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Summary

The malting potential of 17 sorghum varieties namely; Kazea Manga,
Kapeli, Kemolga, Global 2000, Belko, Keriga, Mankaraga, Kapaala,
Kadaga, Bumbago, Yakpaji, Kasheagu, Zelle, Nakpaji, Sarsorg E5 - 2,
Sarsorg M13 - 3 and Sarsorg M1 - 1 were investigated. These land races
of sorghum in Ghana are known to do very well on the field, and are also
believed to have similar brewing properties to well known varieties like
Kapaala. Their physical and chemical qualities and germination capacities
were determined. Other key quality parameters, such as the level of malt
o-amylase and B-Amylase activities were also assessed. (The assay
format is shown in Appendices 1 & 2).

The study revealed that moisture content of all varieties was below 10%.
All the varieties were mostly whole grains and matured. Weevil damaged
kernels were not detected in any of the seventeen samples. Sarsorg MI,
Kasheagu, Sarsorm M 13-3, Mankaraga and Kemolga had unsatisfactory
germination capacities. The germination capacity was highest for Kazea
Manga and lowest for Mankaraga. A fat level of less than 4% which is
within operational range was found in most of the samples except Zelle
and Global 2000. Average carbohydrate content of the grains was 75.2%
with a standard deviation of +2.3. For Beta-amylase activity, Kazea
Manga had the highest activity (61.6U/g) followed by Kemolga (53.7U/Q)
and Bumbago (52.4). The activities of Sarsorg E5 - 2 (8.6U/g) and
Kadaga (14.0) were very low. The high values of germination and a-
amylase activities of Kazea Manga and Nakpaji varieties indicate that the
two varieties are comparable to kapaala in terms of malting properties.
However it is recommended these two go through further analysis to
ascertain their mashing and brewing potentials.



1.0 Introduction

Malt is cereal grain, usually barley, which has been germinated for a
limited period of time, and then dried. More often at a time that it is
considered appropriate, the Malster arrests germination by drying the
grain in a stream of warm air. During germination, the food store or the
endosperm of the grain is partly degraded by enzymes that attack cell
walls, starch granules and the protein matrix. Essentially malt is therefore
the degraded endosperm and the attendant enzymes able to complete the
degradation. When relatively cool air is used for drying, the malt is pale in
colour and very rich in enzymes. With greater drying temperatures,
especially early in the drying process, the malt is darker in colour and the
enzymic content is depleted. Several cereals can be satisfactorily malted
but barley usually gives the least technical difficulty. For the production of
African native beers, a variety of cereals especially sorghum are malted.

In recent times it has came up strongly that there are some identified
land races of sorghum may have similar brewing properties comparable to
well known varieties like Kapaala. These races are also known to do very
well in the field. The objective of this work is to investigate the whole
grain brewing and malting potential of 17 sorghum varieties.



2.0 Materials and Methods:

Seventeen (17) sorghum varieties were received from the Savanna
Agricultural Research Institute, Tamale. The varieties were;

Kazea Manga Kapeli

Zelle Kemolga
Nakpaji Global 2000
Sarsorg E5 - 2 Belko
Sarsorg M13 - 3 Keriga
Sarsorg M1 - 1 Mankaraga
Kasheagu Kapaala
Yakpaji Kadaga
Bumbago

2.1 Physical Quality Evaluation

Sample divider was used to obtain a known weight of each of the samples
for physical quality evaluation. Parameters evaluated included grain size
and colour of grains and flour.

2.2 1000 grain Weight
One thousand whole and healthy grains of each sample were manually
counted and weighed on an analytical balance.

2.3 % Moisture

An electronic moisture analyzer (Sartorius MA 45) was used to find the
precise moisture content of the sorghum flour. The moisture content was
taken by first positioning the sample can and then tarring the analyzer. 2g



sample was then spread evenly on the can and the drying programmme
started.

