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The effects of duration of final warm steep at 40°C on main root length, malting loss, diastatic power,
a- and p-amylolytic activities and extract of two improved Nigerian Sorghum cultivars (CSV 400 and
KSV 8 were studied. The duration of final warm steep was varied between 1.5 h and 7.5 h.
Germination was for four days at 30°C. All malt quality parameters evaluated were greatly influenced
by duration of final warm steep and cultivar as well as their pair-wise interactions. Malting loss and

average main root length decreased progressively as the duration of final warm steep increased.

Conversely diastatic activity, a- and (3-amylolvtic activity and extract yield of both ICSV 400 and KSV
8 generally increased as duration of final warm steep was increased up to 3 h before a progressive

drop. Submission to varying lengths of final warm steeping appeared to progressively restrict
formation of rootlets and malting loss without concomitant depression of diastatic enzymes develop

ment and extract yield. Maximum diastatic activity was attained on submission of grains to 3 h length

of final warm steep. A second diastatic activity peak at 7.5 h for KSV 8 may result from increased
(3-amylolytic activity at 7.5 h final warm steep period. The occurrence of two p-amylase maxima at 3 h
and 7.5 h duration of final warm steep for ICSV 400 indicates possible presence of at least two

p-amylase components.
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Introduction

The high cost of importing cereals including barley malt in

most developing countries of the tropics has combined with

the rising demand Tor European-type lager to force the use of

local cereals particularly sorghum as a malting and brewing

grain. However, sorghum varieties are reported to be poor

relative to barley in key hydrolytic enzymes918410 leading to

less efficient endosperm breakdown during malting and mash

ing and, resulting invariably in poor extract yield and wort

fermentability12-1. These differences in composition, physiology
and biochemistry of germination particularly as regards en-

zymic activity between barley and sorghum181922 have necessi
tated the development of unique malting and mashing tech

niques for sorghum18. Furthermore, the reported differences in
composition and quality of sorghum malted by the regime

used for barley3-22 and that developed for sorghum56, demon
strate not only the importance of optimising the malting

and mashing processes but also differences in malting quality

between sorghum cultivars.

In an earlier communication6, final warm steep in com

bination with air rest cycles was revealed to substantially

improve enzymic activity and extract yield in sorghum malts.

As part of a directed effort at optimising sorghum malting

process, the influence of duration of final warm water steep on

extract yield, diastatic enzyme development and malting loss

of two improved Nigerian sorghum cultivars is described.

Experimental

Sorghum Varieties

Two improved Nigerian sorghum varieties ICSV 400 and

KSV 8 were obtained from the National seeds service, Zaria,

Nigeria. Both grains had good germinative energies and were

not water sensitive5.

TABLE I Steep Schedules for Sorghum Malting

S/No. Schedule

1. 6 h wet; 3 h dry (5x), then 6 h wet at 30°C followed by l'/2 h wet
at 40°C.

2. 6 h wet; 3 h dry (5x), then 4'/3 h wet at 30°C followed by 3 h wet
at 40°C.

3. 6 h wet; 3 h dry (Sx), then 3 h at 30°C followed by 4'A h wet at

40°C.

4. 6 h wet; 3 h dry (Sx), then 1 '/t h wet at 30°C followed by 6 h wet

at 40°C.

5. 6 h wet; 3 h dry (5x), then 7'/2 wet at 40°C.

Sorghum Malting

Grains for malting were cleaned by winnowing and sorting

to remove dust, broken kernels and foreign materials. There

after, samples (200 g) were surface sterilised as described else

where*. A steep cycle of 6 h wet; 3 h dry for 45 h was generally
applied followed by a final warm water (40°C) steep period

which varied from 1.5 h to 7.5 h as shown on Table I. At the

end of steeping, grains were once more submitted to surface

sterilisation prior to germination and processed for analyses as

described previously6.

