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The effects of steep liquor calcium ion on sorghum endosperm reserve protein mobilization were
evaluated using two improved Nigeria sorghum cultivars (ICSV 400 and KSV 8). The key protein
modification factors evaluated were free amino nltrogen (FAN), total non protein nitrogen (TNPN) and
soluble protein of cold water extract (CWS-P). Ca** treatment highly significantly (P < 0.001) repressed
FAN development in both sorghum cultivars ICSV 400 and KSV 8. TNPN accumulation significantly
enhanced in ICSV 400 by Ca* treatment in contrast to KSV8 malts which showed 23 to 69% repression.
Similarly, Ca®* treatment was effective in stimulating peptide accumulation in ICSV 400 at all levels of
treatment indicating that the enhancement of TNPN accumulation in this cultivar was derived mainly
from the stimulation of peptide accumulation. KSV 8 in contrast showed highly significant repression of
peptide accumulation. Protein solubilisation, soluble protein accumulation and cold water soluble
protein modification in both cultivars were all highly significantly repressed by Ca”* treatment; although,
ICSV 400 appeared to be better modified. Carboxypeptidase development was stimulated significantly

by Ca*

treatment in both cultivars. Existence of multiple hlgh points in carboxypeptidase activity
suggests heterogeneity of this enzyme in sorghum while Ca*

treatment caused reduced proteinase

development in ICSV 400, the enzyme activity was enhance in KSV 8 albeit marginally.

Key words: Sorghum malt, steep water Ca**
nitrogen, carboxypeptidase.

INTRODUCTION

Sorghum (Sorghum bicolor (L) Moench) is a cultivated
tropical grass which originated in Africa about 3000 to
5000 years ago (Taylor and Belton, 2002). Sorghum like
other cereal grains such as barley, maize, rice and wheat
belong to the grass family — the Gramineae and it is widely
grown in other parts of the countries. Different cultivars
are found in different regions depending on the climate. It
is an important cereal crop to humankind ranking fifth in
terms of overall cereal production after wheat, rice, maize
and barley (FAO, 2004; Taylor and Belton, 2002). Among
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treatment, modification, free amino nitrogen, total non protein

other applications, sorghum is used in the production of
traditional opaque beer, non-alcoholic beverages in
developing countries and until recently, production of
lager-type clear bear (Taylor and Dewar, 2001; Palmer,
1989). Barley is traditionally the cereal chosen for malting
in order to develop enzymes (Kuntz and Bamforth, 2007).
In Nigeria, where attempts to cultivate barley have met
with little success, the high cost of importing barley malt,
in conjunction with the rising demand for European-type
lager, has forced the use of local cereals particularly
sorghum, as a malting and brewing grain. Thus, sorghum
has successfully replaced barley in Nigeria as the primary
source of extract for brewing (Okolo and Ezeogu, 1996).
Ca®*, Mg®* and *, play important roles in the regulation of
endosperm moblllzatlon during cereal grain germination.
Among these ions, calcium ion has been associated with
important physiological functions during germination of
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cereals (Morrall et al., 1986; Stewart et al., 1988). The
mobilization of endosperm reserve proteins during malting
is critical to efficient grain structure modification and malt
quality development (Bathgate and Palmer, 1974; Glennie
et al., 1983; Jones, 1969; Okolo and Ezeogu, 1995a; Okolo
and Ezeogu, 1996; Slack et al., 1979; Taylor, 1983).
Numerous earlier workers have recognized manipulation
of steep treatment as an effective strategy in modulation
of cereal storage protein modification (Axcell et al., 1983;
Brookes et al., 1976; Chrispeels and Varner, 1967; Jones
and Jacobsen, 1983; Macleod, 1978; Ogbonna et al.,
2003; Palmer, 1989; Pollock, 1962; Varner and Mense,
1972). These workers demonstrated that cations partic-
ularly calcium ion exerted a strong regulatory influence
on barley endosperm protein mobilization during malting.
Although, the site and molecular mechanism of this Ca™*
effect is still not resolved (Beck and Ziegler, 1989;
Fincher, 1989), it is believed to participate in gibberellic
acid induced stimulation of synthesis and release of
barley endosperm protein hydrolyzing enzymes and
indeed other hydrolases (Bush et al., 1986; Chrispeels
and Varner, 1967; Jones and Jacobsen, 1983; Varner
and Mense, 1972).

