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ation time and kilning
temperature on the malting characteristics,
biochemical and structural properties of
HomChaiya rice

Somwang Lekjing and Karthikeyan Venkatachalam *

Effects of germination time (3, 5 and 7 days) and kilning temperature (40, 50 and 60 �C) on the malting

characteristics, biochemical properties and structural properties of HomChaiya rice were examined.

Malting potential in terms of germination rate and germination capacity increased as the germination

period of rice was prolonged. Diastatic potential, hot water extract and malting loss of rice gradually

increased with germination time and with kilning temperature; in contrast, malting yield and viscosity of

the samples decreased. Germination time significantly increased the a-amylase activity, but b-amylase

activities increased when kilned at different temperatures. Total starch decreased and reducing sugar

increased in rice with prolonged germination, and furthermore, the kilning temperature significantly

influenced these changes. Higher kilning temperature and prolonged germination period increased the

protease activity in rice, and consequently, soluble protein and free amino acids also increased. Among

the twelve identified amino acids in the HomChaiya rice, aspartic acid, glutamic acid, asparagine, serine,

arginine, isoleucine, tyrosine, and phenylalanine increased with germination time and kilning

temperature. FTIR results showed that increased germination time and kilning temperature unfolded the

carbohydrates, which is consistent with the enzymatic (a- and b-amylase) activities. XRD results also

found higher peak intensities for rice when germinated longer and kilned at a higher temperature. The

crystallinity of malted rice decreased with germination time. Ultrastructural changes showed that starch

granules are more vulnerable to enzymatic attack upon extended germination time and at higher kilning

temperatures.
Introduction

Thailand is one of the largest producers of rice around the world
and has the greatest biodiversity of rice. Oryza sativa L., also
known as Asian rice, is the main species produced in Thailand
and includes 89 varieties of rice (16 from central, 12 from
northern, 23 from northeastern and 38 from southern regions).
Most of these varieties are regional and known only to the local
population. This is due to the planting of government recom-
mended rice varieties, with local differences in the ecosystem,
environment, consumer choice, and economic values.1,2 Hom-
Chaiya rice (also called Kao HomChaiya) is an indigenous rice
variety that is specically produced in the Chaiya district, Surat
Thani province, Thailand. It is unique and well known for its
distinct avor and color (pale brown color). It is normally sold in
unpolished form. HomChaiya rice is normally consumed as
a staple food, and because of limited availability, this rice is not
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widely known or widely marketed. HomChaiya rice contains
various nutrients, including vitamins (A, B1 and B2 and E),
minerals (Fe, Zn and Ca), polyphenols, gamma oryzanol and
gamma-aminobutyric acid.3 Several studies have reported that
germination andmalting could enhance the nutritional content
many-fold in cereal grains.4 Recently, rice has been studied as
a subject of themalting process as it is gluten-free, so it could be
used in gluten-free beer, beverages, bakery products, and
confectionaries.5

Malting is an important process that could help create
industrial food products and/or raw materials, especially sugar
and alcoholic beverages. Malting is a simple technique, which
involves a sequence of steeping, germination, and kilning.
Grains undergo biochemical changes during steeping and
germination and consequently secrete and mobilize various
hydrolytic enzymes (amylase and protease) involved in breaking
down starch and proteins into sugar and various amino acids.6,7

Malting not only alters contents in the cereals, but it could also
improve the organoleptic characteristics such as avor, taste,
color, and tenderness of food products.5,8 Germination consists
of three phases, and the rst phase starts aer the rice has
This journal is © The Royal Society of Chemistry 2020
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undergone steeping, followed by swelling. This stage induces
respiration, energy metabolism, and protein synthesis in rice.
In the second phase, rice swelling stagnates and reserve mobi-
lization in the rice embryonic tissue starts. In the third phase,
rice embryo cells expand, and major storage reserves mobilize
causing rapid hydrolyzation and accumulation of osmotic
compounds.9 Several studies have reported that prolonged
germination of cereals extends the third phase of germination
and leads to various active compounds.10,11 Farzaneh et al.12

reported that cereals germinated for seven days had twofold
increased enzymatic activities and consequently, the diastatic
activity of cereal malt was increased. Skendi and Papageorgiou13

reported that barley malt kilned at various temperatures
showed signicant changes in its chemical composition. Nie
et al.14 observed that the optimum kilning temperature could
increase numerous health-associated and avor inducing
amino acids.

