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Although sorghum is widely cultivated in Africa, its utilisation for the production of lager type beer by breweries is relatively
limited. Sorghum is used unmalted as a brewing adjunct, in limited quantities, with barley and commercial exogenous
enzymes for lager type beer production. The use of sorghum malt as the sole raw material in brewing lager type beers is
generally limited because of its low diastatic power and high tannin content among other factors. The objective of this study
is to identify sorghum varieties that could be malted and used as the sole (100%) brewing material for lager beer production.
Twenty-six sorghum varieties cultivated in Ghana were screened for malting and brewing potential based on germinative
energy, green malt hydration, gelatinisation temperature, extract yield, limit attenuation, free amino nitrogen and diastatic
power. Five of the varieties; Kadaga, Nakpaji, Kazea Nanga, Global 2000 and Kyere, of the twenty-six evaluated were found to
have desirable characteristics for producing quality malt for lager beer production without the need for supplementary
enzymes. Pilot scale malting and brewing trials are recommended to validate these findings.
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Introduction

Sorghum (Sorghum bicolor (L) Moench) is an indigenous African
cereal produced mainly in the savannah and grassland regions.
The grain is grown mainly in the semi-arid regions of the tropics
and sub-tropics. Sorghum is rich in carbohydrates (60-70%),
proteins (8-12%), oil (2.8-3.6%), fibre (ca. 8%), ash (1-2%), vitamins
and phytochemicals, such as phytosterols, policosanols, caroten-
oids and phenolic compounds, including flavonoids, tannins and
anthocyanins (1–4). It is an important cereal consumed as a staple
food by people in semi-arid zones of Africa, South America and
Asia (5). Sorghum is also used as animal feed in developed
countries and is emerging as a feedstock for biofuel production.

Although sorghum is widely cultivated in Africa, its utilisation in
the brewing industry is limited. This is due to a myriad of factors
including the high gelatinisation temperature of sorghum starch,
high tannin content, low level of amylolytic enzymes in malted
sorghum and limited technology for processing the grain (6–8).
Sorghum is however widely used in the production of traditional
fermented opaque beverages such as pito and infant foods inWest
Africa. The grain ismainly used in the preparation of a stiff porridge
(tuo zafi), a staple food of the inhabitants of the northern regions of
Ghana and Nigeria.

Lager style beers are clear European beers brewed from barley
malt. In brewing lager beers from sorghum malt, the decantation
mashing process is applied whereby the sorghummash is allowed
to sediment and the supernatant is decanted and kept aside to be
recombined with the thick mash after cooking to gelatinise the
starch (9–12). This process is used to retain enzyme activity and
avoid denaturation at the high temperature used for gelatinisation
of sorghum starch. Several studies have been conducted on
identifying sorghum varieties that are suitable for malting and
brewing of lager type beers (8, 13–18). Although some progress
has been made in Ghana regarding the development of standard

process for malting sorghum for industrial production of tradi-
tional sorghum beer or pito (19), the same cannot be said about
using malted sorghum for lager production in breweries where
unmalted sorghum is used in limited quantities as adjunct. In some
cases, the breweries resort to mashing unmalted sorghum with a
cocktail of commercial enzymes, a situation which has resulted in
lack of development of malthouses, poor return for the sorghum
value chain and non-optimal use of the grain in West Africa.

To promote the use of sorghum malt in the brewing industry,
the government of Ghana is collaborating with other West African
countries and development partners such as Deutsche Gesell-
schaft für Internationale Zusammenarbeit (GIZ), International Fund
for Agricultural Development (IFAD)/International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT), United Nations Indus-
trial Development Organization (UNIDO) and Common Fund for
Commodities. Several interventions are in place to research sor-
ghumbreeding, establish laboratories, a pilot malting and brewing
plant to perform trials on brewing with sorghum (18). As a result,
several improved varieties of sorghum which are comparable to
Nigerian cultivars SK5912, KSV8 and ICSV 400, that are known to
have good malting and brewing potential (8), have been devel-
oped by Savanna Agricultural Research Institute (SARI) of the
Council for Scientific and Industrial Research (CSIR) in Ghana, to
meet the needs of the local brewing industry. This study, con-
ducted at the CSIR-Food Research Institute, evaluated the varieties
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cultivated by CSIR-SARI, to identify those that could be used for la-
ger beer brewing without the need for supplementary enzymes.

