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This study was carried out to compare the qualities of two acclaimed Nigerian amylolytic maize 
cultivars; SPMAT and TZEE*TZEE-W*DEMARSCUS*TZEE-W with barley, red and white sorghum. 
Results obtained (P � 0.05) showed marked differences in the properties of the two maize cultivars 
compared to barley, white and red sorghums. Suggestions on the application of these cultivars were 
discussed based on our findings. 
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INTRODUCTION 
 
In January 1988 Nigerian government banned the impor-
tation of barley due to the rapidly dwindling foreign 
reserve of the country (Oyelaran-Oyeyinka, 2002). 
Following this government policy industry such as the 
brewing industry and researchers vigorously diverted 
their research interest in finding substitute for malted 
barley with little success. Researches and studies carried 
out by Nigerian scientists showed that sorghum was 
found to be most suitable for barley replacement 
especially in brewing (Shambe et al., 1989; Adamson et 
al., 1999; Oyelaran-Oyeyinka, 2002). The government’s 
bow to pressures to liberalize trade in the year 2000 has 
resulted in disinterest by most indigenous scientists 
thereby minimizing works in this field of research of 
finding an alternative to foreign cereal-barley (Agu, 2002; 
Egwim and Oloyede, 2006; Adewale et al., 2006). 

The ubiquity of cultivated maize compared to other 
cereals especially in this tropical part of the world and its 
growing demand for usage as a gluten-free cereal 
(Sweeny, 2004) in treating celiac disease (Dicke, 1953; 
Van De Kamer and Weijer, 1955; Papadopoulos, 2001) 
leave much to be desired as regards its exploitation in 
food and allied industries. Hence  this  study  was  under- 
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taken to explore and compare the various properties of 
SPMAT and TZEE*TZEE-W*DEMARSCUS*TZEE-W, our 
acclaimed high amylolytic (rich in both � and � amylases) 
Nigerian maize cultivars (Awoyinka and Adebawo, 2008). 
This is in a bid to assess how it can compete with 
preferred cereals; sorghum and barley in malt production. 
 
 
MATERIALS AND METHODS 
 
Cultivar collection 
 
Maize cultivars SPMAT and TZEE*TZEE-W*DEMARSCUS*TZEE-W 
were collected from the International Institute of Tropical Agriculture 
(IITA) Ibadan. Barley was collected from Nigerian Breweries Plc. Lagos 
while Sorghum for an onward delivery to Breweries was collected from 
Talbod Ventures, Lagos.  
 
 
Diastatic power 
 
The combined effect of �- and �- amylases was determined on the 
malted grain of the respective cereal based on our previous method 
of analysis (Awoyinka and Adebawo, 2008). 
 
 
Malting loss 
 
The grain was malted and the malting loss was calculated using the 
below equation as suggested by Dewar et al. (1997): Malting loss = 
[(Initial dry weight of grains – dry weight of malt)/Initial dry weight of 
grains] x 100%. 
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Ash composition 
 
The ash content in the sample was determined by incineration with 
the furnace at 550oC (method 923-03, AOAC, 1990) after a period 
of 31 - 32 h a white ash was removed and placed in a desiccator for 
1 h and then weighed. Ash content (%) = (Weight of Ash/ Weight of 
sample) x 100% 
 
 
Protein content 
 
On each of the defatted malted sample, nitrogen was determined 
by the Kjeldahl method of the Association of Official and Agricultural 
Chemists (A.O.A.C, 1990). Protein concentrate was first prepared 
according to Egan et al. (1981). Defatted flour was dispersed in 
70% ethanol at a ratio 1:10 (w/v) for 30 min before centrifugation. 
Protein content was then determined on the precipitate collected.  
 
 
Fat content 
 
This was carried out according to (AOAC, 1990). Diethyl ether at 
50ºC was used for the extraction under reflux for 5 h using a 
Soxhlet apparatus. 
 
 
Bulk densities 
 
This was determined by the method of Narayana and Narasinga-
Rao (1984). A graduated cylinder was filled to 100 ml with the 
sample. The sample was packed by gently tapping the cylinder on 
the laboratory bench. Bulk density was recorded as a ratio of weight 
(g) of sample to volume (ml).   
 
 
Dispersibility test 
 
Kulkarni et al. (1991) method was adopted for this determination. 
10 g of each flour sample were weighed into a 100 ml measuring 
cylinder, and distilled water was added up to 100 ml volume. The 
sample was vigorously stirred and allowed to settle for 3 h; the 
volume of settled particles was recorded and subtracted from 100 
to give a difference that is taken as percentage dispersibility. 
 