HomChaiya rice has not been studied regarding its malting
capabilities or its germination endurance over a prolonged
duration or regarding the effects of kilning temperature.
Therefore, this present study experimentally assessed the
effects of extended germination time and different kilning
temperatures on the malting characteristics, biochemical
response, and structural integrity of HomChaiya rice.

Results and discussion
Malting characteristics

Malting characteristics of malted HomChaiya rice at the tested
germination times and kilning temperatures are shown in
Fig. 1A–F. Malting potentials such as germination rate (GR),
germination capacity (GC), and dormancy rate (DR) of Hom-
Chaiya rice were affected by germination time (Fig. 1A). GR
gradually increased with germination time. Prolonged germi-
nation signicantly increased GR of malted HomChaiya rice. At
initial germination time, the GC was very low; as germination
progressed, the GC was reached to a high level. Conversely, the
DR decreased gradually with germination time. DR represents
the inhibitory inuence of husk that covers the embryo to
protect the grains from moisture.15 During germination, the
husk is weakened by water that penetrates the embryo and
induces enzymatic reactions in the grain. A decreased DR in
germinated rice indicates high-quality malt and is associated
with increased GC of the malted rice. Olugbile et al.11 suggested
that rice with GR above 90% during germination is an indicator
of good quality malt. Diastatic potency (DP) identies the effi-
ciency of the saccharifying power of the malted rice. It indicates
the conversion of starch in malted rice by the diastase enzymes,
particularly a- and b-amylase.7,12 The DP of malted HomChaiya
rice was signicantly affected by both germination time and
kilning temperature (Fig. 1B). Prolonged germination increased
the diastatic potential of HomChaiya rice. In addition, kilning
temperature could also signicantly increase the diastatic
potential of rice that germinated for 7 days. Aniche and Palmer16

found that increased DP in malted rice was mainly inuenced
by the accumulation of gibberellic acid (GA) during germina-
tion, as GA increased the b-amylolytic activity in malted rice.
This journal is © The Royal Society of Chemistry 2020
This is in accordance with the present study, where the b-
amylase activity signicantly increased with kilning tempera-
ture. This study also found that a-amylase activity increased
more than b-amylase activity with malting time, and possibly a-
amylase could also be contributed to the increment of DP in the
malted rice. Malting yield of germinated HomChaiya rice is
shown in Fig. 1C. Increasing germination time and kilning
temperature adversely affected by the malting yield of rice. The
malting yield of rice germinated from 5 to 7 days was nearly
constant but differed signicantly from the 3rd day of germi-
nation. Similarly, the increasing kilning temperature increased
the malting yield of rice. On the other hand, malting loss
continuously increased with germination time and kilning
temperature (Fig. 1D). Malting yield and malting loss were in
direct proportion to each other. Malting loss refers to the
material loss that occurred by the conversion of rice into malt,
specically from starch degraded into sugar. Suhasini and
Malleshi17 reported that the cause of malting loss in cereals is
metabolic activity and onset of vegetative growth in the grains.
Vinje et al.10 found that increased malting loss in the grain was
predominantly caused by increased activity of diastase. Olugbile
et al.11 observed that prolonged germination induced up to
54.55% malting loss in germinated rice and recommended that
malting loss of germinated rice should be below 20% for
economic viability. In the present study, the malting loss in rice
was less than 18% at the end of the germination period. Hot
water extract (HWE) signicantly increased with germination
time and kilning temperature (Fig. 2E). HomChaiya rice
germinated for 7 days and kilned at 60 �C had increased HME,
but the differences were not much. Moneke et al.18 mentioned
that HWE is directly related to the diastatic power of the malt.
The study of Farzaneh et al.12 had also observed increased HWE
from prolonged germination of rice, and it was because of
increased b-glucanase and a-amylase activities. The viscosity,
which shows the pasting properties of rice, decreased with
germination time and kilning temperature. Surprisingly, the
kilning temperature, particularly at 40 �C, did not signicantly
affect the viscosity (Fig. 2F). Germinated HomChaiya rice kilned
at 50 �C showed no effect on viscosity on the 3rd day of germi-
nation, but the 5th and 7th days of germination showed signif-
icant effects. On the other hand, germinated rice kilned at 60 �C
had signicantly decreased viscosity. Gopaldas et al.19 reported
that any amylase rich food could have effectively reduced
viscosity because of the hydrolyzation of starch. Fox et al.20 also
observed the lower viscosity of malted rice and attributed it to
the increased activities of proteases and amylase, which inu-
ence the gelatinization temperature and reduce pasting
properties.
a- and b-Amylase activities, total starch and reducing sugar