2.4 Determination of Germination Capacity

Germination test was carried out by selecting seeds at random and
cleaned. Unfilled seeds were discarded. 200 grains of each of the sorghum
varieties were counted and weighed. The grains were washed and rinsed
with distilled water. The grains were steeped for 24 hours in water, the
water was drained and the grains evenly distributed in a compact single
layer on petri dishes over laid with moistened filter paper. The petri dishes
were covered and placed in the dark at room temperature for germination.
Moisture supply was maintained by occasionally adding drops of water to
the filter paper. After 72 and 120 hours, germinated seeds considered to
be viable were counted and presented as percentage viable seed.

2.5 Sorghum Malts

In all the malting procedure the first step was steeping the grains in 0.1N
Ca(OH), for 8 hours after which grains were drained and washed with
water. A period of 4 hours was allowed for air rest, followed by a second
steeping in 0.5% formaldehyde for 8 hours. The grains were drained and
washed with water before germination at 30°C for five days. Kilning was
carried out at 55°C for 24 h.

2.6 Alpha-Amylase
The level of endogenous ct-amylase in cereal grains and products

significantly affects the industrial exploitation of these commodities. In the
brewing industry, the level of malt a-amylase is a key quality parameter.



2.6.1Principle

The Ceralpha procedure (employing Amylase HR reagent) for the assay of
a-amylase, employs as substrate, the defined oligosaccharide ™“non-
reducing-end blocked p-nitrophenyl maltoheptaoside” (BPNPG7) in the
presence of excess levels of a thermo stable a-glucosidase. (which has no
action on the native substrate due to the presence of the “blocking
group”). On hydrolysis of the oligosaccharide by endo-acting a-amylase,
the excess quantities of «-glucosidase present in the mixture give
instantaneous and quantitative hydrolysis of the p-nitrophenyl
maltosaccharide fragment to glucose and free p-nitrophenol. The assay
format is shown in Appendix 1.

Essentially, an aliquot of a cereal flour extract or fermentation broth is
incubated with substrate mixture under defined conditions, and the
reaction is terminated (and colour developed) by the addition of a weak
alkaline solution. The absorbance at 400nm is measured and this relates
directly to the level ofa-amylase in the sample analyzed. A standard error

of les than 5% is achieved routinely and the assay is absolutely specific
for a-amylase.

2.7 Malt flours

20g sample of malt was milled and passed through a 0.5mm screen. 0.5¢g
malt flour was then accurately weighed into a 100ml volumetric flask. To
the volumetric flask solutions of 1% sodium chloride plus 0.02% calcium
chloride plus 0.02% sodium azide was added and adjusted to volume.
About 15-20minutes was allowed for the enzyme to extract at room
temperature, with occasional stirring. An aliquot of the solution was
filtered through a Whatman GF/A glass fibre filter paper, or centrifuged at



1,000g for ten minutes. 0.5ml of the filtrate was then diluted with 9.5ml
of Extraction Buffer Solution. Activity was assayed within two hours,
(Megazyme Alpha-Amylase Assay Procedure, ICC Standard No. 303).

2.7.1 Assay Procedure

0.2ml aliquots of Amylase HR Reagent solution (unbuffered) were
dispensed into glass test tubes and pre-incubated the tubes and contents
at 40°C for 5 minutes. The extract was pre-incubated at 40°C for

5 minutes. To each tube containing Amylase HR Reagent solution (0.2ml)
0.2ml aliquots of pre-equilibrated malt extract was added directly to the
bottom of the tube. The mix was then incubated at 40°C for exactly

20 minutes (from time of addition). At the end of the 20 minutes
incubation period, exactly 3ml of stopping reagent was added and
contents stirred vigorously. The absorbance of the solutions and the
reaction blank were read at 400nm against distilled water, (Megazyme
Alpha-Amylase Assay Procedure, ICC Standard No. 303).

2.7.2Calculation of Activity

One Unit of activity is defined as the amount of enzyme, in the presence
of excess thermo-stable a-glucosidase, required to release one micromole
of p-nitro-phenol from BPNPG7 in one minute under the defined assay
conditions, and is termed a Ceralpha Unit.