However, with the successful replacement of barley
with sorghum in brewing processes, it becomes necessary
to evaluate the influence of calcium ion in regulating
sorghum endosperm protein mobilization during malting.
Ezeogu and Okolo (1995b) and Okolo et al. (2010)
reported the repression of carbohydrate modification
when sorghum steeps were subjected to calcium treat-
ment of sorghum steeps was shown to repress
carbohydrate modification. Previous studies (Okolo and
Ezeogu, 1996) revealed that two improved Nigerian
sorghum cultivars ICSV 400 and KSV 8 possess high
malting qualities which compared well with barley. There-
fore, in this study, the two improved Nigerian sorghum
cultivars ICSV 400 and KSV 8 with good malting quality
were used to assess the role of calcium in regulation of
endosperm protein mobilization in sorghum.

MATERIALS AND METHODS
Grain samples

Grains from two improved Nigeria sorghum cultivars ICSV 400 and
KSV 8 were obtained from the National Seeds Service, Zaria,
Nigeria and used in this study. All the grains had good germinative
energies and were not water sensitive (Ezeogu and Okolo, 1994).

Sorghum malting

Grains were malted as described previously (Ezeogu and Okolo,
1995b) using double deionized water steeps as controls. Steeping
was for a total of 53 h at 30°C with warm water (40°C) final steep
lasting 6 h. Varying concentrations of CaCl, in the range of 100 to
500 ppm were added to the steep water to verify the effect of Ca*
on protein modification in the grains. Grains were processed at the
end of steeping, germinating for 4 days and processed for analyses
as described previously (Ezeogu and Okolo, 1995a).

Analyses
Cold water extract and cold water soluble protein

Cold water extract (CWE) of the sorghum malts was determined
according to Holmes (1991) modification of the recommended
methods of analysis # 25 (1986). Soluble protein of cold water
extract (CWS-protein) was measured using a modification of
Coomassie brilliant blue method of Lewis et al. (1979) as described
by Holmes (1991) using bovine serum albumen as standard. CWS-
protein values were expressed as mg CWS-protein percent dry
malt.

Free a-amino nitrogen

Free a-amino nitrogen (FAN) of the sorghum malts was determined
using the methods of Taylor and Boyd (1986). Samples of malt (1.0
g) were extracted with 40 ml of 5% trichloroacetic acid at 30°C for 1
h. After centrifugation for 25 min at 4000 g, 1 ml of the clear
supernatant was diluted to 25 ml in distilled water and FAN was
measured using the EBC (1975) ninhydrin method.

Total non-protein nitrogen

The supernatant from FAN determination was used for total non-
protein nitrogen (TNPN) determination. Nitrogen in the extract was
measured using Kjeldahl digestion procedure as modified by Hach
et al. (1987). The extract 2.5 ml was dispensed into 100 ml clean
volumetric flask and digested using 3 ml concentrated H>SO. with
12 ml of 50% H.O, added via a capillary flow funnel attached to the
fractionating head of the digesting vigreux column. The digest was
made up to 100 ml with deionized water on cooling and the nitrogen
determined spectrophotometrically as ammonia using Nessler's
reagent.

Carboxypeptidase and proteinase assays

The assay procedure for these enzymes has been described
elsewhere (Okolo and Ezeogu, 1995; Ogbonna et al., 2003).

Statistical analysis

All analyses were performed in triplicate. The influence of steep
water Ca** treatment on the grain endosperm storage protein
modification indicators examined were resolved by two-way
analyses of variance and the Kruskal-Wallis test (Cohen, 1988).
Correlation analyses were also performed to determine how the
protein modification indices varied in relation to the level of Ca**
treatment. Means that differed significantly were shown by the t-test
and least significant difference (LSD) tests.

RESULTS AND DISCUSSION

The effects of steep liquor CaCl, concentration and
cultivar on free alpha amino nitrogen (FAN) development
in the two Nigerian sorghum cultivars ICSV 400 and KSV
8 were evaluated. The results expressed as mg % dry
malt are presented in Table 1 where it can be deduced
that the total FAN varied highly significantly with ca™
treatment in an inverse manner for both cultivars. Highest
FAN was obtained for both cultivars with the double
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Table 1. Effects of steep liquor cacl, level on fan of malts from two improved Nigeria sorghum cultivars

ICSV 400 and KSV 8 (means, n = 3).