Enzymatic activities of a-amylase and b-amylase are shown in
Fig. 2A and B. The germination time gradually increased
amylase activities. a-Amylase activities were higher than those
of b-amylase in the HomChaiya germinated rice. a-Amylase is
a crucial enzyme, whose primary role is in the hydrolysis of the
stored reserves in rice, to provide energy to the developing
RSC Adv., 2020, 10, 16254–16265 | 16255
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Fig. 1 Diastatic potential (A), malting potential (B), malting yield (C), malting loss (D), hot water extract (E) and viscosity (F) of malted HomChaiya
rice granules at different germination times when kilned at different temperatures.
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embryo. Damaris et al.21 reported that the activity of a-amylase
is usually high during germination. Among the three observed
germination times, the HomChaiya rice germinated for 7 days
showed the highest a- and b-amylase activities. In addition, the
16256 | RSC Adv., 2020, 10, 16254–16265
a-amylase slightly dominated over b-amylase in germinated
rice. The results showed that kilning temperature could inu-
ence the enzymatic activities in germinated rice, although it
did not signicantly affect the b-amylase activity as it did to
This journal is © The Royal Society of Chemistry 2020
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Fig. 2 a-Amylase activities (A), b-amylase activities (B), total starch (C) and reducing sugar (D) of malted HomChaiya rice granules at different
times and kilned at different temperatures.
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a-amylase (Fig. 2A). Phiarais et al.22 found that a-amylase
activity was higher when kilned at low temperatures as
compared to higher temperatures, and this indicates that this
enzyme is heat sensitive so that prolonged kilning at high
temperatures could heat-denature the enzyme. On the other
hand, the b-amylase had no signicant differences among the
kilning temperatures, and probably b-amylase is more heat
stable than a-amylase. Mensah et al.15 revealed that b-amylase
activities were very stable when processed at 65 �C. In accor-
dance with the enzyme activities, the total starch and reducing
sugar were also signicantly inuenced by germination time
and kilning temperature (Fig. 2C and D). However, the starch
and sugar contents in germinated HomChaiya rice are directly
impacted by the enzyme activities, as shown in Fig. 3A and B.
Total starch in the germinated rice gradually decreased as the
amylase enzyme activities increased. Starch content in the rice
decreased from conversion into reducing sugars (Fig. 2D). An
This journal is © The Royal Society of Chemistry 2020
increase of kilning temperature slightly decreased the total
starch content in the rice but increased reducing sugar content
of HomChaiya rice. Germination time did not signicantly
affect the total starch content in the rice samples kilned at
40 �C, though with other kilning temperatures, it had signi-
cant inuence. Park et al.23 reported that b-amylase could
hydrolyze rice starch more effectively than a-amylase. The
reducing sugar content gradually increased with germination
time. At the initial stage of germination, it was below 10% and
could be able to reach 25% by the end of the germination
period. Velupillai et al.24 reported an increase in reducing sugar
during the germination period that depended on the type of
cereal. Ayernor and Ocloo7 also found an increasing trend in
reducing sugar with prolonged germination of paddy rice. The
differences in reducing sugar between the 3rd and 5th days of
germination were very high. It could be due to the consumption
of reducing the sugar by the rice itself in various biochemical
RSC Adv., 2020, 10, 16254–16265 | 16257
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Fig. 3 Protease (A), soluble proteins (B) and reducing sugar (C) of malted HomChaiya rice granules at different germination times when kilned at
different temperatures.
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reactions, which can exceed the production rate during germi-
nation. This is in an agreement with the study of Magneschi and
Perata.25
Protease activity, soluble protein, free amino acids, and amino
acid prole

