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Pornchai Premkaisorn* and Wanpen Wasupongpun

Faculty of Science, Siam University
38 Petkaserm Road, Bangwa, Pasricharoen, Bangkok, 10160

Received 31 May 2018, Revised 27 December 2018, Accepted 12 June 2020

Abstract

Water is a vital component of almost every organism. Magnetic fields effecting on
physical properties of water are reported in this work. In order to obtain the magnetized
water, magnetic fields were applied and subsequently passed through water. The
chemical properties of magnetized water were also studied such as pH, dissolved
oxygen gas, spectroscopic data of UV-, X-ray and IR-spectrum, calcium carbonate
crystallization, concrete strength, levitation, refractive index, melting point, contact
angle, electrolytic potential value, hydrogen bonding, vaporization, conductivity, flow
rate, dielectric constant, viscosity, surface tension, total hardness, convection, Ac
magnetic susceptibility and diffusion. In addition, the magnetized water affecting the
growth of some plants and mice with antineoplastic drugs were also studied.

Keywords : Magnetized Water; Magnetic Field
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1. Introduction

The argument of magnetized water
(MW) is still doubtful among the
scientific community. Many scientific
literatures have reported an effect of
magnetic fields on water. However,
inconsistent experimental findings and
unreproducible results are observed. The
use of magnetic or electromagnetic
treatment has provided different results.
Therefore, many factors affecting
experimental results must be controlled,
for instance, magnetic flux density,
saturation effect time, memory effect
time, temperature and flow rate of water.
Some people believe that the properties
of pure water could not be changed by
magnetic treatment (MT).
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Fig. 1 Schematic view molecular orbital of
water molecule (a) and oxygen gas
molecule (b)

Nevertheless, there are a few
studies which claim the existence of
magnetized water. Thus, this work
reviews the properties of magnetized
water, which had been revealed in the

literature and its purposing possible
mechanisms. A water molecule is
diamagnetic, explained by molecular
orbital theory because of the absence of
an unpaired electron in the molecule
(Fig. 1a), therefore, it is weakly repelled
by a magnet. On the other hand, an
oxygen molecule is paramagnetic,
containing two unpaired electrons (Fig.
1b), and is attracted by a magnet.
Gutierrez-Mejia, F. and Ruiz-Suarez, J.C.
[1] studied on the topic of an inter-
conversion between diamagnetic and
paramagnetic  properties of  water
molecules under a magnetic field, and the
change of its physicochemical properties.

Even though many scientists have
said that magnetized water is a
pseudoscience, a few people still believe
that water properties could be changed
after treatment with magnetic field.
Therefore, the effect of magnetic fields
onto the change of water properties is
reviewed in this article. Both supporting
and opposing experimental results are
reported and discussed in this work.
However, the other detail of experiment
has been reported in references [1]-[56].
Moreover, the physical and biological
properties are also reviewed in this
article.

2. Results and Discussion

2.1 Physical properties’ aspect
2.1.1 pH effect
Zamora, L.L. et al. [2] determined

the effect of a magnetic field (50 mT)
which was applied onto drinking water
under a flow rate of 65.5 mL/s for 5
times of circulation, at 27-30 °C. The
results showed that the a change of pH
was not observed. Similarly, the finding
of Quickenden, T.I. et al. [3] supported
no change in pH (2.7 T magnetic field,
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water flow rate of 1.08-200 ml min~!, at
27-30 °C).

2.1.2 Dissolved oxygen gas effect

Ueno, S. and Harada, K. [4] applied
a dc magnetic field (I T magnetic field
intensity, gradient 10 T m™, 30-60 min)
onto the water surface in an oxygen
atmosphere, effecting an increase in the
degree of the oxygen redistribution,
which  depended on the initial
concentration of oxygen gas.
Redistribution of dissolved oxygen was
not observed in an equilibrium state of
oxygen pressure in the air atmosphere.

Obviously, this  magnetically
induced response controlled the diffusion
of dissolved oxygen in the bulk water.
The results showed that an increase of
5% of dissolved oxygen concentration in
water occurred after the applied ac
magnetic field ranging from 1-8 T, which
depended on an initial concentration of
oxygen gas [5]. The maximum of
dissolved oxygen was found with the
maximum magnetic field flux density (B)
which was independent on the maximum
magnetic force, wherein B (dB/dz) was
the largest in a magnetic field (wherein z
= a position along the z-axis). Notice that
the increasing or decreasing dissolved
oxygen content in the duration before and
after exposure with magnetic field
showed an  exponential  change.
Furthermore, Hirota, N. et al [6]
reported on the magnetic field (4 T)
accelerated with oxygen gas dissolving
into water. An increase of 37% oxygen
concentration was observed (1 h, at 15
°C) compared with controls. The
mechanism could be explained by
magnetically induced convection in the
water due to the non-uniformity of
magnetic susceptibility created by the
dissolution of oxygen in the water phase.

While Nakagawa, J. et al. [7] reported
that the water surface (13 °C) was
suppressed around 28.2 mm from the
surface region which was exposed with 8
T of magnetic field intensity (Moses
effect) by wusing an oxygen gas
atmosphere (11 °C). The pressure of
oxygen gas was increased to 47 Pa. They
summarized that the water surface was
dependent on magnetic field and oxygen
gas pressure. However, the dissolution of
carbon dioxide gas was not affected by
the magnetic field. On the other hand, in
the presence of oxygen gas, the
dissolution of carbon dioxide gas has
become significantly faster (137.2 £ 5.27
g m> — 177.1 £ 6.76 g m™). They
proposed that a difference of magnetic
susceptibility (Ay) between degassed
water and saturated oxygen gas in water
(+3.3x1078, P[O2] = 5x10* Pa, 15 °C) was
larger than that of degassed water and
saturated carbon dioxide gas in water (-
0.2x1078, P[CO2] = 2x10* Pa, 25 °C). The
larger difference of magnetic
susceptibility was extended, the more
force has influenced on a water surface,
which is given by equation (1).

F = A—IB(d—Bj (1)
M, \dz

When

F  is force

Ay is a volume magnetic susceptibility
difference

Mo 1S vacuum magnetic permeability

Therefore, the surface water
molecules showed more effectively by
the magnetic field than the inner ones.
The magnetic susceptibility difference
around surface water was much more
than that of inner ones (Fig. 2).
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Fig. 2 Showing the difference of volume
magnetic susceptibility of oxygen gas
and water regions and magnetic field

intensity into water [7]

2.1.3 Optical properties effect
2.1.3.1 UV-spectra

Rai, S. et al. [8] studied UV- and
fluorescence spectra by using a static
magnet (0.3 T, 25 °C) applied onto
distillated deionized water. It was found
that the N (north), S (south) and N+S
poles produced the differences result of
the spectrum. They proposed that the
magnetic  field effected on the
restructuring of water ranging from
distorted tetrahedral through a clathrate
hydrate framework. The South pole of a
magnet raised the water structures to
higher energy states and the North pole to
the lower energy states than normal. On
the other hand, Colic, M. and Morse, D.
[9] attributed differences in UV- and
fluorescence spectra to the water being
magnetically induced into gas/liquid
interface perturbation and resulting in the
generation of ozone gas and hydrogen
peroxide. In addition, they proposed the
idea of “magnetic memory of water” that
the water could retain the properties for a
while after treatment. Moreover, Bo, D.
and Pang, X.F. [10] investigated the UV-
spectra of magnetized water (0.44 T
magnetic field; 5 h; 25 °C). The changing
of UV-spectra was observed at the

wavelength of 191 nm. The absorbance
of normal water and magnetized water
were ~0.4 and ~2.94, respectively. They
proposed that the magnetic field induced
the polarization and distribution of
electrons. Ding, Z.-R. et al. [11] has
ascribed the breaking of a large number
of hydrogen bonds which was due to the
electron states being affected by
magnetic field or perturbation, and this
phenomena was influenced by magnetic
field over 200 mT.

2.1.3.2 IR-spectra

Bo, D. and Pang, X.F. [10] and
X.F. Pang, et al. [12] reported that the
IR-spectra of magnetized water (0.6-0.44
T, 5 h, 20 °C) was changed in the region
of 400 - 4,000 cm™'. A higher intensity of
peaks under magnetic flux density was
observed at a longer duration time.
Saturation effect time was also studied
for 110, 100, 90 and 60 min which were
influenced from external magnetic field
via a magnetic flux density of 0.06, 0.20,
030 and 040 T, respectively. In
conclusion, the magnetic flux density
increased while a saturation effect time
decreased. Moreover, a memory effect
time, which is a time for recovery of the
ordinary state, was also introduced which
was 35, 45, 58 and 60 min, respectively
(Table 1).

Table 1 Showing a saturation effect time
and memory effect time at
various magnetic flux density
(Pang, X.F. and Bo, D. [13]

Magnetic Saturation Memory
flux effect time effect time
Density (min) (min)

(D

0.06 110 35
0.20 100 45
0.30 90 58
0.44 60 60
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Additionally, the effect of
temperature ranging from 25-85 °C was
investigated [13]. The different IR-
spectra of magnetized water was
recorded compared with controls.
Magnetized water showed its anomaly
properties. They proposed that bulk water
did not exist as free molecules, but was
more  complicated than  ordinary
substances.

2.1.3.3 X-ray-spectra

Bo, D. and Pang, XF. [10]
demonstrated the X-ray diffraction result
of magnetized water (0.44 T magnetic
field intensity for 5 h, at 25 °C) by
shifting from 39,417 count/s to 42,872
count/s. A diffraction angle (26) was
slightly decreased. Water could be
magnetized by mixing the magnetized
water with Fe20Os3. The diffraction angle
was decreased by 2° compared with the
mixture Fe2Os and ordinary water.

As the results mentioned above,
they proposed a theory of “Molecular
Current” or “Small Magnet” that bulk
water existed as closed loops. The
magnetic field induced a current in the
closed loops as well as the proton
responded for a conductive carrier
(instead of the electron). Therefore, water
could be magnetized in this process. Due
to the fact that proton is larger than
electron. Thus, the mobility of proton is
slower than that of electron. However,
this effect is very small and it is enough
to increase the intensity peaks of Raman-
and IR-spectrum in the experiments.

2.1.4 Calcium carbonate crystallization
effect
Coey, JM.D. and Cass, S. [14]
applied a magnetic field (10 mT) into a
solution of 120 mg, Ca/L. It was found
that a ratio of aragonite/calcite changed

and the memory of magnetic treatment
was extended over 200 h.

In accordance with Kobe, S. et al.
[15] reported later; the aragonite/calcite
ratio decreased from 2.43 to 0.32.
Goncharuk, V.V. et al. [16]-[17]
concluded that the crystallization forms
of calcium carbonate were influenced by
paramagnetic substances, nitrogen oxide,
oxygen of the air, and TEMPON
(2,2,6,6-tetramethylpipyridine-on-N-oxyl
radical). As mentioned above results,
they refused a contribution of oxygen gas
microbubbles.

2.1.5 Concrete strength effect

Engineering paper reported by Su,
N. et al. [18], the tap water was irradiated
via the magnetic field and used as a
solvent in concrete mixing. An increasing
of mortar’s compressive strength in the
range of 9-23% was dependent on the
magnitude of the applied magnetic field.
Clearly, enhancement of the combined
force among the molecules, corpuscles
and components in the concrete, lifted its
mass density [19], workability and some
of durability [20]-[21]. The proposed
mechanism was due to an increase in the
degree of concrete’s hydration.

2.1.6 Levitation effect

Ikezoe, Y. et al. [22] has
succeeded in levitating a droplet of water
by the superconducting magnet (10 T) in
accord to “magneto-Archimedes
levitation” which was illustrated by
equation (2).

~(p, —pa)g{MjB(d—Bj =0 ()
y7i d

Z

o

where pw was density of water (1.0
kg/m®), and p. was density of internal
atmosphere system (for air and oxygen
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gas was 121 and 131 kg m>,

respectively). xw was a volume magnetic
susceptibility of water (-9.03x107%), xa
was volume magnetic susceptibility for
air  (0.379x107%), and oxygen gas
(1.80x0°%) at 20 °C, and g was a
gravitational force.

Researchers found that replacing
the internal atmosphere with air (60 atm)
affecting the gravitational force (first-
term in eq. 2) was balanced with the
Buoyancy force (second-term in eq. 2), a
droplet of water levitated. However, if
the air replaced by oxygen gas
(paramagnetic substance), its internal
pressure could be reduced to 12 atm;
giving the same result. It was found that
the different degree of Ievitation
depended on density and volume
magnetic  susceptibility = of  each
substance.

This technique has been used to
separate any compounds such as
potassium chloride and sodium chloride
crystals, which were levitated at different
positions in the air under applied
magnetic field [23]-[26].

2.1.7 Refractive index effect

Refractive index of magnetized
water was increased by 0.1 % which
reported by Hosoda, H. et al. [27]. The
value increased from 1.333 to 1.335
under magnetic field (10 T at 25 °C). Not
only magnetized water, but also the
diluted electrolyte solutions (0.40 M,
NiClz and 0.5 M, NaCl) gave the same
results. Due to a higher hydrogen bond of
ordinary water formed under the applied
magnetic field. In contrast, the opposite
result has been found with the
concentrated electrolyte solutions (2.5 M,
NiClz and 5.0 M, NaCl).

Four years later, Pang, X.F. [28]
has confirmed that the 0.7% of refractive

index was slightly increased (1.336 to
1.3345) under a lower magnetic field
intensity (0.44 T, 25 °C). It was probably
due to  the  strengthening  of
intermolecular  hydrogen bonds of
magnetized water [29].

2.1.8 Meting point effect

Regarding the melting point, an
effect has been shown by Inaba, H. et al.
[30], who applied a 6 T magnetic field
intensity on the water. A slightly
increasing melting point of water (H20)
was 5.6 mK. With heavy water (D20), a
larger effect was observed, increased by
21.8 mK. They explained this by Lorentz
force suppressing the thermal motion of
the partially charged atoms,
strengthening the hydrogen bonding and
increased the dynamic  magnetic
susceptibility (the term “dynamic” means
the movement of atoms due to the
thermal motions such as vibrating and
rotating motions at high frequencies).
The suppression of the thermal motions
by the magnetic field makes the solid
phase more stable and makes the
dynamic magnetic susceptibility larger.
They interpreted the larger experimental
values that the dynamic magnetic
susceptibility rather than the static
magnetic susceptibility was assumed, and
the larger ones were considered to be due
to the larger dynamic magnetic
susceptibility.

Osuga, T. and Tatsuoka, H. [31]
has concluded that the magnetic field
effect on water was one of the factors
affecting the increase of melting point for
H20 and D20. Magnetic field provided a
suitable position for the liquid water
molecules to freeze; subsequently the
enhancement of nucleation rate in liquid
phase near the melting point has taken
place.
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2.1.9 Contact angle effect

Otsuka, 1. and Ozeki, S. [32] have
observed the un-changing of contact
angle (€= 65°) in ultrapure water (Milli-
Q water; 18 MQ) as an ordinary and
magnetized water in a vacuum. On the
other hand, during the irradiation with
oxygen gas present (140-760 mmHg), the
contact angle was sharply changed during
~ 30-100 min at ~ 57.5°. This value
existed for ~ 70 min and it subsequently
sharply increased to the reference water
at 210 min. In conclusion, the contact
angle of magnetized water was not
affected by magnetic fields if it did not
coexist with oxygen gas.

2.1.10 Electrolytic potential effect
Otsuka, I. and Ozeki, S. [32] have
investigated the effect of magnetic field
on the diluted electrolyte solution (10
mM of NaCl, KCI, or CaCbh).
Furthermore, it was found that the
magnetized water was more difficult
oxidize than the ordinary water, it is
likely due to a higher -electrolytic
potential (E°=2.35t0 2.63 V; H20 — 0.5
H2 + 0O2), the magnetic field induced
transient oxygen clathrate-like hydrate,
(O2)m(H20)n, and  including  the
developing water networks [33].

2.1.11 Hydrogen bonding effect

Chang, K.T. and Weng, C.I. [34]
have calculated the forming of a new
hydrogen bond, by varying the applied
magnetic field intensity. The 10 T
applied magnetic field increased the
number of hydrogen bond’s by 0.34%.

2.1.12 Vaporization effect

Increasing rate of evaporated water
under magnetic field has been found, and
compared with ordinary water [35]-[36].
These parameters [37] were the product

of magnetic flux density (B) with its
gradient (dB/dz). The possibility of
creation for the magnetic wind was
driven by the gradient susceptibility
distribution caused by water content
distribution in the atmosphere. Toledo,
EJ.L. et al. [29] has also reported the
increase  of  magnetized  water’s
vaporization enthalpy ranging from 58.86
klJ/mol to 68.86 kJ/mol, and was
compared to an ordinary water (45-65
mT magnetic field at 22 °C).

2.1.13 Conductivity effect

The conductivity of magnetized
water depended directly on applied
magnetic field intensity (0.144-0.5 T).
Reported [38] the saturation effect time
was 5 min after the irradiation. It was
explained in a way that the conductivity
in water, causing of proton conductivity
(instead of the electron) and they
calculated the mobility and conductivity
of protons as 6.5 -6.9x10°® m?> V! and
7.6-8.1x107 Q'm™!, respectively [39].

In contrast, Zamora, L.L. ef al. [2]
and Shen, X. [40] did not observe the
change of conductivity of magnetized
water in comparison with the ordinary
water. The conductivity of ordinary water
result was 2.00 + 0.07 mS cm™!, while
the ones of magnetized water under
magnetic field were 1.99 + 0.07 mS cm™'
and 2.06 + 0.06 mS cm™', at 4 and 16 h,
respectively.

Nevertheless, the opposite results
have been reported by Szczes, A. et al.
[36]. The magnetic field reduced the
conductivity of magnetized water which
was inversely proportional to the flow
rate of water. Furthermore, a bulk of
water could be kept hold a memory effect
up to 24 h. They proposed that the
applied magnetic field increased a
number of hydrogen bonds network
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strengthening, and the perturbation of
gas/liquid interface from the air
nanobubbles in the water.

2.1.14 Flow rate effect

Applied magnetic field (0.2-0.5 T,
unspecified temperature), in
perpendicular to burette, reduced the flow
rate of distillate water. The 0.5 T of
magnetic field intensity can reduce
droplets of magnetized water to 2 mL
min~!, which was comparable with an
ordinary water of 19.5 mL min~' [38]. It
was due to the increase of the magnetized
water’s viscosity [41]-[42].

2.1.15 Dielectric constant effect

The dependence of magnetic field
intensity (0.02-0.05 T) and dielectric
constant were observed by Ibrahim, H.I.
[38]. Shen, X. [40] also indicated that
the increase of 3.7% in dielectric constant
of deionized water under applied
magnetic intensity of 0.15 T, was due to
more polarized water molecules under a
higher magnetic field intensity.

2.1.16 Viscosity effect

Cai, R. et al. [41] has indicated that
magnetic field (1 T, treatment time 13
min, 25 °C) can increase a high-level of
purified water’s viscosity (18.2 MQ, 298
K) up to 11%, ranging from ~1.066 mPa s

to ~ 1.18 mPa s. The result showed that

the longer the time of magnetic field
treatment was, a higher viscosity
extended. According to the previous
work of Ghauri, S. A. and Ansari, M. S.
[42], they have reported the changing of
relative  viscosity =~ which  slightly
increased by 0.12%, ranging from 0.8904
mPa s to 0.8915 + 3x10°> mPa (under
0.75 T transverse magnetic field at 25
°C). Similarly, Toledo, E.J.L. et al. [29]
has reported a 3.34% higher viscosity,

from 964.42 + 1.19 yPa s to 996.63 *
442 pPa s, in comparison with the
ordinary water (22 °C under 45-65 mT).
Ghauri, S. A. et al. [42] has also
reported the variation of viscosity (47)
with temperature (7)) that it could be well
explained by the following second order
equation (3) which contained a regression
value of 0.9916. The proposed
mechanism was on the basis of the
stronger hydrogen bonds forming.

A= (1.0x10%) 72 + (8.0x10™%) T'- 0.133
3)

Cai, R. et al [41] also attributed that
rotational motion of magnetized water
was slower than ordinary water, because
of an increase of ‘correlation time’ (T,
the average time for one molecule
rotating per radian) from 65 ps to 140 ps.
The slower rotational motion indicated
that the strengthening of hydrogen bonds
was reflected by a larger of water clusters
formed. As above results which were
refused by Pang, X.F. and Bo, D. [43]
who revealed that the water viscosity
decreased by 17% (0.3-0.4 T magnetic
field and the temperature of 37.5 °C).
Saturation effect time was 68 min,
ranging nearly from 6 mPa s to 5.5 mPa,
while the viscosity of ordinary water was
1.002 mPa. Notice that the viscosity of
magnetized water by Pang, X.F. and Bo,
D. was highly prone when compared to
the ordinary water.

2.1.17 Surface tension effect

The surface tension of magnetized
water decreased by 8% of 72.44 mN/m to
62.5 mN/m (1 T intensity field with
treatment time for 13 min at 25 °C). In
summary, as exposure time increases, the
surface tension decreases [41]. Cai, R. et
al. also attributed surface tension
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descended with the cohesive inner
molecular energy E™ 4. As the cohesive
inner molecular energy decreased, new
hydrogen bonds formed. In previous
work, Pang, X.F. and Bo, D. [28]
reported similar results, the viscosity was
reported in terms of contact angle. These
values of magnetized water onto copper
and graphite surface were reduced by 2°
and 1.4°, respectively. They proposed the
polarization of water by applying the
magnetic field and effecting a change in
water clusters.

Fujimura, Y. and lino, M. [44]-[45]
disagreed with the preceding results.
Theirs result displayed surface tension of
magnetized water (10 T, duration
treatment time 20-40 min, 25 °C) that
increased by 1.83 + 0.18%, ranging from
71.96 £ 0.14 mN/m to 73.31 £+ 0.16
mN/m. The other has reported [29] a
smaller effect by 0.04% of surface
tension (from 72.27 + 0.37 mN m! to
75.50 £ 0.23 mN m™, at 22 °C with 45-65
mT of magnetic field intensity). Note that
after removal from the magnetic field, the
surface tension exponentially decreased
to the control value.