For Malt:

Units (CU)/g of milled malt:

= AE 4 X 3.4 X 1 X 100 X 20
10 0.2 18.1 0.5

= AE 40 X 376




Where:

AE400 = Absorbance (reaction) - Absorbance (blank)
Incubation Time = 10 minutes

Total Volume in Cell = 3.4ml

Aliquot Assayed = 0.2ml

€Emm Of p-nitrophenol (at 400nm) in 1% tri-sodium phosphate = 18.1

2.8 Beta-Amylase

B-Amylase plays a central role in the complete degradation of starch to
metabolisable or fermentable sugars during the germination or malting of
cereal grains. It also finds considerable application, together with starch
debranching enzymes, in the production of high maltose syrups.
B-Amylase is usually measured using non-specific reducing sugar assays
with starch as substrate. In some methods, the «o-amylase is first
inactivated by treatment at low pH, (Megazyme Beta-Amylase Assay
Procedure, Betamyl method K-BEYA 12/04).

2.8.1Principle

The Megazyme Betamyl B-amylase test reagent employs high purity

a-glucosidase and PNPG5, and the level of a-glucosidase used ensures
maximum sensitivity of the assay. On hydrolysis of p-nitrophenyl-a-D-
maltopentaoside to maltose and p-nitrophenyl-a-D-maltotrioside by

B-amylase, the p-nitrophenyl-o-D-maltotrioside is immediately cleaved to
glucose and free p-nitrophenol by the o-glucosidase present in the
substrate mixture (Appendix 2). Thus, the rate of release of p-nitrophenol
relates directly to the rate of release of maltose by B-amylase. The

10



reaction is stopped, and the phenolate colour is developed, on addition of
a high pH Trizma base solution. Standard errors of less than 7 % are
readily achieved and the assay is highly selective for B-amylase,
(Megazyme Beta-Amylase Assay Procedure, Betamyl method K-BEYA
12/04).

2.8.2 Assay Procedure

0.2ml of Betamyl Substrate Solution aliquots were dispensed into the
bottom of glass test tubes and pre-incubated the contents at 40°C for
approximately 5 minutes. The enzyme preparation was also pre-
incubated at 40°C for approximately 5 minutes. To each tube containing
Betamyl Substrate Solution, 0.2ml of pre-equilibrated (and suitably
diluted) enzyme preparation was added directly to the bottom of the tube,
mixed, and then incubated at 40°C for exactly 10 minutes (from time of
addition). At the end of the 10 minutes incubation period, 3.0ml of
Stopping Reagent was added and the tube contents stirred. The
absorbance (at 400nm) of the reaction solutions and the reagent blank
was read against distiled water, (Megazyme Beta-Amylase Assay
Procedure, Betamyl method K-BEYA 12/04).

2.8.3 Calculation of Activity
One Unit of activity is defined as the amount of enzyme required, in the
presence of excess a-glucosidase, required to release one micromole of

p-nitro-phenol from PNPG5 in one minute under the defined assay
conditions, and is termed a Betamyl Unit.

11



Thus:
Units/g of milled malt:

AMAgp X 34 X 1 X 10 X 1250

10 0.2 18.1 1
= AA 200 X 1174
Where:
AAsqo = Absorbance (sample) - Absorbance (blank)
Incubation Time = 10 minutes
Total Volume in Cell = 3.4ml (or 1.7ml)
Aliquot Assayed = 0.2ml (or 0.1ml)

€mnm p-nitrophenol (at 400nm) = 18.1
Extraction volume = 10ml per g (wheat, barley or malt)
Dilution = 1250 fold

(Megazyme Beta-Amylase Assay Procedure, Betamyl method K-BEYA
12/04).

2.9 Colour

The colour parameters L, a, b for the various samples were measured with
the colour meter (Minolta CR310). The instrument was standardized each
time with a white ceramic plate. The samples were placed in a transparent
Petri dish, covered and colour determined by taking snap shots. The
measurements were repeated and the mean values calculated.

2.10 Chemical Analysis

Crude fat was analyzed using AOAC method 984.13 (2000) 17™ Edition
whilst Nitrogen was by AOAC method 920.39 C (2000) 17" Edition.

12



Moisture was by AOAC method 925.10 (2000) 17" Edition and ash was
determined by AOAC method 923.03 (2000) 17 Edition.