Malt FAN level (mg % dry malt) by CaCl; level (ppm)

Cultivar 0 100 200 300 400 500
ICSV 400 1935 133.73 108.12 79.70 3417  36.98
KSV 8 181.8 85.38 59.78 73.95 5409  31.29

deionized steep water control malts. For ICSV 400,
addition of CaCl, to steep liquor across the range of 100
to 500 ppm examined caused a progressive repression,
in the range of 31 to 82%, in malt FAN development. A
similar trend was observed in KSV 8 except that at 300
ppm Ca®* treatment, malt FAN appreciated significantly
(P < 0.001) compared with the value recorded at 200
ppm Ca®* treatment. Further increases thereafter caused
significant repression of FAN accumulation. Although
FAN values obtained for grains treated with ca®™ were
significantly lower than control values for both cultivars,
ICSV 400 in general, exhibited higher FAN than KSV 8.
The net malt FAN has been described as the balance
of rate of catabolic processes which degrade grain
storage proteins to amino acids and the rate of anabolic
processes at which these degradation products are
removed to the new tissues for plant structure and
enzyme synthesis (Morrall et al., 1986; Shutov and
Vaintraub, 1987; Taylor, 1983; Taylor and Boyd, 1986). It
is therefore conceivable and even very probable that the
observed repression in FAN accumulation as a result of
Ca’®* treatment might be due to possible inhibition of the
capacity of the malts to release FAN. This would
presumably arise from reduced ability to synthesize
adequate amounts and/or complements of the
appropriate enzymes necessary for protein degradation
or reduction in ability to activate inactive enzyme forms.
Similar views have been proposed by some other
workers for barley (Jones and Jacobsen, 1983). It is also
probable that the low FAN accumulation would result
from highly significantly improved malt FAN utilization
due to considerable increases in anabolic activities
operating within the growing seedllng However,
considering that for both cultivars, Ca®* treatment caused
significant repression of metabolic activities of the grains
as indicated by highly significantly repressed kernel
growth and enormous reductions in malting loss (Ezeogu
and Okolo, 1995b), inhibition of proteolytic enzyme
synthesis/activity would be a more pIausrbIe explanation
for low FAN accumulation due to Ca®* treatment. Jones
(1969) had earlier proposed the reduction in yeast
assimilable malt FAN as a mediator in the reduction of
kernel growth in cereal seedlings after treatments that
repress rooting during barley malting. The highly
significantly (P < 0.001) higher FAN obtained for ICSV
400 malts compared with KSV 8 under all levels of Ca**
treatment suggest superior FAN development in ICSV
400 malts. This observation agrees quite well with our

earlier findings (Ezeogu and Okolo, 1995a; Okolo and
Ezeogu, 19953, b) and that of (Ogbonna et al., 2003) that
ICSV 400 exhibited better malting qualities than most
other sorghum cultivars reported so far Analyses of
variance data confirm that cultivar and Ca®* treatment as
well as their pairwise interactions are highly significant
factors in FAN development in these grains. Furthermore,
Kruskall-Wallis tests indicated the existence of highly
S|gn|f|cant linear relationships between malt FAN and
steep Ca®* treatment. Correlation analyses established
very significant inverse relationships between the two
factors for ICSV 400 atr =- 0.95 and r = - 0.84 for KSV 8
(Figure 1).

Calcium ion has been associated with important
physiological functions during cereal germination (Jones
and Jacobsen, 1983; Stewart et al., 1988). The effects of
steep liquor CaCl, concentration on malt total non-protein
nitrogen (TNPN) was therefore, investigated for sorghum
cultivar ICSV 400 and KSV 8. As illustrated in Table 1,
Ca®* treatment and cultivar, plus their pairwise
interactions highly significantly (P < 0.001) influenced the
pattern of sorghum malt TNPN development. For ICSV
400, Ca®* treatment appeared to significantly (P < 0.001)
stimulates TNPN accumulation in the malts at all levels of
treatment. Highest TNPN was recorded for grains
exposed to 100 ppm steep water Ca®*. KSV 8 in contrast
exhibited a drfferent trend of TNPN development in
response to Ca®* treatment. TNPN obtained for malts
derived from double deionized water steep controls, at
725 mg % dry malt was considerably higher than TNPN
values obtained for KSV 8 malts subjected to Ca®*
treatment. This indicates significant repression of
between 23 and 69% of TNPN development in KSV 8
malts due to Ca®* treatment. KSV 8 malts exhibited
significantly higher TNPN accumulation compared with
the corresponding ICSV 400 malts at 200, 300 and 400
ppm levels of treatment. These differences in the pattern
of malt TNPN of the sorghum cultivars are further
confirmation of cultivar-dependent differences in sorghum
grain physiology. Although, Kruskall-Wallis test esta-
blished a linear relationship between TNPN and ca*
treatment, there was poor correlation between the two
factors for both cultivar at r = - 0.51 for KSV 8 (Figure 2).