Protease activity of the samples increased steadily with germi-
nation time and kilning temperature (Fig. 3A). The level of
peptidase activity was at a high level when the germination time
increased. Gibberellins in the embryo of rice are responsible for
the production of various enzymes, especially protease, and
increased protease activity helps break down stored proteins in
the rice grain to various proteins and amino acids, which are
then used as the substrate to help secrete more gibberellins.26–28

On the other hand, the kilning temperature only slightly
affected the protease activity in germinated rice, and an
increased kilning temperature did not adversely affect the
16258 | RSC Adv., 2020, 10, 16254–16265
protease activity. Rizvi et al.29 studied thermostable protease
activities in malted barley kilned at different temperatures and
found that the germination period signicantly inuenced
protease activity and increased thermostable proteases. There-
fore, the insoluble protein content in the malted grains is
hydrolyzed to soluble proteins and peptides and subsequently
to amino acids. This is in accordance with the present study,
where most of the soluble protein (Fig. 3B) and amino acid
contents (Fig. 4A–L) in the malted rice increased with germi-
nation time and kilning temperature. Similar to the protease
activities, the soluble protein in the malted rice increased
threefold during germination. The kilning temperature slightly
increased the protein content in malted rice, but the differences
by temperature were minimal compared to the effects of
germination time. Generally, soluble proteins are the main
source of nitrogen to a germinated grain. Several studies have
reported that soluble proteins are dependent on protease
This journal is © The Royal Society of Chemistry 2020
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Fig. 4 Amino acid profile of malted HomChaiya rice granules at different germination times when kilned at different temperatures.
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activities and also on the type of grains involved. Furthermore,
the free amino acids in HomChaiya rice steadily increased
during germination and with kilning temperature (Fig. 3C).
However, there was a lower level of amino acids observed in the
malted rice on the 5th day of germination and kilned at 50 �C.
Amino acids could be consumed in metabolic processes. On the
This journal is © The Royal Society of Chemistry 2020
other hand, this study found a total of 12 individual amino
acids in the malted HomChaiya rice, and among them, aspar-
agine, arginine, lysine, leucine, isoleucine, alanine and tyrosine
were found at higher levels in the malted HomChaiya rice;
whereas aspartic acid, glutamic acid, serine, valine, and
phenylalanine were found at lower levels (Fig. 4A–L). Among the
RSC Adv., 2020, 10, 16254–16265 | 16259
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various amino acids, prolonged germination increased almost
every identied amino acid in this study, except for valine,
leucine and alanine that decreased with germination time. On
the other hand, surprisingly, the kilning temperature plays
a crucial role in the amino acid contents in malted HomChaiya
rice. An increase of kilning temperature gradually increased the
levels of amino acids in malted rice, along with germination
time. However, lysine, valine, and alanine decreased with the
kilning temperature. Furthermore, tyrosine showed no signi-
cant effect from kilning temperature. Normally, amino acids
play a crucial role in nutritional value as well as in the regula-
tion of metabolic functions of humans. Arendt and Zannini30

reported that amino acid compositions of cereal grains are
quite similar to each other across cereal types. Nie et al.14

observed changes in the amino acid composition of barley malt
from prolonged germination as well as from kilning tempera-
ture, and it was due to the consumption of amino acids as the
substrate to produce various metabolic products.
FT-IR absorbance spectrum (FTIR), X-ray diffractograms
(XRD), and crystallinity

The changes in the FTIR of malted HomChaiya rice are shown
in Fig. 5A. The differences in the absorbance spectra show that
malting time and kilning temperature signicantly inuenced
Fig. 5 FT-IR absorbance spectrum (A), X-ray diffractograms (B) and crys
times when kilned at different temperatures.

