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Impingement drying of germinated brown rice varieties
at intermediate temperatures: drying kinetics and analysis of quality

HATHAICHANOK NETKHAM - SUPAWAN TIRAWANICHAKUL -
WEERAYA KHUMMUENG - YUTTHANA TIRAWANICHAKUL

Summary

Germinated brown rice is an important source of y-aminobutyric acid (GABA). In this study, the impingement drying
conditions were carried out at various drying temperatures at air velocity 16 m-s-1. Impingement drying is an effective
technique that accelerates heat transfer and reduces the drying time. Parboiled germinated paddy drying data of two
rice varieties were statistically simulated by various drying kinetics modeling. The predicted data using the Midilli dry-
ing kinetics model were found to best fit all experimental data. The effective moisture diffusivity (Defr) of the parboiled
germinated paddy varieties was determined by the second Fick’s law of diffusion and results showed that the Degt
value increased with the drying temperature. The Detr value of the short-grain parboiled germinated paddy variety was
relatively high compared to the long-grain variety. Chemical quality analysis of biologically active compounds as well
as determination of antioxidant activity were carried out. The chemical quality of both rice varieties increased after
germination, whilst the steaming and drying processes insignificantly affected it. Our results on impingement drying
suggested that the suitable drying temperature was 90 °C due to reduction of the drying time, energy saving and causing
less chemical disintegration.
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Rice is the main staple food of more than
a half of the world’s population. It is mostly con-
sumed in the form of milled rice. Nowadays,
whole-grain food such as whole-grain bread or
crackers, oatmeal, hulled barley or brown rice are
known for their health-promoting properties and
nutritional value. The brown rice contains more
nutritional components than ordinary white rice
because the outer bran layer of the brown rice
grain is rich in fibre, iron, vitamins and minerals
which are not removed during the milling process.
However, cooked brown rice is sensorically slightly
hard compared to the milled rice and it cannot be
stored for a long period because of deterioration.
Fortunately, the change of staple food from milled

rice and brown rice to germinated brown rice can
maintain and promote a healthy quality for life.
Furthermore, germinated brown rice is suitable to
provide nutrients required for good health due to
its high nutritional values and beneficial physio-
logical effects [1]. During the germination process,
essential nutrients useful for a human, such as
y-aminobutyric acid (GABA) and bioactive com-
pounds are produced. The contained GABA is
a substance that has been suggested as stress—re-
ducing, sleep—enhancing and preventing brain
damage that causes high levels of memory loss or
Alzheimer’s disease [2].

The germinated brown rice production consists
of several steps. The first step is to soak the pad-
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dy in water for 24 h at room temperature. After
that, the paddy sample is removed from water and
germinated in the dark for 48 h. Then, germinat-
ed paddy is steamed to stop growing and to devi-
talize microorganisms. Finally, germinated paddy
is dried to a safe moisture content suitable for long
shelf life storage and for maintaining the quality.

Drying plays a vital role in the production of
germinated paddy because it reduces the moisture
to a suitable, safe level. It is imperative to preserve
the quality of germinated brown rice. A traditional
method of drying germinated brown rice is by sun
drying. The sun drying is a low-cost energy heating
source, however, there are drawbacks relating to
this method [3]. Sun-drying cannot be performed
during the wet season. Therefore, various drying
techniques such as hot air drying or steam drying,
moving-bed drying (such as fluidized-bed drying,
spouted-bed drying or impingement drying),
and fixed-bed drying (such as tray drying or cabi-
net drying) have been introduced for drying of
products. The hot air drying technique is widely
used in drying applications owing to its several
advantages, including simplicity, low maintenance
requirement, a wide range of drying temperatures
and high efficiency [4]. However, hot air impinge-
ment drying is a highly effective drying method.
It is a novel alternative for removing moisture
from particulate material. At impingement drying,
air impinges on the product surface at high
velocity, removes the thermal boundary layers
and increases the rate of heat and mass transfer,
which reduces the drying time. Several studies
used impingement drying techniques for food
drying. DENG et al. [5] studied the drying kinetics
and quality of orange peel with a hot air impinge-
ment dryer. WANG et al. [6] focused the research
on the drying kinetics, physico-chemical proper-
ties, microstructure and energy consumption of
impingement drying of potato cubes. QIu et al. [7]
analysed the degradation kinetics and antioxidant
capacity of dried purple potato slices using the air-
impingement jet drying technique.

