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Enzymic breakdown of endosperm proteins of sorghum was more effective at 20°C than at 25°C and

30°C, as regards total protein solubilization, a-amino nitrogen and peptide production. Although the
embryos (axes and scutella), of the three temperature treatments contained similar quantities of

protein, it appeared that less proteins, in terms of amino acids and peptides, were transferred to the

roots during malting at 30°C than at 25°C and 20°C. During mashing, higher levels of peptides but

lower levels of a-amino nitrogen and total soluble nitrogen were released in an infusion mash at 65°C

than in a decantation mash where enzymically active wort was decanted and used to mash gelatinized
sorghum starch at 65°C. Although more of the maltose-producing enzyme—p-amylase was found in

sorghum malts made at 25°C and 30°C than at 20°C, it would seem that, for sorghum, malting

temperature of 20°C to 25°C were optimal as regards protein breakdown during malting. The protein

breakdown produced when sorghum is malted at 20°C is comparable to that found in barley malt and
should support similar levels of adjuncts and yeast growth during brewing.
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Introduction

Although Sorghum has been used for centuries to produce

traditional opaque beers, it is now used to produce European-

type beers in Mexico and Nigeria914. Studies on sorghum

suggest that, in contrast to barley malt, sorghum malt has lower

extract yield and lower levels of p-amylase activity12. The

standard mashing temperatures used to extract barley malt are

unsuitable for the mashing of sorghum malt because the starch

granules of sorghum gelatinize above 70°C, whilst those of

barley malt gelatinize between 63-64°C112. To increase the

starch-derived sugars and dextrin in the extracts of sorghum

malt, a new decantation mashing procedure was applied. In this

procedure the enzymatically active worts were decanted and

used to convert the starch of the boiled mash residue4912.

The fermentability of sorghum worts have also been studied

in great detail2-4-13. In comparative studies with barley malt, it
was reported that the primary sugars of wort of sorghum malt

was glucose whilst maltose was the primary sugar of corres

ponding worts of barley malt3-5. It has been suggested that this

may be caused by the comparatively lower levels of p-amylase

and/or the high levels of a-glucosidase in sorghum malt4121*.

The soluble protein components of malt worts influence the

levels of adjuncts used in the brewing process. In this regard the

a-amino nitrogen and peptide levels of the wort are therefore

more important quality parameters than the levels of total

soluble nitrogen. Although sorghum malts can produce signi

ficant levels of total soluble nitrogen, the quantities ofa-amino

nitrogen and peptides which the soluble nitrogen contain are

not known. It is also not known how malting temperatures,

which have not yet been established for sorghum, will affect the

development of the soluble nitrogen component of the malted

grain. Results presented in this report provide information on

these aspects of protein modification in sorghum during

malting.

Materials and Methods

Raw materials

Some properties of the raw materials—Sorghum, KSV 13

(from Nigeria) and barley—Chariot (from UK) used in this

study are summarised in Table 1.

TABLE I Some properties of sorghum and barley grains

Sorghum Barley

Grain moisture (%)

Gertninative energy (%)

Total nitrogen (%)

Crude protein (Nx6.25)

12.5

97.5

1.56

9.75

13.0

98.7

1.60

10.38

Germination ofsorghum and barley

The steeping schedule described by Etokakpan6 was em

ployed for sorghum. Briefly, the grain (200 g) was steeped for

22 h, followed by a 4 h air-rest and a further 22 h wet steep, at

20°C. Out of steep moisture level was 34-35%. The grain was

germinated at 20°C, 25°C or 30°C for 5 days. Water was also

sprayed (5 ml/200 g of grain) every other day and mixed to

prevent excessive moisture loss during germination.

Barley—Chariot was steeped and germinated at 17°C in the

Seeger micro-malting steeping unit (Seeger Machinenfabric,

Fellbach, West Germany). The standard steeping schedule—

8 h wet steep at 16°C, 16 h air-rest, followed by 24 h water steep

was adopted so that an out of steep moisture of 46-47% was

achieved. Germination was carried out for 5 days. Both

germinated sorghum and barley grains were kilned at 50°C for

16 h in the Seeger kiln.

Grain and malt analyses

Total nitrogen determination

Total nitrogen of grain or malt was determined by the

Kjeldhal method. Milled sample (Buhler Miag mill, setting 2),

1.0-1.5 g was digested on a heater block (Tecator Digestion

System 1007 Digester). The distillation was effected in a Kjeltec

distillation unit (Tecator Kjeltec System 1002 Distillation

Unit), and titration of the resulting distillate was carried out

using a Metrohm Herisan Multiburette E485 system. After

derooting the germinated grains, the embryo (scutellum and

axis) of the malted grain was excised from the kernel by hand

using sharp blades to obtain embryo-free endosperm. Total

nitrogen levels of the rootlets, embryo and endosperm were also

determined by Kjeldhal method as described above.

Mashing ofsorghum and barley

Two mashing methods were employed for sorghum malt:

Decantation mashing and mashing at 65°C.
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Decantalion mashing

Sorghum malt was milled in a Buhler Miag Mill, setting 2.

The flour (50 g) was extracted with 300 ml of distilled water in

a 500 ml Erienmeyer flask at 30°C after which the enzymatically

active wort was decanted. The mash residue was then heated to

100°C in a water bath (Grant E43, Grant Instrument

(Cambridge) Ltd, Barrington Cambridge) to gelatinize the

malt starch. After cooling, the decanted supernatant was

returned to the boiled mash and the volume adjusted to 360 ml

and mashed in the BRF mashing bath (Crisp Malting Ltd,

Great Ryburgh, UK) at 65°C for 1 h.