The critical quality parameters for the malting and brewing
potential of sorghum are germinative energy, diastatic power, ex-
tract yield (as hot water extract), and free amino nitrogen (FAN).
Germinative energy determines the viability of the grain and is a
measure of the percentage that will germinate to produce malt.
Diastatic Power is the combined activity of beta and alpha amy-
lases for converting gelatinised starch into sugars for fermentation.
Extract yield is themeasure of the solublematerials that have been
formed from the sorghum endosperm into the mash and FAN
measures the level of the nitrogen compounds that are a nutrient
for yeast during fermentation. Attenuation Limit is a measure of
the quantity of fermentable sugars that have been extracted from
the malt into the mash. Extract yield and Attenuation Limit are
both dependent on the Diastatic Power of the malt. Diastatic
Power is therefore the most critical quality parameter for the
suitability of sorghum malt for use in brewing lager type beers.
Sorghum varieties that produce malts with inadequate diastatic
power are not suitable for the production of Lager style beers
which typically have an alcohol content of 5% ABV.

Materials and methods

Twenty-six sorghum varieties cultivated at the SARI of the Council
for Scientific and Industrial Research (CSIR), Ghana were used for
the study.

Germinative energy

The germinative energy of the sorghum varieties was determined
according to themethod of the European Brewery Convention (20)
with slight modifications. Three batches of 100 randomly selected
grains of each variety were placed in a 9 cm diameter petri dish
lined with two pieces of Whatman No. 1 filter paper, moistened
with 4 mL of distilled water. This was incubated at 29oC and the
number of chitted grains counted at 24 hour intervals over a
period of 72 hours.

Malting

Each sorghum variety (2 kg) was weighed and washed four times
in 6L of potable water. Immature and floating grains were recov-
ered and discarded. The grains were sanitised (21) by soaking in
0.5% (w/v) NaOH solution for three hours. The sanitized grains
were washed three times with 10L of potable water and steeped
at 29oC in 5L potable water for twelve hours. The steep liquor
was drained off and the grains washed once with 6L of fresh pota-
ble water. The grains were steeped again in 6L of tap water for four
hours after which the grains were removed from the water and
air-rested for two hours. The steeping of the grains continued
(in 6L of water) for another two hours after which the grains were
transferred to malting trays (24cm x 48cm x 6cm) for germination
at 29oC in a dark room for five days. The germinating grains were
sprayed with 100 mL of potable water twice daily (8am and 4pm)
using spray bottle. Malting was halted after the fifth day and the
green malt was dryed at 50oC in a forced air oven for 16 hours.
The grains were de-rooted manually after drying (by rubbing the
warm germinated grains on a wire mesh) and then milled with a
Buhler Miag disc mill (Buhler Universal, DLFU, Buhler GmbH,
Braunsschweig).

Moisture of green malt

The moisture content of the green malt of the sorghum varieties
was determined using Air Oven Method (22).

Gelatinisation temperature

The pasting characteristics of the malt samples were determined
using Visco-Amylograph (Viscograph-E, Brabender GmbH & Co,
KG, Illinois, USA). The moisture content of the milled malt flour
was determined using Sartorius MA 45 (Sartorius AG, Goettingen,
Germany) moisture analyser. Viscograph-E software determined
the quantities of flour and distilled water which were mixed to
form a consistent slurry with no lumps.

Hot water extract

The hot water extract of malt was prepared using standard
mashing procedures (23). Milled malt (50g) was added to 200 mL
of distilled water in a beaker at 45oC and held for 30 min in a
mashing bath (Bender and Horbein, Model MA3E) with continuous
stirring before raising the temperature to 62oC (1°C/min) and hold-
ing it for 15 min. The mash was then removed and left at room
temperature for 60 min to sediment. An aliquot (60 mL) of the
supernatant (enzyme rich extract) was decanted. The remaining
thick mash was boiled for 10 min under continuous stirring and
then cooled to 62°C. The supernatant was added to the cooked
sediment, mixed, heated to 62°C and held for 15 min, before
raising the temperature to 72°C at 1°C/min. Saccharification was
checked every 10 min for 60 min using the iodine starch test. At
the end of 60 min, the mash was cooled to room temperature
and made up to 250 g with distilled water. The resulting wort
was filtered through a fluted Whatman no. 3 filter paper and used
for the measurement of extract, amino nitrogen, limit attenuation
and diastatic power.
Extract in °Plato (g/100 g), was measured using an Anton Paar

density meter, model 35 N (Anton Paar GmbH, Graz, Austria).
Extract yield was calculated using the relationship:

Extract yield %ð Þ; as � is; Y1 ¼ E Hþ 500ð Þ= 100–Eð Þ

Extract yield %ð Þ on dry matter dmð Þ; Y2 ¼ Y1 x 100= 100–Hð Þ

where Y1 is the extract content of sample, as-is (%), Y2 is the extract
content in dry matter (%), E is the extract content of wort in gram/
100 g and H is the moisture content of malt (%).

