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Abstract 
 
The effects of malting conditions on the diastatic power of three malted sorghum cultivars (SK 5912, 
ICSV 400 and KSV 8) were investigated. The three Nigerian sorghum cultivars were steeped in 0.01M 
NaOH, 0.01M Ca(OH)2 and distilled water, respectively, under air-rest and continuous steeping regimes. 
SK 5912 steeped in Ca(OH)2 gave higher hot water and cold water extract values than when steeped in 
NaOH and distilled water. KSV 8 when steeped in distilled water gave peak values for cold water extract 
during air-rest and continuous steeping regimes. For hot water extract, KSV 8 had peak values when 
steeped in NaOH whereas SK 5912 gave the least values when steeped in distilled water. Cold water 
soluble-carbohydrate gave peak values for ICSV 400 when steeped in Ca(OH)2 and the least values were 
recorded in NaOH steeped grains. The diastatic power of the three sorghum cultivars improved with 
increase in germination time except for ICSV 400-steeped in Ca(OH)2 and KSV 8 steeped in distilled water 
which showed decrease in activity on the 4th day in continuous steeping regime. The results show that 
steeping in dilute alkali solutions gave higher values than distilled water while air-rested steeping regime 
gave better values than continuous steeping regime. The results from this study suggest that increase in 
germination time enhanced the diastatic power of the malted grain. 
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Introduction 
 
Sorghum (Sorghum bicolor (L) Moench) is a major 
food crop and is ranked fifth in terms of world cereal 
production after wheat, rice, maize and barley 
(Taylor and Belton, 2002, Doggeth, 1988). Much 
sorghum is malted to brew opaque beer in most 
parts of Africa including Nigeria and European type 
lager beer and non-alcoholic malt beverages in 
several African countries (Taylor and Dewar, 2001; 
Beta et al., 1995). The art of malting has been with 
Africans for long and the malting procedure is 
basically the same in all parts of the continent 
(Abiodun, 2002). Malting is the limited germination 
of cereals in moist air, under controlled conditions, 
with the objective of mobilizing the endogenous 
hydrolytic enzymes especially amylase of the grain 
which attacks the α-1-4 glucosidic bonds in starch 
molecules (Kanauchi and Bamforth, 2008; Taylor 
and Belton, 2002). Malting involves steeping, 
germination and kilning of the grain until the food 
store (endosperm) which is available to support the 
development of the germ of the grain, has suffered 
some degradation from enzymes. The primary aim 
of malting is to develop and activate enzymes for 
the conversion of the grains storage protein 
reserves into assimilable nitrogenous forms for 
yeast growth and fermentation (Baxter, 1981; 
Pierce, 1982). The activities of these enzymes are 
terminated by kilning the young plant (green malt) 
so that the endosperms are not completely depleted 
through respiration of the embryo and its growth 
(Ogu et al., 2004). Sorghum has replaced barley in 
Nigeria as the primary source of extract for brewing. 
The primary malting characteristics of sorghum  
 

(Sorghum bicolor) have been compared, and 
diastatic power, α-amylase, amyloglucosidase and 
protease activities increased with malting time and 
malt modification (Okungbowa et al., 2002; Muoria 
et al., 1998). Low temperature kilning schedules 
produce sorghum malts with greater diastatic power 
and α-amylase. However, improvement in sorghum 
cultivar selection, manipulation of steeping regimes 
and germination conditions improve sorghum malt 
quality for lager brewing. It has been noted that 
higher germination temperature resulted in high 
malting losses (Badau et al., 2006). An important 
feature of malt quality for brewing is the level of 
amylase activities in hot water and cold water 
extracts, which develop during germination of 
sorghum grains. Several researchers have 
observed that steeping sorghum grain in dilute 
NaOH gave malts with improved diastatic power 
and free amino nitrogen (FAN), reduced malting 
loss, enhanced carbohydrate and protein 
mobilization without any adverse effect on the 
grains (Beta et al., 1995; Agu and Palmer, 1996). 
The combined and coordinated action of starch 
degrading enzymes is termed diastatic power, with 
α-amylase and β-amylase activities most highly 
correlated (Lefyedi and Taylor, 2006). High level of 
diastatic power is required in brewing processes 
and is an important characteristic for estimating the 
quality of malt for beer production (Chen et al., 
2006; Evans et al., 1995). Georg-Kraemer et al. 
(2001) found that β-amylase activity was a better 
predictor of diastatic power (DP) than α-amylases in 
barley grains, and increased markedly during 
germination. This paper therefore describes the 
effects of alkaline steeping on the development of 
diastatic power in three sorghum malt varieties. 
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Material and Methods 
 
Sorghum varieties: Three improved Nigerian 
sorghum varieties, SK5912, KSV8 and ICSV400, 
were obtained from the National Seeds Service, 
Zaria, Nigeria. The grains had good germinative 
energies and were not water sensitive. 
 