16260 | RSC Adv., 2020, 10, 16254–16265
the structure of the germinated rice. In the spectra from 800 to
1600 cm�1 extensive peaks are noted from 850 to 1164 cm�1,
from stretching vibrations of the C–H group that represents
carbohydrates and specically starch. Fang et al.31 reported that
FTIR peaks observed between 1020 and 1156 cm�1 could be for
anhydrous glucose ring C–O stretching. The band intensities
uctuated because of the enzymatic hydrolysis of starch in the
germinated rice. Sun et al.32 observed that FTIR band intensity
changes could be from specic conformational changes of the
structure, particularly long-range ordering and crystallinity. A
similar observation was also noted by Mu et al.33 FTIR results
revealed that most of the changes in germinated HomChaiya
rice occurred by the 5th day of germination, and the changes
peaked when the rice germination was reached the 7th day. Xu
et al.34 also observed a high-intensity band for adlay seeds
germinated for various times, and their results showed a longer
germination time gave higher intensity, similar to this study.
Higher kilning temperatures, particularly 50 and 60 �C, stimu-
lated these changes more than 40 �C. Temperature plays a key
role in the activation of enzymes. The large spectral changes
found by temperature might reect enzymatic activities in the
starch (see Fig. 2A and B) during kilning. The semi-crystalline
nature of starch is vastly diverse by plant type and by process-
ing conditions.35 XRD is a well-known method for detecting and
tallinity (C) of malted HomChaiya rice granules at different germination

This journal is © The Royal Society of Chemistry 2020
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characterizing starch granules.36 X-ray diffractograms of malted
HomChaiya germinated rice are shown in Fig. 5B. Germination
time and kilning time inuenced the diffractograms of the rice
samples. Khunae et al.37 reported that native starch exhibits
three types of crystallinity (A, B, and C) and normally cereal
starch is of A-type,5 which exhibits close packing of amylopectin
Fig. 6 Surface ultrastructural changes of malted HomChaiya rice granule

This journal is © The Royal Society of Chemistry 2020
double helixes. In this study, the main diffraction peaks of
germinated rice were observed at 2Q 15.05, 17.38, 18.03 and
23.10, but the intensity of diffraction varied widely. Rice
samples germinated for a longer time and kilned at a higher
temperature showed a signicantly higher intensity (P < 0.05).
This is because the germinated rice starch was disrupted by
s germinated for different times when kilned at different temperatures.
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gelatinization in the kilning process.38,39 Xu et al.40 reported that
germinated rice starch had lowered gelatinization temperature
(<60 �C). Because of the kilning temperature, the germinated
rice kilned at the higher temperatures had decreased crystal-
linity (Fig. 5C). The crystallinity decreased with germination
time and kilning temperature. Among the various samples, the
germinated rice kilned at 60 �C had lower crystallinity than
others. This is in accordance with Chungcharoen et al.39 Also,
Contreras-Jimenez et al.41 observed that prolonged germination
gradually decreased the crystallinity of barley. Furthermore, the
crystallinity degree of germinated starch strongly depends on
the ratio of amylose and amylopectin, chain length, molecular
weight, and lipid and protein contents.5,27
Ultrastructural changes

The trends in HomChaiya rice ultrastructure by germination
time and kilning temperatures are shown in Fig. 6A–I. Germi-
nation time and kilning temperature affected the surface of the
malted HomChaiya rice granules. The changes in the germi-
nated rice samples include particularly more void space and
fragmented surfaces of the rice granules from prolonged
germination and kilning. Fragmented rice surfaces increased
with germination time (see Fig. 6D–I). The kilning temperature
slightly affected the rice granule surfaces, less than the germi-
nation time, which induced signicant changes. However, the
rice kilned at 60 �C showed a more fragmented surface than the
other cases. Several studies have reported morphological
changes in cereals from enzymatic hydrolysis. Usansa42 re-
ported that the rice embryo is located at the ventral side, and
prolonged germination could induce the synthesis of gibber-
ellic acid in the embryo, which then penetrated through the
scutellar epithelium and diffused into the aleurone layers and
started synthesis of a- and b-amylases through a de novo
pathway. Contreras-Jimenez et al.41 also suggested that changes
in the rice granule surface area were caused by partial enzymatic
hydrolysis of starch. As can be seen in Fig. 2B, increasing the
kilning temperature was gradually increased the b-amylase
activity in malted rice, along with the germination period.
However, kilning did not much affect the a-amylase activity.
Wijngaard et al.43 reported that enzymes, such as b-amylase and
amyloglucosidase, are the precursors causing pitting and
supercial erosion on the malted grains. These changes occur
on the malted rice grain surfaces because the enzymes degrade
starch at random places. Usansa42 found signicant changes in
the rice starch close to the embryo and aleurone layers, where
most of the amylase enzymes that facilitate hydrolyzation are
found. Yu et al.44 reported that during and aer malting, there
were modications to starch and protein in the rice granules,
which resulted in the rough surfaces of malted rice granules.
Fig. 7 Experimental scheme for malting and kilning of HomChaiya
rice.
Experimental
Raw material, malting, and kilning process