Molybdenum blue colorimetric method, permanganate titration and
bipyridyl colorimetric method were used for the determination of
Phosphorus, Calcium and Iron respectively.

2.10.1 Crude Fat & Nitrogen

Crude fat was analyzed using AOAC method 984.13 (2000) 17 Edition
whilst Nitrogen was by AOAC method 920.39 C (2000) 17" Edition.

13



3.0 RESULTS AND DISCUSSION

3.1 PHYSICAL QUALITIES

Tablel: Some physical quality characteristics of 17 sorghum varieties

1000- Colour (grains) Colour (flour)
kernel
Sample %Moisture Wt L a b L a b
RazeqMopen 6.85 1991 5921 892 1108 7838 402 1094
felk 7.56 1915 7346 117 1213 8324 092 972
Nakpaji 6.59 2325 6674 236 1164 8092 189 839
Sarsorg BBt aradiibais 230 6ABL o538 (=955 atIOFY 21 AdT . 996
SarsorgMI3-3 761 2324 6477 325 1097 8006 098  10.07
e Tl 840 2230 6557 316 1091 8190 078 947
Kasheagu 6.60 2301 5620 1167 6.99 75.80 5.80 8.51
Yakpaji 8.31 2098 6946 244 1352 8222 165 9.91
PHmbaRC 7.06 2360 5708 1054 873 7397 52 9.41
Rapek 728 2072 7146 200 1042 7809 378 775
SRl 6.61 2574 5654 111 6.87 75.8 5.99 9.44
CHbal 2008 653 2256 6935 217 1242 85 101 871
Mankataga 698 2289 705 144 1182 7552 396 500
Belko 6.4 2290 72.6 1.66 10.75 8231 1.23 8.49
enga 5.94 2351 7052 161 1041 8311 124 747
Sutiaga 8.84 2295 5047  6.65 013 7151  6.14 4.96
Kapaala 6.88 2261 6823 240 1210 8294 059  9.72
prican 7.20 2252 6562 447 1002 7935 273 870
= Deviation +078  +1.51 1648 +361  +302 1359 +201  +161

Kemola variety had the biggest grain size followed by Bumbago. Zelle was

the variety with the smallest grain size. Moisture content of all varieties

was below 10%, which is a good moisture level for grain storage.

The

moisture contents of all the samples fell within the desired range of 9.0%

14



to 11.0% for whole sorghum brewing. Maximum recommended storage
moisture contents for aerated shelled sorghum grain to be stored for up to
1 year is 14.0% or 13.0% if it is to be stored more than 1 year. Moisture
levels below 12 to 13 percent will prevent mould formation. One of the
colour scales that is widely used by the food industry is the Hunter L,a,b
and it is based on the opponent-colours theory that states that the red,
green and blue human eye cone responses are re-mixed into black-white,
red-green, and yellow-blue, opponent coders as they move up the optic
nerve to the brain. The L, a, b type of scales simulate this as:

e L (lightness) axis — 0 is black, 100 is white

e a (red-green) axis — positive values are red; negative values are

green and 0 is neutral
e b (yellow-blue) axis — positive values are yellow; negative values
are blue and 0 is neutral

All colours that can visually be perceived can be measured in either L, a, b
scale. All the grain samples were predominantly of lighter colour (white),
with trace shades of blue and green. When grains were milled into flour
the red-green colour shade generally diminished while the lightness
became more pronounced because of the crushed light coloured
endosperm.