They proposed hydrogen bonds
were more stabilized during magnetic
field treatment. In addition, Toledo,
EJ.L. et al. [29] proposed that the
magnetic field effect broke an intra
hydrogen bond of larger water clusters;
therefore, the smaller water clusters with
stronger inter cluster hydrogen bonds
were formed. The water clusters sizes
were explained by 4, 8 and 12. Later,
Lee, C. et al. [46] calculated the most
stable water cluster was sizes of 4.
However, Zamora, L.L. et al. [2] refused
any changing of the surface tension of
water after magnetic field treatment. The
observed surface tension of ordinary
water and magnetized water of 4 h and

16 h for treatment time was 75.4, 75.2
and 75.6 mN m™!, respectively.

According to Amiri, M.C. and
Dadkhah, A.A. [47] ’s work, the authors
suggested that the soluble/insoluble
impurity materials were responsible for
changing of surface tension water instead
of magnetic field effect.

2.1.18 Total hardness effect

Zamora, L.L. et al. [2] has not
observed the changing total hardness of
magnetized water. The value of ordinary
water was 0.873 g, CaCO3 L', while the
magnetized water’s values (4 and 16 h
treatment time) depending on the
treatment time were 0.877 and 0.879 g,
CaCOs L, respectively.

2.1.19 Convection effect

The convection of water was either
suppressed/enhanced by  downward/
upward magnetic field, depending on the
direction of magnetic force [48]. The
results indicated that the convection in a
diamagnetic fluid of water could be
controlled by using the magnetic field of
10 T. Additionally, Zhou, et al. [49]
proposed that water molecule clusters
have a district anisotropy and it was
explained in terms of magnetic moment
interaction. The magnetic moment will
be negative if most of the nearest water
molecules form long chains that run
nearly parallel to magnetic field strength
B. This configuration has a higher
stability. Furthermore, if most water
molecules become form chains which
were vertical to B, the magnetic moment
interaction energy will be positive, and
that is less stable. This may explain a
directional effect of magnetic force.

2.1.20 Ac magnetic susceptibility effect
Gutierrez-Mejia, F. and Ruiz-
Suarez, J.C. [1] has investigated the ac
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magnetic susceptibility of water in the
frequency range of 1 kHz — 1 MHz at a
low magnetic field. The results showed a
paramagnetic behavior between 500 kHz
and 1 MHz of samples (at 37 °C and 25
°C) which was surprising as water was
believed to be a diamagnetic. The
transition  from  diamagnetism  to
paramagnetism was observed in pure
water and diluted salt solution (1 mM,
NaCl) but the concentrated salt solution
(0.1 M and 0.25 M) was not chance. They
proposed that while the magnetic field
was applied, the perturbation of such
molecules would be increased. It may be
due to the excitation produced by the
magnetic field. However, this effect was
not observed at a constant magnetic field
because under this condition the
magnetization had been seen as an
average. In case of ice, water acquired a
rigid conformation. The perturbation was
small due to the small magnetic field and
it only detected the diamagnetic
contribution.

2.1.21. Diffusive effect

Chang, K.T. and Weng, C.-1. [34]
have calculated the diffusion coefficients
of liquid water and that it decreased by
approximately 14% (changing from
2.14x10 m? s! to 1.87x10° m? s, at 27
°C). It could be assumed that a static
magnetic field has restricted the
movement of water molecules.

2.2 Magnetized water affecting
biological system

Yi-long, M.A. et al. [50] irradiated
80 mT magnetic field intensity onto
water (preparing by doubly distilled
deionized water and it was kept at 4 °C
overnight before used). Magnetized water
could accelerate the activity of the
glutamate decarboxylase; increased by
30%. They proposed the magnetization

of ordinary water, and it was rearranged
in order, subsequently with a weak
magnetic field was formed. The active
site. of enzyme conformation was
activated by this field. Hence, the
enhanced activity of enzyme could be
observed.

On the other hand, Ueno, S. and
Iwasaka, M. [51], reported hydrogen
peroxide’s decomposed by catalase to
give water and oxygen gas as products.
They indicate that magnetic fields affect
the dynamic movement of oxygen
bubbles which are produced in the
reaction mixture by the decomposition of
hydrogen peroxide. A 20-25% oxygen
gas increased during monitoring the
reaction. However, the mechanism
proposed by the dynamic movement of
oxygen bubbles and the magnetic field
did not affect the activity of catalase.

Johnson, K.E. et al [52] used
magnetized water oral irrigator with 29
patients. The treatment with magnetized
water yielded a significant lower calculus
index (64%). Gingival and plaque
indexes were reduced by 27.5% and
2.2%, respectively. There were not
statistically significant, however, a strong
positive correlation between the plaque
index and the Watt accretion index was
observed.

They proposed that the magnetized
water oral irrigator could be a useful
adjunct in the prevention of calculus
accumulation in periodontal patients. As
mentioned, it could be due to the
changing formation of calcium carbonate
crystallization in magnetic fields from
calcite to aragonite forms. Aragonite had
higher density than calcite form, and it is
less prone to form hard scale (Coey,
JM.D. and Cass, S. [14].

Dayong, L. et al. [53] studied the
effect of magnetized water (distillate
water, 0.25 T magnetic field intensity,
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flow rate water was 20 mL/mL, 50 times
of circulation) on mice given high doses
of antineoplastic drugs; CTX (cyclopho-
sphamide), MMC (mitomycin C), Lyc
(Iycobetaine), DDP (cisplatin) and HA
(harringtonine).

Table 2 The %ILS of mice after being
given magnetized water daily for a
week!

Drug Dosage Mean survival days

(mg/kg) " No.of (1) Q@P %ILS
mice
CTX 500 8 0.5 4.0 700
MMC 8 8 4.8 7.2 50
Lyc 200 8 0.6 1.8 200
DDP 40 8 1.5 3.0 100
HA 20 8 2.0 4.5 125

*With magnetized water, "Without magnetized water, “The
increase of life span (ILS), “Experimental term was 7 days, p
<0.01

The positive effect of magnetized
water among various anticancer drugs on
life span was different (Table 2).
Increased in %ILS of all drugs was
observed. They proposed that magnetized
water could remarkably extend the life
span of mice and attenuated the
leukopenia by mitigating the toxicity of
anticancer drugs in vivo. They believed
that magnetic field strengthened the
immune functions of the body.

Maheshwari, B.L. and Grewal, H.S.
[54] used magnetic field treatment of tap
water, recycled water, 1500 ppm NaCl
water and 3000 ppm NaCl water as
irrigation water of celery, snow peas and
peas, all samples were conducted in
glasshouse under controlled
environmental ~ conditions.  Mostly,
magnetized water showed a higher %
increase in fresh weight as seen in Table
3. Except for celery which was not
changed, but the water productivity
increased.

Table 3 Showing the fresh weight without
MF (1), with MF (2) and %
increase of fresh weight with MF
was comparable without MF and
water productivity (4) of celery,
snow peas, and peas.

Celery
M ) 3) 4)
- tap water 4143 4145 0 4
- recycled water® 3773  424.0 12 12
- 1500 ppm 181.0 198.3 9 11
NaCl water
- 3000 ppm 108.5 133.3 25 23
NaCl water
Snow peas pod
(M @ 3) 4)
- tap water 216 233 8 12
- recycled water® 198 210 6 7.5
- 1500 ppm 186 188 1 0
NaCl water
- 3000 ppm 164 174 6 13
NaCl water
Peas
1) (2) (3) “
- tap water 1.6 1.62 8 5
- recycled water® 1.23 1.33 6 7
- 1500 ppm 1.05 1.03 1 0
NaCl water
- 3000 ppm 0.88 0.93 6 4
NaCl water

(1) Mean yield of fresh weight(g) without MF (2) Mean yield
of fresh weight(g) with MF, (3) % Increase of fresh weight
with MF is comparable without MF and (4) Water
productivity (kg/1000 L water), *Treated water from
Richmond Sewage Treatment Plant) [54]

Selim, A-F.H. and El-Nady, M.F.
[55] showed the result of irrigated tomato
seeds by magnetized water. This
treatment revealed the best for
overcoming the bad effects of water
deficit on tomato plant growth
characteristics, water relations, proline
concentration and photosynthetic
pigments, as well as anatomical structure
of some organs of tomato plants, in
which was comparable to that seed with
tap water as a control group. They
suggested that the effect of magnetic
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treatments act as a protective factor
against water deficit. A 13.3% increase in
germination of wheat seeds was observed
when compared to a control using the
magnetized water, whereas the increase
in germination was insignificant with the
seed magnetization [56].

3. Conclusion

So far, magnetic field slightly
effects the properties of water. It is
believed that this phenomenon did not
influence the pH of water, but it was
dependent on the diffusion/dissolution of
oxygen, UV-spectra absorption, IR-
spectra intensity, x-ray count of its
properties. Crystallization of calcium
carbonate changed a calcite/aragonite
ratio. Engineering reported a compressive
strength of mortar increased e.g. an
increase of the degree of hydration.

Sodium chloride and potassium
chloride crystals were differently
levitated in the air under the magnetic
field. An increase by 0.1% of refractive
index and a slight increase of the melting
point by 5.6 mK was observed for an
ordinary water and also showed more
effect on heavy water (21.8 mK). The
contact angle was decreased for a while
and upward to the ordinary state after an
hour. Magnetized water was harder to
oxidize due to an increase in electrolytic
potential. A 0.34% increase of hydrogen
bonds was gained after magnetic
treatment. The rate of evaporated water
and dielectric constant increased, but the
viscosity incline decreased due to
reducing by the flow rate. Regarding a
number of different results in surface
tension, this property is still unconcluded.
Conductivity presumably inverted on
magnetic flux. The water flow rate
decreased under the magnetic field, but
the total hardness was not changed.

The AC magnetic susceptibility of
water transformed from diamagnetism to
paramagnetism, it was observed for pure
water and diluted salt solution, only at

room temperature but not  for
concentrated salt solutions. In the
biological aspect, magnetized water

accelerates 30% glutamate decarboxylase
activity. In the other hands, the
decomposition activity of hydrogen
peroxide by catalase was unaffected. It
was employed as an oral irrigator and
yielded a significant lower calculus index
(64%). Gingival and plaque indexes were
reduced by 27.5% and 2.2%,
respectively.

Furthermore, it increased in %ILS
of drugs; antineoplastic drugs; CTX,
MMC, Lyc, DDP and HA, which were
taken at high doses on mice. Magnetized
water showed positive results as an
irrigator of celery, snow peas and peas. A
higher growth in fresh weight in
comparison to tap water except for
celery, where although % increase in
fresh weight did not change, the water
productivity increased. Magnetized water
could overcome the negative effects of
water deficit on tomato plant growth
characteristics, water relations, proline
concentration, and photosynthetic
pigments, as well as the anatomical
structure of some organs of tomato plants
which was comparable to that seed with
tap water as a control group.
Furthermore, increasing in wheat seeds’
germination was also observed.

Many theories of magnetized water
were proposed, including the molecular
current or small magnets, dissolved
oxygen, water cluster forming, hydrogen
bond formed changing, oxygen
nanobubbles forming, liquid/gas interface
perturbation, and oxygen clathrate-like
hydrate, (O2)m(H20)n + water network).
Nevertheless, all those just have ascribed
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by limitations. Many works’ claims have
been made that the magnetic field
changed the physicochemical property of
water which depended on many factors in
experiments e.g. magnetic flux density,
saturation effect time, memory effect
time, temperature, flow rate of water, etc.
It can be assumed that the water
molecules after magnetic treatment could
be kept “memory effect” for a while
whether its  significantly  changed
physicochemical properties on biological
systems. Although, all proposed theories
would seem to be reasonable, but clearer
accountability is needed for further
studies.
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Abstract

Dyes contaminated in wastewater, that negatively affecting the environment and human
health. The objectives of this study to prepare activated carbon from Salacca zalacca (Sumalee)
seeds activated by 36 mmol/g KOH, dye solution and activated carbon ratio 20:32 ml/g for dye
removal. The influents of dye removal from wastewater by Salacca zalacca (Sumalee) seeds
activated carbon were investigated as initial dye concentration, activated carbon and dye solution
ratio, and contraction time. The moisture content, the iodine number, the methylene blue index,
and the functional groups by FTIR technique of the Salacca zalacca (Sumalee) activated carbon were
characterized, and the kinetics adsorption were also analyzed. The results showed that the activated
carbon was the microporous material, the highest dye removal from wastewater was 7.50 + 0.25
me/g, the equilibrium time was 150 min with the activated carbon to dye solution ratio of 1:500 g/ml,
for 200 mg/L initial concentration. The kinetics of the adsorption process can be described by a
pseudo-second order model (R* = 0.9999). When increasing the initial concentration of dyes, the
adsorption efficiency was increased. The amount of activated carbon increased, resulting in lower

adsorption efficiency and the equilibrium time was longer.

Keywords : Activated Carbon; Salacca Seed; Adsorption; Dye
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Abstract

This research 1) to study and analyze the relationship between the context of industrial handicrafts,
properties of agricultural waste in community areas and 2) to agricultural waste to find physical properties
and the industrial handicrafts for Bantumsua community, Phetchaburi province. From primary data it was
found the relationship of the community with the context of industrial crafts is a culture of agricultural
wisdom from the collection of participatory research data. Found method and test the properties of paper
pulp from agricultural waste where banana leaves = A, bamboo leaves = B and pineapple leaves = C.
Use the formula for quantifying the triangular grid the Trixie Blend Diagram to uses caustic sodium hydroxide
10-15% of dry weight. There are 7 test items, 1 formula thin and thickness (a) according to the experimental
standard, referring to the community product standards, plant fiber paper. For testing as follows: 1) standard
average weight from the test of paper size 45x85 cm operation number list of the experimental formula
test section 1.1) standard weight the overall average is equal to 220 grams/sqm., 1.2) part 2 tear strength
which is strong = 3(10a) at 1,962 mN, the second strength = 1(8a) at 1,907 mN and third = 6(13a)
at 1,467 mN. 1.3) Part 3 the overall moisture content of the paper the experiment found the humidity level
is within the normal level at + 10 9%, which is complete and can be developed into a products or package.
2) Summary of physical properties the color characteristics of the paper according to provide color tones
gray-brown and different beautiful suitable for the screen-printing and using large size rubber stamp. Process
forming can produce use by semi-automatic heat setting at 140°C at time of 70 seconds per piece is suitable

for further expansion to create industrial handicrafts for the community.

Keywords: Physical Property; Agricultural Waste; Industrial Handicrafts; Bantumsua Community
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Abstract

Broken rice of Thai cross breed black rice, Riceberry, was an under-utilized
agricultural by-product that contains high content of anthocyanins, the multiple health
benefits flavonoid. In this study, these anthocyanins were used to develop healthy dark
chocolates. The anthocyanin extract from the broken Riceberry rice was prepared into
anthocyanin powder using freeze-drying technique in which maltodextrin was used as a
carrier material. Healthy dark chocolates were prepared by replacing cocoa powder with
anthocyanin powder by 5, 10 and 15 g/g cocoa powder, which respectively delivers
DCS5, DC10, and DC15 anthocyanin-fortified dark chocolate bars. The color analysis
showed no blooming (undesired white color at the chocolate surface) in all chocolates.
The increase the anthocyanin powder content significantly decreased the hardness of the
dark chocolates (33.9-27.2 N). Total anthocyanin content (TAC) in the dark chocolates
increased respectively as anthocyanin powder content increased. The health benefit of
the anthocyanin-fortified dark chocolates was improved as the DPPH antioxidant
activity of all treatments was 4-9% higher than that of the control DCO0. Sensory
evaluation revealed that DC10 received higher liking scores (6.4-7.5) than the DCO
indicating more consumer preference. The anthocyanin-fortified dark chocolate delivers
an alternative strategy to improve the health property of chocolates. This application of
anthocyanin from the broken Riceberry rice could help increase the value and the
utilization of Thai agricultural by-product.

Keywords : Dark Chocolate; Anthocyanin; Broken Riceberry Rice; Sensory Evaluation
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1. Introduction

Anthocyanins are bioactive
compounds that have been reported for
their multiple health benefits: oxidative
stress relief, prevention of cardiovascular
diseases, anti-inflammatory activity, anti-
carcinogenic activity, and control of
diabetes [1]. In addition, anthocyanins
have been proposed as a highly feasible
functional ingredient to be used in food
product development as they provided
health-promoting benefits and consider-
able low cytotoxicity [1], [2]. Daily
consumption of anthocyanin at 2.5 mg/kg
body weight is considered as safe
according to the announcement of FAO
and WHO [2].

Riceberry rice, the non-glutinous
cross breed black rice of Thailand,
contains a high content of anthocyanins
[3]. This rice has been cultivated
throughout  Thailand and  mostly
marketed in the form of milled rice.
Recently, small local mills produced a
considerable amount of the broken
Riceberry rice as a by-product. However,
the utilization of these colored broken
rice was limited. Unlike the broken white
rice, the broken Riceberry rice is not
accepted by noodle factories due to the
color contamination issue. As a result, it
is sold as a cheap feed stock, which is the
underutilization.  For  this
anthocyanins can be extracted from the
broken Riceberry rice and used as a
healthy functional ingredient in food
products.

Chocolate, a worldwide confec-
tionary product, is a promising food
model for the application of the

reason,

anthocyanin extract as a health promoting
ingredient. The color of the regular
chocolate is dark blown. For this reason,
the addition of the dark purple
anthocyanin extract into the chocolate
would have less effect on the color of
chocolates. In addition, the chocolate
products are also considerable unhealthy
foods as they contain a high content of
saturated fat and sugar (for
chocolates). However, the global market
value for chocolate products was as high
as 103 billion US dollars per annum and
is continuously growing [4]. This
indicates that people will continue eating
chocolates even though they are very
unhealthy. To stop people from
consuming chocolates, as to protect their
health, may not be possible. On the other
hand, fortification of health benefits
ingredient into the chocolates could be a
practical way to reduce the risk of
consumer’s health. Healthier chocolates
were mostly developed via reduction or
substitution (or both) the major unhealthy
ingredients, saturated fat [5] and sugar
[6]. However, reducing the contents of
these ingredients is limited as it would
basically affect the physicochemical,
textural and sensory properties of the
chocolate [7]. Alternatively, fortification
of healthy ingredients such as bioactive
compounds into the chocolate in order to
antioxidant property is
considered as a feasible strategy.
Recently, only a few published
studies reported the fortification of plant
bioactive compounds into chocolate
products for the improvement of their
health properties. Mangosteen pericarp

sweet

improve its
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was used to enhance polyphenol content
in chocolate products [8]. The encapsu-
lated powder of anthocyanin-containing
black mulberry extract was used to
fortify the dark chocolate for a health
improvement purpose [9]. These studies
indicate a possibility of the application of
the anthocyanins as a health improving
ingredient in chocolates.

This study aimed to utilize the
undervalued broken Riceberry rice to
develop healthier dark chocolates. The
anthocyanin was extracted from the
broken Riceberry rice and processed into
anthocyanin powder by using maltodex-
trin as a carrier. The powder was used to
produce dark chocolates by replacing the
content of cocoa powder in the regular
one. Effects of the anthocyanin powder
on the physical, chemical, antioxidant
and sensory properties of the chocolates
were analyzed.

2. Research Methodology
2.1 Material and Chemicals

The important ingredients for
producing dark chocolate were cocoa
powder (Tulip brand, Sino-Pacific,
Thailand), cocoa butter (KLK-Kepong,
Malaysia) and  lecithin  (Cargill,
Netherland). The 99.9% ethanol used for
the extraction was of commercial grade
(Chemipan, Thailand). The 2,2-diphynyl-
1-picrylhydrazyl (DPPH) (Sigma
Aldrich, USA) was wused for the
antioxidant assay.

2.2 Broken Riceberry rice
The broken Riceberry rice was
contributed by a local rice mill in Chon

Sombun  Sub-district, Nong Muang
District, Lopburi Province, Thailand. The
rice was harvested in November 2017.
The broken rice sample was collected
immediately after the milling and stored
in a vacuum sealed metalized bag and
kept in a refrigerator at 4 °C.

2.3 Preparation of the Anthocyanin
Powder

The anthocyanin was extracted
from the broken rice berry (200 g) by
soaking the rice in 400 ml 70% ethanol
for 90 min [10]. The soluble fraction was
filtered and concentrated using a rotary
evaporator (Rotavapor® R-300, Buchi,
Switzerland) at 40 °C. The obtained
anthocyanin-rich concentrate was diluted
with distilled water to the total soluble
solid (TSS) of 5 °Brix, which was
measured using a refractometer (Atago
3840 PAL-a, China).

To prepare the anthocyanin powder,
maltodextrin DE10 (Dong Xiao, China)
was used as an encapsulating material.
The maltodextrin was dissolved into the
previously diluted anthocyanin solution
at room temperature until the TSS value
of the solution reached 20 °Brix [10]. The
solution was frozen in a 500 mL round
bottom flask before equipped with a
freeze dryer (Martin Christ, Alpha 1-4
LDplus, Germany). The freeze-drying
was performed at -80 °C and 0.1 mbar of
pressure until the sample was completely
dried. The obtained anthocyanin powder
was stored in a vacuum sealed metalized
plastic bag and kept in a desiccator.



48 2135153YINITUALIVY ung.wszuas Ui 14 aUuil 2 N5ngIAN-5U21AN 2563

2.4 Preparation of Anthocyanin-
Fortified Dark Chocolate

The dark chocolate products
supplemented with anthocyanin powder
were prepared by replacing the gram
content of cocoa powder used in a control
chocolate with the anthocyanin powder
by 5 (DC5), 10 (DC10) and 15 g/g cocoa
powder (DC15). The control chocolate
(DCO) was prepared as described by
D. Komes et al. [11]; cocoa butter (19.5
g) was melted at 60 °C before cocoa
powder (40 g) and sugar (30 g) were
added and mixed. The chocolate mixture
was removed from the heater and lecithin
(0.5 g) was immediately added and
mixed. The chocolate mix was cooled
down to 40 °C before it was poured into
rectangular (long % wide x thick; 60 x 30
x 10 mm) silicone mold. The chocolate
bars were left cooling down to the room
temperature (26 = 1 °C) and kept at 4 °C
in a refrigerator for at least 24 h before
analysis.

2.5 Physical properties analysis
2.5.1 Color

The color of the chocolate was
expressed in the CIE expression system.
The color coordinate are L* (0 = black
and 100 = white)), a* (-a* = green and
+a* =red), and b* (-b* = blue and +b* =
yellow) [12], which were measured from
triplicate samples using a colorimeter
(Hunter Lab ColorFlex EZ, USA). The
whiteness index (WI) was calculated
according to the following equation:

WI =100 — [(100 — L*)? + (a*)? + (b*)]°*

2.5.2 Water Activity

The water activity (aw) was
measured from the homogenized
chocolate (2 g) using a water activity
meter (Aqualab 4TE, USA). Triplicate
samples were measured and the mean
value was calculated. Moisture content
was determined using AOAC official
method 935.29 [13].