Free amino nitrogen

Free amino nitrogen (FAN) was determined using the international
ninhydrin colorimetric method (24).

Limit attenuation

Limit attenuation was determined in triplicate using 20 mL of wort
(25).

Diastatic power

Diastatic power was determined using the peptone extraction
method (26).
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Results and discussion

Germinative energy, hydration of green malt and
gelatinisation temperature.

The characteristic of sorghum grain of paramount importance to
the maltster is germinative energy (GE) which is an indication of
the potential of the grains to germinate. The GE of malting grains
should not be lower than 96% (19) and is crucial in the selection of
grains for malting as it is indicative of seed viability, maturity, phys-
ical and microbiological integrity. Table 1 shows that nine out of
the 26 sorghum varieties had a germinative energy outside the
acceptable limits (< 96%) and therefore were not a good malt
for brewing. The moisture content of the green sorghum malts
(Table 1) ranges from 36.1 to 46.7% with nine of the varieties re-
cording moisture content below 40%. Quality parameters such as
diastatic power, extract yield, extent of cell wall modification and
malting loss are highly correlated to out-of-steepmoisture content
of Sorghum malt (6, 27). Most of the sorghum varieties had out-
of-steepmoisture contents above 40% in agreement with the liter-
ature (28).

The gelatinisation temperatures of the sorghum varieties
screened range from 73.1 to 80.6oC (Table 1). During the mashing
process barley malt starch gelatinises between 59 and 63°C, a tem-
perature at which the starch conversion enzymes are active (28).
The relatively high starch gelatinisation temperatures of sorghum

varieties would not support starch hydrolysis by the amylases as
the enzymes would be destroyed in the mash. For this reason,
mashing with 100% sorghum needs to be performed using a
double mashing (decantation) method as reported in earlier
studies (9–12).

Diastatic power

Diastatic power is the combined activity of beta and alpha amy-
lases which are responsible for converting gelatinised starch into
sugars for fermentation. Diastatic power is the critical quality
parameter for the suitability of sorghum malt for use in brewing
lager type beers. The DP of the malted sorghum varieties are
reported in Table 2 which range from 55 to 75.3 WK units. Agbale
et al. (29) reported an average DP of 83.86 WK units for sorghum
malt compared to an average of 340 WK units for barley malts
(29). Reported values for industrial sorghummalt used for brewing
opaque sorghum beers in South Africa range from 37 to 86 WK
units (30). Attempts to use 100% sorghum malts in lager beer
production have encountered several problems including low dia-
static activity due to the low levels of β-amylase activity (15) and
limited endosperm cell wall modification (31). The combined effect
of these limitations results in the slow and incomplete starch
hydrolysis during mashing with accompanying long saccharifica-
tion times, low extract yield, slowwort and beer filtration. Sorghum
brews tend to be turbid and have short shelf-life due to high resid-
ual starch content (32). Accordingly, much emphasis is focused on
malting conditions such as steeping and germination to improve
the diastatic activity (19, 33–35) in sorghum malts to improve the
extract yield and reduce saccharification time. Of the sorghum
varieties in this study, most had a DP below the values previously
reported (19). Sorghummalts with DP<70WK units were not con-
sidered in this work as these malts did not produce the desirable
levels of fermentable extracts after saccharification. Five of the 26
sorghum varieties - Kadaga, Nakpaji, Kazea Nanga, Global 2000
and Kyere - screened (Table 2) were selected as having desirable
diastatic power for lager type beer brewing based on this
consideration.

Limit Attenuation

The limit attenuation of the sorghum varieties (Table 2) ranged
from 64.9 to 81.8%, most of which fall below the recommended
figure of 80% (28). The results compare with other work (8, 15,
17–19) but are higher in five varieties in this study. Degree of fer-
mentation is an important indicator of brewery production and
profitability, since it determines the yield of alcohol in the brewing
process as well as the efficiency of fermentation. The greater the
attenuation, the more sugar that has been converted into alcohol
(36). Beers brewed from sorghum malt are low in alcohol because
of the low level of β-amylase activity (15). Table 2 indicate that five
varieties - Kadaga, Nakpaji, Kazea Nanga, Global 2000 and Kyere -
had limit attenuation of > 80% and were selected as having
potential for malt production and lager type brewing.

