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ABSTRACT

The aim of this study was to determine the technological properties of sorghum and millet malt produced
under controlled conditions in Burkina Faso. Two types of steeping were carried out: steeping at normal pH (6.5)
and at alkaline pH (8). Analyzes of the functional properties (diastatic power, alpha and beta amylase activity) of
the samples of malts produced were carried out using Bernfeld modified methods. From the results, it appeared
that the values of diastatic power, alpha and beta amylase and amylase activity increased significantly during the
malting process (p<0.001). The highest values for the diastatic power of the malts were obtained with millet malt
(378.86 UPD and 336.45 UPD respectively for normal steeping and alkaline steeping). As for the diastatic power
of sorghum malts, it varied from 79.14 UPD to 266.17 UPD. A negative correlation emerged between the diastatic
power and the pH (R = -0.88), it also emerged that the diastatic power was much more correlated with the activity
of alpha amylase (R = 0.99) than that of beta amylase (R = 0.6). Overall, the different types of malts exhibited
satisfactory diastatic power and functional properties in accordance with standards for cereal malt production.
These malts could therefore be used for the production of infant porridge in order to increase the energy density
of porridge and also used in bread making to replace commercial enzymes often not appreciated by consumers.
© 2021 International Formulae Group. All rights reserved.
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INTRODUCTION

Sorghum and millet constitute staple
food grains of millions of people in arid and
semi-arid areas in Africa, India and Asia
(Cardoso et al., 2015; Li et al., 2017). These
cereals are used directly or in malted and / or
fermented form in the preparation of several
traditional foods including porridge (especially
for children), dough, alcoholic and non-
alcoholic drinks (Oi and Kitabatake, 2003;
Dicko et al., 2006). Sorghum has been malted
for centuries and is used for the production of
babies’ food and traditional alcoholic and non-
alcoholic beverages (Beta et al., 2014).
Sorghum malt is used for the production of
various foods such as tchoukoutou, Tchapalo
and gowé and more recently, the use of
sorghum malt for the production of infant
porridge (Kayodé et al., 2011). It’s give a high
nutritional value of derived products (Kayodé
et al., 2011). Also, finger millet can be
incorporated as a source of dietary fiber both in
the native and malted forms, in the preparation
of various health foods without altering the
dough characteristics or the quality of the final
product (Rao and others 2004; Saleh et al.,
2013). Therefore, germination of millet grains
can be used as a technigue or in combination
with other processing treatments to prepare
malt with high nutritional level that can be used
for the preparation of several healthy and
nutritional food products such as infant
formula, complementary food products, and
composite flours or food blends (Saleh et al.,
2013). However, there is a need for the
application of malting at an industrial scale
using novel germinators enhanced by a control
system of germination conditions to provide
high-quality malt products that can be easy to
master and consumed by larger populations to
help in promoting millet and sorghum
utilization (Saleh et al., 2013). Malting is one
of the technological process used by several
processers to transform sorghum and millet
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grains. It consists of three stages, namely:
steeping, germination and drying. The optimum
malting conditions for pearl millet seem to be
essentially the same as for sorghum. In malting,
germination is an important unit operation
which needs greater attention. Germination of
cereal may result in some biochemical
modifications and produce malt with improved
nutritional quality that can be used in various
traditional recipes (Saleh et al., 2013). The
malted flour was prepared from germinated,
dried and milled fractions of sorghum, pearl
millet and finger millet (Jaybhaye et al., 2011).
This technique makes it possible to enrich
cereals with hydrolytic enzymes such as beta-
amylase and alpha-amylase, in sugars, free
amino acids and vitamins, thus improving the
technological and nutritional quality of the
derived products (Mbofung and Fombang,
2003 ; Kayodé et al., 2011). Malting also has
the advantage of reducing anti-nutritional
factors in cereal and inducing an increase in the
bioavailability of minerals such as iron and zinc
(Traoré et al., 2004; Kayodé, 2006, 2011).
Therefore, malting generally improves the
nutrient content and digestibility of foods and it
could be an appropriate food-based strategy to
derive iron and other minerals maximally from
food (Saleh et al. 2013). The addition of malt to
infant flours makes it possible to have porridges
with high energy density (Elkhalil, 2001; Tou
et al., 2003; Towo et al., 2003). Some studies
reported that the use of flour from whole
germinated wheat in controlled conditions
improved loaf volume and crumb texture
(Bellaio et al., 2014; Richter and Guo, 2014).
These positive effects were assigned to the
natural enzymes expressed during the
germination process that might decrease or
completely replace the quantity of commercial
enzymes added to bread formulation.