2.5.3 Hardness

The chocolate bars were measured
for the hardness using TA.XTplus texture
analyzer (Stable Micro Systems, UK). The
hardness determined the maximum force
(N) required to penetrate (at a constant
head speed of 1.5 mm/s) a cylindrical flat-
end probe (d = 1.6 mm) into the chocolate
bar (10 mm of thickness) at 20 °C over a
distance of 6 mm.

2.6 Chemical Properties Analysis
2.6.1 Preparation of Chocolate

Extracts

The chocolate extracts were used
for the analysis of total anthocyanin
content (TAC) and antioxidant activity.
The pre-freeze chocolate sample (20 g)
was ground in a 250 mL Erlenmeyer
flask using a small electric handheld
blender. The ground chocolate was
defatted with 50 mL hexane and the lipid
extraction was repeated for two more
times. The defatted chocolate was
extracted with acidified methanol (1 M
HCI:CH30OH = 15:85 v/v), which targets
anthocyanin [14], by vigorously stir
using a vortex. The soluble fraction was
separated from the non-extractable one
using a centrifuge at 5000 rpm for 10 min



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 49

and the extraction was repeated for 2
more times with the non-extractable
fraction. The supernatant fractions from 3
repeated extractions were combined and
the solvents were removed at 40 °C using
a rotary evaporator (BUCHI Rotavapor®
R-100, Switzerland). The obtained crude
extract was diluted with 95% ethanol to
the volume of 10 mL and stored in a 15
mL glass bottle with screw-capped. All
the extracts were kept in a freezer at 0 °C
for further analysis.

2.6.2 Determination of the Anthocya-

nin Content

The total monomeric anthocyanin
content (TAC) in the broken Riceberry
rice extract, the anthocyanin powder, and
the chocolates was measured using the
pH differential method [15]. Two
aliquots of sample solutions (0.1 mL)
was diluted in potassium chloride buffer
pH 1.0 (3 mL) and sodium acetate buffer
pH 4.5 (3 mL) and incubated for 15 min.
The absorbances (A4) of the incubated
solutions were measured at 510 nm and
700 nm  using a  UV-visible
spectrophotometer  (Hitachi UHS5300,
Japan). The TAC in mg/L was calculated
using the following equation:

(Ax MW x DF x 1000)
(ex L)

TAC (mg/L) =

Where 4 = (As10 — A700) pH 1.0 —
(As10 — A700) pH 4.5), MW of cyanidin-3-
glucoside (C3G) (449.2 g/mol), DF =
dilution factor, ¢ = molar absorptivity
(26,900 1/mol-cm) and L = path length
(1.0 cm).

2.6.3 Determination of Antioxidant
Activity

The antioxidant activity of the
chocolate extracts against DPPH free
radicals was analyzed as described by
L. P. Leong and G. Shui [16]. Briefly, the
extract (0.1 mL) was diluted in 3 mL
DPPH solution (100 uM in methanol)
and the mixture was incubated for 30 min
for the reaction. The absorbance of the
reaction solution was measured at 515
nm. The percentage DPPH scavenging
activity of the extract was calculated
regarding the absorbance of the control
(the extract was replaced with methanol).

2.7 Sensory Evaluation

The chocolates were determined for
sensory attributes: appearance, color,
flavor, taste, hardness, texture, and
overall acceptance using the 9-point
hedonic scale method [17], in which the
panelists scored liking level
chocolate from 1 (dislike extremely) to 9
(like extremely). The untrained panelists
were 30 female and 20 male who
experience the taste of a chocolate in a
previous  one-month  period. The
evaluation was conducted by serving a
piece of chocolate (long x wide x thick;
30 x 30 x 10 mm), which was coded with
random three-digit on the container, and
served along with mineral drinking water
for mouth rinsing between tests.

of a

2.8 Statistical Analysis
The mean + standard deviation was
calculated from a triplicate experiment.

The statistical analysis was analyzed by
One-Way ANOVA  followed by
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Duncan’s multiple range test at 95%
confidence level (p < 0.05), which was
performed using SPSS v 16.0 (SPSS Inc.,
Chicago, Illinois, USA).

3. Results and Discussion
3.1 Physical and Chemical Properties

of the Anthocyanin Powder

According to the results in Table 1,
the anthocyanin powder prepared from
the broken Riceberry rice extract contain
9.02 (C3G/100 g. This anthocyanin
powder had aw value of 0.44 indicated
that the powder will not affect the aw
value of the chocolate, which is a critical
property that makes chocolates long shelf
life food products [18].

Table 1 Physical and chemical properties
of the anthocyanin powder

Properties Anthocyanin
powder
TAC (mg C3G/100 g) 9.02+£0.01
aw 0.44+0.01
Moisture content (%) 5.33+£0.57
Color L* 53.95+0.10
a* 3.02+0.02
b* -3.96 £ 0.03

The moisture content of the powder
was 5.33%. The anthocyanin powder had
positively high L* value of 53.95 and
positive a* value indicated that the
powder color was white with slightly red
color.

Table 2 Physical property of the dark chocolates

Color Hardness

Samples I e /44 aw ™)
DCO 18.2°+£0.07 4.66*°+£0.14 3.21*+0.24 18.0° 0.45+0.02 4228 +£2.8
DC5 21.7°+£0.27 329°+£025 1.64°£047 21.6° 0.43 +£0.01 33.9°+2.1
DCI10 21.4°+£0.10 3.56°+£0.10 2.38°+0.13 21.3° 0.42 +£0.02 31.9°+1.9
DCI15 234*+032 425*+0.11 2.78*+0.10 23.2° 0.43 +£0.02 2724+ 1.5

*d indicate significant difference (p < 0.05) of the means in the same column. ™ represents an

insignificant difference of mean values in the column.

3.2 Physical Properties of Dark
Chocolates
The physical properties of the
control dark chocolate and the dark

chocolates  fortified with  different
anthocyanin  powder  content  are
presented in Table 2. The color

coordinate (L*, a*, and b*) values
indicated that the chocolate products
were dark in color. The L* parameter
dominated the color of the chocolate due
to the high positive values (L* values

ranged between 18.2-23.4), which was
also found in previous report [19]. The
added anthocyanin powder changed the
appearance of the chocolate toward white
color. The L* value of the DCO (18.2)
was significantly lower (p < 0.05) than
those of DC5, DC10, and DC15. Among
the anthocyanin-containing chocolates,
the whiteness of the DC5 and DC10 was
insignificant difference (p > 0.05). The
whiteness of the DC15 was significantly
higher than those of the DC5 and DCI10.
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The increase of the L* values of the DC5,
DC10, and DC15 was in accordance with
the high L* value of the anthocyanin
powder.

The  whiteness index  (WI)
determines the whiteness of chocolate
surface, which is used to evaluate the
migration of sugar and/or fat to the
chocolate surface (so-called bloomed
chocolate) [20]. The bloomed chocolate
is determined by the change of the
chocolate surface color from glossy
brown to grayish white, as well as from
small individual white dots to large white
spots on the chocolate [20]. The close
values between WI and L* parameters of
the same chocolate indicated that no
chocolate bloom occurred [19].

The aw value determines the shelf
life of chocolate products. All chocolates,
included the control chocolate, had
insignificant different aw values, which
ranged between 0.42-0.45. This indicated
that these chocolates were not easily
spoiled by microbial [18]. The aw values
of the chocolates produced in this study
were higher than that of the previous
report of H. Farzanmehr and S. Abbasi
[21] (aw = 0.33) who also produced the
chocolates that contain maltodextrin. The
variation of aw values depending largely
on the aw and moisture values of the raw
material [18].

The hardness is a critical property
of chocolate bar products [18].
According to Table 2, the hardness of the
DC5 (33.9 N), DC10 (31.9 N), and DC15
(27.2 N) decreased significantly with the
increase of the anthocyanin powder
replacement. The anthocyanin powder

consisted of maltodextrin as a major
component (approximately 99%
regarding the TAC value). The content of
the maltodextrin caused a decrease of
chocolate hardness was reported by H.
Farzanmehr and S. Abbasi [21]. They
suggested that the bulky structure of the
maltodextrin particle could obstruct the
crystallization of the cocoa butter fatty
acid chains resulting in softer chocolate
than the control one. The hardness of
chocolates is controlled by polymorphism
of cocoa butter and this is also correlated
with the type of the second major solid
component e.g. sugar and supplement
sweeteners [22].

3.3 Chemical Properties of the Dark
Chocolates

The TAC of the dark chocolates is
presented in Fig. 1A. The control dark
chocolate DCO showed no anthocyanin
content. The theoretical TAC of DCS5,
DC10, and DC15 (0.46, 0.92 and 1.38
mg C3G/100 g, respectively) obtained
from the calculation for the TAC that
should be presented in the chocolate
regarding the added amount, which was
calculated as follow: [(TAC in the
anthocyanin powder (9.02 mg C3G/100
£))/100] x g of the anthocyanin powder
added. The apparent TAC obtained from
the laboratory using  the
spectrometric method.

The TAC in DC5, DCI10, and
DCI15 (0.31, 0.66 and 1.01 mg C3G/100
g, respectively) increased consecutively
with the content of the anthocyanin
powder. However, by comparing to the
theoretical TAC of each corresponding

analysis
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treatments, the apparent TAC was lower
by approximate 27-33%. The reasons
could be due to the degradation of the
anthocyanin by high thermal and neutral
pH during the chocolate production
process as the anthocyanins are
molecules that susceptible to heat, pH,
and light [23]. This result agreed with the
report of K. Anukulwattana et al. [24]
who reported that approximately 42% of
the TAC of the cooked Riceberry rice
was lost after a cooking as compared to
the raw rice. They reported the lower lost
value compared to that of this study as
the initial TAC of the whole grain
Riceberry rice was higher than that in the

dark chocolates.
1.6 1

1.4 1
1.2 1
1

0.8 b
0.6 -
0.4 1 -
024 N
0 . . .
DCO

DCS DC10 DC15

Theoretical TAC
Apparent TAC

TAC (mg C3G/100 g)

A)
. 23 - a
E ab _I_
5] 22 b
<
£ 21
£~ &
58
= 20
23
w2
o2
o 19 -
-9
a
18 . . .
DCO DC5 DC10 DCI15

B)

Fig. 1 A) Total monomeric anthocyanin
content and B) DPPH scavenging activity
of the chocolates. NA = not applicable as

the TAC was not detected in the DCO.
*¢indicate significant difference (p <
0.05).

The  percentage @ of  DPPH
scavenging activity results in Fig. 1B)
show that DC5 (21.2 %), DC10 (21.7 %),
and DC15 (22.1 %) had significantly
higher (p < 0.05) antioxidant capacity
than the control chocolate DCO (20.2 %).
However, the antioxidant property of the
anthocyanin-fortified dark chocolates
was found to increase by only 4-9%
compared to that of the DCO. This could
be the result of the replacement of the
cocoa powder with the anthocyanin
powder. The cocoa powder is a source of
flavonoids  (mainly  catechin  and
epicatechin) [25], which are considered
as antioxidants. In contrast, the
maltodextrin, which accounted for
approximately 99% of the anthocyanin
powder, is not an antioxidant.

The dilution effect of the
maltodextrin on the antioxidant activity
was also reported by S. Chuaychan and
S. Benjakul [26]. They found that the
antioxidant activities of the gelatin
hydrolysate  decreased  when  the
maltodextrin was used as a carrier
material.  Although the antioxidant
activity of the anthocyanin-fortified dark
chocolate was increased in a small
degree, this chocolate still had the health
benefits of the anthocyanin.
Anthocyanins had more favorable health-
promoting property for using as a
functional food ingredient over other
flavonoids as they are a considerable low
cytotoxicity compound [2], [27], which
means that it prevents the cells from
harmful substances without damaging the
cells. In addition, the content of the
anthocyanin at 2.5 mg/kg body weight



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 53

could be daily intake by human [2].
Regarding the anthocyanin content in the
maximum anthocyanin-fortified D15, this
chocolate could provide as much as per
1.01 mg anthocyanins per 100 g serving
size, than the
anthocyanin consumption recommendation.
Due to this aspect, further increase of the
anthocyanin content in the chocolate is

which is much less

required. The increase of chocolate
consumption for the health benefit of the
anthocyanin must be avoided due to
overconsumption of fat and sugar. On the
other  hand, the stability and
bioavailability of the anthocyanin
fortified into the chocolate should be
investigated.

Table 3 Sensory characteristics of the anthocyanin-fortified dark chocolates

Sensory attribute (score)

Chocolate Overall
Appearance Color Flavor Taste Hardness Texture
acceptance
DCO 6.7°+0.7 6.0°+0.8 57°+06 57°£06 6.1°£0.7 55°+0.8 5.9°+0.6
DCS5 6.7+ 0.7 732+£05 6.1*+0.7 56°£09 6.1°+0.9 5.7°+0.9 6.0°+0.9
DC10 7.52+0.9 7.58+05 64*+07 74*%+09 73*+£0.6 7.2°+0.8 7.42£0.7
DCI15 7.1°+0.9 74°+£08 6.1%°+0.8 63*"+12 6.8+09 6.6°6+09 6.5°+£0.8

< indicate significant difference (p < 0.05) of the means in the same column.
9-point hedonic score: 1 = dislike extremely, 9 = like extremely.

3.4 Sensory Property of the Dark
Chocolate

The acceptance of consumers on
the chocolate fortified with the
anthocyanin powder was evaluated over
sensory attributes using 9-point hedonic
score and the results are shown in Table
3. The DC5 was not different (p > 0.05)
from the control chocolate DCO in term
of appearance, flavor, taste, hardness,
texture, and overall acceptance attributes.
The DC10 and DCI15 generally received
higher liking scores (6.3 — 7.5) than the
DCO (5.5 — 6.7) for all attributes with the
exception of the flavor attribute, in which
the DCI15 (6.1) had equivalent liking
score to the DCO (6.1). The DCI10
received the highest liking scores (6.4-
7.5) for all attributes. This indicated that
anthocyanin-fortified dark chocolate is a

feasible alternative healthier chocolate
for marketing.

4. Conclusion

Anthocyanin-fortified dark choco-
lates were prepared using the broken
Riceberry rice anthocyanin, which was
freeze-dried into anthocyanin powder
with maltodextrin as  an
encapsulating material. The fortification
of the anthocyanin powder to the dark
chocolate by replacing the cocoa powder
generally caused the increase of the
lightness of the products while reduce the
hardness of ones. The anthocyanin
contents in all final chocolate products
were lower than the added due to the
degradation of the anthocyanin during
thermal processing. The health property
of the anthocyanin-fortified chocolate

using
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slightly improved due to the
replacement of the cocoa powder caused
the loss of some phenolic antioxidants.
The consumer preferred dark chocolate
with the highest degree of anthocyanin
fortification over the regular one. These
results indicated that the utilization of
anthocyanin from broken Riceberry rice
to develop healthy chocolate products
was possible. Nevertheless, the increase
of anthocyanin fortification content and
its bioavailability should be studied
before to summarize the health-
improving power of the anthocyanin-
fortified chocolate.
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Abstract

The potential health benefits attributed to mulberry leaf and its bioactive compounds have
led to a huge increase of mulberry leaf products in the food market. The objective of this research
was to determine total antioxidant activities (FRAP and DPPH assays) and polyphenol compounds
in 4 snack products i.e. loaf-bread, puifai (Thai steamed cupcakes), peakpoon (Green coconut sweet
pudding) and snow skin mooncake fortified with 10% mulberry leaf powder from “Buri Rum 60”
cultivar. The result showed that antioxidant activities and polyphenol contents increased in 4
products fortified with mulberry leaf powder. Ferulic acid was the only phenolic compound found in
all original products. Kaempferol, quercetin and caffeic acid were significantly increased, whereas
ferulic acid was reduced in the modified formulas. Therefore, these bioactive compounds properties

of mulberry leaf powder suggested their possible use for fortifying the healthy foods.
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ansueyyadassmaisnuldlufivin walvin
N3 9 LATDUNA LAY

Y YuunaIvea1 IO DETEFTINYR

[ =

Addny Avayulnsvisduvesinedlisuauieu
Tunsyihnludagdu ds lundeu 31nn1s@nw
uIdenwuinlunseu (Morus alba L.) f@1561u
puyadasynateyinlunguindiuea darswanla
weyd A 37U (Rutin) \A1TA (Qurecetin) WA
950a (Kaemnpferol) wazansnaliuessvdindu 1
Wudwaunin (2] ansuseneulnaiueansenals
usydiignidueendintunioiluasiuoyya
dasy dwavesiulsalavazvasaiien [3)-[5]
lsauziSasiueau (6], [7] Lﬁaaaﬂé’ﬂﬁmj [8] am
ANULEBINISANNZISINTZINIZINIT wazhaan
911115 [9] wavannisiinuziiaden [10] uenand
ganuin Tundeudsfiarsnindanasen 1-Aeandluy
33u18Fu (1-Deoxynojiimycin, DNJ) flanunsatae
anszdutaa [11-[13] Srnaansziuthaaluden
dninmass [14] nsaunuuiegdludinfsn (Gamma-
aminobutyric Acid, GABA) finaanA11uAULaen

wavannsoniauluatewelasug Timanivases

[15] fiansngulnlnainasea (Phytosterol) ansydiu
Tosiluden (rataawmosen) Snvlinunadnades
Jeunendedaguslan [16] vrlundeudsayf
gl ldfisanauaz iy wagiansiadutoy
170 Uouni1lugn 200 Wil Wisenulesiayay 0.01

wselinuiay waglddesinatiueinisviesyn 8nns

' v a

gallsapputgnillalieuiuTvindu 9

U

ﬁ%ﬁalﬁﬁﬂmﬂ‘%mmﬁmmsammm%
wiiou Masulue1misine 4 9ida Taun vuuilda
wunyeie vunlenyu wazaundinuluuTunn
Yovay 5 Sevay 10 uazdosay 15 vetudnuds
unazaila WUt msasunslunteululsunuson

ay 10 vasmdnudsluenisineis ¢ vlalasu

Yo o =2

nsgausuNInfian [21] dsugideddddudundon

U

llansinueyyadaseuiasulunindugiemising

719 4 vialuuSunasesar 10 vastivunuleusay

wila welimsuislSunaasiueyyadasenileg

U

Tundn i1 sineanasunsbumiauna 4 ¥ia Tu
nsauINandugiomsieguaInniUseloy

adaasuguamvsedesiulsasing 4 lnandnsdn

a1 undn S ugionnisinansanduegng

U

wisvane vuudeaunsasulsemuwnudng WJu

amsnfiarsennisasiulaiasmdundn way

Yy

annsalindsnuiuienield aaeaiadufisdn
wardouuilaaiinulneuazausiied suseihe
FadurunaswgiafldlfiAounnnania uagly
uRsuInanie q daunsaadnesielalidu
Ausznounsedsuniviaty vundenyu uauy
Inefidnlddlumedudiuysznoudslisningd
Woa (Aaalsilad) Fadiuurnrudalunisldudy
mloudafididenunuilumediaaiiagldame

a o

Winsnndy lnelnzasinueyyadase wazauud

a

a &, A ) v o & =
WHSLUU%UQJ@JQﬂaV]LﬂUW? ﬂ‘U@QﬂuVLWEJL‘UaaWEJQu

Wueeed feuldluitumna Lagimaniagueaig 9
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JagnAn Bandudnnilesnedslunisneasduasedl

Y a o L4

weolindndueiemsinedauainialaguinisuin

o—

v v
= o

899u saoansdudunsiiuyaailifundnsdoe
gnsrauTEliveIngununInsNUgnudeudesivy

Ay v

duasuliinsldnlumieulmdunidniuedis
ni199919 maeanefuilnandnSueifiatunsdy
vsiouazldinuaansiueyyadasslundluvsioud
wuatluenmsing wazdedunsimuindnsdoe

“U’eNB’]‘MWiLﬂ@Ej‘Uﬂ’]W

a/

2. 52 U8U35798
2.1 Jnghu

ralundoudniaguiugyisug 60 angud
nideulvuadunsyifesAauifanszuiadi
WsUTITIHUD 9.uATvAN uihwfiguvnd
4 parmwaea auninaziluly
2.2 A1SHA3EUAIDE19D1AITINY

2.2.1 vundsdn d@rdsznevlunisiniom
uudeda [17] laun uwlsauutls 800 n5u udeand
200 ¥ uNs 7 n$u Ta 20 n3u dudu 520 nu
Ymiansie 200 n¥u tndetu 6 nfa loln 2 Wes
Lazluean 200 N3

F3vingouunilans 2 viladadaefy Tduumns
wazfad wdlvdniy weudidu 1nde timanse
Tl Wrsmeiy wldludiunauvests winnewdn
A ldiusanaslunanlimgniy waruinnoaunta
Wy wWndlumannds 20 w1l waruiuuwaala
gnreen antusauiladufou Aouas 200 ndu
adstounauldfuiinlAlndudy 2 wh Yideu
9aumndl 170 esmwaidea 1Junan 20 unil 1ile
JuaWMFosantieanatnin yLugaslii Wi
WHu

2.2.2 vuutldaasunsluniausosay 10

drulsznousne q ildwTenvuutidaasy
wslusleuderay 10 SIuMeIRvhAdefunsYuLY
Y93a sniuaSunslundeuasludovay 10 veq
Yhudnutieianun

2.2.3 yuaeiy dmdsznavlunisimiey
wunyedhe [18] laun wladn 600 NS waw 8 N
Ywan 240 n3u (duiil) ansiiiysunns 45 ndy
thaanste 400 n¥u e 4 Wes unduwau 250
% Yvan 240 nfu (druft 2) wavtuzung 1
Fdoulfz

3891 seundsiunsylidmeiundinnly &
aafinUTinastuindind 1 fearudags 2 unil
anAuEIan 3 wnil ldianansediasies
premnuunans 5 il ldldimeninansiuiu
nans 5 Uit anpuEasslavadumnu dhan
drudt 2 wanlidn sy Tdudlefisoundalimun fde
ATanEIge 2 uift wavanauiiiawh 1 undt lah

uzw WAy dndiunaneanannIes dntd
fifisosfenszany hlvdduddeiidiiion
Junan 10 wndl

2.2.4 vuusiheiasunslundousosay 10
druusznousing q AlfeSsuvuneiheasunsly
milpufesay 10 msisviadefunTirLLYe
f1e enciwasunslumiouasludesay 10 ves
dwdnudleiavan