Extract yield

Extract yield is the amount of soluble material obtained by the
aqueous extraction of malt. Malt with extract yield <75.0% dry
matter is not economical for use in brewing as much of the car-
bohydrate and protein will remain insoluble and be lost in the
spent grain. Sorghum malt with a minimum diastatic power of

Table 1. Germination energy, green malt hydration and
gelatinisation temperature of the sorghum varieties

Sorghum
variety GE (%)*

Moisture of
green malt (%)*

Gelatinisation
temperature (oC)*

Kadaga 97 ± 1.0 41.9 ± 0.3 78.8 ± 0.2
Mankaraga 96 ± 0.0 44.0 ± 0.1 76.4 ± 0.5
Belko 96 ± 0.0 36.8 ± 0.5 76.3 ± 0.3
Kapeli 90 ± 0.0 46.3 ± 0.2 78.5 ± 0.4
Nakpaji 98 ± 0.0 39.5 ± 0.1 76.0 ± 0.1
Zelle 95 ± 1.0 37.5 ± 0.0 77.4 ± 0.2
Keriga 96 ± 0.0 40.9 ± 0.0 77.7 ± 0.0
Kazea Nanga 100 ± 0.0 44.3 ± 0.1 79.3 ± 0.1
Yakpaji 98 ± 0.0 39.4 ± 0.6 77.5 ± 0.2
Global 2000 97 ± 0.0 44.1 ± 0.3 78.8 ± 0.3
Bunbago 98 ± 0.0 41.6 ± 0.4 77.9 ± 0.4
Kazea 99 ± 0.0 42.9 ± 0.0 76.1 ± 0.1
Naga 93 ± 1.0 40.1 ± 0.2 73.1 ± 0.1
Kapaala 90 ± 0.0 38.5 ± 0.1 78.3 ± 0.1
Kazea Gare 96 ± 0.0 41.6 ± 0.0 75.9 ± 0.3
Berko 98 ± 0.0 41.8 ± 0.2 76.7 ± 0.3
Dwaagy 97 ± 0.0 43.3 ± 0.2 73.7 ± 0.3
Belko Pielik 2 99 ± 1.0 36.1 ± 0.4 80.6 ± 0.4
Belko Pielik 1 96 ± 0.0 36.6 ± 0.1 78.9 ± 0.2
Nyonso 93 ± 0.0 39.9 ± 0.3 79.4 ± 0.2
Kazea Gyeri 96 ± 0.0 43.8 ± 0.2 76.9 ± 0.0
Kazea Peela 93 ± 0.0 46.7 ± 0.2 76.1 ± 0.2
Chari Bile 85 ± 1.0 42.6 ± 0.4 77.0 ± 0.3
Kyere 97 ± 1.0 40.9 ± 0.1 75.3 ± 0.2
Ayufuful 89 ± 2.0 37.8 ± 0.2 75.6 ± 0.1
Kapeli Tam 84 ± 0.0 43.9 ± 0.2 77.2 ± 0.3
* Each value represents the mean of triplicate determinations.
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50 WK units has sufficient enzyme activity to produce a wort
with fermentability above 75% (18). The extract yield on a dry
matter basis in this study (Table 2) ranged from 64.5 to 86.6%
with most of the varieties below the recommended value of
77-83% dm (37).

One critical condition when considering extract yield is that the
mash must completely saccharify within reasonable time. Of the
26 varieties screened, five had extract yields greater than 77%with
average complete saccharification time of one hour. Most of the
varieties that had the extract yield below 77% took many hours
to completely saccharify. This reflects the relatively low diastatic
power of those varieties. Accordingly, five (Kadaga, Nakpaji, Kazea
Nanga, Global 2000, and Kyere) varieties were selected as having
potential for commercial lager beer brewing.

Free amino nitrogen

Free amino nitrogen (FAN) in the wort is essential for the growth
and metabolism of yeast during alcoholic fermentation. The rec-
ommended minimum FAN concentration for fermentation is re-
ported to be 150 mg/L (38, 39). Apart from three sorghum
varieties - Kapaala, Yakpaji and Nyonso - all the other varieties in
this study satisfy the FAN condition for selection for malt

production and brewing (Table 2). The FAN values obtained in this
study compare with other reports (8, 17–19). Common FAN values
for sweet worts range from 140 to 260 mg/L (40). The FAN values
obtained in this study indicate only Kapaala is outside of this
range. This implies that the worts produced by the sorghum varie-
ties reported here had adequate amounts of amino nitrogen for
lager style brewing in agreement with Taylor & Boyd (41).