However, drying is intricate to control the
process and to achieve the required quality para-
meters. This may be mainly attributed to the lack
of reliable information on suitable drying kinetics
and drying temperature of germinated brown rice
during hot air drying. A priority aspect in drying
technology is to study the kinetics of drying us-
ing mathematical models that can help us in the
drying process and to obtain high quality products
[5]- Mathematical modelling of the drying curve
can be studied by drying parameters and design-
ing or improving the drying systems [8]. By mathe-
matical modelling, a series of mathematical equa-
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tions is obtained that can satisfactorily explain the
drying process [9]. Several mathematical models
have been employed to explain the drying process
of agricultural products such as mushrooms [10],
banana and peach [11] or parboiled paddy [12].

Unsuitable drying conditions may lead to
various adverse effects on the quality of germi-
nated brown rice. Therefore, this study was aimed
to find the optimum drying temperature of im-
pingement drying and to examine the effect of
temperature on the drying kinetics and quality of
germinated brown rice products.

MATERIALS AND METHODS

Materials

Sang Yod and Chaing Phatthalung paddy va-
rieties were provided from the Rice Research
Institute in Phatthalung province (Phatthalung,
Thailand).

Hot air impingement drying

A schematic diagram of hot air impinge-
ment dryer is shown in Fig. 1. It consisted of
a drying chamber with an inner diameter of 30 cm
and height of 50 cm, a 10 kW electrical heater,
a 0.75 kW blower, and a 2 cm diameter of a nozzle
with a total of 10 nozzles.

Preparation of germinated brown rice

The two paddy varieties were soaked with tap
water for 24 h at 30 °C. At every 4 h, the soaked
water was replaced with the new water to avoid
fermentation. For germination, the paddy sample
was removed and then put into a box that was
covered with a moistened thin cloth and close
the lid of the box for 48 h [13]. At every 6 h, the
paddy sample was sprayed with water to add
moisture. During the germination time of 48 h,
a small sprout of rice germ with a length of about
0.5-1 mm was formed. The germinated paddy
sample was steamed at 95 =5 °C for 30 min. The
moisture content of the germinated paddy was
determined using the AOAC method 977.11 [14].
The paddy samples for this experiments were pre-
pared and classified as 3 types which are brown
rice, germinated paddy dried in shade and par-
boiled germinated paddy (PGP) dried with hot air
impingement at various temperatures.

Drying process

The germinated paddy samples were dried in
the hot air impingement dryer simultaneously at
temperatures of 60, 70, 80 and 90 °C, respectively,
with a superficial velocity of 16 m-s-1. Samples of
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700 g with the average initial moisture content of
53 =2 % dry-basis (DB) were dried until the final
moisture content of sample reached 22 + 3 % DB.
Samples were taken from the drying chamber to
determine the quality at a specified time. After hot
air impingement drying, the sample was tempered
instantly in an insulated ware for 30 min [15].
Then, the samples were ventilated by ambient air
until the product moisture content was approxi-
mately 13-15 % DB. The dried samples were ana-
lysed for quality.

Mathematical drying modelling

The models for hot air impingement drying
of various food products are widely published.
However, only a few are reported as suitable for
modelling impingement drying kinetics of germi-
nated paddy. Six different mathematical models
shown in Tab. 1 were used to determine the drying
kinetics of high moisture germinated paddy using
the impingement drying technique. To evaluate
the moisture ratio of the germinated paddy during
the drying experiment, the moisture ratio (MR)
defined in Eq. 1 was employed:

Mt - Meq

MR = ——
Min _Meq

(1)
where M; is the moisture content at time ¢, Meq is
the equilibrium moisture content and M, is the
initial moisture content.

