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EFFECTS OF AIR REST PERIODS ON MALTING SORGHUM RESPONSE TO FINAL WARM
WATER STEEP
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The effects of various lengths of air rests on response of malting sorghum main root langth, malting
loss, diastatic activity, a- and p-amyloytic activity and extract to final warm water steep at 40°C was
investigated. Grains were steeped in distilled water for a total of 48 h at 30°C with a 6 h final warm
water steep under four different cycles incorporating 1, 2, 3 or 4 h air rest periods. All malt quality
properties evaluated were significantly affected by the length of air rest, the cultivar and their pair-wise
interactions. Main rootlet length and malting loss reduced progressively as the length of air rest
increased. Reducing power, x- and f-amylolytic activity and extract generally increased as the length of
air rest was increased for both sorghum cultivars ICSV 400 and KSV 8 examined. The steep cycle
incorporating 3 h length of air rest was found by experiment to give the optimum levels of malt quality
indices analysed while at the same time causing considerable reduction in average main rootlet length

and total malting loss for both grain cultivars.

Key Words: Sorghum, warm steep. air rest, malting loss,
amylase, extract.

INTRODUCTION

For economic reasons sorghum has become a malting grain
for brewing in countries where the climate is suitable for its
cultivation. Unfortunately, the necessary parameters for its
malting remain largely undeveloped. Large malting losses'!'¢,
low enzyme activity”!® and low extract have been reported'.
Most of the methods applied to moderate malting loss as well
plumule and rootlet growth in sorghum have either shown no
influence on these parumeters®'® or significantly suppressed
development of other important malt properties'!.

The use of a final warm water steep in barley malting to
moderate rootlet growth is well documented®®. In an earlier
communication® it was demonstrated that a combination of
air rests and final warm water steep significantly reduced
sorghum malting loss and rootlet growth while concomitantly
increasing extract and key enzyme development. This study
describes the effect of various lengths of air rest (dry periods)
on the response of sorghum cultivars to final warm water
steep.

EXPERIMENTAL

Two improved Nigerian sorghum cultivars ICSV 400 and
KSV 8 used in this study were obtained from the National
Seeds Service, Zaria, Nigeria. The grains both had good
germinative energies and werc not water sensitive®,

Sorghum Malting

Grains for malting were sorted manually to remove broken
kernels and foreign materials. Samples (200 g) were surface
sterilized by immersion for 20 min in NaOCI solution 1%
available chlorine, then drained and washed thrice in tap
water as described earlier®. Grains were steeped in distilled
water for a total of 48 h at 30°C with a final 6 h warm water
steep. Steep cycle I was as follows:

8h wet; 1 h dry; 6 h wet; 1 h dry; 6h wet; | h dry; 6 h wet;
1hdry; 6 h wet; 1 hdry; 4h wet; 1 h dry; 6 h wet:

Air rest periods in subsequent maltings were 2, 3 and 4 h
respectively for steep cycles 2, 3 and 4. At the end of each
sleep cycle grains were again submitted to surface sterilization
by immersion for 20 min in running tap water and drained.

The steep-out moisture content for all grains was 40-42%.
Germination was carried oul in shallow trays with fine mesh
bottom in wooden boxes in an atmosphere of near water
saturation at 30°C for 4 days. At 24 h intervals grains were
turned and sprayed with 5ml of distilled water using an
atomiser spray. After germination, grains were dried for 24 h
at 50°C in a forced draught oven. Roots and shoots were
manually removed. The grains were milled for two 30s
periods in a cooled waring blender at high speed and used for
analyses.

Analyses

Root Lengths and Malting Loss: At the end of germination
20 kernels each of the germinated sorghum were randomly
selected and their rootlet lengths measured using a ruler
as described earlier®!. Malting loss was determined using
published methods®.

Diastatic Power and Amylase Activity: Diastastic power
(Total reducing activity) and a-amylase activity were deter-
mined by the diamylase procedure of EtokAkpan and Palmer’
in which a-amylase activity was the residual saccharifying
power after inhibition of famylase. One unit of enzyme
activity was defined as any amount of enzyme which was
capable of releasing 1 ug glucose equivalent per minute.

Cold and Hot Water Extract: Cold water extract was deter-
mined using Holmes® modification of the IOB method No.
2.5. Hot water extracts were determined using the decantation
method of EtokAkpan® where the enzymic wort is separated
then re-added to the gelatinized and cooled sorghum starch.

Statistical Analyses: The effects of various air rest periods
on root lengths, malting loss, diastatic power, « and B
amylase and extract were analysed by two-way analyses of
variance and the Kruskal-Wallis tests®. Correlation analyses
were also performed to determine how main root length and
malting loss varied in relation to the lengths of air rest.
Means that differed significantly were shown by the t-test and
least significant difference (Lsd) tests.