Conclusions
Most of the sorghum varieties had germinative energy above 96%
and ex-steep moisture contents above 40% which are both ideal
for producing goodmalt for lager brewing. The gelatinisation tem-
peratures of the starch in the grains were relatively high (between
73.1 and 80.6oC). Mashing with 100% sorghum needs to be per-
formed using the double mashing (decantation) method to avoid
denaturing the amylases during mashing. The FAN values ob-
tained from the study indicate that the worts from the majority
of the sorghum varieties had adequate amounts of nitrogen to
support yeast growth during fermentation. Five of the 26 sorghum
varieties screened had desirable diastatic power resulting in good
extract yield and high attenuation of the wort. Five sorghum
varieties met all the recommended malt and wort characteristics

Table 2. Malt and wort parameters of the sorghum varieties

Sorghum variety Diastatic power (WK units)* Extract yield (dm basis) (%)* Limit attenuation (%)*
Free amino

nitrogen (mg/L)*

Kadaga** 74.3 ± 0.4 84.3 ± 0.4 80.2 ± 0.1 263.4 ± 0.1
Mankaraga 63.4 ± 0.3 68.8 ± 0.5 71.8 ± 0.3 296.0 ± 0.5
Belko 62.2 ± 0.2 69.4 ± 0.6 70.4 ± 0.2 187.1 ± 0.4
Kapeli 61.3 ± 0.1 66.8 ± 0.5 69.5 ± 0.1 219.7 ± 0.2
Nakpaji** 71.2 ± 0.3 80.5 ± 0.5 80.0 ± 0.4 206.7 ± 0.4
Zelle 57.0 ± 0.0 65.5 ± 0.9 68.3 ± 0.0 254.5 ± 0.3
Keriga 56.7 ± 0.1 66.1 ± 0.6 67.8 ± 0.1 308.4 ± 0.1
Kazea Nanga** 72.5 ± 0.2 80.1 ± 0.6 80.4 ± 0.2 155.3 ± 0.2
Yakpaji 65.3 ± 0.4 74.2 ± 0.4 76.9 ± 0.2 148.2 ± 0.0
Global 2000** 71.8 ± 0.5 80.7 ± 0.4 80.1 ± 0.1 219.8 ± 0.0
Bunbago 63.3 ± 0.3 67.1 ± 0.5 70.2 ± 0.3 226.3 ± 0.3
Kazea 65.5 ± 0.2 73.3 ± 0.4 76.9 ± 0.1 236.7 ± 0.6
Naga 67.7 ± 0.3 72.1 ± 0.3 74.3 ± 0.3 172.2 ± 0.4
Kapaala 62.0 ± 0.3 71.0 ± 0.5 73.9 ± 0.1 139.4 ± 0.3
Kazea Gare 56.6 ± 0.2 65.0 ± 0.6 67.2 ± 0.2 162.6 ± 0.1
Berko 60.0 ± 0.1 67.5 ± 0.6 70.2 ± 0.2 223.2 ± 0.0
Dwaagy 63.3 ± 0.1 71.5 ± 0.5 73.1 ± 0.0 202.0 ± 0.1
Belko Pielik 2 60.7 ± 0.0 65.7 ± 0.3 69.6 ± 0.2 162.1 ± 0.2
Belko Pielik 1 59.2 ± 0.1 64.5 ± 0.4 70.0 ± 0.1 168.0 ± 0.4
Nyonso 55.0 ± 0.3 65.0 ± 0.9 66.0 ± 0.3 146.4 ± 0.2
Kazea Gyeri 61.0 ± 0.4 69.1 ± 0.5 70.1 ± 0.2 232.9 ± 0.3
Kazea Peela 59.5 ± 0.3 66.9 ± 0.5 68.8 ± 0.2 198.3 ± 0.5
Chari Bile 58.3 ± 0.2 65.6 ± 0.7 74.2 ± 0.1 244.6 ± 0.2
Kyere** 75.3 ± 0.1 86.6 ± 0.6 81.8 ± 0.0 254.0 ± 0.3
Ayufuful 60.7 ± 0.0 69.7 ± 1.0 70.4 ± 0.0 215.0 ± 0.4
Kapeli Tam 55.2 ± 0.1 66.4 ± 0.5 64.9 ± 0.3 155.1 ± 0.1
* Each value represents the mean of triplicate determinations.
** Varieties with desirable malt and wort characteristics.
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(germinative energy, diastatic power, extract yield, limit attenua-
tion, free amino nitrogen) for lager style brewing. This suggests
that five varieties of sorghum - Kadaga, Nakpaji, Kazea Nanga,
Global 2000, Kyere - could be used as raw material (100%) for lager
beer production without the need for exogenous enzymes. There
is the need however to conduct pilot scale malting and brewing
trials to validate these findings. Once this is achieved, there would
be economic benefit for stakeholders in the sorghum value chain
and savings on the reduced importation of brewing materials.
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