For impingement drying, M., is relatively small
compared to M; [16]. Therefore, M4 can be ig-
nored and Eq. 1 can be simplified as Eq. 2:

M,
2
Min ( )

MR =

Effective diffusivity

The drying process of food materials usually
occurs in the falling rate period, implying that
moisture transfer during drying is restricted or
controlled by diffusion within the material. Fick’s
second law can explain the drying course of ger-
minated paddy. The solution of Fick’s second law
equation can be given as Eq. 3 under the assump-
tion that the paddy kernel has infinite cylindrical
shape, constant moisture diffusivity and constant
temperature [16].
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Fig. 1. A schematic diagram
of the hot air impingement dryer.

1 — blower, 2 — air inlet, 3 — heater, 4 — watt hour meter, 5 —
temperature control, 6 — nozzle, 7 — drying chamber (tempe-
rature is measured in the middle of chamber), 8 — air outlet.

Tab. 1. Empirical thin-layer drying model
for parboiled germinated paddy [8].

Name of the model Model equation
Page MR = exp(—kt™)

MR = aexp(—kt) +b
MR =1+ at + bt?

MR = exp(—kt)

MR = a exp(—kt)

MR = aexp(—kt™) + bt

Logarithmic

Wang and Singh
Newton

Henderson and Pabis
Midilli et al.

MR — moisture ratio (in percent); t — time (in minutes); a, b,
n and k — constants in thin-layer drying equation, which are
calculated by non-linear regression analysis.
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first kind and zero-order, r is the radius of the
paddy kernel (in metres). The radius (r) of the
Sang Yod paddy kernel and Chaing Phatthalung
paddy kernel is 0.85 x 103 m and 0.90 x 103 m,
respectively. Defr is effective moisture diffusiv-
ity (in square meter per second), ¢ is time (in mi-
nutes), L is the grain length (in metres). The Sang
Yod paddy and Chaing Phatthalung paddy have
grain length 9.3 x 10-3 m and 9.8 x 10-3 m, respec-
tively. If only n = (1, 2) and m = (0, 1) are con-
sidered, the expansion of Eq. 3 can be shown as
follws:

MR = 0.5619 exp(—5.7802N;; — 2.4649N;,,) +
+0.0623 exp(—5.7802Ny; — 22.207Ng,) + (4)
+ 0.1064 exp(—30.47Ny; — 2.4649Np,)

where Np; is Fick number, and Np, is Fourier
number.

Dysst

NFi = 12 (5)
Dyset

Npo = =5 (©6)

When the drying time is large, the last three
terms are relatively small compared with the first
term [17]. Therefore, only the first term can be
considered, resulting in the natural log of Eq. 7
that can be written as:

In(MR) = 1n(0.5619) —
5.7802 2.4649 (7)
() Per

To calculate D, the method of the slope was
employed. In this case, the slope can be obtained
from the graph by plotting the In(MR) value on
the y—axis and the drying time on the x—axis and,
therefore, the effective moisture diffusivity can be
determined using Eq. 8.

_s
berr = 757802 2.4649 (8)
( r2 + L2 )

where S is slope.

According to XING-JUN et al. [16], tempera-
ture dependence of Defr can be computed using an
Arrhenius relationship, as shown in Eq. 9:

D D ( E“) 9
=Dyexp|——
eff o €Xp RT ( )
where Dy is the pre-exponential factor of the Ar-
rhenius equation, E, is the activation energy (in
joules per moles), R is the universal gas constant

(8.314 J'mol1K1) and T is the absolute air tem-
perature (in kelvins). The activation energy is
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determined from the slope of the plot of In(Def)
against the inverse of the temperature.

Chemicals and reagents

Sodium carbonate (NaxCO3), sodium nitrite
(NaNOg2), borate buffer pH 9.0, standards of
catechin and vanillin, ferric chloride (FeCl3),
standard of y-aminobutyric acid (GABA), 2,4,6—
tripyridyl-s—triazine (TPTZ), aluminium chloride
(AICI3), 2,2-diphenyl-1-picrylhydrazyl (DPPH),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carbo-
xylic acid (Trolox) and phenol were obtained
from Sigma-Aldrich (St. Louis, Missouri, USA).
Sodium hydroxide (NaOH), sodium hypochlo-
rite (NaOCl), methanol, ethanol and hydrochlo-
ric acid (HCIl) were obtained from RIC Labscan
(Bangkok, Thailand). All chemicals and reagents
used in the study were of analytical grade.