TNPN consists mainly of products of storage protein
hydrolysis specifically amino acids and small peptides
(Hii and Herwig, 1982; Koehler and Ho, 1990; Rastogi
and Oaks, 1986; Taylor, 1983). In fact, like malt FAN, the
net TNPN is the balance of rates of TNPN release by
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Figure 1. Correlation of steep water CaCl, concentration with malt FAN for sorghum

cultivars (A) ICSV400 and (B) KSV 8.

protein degradation processes and its removal to the
growing tissues of the germinating seedling. The
differences in TNPN accumulation of the grains might
therefore, be attributed to major differences in the
physiological responses of these sorghum cultivars
induced by Ca® treatment which may be cultivar

dependent. Palmer (1993) linked grain maltability to
physiological or metabolic status of the grain. It is
therefore probable that steeping sorghum grains in CaCl,
containing liquor elicited significant differential alterations
in their metabolism; such that may include qualitative as
well as quantitative differences in the development of
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Figure 2. Correlation of steep liquor CaCl, concentration with malt TNPN for sorghum

cultivars (A) ICSV400 and (B) KSV 8.

certain important enzymes of protein degradation and
efficiency of TNPN translocation across the scutellum to
the growing tissues of the young seedling. Since ca™
treatment caused repression of kernel growth and
invariably reduced metabolic rate in sorghum (Ezeogu
and Okolo, 1995b), enhancement of TNPN accumulation
in ICSV 400 over control values would presumably

indicate reduced TNPN utilization as well as possibly
improved TNPN releasing activities. In KSV 8, however,
where Ca®* treatment highly significantly (P < 0.001)
repressed TNPN development, a significant reduction in
the activity of the TNPN releasing processes would seem
to play significantly more important role in determining
malt TNPN accumulation.
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Table 2. Effects of steep CaCl, level on the total non- protein nitrogen (TNPN) level of malts from two
improved Nigeria sorghum cultivars ICSV 400 and KSV 8 (means, n = 3).

Malt TNPN level (mg %) by CaCl. level (ppm)

Cultivar 0 100 300 400 500
ICSV 400 260.0 390.0 270.8 3358 271.9 2817
KSV 8 725.0 168.9 453.1 498.4 325.0 226.6

Table 3. Effects of steep CaCl. level on the ratio FAN/TNPN of malts from two improved Nigeria sorghum

cultivars ICSV 400 and KSV 8 (means, n = 3).

Ratio FAN/TNPN level (%) by CaCl; level (ppm)

Cultivar

0 100 300 400 500
ICSV 400 74.4 34.3 23.7 12.6 13.1
KSV 8 25.1 50.5 15.12 14.8 16.6 13.8

Since  TNPN comprises FAN and TCA-soluble
peptides, the response of the ratio malt FAN/TNPN to
Ca®* treatment was evaluated. As shown for malt FAN
and TNPN, the ratio FAN/TNPN of the malts varied highly
significantly with cultivar, steep Ca* treatment and their
pairwise interactions (Table 3). For ICSV 400, signifi-
cantly higher FAN/TNPN ratio was obtained for control
malts comgared with malts derived from Ca®* treated
steeps. Ca“* treatment of KSV 8 malts similarly appeared
to generally repress FAN/TNPN ratio except in the case
of 100 ppm Ca** treated malts, where FAN/TNPN ratio
was about double the control value.

Both partial and final products of protein hydrolysis
during grain germination are known to be trans-located to
the growing regions of the young seedlings for the syn-
thesis of plant structural materials and enzymes (Koehler
and Ho, 1988; Mitsuhashi and Oaks, 1994; Shutov and
Vaintraub, 1986). Thus, alongside amino acids, partial
products of protein degradation such as peptides of up to
5 amino acids are also believed to be trans-located
across the scutellum into the growing embryo region of
the plants during grain outgrowth 17, 29, for a more
efficient anabolic protein turnover. The FAN/TNPN ratio
of the malts would therefore represent the net balance of
rates at which these two major components of malt TNPN
are generated and utilized during grain germination.
Since the rates at which these two processes are
prosecuted depend greatly on the biochemical/
physiological state of the germinating seed, it invariably
follows that any factor which induces even the slightest
alteration in grain metabolism might affect the FAN/TNPN
ratio. This view is supported by the data presented in
Table 3, which seemed to strongly suggest a highly
significant (P < 0.001) variation in malt FAN to TNPN
ratio with Ca®* treatment which may be cultivar-
dependent. This may reflect variety-dependent differences
in both proteolytic activities and the nature of peptide
translocation systems of these two cultivars. Our data