2.2.5 vunenyu damdsznavluniswsey
yunenyu [19] loun udedudn 60 nu udaly
d1ugnds 10 nfu dudn 240 n¥u thyula 300
n3u thaadn 150 n3u

v wanudatnian wlaludendesiuiu
wasiiUan dhyula taalnsiudtu aulvidima
avane ndunauvasmiadlddiunauuts Ineldiiag
esuinauudesrudndudoulidnvauzyuile

Uszunay 15 wil ldveavaiNnuaosunuanauls
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Wi 9ntuldnsyneneandos sndudaluiniu
Tneldlniuse nuaudiunauswiuduieou anlnas
TolvUrunans nauauuteseuannsyneneunios
wildane Wnlshduuddmdudu

2.2.6 vunenyuiasunslunieuiosas 10
dudsenausin 9 Aldedenvunonyuiadundy
wioudesas 10 51uM9IT¥AE R UNISITUY
Yenyu enduidtunslundouadlufosas 10 vas
Yudnudsvianun

2.2.7 vuutituy d@rudsznaulunismion
uuting [20] drunauvossaunde lawn wisuus
T 120 n3u thanales 100 ndu tduan 140
LazlugY1d 40 N5 drunaNveeiald lawn uudu
37 400 n3u 1914 300 n$u ¥hmansie 400 ny
udsand 175 nsu uazlugan 175 nsu

Fvhdrunausuwte Hudaduvensanans
wawtaaleds tiduan Wdeiy wadluvauds
naslidmuldween vinsudrunaudduile
Weanu wusudeneauay 15 n3u vieldneuay 20
a5y edatdlmdunkunay vieldlviia dnasiiud
VAN UIIBINTUE I5YIdIUNaNsalE nadunay
nnegrudidsfy aunelidiniaazas 219
drunanadludedsaumnn 5 w1 Mensznieioau
duNaNT

2.2.8 vuutifuziasunsluniousosas 10

drudsznounng 9 AldesenvuutiRuziasunelu

v
(% @ o

MilpusaLay 10 SIUNIITYIAA18AUNTYINUTUNU?
Fuy gnduasunslundeuaslusosay 10 vo9

YIUENLUVTINLR

2.3 N5ATIINATITHE1TRINNTNS

=
YINTN
AATIENEIAIUOULADATLUDIDIMNTINNG

4 %9 LaLeIMNTINMESUHI L UNLUNSEAUSaTaY

10 9pstndnudeudazyida dadulsuini
wanzauduiivoniuve eIy auanuidoves
dnInqual wazaue [21]

1. 3miwﬁmsaaﬂqm%‘maamiéfma%a
da3¢019735 FRAP (Ferric Reducing Antioxidant
Power) tBUAUA15UINTIU Trolox fnkUasann
I.F. Benzie Way J.J. Strain [22] way DPPH (2,2-
diphenyl-1-picrylhydrazyl) Lﬁwﬁ’umimmgm L-
ascorbic acid #1135984 P. Loypimai wazAg [23]

2. Binssivsinalnaiusanomndieis
Folin-Ciocalteu Colorimeteic Method L7igu U
A13U1M9351U Gallic Acid finue1Adu 765 nm
AUI5VDI M. Kopjar wagmuy [24]

3. Aas1zvansusyneulnaiueanieis

o

HPLC #inuUasann D.Y. Zhang wavAuy [25]
Taszinanimeasdlaslusunsudniagy
v19add sreunatiuaieds + andesuu
UINIFIU Wisuilsumnuuanasvesaadsly
19819919579 DULES LLAT VA LA UNS UMY
Tneldadf Paired Samples T-test fisgfunAlY

Wl uNeEDRsauay 95

3. Namiﬁnmuazaﬁﬂiwwa
mamimaaquéﬁma%a5aiziummﬁ
119 wazownshaasunslundeusanslunsed 1
uaz 2
mﬂﬂ’]ﬁﬁﬂmqwééf’]uaﬂguaﬁmzmsﬁ%

FRAP wag DPPH nu101915919%19 4 wiladiqn?
Fuouyadasogud uaziiunniudieietudeng
Tumslew Tnefivundednadunsluniouiignssu
puyadasy 73835 FRAP wag DPPH L1y
934.35+1.00 pmoles TE/100g tag 80.54+3.10
mgAA/100g uaay vunyetheiaiunslundoud

qviddueyyadasEinty 645.11+13.85 pmoles
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v

A15199 1 gnSeueuyadaserie s FRAP Tuaimis

NIALRWNTINRESUNI UL uSaEaY 10

IMI5I9 FRAP(umoles P-value
TE/100g)

uniedn 188.37+10.74 0.013
Jundednadunsly 934.35+1.00

Moy

vunyeihy 123.65+3.59 0.015
vunleiheidtundy  645.11+13.85

Moy

ﬂuumﬂaﬂ‘Qu 215.54+11.62 0.038
unTenyuietunddu  266.39£15.90

iou

VRV ZEE 91.01+2.39 0.031
qunthfiugiesunsly - 499.40+25.82

Moy

[

AN5199 2 iSiuevLadasEAeIs DPPH Tuems

AT LRI MUY Ay 10

1913909 DPPH P-value
(mgAA/100g)

uniedn 27.57+1.03 0.035
undedaadunsly 80.54+3.10
iou
‘uumﬂqaﬁhs 76.14+1.30 0.189"
yuueietesundly 79.40+0.11
Moy
wunenyu 36.72+0.29 0.045
vusenyuiatundy  48.73x0.91
yiou
VRV EE 18.71+0.69 0.018
YunttuzLasunsly 51.78+2.04
iou

nuewin ™ Avtuwuanaliuandsegaiiteddgnisata

(p>0.05)

TE/100g wag 79.40+0.11 mgAA/100g ANUAIAY

untiuziasunslunisulignsdusyyadasy

LYi11U 499.40+25.82 pmoles TE/100g kag

51.78+2.04 mgAA/100g MN&aU tazvualen
Yuiadunslundouigniduoyyadaseiiniy
266.39+15.90 umoles TE/100g way 48.73+0.91
mMgAA/100g MILAIRY

fa833vee FRAP (1151371 1) 811191197
w@3unslumiouasiigniduouyadaseuinniy
gmsiafililiasunddunioussrsfiduddnmia
#87 (p<0.05) Tuemsinia 4 wfin #1633 DPPH
(1157971 2) w1 vuadlsda vuuonyu Az
tugiaunslunioufignifuoyyadase
wnnidiliiaSunslunslousgraiitedfaynisads
(p<0.05) wivuuysiheiadundluvsioudgnisu
oyyadaszannnivunyesiheiliiaiundusioy
pg19luifitdAgeada (p>0.05)

nA597 3 Usunaansindflueadiun
1ae35 Folin-Ciocalteu Colorimeteic Method
Wiguiuatsunsgiu Gallic Acd wudn vuudean
unyeie vuslenyu wazyuudiiug duTunm
Induea 128.66+5.40, 37.46+1.42, 72.63+4.25
ey 47.01+0.28 me gallic acid equivalent/100 ¢
auadu wasflaiaSundlumieuluemsineuia
Vnalnaflueauntuluemsias ¢ wia Tned
unthidaasunslundoudviuiuarsindiluea
228.97+12.08 mg GAE/100 g wunyeiheiaiumnsly
nupuilUTuulnduoa 113.81+1.35 mg GAE/100
¢ vunlenyuiaSursluntisuivsunalniniuea
85.41+3.04 mg GAE/100 g wazUsunallnaniusaly
uutRuziasunslundeuiiuiunu 87.96+0.50
mg GAE/100 g Yuwyeihe vusilenyu wagyuudn
Fuzasunslumieuiviinmansindiueaundu

o w

Ao ldlaasunslunteuagsiidudAn

17

N9@0H (p<0.05) druvuntiaiiiasundlundoudl

USunaasindiueauinninvundedanlilonasuns

v o W a

TumlouedslifidudAgniseda (0>0.05)
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d‘ a aa gj 1 1 a 1 v
A157199 3 USunaansindilueanavualuoimsinuagemsinaasunslundeuiovags 10

919113719 Total polyphenol P-value
(mg gallic acid equivalent/100 g)

uutladn 128.66+5.40 0.078™
untsiataunslumiou 228.97+12.08
TGIGIATS 37.46+1.42 0.000
vunleieaiundlunten 113.81+1.35
wusenyu 72.63+4.25 0.043
vunienyuasundluiou 85.41+3.04
YuuTIANe 47.01+0.28 0.009
unthugiasunslundou 87.96+0.50
nugwmg " Anluuudcliunnssogeitfoddynisedn (p>0.05)
a519t 4 arsuszneulndfiusarinuluruaddauavaunddaaSunddunioudesas 10

YiauazUsunaasusznay auuisin quntlalaasunslumiou P-value

IwaRuoa (ug/100 g) fowaz 10

Apigenin ND ND
Ferulic acid 740.38+13.79 639.19+8.04 0.026
Hesperetin ND ND
Kaempferol ND 2,209.22+37.75 0.008
Luteolin ND ND
Myricetin ND ND
Naringenin ND ND
Quercetin ND 6,060.82+109.41 0.008
p-Coumaric acid ND ND
Sinapic acid ND ND
Caffeic acid ND 7,098.68+173.04 0.011

yu1Ene ND = not detected

M19199 5 asuszneulndiueannuluvuuyeiewasvundeihedtunslumiousosay 10

silanasUTunaEnsUsEnay uusiey vuneiheasundlunioy P-value
TwaRuea (ug/100 g) fowas 10
Apigenin ND ND
Ferulic acid 218.57+5.85 185.72+3.32 0.124"
Hesperetin ND ND
Kaempferol ND 1,292.05+44.37 0.015
Luteolin ND ND
Myricetin ND ND
Naringenin ND ND
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M19199 5 ansusznaulndiueannuluvuuyeiewasvundeiheadunsluriousosas 10 (do)

viiauazUsunasusznau wuauilng vuseiheiasunslunsiou P-value
Twanuea (ug/100 g) fawaz 10
Quercetin ND 3,372.51+133.23 0.018
p-Coumaric acid ND ND
Sinapic acid ND ND
Caffeic acid ND 4,069.67+82.68 0.009

nuewn ™ Arluiuiueuliunneseg1adile

° W

7

dAgneada (p>0.05), ND = not detected

M13°99 6 ansuszneulnaiuearmuluruulenyuiazvunilenyuaSunduniouiosas 10

vllauazUunuansussnau unenyu vuslenyuatunslunsion P-value
IwaRuoa (ug/100 g) $oas 10
Apigenin ND ND
Ferulic acid 439.85+3.52 399.27+3.63 0.001
Hesperetin ND ND
Kaempferol ND 373.58+9.55 0.012
Luteolin ND ND
Myricetin ND ND
Naringenin ND ND
Quercetin ND 558.92+21.34 0.017
p-Coumaric acid ND ND
Sinapic acid ND ND
Caffeic acid ND 2,761.58+57.18 0.009

%uEme ND = not detected

A15199 7 a@susznaulnaniueannuluvuniifurwazvunTifusasundluntouseuay 10

ylianarUsuaasUTznay vuutaiug uutRuzEsunsluniou P-value
TwaRwoa (ug/100 g) Yawaz 10
Apigenin ND ND
Ferulic acid 355.75+6.11 330.57+8.08 0.035
Hesperetin ND ND
Kaempferol ND 1,173.54+14.23 0.005
Luteolin ND ND
Myricetin ND ND
Naringenin ND ND
Quercetin ND 2,508.86+28.25 0.005
p-Coumaric acid ND ND
Sinapic acid ND ND
Caffeic acid ND 3,177.36+38.80 0.005

#U8LUH ND = not detected



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 65

NANT197 4 man1sIesIzRasUsENOUTN
afluealurundedanazvuntlnasunsluniou
waneliifiudn aundedndl Ferulic Acid 740.38
+13.79 pg/100 ¢ waziloiadunslumlouluauuil
AanU31 Ferulic Acid HUTu14 639.19+8.04
ug/100 g anasoe Nl 1AgyN19Ean (p<0.05) us
wuirdiarsvailauesdeidnsuifiudy fe
Kaempferol, Quercetin LagnsnNusdnvin
Caffeic Acid TuuSuna 2,209.22+37.75, 6,060.82
+109.41 W@y 7,098.68+173.04 ug/100 ¢ ALY
Lﬁmmﬂsﬁuasmﬁﬁ’aﬁﬂﬁ’zgmﬁaﬁ@ (p<0.05) Tuvguy
Aliwuluruniledngnsnsgu

911915197 5 vunyeilied Ferulic Add
218.57+5.85 pg/100 ¢ Fadunsafiuedniduinlu
Fyity Welaunslumisuluvunyeiing Ysuna
Ferulic Acid 185.72+3.32 pg/100 g anasaesluisl
Hud1Agn19adf (p>0.05) uasinarliusea Ao
Kaempferol, Quercetin wagninlusdnvin
Caffeic Acid TuuSunau 1,292.05+44.37, 3,372.51
+133.23 lag 4,069.67+82.68 pug/100 ¢ AUAINU
Lﬁumﬂéﬁua&mﬁﬁfaﬁwﬁmmaaﬁa (p<0.05)

910715197 6 vumenyu vanudaas
thmnadiusunas Ferulic Acid 439.85+3.52 1ig/100
¢ WowaSunslundouusuna Ferulic Acid 399.27
+3.63 pg/100 ¢ anadeg 1N ltud1AYNISanf
(p<0.05) uniina1lruossd Ao Kaempferol,
Quercetin hagnsaWusdnayiln Caffeic Acid &
U3u0d 373.58+9.55, 558.92+21.34 lag 2,761.58
+57.18 pg/l00 g MUEIRU LRuuInTupendl
HodAgn19aia (p<0.05)

91915799 7 vundafugsiiannuiedad
Ferulic Acid 355.75+6.11 pg/100 ¢ WiewaSunaly
nilou ilAmde Ferulic Acid 330.57+8.08 ug/100

SKY

¢ Yeanavng19ltedn

o

UN9@EdR (p<0.05) Usuna

a

Waﬂauaaﬁﬁmw‘ﬁu Ao Kaempferol, Quercetin
uazninduednvin Caffeic Add Tuusuim
1,173.54+14.23, 2,508.86+28.25 way 3,177.36
+38.80 ug/100 g AUATGIU FeflUSmauiintuegne

a o o

Ay 19aiia (p<0.05)

130NN
MNHAMTIATEVEFLoyyadaTeie s
FRAP uag DPPH Tuommsineuazomsinaasuns
Tumisudesay 10 (15197 1 uaz 2) wuir vuuil
Inasundlunieuiigvidueyyadaszun uly
131 nsguaunmstianuiouluvuudda laanis
ouTlgumgdl 170 ssrniwaldoa ssgroaaneiiuse
larawilunslunioukazUanUaeeansiueyya
daszeany wu Warliuewd walsiiuoud InaH-
wea [11] Suhlvvunddnasunsdumioullatiqns
Fuoyyadaszgeniy susnsiheaTunduiou
Fenmgilunstavunsiheegiigumgiihiiion
100 pamwaldea vinlinsaaeiusglanaun
wazUanudeansinueyyadaszeanunduiniguiy
vilvunyoihoiadundundeusignsdueyya
daszunniu drugaungiilunisirvuudiiuzdu
gumgiviesunilidudannufoulsifinisfuiiui
nMsdudERINIALINUTOUNITNIY qwéé’wua%a
dasgluruutnfiueiasunslumioudadianladunniin
wunddniasunslunteunazvunyeihoasunddy
viiou wazvusonyuadundlumiousiqnisu
ouyadasrianiian Feidvhaundenyuduaszdios
T¥nsmudadumsifisenmeldfusuandenyusi
TAnUFASEeenBndu FeduTainliquinisdu
oyyadaszluvunonyuiadunslunieuiilfiian
ey
sngviasusyyadaseis 2 38 Aiildan

3aue9 DPPH §lA1#n1133 FRAP 1ilosa1nen DPPH



66 2155153V INIUAS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suIIAL 2563

'
=

Aoudradeslilideufisonniiouoyyadasei
AndulusnenieaiedailiAnuiazelddshlsian
MsATEvsfueyyadaseitinldtesninni
Huads [26] Bnitaansusenoufiuealulumioudau
Tng)Juansusznevilueaavansldmluth uagis
FRAP AflAd1uiu1zauiuni1snsivdey
a1sUsznoufiueadiazarslutannnituuy DPPH
935 FRAP ﬁﬁhqwémiﬁma%aéaizmﬂmf’]
75 DPPH [27]
namseTeiUiinuasinaituearionun
lugnmsinakagenmsnaadunslumisusesay 10
(37971 3) nuin Weadusdlumiouluemsing
Usinalndfueaszuniulusimsinis 4 wia
Tngfiuunuasindfiueaazuniigalurunileda
wwFunslumiou wasiviinadesiaaluvumden
YuaSundlumiou Geaoandosiunanisiiasgs
gissuoyyadastlumsedl 1 uay m31ei 2 finy
Usinngrdiueyyadasslurundedaaiundy
valouiuSinamnnfigauazvundenyuiadundly
wiloufiuSinatiosiign nssuiSnsvivundenyu
fusesniuutlegnaennaniunsiilituiiioves
yunduiaenAognasaailuraenisniy gns
fusyyadasrIantovaunsizgnaandladaie
pondlau duliinalndftusauazqniduoyya
daszluvuulenyuiasunslunisuidivsunuioy
druvusifindaidudannuiou lidudaeinie
Lafinsiineandaulidueuuuinidn Falufing
angansindivealundumiouudilifinnuiou
wvhatgiuszlatlauivazyanUaosansaiu
auyadasy 1wy Wndfuea i lvilnduealuvuud
fugiasundlumdeuduiunalsinnin faduans
Usznevemsnievunseisilidudaenande
dudaliosiian Lilvieendiauluviangansiiu

a

auyadasEVTeasInaiuea

a1slnafueaiiusslovunansUsenisans
mjmﬁﬁwa&iaﬂmmwmmmmi 91n51891ulu
Yagdunuinarsindiueanuuinlunald fnuay
SR anifuansngunanliuesduaznsniiuedn
fauaudilun1siueandindu A1un1sAIees
Wad AuansneNsise Arunisentau [28] Jaariu
\ioiBouay DNA NNsgNYinatenlIelfisen
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Effect of Cricket (Acheta Domesticus) Powder, Soy Protein
Isolate and Xanthan Gum on the Qualities of Rice Flour-

based Cookies
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Abstract

Rice flour-based cookies are gluten-free products. Cricket powder and isolated soy protein
are alternative protein sources, which can provide desirable nutrition. Xanthan gum is one of the
hydrocolloids affecting the texture of cookies. This study investigated the effect of cricket powder
(CP), isolated soy protein (ISP) and xanthan gum on the physical, chemical and sensory qualities of
rice flour-based cookies. The substitution of rice flour with two protein sources, CP (25 and 35%)
and ISP (0, 25, and 35%) in the cookie formulations, which were evaluated for their qualities using a
2x3 factorial arrangement in a completely randomized design. The result showed that when CP
increased or ISP decreased, the diameter of the product significantly (p<0.05) increased but the
hardness of the product significantly (p<0.05) decreased. The effect of xanthan gum (0, 0.14, 0.28
and 0.42%) on the quality of products was also evaluated. It indicated that the increase in xanthan
gum content significantly (p<0.05) increased water activity, moisture content and hardness of
product while the liking score for hardness and overall liking significantly (p<0.05) decreased.
Therefore, the optimal formula of rice flour cookies was 25% CP and 35% ISP for rice flour

replacement without xanthan gum.

Keywords : Cookies; Rice Flour; Cricket Powder; Isolated Soy Protein; Xanthan Gum
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Abstract

The objectives of this research were to construct a jar oven for the production of roasted chicken
using heat from far-infrared radiation and to find the amount of electricity and specific energy consumption
used in the production of roasted chicken. The physical properties in terms of color, softness, cooking
yield, and water holding capacity of roasted chicken were also investigated. By using far-infrared radiation
at electrical power levels of 1,000, 1,200 and 1,400 watts to roast marinated chicken, which had an
initial mass of about 1,650 grams until the mass of the roasted chicken had a lower than 1,220 grams.
From the experimental results, it was found that the production of roasted chicken at far-infrared
radiation with a high electrical power level requires significantly less electricity and specific energy
consumption than that with low electrical power level (P<0.05). Roasted chicken breasts with far-infrared
radiation at 1,400 watts had significantly higher lightness (L value) but lower redness (a value) and
yellowness (b value) than those of 1,000 watts (P<0.05). However, lightness (L value), yellowness
(b value), and redness (a value) of the roasted chicken breast with far-infrared radiation at 1,200 watts
were not significantly different from those at 1,000 and 1,400 watts (P>0.05). The shear force and water
holding capacity of roasted chicken were significantly increased when the electrical power levels of
far-infrared radiation increased (P<0.05). Moreover, the electrical power levels of far-infrared radiation

(1,000 1,200 and 1,400 watts) did not significantly affect the cooking yield of roasted chicken (P>0.05).

Keywords : Roasted Chicken, Jar Oven, Far-infrared Ray
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Abstract

This research was concentrated on characterized mechanical properties and adjusted
compatibility of poly (lactic acid) (PLA) with thermoplastic starch (TPS) as biodegradable polymers
composites. PLA was blended with TPS at the proportion of 10, 20, 30, 50, and 70 wt% as well as 2
phr chain extender by an internal mixer at 200°C. The blended materials were then injection molded
at 230°C. Tensile testing showed that as the amount of TPS increase, the elongation at break tended
to increase but the tensile strength and modulus tended to decrease. The morphology was
investigated by scanning electron microscope. It was found that distinct phase between PLA and TPS
was observed. Yet, adding the chain extender clearly improved the compatibility between PLA and
TPS. The blended materials were also analyzed by differential scanning calorimetry method to study
thermal properties. It was found that, as the amount of TPS increased, the glass transition temperature
(T,), melting temperature (T ), and cold crystallization temperature (T..) deceased. Additionally, chain
extenders did not affect thermal properties. The thermal stability of the composites decreased when
increasing the amount of TPS because of the degradation of TPS in PLA. However, when heated at
100°C for 1 hr, the PLA sample bent while TPS did not bend. When PLA was mixed with TPS, the

composite was bent according to adding TPS.