15



Table2: Germination capacities of 17 sorghum varieties

Average Average
germination % germination germination % germination

Sample @ day 3 @ day 3 @ day 5 @ day 5
Kazea Manga 195.0 98 197.0 99
Kapaala 178.0 89 178.0 89
Nakpajt 178.0 89 180.5 90
Sarsorg MI 126.5 63 126.5 63
Yakpayt 162.5 81 163.5 82
Kadaga 1825 91 184.5 92
Kasheagu 89.5 45 89.5 45
Keriga 192.0 96 192.0 96
Belko 194.5 97 194.5 97
Global 2000 190.0 95 191.0 96
Bunbago 190.0 95 190.5 95
Kapeh 161.5 81 163.5 82
Sarsorm M 13-3 127.5 64 132.0 66
Sorsorg E5-2 1580 79 159.5 80
Mankaraga 70.0 35 70.5 35
Zelle 193.5 97 193.5 97
Kemolga 126.0 63 127 64
Mean 156.06 78.06 157.24 78.65
Std. Deviation +39.75 +19.87 +39.76 +19.96

Germination capacity (viability) of the cereals studied is shown in Table 2.
The germination capacity was highest for Kazea Manga and lowest for
Mankaraga. The germination capacities of all the seeds studied were not
within the recommended range. Votong and Vonone, (1976) showed that
cereal germination capacity of up to 80% is recommended as viable. It
can therefore be inferred from this investigation that, Sarsorg MI,
Kasheagu, Sarsorm M 13-3, Mankaraga and Kemolga had unsatisfactory
germination capacities.

16



Table 3: Some chemical quality characteristics of 17 sorghum varieties

ob = g" =

o % = o =1 on

> S (= = (=

Z g = 5 £ B S S S

@ < ] = _§ ¥ o %‘D .

=3 silisp e g2 =

Sanetin ¢ & 88 & &3 54 g2 = sf

Hagey Mengn 8.4 18" 122 397 '937 /By 237 1800 2324

Zelle 8.9 14 105 60 732 388 208 5800 182
Nakpaji

7.3 1.4 11.9 2.9 76.5  379.7 1is 447.0 41.2

- _ 2
Sarsorg B5-2 o/ 18 141 34 723 3762 575 4080 184

Sassoig M13-3 o4 1.5 147 43 714 381 154 6120 229

SasorgML-1 " 63 15 134 38 730 3798 153 6100 229

Rasheagy 77 16 127 42 738 3706 260 4380 404
Vakpay 70 16 118 35 761 3831 632 590 = 229
Wi 63 17 105 29 789 3825 108 3630 583l
Kapek 82 17 111 34 756 3774 497 3560 403
Kcemolga 74 16 112 26 772 3770 221 2310 247
Kagal 2000 68 17 107 25 783 3785 147 4400 699
Mankang 86 15 134 41 724 3801 343 6760 266
Belko

74 16 106 40 764 3840 308 2180 246
Kenga 71 15 100 30 784 3806 221 2970 383
Kadag 76 17 129 33 745 3793 152 3590 653
Kapaala

8.3 1.3 11.6 2.5 763 3741 153 302.0 51.8
Average 15 1.57 1194 3,55 7518 379.62 2672 41841  36.42
Std. Deviation +0.72 +0.14 *143 +0.87 $233 +4.14 1576 15225 +16.44
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All the varieties were mostly whole grains and matured. Weevil damaged
kernels were not detected in any of the seventeen samples. This suggests
that samples must have been properly protected from insect attack. The
total nitrogen levels found were between 0.27% and 2.35%. The
operational range for sorghum is from 1.5% to 2.2%. A fat level of less
than 4% which is within operational range was found in most of the
samples except Zelle and Global 2000. Average carbohydrate content of
the grains was 75.2% with a standard deviation of £2.3.

18



Table 4: alpha and beta -amylase activities of 17 sorghum varieties

B- Amylase a- Amylase Activity
Activity (U/g of Dextrinization

Sample sorghum malt)) U/g Ceralpha Units/g
Kazea Manga 61.6 128.2 30.1
Zelle 32.0 34.8 8.6

Nakpaji 33.3 131.7 30.9
Sarsorg E5 - 2 8.6 65.0 15.6
Sarsorg M13 - 3 17.4 63.5 15.2
Sarsorg M1 - 1 18.6 49.4 12.0
Kasheagu 39.5 69.4 16.6
Yakpaji 25.0 60.0 14.4
Bumbago 52.4 78.4 18.6
Kapeli 34.6 40.0 9.9