also reveal that the assimilable peptide level may be
higher in ICSV 400 than in KSV 8. This observation might
provide further explanation for the significantly higher
average malt FAN/TNPN ratios for ICSV 400 compared
with KSV 8 malts. Results of Kruskall-Wallis tests indi-
cated that malt FAN/TNPN ratio varied highly significantly
(P < 0.001) in a linear manner with Ca” treatment. A
strong inverse correlation was obtained between
FAN/TNPN ratio and Ca®* treatment for ICSV 400 (r=-
0.90), while correlation coefficient (r) for KSV 8 was quite
low at -0.60 (Figure 3) indicating the wide variety depen-
dent differences in the abilities of grains from these
cultivars to accumulate products of seed storage protein
hydrolysis during germination.

The effects of steep CaCl, concentration on the level of
none FAN total non-protein nitrogen that is, small pep-
tides accumulation was evaluated. Since TNPN comprises
only amino acids and small peptides, the difference bet-
ween TNPN and FAN would represent the level of small
peptides. As illustrated in Table 4, small pepetide accu-
mulation was significantly influenced by Ca®* treatment
and cultivar plus their pairwise interactions. For ICSV
400, peptide accumulation was highly significantly at P =
0.001 enhanced by Ca®™ treatment at all levels of
treatment. This observation reveals therefore that enhan-
cement of TNPN in this cultivar (Table 2) apparently
resulted from stimulation of peptide accumu-lation only
rather than both components of TNPN as shown in Table
1, FAN generally repressed was highly significant at all
levels of Ca®* treatment. Conversely, KSV 8 showed
highly significantly repressed small peptide accumulation
across all the treatment levels. Although, TNPN
repression in this grain resulted from repression of both
small peptides and FAN, it would appear that the extent
of FAN repression was higher than for small peptides at
most of the treatment levels. These observations
revealed that peptide accumulation in both ICSV 400 and
KSV 8 is both cultivar and steep Ca®* treatment related.
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Table 4. Effects of steep CaCl, level on the TNPN-FAN difference of malts from two improved Nigeria sorghum

cultivars ICSV 400 and KSV 8 (means, n = 3).

Malt TNPN-FAN level (mg %) by CaCl. level (ppm)

Cultivar 0 100 200 300 400 500
ICSV 400 66.50 256.27 162.68 256.10 23771 244.69
KSV 8 543.20 83.00 393.35 424.49 27091 19527

There was no obvious trend in the pattern of small
pepetide development in response to Ca® treatment for
both cultivars. This was confirmed by correlation analy-
ses which revealed not a very significant positive
relationship between the two factors for ICSV 400 at r =
0.65 and also a very weak inverse correlation for KSV 8
at r = 0.37 (Figure 4). This also indicates the existence of
strong cultivar-independent differences in the ability of
these grains to accumulate products of seed storage
proteln hydrolysis during seedling growth in response to
Ca®* treatment.

The enzymic conversion of water insoluble seed storage
proteins to water soluble proteins at the onset of seed
germination has been described as one of the most
important steps in seed storage protein mobilization
(Palmer, 1991; Poulle and Jones, 1988). The solubili-
sation of endospermal proteins is accompanied by
increased accessibility and invariably improved suscep-
tibility to starchy reserve materials to hydrolysis by malt
amylolytic enzymes (Glennie et al., 1983; Palmer, 1991;
Slack et al., 1979). Since proteins solubilised during
germination form part of the total cold water soluble of
malt (CWE), Holmes (1992) recommended the determi-
nation of soluble protein fraction of malt CWE as a
measure of grain modlflcahon during malting.

The effects of Ca®* treatment on cold water soluble
protein (CWS-protein) development was therefore deter-
mined for the two sorghum cultlvars ICSV 400 and KSV
8. As illustrated in Table 5, Ca** treatment in general,
possibly inhibited solubilisation of storage proteins for
both sorghum cultivars. For ICSV 400, Ca®* treatment at
100 ppm level caused 37% decrease in amount of
soluble protein detectable in the CWE relative to control
values. Significant |mprovements in  CWS-protein
accumulation over the 100 ppm Ca®* treated maIts was
observed on exposure of grains to 200 ppm Ca*" level.
Further increases beyond this level elicited progressive
repression of CWS-protein development. Similarly, Ca**
treatment caused highly significant repression of CWS-
protein accumulation |n KSV 8. However, the repression
effect of 100 ppm Ca®* treatment on protein solubilisation
was clearly more pronounced in KSV 8 than in ICSV 400,
at 42% decrease in detectable soluble proteins in CWE.
The repression of CWS-protein development also appeared
to increase pro%resswely as Ca** treatment increased up
to 300 ppm Ca“”" beyond, which further increase caused
significant reductions in malt CWS-protein. ICSV 400
malts generally showed higher levels of CWS-protein