The aim of this study was to determine
the technological properties of sorghum and
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millet malt produced under controlled

conditions in Burkina Faso.

MATERIALS AND METHODS
Vegetal material

The vegetal material were sorghum and
millet grains, which were purchased from
national institute of environmental and
agriculture  research  (INERA/Saria  at
Koudougou, Burkina Faso). Three types of
variety (30 kg each other) were purchased,
these include «IKMP5" for millet grains,
"Framida” for red sorghum grains and
"Kapelga" for white sorghum grains.

Malting procedure

About 500 g of sorghum (white or red)
on the one hand and millet on the other hand
(three repetitions), were steeped in tap water
after cleaning (normal pH (6.5) and alkaline pH
(8)) in a plastic boxes at 28-30°C for 18 h, using
an incubator (Binder 78532 Tuttlingen,
GERMANY). After steeping, cereals were
drained and spread in plastic boxes, and left to
germinate in the incubator (Binder 78532
Tuttlingen, GERMANY) at 28-30°C. The
germinating cereal were sprayed twice daily
(morning and evening) by spraying clean water.
The samples were dried using an oven at 45°C
for 24 h in order to limit the loss of amylolytic
enzymes. The degerming was done manually.
The malting process diagram is described on
Figure 1.

Physico-chemical analyses

The pH of the samples was measured
with an electronic pHmeter (Model HI 8520;
Hanna Instrument, Singapore) according to
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Nout et al. (1989). The moisture content was
determined by drying the sample at 105°C +
2°C for 12 h according to 1SO 712 (2009). The
diastatic power was determined according to
the method of Bernfeld (1955) modified by
Giamarchi (1992). It consists in making act, an
enzymatic extract on a starch solution. The
reducing sugars and reducing functions thus
released are determinate by colorimetry (540
nm) in the presence of 3-5 dinitrosalicylic acid.
The a-amylase activity was determined
according to the method proposed by
Giamarchi (1992), according to the same
principle as that of the diastatic power, after
extraction of the enzymes and inactivation of
the B-amylase at 68°C for 15 min. The B-
amylase activity is deduced by the difference
between the diastatic power and the alpha
amylase activity. Amylase activity of
germinated sorghum was measured using the
method of Bernfeld (1955).

Statistical analyses

The data collected for the different
parameters (three repetitions) were processed
with the statistical software XLSTAT 7.5.2.
When variables (humidity before and after
steeping, 1000 grain weight, germination rate
and rootlet rate) follow a normal law, analysis
of variance (ANOVA) is perform. The average
values were compared using Newman Keuls
test (p = 5%). For other variables (diastatic
power, alpha and beta amylase activity,
amylase activity, alpha to beta ratio, pH, Dry
matter) Kruskal-Wallis test is performed and
Conover-Iman test is used to compare average
value (p = 5%).
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Figure 1: Malts production diagram.
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RESULTS
Physico-chemical characteristics of non-
malted sorghum and millet grains
Physico-chemical characteristics of
non-malted cereal are presented in Figure 2.
The thousand grain weight of red sorghum,
white sorghum and millet was respectively
27.63 g/1000 kernels; 24.34 g/1000 kernels
and 9.86 g/1000 kernels. The moister content
before and after non-alkaline steeping (pH 6.5)
varied from 10.70% to 39.82%; from 11.76%
to 32.30% and from 11.10% to 36.45%)
respectively for red sorghum, white sorghum
and millet. As for the alkaline steeping (pH 8),
the moister content before and after steeping
varied from 10.70% to 39.10%; from 11.76%
to 32.75% and from 11.10% to 37.58%
respectively for red sorghum, white sorghum
and millet. The germination rate was about
91%, 85.66% and 92.5% respectively for red
sorghum, white sorghum and millet. The rate
of rootlets resulting from losses during malting
increased significantly from 2.52% (white
sorghum malt) to 15.18% (red sorghum malt)
(Figure 3). Millet malt had the highest loss rate
(9.42%) after 48 h malting (Figure 3).
Statistical analyzes revealed a significant
difference (p<0.001) between the thousand
grains weight of samples. Considering the
germination rate, there is a significant
difference between millet and white sorghum
(p<0.001). A slight difference was observed
between millet and red sorghum. For the
moisture content after steeping, a significant
difference was observed between non-alkaline
steeping of red sorghum and the other
(p<0.001). In the same way, a significant
difference was observed between white
sorghum (alkaline and non-alkaline steeping)
and the other ones (p<0.001). No significant
difference (p<0.001) was observed between
red sorghum and millet alkaline soak.
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Functional properties of sorghum and
millet grains during malting process in
control condition

