849, 1S 3149 and IS 8765 did not have tannin ot any stage of graln
maturity. Out of the eight cultlivers, oniy tive had tennin, aithough all
of them had red/brown colored gra'n, The reduction wos spprecisbie In
cultivers IS 8748 and 1S 10301, Tcta! phencls, flavand~ols and protelin
precitsble phenols contents eis0 followed sirllar trend for the above
cultivars (Table 17, 18 anc 19). Total pherncis content of |5 724 was low
in methanol oxfroﬂ. Flavemn#4o0ls extraciaoll!iv ir ecidic methanol, hed »
high concentration at eariy stages of grain, which decreased at later
stages In IS 8748, 1S 3031 and 1S 10301. The relevence of the dats wlll be

known after comparing the data on bird reslistance evaluated by Or. Butler.

5.2 Chemical composition

Chemical composition of 7 elite cultivars of ICRISAT was determined
and all of them had acceptable quantities of varlious consituents (Teble
2).



Teble 16. Tannin content (C.E.S) of Bird resistent sorghum

cuitivers
Days after flowering
Cultiver/
Extract 10 20 30 40 50
IS 10301 Me 22.8 11,9 4.0 1.6 1.3
H* /e 1.8 1.0 1.2 0.6 0.6
Totel 24.6 12.% 5.2 2.2 1.8
IS 8748 Me 30.7 11,3 6.4 1.9 1.9
H* /Mo 2. 0.9 1.3 0.8 0.7
Yotsl 32.8 12.2 1.7 2.3 2.6
IS 724 28.C 15.4 8.6 2.8 2.0
H* /Mo 4.4 1.4 1.8 1.1 0.9
Total 32.41  16.8  10.4 3.8 2.9
1S 2880 38,5  26.1 9.2 8.8 8.4
H* /Mo 3.9 1.9 2.3 2.2 1.7
Total 42.4 2.0 11.* 11,0 10.1
1S 3031 18.0  10.8 4, 4.1 3.7
H*/Me 2.9 1.8 2.9 1.8 1.8
Total 2.9 12.6 7.1 5.9 5.5

ME : Mgthano! extreact;

H’/ME : Acldic-methano! extract




ar « Tots: phenols centent (5) of dird resistent sorghum cultivers

T D s L . A . S U W WA - - AR

Deys after fiowering

Cuttivar cevesa - -
Extract e 20 30 40 50 60
1S 10301 N 1.0 18t 0w os o
L™ 2.0 0.7 0.6 0.7 0.5 0.4
Toratl 13.0 2.6 1.8 1.3 1.0 8.7
IS 8748 W 12.7 2.3 1.7 0.6 0.8 0.7
W' /e 2.8 0.8 0.6 0.7 0.6 0.4
Total 15.2 3.1 2.3 1.4 1.4 1.1
1S 724 Me 7.0 2.8 2.3 0.9 0.8 0.7
H* /Me 1.7 1.0 0.7 0.8 0.7 0.6
Total 8.7 3.8 3.0 1.7 1.9 1.3
1S 2880 Me 8.8 4.0 1.8 2.2 2.% -
H* /Mo 1.9 1.4 1.3 1.3 1.4 -
Tote! 10.7 .4 3.1 3.8 3.9 -
1S 3031 Me 4.7 3.0 1.6 1.2 1.3 -
H* /Me 4.4 1.1 1.5 1.2 1.9 -
Total 9.1 4. 3.1 2.4 2.8 -
IS 2849 Me 0.6 0.4 0.3 0.3 0.2 0.2
H*/Me 0.3 0.2 0.1 0.2 0.4 0.2
Total 0.9 0.6 0.4 0.5 0.6 0.4
1S 3149 Me 1.6 0.6 0.5 0.4 0.2 0.3
H* /e 0.2 0.2 0.2 0.2 0.4 0.4
Total! 1.8 0.8 0.7 0.6 0.6 0.7
15 8765 Me 1.5 0.5 0.2 0.2 0.3 0.3
H* /Me 0.4 0.2 0.2 0.2 0.4 0.4
Total 1.9 0.7 0.4 0.4 0.7 0.7