RESULTS AND DiSCUSSION

The effects of different lengths of air rest on the response of
main rootlet length of the two sorghum cultivars to final
warm water steep are illustrated in Table I. Average main
rootlet length decreased progressively with increase in air rest
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TABLE L. Effects of Length of Air Rest on the Responses of TABLE Il.  Effects of Length of Air Rest on the Response of
Main Root Length of Sorghum Cultivars ICSV 4060 Malting Loss of Sorghum Cultivars 1CSV 400 and
and KSV 8 to Final Warm Steep KSV 8 to Final Warm Steep
Cultivar Root Length* (cm) by length of air rest (h) Cultivar Malting Loss® (%) by length of air rest (h)
| 2 3 4 | 2 3 4
ICSV 400 2.1 20 0.6 0.2 ICSV 400 18.1 17.6 14.2 13.6
KSV 8 1.0 0.8 0.1 0.0 KSv 8 14.2 13.8 10.7 9.5

*Results are presented as means of triplicate experiments.

Analysis of Variance Table for Root Length Response

*Results are means of triplicate trials.

Analysis Variance Table for Malting Loss Response

Source of Sum of Mean Source of Sum of Mean

Variation Squares D.F Squares F. Ratio p Variation Squares D.F. Squares F. Ratio P

Cultivar 3.330 1 338 8450 <0.0001  Cultivar 87.79 1 87.790 17558 <0.001

Air Rest Period 9.630 3 32 802.5 <0.001 Treatment

Interaction 1.030 3 0.343 858 <0.001 Linear -5.12 l -5120 -1044 <0.001

Residual 0.006 16 0.004 Quadratic -045 | -0.450 -84 <0.001
Higher order 101.05 1 101.050 20210 <0.001

Total 14.046 23 Total Treatment 9548 3 31.826 6365.2 <0.001
Interaction 027 3 0.90 18.0 <0.00!
Treatment 183.54 7 26.220 52440 <0.001
Residual 08 1l6 0.005
Total 183.62 23
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FiG. 1. Correlation of Main root length with length of air rest for
Sorghum Cultivar (A) ICSV 400 and (B) KSV 8.

period for both grain cultivars. Grains exposed to 3 and 4 h
lengths of air rest showed highly significantly reduced main
rootlet length (P <0.001) compared to those exposed to | and
2 h lengths of air rest, thus indicating that the response of
main rootlet lengths of these grains to final warm steep was

highly significantly dependent on length of air rest. Analyses
of variance (Table I) further supports the highly significant
effect of length of air rest on main rootlet lengths, cultivar
plus their pairwise interactions. Analyses of the patterns of
rootlet fength variation with length of air rest showed that
main rootlet lengths were inversely correlated (P=0.05) with
air rest periods in both ICSV 400 (r=—0.95) and KSV 8
(r=—0.95) (Fig. 1).

Malting loss results for the two sorghum cultivars are
presented in Table 1. As with main rootlet length, air rest
period highly significantly (P <0.001) affected malting loss for
each grain cultivar. The steep cycles having lower air rest
periods (1 and 2 h) gave higher malting losses compared to
those incorporating 3 and 4 h lengths of air rest. For instance,
the malting loss recorded for ICSV 400 and KSV 8 increased
from 13.6 and 9.5% when subjected to steep treatment
incorporating 4 h air rest period to 18.1 and 14.1% res-
pectively for a | h air rest steep cycle. Two-way analyses of
variance showed that the factors of grain cultivar and air rest
period as well as their pair-wise interaction (Table 1) highly
significantly (P <0.001) affected malting loss of both grains.
This observation was confirmed by results of Kruskal-Wallis
test which indicated a highly significant linear relationship
between malting loss and length of air rest. Correlation
analyses further established a significant inverse correlation
(P=0.05) between length of air rest and malting loss in both
ICSV 400 (r= —0.95) and KSV 8 (r= —0.96) (Fig. 2)

Numerous workers®'% have examined various combin-
ations of steeping and air-resting in barley and concluded that
this technique apart from accelerating germination caused the
production of workable malts from difficult barleys. Very
high malting losses due to considerable lengths of rootlets and
shoots compared to grain dimensions in sorghum have also
been widely reported'!'*1617 The malting loss and average
main rootlet lengths however show a considerable reduction
with increase in air rest period. An air rest period of at least
3 h was found necessary to obtain a significant reduction in
both main rootlet length and malting loss for both sorghum
cultivars.