Extraction

Samples extraction was carried out using 70%
ethanol as a solvent at a ratio of 1:10 (v/v) by
following the method of THAMMAPAT et al. [18].
Samples were shaken at 25 °C in a shaking incuba-
tor at 0.504 xg for 16 h. Then, the samples were
centrifuged at 2500 xg for 20 min to separate
the supernatants. The residues were re-extracted
under the same conditions, and supernatants from
both extractions were combined.

Total proanthocyanidin content

The total proanthocyanidin content (7PAC)
was determined by using the modified method
of Hu et al. [19]. A sample of 0.5 g was extracted
three times with 15 ml of methanol with 1 molI-!
HCI (85:15, v/v) by a shaker in the dark and
then centrifuged for 15 min at 4100 xg. Briefly,
0.6 ml of sample extracts or standard solutions
were mixed with 1.5 ml of 1% vanillin solution in
methanol. The mixture reacted at room tempera-
ture (about30 °C) in a water bath for 20 min and
then 1.5 ml of a mixture of methanol with sulfu-
ric acid (4:1, v/v) was added. The absorbance at
a wavelength of 500 nm was measured using UV/
Vis spectrophotometer Libra S22 (Biochrom,
Cambridge, United Kingdom). Extracts treated
with 99.9% methanol were used as blank to elimi-
nate interferences. The results were expressed as
grams of catechin equivalent (CE) per kilogram of
dry rice flour.

Total phenolics content

Total phenolics content (7PC) of rice extracts
was determined using the Folin-Ciocalteu colori-
metric method by following the method of
THAMMAPAT et al. [18]. Concisely, extract solu-
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tion (200 wl) was added to a test tube containing
800 wl of 10% Folin-Ciocalteu reagent and the
tubes were vortexed for 1 min. A volume of 2 ml
of 0.75 g1 sodium carbonate solution was added
to each tube and the tubes were vortexed once
again for 30 s. Then, the mixture was made up to
5 ml with deionized water. After that, the mixed
solution was kept in the dark at room tempera-
ture (about30 °C) for 2 h. The absorbance was
measured at 760 nm using UV/vis spectrophoto-
meter. Gallic acid was used as a standard. The
result was expressed as grams of gallic acid equiva-
lents (GAE) per kilogram of sample.

Total flavonoids content

Total flavonoids content (TFC) of rice extracts
was determined using the modified method of
MATIC et al. [20]. Briefly, 0.5 ml of extract solution
was mixed with 3 ml of deionized water, 0.3 ml of
5% NaNO; and then incubated for 5 min. After
adding 0.6 ml of 10% AICI3 and allowing 5 min
of reaction, 2 ml of 0.1 moll-! NaOH was added.
The absorbance at 510 nm was measured using
UV/Vis spectrophotometer. Catechin was used as
a standard. TFC was expressed as grams of cate-
chin equivalents (CE) per kilogram of sample.

DPPH radical-scavenging activity

The DPPH radical-scavenging activity was
determined by following the modified method
of HU et al. [19]. Briefly, 1 ml of extract solution
was mixed with 5 ml of 0.1 mmol-I'! DPPH solu-
tion. After incubating in the dark for 30 min, the
absorbance at 517 nm was measured using UV/Vis
spectrophotometer. DPPH scavenging (SC) was
calculated using Eq. 10 and expressed in percent:

A
SC = <1 - —) X 100 (10)
Ag
where A is absorbance of sample and Ay is absorb-
ance of blank.