29



‘sbie 18, Flavan-é-ols content (Aggq g") of dird resistant sorghum

cultiver:e

w----"“”-’-‘n‘n‘--——u‘-—uﬂ--—‘-oqc———-’-—-c—— -~ -

Days after fiowering

—— -

Cultiver -———

Extract 10 20 30 40 50 60
o301 e 19.8 247 2.3 120 9.0 3
W /e 2.0 6.5 3.0 3.6 2.9 nd
Totel 81.8 31.2 29.3 15.6 1.5 1.3
1S 8748 %o 62.0 21.3 34.4 8.% 9.0 3.3

H* /10 1.3 3.3 8.5 6.6 3.8 3.7
Tote! 63.3 24.6 42.9 15.1 12.0 7.0
IS 726 We 92.2 3.3 40.1 14.3 12.0 3.0
H*/me 16.9 4.0 8.5 5.7 5.0 4.0
Torel 108.7  35.3 48.6 20.0 17.0 7.0
IS 2880 e 78.¢  40.7 36.3 20.3 24.3 -
H*/me 14.8 B.8 9.0 8.8 9.1 -
Totel 93.2  49.5 45.3 29.1 33.4 -
15 3051 Me 108.8 62.% 31.3 17.5 17.% -
H* /ne 20.3  22.% 24.0 8.8 10.0 -
Totel 120.1  85.0 55.3 26.3 21.5 -
IS 2849 Me 23.5  12.° 3.0 1.5 nd -
H /e 0.% 0.3 nd nd nd -
Total 24.0 12.6 3.0 1.5 nd -
IS 3149 Me 82.0  26.5 15.0 4.8 nd nd
H*/No” 1.5 nd nd nd nd nd
Total 83.5 26.%5 15.0 4.9 nd nd
1S 8765 Me 70.3 25.0 6.3 nd nd nd
H*/Me 1.7 0.9 1.5 nd nd nd
Total 72.0 25.9 7.8 nd nd nd

nd : not detected
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Tebie 19. Prateln preciptable phenois content (Agyo g~') of Bird

resistant sorghum cultivers

Days atter tiowering

Cultiver -
10 20 30 40 50 60
IS 10301 Me 22.8 1.9 8.4 0.9 1.9 nd
H* /e 1.8 1.0 1.3 0.8 1.% nd
Totsl 24.6 12.5 9.7 1.7 3.0 nd
IS 8748 Me 30.7 11.3 12,0 8.5 3.8 1.9
H*/me 2.07 1.4 1.4 1.6 1.3 1.2
Total 32.8 12.7 13.4 10.1 5.1 3.1
IS 724 Me 92.2 15.4 15.6 3.8 3.6 1.7
H*/Me 16.5 1.4 1.5 2.4 2.4 1.0
Total 108.7 16.8 17.1 6.2 6.0 2.7
1S 2880 54.8 26.0 14.8 18.2 20.0 -
H* /Mo 3.9 1.9 7.3 3.9 4.5 -
Total 58.7 27.9 22.1 22.1 24.9 -
1S 3031 18.0 10.8 8.5 4.6 8.3 -
H*/Me 2.9 1.8 6.7 4.1 5.0 -
Total 20.9 12.6 15.2 8.7 13.3 -

Protelin precitable pheno!s were not

IS 3149, and 1S 8765

nd : not detected
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Table 20. OChemica! composition of eiite sorghum cuitivers!

Cultiver Protein .:7:::0 Sterch Fat Ash Crude
sugers t lber
(%)
SPv 3% 10.2 1.1 80.4 3.8 1.3 2.3
SPY 386 1.8 1.9 719.2 4.0 1.9 2.6
SPV 475 $.0 1.4 81.6 4.0 1.4 1.8
SPH 221 9.8 1.2 80.7 3.9 1.2 1.8
SAR 1 12.2 1.8 78.3 4.4 1.7 1.9
PM 11344 12.3 1.8 79.2 4.0 1 2.1
10.2 1.7 82.9 4.4 1.3 2.0
Ourra ?
Mean 10.8 1.9 80.4 4.1 1.4 2.1
113 $0.49 LN 40.58 +0.09 +0.08 40.11