Keywords : Poly (lactic acid); Thermoplastic Starch; Injection Molding

* Corresponding Author. Tel: +669 1061 4566, E-mail: yottha.s@msu.ac.th
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1. unun

Yagduiinisuinedwesuldauly
FAnUsesrTuludiueing 4 ity gy uszq s
ASUNNE anaInnssueIueus dlannselingd uaz
w3eajavin sy [1] Wesanlusuussadias
wui i ldiiinanisldnugatuduegrann
FemeAwosildnutuogiludundamanarsds
Fuitinantlnsaivazdedldinailunisgesaans
angesd seusUstianliaunsadesaagle

JuAnlgymauanndoNanveE NN WeALLDS

v
=

geu [2] dloinnsaszutndadymdingn ned
vwesfiaruisadesaanslaniadanamn
(Biodegradable Polymers) 3alasuninuaulaunn
Fu 1dosarnnedwedinardnnnuiuinsiu
Fandevasadesaansliniadann
WeduanRnLedn (Polylactic Acid, PLA) 1Tu
wodweifiannsadeaanen1atanmiiteuianld
Tutiagdu dneglungumedieamesdslsininnsaua
RN (Lactic Acid) fildu191nHanann19nISLNYAS
Uszunudauaziinia wwu $19lne sou waviy
duends Wudu [3], [4] TneiSuduainniseesutl
T dudine wahlunindeaunidiindunse
waadn dransiunsruiunIsmaaiilawanlng
(Lactide) 7ifilassa¥1aifuraumau 91nusiy
Aszuaunswedieslsiedu (Polymerization) iiie
Waswu PLA autifives PLA annsotugulding
fianuvasadefunisldauiidesduiaoms 3
Iasuanuiuegnaunlugnainnssuemiswase)
[5] ussnedunuiigauazauiUzves PLA 1Ty
Jodnnalunisiiulgeu
Weslunatafnanisy (Thermoplastic
Starch) Wuwarafindagu (Bio-based Plastic) 4n
oglunguilnnannsssuvalagnse ldidudfiv dov

a

aanelilaensilanauuaslnenisnseyinvegdunse

farursonalndnawnuld SReffudady
penUsEnaunan laun 917 U1alwe Sudrugnas
wagdaeing o WuingAundnlunisndamesly
wanadnassy Jaduingiuiitisagnuazainsa
dAalmlldausssumaluadudu Tnerluung
wilslilanunsatuguldlnsnssuiunsvnaniuiou
wilounaradniluiiiosninidanisinduas
deuanmrounasy Fuiudesnludostauiuda
Tidumeslunaadin ielianunsniuzuldlag
nszUIUNISReatunaaRnialy nnsaLwlelR
JumesTunarafnifieliaiuisatuguldlag
ASTUIUNTNIIANNSBU I lRlaensiiunanaR b
wo$ (Plasticizen) aslunilsneanmisfivunzay 9z
VLé’ﬂmina%ﬁdé’fmamiugﬂﬁ 1 ilanussdamilen
sewhilaanavosuth shlsiutlsanunsavasutugy
16 nsvurun1sfanaavyialiiAnnisiude
Tassasfsndnvesutiliiulassaisedugiu (6]
Wi leway Glycerol fuanslungy Polyol fifiuna
luanags wviliadissnmmisanuseulavauda

Wanany wavhlviausadeuvesnisnauasu (7]

v
o

Feifusuitedielddnunisusulssandd
N19Nav8e PLA LﬁalﬂumﬁwajuuasLﬁuLLuawN
lunsandaymisnuaunues PLA lngn1suauimes
Tunanafnansy Javeslunaradnanisylaain
nrsnanadnleiedu (Plasticization) veudslagly
Glycerol 1unanadlawesnielaninuiou vinls
wialdlualusyninanisuaudunediwes Wuned
wesTinmiinausssudle uanediueduay
s¥33n9 PLA fu TPS dudslylanunsonamdniuls
denalviflantnanadilid Ssnnsusudgsnnudn
AulAsendng TPS AU PLA aunsasinlalaenisiis
asteiinnnudniuld (Compatibilizer) tialy
PLA sty TPS 1éRau vaiiiarinlul4dutan
nounuiduinsiuiwindon dedaldflanised

AnwInountN
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CHOH CH20H

o ]
Glycerol, H
H H .
OH y OH H
-0 ) 0 —
H OH H OH

CH;0H CH0H
o o
+
oH OH
-0 OCH;CHOMCH;OM 0—
OH OH

Thermoplastic starch

UM 1 lassasrameslunaainanisy (8]

I acda v
2. 32LU8UIDIY

Jufnwinisusuleaudfnisnanes PLA
WieanAUwds lnensuauwaslunanainanisun
Taannisnanafnlewduvesudalngly Glycerol
I a f 2 a a ¢ A
Wunanadlawas FeUsunaunesiunanainanisun
lgAesasay 10, 20, 30, 50, way 70 lAaNensIa@IY
USunaunestunanafnamisysesay 50 WRNE1533e
gnanelglaana (Chain Extender) 2 phr @slafinu
nswnanshisgnaelgluanaiensdiuiovas 50
10991nAUSUN PLA kay TPS im1fuwiedne

anudiuldvesiagisans

2.1 YumaunsHve
2.1.1 MaAsaaasilauazTan
WIUNDALAARNLETA PLA LASA Luminy
L175 91nUSEW Corbion (Uszinalne) fdinidn
luwana: 210,000 g/mol, AN UYL 1.24
g/cm?, §nsin1slva: 8 ¢/10 min, aaungiinanau
(T): 60°C, yaviaauinad (T,): 175°C uladuy
d1Uzuds arnuseminies (Aesld) Auts 91
wanadloiwes viandiwesea (Glycerol) 31nUIEmN
il uaganstieBaaelaluiana (CE) Aldde
Joncryl ADR 4368-C fldnwuziJuindndv1d a1n
USHN BASF The chemical Company (USA)
ﬁﬁaﬁgmauidmwu%uﬁqmmﬁ 80°C 1Ju
nan 8 9alue nswauutatuuas Glycerol iile
160y TPS fisnsdrudesay 30:70 Tngdmin

NUULEN PLA wag TPS Haununonsdlusesay

100:0, 90:10, 80:20, 70:30, 50:50, 70:30 Laz 0:100
Tnethwin Tnefisnsndau 50:50 wefal CE 2 phr ¥
nsuanlaeLa3oranssuudanuudulnesing
(internal mixer) m%{]ﬁiuﬂ’]i NANAIT 200°C
AEITOUT 60 Sousewndl alunisuay 6 wifl
UaeglWidushiigamgiivios
Yrnedwesildannisuauidiaiesun
(Plastic Crushing Machine) \iloia3eusinnisaniu

5U (Injection Molding) flgaunnil 230°C Huduany

9 Y

sunsuvaethlUineiandisng 9 sely

2.1.2 NMSNAFBULIIAY (Tensile Test)
ﬁﬂéhasjﬂaﬁmumiwaml,azam%ugﬂLLé’am
naFaU Tensile Test AUN1RM551U ASTM D638-10
Faflanuqlunnsie 50 mm/min Tnefuauen
57 mm 1379 13 mm 91Ul 3.2 mm fa81AS 03
NAHBULTIAA (Narin Instrument Co. Ltd., 31 NRI-
T$500-25) & Initial Load Us¥uies 0.5 N i
gauuQiivies YNINAGRIA 5 adisoete uay

HalagniumAaie

2.1.3 MUz 1UINET (Morphology
Analysis)
Snuazmnaduguinevesiuinvesfiogis

Wuiunningnuaaeulaendesqanssaidiannseu

LUUADINTIA (Scanning Electron Microscopy,

SEM) §u LEO 1450vP 10 Alalaad laediagns

g unasdaetunna 20 unluimng

L4

ADUMNANTIATIE
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2.1.4 n1sNadaUaNURANI9A2 u5DU (Thermal

Properties Analysis)

nadounlvinaila Differential Scanning
Calorimetry (0SO) TnaldiAa3o9 DSC-4000 910
USEW PerkinElmer (USA) lun1sinsnginnanau
%auﬁﬁm%aaﬁummﬂ?auuﬂmqmmﬁ WA
waztowtal Tnedntuu 3-5 daany ldlunia
ogiiflon dnduadeamaasy Bulvinufouun
fogaaust 0 &9 250 °C fnsn 10 °C/min aneld
anzussenelulasiau efnwigumgling
Wasuwasadeuia (T) aamgfinisifandnidle
Iosuanuseu (T.) aamgivaeunad (T,) Wawu
PldlunsiAandn (AH,) wazndaudildlunis

naRuLial (AH,,) 19319819

2.1.5 N1SNAFDUAULEDNYTAINNIIAIINT DU
(Thermo Gravimetric Analysis)
thiunufiiumssauwaznsiatuguda
UIMINISNAABURIBLATDI TGA 4000 (Perkin-
Elmer, USA) Tngliaaungdl 320°C Aneliiluiian
60 Wil Melaaniizlulasiau Mesnsi 10 °C/min
iodnseidevavuasiminaavdesionaivesus

ALAIDYN

2.1.6 MNAFIUNMINUANUTOY (Heat
Resistance Analysis)
ieuandlififiuluBananinitanudum
AHSOUTBILIFIDE 19T dRdIusNg 9 7iTinns
wwaltunsideguidesainanudou Tnsduiiy
mdwﬁf\]sgmﬂﬂﬂumauﬁqmmﬁ 100°C tJuian
60 Wit 1iledainansasunlasguinsveusaz
F0819 1y 198991N9UITUNDUNUIYOS Srithep

et.al. [9]

3. NaNSANELaZaAUSIENE

3.1 HAN1SNAFDULSIAY (Tensile Test)
HANISNAADULTIAIVUDY PLA/TPS '17"
NIIEIUAN 9 LARIAUAUNUTTZNINIAIULAY
(Stress) WagAALATEN (Strain) WU PLA U3avd
fiAANLAugIEnegiusTanm 54.6 MPa du TPS
firAuiusigaegfiuseuna 5.7 MPa LieLiiy
U3y TPS Tu PLA 41 10, 20, 30, 50, waz 70%
Tnetnin dawaliarmnuduiivualduanasmy
USuna TPS Mitudu wailotiy CEludaegns
PLA+50%TPS ﬁhmwmﬁuﬁﬁuﬁmqa%u e
Wisuiflsususesadilidiu CE drumaruaion
wui S ldufisfunuysune TPS fiiuty Tne
el TPS 30% fAAnuiaiengean wildona
TPS 11AN31 30% AULATEANaUTLUIlULanas
Fulowdu CE Tusogne PLA+50%TPS awifiuinan
auAseniiA ANt udndesiiowdsudisuiuls

Wi CE awanslugud 2

N ¢ 1

L93LAT12YAT Young's Modulus U1

PLA U3gmailAngagauszunns 9.9 MPa du TPS il
mﬁﬂqmﬂizmm 0.2 MPa LilaifiuuTunm TPS Tu
PLA 221#iu31A1 Young’s Modulus fuunliuanas
dntioslugaeusunm TPS 10-50% usiilenay TPS
11NN 50% A198193A1 Young’s Modulus anas
9819110 NSRS IdIU TPS 70% wiiuindian
Young’s Modulus anadtndauszuin 0.9 MPa
wazilowfin CE lusiegna PLA+50%TPS danalsien
Young’s Modulus falndiAssfudieiuseuiiou

Audegnenliiy CE lnpagununisned 1

'
P

\H9As129A1 Tensile Strength wua1 PLA
USgnBiiANgegaUTzanal 5.6 MPa dau TPS fin
sanUszanal 5.7 MPa Wleway TPS Tu PLA asiiiy
11 Tensile Strength HuunlunanasogNTALAUAIL

YSuiey TPS MU u Lilewiy CEludiagng
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PLA+50% TPS diwalsirn Tensile Strength Wity

Uszanas 7% wdlewFeusisuiusesadiliiiu CE
Tudiuueeri % Elongation at Break Wuin

PLA U3gvidiianussann 6% dau TPS SauUseunn

36% wionay TPS lu PLA wuiniduualtiunisins

60

o ]

WnTumuUSuna TPS finty audeiisnsndiu
PLA+30%TPS fhagnaansnsndnsligan uazile
W& TPS 111N 30% nisadaiinuiliuanas wag
dlouiu CE Tuseg19 PLA+509%TPS fAnisins

A X o v = = = Yy a1 a
LWﬁJSUULaﬂuaEJLQJ@LUﬁﬂULWSUﬂ‘UW’J@&J’NVIVLZULG]M CE

stress (MPa)

—s—PLA
—+—PLA+10%TPS B
—»—PLA+20% TPS
—<—PLA+30%TPS
—v—PLA+50% TPS
—=—PLA+70%TPS

——TPS

25 30 35 40 45 50
strain (%)

3'1]17'; 2 Stress-strain Curve 989 PLA, TPS uag PLA/TPS ﬁé’mwdawﬁm

61’15'1\117; 1 Tensile Testing of PLA, TPS and PLA/TPS Blends

Young's Modulus

Tensile Strength Elongation at Break

Sample
(MPa) (MPa) (%)

PLA 9.91+2.1 54.61+1.7 6.24+0.6
PLA+10%TPS 9.74+1.3 42.98+3.5 9.83+1.1
PLA+20%TPS 8.18+2.5 41.65+3.2 12.1+£1.7
PLA+30%TPS 8.14+1.8 38.3+2.8 48.28+3.0
PLA+50%TPS 7.79+1.1 26.88+2.9 3.73+0.8
PLA+70%TPS 0.93+0.6 9.74+1.5 11.69+1.2
PLA+50%TPS+2%CE 7.67+1.3 33.37+2.2 4.52+15
TPS 0.25+0.7 5.78+0.9 36.45+2.9

nnatieiy Wesenuswestuseiintu
ﬁzm'mmaiszﬂuimLaqaamaa?fiqLﬁmmnmim?{au
wielvflaudimdumesiunaainlnenisiiy
Glycerol tleanussBamileassniteamelsluiana
yoeuth Wioldsuusamedeludavinnisedoudives

anelgluanaladey inliluanaaiunsandouile

418 1107 1ile TPS wanilu PLA USunasgevinlsf PLA
fwgAnssueany TPS Fwiliaundsanas dewali
PLA fAanundauazanuimumiuussiisanas diu
nsBagadiuualiugalu udwinuau TPS gandn
30% n1sPafaranas onaLflosnanNnTueniva

994 PLA uaz TPS wlaway TPS lud3uiaigeunn
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Viulu Sadlewiin CE Aignsdau PLA50%TPS
WUI1A Young’s Modulus Sia1lndiAssiu fn
Tensile Strength wazA1 % Elongation at Break il
Aiindudndesiuiiessuiisuiuiaedeill
WA CE wanslilfiudn CE fnanoaudinianaves

NOAWBSNANTEIING PLA wag TPS 1antiae

3.2 Nammmswﬂaauﬁmgﬂuﬁwaﬁ
nsnadeUdugIuIng1veIdnuuE A
uansinlagldidsvens 1000 wh uanafagui 3(n)
PLA U3 wudriifausnsiniiFeu Sadunginsau
ATLANLUULUI1ZUBY PLA [11] 310 gﬂﬁ 3(%), (A),
(1) wag () Am PLA Wau TPS 10, 20, 30 uay 50%
ALAIRY ﬁwLﬁudwﬁuﬁaLmaﬁﬂﬁuﬁmmwm&ﬁu

11NTUAINUSUI TPS MiuTu dadudnuay

15k XI;@ee lemm

(v) PLA+10%TPS

A

-
(3) PLA+50%TPS

(@) PLA+70%TPS

i g “ 2 =
WAL ]

noAnTsNvRINILANL ULl [12] Inedannaes

o LY

fuauliniena wazilenas TPS 70% 913U 3(2)
fufaumniinnduanidnuaeziiou Suildnuasin
uanvinAdefu TPS 91n3UR 3() esnidlonay
TPS luvSuasnndanaliianianvaegiinde TPS
mn%yu Tag TPS fanundu amorphous g4 ‘ﬁuuﬁ’s
wanvindsnnuduiiodentu Tne elycerol ly

ihaneiusylalasinussninaneldluanaveuds

wdntnluununiagseninaluanavasudauny (8]

Y

dleidn CE Tudnsnau PLA/S0%TPS annguil 3(w)

WU Bdnwaeiuimseu Wuiloeiiuuindu
Wewleuiudegeaiilidiu CE duandlu 5UM 3()

Fauansliiiudi CE anunsaufulgemnudiula

¥
Y

284 PLA wag TPS Tinauduiloweriulanau

(1) PLA+30%TPS

(1) PLA+50%TPS+2%CE (%) TPS

gﬂ‘ﬁ 3 SEM Surface Images 984 PLA, TPS wag PLA/TPS fisnsrausng 9 fifdsene 1000 wh

3.3 nan1snagauauaudanisauioy

frawmatia DSC
970 DSC Thermograms U84i1ae1991laa1n
AsnadauanlRnIeAlNsaunlumaia DSC T

411130UNITATIBAMIAAIEY AINAT T, WU

PLA fien T, iinduiigaumgfivszana 62°C onau
TPS A1 Tg FuwiltuanawmiudSunas TPS fdfintu
audlonau TPS unnd 50% A T, lisingdu
flosann TPS vt ilunanadlowesliiu PLA

bianeleluanawmdauilade Jasuasuaniuy
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14167 [13] lowia CE Tudmsndn PLA+50%TPS  uaw TPS wawd1iulédty Selng@nssuadie TPS
wudldusingan T, WewSsudioutusienedild  Idetu duandugui 4 aguldaanisned 2

\Ru CE Gadlein T, 91 58°C flufe CE dnaviali PLA

- PLA 1

A FpLA+10%TPS .
I PLA+20% TPS 1

| PLA+70%TPS

Endotherm

- PLA+50% TPS+2%CE b

0 50 100 150 200

Temperature (°C)

gih'?i 4 DSC thermograms 284 PLA, TPS way PLA/TPS figmsndausingg

A1919% 2 autAnisausouves PLA, TPS wag PLA/TPS 79nsndiumige

cold crystallization Melting
samples T, O
T O AH, (U/g) Tn (O AH., U/g)
PLA 62.43 88.44 24.69 174.32 67.33
PLA+10%TPS 60.98 81.78 12.32 171.52 53.53
PLA+20%TPS 60.29 83.02 14.23 169.26 44.45
PLA+30%TPS 60.25 80.01 4.50 168.80 17.46
PLA+50%TPS 5891 91.62 2.81 146.58 18.38
PLA+70%TPS - 92.54 221 142.76 49.20
PLA+50%TPS+2%CE - - - 153.65 13.49
TPS - - - 139.74 60.18

g dydnual - fie liusingasnanalunimaaeuigumgil 0-250 °C

9INNITIATIZRAT T WU PLA Wlewa 1NN 30% Wideatuiusmdsuildlunisiin
TPS ¢ T, Suwsliuanasmuusune TPS Afiady ndnidleldsunudou fuwliuananiousuna
idemnnisedeuiivesansldwedwesidululdie  TPS fifisiu aufldnsndiu TPS 100% Laivsngen
JufnnsimFesiivesansleneduesiioumgil T, dawdiegsiiin CE duwliguiesdivan T,

fnas [14] wagnduiluuilduanaudlonay TPS WedLAs1¥YiAT T,, Wu31 PLA Llenay TPS &
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wurlduwes T, anasaiuusuna TPS itudy
Wosnidlonaunanalowedinniy Ssazdawalst
aelaluianaindoudildieiiloldiuauiouds
vaouwadldirety [15] ludruvesrmdsauildly
nsvasmman Suuilduguiieatuan T, wiile
Wau TPS 11nN31 50% wudrdnaslandsaulunig
uaammmqq%u lewiy CElusnsidau
PLA+50%TPS i1 T, ajas‘ﬁu warlowdsanulunnsg
wasumananaddntesiloSeufisususegned

el CE

3.4 NANTNAFDUAMULENYINIIAUTDU

a

faumaila TGA

Woestduddininasnide 50% (Tu) 7
gaumadl 320°C \Juan 60 w7l ves PLA, TPS way
PLA way TPS 50% WU PLA TPS wasg
PLA+50%TPS S1dediduddintinasnde 50%
Ussunas 52, 24 way 14% MINaIRY F993Liiud
PLA wionay TPS fwavlsiiarnuadssvianiiy
Souanasnudsuu TPS ﬁLﬁummsﬁu Lﬁmmﬂ
USunas TPS iiudu Aousunaumanadleimasii
wntu Seluvhaneiusslalnsiauitinsewinsans
Tolnanavesutanniu slfaarsdmseiuiou
698 waziiieldn CE asludot1s PLA+509%TPS
WUIHAT Topop Wt uussuna 26% lewdleuiy
Fro8197ildiiu CE Seaunsatsvanladn CE He
Foumelaluanaves PLA fignitaneifiesatnih
LLasmm%aumﬂmswaauwamLLazawﬁugﬂ laens
lAAnnsdenlsafuszninanelgvosnedines
naredulaseiefifimdnluanagedu Savinld
mmLaﬁaﬁmwmqmm%wmaﬁa@mauLﬁmﬁu fia

wandluguil 5 asunanunnsen 3

Weight (%)

"y
T Toa,]

0 1‘0 2‘0 i;O 4‘0 5‘0 60
Time (min)

3‘1]‘17; 5 TGA curves w89 PLA, TPS, PLA+50%TPS

LAy PLA+50%TPS L@y 29%CE

a15197i 3 NINAEEUNIIANSOUME TGA 71 50%
a1 60 min flgamgdl 320°C ¥es PLA,
TPS, PLA+50%TPS wag PLA+50%TPS
LA 2%CE

A79819 Tsoo, (%) SD
PLA 65.19 +0.7
PLA+50%TPS 24.14 +1.1
PLA+50%TPS+2%CE 50.72 +1.5
TPS 14.76 +0.9

3.5 Naﬂ"liVlﬂﬁaUﬂ’ﬁVluﬂ'ﬂﬁJ%a‘u
é’f’;ashq%umuﬁ%uguimamiamm PLA,

PLA may TPS 7i§ms1d3u 10, 20, 30, 50, 70 waz

100% way PLA Wau 50%TPS Lin 2%CE wanslu

P o o

JUN 6 dmiu §U7 6(n) Aedned1eigungilvies
VoA v < < 17
nudndidnuuzasiuds lnetdusuasuivaniy
WiRNNN153YUIY Wt W un1Teuigungll
100°C tUwaa1 60 w1 Asuansluzun 6(v) wuin
PLA Iian1sidesuanniign esaingaumaiinaaeu
pgsgninvgungiidsuaniuzAdiguniLagy

gauniiviaeuwiad dwaliaelaluanafinnisudu

9 Y

o

M Juinnsidesuiiadu uaziilofiuuTuna TPS

' ' =

Tu PLA 7\]3Lﬁu’J’]g]}’JE)EJ"I\HJﬂ']iL%EJEU@(ﬂﬁQGH@J

%
a

USunas TPS Miiudu Feaenmassnuxa DSC tagan
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AH,. Suunltuanasmudiuna TPS Wiy foane
Toluanaannsodnidssialidussdevanty 39
Aansideguiosanaiufeudl 100°C anasany
Usunas TPS Tty wazidlowiiu CE aslusegis
PLA+50%TPS fegainnisidesuninnindiegng

Plaiy CE 219488911910 CE danalvuSunaunan

(n)

Tudedeanas Tudoaeldluanadniosiuiu
sudougniu \ilesan CE onaidousoluanaluy
branch Aaldd19du 9 denaldananudundn
wszsunulassadiendn Weldfuanudeuiaude

suldinenInuauniingnga (9]

)

3U# 6 NMsnuAudouved PLA, TPS vea PLA/TPS 7idnsndusneg (n) Ngaumgiivios wag (v) naaaneui

U

9ouMQ#H 100°C L3a1 60 W9

4. a3
nsAnweuAdeluadsifigauszasdiiio
USudgsanifvnenaves PLA Tusuanuuds wse
TifienuBangu Sn1sBamiligelu houssondld
susuussafasiidesnsanumies neniswan
woslunanainaniviiliainnisnaradnlesty
yoautliudzndannisiiu Glycerol iileanus
Sowderseninasleluanaveutl wud PLA 7
wen TPS duualtueeean Young’s Modulus Wag

Tensile Strength anag @3uA1 % Elongation at

a

Break Hwwildanudy Wnediold TPS 30% avdna

S DA

IiA1n158adaliA1gaaUsEann 48% Janunzay

dmiumsussenaldany Tusuandaniminuiou

sziiudnie TPS winTusdiegafien T, T, uaz

pasuNtglunIsraauMalanas TuEIuYeIAINy

'
=

Edosn1enudouvestinuinaside 50% 7
gaunnfinedl 320°C Wosidudininasivded
USurmanas Larn1snadaun1snuaduseud
gaumnil 100°C v83 PLA dlenay TPS @a1u1sany
aueuldftunuUsua TPS fiituiy 91nna
Fananaddn TPS ¥l PLA innnsBindtaldgedu fio
fianuwmiloniiuiy wezidlewdn CE lushegns PLA
way TPS 50% wuin ansnsataslinisuauduie
deafuuararelaluanasnndu vinldanuiades
nreaufeutfindy uiidesan CEvinldiAn
1Asea$198y branch i lsanaudundnanasiay

ANSNUANUSDURNAS
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Uszansninnisnninuansusulasanlennieaisie Spirulina sp.
RMUTL

U

ATIER WuAAe™ U5Tw 153" 3578 viyAn' algnad dues! algna 29ATH

Tuuda RuA1ne® uasidy Asaseuns?