Ferric reducing antioxidant power

The ferric reducing antioxidant power (FRAP)
was determined by using the method of BENZIE
and STRAIN [21]. Concisely, FRAP reagent freshly
prepared (25 ml of 0.1 moll!l acetate buffer
pH 3.6; 2.5 ml of 0.02 mol‘l'! FeCl3 and 2.5 ml of
a 0.01 mol'I'! TPTZ solution in 0.04 mol-I'1 HCI)
was incubated for 4 min at 37 °C. After that, ex-
tracts (0.1 ml) and FRAP reagent (4 ml) were
added to a 10 ml volumetric flask, and the volume
was adjusted with deionized water. The mixed
solutions were kept for 20 min at room tempera-
ture (about 30 °C). The absorbance at 593 nm was
measured against a reagent blank (4 ml of FRAP

reagent, volume adjusted to 10 ml with distilled
water) and a standard curve was produced using
Trolox. FRAP was expressed as grams of FeZ+
equivalents per kilograms of dry flour.

y-Aminobutyric acid content

GABA analysis was performed according
to the procedure of KHANTARATE et al. [22] with
some modifications. Germinated brown rice was
mashed and sifted through a 11 um sieve, 3 g of
the rice flour were mixed with 30 ml of 80% (v/v)
ethanol. The mixture was shaken for 24 h and fil-
tered through Whatman paper No. 1 (Whatman,
Maidstone, United Kingdom). The residue was
re-extracted using the same method. The collected
supernatant was dried with an evaporator at 40 °C
under vacuum. The dried sample was dissolved in
3 ml of deionized water. Then, 0.2 ml of the so-
lution obtained was added to a test tube followed
by 0.2 ml borate buffer and 1 ml of 6% phenol.
Subsequently, the test tube was shaken and cooled
in an ice bath for 5 min. Then, 0.4 ml of 75 g1
NaOCI was added to the test tube. Finally, it was
brought to boil in a boiling water bath for 10 min
and then cooled in an ice bath for 5 min. The ab-
sorbance was measured at 630 nm using UV/Vis
spectrophotometer.

Statistical analyses

Quality data, including TPAC, TPC, TFC, anti-
oxidant activity and GABA content, were analysed
by one-way analysis of variance (ANOVA). Data
from all analyses were obtained in triplicates and
the results were expressed as mean =+ standard
deviation (SD). Scheffe’s multiple range test was
used to establish differences among mean values
at a confidence level of 95 %. All statistical cal-
culations were performed using SPSS software,
(SPSS, Chicago, Illinois, USA).

RESULTS AND DISCUSSION

Empirical drying equation

Experimental results regarding moisture ra-
tio at drying the germinated rice by impingement
drying at temperatures of 60-90 °C showed that
moisture ratio decreased with drying time (Fig. 2).
When the drying temperatures were considered,
the results showed that when a higher drying
temperature was used, moisture ratio decreased
faster. On the opposite, when a lower drying tem-
perature was employed, a longer drying time was
necessary. Due to the high temperature resulting
in the different temperature gradient between the
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Fig. 2. Comparison of the experimental and predicted moisture ratio (Midilli model)
at drying temperatures of 60-90 °C.

A — Sang Yod rice variety, B — Chaing Phatthalung rice variety.

Tab. 2. Statistical parameters of models describing the drying process of germinated brown rice.

Model Content R2 RMSE
Germinated Sang Yod rice variety
1318.54
Page k = 0.301 exp (—)n = 1011 09945 | 0.0120
o 1309.72
Logarithmic k = 0.302 exp (T),a = 1.00,c = —0.003 09965 | 0.0116
, 1266.99 2478.91
Wang and Singh a=—0.270 exp (—),b = 0.023exp (T) 09947 | 00118
1304.29
Newton k = 0.303exp (T) 09945 | 0.0121
_ 1304.07
Henderson and Pabis | k = 0.304 exp( ),a =1.00 09945 | 0.0119
o 1352.94
Midilli et al. k = 0.419 exp (T),a =1.00,b = —0.005,n = 0.851 0.9972 | 0.0080
Germinated Chaing Phatthalung rice variety
26550.59
Page k = 33534 exp (T)n =097 0.9978 | 0.0088
o 27706.05
Logarithmic k = 546.72 exp (T),a =0.89,¢c=0.11 09987 | 0.0068
, 24791.14 44530.96
Wang and Singh a=—16314exp (T),b — 1728.55 exp (T) 09982 | 0.0081
27816.80
Newton k = 472.26 exp (T) 09975 | 0.0095
_ 27817.89
Henderson and Pabis | k = 469.22 exp (T),a = 1.00 09975 | 0.0093
- 1107.27
Midill et al. k = 0.201 exp (—)a = 1.00,b = 0.002,n = 1.025 09995 | 0.0043

a, b, ¢, k — constants in thin-layer drying equation, R — gas constant (8.314 J.mol-'K1), T — the temperature of drying (in kelvins).
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sample and air in the oven, there was an increase
in the heat transfer [16].