compared with KSV 8 malts suggesting higher protein
solubilising activity and CWS-protein accumulation in this
cultivar and also indicating that both characteristics are
cultivar related. These observed differences may therefore
reflect major differences in composition and structural
complexity and/or the nature and level of proteolytlc
enzymes responsible for seed protein solubilisation. Ca**
has been reported to regulate the secretion of specific
isoforms of cereal hydrolases during malting (Jones and
Jacobsen, 1983), probably through occurrence of specific
proteinase inhibitor compounds whose physiological roles
are little understood (Mosolov and Shul'gin, 1986) Analy-
ses of variance confirm that steep water Ca®* treatment
and cultivar as well as their pairwise interactions signifi-
cantly influenced the pattern of malt soluble protein
accumulation. Correlation analyses indicated a good
inverse relationship between Ca’®* treatment and CWS-
protein for both cultivars at r = - 0.81 for ICSV 400 and r =
- 0.79 for KSV 8 (Figure 5).

The extent of grain endosperm protein solubilisation
has been shown to correlate with level of starch modifi-
cation during cereal malting (Glennie et al., 1983; Palmer,
1989; Palmer and Bathgate, 1976). Hence, simple analy-
tical techniques were developed to determine protein
solubilisation in malts as a measure of grain modification
during malting (Smith and Gill, 1986). Holmes (1992)
proposed the use of the term index of cold water protein
solubilisation as a measure of grain modification. Since
the degradation of grain endosperm reserve proteins
during malting is accompanied by its solubilisation, the
author argued that the soluble protein fraction of the total
cold water soluble used as a proportion of total protein of
the parent grain, in a ratio analogous to the Kolbach
index (Recommended Methods of Analysis, 1986) would
be a useful indicator of how much grain structure
modification occurred during malting.

Data presenting indices of cold water soluble protein
modification of the sorghum malts expressed as mg
CWS-protein per g parent grain protein are depicted in
Table 6. CWS-protein modification was clearly repressed
in a very significant manner by Ca* treatment of both
sorghum cultivars and at all levels of treatment. However,
ICSV 400 malts seemed to be better modified and at all
treatment levels than KSV 8 malts further confirming
superior protein solubilisation potential for ICSV 400
malts. Furthermore, this observation presumably indicates
the possibility of repression of the expression or activity
of the major proteolytic enzymes involved in seed protein
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Figure 4. Correlation of steep liquor CaCl. concentration with TNPN-FAN difference for
sorghum cultivars (A) ICSV400 and (B) KSV 8.

Table 5. Effects of steep CaCl, level on the CWS-protein value of malts from two improved
Nigeria sorghum cultivars ICSV 400 and KSV 8 (means, n = 3).

Cold water soluble protein (mg % dry malt) by steep CaCl. level (ppm)
0 100 200 300 400 500

ICSV 400 1850 1170 1590 1249 1131 909

KSV 8 1700 990 1147 1305 949 601

Cultivar
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Figure 5. Correlation of steep liquor CaCl, concentration with cold water soluble
protein for sorghum cultivars (A) ICSV400 and (B) KSV 8.

Table 6. Effects of steep CaCl, level on the CWS-protein modification index of two improved Nigeria
sorghum cultivars ICSV 400 and KSV 8 (means, n = 3).

Cold water soluble protein modification index (mg/g dry malt) by CaCl, level
0 100 200 300 400 500

ICSV 400 168.18 106.36 144.55 113.55 102.82 82.64

KSV 8 147.83 86.09 99.74 113.49 82.52 52.26

Cultivar
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Table 7. Effects of steep liquor CaCl. level on carboxypeptidase activity of malts from two improved Nigeria sorghum

cultivars ICSV 400 and KSV 8 (means, n = 3).

Malt carboxypeptidase activity (ug FAN/3h/g dry malt) by CaCl. level (ppm)

Cultivar 0 100 200 300 400 500
ICSV 400 570 21375 570 4275 1710 570
KSV 8 997.5 1425 1425 285 1140 2850

solubilisation. Analyses of variance data confirm that Ca®*
treatment and cultivar plus their pairwise interactions
exerted very significant influences of CWS-protein
modification of sorghum malts. Satisfactory correlation
was obtained between CWS-protein modification and
Ca®* treatment for both cultivars (data not shown).