L AUgAAINISUAIEAS UN1INENSEmALLLATS1TLIARAIULY
? ALEAATNTTUNYAT NN TINeSeLTeln
Laafl 128 auumgLi suatiaien ennoiiios Janindeelug 50300

Lail 155 vy 2 fuawiiisy guneliles Ymiadeslui 50100

SuumAw 5 dguigu 2563 udlyunaaiu 24 nsngIns 2563 oUTUUNAIN 15 Auegu 2563

UNANED

msiutuwresinsasvaulaeenleflutuussenmdulymasnndendiddysiolan Jagdumsly
nszInnITsanmiieniiufngansveulneenlemduduyadinlunsanusinafigasueulaeenles
Tnewdeufemsueulneanledlinaeiduinmalunssuiunsdaameiuas snideiatiufsszansam
gesansrelunisinfiuaivey wasnavesinansueulnoenladienisasyvesamsne nsdnwaded e
nsdenaIvine Spirulina sp. RMUTL ‘vamiwmLﬁyaqmm'waiuamwsmmqmemﬂ Tufsisenvuin 8
ans Tneliuassssued uaglviennadenlonfnernianasn 24 42l vnsinfnsarsueulneenles
(3awaz 100) isnsIn15lma 0.01, 0.02 way 0.03 vwm AuadU AT 30 U Han1sANYT WUIEmde
Spirulina sp. RMUTL fifinfnaaniveulaeonlediisnsinisiva 0.01 wm fszaniaingeagn Ae fidn
M35 AUTATUNIZLNIAU 0.35+0.01 AOTU AIAUNUILUUVDILYAAAINI1E 0.85+0.00 AL
AM318UA 600.00+10.00 Hadnsusedns Uszdndamlunisanusuuiigaisveulasenleniosas
96.83+0.76 dn3INIn3eiwaAsusulaoanled 1,128.00+10.00 fiadnsusednssetu A1n1seusInnaAsueu
20.41+0.26 nSureYu wazANsANAUAISUULIRAAD 30 Tu asﬂiﬁ%@aaz 3.15.40.02, 3.11.+0.02 way

3.07.40.06 fignsnsivavesiamsusulasenles 0.01, 0.02 uay 0.03 vwm auasu

Addey : nstiniuasuew; nsanfineesusulasenlyd; amsealugdul RMUTL

a da & a

* giawusussarusu Ins: +668 6184 7248, luswalddiannsedng: kunchit2516@hotmail.com
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CO, Sequestration Efficiency by Spirulina sp. RMUTL
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Nattapong Kansri' Nuttapon Wongkhat! Nannaphat Ngoenkhamkhong® and
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Abstract

Increasing concentrations of CO,in the atmosphere is causing severe environmental
destruction to the earth. Bio-sequestration of CO, is a promising way to completely sequester CO, by
converting it into biomass by way of photosynthesis. The current research focused on biomass
productivity and CO, sequestration efficiency using microalgae. The experiment choose Spirulina sp.
RMUTL by cultivating in working volume 8 liters bioreactor with zarrouk's medium for 24-hrs with light
nature and aeration air. The CO, (100%) was flushed into the medium with a flow rate were 0.01,
0.02 and 0.03 vvm respectively. The period of all experiments were 30 days. The results showed that
the maximum specific growth rate, ODs, algae biomass productivity, efficiency of CO, reduction, CO,
fixation rate and carbon loading rate were 0.35+0.01 d*, 0.85+0.00, 600.00+10.00 mg.L", 96.83+0.76%,
1,128.00+18.80 mg.L'.d? and 20.41+0.26 ¢. d* with 0.01 vwm CO, flow rate. The average CO,
sequestration over 30 days were 3.15.+0.03, 3.11.+£0.02 and 3.07.£0.07% in 0.01, 0.02 and 0.03 vwm

CO, flow rate respectively.

Keywords : CO, Sequestration; Carbon Dioxide Reduction; Spirulina sp. RMUTL

* Corresponding Author. Tel.: +668 6184 7248, E-mail Address: Kunchit2516@hotmail.com
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Wandeadaluyisuf iRenainnssulunisiaun

q

[YRY) =

\sugRvesUszmardaiaun Sadufuseddni
roliAnnsdsauresUiinufifounsyanluty
ussganavliusIngnsalingiseunseanuay
AdssdenisiuAsuntasaningiionniadl
wurldfuguusantuluyngfiniaveslan o1

gauniideniuuilduiiugadu USunanuaie

'
a

fiindulungguimain wagdesadlugguiude
$rautufienniafoufiuuinduuasg Suiutui
pndiuanas Tnvdnaliindosssumd 1u
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UsganSainnisiniAuaisusuvesansie
Spirulina sp. RMUTL tneanugfidelainenseou
wAnuarReauyfgIurasnsAne lnefnwd
Snsmsdufeansueulaeenlesiivunzay dwa
Thamsreiinsinifuaisueu srulufanisanfine
Arsveulaeenlanuesainineg Spirulina sp.
RMUTL draduaziiulddnnisldainsieiioan
UsunafneansueulaoenlesiuiussTowiodn

wn wardaeunlalymasnndenniugluse
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2. 521 08U75798
2.1 awsefilFlunsdnm
awsefildlunisAnen léun Spirutina sp.
RMUTL lﬁmmrmé'ﬂqm’imﬂﬁm?ﬁLLmﬁau AY
AINTINAERS unIneraunaluladsivuena
AUUN L?ﬁvsﬂummimmgm Zarrouk’s Medium
wazansadildlunisdnwimnydadu Analytical
Grade (AR)

2.2 FupBuNMTITe
2.2.1 Supaufl 1 Mswleuiadesusneuaznis
WinU3ana
¥nsziassanielildmuuiunsi
Foams lnethfadeaming Spirulina sp. RMUTL
widesluonavangns Zarrouk’s Medium Tagld
FuderiuduiiAnisgandunasegil 0.10 vinis
wneiRssuiidamiuiuressadamineayii
0.80 Tszuzrianlunsinzidesssana 45 Su an
fwasiavunn 80 dng usTgemITval Usunsg
50 303 ievhnsdfiudsinaamse Tnglduasann
sssumAnarlvernimanniadesdueiniArus
n3eviierasniutndestunisanaznouveLTad
dmsng paen 24 alus Tnsidesamseauiien
n13gANAuLas (Optical Density) 8g/lugas 0.30-
0.50 Ingldia3os UV- Visible Spectrophotometer
(Biochrom Libra Model $12; UK) dioldidusiie

fasulunisnaasatunaly

2.2.2 Junsud 2 AnwUszansnmnisanySuna
Argarsuaulasanladiisnsinisiufined
LANAI9AUYBIE1%4318 Spirulina sp.
RMUTL
doamsreiwiziasdls Tnoddnas

aanduuataglugig 0.30-0.50 uvinisAnwilag

wusn1svaasseandu 2 yanisvnass YanIs
NPRBIAY 3 91 Tagvinisneaesludaiisenvun
10 An5 NuAving 8 ans quﬂmimamﬁ 1 (g
AUAL) Ternanedesduenidriutanse
iotinuindesfunismnazneureswadansny
Tuvauziiyail 2 6?5@Lﬁusqmmimaaaﬁuﬁﬂmslﬁu
frgansuaulneenles ($evaz 100) fisnsinisiva
0.01 wm masalIa1nsnnasslagliiadosgaiie
a15.ail (Watson Marlow Model 502S; UK) Tun1s
andneUsunafiigarsusulaeenled iWuian 30
$u TnelHuassssuduazlienniAaniadesiy
81n1ARIuTINS 8L enautdesfunis
ANATNELIDLTARAIMIIY naen 24 Falue NI
Wiudreg1anne 2 u nEniuriinimeaesd
WiunazUdsusnsinisivavesdiegaisuaule-
panlesain 0.01 10w 0.02 wag 0.03 vwm (wm =

U3unnsinenausuinsa1msaaunil) muansu

2.2.3 An¥IN5SYAULAYDEINI®Y
Anwinsiasyivlnvesamsieluguvesdn
nsganduuas 5UA1NIa (6] Lilequualiiunis
wigivlavesansne Suluiensnsasyiule
W1 (Specific Growth Rate; W) InguiA1ula
amsAmn Weguinliusasninaiaydule

SuWzvesamdy feaunsi (1) [6]
W= In(N,-N,)/(t,—1t) (1)

Tae?

L = dasnssyauladinig (Redu)
N, = wmamsesusunimeass (n3usedng)
N, = waamseiuiuiiedns (nSusedns)

= SEEZANSNAUNTVINGDY (FU)

»—-N
|

szazaTuAUMBE1e (1)

~
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2.2.4 AnwrAranudunsanng
Tneldesestnaudunsania (Sartorius

Meter PP-50; Germany)

2.2.5 Uszansnamnisanfinwansvaulasanlan
YDA Spirulina sp. RMUTL
yAsAnERIUTEANTAINATAAUSHUANY

arsvaulaeenlan laeviin1sinUSuiuine

Asvaulneenladnewdiyanisnaass (influent

of CO,) wazynsinfaasuaulaoenlenfinie

91nn15ldvesamitefiesnainyanisnnaes

(Effluent of CO,) Tneldia3aaTaasdusznaufing

(Biogas 5000 Geoteck; UK) fiaidniiugan1snaaes

((9Un5e7) uagyiinInsaaiann 9 2 U naenAnIs

naassluganisnaass wdrhadlaluduium

Usgansainnisannigarsueulneanlenuns

awsederunildnnaunsi 2) (7]
Efficiency of CO,reduction

_ (Influent of CO, — Effluent of CO,)
B Influent of CO,

%100

(2)

2.2.6 Anw19nsn1sassfnwaisuaulaeanlan
UBIAIN318 Spirulina sp. RMUTL  (CO,
Fixation Rate)
1AL IPNIATUINNITRTING

psanga1sveulneanlenvesansiaunazsin

MMSANYIN 9 2 Tu AaeANITNAREY Faaunsi

(3) [8]
CO, fixation rate =1.88xbiomass (3)
227 AN¥IN1TANLAUAISUBUVBIAIUIY

Spirulina sp. RMUTL (CO, Sequestration)

TnefuIaINELNIST (4) [9]

CO, Sequestration
_ (Inof CO,— Out of CO,) @
- dt

Taofi

Inof CO, = ¥ovazfuaiuaulaoonlusiiii
FEUU

Out of CO,= ¥evazfiwansusulneenlusdiioon
FZUU

dt = svaznamasuly

2.2.8 AnwinnszusImnAsuau (Carbon Loading
Rate; CLR.) NAnLdngssuvAniiisuivuanaaedd
UIAVDIAINIY Spirulina sp. RMUTL

1P8AIUIMANENNTN (5)

CO, Influent
Conc. of microalgae

CLR.= (5)

Tnel

CO, Influent = ANudntunsusulaeanled
WsEUU (nSusiadu)

Conc. of microalgae = VTNV NIY

Panuatudalulasieamas (nSv)

2.3 137U TaYA
UMYAAIUNUILUUYDUYATANTIY 1A
M3 8aTIN1TRTAuladwig Ussansaw
n1sanfiga1sueulaeanlyn 9ns1n15A3 A%
Asuaulneanled n1szUTIMNATSULY WagnIIin
ViuA1susuTeIa NI efisnsInasiiufie
asuaulneanlesfinnefuuiiiaszinuuane
lagiguiitsunngnisuiuluiuiveunieis
Tukey simultaneous fiszdiuauidesiudesay 95
fa8lUsinsy Minitab version 16 (Minitab Inc.,

USA)
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3. NaNTSANELaZaAUSIENE

3.1 Anaudunsanng
nnsEnwnsiufeasueusenlysid
poA1ANldunsanIaveIeIMNsIMalIveIE MY
Spirulina sp. RMUTL fla1aarutdunsnn1gues
gmsimaniedufeasueulasenles (Sevay
100) A§n51n7151Ma 0.01, 0.02, 0.03 vwm WALy
AIUAN WU TA1ATUNTARYRIRIMITINGT
983¥1114 10.15£0.0.04-10.52+0.01, 9.85+0.01-
10.52+0.01, 9.75+0.04-10.52+0.01 Lha¥g
10.48+0.01-10.52+0.01 snuandfu (U7l 1)

.- Control
--a--Carbon dioxide 0.01 wm
—a—Carbon dioxide 0.02 vwm
11.00 —e -Carbon dioxide 0.03 wm

10.50

10.00

9.50
9.00
8.50

Aanudunsanng

8.00
7.50
7.00

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

e (3u)

JUN 1 wavesdSunaingaisusulneenledsen

ANnsLdunsaRnsuesamse Spirulina sp. RMUTL

3.2 ANANNAULUUVDILIAAFINIE
Spirulina sp. RMUTL

nN1sAnwINSIRNAwA1SUaulaeenlan
AOAIANIUVUILINGIARYRTARAMS Y Spirulina
sp. RMUTL (1157991 1) wudnfienanumuiuiumes
wasamsediafuienisuaulaeenled Govay
100) fisms1n1slua 0.01, 0.02, 0.03 wm LaTYn
AIUAL R 0.85+0.00, 0.77+0.02, 0.62+0.01 Lay
0.58+0.01 MuaIAY

nmsanudmudn definsdiuuuataeg

arsvaulneanlennilonsinistuatiuunTuan

AINRUILULYDILgadaInT1e Spirulina sp.
RMUTL fuwnltuanad wagA1n uiuILiueeg
wadaimitelunnyanisnnaosiitiufne
Arsvaulaeanlyd JA1AIURUILUUTD LY AE
aMIeuINNIYAAIUAN LansliiiuIfig
Asusulaeanlaninanan TR yAUlnvIE MY
Spirulina sp. RMUTL \loaa1namsie Spirulina
sp. RMUTL Tunnganisnaasedinnsdiieing
asvaulaeenlenluldlunssuiunsduasiziuas
FuduundmFsnuiiddyIaildamseiinns

Wiydulnegesngy ndnduainsisandng
syeznTasyAulatias vinliaAutuILLuYeY
wadamsefiunliiuanas eamsreidigszey
AN ALL vl AR LY e ad
amireiuualduanaaiionaniniy nadu
Usinufwariueulaeenledfidnsinisiva 0.01
wm HAIAMUNUILUNYDUTARAINTIAIEAT0Y
ami1e Spirulina sp. RMUTL gefignsiefu Sadu

annmeiwanganlunsingies

3.3 UIAENIULIAY (Algae Biomass)
PnNsAnwNsiiuieatsueulaeenlanse
178819918 Spirulina sp. RMUTL Wu31 A1u9a
amadleduingnsueulaeanles (Sosaz 100)
Asns1nslua 0.01, 0.02, 0.03 wim UazyAAIUAL
Ao 600.00+10.00, 425.00+8.66, 391.67+18.93
ey 378.33+70.06 HadnTUADARNT MIUAINU LAy
Fanuanudunussenineatanutdunsaaanay
WAy Wi nMsiiufgasueulasenladd
wandsudinaieutaainite lngynnimaaosd
Wufeansuaulaeanlenfisnsinisiua 0.01 wm
fluraamiteuinnityanisnaassiiliufing
asvaulpeenladiisnsinislua 0.02, 0.03 wm

LASYAAIUAL 10518914398V Z. Xianhai et al.
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! U I3 U al ' U !
[10] Wud1 AIANHLTUNTAANSUNARDAINIDEININY
LaTENTINITLATYLAVIAT NS WazdInuln
@931y Spirulina platensis agtasqiulnlanagil
' < ' P a | =
AALTUA19REN 9.00 WazlANIAEIIBUINGS

5410 8a8n5UMADANT @I1UI1891UNISITEYD S

M.A.C. de Oliveira et al. [11] wua1 ArALdu
NINANNLNUIZENADNI19LA8981%318 Spirulina
maxima 8gluyie 8.50-9.50 vinlvdlA1uIaaInsng

wazdnTINSRT AUl NG

M13°99 1 navesSinaieaisueulneanlufnonNuNLILNNTEULERAMINEEIEA (ODsg) UIRAMINLU

4940 (Algae Biomass) 8n51n15LaTeYLAUINTLN12d9gn (Specific Growth Rate) ¥84d191318

Spirulina sp. RMUTL fdasnsiua 0.01, 0.02, 0.03 vwm WazyAAIUAN

CO, flow rates

Parameter
Control 0.01 vwm 0.02 vvm 0.03 vwm
OD,nax 0.58+0.01D 0.85+0.00A 0.77+0.02B 0.62+0.01C
Algae biomass,,,  378.33+70.06B 600.00+£10.00A 425.00+8.668 391.67+18.93
(mg/L) B
Hrmax (@) 0.12+0.03B 0.35+0.01A 0.28+0.01A 0.15+0.04B

T
a

NBWe : Anade (+5.0.) TulawuiueudnyIn1wsinguiiu (A, B, C uay D) seiuwandindiniiy

o w

wanFNAURE AR NIsERANTEAUANUTRIUT DAY 95 fEas Tukey simultaneous

a

SUT 2 amse Spirulina sp. RMUTL #iléiann

Y

NM3ANIANAIYN8 1,500X (Scanning Electron
Microscope; JEOL JSM-5910LV)

3.4 A19RTINTFAIYAUINT NI

(Specific Growth Rate; )
PNMsENASIRUAwASUaulaeanlanill

AOAIENIINITLATEYLAULAT I NIZUDIAINT Y

«+w.. Control unit

—m— Carbon dioxide 0.01 vwm
2.90 —i— Carbon dioxide 0.02 vwvm
2.85 —s- Carbon dioxide 0.03 vwvm
2.80
2.75
270
265
260 -
2.55
2.50
245
2.40
2.35
230

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

log N

e ()

UM 3 navesdSinuiwansueulneenlensonis

L93VDIEIUI8 Spirulina sp. RMUTL

Spirulina sp. RMUTL WuU31 8931015:03gyLAule
Fumzgsgavesamsefisnsinisiua 0.01, 0.02,
0.03 wm wagyanIuAY Ao 0.35+0.01, 0.28+0.01,
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707.30+101.90 Wag 617.90+91.70 Hadnsusiodns
Rou MUy (M157971 2) wazildnsiniseIeing
ansuaulneanlyn qqqmiui’uﬁ 20 A 1,128.00
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Abstract

A simple flow injection analytical system for an automatic determination of phosphate in water
samples using the molybdenum blue method was developed. Samples were injected and mixed
with ascorbic acid used as a reducing agent. The absorbance of the resulting molybdenum blue
complex was measured at 880 nm by a spectrophotometer. The optimal conditions of this system
were 2 mL/min of carrier flow rate, 1,000 ulL of sample volume, 60 centimeters of mixing tube length,
and 0.020 mol/L of ascorbic acid. The proposed method showed reliability, high sensitivity, spend
small amount of reagents and samples, and fast sample throughput (52 samples/hour). The limit of
detection (LOD) was 0.015 mg P/L of phosphate. Precision obtained injecting a phosphate standard
solution of 0.50 mg P/L (n=10) was 1.81%. This system can be applied to determination of phosphate
content in surface water samples in Lopburi province by comparing with a standard method. It was
found that obtained from the developed system agreed well with the standard method using the
pair t-test (ty, 0.04 <t 2.36). This flow injection analysis system has no effect from arsenate and

silicate interference for the analysis of natural water samples.