Fig. 2 depicts the plots of the variations of the
experimental and the predicted moisture ratio
of the best model, Midilli, with the drying times
of germinated rice. From the plots, the Midilli
model yielded an accurate prediction for the
drying process of germinated rice under the tested
settings. The suitable selection of models was
evaluated based on coefficient of determination
(R?) and root mean square error (RMSE) values
and the most accurate model was selected based
on the highest R? and the lowest RMSE. Tab. 2
shows RZ and RMSE values for all the six drying
models tested. It was found that the Midilli model
showed the best fit to the experimental data of two
rice varieties with the highest R? values (between
0.9972 and 0.9995) and the lowest RMSE values
(in the range of 0.0043-0.0080) among the models
tested.

Effective moisture diffusivity

Tab. 3 shows Dey values of the parboiled
germinated paddy sample. At drying tem-
peratures of 60-90 °C, parboiled germinated
paddy had effective moisture diffusivity rang-
ing from 0.82 x 1019 m2-s1 to 2.06 x 10-10 m2-s-!
for Sang Yod rice variety and ranging from
2.10 x 10-11 m2-s-1 to 6.65 x 10-11 m2-s-! for Chaing
Phatthelung rice variety. The diffusivity values
increased with an increase in the drying tem-
perature, length, and width of parboiled germi-
nated paddy due to an increase in the contact
surface area. Defr values in this study were close
to the values ranging from 3.87 x 10-19 m2-s-1 to
9.85 x 10-10 m2-s-1 reported for the fluidized bed
drying of Chai Nat 1 brown rice at 90-150 °C
[23] and ranging from 4.78 x 10-11 m2s! to
1.36 x 1011 m2-s'1  for fluidization bed drying
of rough rice at 50-70 °C [24]. The differences
between the results of Deg values could be due to
the shape, initial moisture content,and composi-
tion structure of the material, as well as the drying
equipment, drying temperature and drying con-
ditions [25]. Thus, impingement drying at 90 °C
of the two germinated rice varieties in this work
yielded the highest effective moisture diffusivity
values.

Total proanthocyanidin content

The colour of brown rice occurs as a result
of accumulation of three pigments including an-
thocyanins, flavonoids and proanthocyanins [26].
The rice samples in this study are Chaing Phattha-
lung and Sang Yod rice, which are varieties with
a white membrane and red-brown membrane, re-

Tab. 3. Effective moisture diffusivity
of parboiled germinated paddy at drying the kernels.

Rice T Dert Ea Do
varieties | [°C] [m2-s1] [kd'mol1] | [m2-s1]
60 0.82 x 10-10
70 1.12 x 1010
Sang Yod 31.23 |6.39x 106

80 | 1.52x 1010
90 | 2.06 x 1010
60 | 2.10 x 101
3.08 x 1011
5.25 x 1011
90 | 6.65x 101

T — temperature, Deff — effective moisture diffusivity, Ea — acti-
vation energy, Do — pre-exponential factor of the Arrhenius
equation.

Chaing | 70

-7
Phatthalung | gg 2552 |[3.19x 10

Fig. 3. Photographs
showing the colour of germinated brown rice.

A - Sang Yod rice variety, B — Chaing Phatthalung rice variety.
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ranged 0.63-1.14 g'kgl and 1.62-4.15 gkgl, re-
spectively, with non-pigmented rice showing lower
values. The possible reason why the Sang Yod va-
riety of rice is TPC and TFC higher than Chaing
Phatthalung variety rice might be due to its colour.
The Sang Yod rice variety has a red-brown colour
containing pigments and is also considered a good
source of phenolic acids [27, 28].