HomChaiya rice (Oryza sativa L. HomChaiya) was purchased
from a local producer in Chaiya district, Surat Thani Province,
Thailand. The rice was thoroughly cleaned to remove any
16262 | RSC Adv., 2020, 10, 16254–16265
foreign materials and prepared for malting. The cleaned
HomChaiya rice was malted and kilned as schematically shown
in Fig. 7. It was malted for three different germination times (3,
5, and 7 days) followed by kilning at three alternative kilning
temperatures (40, 50, and 60 �C). Aer processing, the malted
rice samples were cleaned of rootlets and husks, ground, and
stored under refrigerated conditions until further use. The
malted HomChaiya rice was subjected to various determina-
tions described next.
Analysis

Malting potential. HomChaiya rice was tested for the malt-
ing potential, which includes germination rate (GR), dormancy
rate (DR) and germination capacity (GC), following the method
of Olugbile et al.11 HomChaiya rice (100 no. each) was soaked in
water for 48 h at room temperature and aer that the soaked
rice grains were placed in muslin cloth bags for the various
germination times, as shown in Fig. 7. Aer germination, the
grains were examined by counting the germinated and unger-
minated grains. The percentages of GR, DR, and GC in the
germinated rice were calculated using the following formulas.

GRð%Þ ¼ number of viable grains

total number of grains
� 100
This journal is © The Royal Society of Chemistry 2020
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DRð%Þ ¼ number of unviable grains

total number of grains
� 100

GC (%) ¼ GR � DR

Diastatic potential. The diastatic potential of malted Hom-
Chaiya rice was measured using Fehling's reagent method, as
briey described by Farzaneh et al.12 The diastatic potential was
calculated as follows.

Diastatic potential ¼ (2000 � 200)/(XY � XS)

Here X represents malt extract amount (mL), Y represents con-
verted starch solution (mL) to 5 mL of the Fehling's solution,
and S represents the titer for the starch blank.

Malting yield and malting loss. Malting yield and malting
loss of HomChaiya rice were measured in accordance with the
method of Kalita et al.5 Rice kernel (100 no.) were weighed
before and aer malting (the rice aer malting was cleaned by
hand removing plumules and radicles). Malting yield and
malting loss of rice were calculated as follows.

Malting lossð%Þ ¼

weight of unmalted grain� weight of malted grain

weight of the unmalted grain
� 100

Malting yieldð%Þ ¼ weight of the malted grain

weight of the unmalted grain
� 100

Hot water extract (HWE). HWE of malted HomChaiya rice
was measured in accordance with the method of Swanston.45

Aer HWE of malted rice by temperature timing methods and
the specic weight to the extract was determined by the
pycnometer and then the extract brix value was identied with
the plateau table. The efficiency of the extract was determined
as follows.

E ¼ ð800þMÞP
100� P

Here E represents the percentage of hot water extract, M
represents the moisture percentage in malted rice, and P
represents the total soluble solids in 100 g of extract as found
from the plateau table.

Viscosity. The viscosity of HomChaiya rice malt paste was
determined using the method of Ayernor and Ocloo7, and the
Brookeld Viscometer was used to analyze the viscosity. 10
grams of sample was dissolved in 500 mL of distilled water to
obtain a 2% slurry and then the suspension was heated in water
for 30 min at 90 �C. Aer that, the viscosity of the gelatinized
rice malt was measured at 75 �C and 50 rpm using a spindle.
The results are expressed in cP.

