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AMYLOLYSIS OF SORGHUM STARCH AS INFLUENCED BY CULTIVAR, GERMINATION TIME AND
GELATINISATION TEMPERATURE
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The susceptibility to amylolysis of starches derived from two improved Nigerian sorghum cultivars
were evaluated at assay temperatures hetween 50°C and 75°C. Enhancement of gelatinisation rates at
temperatures up to 85°C was not significant inspite of the apparent grain modification due to germina-
tion for four days. Greater starch gelatinisation rates (20-22%) were achieved in this study compared
to previously reported values, suggesting possible roles for cultivar and malting methods. There was
a statistical correlation between starch gelatinisation rates over the temperature range 65°C-75°C and
the duration of grain germination (r=0.91 for KSV8 and r=0.5 for SK5912 gtarches). Gelatinisation rate
and temperature were affected significantly by assay pH. The occurrence of two pH related maxima
of starch gelatinisation for both cultivars at all temperatures examined indicates the possible presence
of two sets of “binding forces’’ within the starch granules and features of starch retrogradation.
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INTRODUCTION

The malting of cereal grains involves a series of physiological
changes within the grain*}. Some of these chianges, although
not clearly visible, are believed to have significant consequences
for malt quality as drastic alterations in key physico-chemical
properties of some important macromolecular constituents of
the grains occur?,

Starch represents the major macromolecular component of
cereal grain endosperm where it constitutes between 65 and
70% of total reserve material>*. Much of the brewing value of
cereals derives from their starch content because it has a direct
relationship to the amount of recoverable extract.

Due to economic difficulties, sorghum has largely replaced
barley in Nigeria as the primary source of extract for
brewing!-3!, The use of sorghum starch as extract presents
some process problems including the need to use high tem-
perature (70~77°C) of gelatinisation?*2?. This results in low hot
water extractability, particularly for sorghum malts mashed
using conventional barley mashing techniques®-®.

Several earlier workers demonstrated that gelatinisation rates
of starches are significantly affected by factors such as the
extent of grain modification, cultivar, the ionic environment as
well as assay temperature and pH67-11.19.32,

This article reports the effect of duration of grain germina-
tion, cultivar and assay temperature and pH on the gelatinisa-
tion rates of starches derived from improved Nigerian sorghum
cultivars.

EXPERIMENTAL

Sorghum cultivar

Grains of two improved Nigerian sorghum cultivars KSV8
and SK5912, obtained from the Institute of Agricultural
Research, Zaria, Nigeria, were used for this study. Grains were
carefully sorted to remove damaged kernels and debris.

Sorghum malting

Portions of the grains (1 kg) were steeped in 2 litres distilled
water after prior sterilisation with sodium hypochlorite solu-
tion as described earlier'®. Steeping lasted 48 h with 12 h initial
steep followed by cycles of 3 h dry and 6 h wet for 36 h. Grains
were thereafter germinated for four days in germination trays
with fine mesh bottoms and in the dark in germination boxes

in an atmosphere of near water-saturation. Grains were turned
every 12 h and watered by spraying with 60 ml distilled water.
At 24 h intervals, 100 or 200 g of germinating grains were
withdrawn and immediately kiln dried. Kilning was for 24 h at
50°C in a forced draught oven prior to starch extraction.

Starch extraction

Malts were finely ground using a cooled Waring blender.
Starch was extracted according to standard procedures***. The
extracted starches were purified by successive sedimentation in
double glass-distilled water and by treatment with 0.01 N
NaOH solution and a few drops of 2-mercaptoethanol. The
pure starches were dried overnight in a forced draught oven at
40°C and used for subsequent analyses.

Crude amylase extraction

Kilned malts from both sorghum cultivars germinated for
four days were pooled together, degermed manually and finely
ground in a Waring blender. 50 g portions of ground malt were
suspended in 200 ml of 0.01 M sodium acetate buffer, pH 5.7,
and the enzyme extracted by shaking for 3 h in a Gallenkamp
orbital shaken incubator at 4°C. The crude amylase prepara-
tion was clarified by centrifugation at 10 600 g for 10 min at
4°C and used for starch gelatinisation assays after diluting
appropriately.

Starch gelatinisation studies

Effect of assay temperature on starch gelatinisation rates. Starch
gelatinisation was determined as described by Novellie and
Schultz'” with slight modification. 0.125 g portions of starch
samples were dispensed into test tubes containing 0.1 ml dis-
tilled water and the starch solution incubated in a water bath
for 30 min at the appropriate temperature with shaking at 5 min
intervals.

At the end of incubation, tubes were attemperated at 30°C
for 10 min in a waterbath. Thereafier, 1 ml of 10~ dilution of
the crude enzyme preparation was added to the starch solution
and allowed to digest for 3 h with shaking at 30 min intervals.
Reducing sugar released from starch conversion was deter-
mined by the Somogyi method®”. Control tests were prepared
for each assay using boiled starch. Starch gelatinisation rate
(GR) was calculated as follows:

Total Reducing sugar at assay tempemturex 100 )

GR (%)= -
Total Reducing sugar at 100°C 1

Effect of assay pH on starch gelatinisation. This was determined
as described for the effect of assay temperature on starch


