When the germinated paddy is compared with
parboiled germinated paddy, the results showed
that the latter was 7PC and TFC lower than ger-
minated paddy. Since the steaming and drying
process cause thermic decomposition of pheno-
lics and flavonoids, this is consistent with the re-
sults of WALTER et al. [29]. Parboiled germinated
paddy has a lower TPC and TFC after the drying
process, the amount of phenolic and flavonoid
compounds of Sang Yod variety decreases. The
germinated Sang Yod rice contains many types of
phenolic compounds but less than those in the ger-
minated Chaing Phatthalung rice, which is a rice
with a pericarp of red-brown colour. Germinated
Sang Yod brown rice contains proanthocyanidins,
which are soluble and unstable at heat treat-
ment [19]. Therefore, when germinated rice goes
through the steaming and drying process, it leads
to a decrease in the quantity of proanthocyanidins
and a decrease in 7PC and TFC. When consider-
ing parboiled germinated paddy at various drying
temperatures, no significant difference was found
in TPC and TFC. The use of the impingement dry-
ing technique resulted in a shorter drying period,
which might have led to the insignificant differ-
ence found in 7PC and TFC [29, 30].

Total antioxidant capacity

This section presents results of the analy-
ses of the antioxidant capacity of both types
of germinated rice by DPPH and FRAP assay
methods. Both methods are widely known, easy
to perform, convenient, stable and applicable to
many samples. Percentage DPPH scavenging of
Sang Yod and Chaing Phatthalung varieties were
85.4 % and 71.0 %, respectively, while the FRAP
reducing power values of Sang Yod and Chaing
Phatthalung varieties were 0.40 +2.99 gkg!l and
0.23 =2.24 g'kg-1, respectively, as shown in Tab. 5.
Percentage changes of DPPH scavenging and
FRAP reducing power of both varieties of rice ob-
tained at various conditions compared to brown
rice were calculated to illustrate the degradation
as shown in Fig. 5. The germinated paddy had
higher antioxidant activity than brown rice and
parboiled germinated paddy at various drying tem-
peratures (60, 70, 80 and 90 °C). Since grain ger-
mination is a complex process in which enzymes
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Fig. 4. Total phenolics content and total flavonoids
content of rice dried at various conditions.

A — Total phenolics content, B — Total flavonoids content
Different lower case letters and different capital letters indi-
cate a significant difference (p < 0.05) between different con-
ditions at Sang Yod varieties rice and Chaing Phatthalung
varieties rice, respectively.
TPC - total phenolics content, TFC - total flavonoids content,
GP - germinated paddy dried in shade, PGP60, PGP70,
PGP80, PGP90 - parboiled germinated paddy dried by hot
air impingement drying at 60 °C, 70 °C, 80 °C and 90 °C,
respectively.

hydrolyse starch to release the bound phenolic
compounds, there is an increase in the total phe-
nolics content [27]. The antioxidant capacity of
parboiled germinated paddy was reduced because
it was steamed and dried. This affected the de-
composition of phenolic and flavonoid compounds
resulting in an effect of the reduction of antioxi-
dant properties [29, 30]. Fig. 5 also shows that the
drying temperatures did not significantly affect
(p < 0.05) the percentage change of DPPH sca-
venging and FRAP reducing power of the two rice
varieties. These results agree with the data on the
antioxidant capacity of germinated paddy samples
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Tab. 5. Effects of germination and drying temperatures on antioxidant capacity of samples.

Antioxidant capacity
Sample DPPH scavenging [%] FRAP [g-kg]
SY CP sy CP

BR 85.36 +0.99P 71.01 £2.980 0.40 +0.03P 0.23+0.01d

GP 90.56 + 1.142 78.28 +0.712 0.61+0.012 0.42+0.012
PGP60 81.21 +0.65¢d 74.31 £ 0.592ab 0.32 £ 0.01cd 0.28 +£0.01¢
PGP70 80.45 +0.49¢cd 7413 £0.912ab 0.31 £0.01¢cd 0.28+0.01¢
PGP80 79.98 +0.43¢cd 73.94 + 1.232ab 0.31 £0.01cd 0.28 +0.01¢
PGP90 79.32 +0.28¢d 73.37 £0.492b 0.30+0.01d 0.28+0.01¢

Means within columns followed by different superscript letters are significantly different at p < 0.05.