 
Swelling power 
 
Swelling power was determined by the procedure of Takashi and 
Seib (1988). The sample was first kept in the oven at 44°C and 
homogenized. 1 g of sample flour was mixed with 15 ml distilled 
water contained in a centrifuge tube. The slurry was stirred, the 
tube with the slurry was gently lowered into a water bath and held 
at 70°C for 15 min with slow but continuous stirring to prevent 
clumping with its contents. Then the tube containing the paste was 
centrifuged at 3000 X g for 10 min and the weight was taken after 
centrifuging. Swelling power was calculated as: Weight of wet mass 
of sediment/ Weight of dry matter in the gel 
 
 
Foaming properties 
 
Foaming capacity was determined according to Dipak and Kumar 
(1986). 2 g of each sample was whipped with 100 ml of distilled 
water at different pH ranges (2 - 10) for 5 min using a high-speed 
electric blender at speed 8. Volume increases on whipping was 
measured. Foam capacity was expressed as a percentage of the 
original volume of the liquid. Foam stability was expressed as a 
percentage of foam volume remaining in relation to initial foam 
volume at room temperature after 20, 40, 60, 90 and 120 min.  

 
 
 
 
Statistical analysis 
 
All the data were subjected to t-test and one way analysis of 
variance with the use of statistical Graph Pad- prism software 
(2003).  
 
 
RESULTS AND DISCUSSION  
 
Our present report is based on the premise that, a num-
ber of factors and functional properties are invariably 
enhanced during malting. They include diastatic power 
(combined effect of �- and �-amylases) of the grain, 
malting loss, ash composition, protein, fat, reconstitution 
indices, water holding capacities and foaming properties 
(Dewar, 1999; Onilude et al., 1999; Hassan and Arab-
Aboub, 1993).   

Student t-test on the diastatic power (combined effect 
of �- and �-amylases) confirmed that the level of 
amylases in barley was significantly higher than the two 
maize cultivars and sorghum considered in this investiga-
tion. From the diastatic power result either the SPMAT or 
TZEE*TZEE-W*DEMARSCUS*TZEE-W can be exploited 
since the level of their diastatic power was insignificantly 
different from each other. It has been reported that the 
level of �- and �-amylases in the products of cereal 
grains significantly affects their industrial exploitation 
(Palmer, 1989; Takaku, 1988). In the brewing industry, 
the high level of malt �- and �-amylases is a key quality 
parameter. In bread making, the level of amylases must 
be sufficient to produce saccharidase that can be 
absorbed and utilized by yeast, but not so high as to 
cause excessive starch dextrinization, which can lead to 
a sticky crumb and problems in processing. However 
elaboration of � and �-amylases during malting has been 
taken advantage of in the development of weaning food 
formulations for babies, wherein a low hot-paste viscosity 
and a high calorie density are desired (Takaku, 1988) 

Results on malting loss also showed that barley was 
significantly higher than the other cereals. However, 
TZEE*TZEE-W*DEMARSCUS*TZEE-W and white sor-
ghum were not significantly different while SPMAT and 
red sorghum have similar malting loss. Smart (1993) 
suggested that malting loss implies increased mobiliza-
tion of the food reserves, and leaching of compounds 
such as oxygen and fermentative product such as little 
ethanol. In this study malting loss was found higher in 
barley followed by white sorghum, TZEE*TZEE-
W*DEMARSCUS*TZEE-W and red sorghum, while the 
least was SPMAT. This attests to the fact why barley is 
the preferable choice of cereal in brewing processes 
(Dewar, 1999). Since the difference between 
TZEE*TZEE-W*DEMARSCUS*TZEE-W and white sor-
ghum in this context is not significant, this maize variety 
could also be a better candidate than white sorghum 
especially and it might be used as an adjunct in brewing 
processes as commonly practiced at present (Demuyakor 
and Ohta, 1992; Dufour et al., 1992; Byrne et al., 1993; 
Owuama, 1997). 
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Table 1. Proximate composition and diastatic power of malted cereals.  
 

 
 

Sample 

Ash 
(% dry wt 

basis) 

 
Protein 

(%) 

Malting loss 
(% dry wt 

basis) 

 
Fat 
(%) 

�-Amylase 
U.per mg 
protein-1 

�-Amylase 
U.per mg 
protein-1 

SPMAT 2.6 ± 1.3a 0.4 ± 0.00a 15.7 ± 3.06b 2.8 ± 0.01b 106 ± 0.05a 123 ± 0.05a 

TZEE*TZEE-W*DEMARSCUS*TZEE-W 3.5 ± 0.90a 16.5 ± 0.01b 8.30 ± 0.10a 4.6 ± 0.01a 98 ± 0.02a 125 ± 0.02a 

Red Sorghum 2.2 ± 0.5a 31.2 ± 0.07a 16.3 ± 0.58b 5.9 ± 0.01d 142 ± 0.03b 158 ± 0.02b 
White Sorghum 2.55 ± 0.75a 24.6 ± 0.01b 8.6 ± 0.12a 5.3 ± 0.01d 148 ± 0.03b 156 ± 0.02b 

Barley 2.5 ± 1.2a 30.9 ± 0.02a 30.7 ± 2.31a 2.2 ± 0.01c 206 ± 0.05c 234 ± 0.02c 
 

The results are the means of nine replicate experiments. 
Varietal means with different superscript in the same column are significantly (P < 0.05) different from each other. 

 
 
 

Table 2. Bulk density and some functional properties of the cereal samples. 
 