Amylase activities. A germinated rice sample (1 g) was mixed
in 5 mL of Tris/HCl buffer (1 M, pH 8.0) containing 20 mM
This journal is © The Royal Society of Chemistry 2020
disodium EDTA and 100 mM cysteine HCl. The amylase
enzymes were extracted at room temperature for 60 min with
occasional vortexing. Aer that, the extract was centrifuged for
10 min at 4000 rpm. Then the supernatant was collected and
diluted with buffer. For a-amylase, 1 mL of supernatant was
diluted with 2 mL of a buffer containing sodium malate (1 M,
pH 5.4) with 1 M NaCl, 40 mM CaCl2, and 0.1% NaN3. For b-
amylase, 1 mL of supernatant was diluted with 50 mM MES
buffer, pH 6.2. Aer that, these diluted amylase extracts were
measured for activities. For a-amylase activity, 0.1 mL of enzyme
extract was pre-incubated at 60 �C for 5 min, followed by adding
0.1 mL of block p-nitrophenyl maltoheptaoside, and incubation
continued for 10 min at 60 �C. For b-amylase activity, 0.1 mL of
enzyme extract was pre-incubated at 50 �C for 5min, followed by
adding 0.1 mL of p-nitrophenyl b-maltotrioside, and then
incubation continued at 50 �C for 10 min. Aer incubation, the
enzyme reactions were terminated by adding 1.5 mL of 1%
Trizma base with pH 11.0 and mixing thoroughly. Then, the
absorbances were measured at 400 nm, from which amylase
enzyme activities in HomChaiya rice were calculated.15 The
results are expressed in units per gram.

Total starch. Total starch content in the rice wasmeasured in
accordance with the method of Farzaneh et al.12 using
a commercial kit related to the AACCmethod 11–76. The results
expressed as percentages were calculated as follows.

F ¼ 100 ðmg of d-glucoseÞ
absorbance for 100 mg of glucose

Starchð%Þ ¼ DA� F � F

V
� FV� 0:9

Here, DA ¼ absorbance at 510 nm against the blank, F ¼ sugar
concentration, FV ¼ nal volume, and W ¼ weight of our
(in mg).

Reducing sugar. Reducing sugar in the malted HomChaiya
rice was measured following Miller.46 1 g sample of rice was
ground into a ne powder, and then it was mixed with 10 mL
distilled water and incubated for 30 min at 20 �C. Aer that, the
mixture was centrifuged at 3000 g for 10 min to separate the
solubilized reducing sugar. Then, supernatant (0.5 mL) was
collected in a test tube andmixed with a 3,5-dinitrosalicylic acid
solution (0.5 mL) followed by thorough mixing and boiled for
5 min to develop the color. Standard maltose sugar was used to
identify the level of reducing sugar in the malted rice. The
results are expressed as percentages.

Protease activity, soluble protein, and free amino acids.
Extraction and assaying of protease activity in the malted
HomChaiya rice were done following the method of Li et al.47

Malted rice (2 g) was homogenized in 8 mL of citric acid–
phosphate buffer (0.1 mol L�1, pH 6.0) containing b-mercap-
toethanol (5 mmol L�1) in an ice bath. Then, the homogenate
was centrifuged at 16 000 � g for 30 min at 4 �C. The super-
natant was used for protease activity determination. The reac-
tion mixture contained 1 mL of casein (20 g L�1 in 0.1 mol citric
acid–phosphate buffer, pH 3.5) and 1 mL of supernatant, which
were thoroughly mixed and incubated at 40 �C for 10 min. Aer
RSC Adv., 2020, 10, 16254–16265 | 16263
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incubation, the reaction was stopped by incubated at 90 �C for
5 min. Aer that, 2 mL of TCA (0.4 mol L�1) was added and the
reaction mixture containing tubes were cooled for 30 min at
4 �C, followed by centrifugation for 20 min at 12 000 � g. Then
the absorbance at 275 nm was measured. The protease activity
of malted rice is expressed in units per gram.