The effects of air rest periods on the response of sorghum
malt diastatic power to final warm water steep are illustrated
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FiG. 2. Correlation of Malting Loss with length of air rest of ‘
Sorghum Cultivar (A) ICSV 400 and (B) KSV 8. 310
in Table 111. Diastatic activity peaked for both ICSV 400 and
KSV 8 \yhen length of air rest was 3 h and dropped at 4 h air 300,
rest period. _Use of steep cycles incorporating 1 and 2h B
le'nglhs‘ of air rest did not elicit any significant response on
d|a§tat|c power for both cultivars. Two-way analyses of 280]
variance indicate that the twin factor of cultivar and length of
air rest as well as their pair-wise interactions played highly s A
significant roles (P<0.001) in diastatic power development. §
270
32
@
TABLE III.  Effects of Length of Air Rest on the Response of -g 250
Diastatic Power of Sorghum Cultivars ICSV 400 and 2
KSV 8 10 Final Warm Steep §-
Diastatic power*® (ug equiv. glucose) g 2304
by air rest period (h) ; Py
Cultivar 1 2 3 4 3
% 210
ICSV 400 222.2 2225 236.5 2149 §
KSV 8 219.7 219.7 3101 276.0 ]
. B - " ol 1o
Results are presented as means of triplicate experiments. 1 2 3 a
i
Length of air rest (h)

Analysis of Variance Table for Diastatic Power

Source of Sum of Mean

Variation Squares D.F. Squares F. Ratio P
Cultivar 6279.1 1 6279.100 941394 <0.001
Air Rest Period 11151.3 3 3717.160 5572.86 <0.001
Interaction 7467.3 k) 2489.100 3731.78 <0.001
Residual 10.0 16 667

Total 24907.7 23

FiG. 3. Correlation of diastatic power with length of rest for
Sorghum Cultivar (A) ICSV 400 and (B) KSV 8.

When subjected to Kruskal-Wallis test, the diastatic power
showed a highly significant linear variation at (P <0.001) with
length of air rest. There was little correlation however,
between diastatic activity and length of air rest in ICSV 400
(r=0.11) (Fig. 3). KSV 8 however, showed better correlation
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TABLE IV.  Effects of Length of Air Rest on the Response of
a-Amylase of Sorghum Cultivars ICSV 400 and KSV
8 to Final Warm Steep
Cultivar a-amylase activity* (ug equiv. glucose)
by air rest period (h)
1 2 k! 4
1CSV 400 1123 1159 136.2 132.8
KSV § 146.6 160.6 156.8 141.7

*Results presented as means of triplicate experiments.

Analysis of Variance Table for x-Amylase Activity

Source of Sum of Mean
Vanation Squares D.F. Squares F. Ratio P
Cultivar 4419.480 1 4419480 5324.675 <0.00]
Air rest period
Lincar 9.445 1 9.445 11.380 <0.005
Quadratic 108.480 1 108.480 130.7060 <0.001
Higher order  754.775 1 754775 909.368
Total air rest

period 872.760 3 290.900 350.482 <0.001
Interaction 1101.380 3 367.127 442322 <0.001
Treatment 6393.560 7 913.366 1100440 <0.001
Residual 12450 16 0.830
Total 6406.010 23
TABLE V.  Effects of Length of Air Rest on the Response of

[-Amylase of Sorghum Cultivars ICSV 400 and KSV
8 to Final Warm Steep
Cultivar Pamylase activity* (ug equiv. glucose)
by air rest period (h)
1 2 3 4

ICSV 400 110.2 (49.6)* 106.6 (47.9) 100.4 (42.5) 78.1 (36.3)
KSv 8 73.1 (33.3)  59.1 (26.9) 153.3 (49.4) 134.3 (48.7)

+ Results arc presented as means of triplicate experiments.
*Figures in bracket represent famylolytic activity component of
total diastatic activily.

Analysis of Variance Table for -Amylase Activity

Source of Sum of Mecan
Variation Squares D.F. Squares F. Ratio p
Cultivar 225094 1 225.094 404.119 <0.001
Air rest period
Linear 26.298 1 26.298 47.214 <0.00]
Quadratic 575.775 1 575775 1033.707 <0.001
Higher order  6051.668 1 6051.668 10864.754 <0.001
Total air rest

period 6653.741 3 2217914  3981.892 <(0.001
Interaction 14159.171 3 4719.723  8473.470 <0.001
Treaiment 21038.006 7 3005429 5395743 <0.001
Residual 8.360 16 557
Total 21046.366 23

(r=0.75). These observations are in agreement with several
carlier authors®'**® who reported similar patterns of diastatic
activity to combinations of air rest cycles and final warm
steep in barley malting.
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FiG. 4. Correlation of x-amylase with length of air rest for Sorghum
Cultivar (A) ICSV 400 and (B) KSV 8.

a- and famylase development were significantly affected
by both cultivar and length of air rest plus their pair-wise
interactions (P <0.001) for both cultivars as shown in Tables
1V and V and Figures 4 and 5. Optimum a- and Bamylolytic
activities were achieved when air rest periods of 3h and | h
respectively were applied for ICSV 400, while KSV 8 autained
highest activity levels for these enzymes on exposure to 2 h
and 3h lengths of air rest. The peak levels of 2 and
Bamylase in KSV 8 was generally higher than for ICSV 400.