Keywords : Flow Injection Analysis; Phosphate; Surface Water
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aunnsliledwas (Thermo Scientific, Evolution
201 UV-Visible Spectrophotometer, @13§8t43n)
Ingldlnansivadviinntond (Quartz Flow Cell,
Thermo Fisher Scientific, Model 268-857400,
ansoludn) AnakIureuas 10 Hadiuns

USu1ms 160 lulasans

2.4 nMsuURnuvasszuulnadulandu
A139¥aNEAIDETOANTAYABUINITFIUAY
gnantngszuulagndidnansinogne dadmun
Usumsimegralagliveninualiuing (Injection
loop) U9 1000 lulasdans lnsvioulguvesans
fegsizdlulunszuavesihiituindeulaetu
wuugnnas dedammslvansdl 2 Sedansdoundi
Feiwmthfidusannansaisazarefegngluii

Uiserivasazanewanludenluduen (R1) way

o =2

da1sazatgnsaleanasdn (R2) nud1du @
Juinfiousiolaud R1 wag R2 gnenedy aedng

a ' P

Aslvaned 1 fadanseaundl iananduaidu
a15UsznouldedaudunliulasaiginA1n1sgaAniu
Y9IASHNANAUNNLAATUNAINNENIAFY 880 UNTU

wns Aawanalugui 2

mL/min Flow direction

Uil 2 szuulnaduaaduiiiauiudmiuns
Ansrzvirleain Usznaudedu (P) 1dr (V) e
YIgnay (RCL waz RC2) ansieg1avizeans
NP (S) ansaza1esielaun (R wag R2) way

winsanlnstuladnes (D)

3, Namsﬁﬂmuazaﬁﬂs'mwa
ATeilgvnsAnwan s vz auves
n1siAsIzineangieszuulnaduanty @
Wsfimesfidnw leun sasinslwavesasazas
fnn USHIRTURIEI1SAI0E19 AIINENIVIONANENS

LATAULUUTUYBINTALBAABSUN NI NUUILLY



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 127

danelnzauAnvinavasiisuniu Ussgndld
Tu3As12908191IRIAY LaLNITNSIFFBUNNST

19lovo7s

3.1 ﬂ']iﬁﬂi?}"lﬁﬂ']?gﬁL‘Vill']:ﬁﬁll‘ﬂa\‘iiZU‘U
3.1.1 HAYBIDATINTS RAVDINTEUEAINA
Tusrudsodldddudana (Carien)
asavateiiegudndssuy Fannsomsnslvaves
nszlamNITdINananIsiiaU iTe1vesEns uay
ausandalunsiasievians lunsvnassiane
9NN LAYRINTERERAINT 0.5, 1 kay 2 Nadans
faund Tnednsinislnavessiotaudasd laun
a1sazarsarsazatsusuliiionluduinn (R1) uag
gsazasasazatensaweaastn (R2) A6nsnns
lvia 1 faddnsneurd 19USu1nsmiog1e 500
Lulasdns warldvionauansdi 1 RCL) wasvionay
4157 2 (RC2) 8717 60 wuRiuns Inednansazane
1195571 0.50-1.00 TadnTuneaasasodng a0
nanIsnaasInuIisfivaulivesnssuasing
sy liAanAnSsansUsenoudadoudth@uann
Fu vhlidnsgandunasmesansifindy uazdlown
AINITAANEUKAITBIATAZABUINTFIUNNADA
NIINNINTFIY wazad19InIMAIUFUNUTTENIN
gnsInsinavesasazateianinuanull uay
Arsruausaegreretaluslunsiiasest (Sample
Throughput) Wuinnsufinawlavenssuasng
Fau 0.5-2 fadansreundid szvilraranulaly
MREAfinay Fsaulalunisiseildan
AnutureInTMiIATE I uazMIisnsINslua
AilAlasuausegedadaluuiniy San1suiy
aulwesnseuaiinidorldrelfisiodande
ansaraeansgIunaufUToRuAlAAIn Ty uax
ann13ieNve o ulsuaIHeg1sluNTTUARINN

(flaguht 3) wimnldnseuadmiunndt 2 daddns

0.06 1 r 60
- 50
- 40
- 30

- 20

0.05 A
0.04 A
0.03 A

Sensitivity
((a.u. x L)/mg P)

0.02

(y/uonpalur)
ndiysnoay

0.01 + —6— Sensitivity - 10
--A--Throughput 0

0.0 0.5 1.0 15 2.0 25

8313 1naveadIw (mL/min)

JUN 3 navuansauduiussEnignnisiva
YosasavareimniuAALll uazATILY

Fag9matiluslunNISIASIER

foul?l ey lianulivesvioulvuasazanuny
Vinammaiammaganduuasiufuly deilsins
asvirarandouldieifiosaintesiinveusdes
as19¥n fadulunisneassdisadenainulives

ATTWERINN 2 Tadansnauni

3.1.2 NaYRIUIUINVDIENTADEN
dmfunisdneinavesUSunsiiotneds
fvualagvieftnuaU3u1ns (njection Loop)
Usumssegreiidnenlann 300, 500 uay 1,000
lulasdns lnednansazarouinsgiu 0.50-1.00
fiadnSuveanedanodns lunssuasiniaed 2
faddnsroundl ons1n1slravesansazalssiolaus
R1 uaza1vavansy R2 1 Hadansreundl lviowau
4157 1 (RC1) wazvionauansy 2 (RC2) 817 60
LEURLUAT
nHanIRaeenUILdefinlsunsvesans
Frogreazsilianmllunsiessiifiutuegns
Wulsdadlafinusunssaagiean 300 Wu 500
lulasans waziilewfiuusuinsiegradu 1,000
Tulasans arublumsiessifistudntios uay
nsiiuUsInRsietstavilresuiused e
Fluslunsiaszsianas fauanslugud 4 lunns

naavsdidandsuinsaiegns 1,000 lulasdnsg



128 2155153V INIUAL IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

0.07 - A_69 r 70
T 0.06 - ™+, 0-0540 0.0547 L 60 —
v S== — S =
ZE 005 4 5. S L so 5 3
o= c
23 0.04 4 L 40 %- ®
c X 0.0347 Sz
] 0.03 A F 30 E g

S 0.02 1 - 20

0.01 - —O— Sensitivity L 10

0 =-=-A--Thoughtput 0

0 500 1000 1500

YSmnasieda (uL)

UM 4 nsvluansrudiusseninaUiuinsves

A@159188197UAIANULT LaTLATANTIUIUAIDEN

st laudlunISIATIZN

Wesnliaullumsieseiuiniian waziite

5895UMBENTANUTNTUYBINBEN A U U UT

o =

A1 YINANITNAADINADAAADINUIIUITEVBINUA
Ang @ uuntenasany (2557) Alaldssuulnadu
watudmsunisinssineanalaglduiazenly

o

duiiuug warlfaunutanaslsfiiluansinag [13]

3.1.3 NAVDIANNYIVIDNEANET
NNITANYINAVBIAIINYNIVBIVIONEANANS
(Reaction Coil) #isumls RC1 waz RC2 Y035¥UY
Fauandluguil 2 Tnefinsldnnuenvosienauans
60, 100 uag 150 LWUALLAT LAgMAUALRBAIING
Ivaueensslam Ny 2 Haddnsnaund
asazarvansazatsueuludeuluaung) (R1) wag
a15avany @15azarensanedanssin (R2) Ae 1
faddnsnaufuazUSu1nseing19uuIn 1,000
lulAsans nan1sveassnuiniefiunnueives
viowanans aullunishasizvinsd Tuvasiian
$nnuiedsedludumsiessianas faily
nsnaansiisadenldainuenive svienauansi

AU RCL wag RC2 WNAU 60 URLUAS

3.1.4 NAVRIANUTUTUVBINSALBEARTUN
Tunsneasadldnsateanasiniduanssmd
Wisdsuaswanlufeuludulaeana fadu

a15Us¥nouLdedaudindes WJuaisusenav

0.07 - - 70
. 0.06 A 0.0554 _0.0553 0.0553 - 60
a -
Zg 0.05 4 72N - 50 5 3
25 0.04 - A L 40 & 8
B x 40 A 5@
g % 0.03 1 36 30 S 2
Q5 S e
Y & 0.02 L 0 =5
= —6— Sensitivity
0.01 + ~=-A--Thoughtput - 10
0 T T T 0
0 50 100 150 200

ANNENVBINBHANAS (Cm)

JUN 5 nanuannuduiusseninemuenives
yionaNans A1AUly wazAITIUIUAIBE19RaT L

Tunsiwsien

Twavdtuug Saduansuszneuideteudin Tag
Anwanududuvesueansidndaus 0.001-0.050
luanedans lnsldaruiduduvniaisazany
a1sazargnenluflsuludunn (R1) wirdu 9.71
fadluasiodns dumdsnlunsansadasin 0.6 Tua
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Fregnadi 1 0 0.097 + 0.01 98 0.082 + 0.02
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Substitution of wheat flour with Hom Nil rice flour affects
physicochemical characteristics, antioxidant activities, and

sensory acceptance of Chinese steamed bread (Mantou)
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Abstract

This study investigated the effects of partial replacement of wheat flours with Hom Nil rice
flour on the physicochemical characteristics, antioxidant activities, and sensory acceptance of
chinese steam bread (Mantou). Mantou was made with wheat flours partially substituted with Hom
Nil rice flour at the level of 0%, 10%, 20% and 30%. Colour parameters (lightness (L*), redness (a*)
and yellowness (b*)) of Mantou were measured using a Hunter colorimeter and found that L* and
b* values of Mantou decreased while a* value increased with increase in level of Hom Nil rice flour
from 0 to 30%. Physical characteristics, including hardness, springiness, and cohesiveness, of Mantou
were significantly affected with substitution due to the disruption of dough structure. The hardness
of Mantou increased with the increasing of the Hom Nil rice flour substitution (0%-30%), in contrast
with springiness and cohesiveness. The total phenolic/anthocyanin contents and antioxidant
activities (DPPH, FRAP and ABTS) of Mantou increased with increasing Hom Nil rice flour level up to
30%. These results suggested that the substitution of 20 % Hom Nil rice flour would produce
healthy and acceptable Mantou with higher total phenolic/anthocyanin contents and antioxidant

activities.

Keywords : Mantou; Hom Nil Rice Flour; Antioxidant Activities; Total Phenolic Content;

Total Anthocyanin Content
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Antioxidant Activity of 3 Varieties of Corn Milk
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Abstract

The purpose of this research was to analyze carotenoid content, anthocyanin content,
phenolic compound content and the antioxidant activity by 2, 2-diphenyl-1-picrylhydrazyl scavenging
capacity (DPPH) and 1, 10-Phenantroline (Phen). In the 3 varieties of corn milk which were the Queen
Ruby Siam strain (Purple corn milk), (White corn milk), Sweet strain (Yellow corn milk). It was found
that the samples of 3 types of corn milk have total carotenoid content were 0.45+0.00 0.29+0.02
and 0.68+0.00mg/l respectively. Anthocyanin content measured by pH-differential method were
2.86+0.01 1.71+0.03 and 0.80+0.01 meg/l respectively. The total amount of phenolic compounds
were 12.00+0.02 10.05+0.00 and 8.62+0.09 mg/l respectively. The ability to resist free radicals by
DPPH method were equal to 96.50+0.10 47.104+0.01 and 60.91+0.08 respectively. The antioxidant
activity using Phen method were 133.98+0.76 111.17+0.48 and 86.61+0.98 mg/l respectively.

Keywords : Corn Milk; Species; Tubtim Siam (Purple); Sweet White (White); Sweet (Yellow) ; DPPH;
Phen
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Strengthening of Deteriorated Reinforced Concrete Deep
Beam Caused by Chloride with Carbon Fiber Sheets
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Abstract

Deterioration of reinforced concrete deep beam structure caused by chloride is severe and
takes up wide area even though the structure is not exposed to sea water or brackish water.
Even the structure which is far from sea water or brackish water is affected by this problem.
When the reinforced concreate deep beam structure is affected by chloride, steel reinforced inside
the structure is corroded resulting in reducing the cross-sectional area of the reinforced steel
affecting load capacity, deflection and beam failure. If there is no repair or strengthening, such
capabilities are continuously reduced until it is no longer safe to use the beam. Therefore, it is
necessary to repair or strengthening the deteriorated structure to be safely used. This research
investigated strengthening of deteriorated reinforced concrete deep beam caused by chloride with
4 formats of carbon Fiber sheets to seek guidelines for the most efficient strengthening. The result
showed that the strengthening by the 4 format of carbon fiber sheet could increase ultimate load
capability yet could not improve ductility of the deteriorated beam to become close to the beam
that is not deteriorated. The strengthening that could increase the maximum ultimate load
capability was the table format strengthening. In addition, the strengthening that the carbon fiber

making 45 degrees with the length of the beam could best prevent diagonal cracks.

Keywords : Deep Beam; Deterioration; Strengthening; Carbon Fiber
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Development of Seasoning Powder and Furikake-rice

Seasoning from Fermented Soy Bean
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Abstract

This research aims to develop the new product from a northern local fermented soy bean
which were seasoning powder and furikake-rice seasoning and analyze to observe the nutritional,
chemical component and antioxidant of the products. The fermented soy bean was dried using hot
air oven to achieve a required moisture content prior to apply to the new product. The best ratio of
the dried fermented soybean powder was of 35%. The sensory test was used to evaluate the
customer acceptance in these developed products. The results showed that the panelist moderately
like the products with the overall acceptable score of 7.85%0.36 for the seasoning powder and
7.46+0.67 and 7.44%1.01 for furikake-rice seasoning in sesame-seaweed and garlic flavors,
respectively. The analysis of the nutritional values (protein, fat and antioxidant) of the product were
analyzed. The result showed that the seasoning powder has the highest values of nutritional values
which were 43.80%, 19.24% and 3.72 pymol TE/g, for protein, fat and antioxidant respectively. The
furikake-rice seasoning sesame-seaweed have the values of protein, fat and antioxidant of 29.90 %,
9.72% and 1.79 pmol TE/g respectively. The garlic flavor has the values of protein, fat and antioxidant
of 31.70%, 20.51%, 1.96 umol TE/g, respectively. The developed product would be continuously
produced in a commercial product for the local community since the fermented soybean products

have high amount of nutrition especially the protein content.

Keywords : Local Fermented Soybean; Seasoning Powder; Furikake-rice Seasoning; Antioxidant

* Corresponding Author. Tel.: +669 3954 1462, E-mail Address: sureewan@rmutl.ac.th



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 175

1. unun

fundoadufisiigauldfenuainieinis
ynnunglann Wiy aslulawse leenms waaidew
weaneasa wdn luozdu In10ud 1 Infud 2 waz

a

Anfiud 12 Wudu [1] arsomnsfidrdgiaavesily

oA

nsznad fe TUsAu 1lesannlusiudlsandandy
Tsuifisagnninlusiuandad ssdusznauma
mﬁﬁumﬁ"amﬁmﬁmmme(;iwf'fwfuﬁuLma'm,wwﬂqﬂ
ulneiadouds drlesiusznaumand feil Usina
autiuderay 6-10 TsfiuSosas 37-45 uarlutudes
az 19-22 Tnslawizog1edaduvdosiudiiutud
Uhinalusiusnnnindundesaeiusdudosay 49.5
warduTunaleduinindesas 5.4 2], [3] wenani
asomnsluidselumsnszdunisainaeadnszgn
Jasiunisviauaadeulunsean wagdnrgelssam
wargaulddpansinuauyadase lakn Isoflavones,
phytic acids, saponin g oligosaccharides ans i

a

Ustloghimaniasiivsunandiuuiniuiioniy
ﬂizmumwﬁﬂLf‘iaqmﬂL%aﬁgﬁuw%'éﬁmﬁwﬁsiaaLma'q
pmnsviliAnansdfsevinanisudn andusa
nglundaznandast uarldasormsitiiuunniy
Wy wanAsEmdsinviedain ide wad
52 Judy (4]

N P

fuudaaminused i dunds Susinuiio

a

vosnradafimuinianaideyyrg1adiun

Y

o a

fenendudefiuin Wetuinfiduiuiauiainin
vy luefndaninasduvesussannisinglazas
(Wudosdun9) weaneduvesussanmsuang,
uiln windlesuny3 Wedln [5] doundaunud
fouuslnalaeialuluanniawmie wu Fodlu
Wease 1w 61919 wns uazwigesaou agld
Dueiesugssaluonmsfiuiiies 1wy vuudu (h
[e7) dwdnges iudu Srvdemiindueimsiia

I

@mﬂ'ﬂmqlmmmsqq ANSNARDILUADINING 2

wuu Toua nsndawuudundewminden wazdn
widsandnuuuudy lun1sudndadndunismin
wuusadn Tdefiflegudlusssund 9nsieay
nMsidewuigaunidfiiedefonuniieluita
Bacillus wfinveuuaiideludvarinulunsyuiuns
wiingan 1dun B subtilis B. licheniformis B.
thermocatenulatus B.  pumilus W a ¢ B
megaterium fin1s31BaIumuITenguduTuiy
WU lactic acid bacteria LLazLLUﬂ‘ﬁL%‘Eﬂumjm cocci
Adaszyvialaile Ao B. ssp. Sunumdndnly
nszurunsudnda Tnendneuleduldlunis
gaelusuludundes uaziiaruannsalunisnda
ulgfldnaresiniiddy e oulvdlushiea
(Proteases) lunsguarunisgeslisauazlaldlng
droduq waznsneziily uenand Juildiie

a a

a1sUseneviediudassluguvesndauanluiiey

o

waziduamnddgyiviliananudunsa-ae (pH)

<

v
=

y93iLUEiANg9T (Alkaline Condition) wadina
Aen1siUAsuLasraantAIIN s NLAT ALIAN
MLATUINSVOIHNARS U [6]
wanandnurlulszinalvewdadany
nAndugidnndsminludnuateuszina Lawn
Natto ¥o4UsinAdUu Dawadawa n3o Iru a4
UszinaludiSeuazdnnaneusemalunilduensnn
Kinema vesUsginAdutfguaziuUia way
Chungkukjang U09USELNALNITE WAAINNTITULN
fandes azldarsinien %aLﬁuwaéﬂQmﬁﬂ
Polyglutamic Acid, PGA) weaduasan1lsa

v ea

(Polysaccharide) wazuouluiiy Unalinanani

19findu wazsawamduondnseal [7]

Yagdumnufisulusmsiiudiuvesauguy
Iniildantiopas Snvisnsdunengilyyiviesdiuf
Llidunaulavesausulmiifiosainnszuiunisuan

{ o v A

dudounazeen wasNd1AyRosnAnansioeien



176 2158153V INIUSS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

TLifunuraula n1ssuysenunaznisiandisunlu

Nunnrawmtiededivuilduanas wisg1alsinny

a o I3

nandugyialliuselovduazananilavsuinis

a9 adifineniiisesweiazianiaundundnsioe
Wiuadeidinfvgaaiedagiu daduanuidelied

€

]

ngUszasAtunisdneiaudululalunisiaun

v & 1% Y = o

5Wﬂm‘%DNUEQS?{LLatNﬂIiEJ“U'l’J‘\J"Iﬂﬂ’JLMaBQ%M

>
)

v N O ' o

Nutrunsedn Whlundadusfwmunzaudiudo

e

FinvesnugaUaqiu wasinsigRnuAInig
Tnvunmsuazquisdnueyyadassiitedunuimaly
nsnandundn SusiludlFiunde Susiduiy
Mamie

ada v

2. sEeUl9798

ada v

52108175998 (Research Methodology)
dmsunisAneniuiadu 3 duneu lauwn n1swaun
nanAnansUesanaznalsedindmasandn

¢ LY

N5IATIZAANEANTANIINIENTNVDINGNTUIN Uag
NMTIATIAAMAMIENTUINTVRIHAR U9

[ a [ (4
2.1 ﬂ'ﬁWGM‘U’]Nﬂﬂﬂm%ﬂﬂﬂiﬁ’iﬁuﬁ%ﬂﬂiﬁﬂ

129 ndmaensin

uwlsnsnmassesndy 4 Tuneudos feil
2.1.1 mMsw3eudundemisinauui

Frmdominituthundodad-lunisine

adsilldsunnuoyemginnuinmuesde sune
w3 Yaiededlnd Seiidnvazifudandewmdn
WHUIUIALEUEIUNATS 127-152 Tadluns wun 1-
1.5 fiadwns dwiniade 20-22 nfuseudy 1
auduBudueassenay 12.98+0.59 Tngthwin
(35U 1 n) thiwdsmsinudusnyhniseuusiedie
Aovanfouguugll 130 esmgadua Wuian 35
undl [8] TnenAndnsifinuduanting 4.65£0.19
Tngtwiin (3U7 1 9) nduiidandemiinusiy
auutsvnsuassasestuanvuinyia 2

Tuie %o PHILLIP (74 HR2118, Useinelne)uas

MUTBUNIUALUNTIVUIA 40 WY UTTUgeTUFen

wiulilulogaauin

3UN 1 n) padniuduusu (§3111) noweuuns )

DININAUT UL (E19411) NHIDULIS

2.1.2 MIANYINITHALIGATHAAS aIHIUTeTd

waznslsada
ihiundemsinfiutuiiiiunseuwsisly

Fumeuusnuds s dunsgssauazeslsedn

Tngludruvensugssadiuwaundunslgsasa

v
U a

dady osnnuszlewilunsiiluldveduilan
Aourluugssaluomsiutudsnsyiiluguuuuns
vliAnamazaInundy uarludiusendlse
417 thaniawndu 2 gas fe san-amde wagsd

NOU-NTELNEL

A1319% 1 §RT1AIUNANNITHAILIANTRIUTITALAY

HAlSEUITEN-EUSY

s (Sovaz)

daunan  gasdnede  gns gns gns
[9] NAABY 1 NAaY 2 NAaas 3

HnouLi 17 - - -
HIISTNOULTH - 25 30 35
Niakilele! 20 25 25 25
Nalog 20 25 25 25
%I 3 13 8 3
henanseus 6 9 9 9
wndetu 2 3 3 3
51 16 - - -
ih 16 - - -




RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 177

M15197 2 SATIAUHANNITHAUGATHINELT8 7

SAvaU-NSELBY

Usuau Gaway)

daunan  gasdede g gns gns
[91 79a89 1 Y1089 2 VIAAB9 3

HemsTne UL - 25 30 35
ouaIgIvu 25 29 24 19
nszieudy 25 24 24 24
wsnUu 25 2 2 2
TUsAunEns 20 8 8 8
e 5 - - -
Yrpansiewn - 9 9 9
wndetu - 3 3 3

IUﬂqiﬁwqum‘iiaﬂﬂ-ﬁﬁﬂﬁl’]EJ’]’]\?LLN‘UH’WVW]@EN

WUU Mixture design 1agvinnMSRULUSUSHIUHSE?

