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Abstract : This study investigated the effect of kilning condfition on the diastatic power
and activities of protease, a-amylase, and P-amylase in rice malt. Common rice (Oryza
sativa) was steeped at 30°C for 50 h, germinated at 30°C for 7 days, and kilned at 50°C for
24 h. The moisture content and enzymatic activities were determined under various kilning
times. As a result, the moisture content was reduced from 42.1% to 39% after 24 h of
kilning at 50°C. The protease activity of rice malt showed lower value than that of barley
malt. All enzymatic activities were decreased during the kilning stage. Results indicated that
after prolonged kilming at 50°C, the inactivation of hydrolytic enzymes might be occurred.
Even though the amylolytic activity of malted rice showed low value, the rice malt shows the
potential characteristics as ingredient for the brewing and cereal industries.
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1. Introduction

Drying process is used with the aims to
keep the enzymatic activity of agricultural
products [1-4]. It involves removal of volatile
substances (commonly, but not exclusively,
water) from a solid product, and it is a
process in which the water activity of a
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product is decreased due to removal of water
by vaporization [3-6]. Thus, the drying
process is the conjunct of science and
technology that needs of experiments on
several phenomena that occur in this process
[7]. Some considerations about the initial and
moisture contents of product are used to
justify  the drying phenomenon. These
considerations are the form of water
transport into the solid structure and surfaces
[8]. Rice (Oryza sativa) is an agricultural
product, very popular in Vietnam, and low
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cost price. Thus, the rice malt obtaining will
go aggregate valor to rice culture. The
enzyme production and the malting process
may differ between rice and barley.

The aim of the present work is to analyse
the effect of kilning on the moisture contents,
enzymatic activity, specifically o-amylase, f
~amylase, diastatic power, and protease
activity during the malting of rice. The
enzyme levels of malted nce were compared
with those of malted barley. As a result, the
a-amylase and B-amylase activities in malted
rice showed lower values than those of
malted barley. The maximum activity level of
a-amylase was 47.8 units.

2. Experimental

2.1 Materials

The rice (Oryza sativa, OM4088) was
supplied by the Cuu Long Delta Rice
Research Institute {Cantho Province,
Vietnam). OM4088 was harvested in 2006.
For the malting process, the commercial rice
(Oryza sativa) samples were malted by the
steeping process for 50 h. After the steeping
process, the malt with about 40 wt% of
moisture was wrapped on the cheese cloth,
kept in the perforated plastic trays, and
germinated in the dark at 90+5% RH. The
malt was dried at 50°C for 24h. The
convective dryer with air circulation was
used for the rice malt drying process. The
sprout and rootlet of samples were removed
for analysis process.

2.2 Analytical procedures

Moisture content: The samples were
analyzed for triplicate and the results were
validated statistically by the mean * standard
deviation. The determination of moisture was
described by the Nzelilbe and Nwasike
method [9].

Diastatic power a-amylase, f~amylase, and
protease activity’ Amylase activity was
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analyzed by the Bemfeld methods [10, 11].
The flour sample was extracted with acetate
buffer (pH 43) for 1 h at ambient
temperature (about 20°C). The amylase
activity of extract was expressed as maltose
units and defined as the amount of maltose
(mg). The amylase activity of extract
released by the action of malt enzyme
extracted from 1 g of malt flour in acetate
buffer {(pH 4.3) on soluble starch at 40°C for
30 min. For a-amylase and B-amylase, the
joint activity of o- and PB-amylases were
determined by a modification of the American
Society of Brewing Chemists methods [12}
The activity of a~amylase was determined by
destroying the B-enzyme by heat inactivation
making allowance for the concomitant but
minor amount of inactivation of the «
—enzyme. The B-amylase activity was
calculated as a difference between the
original activity and the corrected o-amylase
activity. Those results were expressed as an
activity of the created maltose in the malt
for one hour (mg/gh) [13]. The protease
activity level was measured according to the
Wilstester method [12].