The Functional properties of sorghum
and millet grains during malting process in
control condition are shown in Table 1. The
values of diastatic power, alpha amylase and
amylase activity increased significantly during
the malting process (p<0.001), as for the beta
amylase content. The pH decreased
significantly during the malting process
(p<0.001), from 5.6 to 4.6. The moisture
content of the malted cereal after drying varies
from 6.91% to 12.05%. There was not enough
difference in the various functional property
between malt using alkaline steeping and
normal steeping. No significant difference
(p<0.001) was observed for the moister
content and dry matter of all the treatments.
The highest values of diastatic power was
obtained with millet malt (378.86 UPD and
336.45 UPD) respectively for normal and
alkaline steeping. Diastatic power of sorghum
malts varied from 79.14 UPD to 266.17 UPD.
The lowest value for diastatic power was
observed with white sorghum malt (79.14
UPD). The ratio alpha amylase/beta amylase
ranged from 2.34 to 22.14 for all samples
during the malting process.

A negative correlation emerged
between the diastatic power and the pH (R = -
0.88). When the pH decreased the diastatic
power increased (Table 2). But, there was a
strong correlation between diastatic power and
amylase activity (R = 0.95). The diastatic
power was also more correlated with the
activity of alpha amylase (R = 0.99) than that
of beta amylase (R = 0.6) (table 2). Then when
the alpha amylase content of malts increased,
the diastatic power content also increased. In
the same way, the alpha amylase activity of
malts depend more in alpha amylase content
than beta amylase content.
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Table 1: Functional properties characteristics of sorghum and millet malts.