The soluble protein content in the malted rice samples was
extracted using 0.02 mol L�1 Tris–HCl buffer (pH 8). Then, the
extract was centrifuged at 2000 � g for 5 min, and aer that, the
supernatant was used to measure the soluble protein in accor-
dance with the method of Bradford.48

The free amino acid content in the malted rice samples was
analyzed using the ninhydrin method with L-leucine as stan-
dard.49 The results are expressed in mg per kg.

Amino acid prole. Amino acid composition of malted
HomChaiya rice was determined based on the method of
Ahmed et al.50 Rice samples were mixed with 6 N HCl in a heat
probe special tube for hydrolysis and incubated for 24 h at
110 �C under vacuum conditions and aer that, the extraction
volume was adjusted to 50 mL. Aer hydrolysis, 5 mL of
supernatant was dried by rotary evaporation at 65 �C in a water
bath, and aer that 5 mL of 0.02 mol L�1 HCl was added. The
samples were washed thoroughly and ltered through a 0.22 mM
aqueous phase lter. Aer that, the amino acids in the malted
rice were quantied using an automatic amino acid analyzer (L-
8900, Hitachi, Tokyo, Japan).

FT-IR absorbance spectrum (FTIR). FTIR spectrum of the
HomChaiya rice was analyzed using an FTIR Spectrometer
(Thermo Electron Corp., Madison, WI, USA). Malted rice our
was mixed with potassium bromide in a mass ratio of 1 : 100,
the mixture was ground and pressed into a pellet. Aer that, the
samples were measured for FTIR in the wavelength range 800–
1600 cm�1 with a resolution of 2 cm�1.

X-ray diffractograms (XRD) and crystallinity. The XRD
pattern and crystalline properties of the malted HomChaiya rice
powder (sieved to obtained 40 mm size) were obtained from the
XRD analyzer (Rigaku, Mini Flex, Japan, Tokyo) with a K value of
1.54040 operating at 40 kV acceleration potential and 40 mA
current with a copper target. The angular range from 10 to 30�

(2Q) was covered at a xed scanning speed (8� min�1). The
diffractogram was plotted and smooth cure created and then
the smooth curve was taken to use as the crystalline portion and
the lower area in between the smooth curve and the linear
baseline that connected the 2 points of the intensity 2Q of 27
and 14 in the malted samples that were taken as an amorphous
section. The crystallinity of the malted rice samples was esti-
mated as follows.5

Crystallinityð%Þ ¼

the area under the crystalline peaks

the total area under the peaksðamorphous and crystallineÞ �100

Ultrastructural changes. The ultrastructural changes of
malted rice were studied using a scanning electron microscope
(JXA-840A, JEOL, Tokyo, Japan), andmicrographs were captured
16264 | RSC Adv., 2020, 10, 16254–16265
at 5000� magnication. The accelerating potential was 20 kV
for imaging.

Statistical analysis. All experiments were conducted in trip-
licates, and the data are presented as mean � standard devia-
tion. The signicant differences between the cases were
statistically analyzed using an analysis of variance (ANOVA) by
SPSS for windows. Means were compared for signicant
differences using Duncan's post hoc test at a 5% threshold level.
The data were plotted using Microso Excel.

Conclusions

This study found that HomChaiya rice was signicantly inu-
enced by germination and by kilning temperature. Signicant
changes in the malting yield, malting loss, and viscosity were
observed with the germination time of malted rice. The
germination time positively inuenced the rice sample by
increasing malting potentiality, reducing sugar, proteins and
amino acids. Furthermore, the kilning temperature had inter-
action effects with the germination time of malted rice. It was
noted that the comparatively high kilning temperatures (50 and
60 �C) of malted rice inuenced the protease enzymes, so that
soluble protein and amino acids were markedly increased.
While b-amylase activities improved under higher kilning
temperatures, the a-amylase activity was inhibited. The struc-
tural properties of HomChaiya rice indicate that prolonged
germination and also increased kilning temperature degraded
the starch and reduced its crystallinity while reducing sugar
increased. Though the malting yield and malting loss were
adversely affected by extending germination and elevating the
kilning temperature, the other important parameters in this
study beneted markedly. Therefore, we recommend that
HomChaiya rice could be germinated for 7 days and kilned at
60 �C for producing various food products, particularly rice beer
or other alcoholic beverages.
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