BR - Brown rice, GP — germinated paddy dried in shade, PGP60, PGP70, PGP80, PGP90 - parboiled germinated paddy dried by
hot air impingement drying at 60 °C, 70 °C, 80 °C and 90 °C, respectively, SY — Sang Yod rice variety, CP — Chaing Phatthalung
rice variety, DPPH scavenging — DPPH radical-scavenging activity, FRAP — Ferric reducing antioxidant power (expressed as

grams of Fe2+ equivalents per kilogram).
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Fig. 5. Antioxidant activity of rice dried at various conditions.

A — DPPH radical-scavenging activity, B — Ferric reducing antioxidant power.

Different lower case letters and different capital letters indicate a significant difference (p < 0.05) among different conditions at
Sang Yod rice varieties and Chaing Phatthalung rice varieties, respectively.

GP — germinated paddy dried in shade, PGP60, PGP70, PGP80, PGP0 — parboiled germinated paddy dried by hot air impinge-

ment drying at 60 °C, 70 °C, 80 °C and 90 °C, respectively.

by the DPPH radical-scavenging method. Finally,
the result of the analyses of antioxidant capacity
of both types of germinated paddy changed in the
same direction as TPC and TFC.

y-Aminobutyric acid content

The GABA content of brown rice of
Sang Yod variety and Chaing Phatthalung variety
were 0.03+0.43 gkg! and 0.03%0.02 gkgl,
respectively. The amount of GABA in the two
rice varieties occured as shown in Tab. 4. GABA
contents of germinated paddy were the highest
due to the fact that it was not thoroughly steamed
and dried, which is consistent with the results of
CHUNGCHAROEN et al. [23] on the GABA content
of brown rice and germinated paddy at various
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drying temperatures. It was found that the GABA
content of germinated paddy dried in shade was
the highest. The increase in GABA content of ger-
minated paddy is due to activation of glutamate
decarboxylase (GAD) that catalyses decarboxy-
lation of L-glutamic acid to carbon dioxide and
GABA, which causes a decrease in glutamic acid
[13, 27]. When considering parboiled germinated
paddy, results showed that the amount of GABA
decreased when compared to germinated paddy.
This might have occured as a result of the phe-
nomenon attributable to the inhibition of proteo-
lytic enzymes and glutamate decarboxylase [31].
When considering the drying temperature with
both varieties, result showed that the GABA con-
tent did not significantly differ (p > 0.05). Results
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on the GABA content of the two varieties showed
that Sang Yod variety contained more GABA
than Chaing Phatthalung variety due to different
initial GABA contents of brown rice, resulting in
different values also after germination [32].

CONCLUSIONS

Impingement drying is a feasible rapid drying
method for reducing hight moisture content of
parboiled germinated paddy to ensure longer shelf
life and to improve the microbiological safety of
the product. In addition, the hot air impingement
drying does not affect the grain integrity but also
increases the head rice yield. Because the drying
process causes partial gelatinization resulting in
starch molecules being merged among themselves.
The suitable drying temperature of parboiled ger-
minated paddy using impingement drying was pre-
viously found to be 90 °C at air velocity 16 m-s-1 at
saving the energy [33] and not affecting biologi-
cally active compounds. Importantly, this drying
technique takes a short time and is able to reduce
the moisture content from 53 =2 % DB down to
22 =3 % DB in 16-19 min. The Midilli model pre-
dicts the drying process of dried germinated rice
more accurately than other models. The dried at
higher temperatures led to increase in effective
moisture diffusivity. The bioactive compounds and
GABA content increased after the germination
process. However, the steaming and drying process
after germination led to a decrease in the bioac-
tive compounds, antioxidant activities and GABA
content. At using impingement drying technique
at various temperatures, there was no significant
difference in the bioactive compounds and GABA
content in parboiled germinated paddy thanks to
the short drying times.
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