Diastatic power Alpha_Amylases Beta_Amylases Alpha/Beta Amylasic activity Moister Dry matter
Samples (UPD) (Ulg) (U/g) Amylases (Ulg) PH content (%) (%)
24h of malting
SRn24 90.65+17.59% 62.95+11.85% 27.70+7.819%f9 2.34+0.46° 75.29+6.67% 5.6+0.0°f 6.91+0.60? 93.09+0.582
SRb24 79.14+3.65% 63.37+£1.512 15.78+2.173¢ 4.06+0.482° 68.91+5.412 5.6+0.0°f 7.04+0.742 92.96+0.742
SBn24 98.91+1.78%¢ 74.80+2,82¢ 24,1142 ,92bcde 3.14+0.51% 85.47+3.80%° 5.6+0.0°f 7.53+0.132 92.47+0.132
SBbh24 92.78+2.90% 69.93+1.123¢ 22.84+],79z2bcde 3.07+0.19% 71.98+1.68% 5.6+0.0%f 7.47+0.52 92.52+0.472
PMn24 133.77+12.58¢% 108.93+9.63% 24.84+3 .56 4.41+0.40b% 96.87+2.15% 5.7+0.0f 7.51+0.3? 92.48+0.232
PMb24 120.33+6.14° 92.10+8.830d 28.23+6.779%f 3.42+0.97% 88.67+3.73bd 5.7+0.0f 7.23+0.40° 92.77+0.40%
48h of malting
SRn48 141.51+8.81%f 120.67+9.94% 20.85+1,2] 8bcde 5.82+0.79¢%9 142.65+5.26 5.3+0.1%® 7.82+0.522 92.18+0.522
SRb48 149.99+2.41°f 127.82+2.58°% 22.17+0.203bcde 5.76+0.16%9 131.92+3.58°"  5.4+0.0°¢  7.16+0.55° 92.84+0.552
SBn48 153.94+10.60° 126.46+8.21%f 27.48+4.719%f9 4.68+0.75 129.43+4.43%f  54+0.0%%  8.39+1.81% 91.61+1.812
SBb48 134.27+5.60%% 128.41+45.78°% 5.86+0.73? 22.14+3.10' 150.44+8.99%"  5.4+0.0°  7.94+0.60% 92.06+0.60%
PMn48 239.85+25.63" 201.91+25. 719" 37.94+2,03 5.33+0.75%% 149.52+2.388 5.4+0.1°¢  8.39+2.04 91.61+2.042
PMb48 194.89+19.47% 184.20+19.04f" 10.69+0.73% 17.23+1.51M 150.34+2.50%"  5.4+0.0°  8.88+0.98% 91.12+0.982
72h of malting
SRNn72 251.22+8.87"i 221.65+10.40" 29.57+3.70¢%f0 7.59+1,13¢fdh 212.91+1.521 5.1+0.0% 9.45+2.02? 90.55+2.02%
SRb72 230.58+16.179" 210.58+17.34" 20.00+1.18%cd 10.58+1.44" 210.73+1.871 5.1+0.3% 8.55+1.792 91.44+1.792
SBn72 266.17+12.941k 237.33+17.10k 28.84+4.31°1 8.40+1, 779N 198.95+1.65" 5.1+0.2% 9.86+3.66° 90.14+3.662
SBh72 265.31+9.81 1k 224.81+6.90Nk 40.50+4.109 5.58+0.49cdef 199.19+1.23M 4.840.2% 8.54+1.09° 91.46+1.09%
PMn72 378.86+10.64 338.68+7.71k 40.18+5.219 8.52+1.09M 302.27+15.52) 4.6+0.0 12.05+2.942 87.94+2.942
PMb72 336.45+6.44k 298.98+4.11 37.47+2.381 7.99+0.41%" 314.43+5.521 4.6+0.42 8.89+1.682 91.11+1.68%

SRn : Red sorghum normal steeping ; SRb : Red sorghum alkaline steeping ; SBn : White sorghum normal steeping ; SBb : White sorghum alkaline steeping ; PMn : Pearl millet normal steeping ; PMb :
Pearl millet alkaline steeping. 24; 48; 72: Germination time (in hours).
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Table 2: Correlation matrix of functional properties parameters.

Alpha/Beta Amylasic Water
Diastatic power Alpha_Amylases Beta Amylases  amylases activity pH content Dry matter
Diastatic power 1 0.995 0.600 0.243 0.950 -0.888 0.593 -0.593
Alpha_Amylases 0.995 1 0.520 0.323 0.958 -0.888 0.595 -0.595
Beta_Amylases 0.600 0.520 1 -0.526 0.463 -0.499 0.315 -0.315
Alpha/Beta amylases 0.243 0.323 -0.526 1 0.343 -0.251 0.203 -0.203
Amylasic activity 0.950 0.958 0.463 0.343 1 -0.916 0.584 -0.584
pH -0.888 -0.888 -0.499 -0.251 -0.916 1 -0.491 0.491
Water content 0.593 0.595 0.315 0.203 0.584 -0.491 1 -1.000
Dry matter -0.593 -0.595 -0.315 -0.203 -0.584 0.491 -1.000 1

Proximity matrix (Pearson correlation coefficient).
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DISCUSSION
The moisture content of sorghum and
millet grains after steeping increased