Kemolga 53.7 68.7 16.4
Global 2000 30.5 83.3 19.8
Mankaraga 24.7 23.6 6.0

Belko 34.0 45.2 11.0
Keriga 37.8 60.0 14.4
Kadaga 14.0 94.1 22.3
Kapaala 46.5 90.1 39.0
Average 34.3 69.7 16.6
Std. Deviation +14.3 +29.6 +6.8
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Enzyme activities affect modification of the grain and are dependent on
time and temperature of malting, (Agu and Palmer, 1997). Alpha-
Amylase is an enzyme of great importance in brewing since it randomly
acts on a-1, 4 links of starch releasing small dextrins and fermentable
sugars (Lewis and Young, 1995). B-Amylase is an exo-enzyme that acts
on the non-reducing end of amylose and high-molecular-weight dextrins
releasing maltose units (Narziss, 1976). Taylor and Robbins (1993) found
that ungerminated sorghum also does not exhibit beta-amylase activity.
This is fundamentally different from barley where the ungerminated grain
exhibits beta-amylase activity and that it appears tropical cereal grains
such as pearl millet, sorghum and maize possess only the “ubiquitous”
form of beta-amylase, (MacGregor, 1996 and Briggs, 1998). The levels
show Kazea Manga to have the highest activity (61.6U/g) followed by
Kemolga (53.7U/g) and Bumbago (52.4). The activities of Sarsorg E5 - 2
(8.6U/g) and Kadaga (14.0) were very low.

During the mashing process, however, other factors, such as pH and
metal ions, are important for optimal enzyme activity. It has been
reported that calcium ions play an important role in the synthesis of a-
amylase during malting, Deikman and Jones (1986) and. Moll and Jones,
(1982). Calcium ions have also been implicated in stabilizing a-amylase by
improving the heat stability of the enzyme during mash conversion. On
the other hand, zinc ion is an important trace element required by yeast
during fermentation (Palmer, 1989). These reported effects of metal ions
are in reference to barley malt. It is, however, not clear whether these
effects of metal ions on barley malt have similar effects on sorghum malt.

20



Conclusion

Sarsorg MI, Kasheagu, Sarsorm M 13-3, Mankaraga and Kemolga varieties
had unsatisfactory germination capacities and Alpha Amylase activities.
The Kazea Manga and Nakpaji varieties showed encouraging germination
counts and Alpha-Amylase activity. The high values of germination and a-
amylase activity indicate that the two varieties are comparable to kapaala
in terms of malting properties. However it is recommended these two go
through further analysis to ascertain their mashing and brewing
potentials.

21
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Appendix 1

ENCWC W W We W W W

Blocked p-nitrophenyl maltoheptaoside (BPNPG7)

i
l« a-Amylase
v
o—m-)-OH‘*'H Ao (O)-NO;
n m
Blocked maltosaccharide  p-nitrophenyl maltosaccharide

}‘ Thermostable
i o-glucosidase

oh gt Ore,

{ tri-Sodium Phosphate
6~ 110

Reaction Stopped and
yeltow colour developed

Scheme 1: Theoretical basis of the Ceralpha a-amylase assay procedure

Immediately a-amylase cleaves a bond within the blocked p-nitrophenyl
maltosaccharide substrate, the non-blocked reaction product containing
the p-nitrophenyl substituent is instantly cleaved to glucose and free p-
nitnophenol by the excess quantities of thermo stable a-glucosidase which
are integral parts of the substrate mixture, and free p-nitrophenol is
released. The reaction is terminated and the phenolate colour is developed
on addition of tri-sodium phosphate (pH ~11.0).
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Appendix 2

WeWoWoWeic

p-nitrophenyl maitc)pentuos:de { PNPG5)

| /e-Amytcse
ot My HMQ@
mattose p-nitrophenyt maitotrioside {PNPGS\
:«-Glucosrdose

5w

glycose " g~nitropheno(: {PNP]
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¥
Reaction stopped ond
yellow colour developed

Scheme 2: Theoretical basis of the Betamyl f-amylase assay procedure

When PNPG5 is cleaved to PNPG3, the latter is rapidly cleaved

to p-

nitrophenol and glucose by the excess quantities of a-glucosidase which

are an integral part of the substrate mixture.
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