Analyses

Root Lengths and Malting Loss

At the end of germination, 20 kernels each of the malted

sorghum were randomly selected and their root lengths meas

ured using a ruler as described previously6. Malting loss was

determined according to published procedure".

Diastatic Power and Amylase Activity

Diastatic Power (Total reducing activity) and a-amylase

activity were determined by the diamylase procedure of

EtokAkpan and Palmer4 in which p-amylase activity was

calculated as the difference between diastatic power and <x-

amylase activity. One unit of enzyme activity was defined as

any amount of enzyme capable of releasing 1 ug glucose

equivalent per minute.
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Cold and Hot Water Extract

Cold water extracts were determined as described else

where8-6. Hot water extracts were determined according to the
procedure described by EtokAkpan3 in which enzymic wort is

separated and then re-added to the gelatinised and cooled

sorghum starch.

Statistical Analysis

The effects of various duration of final warm steep on malting

loss, root length, diastatic power, a- and p-amylase activity

and extract development were resolved by two-way analyses of

variance and the Kruskal-Wallis test2. Correlation analyses

were also performed to determine how main root length and

malting loss varied in relation to the duration of final warm

water steep. Means that differed significantly were identified by

the /-test and least significant difference (lsd) test.

Results and Discussion

The effects of varying duration of final warm water steep on

main root length of the two sorghum cultivars ICSV 400 and KSV

8 are presented on Table II. Average main root length decreased

progressively as duration of fmal warm steep was increased for

both cultivars. At 53% reduction in main root length ICSV 400

showed greater response to increase in duration of final warm

water steep from 1.5 h to 3 h compared to 25% for KSV 8.

Analyses of variance indicate a highly significant dependence of

main root length (P< 0.001) on both duration of final warm steep

and cultivar as well as their pair-wise interactions. Further evidence

for this inference was drawn from Kruskal-Wallis tests which

revealed a highly significant linear relationship between main root

length and duration of final warm steep. Analyses of the patterns of

root length variation with period of final warm steep also showed a

significant inverse correlation at P = 0.05 in both sorghum cultivars

ICSV 400 (r = -0.93) and KSV 8 (r = -0.96) (Fig. I). Although the

mechanism of reduction in main root length of the sorghum grains

under these malting conditions is not immediately obvious, it is

most probable that increase in the contact time between the grains

and warm (40°C) water during the final wet period of steeping

caused a graduated retardation of cell metabolism which is

restricted to the seed embryo region.

TABLE II Effect of Length of Final Warm Steep on the Main Root

Length of Sorghum Cultivars ICSV 400 and KSV 8

te

Main root lengtht (cm) by length of

final warm steep (h)

Cultivar 1.5 3.0 4.5 6.0 7.5

ICSV 400

KSV 8

1.5

0.4

0.7

0.3

0.3

0.1

0.2

0.1

tResults arc presented as means of triplicate experiments.

Analysis of Variance Table for Main Root Length

Source of

Variation

Cultivar

Linear

Quadratic

Higher order

Total Treatment

Interaction

Treatment

Residual

Total

Sum of

Squares

0.972

-0.961

-0.676

3.687

3.402

1.158

5.532

0.020

5.552

D.F.

1

1

t

2

4

4

9

20

29

Mean

Squares

0.972

0.961

0.676

1.844

0.851

0.290

0.615

0.001

F. Ratio

972

-961

676

1844

851

290

615

P

<0.00l

<0.00l

<0.00l

<0.00l

<0.00l

<0.00l

<0.001
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Fig. I. Correlation of main root length with period of final warm

steep for sorghum cultivars (A) ICSV 400 (B) KSV 8.

Table HI illustrates malting loss values obtained for the

two sorghum cultivars ICSV 400 and KSV 8. As with main

root length, final warm steep highly significantly (P< 0.001)

affected malting loss in each of the cultivars. A progressive

decrease in malting loss was noticed with exposure to

increasing duration of final warm steep for both cultivars.
Grains exposed to shorter periods of final warm steep (i.e. 1.5