Mashing: The slurry was heated in the
water bath and deposition for 30 min. The
supernatant liquid was decanted and the
starch was heated until achieved
gelatinization state. The solution was cooled
and mixed with the supernatant liquid. One
third of the mash was again heated, mixed
with the main mash, and the mash matrix
was reheated to 65-70°C for 60 min. The pH
of the mash was adjusted to 56 with 10% of
citric acid solution. One half of the mash
was boiled and mixed with the main of
mash. The temperature of the mash was
increased from 65-70°C for 30 min and
70-75°C for 30 min [3].

Wort: The free alpha amino nitrogen
(FAN) samples were performed by the
Taylor & Boyd method [12). The FAN
contents were measured by the Ninhydrin
method [12] (the Ninhydrin method was as
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outlined in the Institute of Brewing Method
of Analysis (IOB 1989) and with some
modifications by Ezeogu in 1996). The protein
in malting and the soluble nitrogen in extract
were measured by the semi—micro Kjeldahl
distillation method [11, 12]. The extract (%)
and colour of worts were measured in
accordance with the EBC method. The mash
was filtered by the filter paper with the
graduated cylinders (Schleicher & Schnell,
Germany). The time taken for each wort
samples through the filter was recorded.

3. Results and Discussion

3.1 Moisture contents

The effect of time on moisture contents
during rice kilning is presented in Fig. 1.
The temperature of kilning process was 50°C
for 24 h. During the free drying stage of
kilning [5), the moisture content of rice malt
was decreased from 42.1% to 25.5% after 2 h
of kilning. As the intermediate stage of
kilning begins, the rate of drying begins to
slow down due to the physically or the
chemically bound nature of residual moisture,
which restricts evaporation (Fig. 1). For the
rice, similar results were obtained to those of
barley malt kilning [5] where the moisture
contents was decreased from 42.1%6 to 10.2%
after 6 h of kilning. The final stage of barley
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Fig. 1. The moisture percentages (%) vs.
kilning times (h).
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malt kilning was calculated by the removal
of firmly bound water in the grain. The
water content was reduced from 102 % to
4%. The results showed that in the rice malt,
the rate of drying was slowed, and the
moisture contents was decreased from 10.5%
to 4.0% (final moisture contents) after 24 h
of kilning at 50°C.
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Fig. 2. The protease activity of rice malting

(mg/h.g) vs. kilning time (h).

3.2 Protease activity

A variety of endo and exo-proteases have
been identified in barley green malt [14]. In
this study, the protease activity level was
measured with gelatin as a substrate, which
gives an indication of the total proteolytic
activity level of grains. The changes in
protease activity during the kilning of rice
malting are showed in Fig. 2. The proteolytic
activity was decreased by 102 to 94 mg/h.g
after the first of kilning process (4 h). This
correlates with the result of Dickson and
Shands et al [15],
proteolytic activity in the barley malt was
observed in the first few hours of drying at
45°C. This reduction may be due to protease
(endo-peptidase) enzymes being inactivated
during kilning, since malt endo-peptidases are
relatively heat labile and easily inactivated
during the kilning process [14]. The
proteolytic activity was increased by 94 to
134 mg/h.g after the second of rice kilning
process (4-12 h). This increase can be
explained by the beginning of proteolysis

where a reduction of
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initiated by a slight temperature rise within
the grain bed. Taylor and Boyd et al have
reported that the proteolysis occurs optimally
at 43°C to 50°C for sorghum malts {171
Alternatively, the increase may be due to the
presence of exo-peptidases. Lewis and Young
et al have proclaimed  that  the
exo-peptidases with high stability of heat
and remained in the endosperm after the
kilning process [16]. Our result related with
the report of Dickson and Shands et al [15].
The final of barley malt kilning process had
week and no effect on the proteolytic
activity. Using rice for the malt process, the
proteolytic activity was increased (Table 1)
and had similar values with the result of
Dennis et al [2]. The proteolytic activity was
9.9 mg/h.g after the kilning process. Most of
the protease was  synthesized during
germination [5] and the remained protease
was activated during kilning. The proteolytic
activity of rice green and barley malts were
102 and 7.1 mg/hg, respectively. The
proteolytic activity of barley malt was lower
than that of the rice malt (Table 1).
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Fig. 3. The enzyme activity of amylase vs.
kilning time.