The effects of steep liquor CaCl, concentration on
carboxypeptidase activity of sorghum cultivars ICSV 400
and KSV 8 are illustrated in Table 7, where it can be seen
that Ca** significantly influenced carboxypeptidase deve-
lopment in both cultivars. There was no definite trend in
the development of carboxypeptidase in ICSV 400. An
activity of 570 pyg FAN/3h/g dr ry | malt was recorded for
ICSV 400 in the absence of Ca™ in steep liquor. Highest
carboxypeptidase activity was attamed in ICSV 400 on
exposure of grains to 100 ppm Ca®" treatment at 2137
units. A second high point in this enzyme activity was
observed when the grains were subjected to 400 ppm
Ca®* treatment. Similar levels of carboxypeptidase activity
as |n the control malts were obtained at 200 and 300 ppm
Ca®* treatment whlle the lowest enzyme activity occurred
at 300 ppm Ca®* treatment. However, patterns of
carboxypeptidase development in response to treatment
to steep liquor containing CaCl, were different for KSV 8
Exposure of KSV 8 grains to 100 and 200 ppm Ca**
steeps elicited a 43% enhancement of carboxypeptidase
activity at 1425 units over control values. The enzyme
activity obtained at 300 ppm Ca®* treatment however, fell
sharply to 285 ug FAN/3h/g dry malt. Nevertheless,
further increase in Ca®* treatment caused a similar sharp
increase in carboxypeptidase activity at 1140 and 2850
units, respectively for 400 and 500 ppm Ca** treatment
levels. Interestingly, the Iowest activity was recorded for
both grains at 200 ppm Ca™ treatment levels. It is also
noteworthy that KSV 8 exhibited highly significantly
greater average malt peptidase activity than ICSV 400
malts. Moreover, the highest carboxypeptldase activity for
both cultivars were attained at different Ca®* treatment
levels, 100 ppm Ca* for ICSV 400 and 500 ppm Ca** for
KSV 8. Furthermore, both cultivars showed at least two
high points of carboxypeptidase activity. These obser-
vations clearly indicate that cultivar and Ca*" treatment
played very highly significant roles in determining sorghum
malt carboxypeptidase development. This opinion is
supported by analyses of variance data which indicated
that Ca®* treatment cultivar as well as their pairwise
interactions highly significantly (P < 0.001) affected sorg-
hum carboxypeptidase activity. However, correlation

analysis established very poor relationship between malt
carboxypeptidase activity and steep liquor CaCl, for both
cultivars at r = 0.10 for ICSV 400 and r = 0.46 for KSV 8
(Figure 6). It is very probable that the existence of
multiple high points in carboxypeptidase activity in both
sorghum cultivars reflect occurrence of multiple enzyme
forms. In fact, polymorphism in cereal hydrolases and in
particular peptidase has long been demonstrated (Enari
and Sopanen, 1986; Mikola, 1983; Ranki et al., 1990).
Therefore, Ca®* treatment perhaps acting as possible
selective factors presumably induced expression of specific
carboxypeptidase isoforms is best suited for the condition
of steeping. A similar selection of a-amylase isotype for
secretion following treatments to specific steep conditions
has been reported (Jones and Jacobsen, 1983; Mitsui
and Akazawa, 1986). The release of FAN from solubilised
proteins during grain malting is catalysed by
carboxypeptidases (Ranki et al., 1990). No correlation
was obtained in this study between FAN and carboxy-
peptidase activity for both cultivars suggesting roles for
factors other than catabolic processes in determining the
net FAN. This observation is in reasonable agreement
with Taylor (1983) who advanced that the rates of FAN
removal to new tissues in the growing embryo region of
the young seedling during germination are possible
determining factors in malt FAN. In actual fact, Enari and
Sopanen (1986) demonstrated that the rate of endo-
proteolytic activities rather than rate of carboxypeptidase
activity was the rate limiting step in the conversion of
barIeZ reserved protein to FAN during malting.

has long been associated with enhanced
hydrolytlc enzyme secretion in germinating cereal grains
(Jones and Jacobsen, 1983; Stewart et al., 1988; Sticher
et al., 1981; Taylor and Boyd, 1986). The effect of
different steep liquor CaCl, concentrations on sorghum
malt proteinase development was therefore investigated.
As depicted in Table 8, Ca** clearly elicited widely varying
responses by sorghum grains. For instance, steeping
ICSV 400 grams in CaCly containing liquor within the
range of Ca®*, 100 and 500 ppm examined produced
malts with significantly reduced proteinase activity relative
to grains malted in steep liquors containing no CaCl,. The
highest proteinase act|V|ty was obtained from grains
steeped in 100 ppm ca* liquor. Proteinase activity
increased progresswely from 339.3 pug N/3h/g dry malt at
100 ppm Ca®* treatment to the h|ghest activity of 950.3
g N/3h/g dry malt at 400 ppm Ca*". A different pattern of
proteinase development was observed for KSV 8.