- - P, -
DA YO - -

1. Expressed on moisture free besis; mean of three |ndependent
determinations



Changes In emino acid composition in whole grelin and 96 h germinated
grains of 13 cultivars were compared. Lysine content Increased In certaln
Cultivars and deressed In others (Teble 21). Leucine, cystine end

sethionine, glutamic acid contents decressed due to malting,

A totel of 13,000 germplasm |ines grown during the 1985 postraliny
season 8t {CRISAT contor weore screoened for proteln and lys!ine contents.
Grain protein content ranged from 3.7 to 21.6 § and lysine content from 0.9
to 5.1 £. We heve Ident!fied 77 promising |ines having graln proteln

content from 9.4 to 21,63 and lysine content from 1.1 to 3.3§.

Batl quality wes evaluated In 112 sampies comprising ot Asian Reglonal
sorghum verlety/hybrid adeptetion trial and sdvance vearletal trial,
Cultivars SPY 819, SPY 821, SPY 475 1CSVY 214, ICSV 219, 1CSY 22% end CSH 9
vere rated high by the taste panelists in comparision with the control

(M 35-1),

6. Stealk rot complex studies S~113 (85) IC collsborative project invoiving
Psthology, Physiology, Microblology and Blochemistry units

Totel suger content In stalks of cultivars showing veristion tor stalk
rot Incldence was determined and a wide difference was observed among the
cultivars. The stalk strength was 8iso measured using an Instron machine,
The chemlial composition of gralns between the resistent E 36-1 and

susceptible CSH 6 dld not show appreclabie varlation,

7. Summary snd Concliusions

To strengthen the cepebliities of netlona! programs (NARS) in Africs,
intensive training on food quallty was glven to three tralnees from
Ethlopls, Kenys, and Suden. We also assisted the tralnees from Zimbsbwe

and Mexico on SDU snalysis and tortilia quelity respectively.
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“8fu. . iRg i3 The mOst Important grain processing method for
vtiiization of sorghum tor tood. Dehylling quality of hard grain Is better
then soft grain. Sott grain Iis sultable for dehulling using treditiona!
sothod of hand pounding. But such grain can be dehulled using mechenical
dehul lers, as evaluated Dy |sboretory modeis.

Grains of 13 sorghum cuiltivars representing different geogrephic
origin wers germinated for 16, 48, 96, and 144 h. Chenges In dlestatic
sctivity, protein, starch, soludble sugers, tennin and totel!l phenols
contents were studied. The dlestatic ac#th?y increased upto 96 h of
germinetion and decreased at 144 h. Diastetic sctivity showed significent
veriation smong cultivars. A few cultivars showed high dlastetic ectivity
suggesting thet sorghum has the potential for use In meiting and brewing.
Starch and protein contents decressed during germination, while soluble
sugars Incressed. Yariation in protein content during germination was not
apprecisdble among the cuitivars. Our study suggest that dlestetic activity
Increased In some cultivars Irrespective of the changes In quantities of
protein or sterch. |t appesrs that changes In proximete composition Is
independent of dlastatic activity, Such informetion wili be useful In @
breeding program to Incorporate the above tralts In high ylelding

cultivars,

in general, SDU increased wlth Increased relative humidity during
germination at 30°C, in several sorghum cultivars. However, In cultlvar

like SAR 1, Incressed relative humidity dlid not result In high SDU.

IVPD of sorghum Ugall was lower then maize lgall. !YPD of sorghum and
meize tortiiias was lower as compsred to the whole grain indicating that
cooking (processing) reducing the IVPD. Maiting sorghum grain Improved

IVPD.



We observed that & fev sorghum cultivars had high tannin/fisvanols
contents at early ssturlty which reduced st full maturity of greins. These

cultivers may have relevence In bird depredstion,

Eilte sorghum cultivers of ICRISAT were evaiusted for chemical
composition, Including smino aclids. A total of 13,000 germplasm |ines vere
screened for proteln end lysine contents and 77 promising ilnes with high
protein/iysine contents are Indicated. Rotl quailty was evisusted In

advanced breeding |ines.
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