 
Sample 

Bulk density 
(g/ml) 

Dispersibility 
(%) 

Swelling power 
of maize (%) 

Water absorption 
capacity (%) 

SPMAT  0.551± 0.05b 76.2 ± 0.93a 0.98 ± 0.01a 12.0 ± 0.38a 

TZEE*TZEE-W*DEMARSCUS*TZEE-W 0.571± 0.00a 72.8 ± 1.31a 1.02 ± 0.00a 78.3 ± 15.27a 
Red Sorghum 0.618 ± 0.02b 80.2 ± 1.22b 0.98 ± 0.01a 11.6 ± 0.98a 

White Sorghum 0.586 ± 0.01b 73.17 ± 0.071b 0.82 ± 0.953a 17.9 ± 0.2a 
Barley 0.446 ± 0.01a 71.4 ± 1.36a 0.98 ± 0.01a 13.6 ± 0.42a 

 

The results are the means of nine replicate experiments. 
Varietal means with different superscript in the same column are significantly (P < 0.05) different from each other. 

 
 
 

The malt of SPMAT and red sorghum had similar 
protein content which was significantly higher than the 
rest of the cereals under investigation. It is well 
documented that grain protein concentration is negatively 
correlated with malt extract and positively correlated with 
diastatic power (Arends et al., 1995; Smith, 1990; Bishop 
and Day, 1993). However, Molina-Cano et al. (1995) 
reported that grain protein concentration was significantly 
and negatively correlated with malt viscosity and Kolbach 
index [(% soluble protein/% malt protein) x 100]. For all-
malt beers, protein values exceeding 12% (1.9% total 
nitrogen (TN)) indicate that the beer may form haze or 
present mash runoff problems. Based on this it can be 
inferred that the malt of TZEE*TZEE-
W*DEMARSCUS*TZEE-W will be better compared to 
SPMAT. However statistical t-test (Table 1) carried out 
also confirmed that there was no significant difference in 
the ash content of all the samples investigated. This 
suggests that they all contain almost the same mineral 
content. 

Lipid bodies decrease in direct proportion to the lipase 
content during germination due to the activation of 
synthesized lipase. Free fatty acids (FFAs) resulting from 
its hydrolysis during germination will therefore contribute 
significantly to the pool of FFAs available for peroxidative 
reactions (Palmer et al., 1989) which  will result in flavour 
instability (rancidity) of the malt products. Since high 
levels of lipids limit the conservation of the flour of cereal 
due to hydrolytic and oxidation reactions of the lipids 

during storage, the cultivar TZEE*TZEE-
W*DEMARSCUS*TZEE-W will also be a better candidate 
in this regard. 

The results obtained on the functional parameters 
(Table 2) being considered in this investigation showed 
that there were generally marked variations in all the 
tests carried out. Tests carried out on the bulk density 
showed that the two maize cultivars SPMAT and 
TZEE*TZEE-W*DEMARSCUS*TZEE-W were significant-
ly higher than barley but not the red and white sorghums. 
These high values in the two tropical plants depict that 
they are more bulky than the temperate plant- barley 
while red sorghum was the densest.  

Interestingly statistical t-test carried out confirmed that 
there were no significant differences in water absorption 
capacity and swelling power in all the samples inves-
tigated. These observations suggest that they all have 
almost the same ability to retain same amount of water 
for the gelatinization process, and swell appreciably at 
same rate. However, dispersibility test showed that red 
sorghum was significantly higher than SPMAT and barley 
showing that sorghum flour has greater ability of 
reconstituting in water than other cereals. Even though 
there was no significant difference in dispersibility betw-
een barley and SPMAT, there seemed to be a positive 
correlation between the bulk density and the disper-
sibility. This corroborates the work of Chiek et al. (2006) 
on pearl Millet in Burkina faso. Hence red sorghum and 
SPMAT are denser and more easily dispersed than Barley.
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Figure 1. Foaming stability of each cereal sample relatively to pH. 

 
 
 

All the cereals showed similar foaming behavior over 
same pH range. As shown in Figure 1, barley and 
SPMAT possess high foam stability. While TZEE*TZEE-
W*DEMARSCUS*TZEE-W has the least foaming 
stability. Interestingly all the cereal samples showed 
foaming stability at neutral pH. This high stability of foam 
up to neutral pH region may be as result of formation of 
stable molecular layers in the air-water interface that 
imparts stability, and elasticity to the foams (Cherry and 
McWatters, 1981). This may account for why sorghum is 
popularly used for the popular opaque beer preparation 
like burukutu in Hausa land and pito as found among the 
Egun indigene in Lagos, Nigeria. In this regard SPMAT 
can be used for African opaque beer preparation. 
 
 
Conclusion 
 
Based on the result of the diastatic power, none of the 
maize cultivars in this study can be suggested to replace 
barley since diastatic power is the main factor that is 
always sought and exploited in food and allied Industry. 
However, based on this present study the malt of any of 
either maize cultivar can conveniently replace sorghum 
malt. Hence the malt of TZEE*TZEE-
W*DEMARSCUS*TZEE-W appears to be more promising 
in terms of its various advantages over SPMAT. 
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