5366

Afr. J. Biotechnol.

Y =1099.25-041X r=-0.10 A

1 1

E

E‘ 1100—

o

o0

=

% 1050

[a )

&N

= 1000

2

=

2

9 950

<

°

&

g

S 900

K

2

5

Q

= 850

>

800

0

S 2000

g

5 1800

0N

=

g

% 1600

(&)

E:

2 1400

=

e

2

£ 1200

S

[oF)

>

g

£ 1000

5

Q

=

= 800

100 200 300 400 500
Steep liquor CaCl, (ppm)

Y =834.75+2.08 X r=-0.46

! ! ! ! !

0 100 200 300 400 500
Steep liquor CaCl, (ppm)

Figure 6. Correlation of steep liquor CaCl, concentration with carboxypeptidase activity
for sorghum cultivars (A) ICSV400 and (B) KSV 8.

Table 8. Effects of

steep liquor CaCl, level on proteinase activity of malts from two improved

Nigeria sorghum cultivars ICSV 400 and KSV 8 (means, n = 3).

Malt proteinase level (ug N/3h/g dry malt) by CaCl; level

Cultivar 0 100 200 300 400 500
ICSV 400 12205 339.3 565.5 565.5 950.3 791.9
KSV 8 32064 33400 21376 11133 35007 11133
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Figure 7. Correlation of steep liquor CaCl, concentration with proteinase activity
for sorghum cultivars (A) ICSV400 and (B) KSV 8.

Steeping KSV 8 grains in 100 ppm Ca** containing liquor
caused only a little enhancement of proteinase activity at
3340.0 units. Highest enzyme activity was recorded for
grains exposed to 400 ppm Ca”* as in ICSV 400. These
observations are confirmed by analyses of variance data
which revealed that cultivar and steep liquor CaCl,
concentration as well as their pairwise interactions played

highly significant (P < 0.001) roles in development of
proteinase activity in sorghum malts. Furthermore, there
was a poor correlation between proteinase activity and
Ca®* treatment at r = 0.5 for ICSV 400 and KSV 8 at r =
0.53 (Figure 7). The effects of Ca” on the synthesis and
secretion of hydrolytic enzymes in cereal grains have
been linked to the mediatory roles of gibberellic acid
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particularly GA; (Aisien et al., 1983; Koehler, 1981;
Palmer and Bathgate, 1976). It has also been unequi-
vocally demonstrated that the response of sorghum to the
stimulatory effects of GA; on the synthesis of hydrolytic
enzymes during malting is cultivar dependent (Aisien et
al., 1983; Koehler, 1981). It seems reasonable and most
probable therefore that only those sorghum cultivars that
respond positively to GA; induced enzyme synthesis
would have salutary effects from steep liquor Ca*
treatment. Koehler (1981), in fact showed that only large
seeded sorghum grains possessed the capacity to respond
positively to Gaz induced enzyme synthesis. Sorghum
cultivar KSV 8 used in this study is large seeded in
contrast to ICSV 400 and this might be responsible for
the observed enhancement of proteinase activity in this
cultivar, though at certain levels of treatment.
Interestingly, lower soluble protein obtained for KSV 8
malts in this study (Table 5) irrespective of significantly
higher average malt proteinase activity might be a
reflection of qualitative differences in the nature and
complexity of endosperm proteins of various sorghum
cultivars and/or differences in the nature of major
isoforms of proteinase expressed by these grains. Signifi-
cant differences in barley endosperm proteins from
different cultivars which affect their maltability have been
demonstrated (Rastogi and Oaks, 1986; Riggs et al.,
1983). The susceptibility of proteins to enzyme degradation
would invariably be affected by wide differences in grain
protein character. These factors have been shown to
influence the rate of proteolysis in cereal grains during
malting (Enari and Sopanen, 1986; Riggs et al., 1983).

Conclusions

Generally, steep liquor treated with calcium has a great
influence on sorghum endosperm protein modification in
the sorghum varieties. The effect of calcium ion on all the
key protein modification factors, including FAN, TNPN
and CWE-P are varietal dependent. This study revealed
that protein solubilisation, soluble protein accumulation
and cold water soluble protein modification in both culti-
vars are highly repressed by the presence of calcium in
the steep liquor.
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