3.3 Diastatic power

Sabramanian ef al have analyzed that the
most important characteristics of a good malt
are high enzyme levels to degrade starch and
to obtain a high extract yield (18], The «
~amylase activity of barley malt is a suitable
process and the hydrolysis was a completed
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process after the end of mashing process.
Okolo et al have suggested that the
temperature of gelatinization may effects on
the amylase [13]. It was concluded that the
rice malts was used in this study had very
low diastatic power when compared with that
of the barley malt. The diastatic power was
increased with increasing drying time from
00 to 10 h and was decreased with long
drying time (above 10 h). The diastatic
power after 10 h of kilning process {(126.2
WK) demonstrated the highest value than
those of other samples. The lowest diastatic
power was 1166 WK with the beginning of
kilning process. The diastatic power of
malted rice is shown in Table 1. The final
activity value of malted barley was 75%
greater than that of malted rice. The final
activity value of malted barley and malted
rice were 210 and 123 WK, respectively.

pB-Amylase activity

B-Amylase is a heat labile enzyme [i6]
present in unmalted barley in a bound form
(linked via disulphide bridges), and a free
form and latent form [14). During malting
proteolytic enzymes cleave the disulphide
bridges, solubilising the bound p-amylase
[19]. In order to determine the amount of
total and soluble B-amylase activity, cysteine
was used to free the bound enzyme. The B
—amylase activity vs. kilning time is
presented in Fig. 4. The determined §
—amylase activity of unmalted and malted
rice are showed in Table 1. The temperature
and duration of kilning effected on the
amylase activity in sorghum malts [8]

In the fist of kilning process, the P
—amylase activity was increased by 650 to
743 mg/hg with increasing the time of
kilning from 0.0 to 6 h. This result related
with the report of Okungbowa et ¢l 16]. For
the sorghum, the enzyme denaturing phase
was avoided and increased  enzyme
development with the kilning process at low
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temperature (.e. 40°C) [20]. In addition, the
possible proteolytic activation of B-amylase
zymogens during the enzymaticphase of malt
kilning may in part account for the increase
in Pramylase activity [16, 19-22]. With the
long time of kilning process (above 8 h), the
B-amylase activity decreased with increasing
the kilning times (from 735 mg/h.g for 8 h
to 711 mg/hg for 24 h). One report has
proclaimed that the fraction of B-amylase
activity was inactivated event with the
suitable thermal-ability and low temperature
of conditions [20].
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Fig. 4. p-Amylase activity (mg /h.g} of rice
malting vs. kilning time (h).

The interdependence of the B-amylase
activity on the unmalted and malted rice are
presented in Table 1. As our result, the rice
produced P-amylase activity during the
steeping and germination, and as the same
result of Wijngaard et al. [23]. Unmalted and
malted rices, and malted barley containing P
-amylase activity after the kilning process
were 134, 711 and 2100 mg/h.g, respectively.
The B-amylase activity of rice malt showed
lower values than that of barley malt. The B
-amylase activity of green malt was 90%
greater than that of the rice. However, the P
-amylase activity of barley kilning was
decreased by 40 % as compared with that of
the rice at the final of kilning process [4].
Correspondingly, the optimal for the kilning
process of malted rice was found to be 50°C
for 24 h.
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a-Amylase activity

The relationship between the a-amylase
activity of rice and kilning . time are
demonstrated in Fig. 5. After the first of
kilning process (0-18 h), the a-amylase
activity was increased from 1235 to 1378
mg/h.g, and as the same value of the Uriyo
and Eigel et al. reports [24]. The author have
indicated that the sorghum aa - amylase was
stable during 5-10 h of the drying times at
low temperatures. The increase in enzymatic
activity could be attributed to continued
germination during drying at low
temperatures [2]. As our result, with the long
time kilning process (18-24 h), the a-amylase
activity was decreased (1378 to 1351 mg/h.g).
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Fig. 5. a-Amylase activity (mg/h.g) of rice
malting in Kilning time (h).