Sorghum washing: Grains for malting were 
cleaned by winnowing and sorting to remove dust, 
broken kernels and foreign materials. Thereafter, 
sorted samples, in triplicates of 200 grain batches, 
were surface sterilized by immersion for 40 min in 
hypochlorite solution having 1% (v/v) available 
chlorine. Subsequently, the grains were drained and 
washed severally in tap water (Morrall et al., 1986). 
 
Steeping of grains: Two hundred grain batches of 
each sorghum  sample, with good moisture 
contents were steeped in 400 ml distilled water, 
0.01M sodium hydroxide and 0.01M calcium 
hydroxide, respectively. A steep cycle of 6 h wet; 3 
h dry for 45 h was applied. In another regime, 
continuous (con) steeping, grains were continuously 
steeped in distilled water, sodium hydroxide and 
calcium hydroxide with liquor being changed after 
9h.  
 
Germination and kilning: At the end of steeping, 
grains were again surface-sterilized prior to 
germination and processed for analyses as 
described previously (Ezeogu and Okolo, 1995). 
Germination lasted for 5 days in an atmosphere of 
near saturation at 30oC while samples were kilned 
daily in a forced draught oven at 50oC (Novellie, 
1960; Narziss et al., 1973). 
 
Moisture content: Moisture contents of the grains 
were determined at 0, 12, 24, 30, 36, 40 and 45 h of 
steeping, using the methods of the Association of 
Official and Analytical Chemists (AOAC, 1980). 
 
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 
measured using a ruler as previously described 
(Ezeogu and Okolo 1995). Malting loss was 
determined according to published procedure 
(Aniche and Palmer, 1990). 
 
Diastatic power and amylase activity: Diastatic 
power (total reducing activity) and α-amylase 
activity were determined by the diamylase 
procedure of Etokakpan and Palmer (1990) in which 
α-amylase activity was calculated as the difference 
between diastatic power and β-amylase activity. 
One unit of enzyme activity was defined as any 
amount of enzyme capable of releasing 1 µg 
glucose equivalent per minute. 
 
Cold and hot water extracts: Cold water extracts 
were determined as described by Ezeogu and 
Okolo (1995). Hot water extracts were determined 
according to the procedure described by Etokakpan 
(1992) in which enzymic wort is separated and then 

re-added to the gelatinized and cooled sorghum 
starch. 
 
Results and Discussion 
 
The sorghum cultivars used in this study showed 
good germinative properties as shown in their high 
viabilities. There were no mould growths on the 
sorghum cultivars. The major objective of malting is 
to promote the development of hydrolytic enzymes 
which are not present in the non-germinated grain. 
Sorghum malt quality is assessed primarily in terms 
of diastatic power and free amino nitrogen. Diastatic 
power is a measure of the joint activity of α- and β-
amylases. The diastatic power of the malts 
increased with increasing germination time until 
about the 5th day (Fig. 1) in air rest steeping for SK 
5912. Figures 2 and 3 depict the diastatic profile of 
SK 5912 and ICSV 400 during continuous steeping, 
where decline in diastatic power were noticed on 
the 3rd and 4th day of germination, respectively.  

Fig. 1: Diastatic power of SK 5912 for air 
rested
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Fig. 2: Diastatic power for SK 5912 
continuous steeping
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Fig. 3: Diastatic power for ICSV 
400 continuous steeping
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Fig. 4: Diastatic power for ICSV 
400 air rested
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Fig. 5: Diastatic power for KSV 
8 continuous steeping
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This is in agreement with the reports of Dewar 
(1999). In the alkali treatment study, it was found 
that SK 5912 and ICSV 400 when steeped in 
Ca(OH)2 gave higher values of diastatic power 
while KSV 8 had peak values in NaOH (Figures 4 
and 5). This finding supports what was reported by 
Okolo and Ezeogu (1996) that alkaline steeping 
improved the diastatic power of malts. Lefyedi and 
Taylor (2006) reported that steeping sorghum grain 
in dilute NaOH gave malts with improved diastatic 
power, reduced malting loss and enhanced 
carbohydrate mobilization without any adverse 
effects on the grain.  