Mashing at 65"C

Sorghum or barley malt flour (50 g) was weighed into

stainless beakers and 360 ml equilibrated distilled water (65°C)

was added. Mashing was effected in the BRF mashing bath

(Crisp Malting Ltd, Great Ryburgh, UK) at 65"C for I h.

Extract determination

Hot water extract was determined by feeding wort sample

into a density meter (Calculating Digital Density meter,

Stanton Redcroft PAAR DMA 46) and after conversion to

specific gravity, the hot water extract was calculated10.

a-Amino nitrogen

Wort a-amino nitrogen was determined by two methods—

the Ninhydrin10 and the 2,4,6-trinitrobenzcne sulphonic acid

(TNBS)7 methods.

Ninhydrin method

Sample was adequately diluted (1 ml sample in 100 ml dis

tilled water) as recommended10. Diluted sample or glycine

standard solution, 2 ml, was mixed with I ml of ninhydrin

colour reagent and heated for 16 min in a boiling water bath

(Grant W 14, Grant Instrument (Cambridge) Ltd, Barrington,

Cambridge). After cooling for 20 min at 20cC, 5 ml of diluting

reagent was added. The absorbance was measured at 570 nm in

a spectrophotometer (Philips PU 8730 UV/VIS Scanning

Spectrophotometer and Philips Colour Plotter). Blank solution

contained all the reagents except the test solution that was

substituted with distilled water.

2,4,6-trinitrobenzene sulphonic acid (TNBS) method

One millilitre of sample or glycine standard solution was

mixed with 5 ml of sodium phosphate buffer solution pH 8.2,

2 ml of TNBS colour reagent and incubated in shaded water

bath (Grant SBB6, Grant Instrument (Cambridge) Ltd,

Barrington Cambridge) at 40°C for exactly 120 min. After

cooling for 15 min at 20°C, 2 ml of 1.0 M/IHCI was added. The

extinction was read at 340 nm in a spectrophotometer (Philips

PU 8730 UV/VIS Scanning Spectrophotometer and Philips

Colour Plotter). Variations between experimental results
presented did not exceed 5%.

Analyses ofsorghum fi-amylase and sorghum wort

carbohydrates (HPLC)

The activity of p-amylase was assayed using the Megazyme

beta-amylasc assay procedure (Betamyl Method, Megazyme

Australia). The hplc equipment used to assess maltose level was

the Dionex Eluent Degas Module (Gilson Binary Gradient

HPLC system) with the following components: Gilson 305 hplc

pump, Gilson 306 hplc pump, Gilson Manometric unit, Gilson

Dynamic mixer, Rheodyne 7125 injector with 20 ul loop and

7126 start/stop switch, Jones column heater, temperature probe,

Dionex PAD electrochemical detector and Hitachi Merck D

2000 integrator. Diluted sample (1 ml sample in 200 ml distilled

water) was injected on the Rheodyne injector and run on File 1

at 1.0 to l.2Kpsi.

Results and Discussion

Table I shows comparative analyses ofsamples of sorghum and

barley used in this study. Moisture, germination and nitrogen

TABLE 11 Some properties of sorghum

temperatures

Steep-out moisture (%)

Malting loss (%)

Rootlets

Total

20°C

34.0

6.5

21.3

germinated at different

25"C

34.0

8.4

23.5

30°C

34.3

10.9

28.5

levels were similar. In Table II, it can be seen that the steeping

temperatures of 20°C, 25°C, 30°C did not alter the out of steep

moisture significantly. These values (about 34%) are lower than

one would normally expect from barley, which are usually in

the range of 44-47% moisture. However, this low out of steep

moisture is optimal for the germination of sorghum. The addi

tional water required to maintain enzymic modification of the

endosperm during malting is added by spraying on limited

quantities of water, as described in the method. Although the

out of steep moistures were similar for the different tempera

tures of steeping, it is clear from Table II that malting loss was

significantly higher at 25°C and 30°C than at 20°C.

Detailed laboratory analyses were carried out on these

sorghum malts to assess the effects which this wide range in

malting temperature had on protein breakdown and extract

yield in sorghum, mindful that in African and Asian (i.e.

tropical) malting conditions, sorghum could be malted over an

even wider range of high temperatures. A standard sample of

barley (Chariot) malt was analysed for reasons of comparison.

Tables III, IV, show that the distribution of total nitrogen in the

rootlets and embryo (axis and scutellum) (malted at 20°C,

25°C) was similar when nitrogen values were presented as

percentages of the dry weight of the rootlets and embryo. How

ever, in Fig. 1, where the nitrogen results are percentages of the

total nitrogen of the grain, it is evident that there was more

nitrogen in the rootlets of grains malted at 20°C than those

malted at 25°C or 30°C. In contrast, when nitrogen results of

the embryo (Table IV) was expressed as percent of the total

TABLE HI Total nitrogen (%) balance in sorghum germinated at

20°C

Germination time (Days)

1

2

3

4

5

Rootlets

5.5

5.7

5.1

4.9

5.0

TABLE IV Total nitrogen (%) balance in

25°C

Germination time (Days)

1

2

3

4

5

Rootlets

5.6

4.8

4.5

4.5

4.5

Embryo

2.1

2.0

2.0

1.9

2.0

sorghum germinated at

Embryo

2.1

2.0

2.0

2.0

2.0

TABLE V Total nitrogen (%) balance in sorghum germinated at

30°C

Germination time (Days) Rootlets

1

2

3

4

5

5.1

4.7

4.3

4.1

4.1

Embryo

2.1

2.2

2.3

2.4

2.3