The heat denaturation effected on the
enzymatic activity of sorghum after 10 h of
the kilning process. Thus, the enzymatic
activity of sorghum was decreased [13]. For
this reason, it is referred to as the enzyme
inactivating phase of the kilning process [7].
As the same result of barley amylase, the
thermal-stability of o-amylase was greater
than that of the B-amylase [4]. The heat
denaturation effected on the both of
amylases. Thus, the amylase showed an
increase in inactivation after 7-8 h of kilning
process. As the same of unmalted bharley
results, the unmalted rice contained very low
g-amylase activity.
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The production of a-amylase was produced
during germination. The a-amylase activity
of malted rice is shown in Table 1. The final
activity of malted barley and malted rice
were 1120 and 1351 mg/h.g, respectively. The
final activity of malted barley showed lower
values than that of malted rice. There were
two  relationships presented that the
relationship between the enzymatic activity of
a-amylase and the kilning process, and the
relationship between the enzymes and
themolecular weight of protein {4]. As a
result of heating during kilning, the structure
of protein was changed to some denatured
materials. The relative enzymatic activity of
a-amylase at the end of germination and at
the end of kilning was analyzed. As those
results, at the end of killing, the o-amylase
activity of green malt and barley malt were
improved by 9.3 and 15% (after the end of
germination), respectively [4].

3.4 Congress mashing

Congress mashing is an essential part of
routine malt analysis and as showed in Table
1. The colour of rice and barley worts were
71 and 75 EBC (European Brewing
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Convention), respectively. The rice and barley
worts extracted by hot water were 67.3 and
75%, respectively.

3.5. Nitrogenous compounds

Nitrogenous compounds affects on the
foam, mouthfeel, and tendency to form haze
in the final beer. The protein of barley was
higher than that of the rice. Accordingly, the
free amino nitrogen (FAN) obtained from rice
malt showed lower values than that of barley
malt. Commercial beer with high FAN
contents has an effect on the quality of
produce.

4, Conclusions

In this work, the effects of kilning process
on the moisture content, enzymatic activity,
diastatic power, a-amylase, B-amylase, and
protease activity during the malting of rice
were investigated. The inactivation of «
-amylase activity was greater than that of B
~amylase and protease with longer kilning
time at 50°C. However, the kilning process
has strongly effect on the quality of produce.

Table 1. Physical and enzymatic properties of unmalted rice, malted rice (OM4088),

and malted barley

Properties Unmalted rice Malted rice Malted barley
Moisture content (%) 11.5 3.8 6.4
Hot water extract (%) - 67.3 75
Colour (EBC units) - 71 75
Malting loss (26) - 22.7 -
Free amino nitrogen (%mg/g) - 266 350
Soluble nitrogen (%) - 0.41 05
Protein (%) 365 74 8.8
KI index (%) - 345 36.8
Diastatic power (WK) 26 123 210
a-amylase (mg/g) 75 1351 1120
B-amylase (mg/g) 125 741 2100
Proteas (mg gelatin/h.g) 42 9.9 7.1
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Accordingly, the study of the effects of
two—-stage or three-stage kilning regime on
the properties of produce are important
results, and for short time periods. The
optimal kilning process for malt and wort
produced from the rice was found to be 50°C
for 24 h, which ensured survival of the
enzymes.

References

1. R. C. Agu and G. H. Palmer,. Enzymic
breakdown of endosperm proteins of
sorghum at different malting temperatures,
J. Institute of Brewing, 102, 415 (1996).

2. D. E. Briggs, Malts and malting, Blackie
Academic & Professional, London, 2000, p.
115.

3. H. Evelyn, Bandonill, and C. Priscilla
Sanchez, Optimization of process
parameters for rice (Oryza sativa 1) beer
production in the Philippines, Philippine
Rice Research Institute (PHILRICE), 34,
121 (2003).

4. W. Kunze, Malt. Production: Barley
steeping, barley germination, malt kilning.
In: Technology Brewing and Malting,
Berlin, 2nd ed., 1999, p.123.

5. D. E. Bnggs, J. S. Hough, R. Stevens,
and T. W. Young, The Technology of
Malting and Kilning. In: Malting and
Brewing Science: Malt and Sweet Wort,
Maryland, 2nd ed,, 1981, p.173.