significantly (p<0.001) and this is evidence of
good grain steeping practice. Steeping is a
determining factor for the success of malting
process. It provides the necessary quantities of
water and oxygen for germination and
contribute to it sanitary quality by removing
light grains and some impurities (Kpoda, 2008).
A minimum water content of 35% at the end of
steeping allows good germination (Mathoto,
2007). This moister content promotes the
proliferation of microorganisms (Mathoto,
2007) and determines the efficiency of
germination. The germination rate determined
in this study were higher than recommended
one (90%) for the production of high malt
quality (Mathoto, 2007; Okpalanma et al.,
2020) except for the white sorghum. The
thousand grain weights of the sorghum were
lower than those found by Okpalanma et al.
(2020) for red sorghum, while the thousand
grain weight of millet was higher than that
found by Okpalanma et al. (2020). The result
showed that the malting loss of the grains
increased with increase in the duration of
germination. Significant increases in malting
loss were recorded between 1-3 days of
germination. These results corroborate those of
Okpalanma et al. (2020), who also found a
significant increase in malting loss during 2-4
days germination. The malting losses observed
in this study are adequate because an average of
10-15% respirations / metabolic loss is
expected in well-malted sorghum with good
diastatic power (Okpalanma et al., 2020). The
diastatic power of the produced malts in this
study evolved significantly during the malting
process as a function of alpha amylase and
amylase activities and weakly with that of 8
amylase. These results corroborate those of
Kayodé et al. (2011) and Trust etal. (2014) who
also found a positive evolution between the
diastatic power of sorghum and the alpha
amylase and beta amylase activities. The
diastatic power of millet malt was greater than
that of sorghum malt. This could be explained
by the structural composition of sorghum grain
which is rich in tannins and would not promote
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the malting process by reducing the enzymatic
digestibility. Some studies also showed that
these phenolic compounds also aim to protect
the grains against fungus attack, insects and
birds, reducing the enzymatic digestion as well
as the proteins, starch and others
polysaccharides, which are an obvious
agronomic advantage, (Tawaba et al., 2013;
Tapsoba et al., 2017). In addition, millet grains
present a higher germination power than the
sorghum one. The diastatic power of sorghum
malts found in this study (266.17 UPD) was
slightly higher than that found by kayodé et al.
(2011) on sorghum malts (229.8 UPD). The o/
amylase ratio is high for the various malt. The
a-amylase contents are then higher than B-
amylase. The activities of a-amylase enzymes
have been shown in other studies to be superior
to B-amylase (Dziedzoave et al., 2010). These
results corroborate those of Ba (2013) who
report predominant a-amylase contents in the
sorghum malting process. The diastatic power
found in this study were higher than those
found by Kayodé et al. (2011). These high
diastatic power contents could be explained in
part by the good steeping rates and the drying
temperature of 45°C. All this makes it possible
to limit the losses of amylotic enzymes
(Kayodé et al., 2011). The pH value is close to
the optimal one for a-amylase and B-amylase
(5.5-6) activity of sorghum malt found by Nour
and Yagoub (2010) and Ba (2013). The pH is
negatively correlated with the diastatic power,
amylase and alpha amylase activity. These
results corroborate those found by Kayodé et al.
(2011) who also found pH values that were
negatively correlated with the diastatic power,
alpha and beta amylase activity of sorghum
malt. The pH value is similar to those found by
Pare (2019) during the malting of sorghum for
the production of dolo. This drop in pH could
be due to the acidity produced by lactic acid
bacteria during malting. It allows the pH to be
lowered and increase the rate of enzymatic
activities (Maoura et al., 2006). The moister
contents of the malt samples varied from 7 to
9%. These results are lower than those found by
Pare (2019) but comply with the conservation
standards (<15% m / m maximum) of Codex
STAN. 173-1989 (Pare, 2019). These results
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show that the malt samples can be stored well
in a dry place for future uses.

The different values of the functional
properties of the malts produced in this study
illustrate the quality of the different malts in
terms of their use in industry. These malts could
therefore be used for the production of infant
porridge in order to increase the energy density
of porridge. They could also be used in bread
making to replace commercial enzymes.

Conclusion

The diastatic power of malts correlate
with the alpha amylase and amylase activity.
No significant difference (p<0.001) was
observed in the diastatic power of malts soaked
at normal pH and the diastatic power of cereal
malts soaked at alkaline pH. Millet malt had the
highest diastatic power compared to sorghum
malts. The diastatic power was negatively
correlated with the pH. Overall, the different
types of malts exhibited satisfactory diastatic
power and functional properties in accordance
with standards for cereal malt production.
These malts could therefore be used for the
production of infant porridge in order to
increase the energy density of porridge and also
used in bread making to replace commercial
enzymes often not appreciated by consumers.
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