Okungbowa et al. (2002) showed that malt α-
amylase level is critically correlated with 
environmental conditions of steeping and kilning. 
They observed that the low β-amylase activity of 
sorghum malts has been identified as one of the 
most serious obstacles to its use as replacement for 
barley malts. As shown in Figures 6 and 7, β-
amylase gave least value when compared with α-
amylase. Okokon (2004) has equally observed that 
sorghum malt amylases are less stable than those 
of barley malt. The results from this study equally 
reflect this observation as can be seen from Figures 
8 and 9. Hence our result is consistent with 
previous work (Okokon, 2004). Abiodum (2002) 
stated that diastatic activity was positively 
correlated with the cold water and hot water 
extracts. The cold water extract increased as the 
diastatic activity increased for all the cultivars 
(Figures 10 and 11) and enzyme activities are 
responsible for both hot and cold water extracts. In 
cold water extract, malts that underwent air-rest 
treatment gave higher values when compared to 
malts that underwent continuous steeping 
treatment. This is consistent with previous reports 
that the ability to solubilize endosperm reserve 
materials depends on aeration, good contact 
between enzyme and substrate-complex of the 
grains (Okolo and Ezeogu, 1996).  
 Bush et al. (1986) reported that Ca2+ 
stabilized the activities of hydrolytic enzymes such 
as α-amylase. This view was consistent with our 
result where it was observed that Ca+ stabilized the 
activities of both α and β amylases (Figure 12 and 
13). Ca(OH)2-treated malts gave higher values 
when compared to other alkaline liquor and distilled 
water control malts. In hot water extract 
development, distilled water control malts recorded 
high values in the three cultivars (data not shown). 
In this study, malts subjected to continuous 
steeping regimes gave higher values in the three 
cultivars when compared with those of air-rested 
malts. This is in contrast to the report of Ezeogu 
and Okolo (1995) which showed that air-rest 
favoured increase in germination and extract 
generation. 
 Cold water soluble-carbohydrate 
development was significantly (p<0.01) affected by 
steep liquor treatment and duration of germination. 
Grains steeped in alkali gave higher values than 
distilled water-steeped grains. This is in agreement 
with the work of Okolo and Ezeogu (1996b) which 
states that dilute alkaline enhanced general malt 
quality by enhancing seed coat modification, 
increasing water uptake and promoting improved 
hydrolytic enzyme synthesis and activity. This 
indicates that an important factor in determining the 
cold water soluble-carbohydrate is the steep liquor 
treatment. 
 
Conclusion: In this study, the effects of different 
dilute alkali steeping liquors and different steeping 
regimes on the cold water extract, hot water extract, 
cold water soluble carbohydrate and diastatic power 
of three different malted sorghum cultivars were 
investigated. The results indicated that steeping of 
grains in dilute alkali produced good quality malt.  
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Fig. 6: Beta amylase activity for SK 
5912 air rested
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Fig. 7: Beta amylase activity for 
KSV 8 continuous steeping
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Fig. 8: Alpha amylase activity 
for SK 5912 continuous
steeping
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Fig. 9: Alpha amylase for ICSV 
400 continuous steeping
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Fig. 10: Alpha amylase activity for 
KSV 8 continuous steeping
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Fig. 11: Cold water extract for 
ICSV air rested
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Fig. 12: Cold water extract for KSV air 
rested
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The results obtained from this study also indicated 
that grains steeping using air rest regime influenced 
the development of diastatic power than grains 
subjected to continuous steeping regime.  

Fig. 13: Cold water extract for SK 5912 air 
rested
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Thus, suggesting that diastatic power may be strongly 
dependent on the variety of the sorghum cultivar, 
steep liquor and germination period. This confirms the 
reports of other workers which show that air-rest 
steeping resulted in increase of extract.  
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Therefore, proper selection of sorghum cultivar and 
steep liquor will enhance the development of diastatic 
power of malts.  
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