6. P. C. Morris and J. H. Bryce, Cereal
biotechnology, Cambridge, 9th ed., 2000, p.
245,

7. W. J. W, Lloyd, Environmental effects on
the biochemical phases of malt kilning, J.
Amer. Soc. Brewing Chemists, 46, 8
(1988).

8. J. P. M. Biazusl, A. G. Souzal, J. C.
Curvelo Santana, R. R. Souza, and E. B.
Tamboug, Optimization of Drying Process
of Zea Mays Malt to Use as Alternative
Source of Amylolytics Enzymes, Brazilian

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

_16_

Archives of Biology and Technology, 48,
185 (2005).

H. C. Nzelibe, S. Obaleye, and P.
Onyenekwe, Malting characteristics of
different varieties of fonio millet (Digitaria
exilis), Eur. Food Research and Tech,
221, 126 (2000).

European Brewing Convention (EBC),
Analytica EBC, Hans Carl Getranke-
Fachverlag: Niirnberg, 1998.

A. C. Ogbonna, S. K. C. Obi, and B. N.
Okolo, Optimization of proteolytic
activities in malting sorghum. Process
Biochemistry, 39, 711 (2004).

L. T. Mai, Methods of Food Analysis
part I, Science & Technology, 1st ed.
2005, p.25. .

B. N. Okolo, I. L. Ezeoguand K. E.
Ugwuanyi, Amylolysis of sorghum starch
as influenced by cultivar, germination time
and gelatinization temperature, Journal of
the Institute of Brewing, 103, 371 (1997).
B. L. Jones, R. Wrobel, L. Marinae and
N. Zhang, Electrophoretic separation and
characterisation of barley and green malt
endoproteases. Proceedings of the
European Brewing Convention Congress,
Oslo, 54, 1993, p.53.

A. D. Dickson and H. L. Shands, The
influence of the drying procedure on malt
composition, Cereal Chemical, 19, 411
(1942).

M. J. Lewis and T. W. Young, Brewing,
London, 1st ed., 1995, p. 451.

T. A. Dyer and L. Novellie, Kaffircorn
malting and brewing studies XVI.-The
Distribution and Activity of a-and B
~Amylases in Germinating Kaffircorn, J.
Sci. Agr., 10, 49 (1966).

V. Subramanian, R. N. Sambsiva, R.
Jambunathan, D. S. Murty, and B. V. S.
Reddy, The effect of malting on the
extractability  of proteins and its
relationship to diastatic activity in
sorghum. J. Cereal Sci.,, 21, 283 (1995).
T. Sopanen and C. Lauriere, Release and



20.

21.

22.

Thach Minh Nguyen - Xich Lien Nguyen - Kim Anh Hoang - Soo Lee

activity of bound P- amylase in a
germinating barley grain, Plant Physiol,
89, 244 (1989)

J. Okungbowa, J. A. N. Obeta, and L. L
Ezeogu, Sorghum p-amylase production:

Relationship with grain cultivar, steep
regime, steep liquor composition and
kilning temperature. J. Institute of

Brewing, 108, 362 (2002).

C. Lauriere, C. Doyen, C. Thevenot, and
J. Daussant, p-Amylase in cereals. Plant
Physiol 100, 887 (1992).

J. R. N. Taylor and H. K. Boyd, Free o
-amino nitrogen production on sorghum
beer mashing, J. Sci. Food and Agr. 37,
1109 (2006).

]. of the Korean Oil Chemists’ Soc.

23. H. H. Wijngaard, B. P. N. Phiarais, H. M.

24.

25. L. Novellie,

_17_

Ulmer, D. L. Goode, and E. K. Arendt,
Gluten-free beverages based on
buckwheat, Proceedings of the European
Brewing Convention Congress, Prague,
Fachverlag Hans Karl: Nirnberg, 45,
211(2005).

M. Uriyo and W. E. Eigel, Duration of
kilning treatment on o-amylase, B
-amylase, and endo-(1-3)(1-4)-a
-D-glucanase activity of malted sorghum
(Sorghum bicolour).
Biochemistry, 35, 433 (1999).
Kaffircom malting and
brewing studies XI. Effect of malting
conditions on the diastatic power of
kaffircorn malt. J. Sci. Food and Agr.,
13, 115 (1962).

Process