a A P

winauwiskazanine lnglivsunaingivdunas
waziUSeueuiugnIanauidendsedniaindn
adn [9] deuandlun1sned 1 uazlunisimungns
= . . °
WAIIIUKUNITNAABILUY Mixture design tagyin

o t% a

NN ULUTUIUURRN TN O UL A S RDULALI Y

a A

YulaeliuSuiuingAvdunsiiuazyiinas

wWigulgununanduansnainsaulsetiily

719981 8 lnglng AwandlunisIan 2

2.1.3 mnadaunseausulundniuineUsasd
waznalsednr
Mn1snageun1seauiuvesduilanse

WandineUTesauarnalsedilae 1435013

Usgiliumeusvanduda lng11aunun1snnass

bUU Randomized complete block Design (RCBD)

AITUUUNAADY 9-point hedonic scale (AzLUY

Wity 1 Aelsiveusnniian azuuuiniu 9 Ae veu

unfign) dmunsUgssanaaouiugnaasud

a Y = o & v °
‘UﬂﬂﬂﬂﬁmaENmmLUuNL“U‘En‘MEy,muiu 15 Aau

Y

wagnalsed1adia 2 savd TS wauinaasunds
fuilnaialuitonun 50 aulasgvaaouasldsy
Megrmaninginedsetisan-amiguas savon-
nssifiouia 6 gnandoudu wisulnedindsedn
Agniutaslugnsdiu 1 1 3 daunaingnaan

ma1nunsukaldsrluyseiiuminuveulu

—2

2 =

UANWUTATUT NAY SAY1R (Uedudd way
Auvaulaesn iteyailaliuszanananionis

IATILINIEDR

2.1.4 M3ATdayaneadn
nMsiRsziteyanvaiflagintoyananis
nageumIUszanduiavenalseiinnduvies
niinuns vimsiaseideyalaglilusunsy Excel
(version 2010) lngdiAsgsinnnuudsUTINYRIUBYa
(Analysis of Variance, ANOVA) WaztU3guliisunanu
uANANSTBIARAEFETE Tukey's Test Wleliignsi
ffianvesis 3 wAnsusiudatuneudeluia
wAnAuTlel U einaaNTRNIInIEnw A

MElAYUINTT UazanSAueLYABHTY

2.2 MIAATIAUFNTANINIEAIN
2.2.1 ms¥aSanannudy
¥nsmsinssiusianuty (Gepay
Tnethuwinideon) Tneldiasesinaudiu (Moisture
Analyze, MB54, OHAUS, Switzerland) 1@ &1
Fegne s1uau 1 nda Tdadluedosinaudy (o
MRS 3 Srrendlaiindn) wazUSusaanis
faruiudl gomndl 105 esmwadea s1uAud

YINISUUNNEE

2.2.2 m3¥aSunanindase (aw)
Sagao1nseetnA1USutdasy (Water

Activity Meter, Novasina, AW Center, Switzerland)

Tnotnsdundominuuunniuldaslunszuen

Uszanal 12 v03Augevesnszuen uazldadly



178 2158153V INIUSS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

5097AUSHN N BESE SeuLATRILARNIAATALe
99891530 3 Grsenilaiienge JuiinAiaule

LATTNUNTALREAY

2.3 MIAATIERAUAINITNYUINITUEL
avisduayyadase
2.3.1 nMsmUsanalushu
nsiaszimusiadulasiaunanaald
ITimanvia Kjeldahl Method (AOAC Method
928.08) Ian 151619819 0.50-1.00 n¥u Tdaslu
Kjeldahl Flask taunsadaia3adudy (H,S0,) 20
fiaddns Urlugesluim3es Kjeldahl Digestion
apparatus Qm‘wgﬁ 400 earnaifiea uiu 2 Hlus
suldarsavarelaiun 75 fadans anduih
arsazanedildunfunsaueda 50 fiaddns adlu
Flask 9u1m 250 {iadans nen Mixed Indicator a9
10 4-5 nea in1sndu 1 Falus wdnhlulnne
funsaindennsgiuauasazatsasuduing
wagyinn1sininge blank AruraUsurulusau

(Convection Factor = 6.25)

2.3.2 msmUsunealugdy
Ysunalediulundnduginsgesanasnalse
F1r9ndnndenininszilaeldis Soxhlet
method (AOAC Method 963.15) aufaag19lilii
FauhudnghogrefioundiUsyana 2 ndu (A) Tdlu
nszAYnsefinswtwinued 1 veliiseudes
suvnfunaulfusieii 100 ssrwaldod wiu 30
Wit Rl Suugdaadmin (8) seviafunauidn
fUszuunau Soxhlet LAu Dichloromethane
Uszanay 250 fiadans udadufisliuiu 8 4alus e
nduadandn thsetanazaadunaullaudi 100
parwalTea w30 Wil felilidundtaimen

(©) AmurUSUuSpuaryee v UaNaNN1S

Usinadlusiudesaginetihmiin = [(C-B)/A] x100

2.3.3 mennevignidiueyyadasy

nsinainisatueyyadasyldis (2,2-
Diphenyl- 2- picryl- hydrazyl ( DPPH) Radical
Scavenging Activity Method [10] Tagii1§29814
AR S ugiNaUTITALAENalIeT1IN7 1 NN S
d1982878978N1SNANNAU 60% EtOH 10 fiaddns
\W38NA15aza1e DPPH: Tris Buffer : EtOH (1:1:1)
Tineduseg RuaIsazatgfnaUsuiu 1.8
fiaddns aslulunaendiegisuasuinsgiu i
USunsaniine 2.4 fiaddns fliluresdalalilay
wasigaumaiiviestu 30 nduiluiinsesing
@mﬂﬁuLLadﬁwm%‘m UV-Vis Spectrophotometer
(Perkin Elmer Spectrum Instrument, SP-UV-200,
UK) finuenandu 525 unluns waeldansazans
50% EtOH \fuansazatunsgiu andusiuin
%DPPH Inhibition 91ngn35

%DPPH inhibition

control ~ Abs
Abs

Ab.
— ( S sample ) X 1 00

control

3. an1sAneLazaAUsena

nan1sAnwwanady 3 dw ldwn nsdnw
nsWaUINAn ugNIUTeTa waznalsednIsasn-
avsglasaveN-nIifiey Kan1sinAuantanI
menm Tiun USinamnudiuasUsinanidasyly

f0819 ka3 InAMAMItATEINIg

3.1 NANISNAFIUNINUSLANNFUNANA AN UINNS
U3958 welsgdnisaen-amieuazsanay-
=
nsefipy
NANTSNAFBUNIIUSLANAURANERNA U7
Wi mENNUUIUUTITALERAIANT199 3
PINNANTNAFBUNUTTAMNTUTANIUTITA WU

AUStnAlIAINYOUANUE NAY TaR WarAINYOU



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 179

TngsiuegluszAuveuisreuliunans lnediasuuy
\ABRgsEWIng 7.00 f4 7.85 Fsfiodnflazuuniigy
HAN1SNAdRUNIUTEAMAURanslse A
e 3 gns uanstaunugiloussun (519
4) MnsunuIEveaeuTlvinuve Ukl set1Isa
s-amieia 3 gns eglussiureuidntesfvrey
Urunaneiis 5 audnuusinaaeulnedaziuy
lug9 7.10 4 7.46 UagiinuyauAIUAILYOU
Ineymeglutag 6.66 f1 7.46 Aelrnureuintios
favunans Tnegasiildazuuuainuveulngsiu
g9gn Aegnsil 3 ilevadeuAINLANANINISARA
WU gjmﬁ 3 fiAnuuanaNan Ao sltedAYy
(p<0.05) 91ngsT 1 uaz 2 uansingmaasud
ANUTBUEATT 3 Inian wazwugmaaeuTali
anuvevlugasi 3 gendn gnsil 1 uae 2 Tunnq

AU

A13197 3 HaAzRUUNIINAdRUNIUTTAMEUNE
YBIHUSINANITIRoNIUTITAIIND NGBS

PINAUUILD UL (n=15)

- . = . AuYeY
AauaNUR g nau SEUR
Tnesau

WUesd  7.20+0.77  7.40+0.73  7.00+0.53 7.85+0.36

e duaviivandlunsiaduaiadsanineaoudui

& v ° oA
L"LJUI}JUL”UEJ'J‘U%Ujﬂuﬂu 15 AU + ANUVBILUUNINTZIU

A15199 4 HANISNAFBUNINUSTENNEURFNILTEU
AN NNFDINTNANUTIUDULIITAIN-

A58

gns q nau AR W Auvey

dund  Teesou

=

6.04+0.95% 5.98+0.92° 6.70+0.98° 6.64+0.99* 6.66+1.15°
6.08+0.52° 7.06+0.90° 6.74+0.82° 6.86+0.80° 6.84+0.73°
3 7.10+1.52* 7.44+1.40% 7.44+1.56° 7.28+1.29° 7.46+1.48°

N =

NUBIA FIBNYINBIINuNMiuAiukansiniiaig
o | S o o aa = Y aa
AsnuegsiidudAtyn1eaia (p<0.05) Wovadouniedd F-

test WUU one way-ANOVA uazdnngulag Tukey’s test

A5199 5 HAN1SNAFIUNINUSTENEURRNILSEU

ANONA DIV NNUTIUDULAIT AN DLU-

o
NITLNYU
gns bl nau saYR Wie AMUYDU
@ dura Tngsau

1 5.08+0.52° 7.06+0.91°6.77+0.82* 6.64+0.80° 6.84+0.73°
2 6.064+0.96°5.98+0.93° 6.70+0.99° 6.64+1.00* 6.66+1.17°
3 7.40+1.56° 7.20+1.08 6.96+1.26* 7.08+0.96° 7.44+1.01

N FAI8NwINInguiiiuaeiulansinialg

v o W

AariuegnieddyneEdn (p<0.05) Wenadousieds F-

test WUU one way-ANOVA LLazﬁ'@ﬂaluImEJ Tukey’s test

NanSYIRaeUNSUsTa AL AN
Arfandmiunslsednsanes-nszifion wanads
M7l 5 MngUnuIEneaeuialriauveusslse
d125amou-nsziiioudis 3 gseglusefuroy
\dntlesdaunandlaeiinzuuuiadveglutis 6.04
fla 7.44 uazwuingns? 3 Id¥uazuuuANLTEUES
ningmsd 1 uaz 2 Tuyng fu wazdianuunnsing
neaifedsildedAy (p<0.05) lnsdazuuued
Tu29 6.96 88 7.44 UarllAzUUUAILYOUTINGIER
7.44 aziuidveageuduliinzuuuanuveuluans
fi 3 gegavhs 2 savdidesarnludundeaniin
aulsildrulszneuresnsangniin (Glutamic
Acid) [7] Fafimnudusiusfunissusa gundl azvin
ThAnsaguniiiutuinvilosadue [11] Tnegasi 3
fUsuudnndemtnufauniian Jeinanis
goufunsUszamdudags Ao vauuunans Faifu
Jadongns 3 Wugasiuanzautunandusinlse
415a9-amIneuaysaven-niziiisy lagd

AUUTENDUVDIN AR DI NLIINIS DAY 35

3.2 Han1IATIERMENTANIINEA WK AR
HeUged HelsedTa-amseuassaviay-
nssiiiey

naNIINageuNIUsramdudanagla

AndenansiaTiandegnsn 3 Tududuty Jalatimng



180 2158153V INIUSS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

LsednuaznsUgesauinnaantinianienin laun
USunaumnuduskasUsunatndaselusings wang

o q‘
PNRITNN 6

A15719% 6 @mauﬁ’amqmamwmmmﬂs;qsa HAAN

1589717319 NRDIVI NN LTI UB UL

fiaodng Zowazaanudu  USunauindasy
gaulen (aw)
ANUPRPL 4.84+0.48 0.28+0.01
nelsedna9e9n- 4.45+0.25 0.26+0.01
awmse (gnsi 3)
nalsgdisaneou- 5.39+0.15 0.33+0.01

nsgiiew (@asi 3)

o a = ' a
RUYLNA suavnuanslunisiaduriadeainnig

nAaes 3 91 = ANJesuuIATEIY

HANITIATIEVAMANTANIINIEATNYDIHS
U595a waznalsed1asan-amsnuuassanau-
nsgifioy 91ngasiilafunisseuiuniaszay
Fudfagaanio gnsil 3 wuUImmautulag
drninilenvesnsUsesa uazaslsediisa-
avIneuaysaeu-nseiisuiiaSesay 4.84 4.45
wa 5.39 muady Weinnsananusunanihdasy
(a,) NUINIUTTE walsedITA-amsIeLaL Sa
weu-nsufipuiiuunaniidaseian 0.28 0.26 waz
0.33 AUAIPU LU INSlsEINITEVEN-NTEBuT
U%mmmm%uuamfw%aisqamf’@ﬂ 2 wanAua
Lﬁaamﬂ’Luﬂﬁﬁwmﬁ@umqmﬁ?ﬂugmﬁummka
Frsaven-nsufouiidiunanunsrdaidininuiy
gesanegie laun nsuiileaded Juilvrnuunm
BT I AT et R V’T’aﬁiumiﬁwmqméfm
fansandadiuliinuizaunie agrelsAnny
NARSueine 3 wiefiuSunanindasedinin 0.6 49
Julumudeinunuinsgrundndasigus [12] i
ssualiiduashanluemsfideqdunidanusn

wanldiiewsayivlauazldlumsiiaujisened

A9 Wunismivauuasdesiunisideudsves

9IMNINANTUINERYAUN3ELA [13]

'3
3.3 Naﬂ'15')Lﬂi']Zﬁﬂmﬂ’]‘lll’]\iiﬂ"llu’]ﬂ']il,l,axq%ﬁ

duayyadese

v o

mginguszasdlunisdvasulviguyuinly

Jundaduaiiion1sAdednluedeBandesdings
AasgviguindnruINIshargsAUeuLABaTY

YeUITakarRalse 1N ImdRmnuTu

v o

DULMIN AN WAL TABNANITILATILALEAIA

Y

AN5197 7

A131991 7 AMAINILATUINITUAENTATUBULE

Y

o

daszreniUTasanarnalsed1ina

LAADIUENNUU WO UL

AMAMISLAYUINTG

quiagnu
ZRGERY Tushu T oyadase
(Sovaz) (Sovaz) (pmol

TE/g)
N\‘i"d?\ﬁﬁ 43.80+0.01 19.24+0.04 3.72+0.05
nilsednasa 29.90+40.60  9.72+0.15  1.79+0.04

1-dUT8

nilsednasa 31.70+0.05 20.51+0.67 1.96+0.15

yOU-NTLLE

o a & 1 5
NRU8NA faruanslunsaluatadsainnisvnass 3

91 + ANTERUULINTFIY

INANTNNUIINIYT958 HalsediTasn-
amsBLaLTANeN-N TN ARAUINI1 NN
wassndfnfiutufiuiualusiufesar 43.80
29.90 war 32.70 aua1du lngrsUsesaduTuim
Tusdugsamideanniiumadivaomsinasgaan
waznuIdundemsiniusuialusiuganing
wdesitliiiunsvsin iesnnszurunismsingh
TAnoulesifiadsiuanqdunislunguundada

(Bacillus sp.) lngtamgteuluilusiloangosaay



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 181

Tusuliidunsnogiily vinlsiusanalusiugedu
ATLAY [2, 3, 4] 59989UNABHILTEV1ITANDYU-
nsziion 1iosnuslsedisanen-nzLitond
aeAUsEnoUvRslUsAuNYATTalluTIalUsAuge
ndmalsedisan-amane dnsuvusuialeiu
wudmalsedasaneu-nseisy Tusunaludugs
n71 WeU3e5a waznalsedisan-amsieiiuunu
lusfudtgn Ae¥ouay 20.51 19.24 uay 9.72
awddy ilesannlundlsedisanen-nsziiond
dhulsgnouvemouuandedaiiuiianiiuegds
vilsiuiualesugeniindndudivindu diu
UszdnSanlunisiueyyadasyinlagldis DPPH
Radical Scarvenging Ability uazd1ulailuguves
pmol Trolox Equivalents/g WuHAR ST 3 3
UsgdAnSamnisiueyyadaseegluyie 1.79 -
3.72 pmol TE/g ddlndiAsafuayulnsineussian
nvlas luine uesu (Oudu (14 nadgesadl
UsgAvBaimnsinueyyadassgeninnandueisu
seaanlaunn walsednisaneu-nIziion wagsan-
q111378 A1ud1eU laeliawvindu 3.72 1.96 uag
1.79 umol TE/g Lﬁaqmﬂmﬂqﬁaﬁﬂ%mmﬁmd’au
yosiunsganinndasamian 2 vin uazlundlse
saveu-nIeieuiiesnUsEnouveviaNuAdIYn
wazduSunaludugs Fadululainuszdnsninnis
fueyyadaseiiginitwslsediisan-amsieun
MnUsiusuluesdusenauresvanua i)
\esanihifuiinfiuddaduarsiuoyyadasy

LUy [15]

4. a3y

1INASANEINISHAUINAN AN INUINND7
VARDINTNWUULHUNUIN DLNABINLNLUULNUN
Juglityarvewniduiudulunawmie awnsa

Prunasdundnsualndviuatvaussdoniny

Fosmsiiasuuiasesiuslaalugatagdiu 16 2
HARAI LauA NARANTINGUTITE LasRAn NG
158917 %ﬂmﬂﬂ1iﬁmmgmmamffm%miw%ﬂé’
naaesld 2 5a1R LauA Sa-8119Y LagSanou-

nsgiteyn wudrguilaaliazuuuniiuveveyly

Lo

sEAuAUYEUUIUNANNENN wazauauTRn

Taguinsiulusiu luduuasgnssueuyadas

ee

aglusEAUgeTuinINN1THIUNTEUIUN TN 8l

Usglovisoguslan

5. NAANSSUNUSZNA

nuATeilasunuatdvayunels “lasinis
21915891n 398N ny (New Hands-on Researcher:
N-HR 2016)” U311 2559 31naa1vuldgnay

WAL UAINGIFENALULATTI9LIARAIUUN

6. LONANTD19DY

[1] Nutrition division, Department of health,
Ministry of public health, Nutritive values of
Thai foods, 3rd ed. Bangkok: The War
Veterans Organization of Thailand, 2001, pp.
15-20.

[2] J. Japakaset, C. Wongkhalaung and V.
Leelawatcharamas, “Utilization of soybean
residue to produce monacolin K-cholesterol
lowering agent,” Songklanakarin Journal of
Science and Technology, vol. 31, no. 1, pp.
35-39, Jan.-Feb. 2009.

[3] S. Vongpiphan, “ Development of functional
food from  soybean  yoghurt  for
menopause,” M.S. thesis, Dept. Food Tech.,
Silpakorn Univ., Bangkok, Thailand, 2007.

[4] N. Rattanapanon, Effect of processing on

food and nutrition in food, Food science and



182 2158153V INIUSS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

technology, Chiangmai: Faculty of agro
industry, Chiangmai University, 2000.

[5] T. Runnum. (2014, October 15). ThuaNao:
Lanna local wisdom food. [Onlinel.
Available: https://www.stou.ac.th

[6] L. KeShun, “Chemistry and Nutritional Value
of  Soybean  Components,”  Soybean

Chemistry Technology and Utilization, L.

KeShun, New York: Chapman and Hall, 1997,

pp. 25-113.

[7] E. Chukeatirote, S. In-khian, K. Dajantaa and
A.  Apichartsrangkoon,  “Thua  Nao-An
Indigenous ~ Fermented  Soybean  of

Thailand,” SWU Sci. J, vol. 27, no. 1, pp. 197-
213, Jun. 2011.

[8] S. Rajchasom, J. Vuthijamnonk, N. Seelum
and S. Takornkwea, “The study of drying
condition for local dried fermented soybean
(Thua Nao),” International Journal of Food
Engineering, vol. 5, no. 2, pp. 116-120, Jun.
20109.

[9] P. Kaewsritho, N. On-Nom, U. Suttisansanee,
T. Winuprasith, R. Chamchan, N. Sriden, A.
Aursalung and Y. Sahasakul, “Development
of healthy Tom Yum flavoured rice
seasoning  (Furikake)  from  vegetable

powder,” Agricultural Sci. J., vol. 49, no. 2,

pp. 165-168, Jun. 2018.

[10] W. Brand-Williams, M. E. Cuvelier, and C.
Berset, “Use of a free radical method to
evaluate antioxidant activity,” LWT - Food
Sci. Technol., vol. 28, no. 1, pp. 25-30, Jan.
1995

[11] P. Pornchalermphong and N. Rattanapanon.
(2010, May 10). Glutamic acid. [Online].

Available: http://www.foodnetworksolution

.com

[12] Thai industrial standards institute (2005,
September  10).  Community  product
standard  Thua-Nao  Powder  [Online].

Available: http://app.tisi.go.th

[13] R. Phongsawadmanich and P. Vuttijumnon,
Food product shelf-life evaluation and
extension, Bangkok: O.S. printing house,
2017.

[14] A. Halee and B. Rattanapun, “Study of
antioxidant efficacies of 15 Local herbs,”
KMUTT Research and Development Journal,
vol. 40, no. 2, pp. 283-293, Dec. 2017.

[15] World Health Organization (WHO) Food and
Agriculture Organization (FAQ). Vitamin and
Mineral Requirements in Human Nutrition:
Report of a Joint FAO/WHO Expert

Bangkok, Thailand, 21-30

September  1998. WHO,  FAQ;

Switzerland: 2004. p. 341.

Consultation,

Geneva,



RMUTP Research Journal, Vol. 14, No. 2, July-December 2020 183

http.//journal.rmutp.ac.th/

LUUINaaUUSZANSNISUNTAUTUA1SUNITDULAITUUIIVDY

Y = | v dl v 1 1 1 =
Y1UaNAYLATDIDULAILUULUIN U AU T

(% a a

AN FSSEYEINT ASA ganwal* war nIY Insauyseal

dindvienssumans wninedemalulagasuns

111 UUNMINGIRY FAUAGTUIT BLNBLIBY JniAUATII¥EL 30000

SUUnAI 25 NUnIUE 2563 unlyunaaiu 26 AN 2563 neUuunAIM 15 Aueg 2563

-7 1
UNAnga
SUITPUN AUV VTN I AFUUTEENTNTUNTANUIUE NS UNNTO UMM TU U989 UFBN

Aglasesaulawuuldnunaudaselugduuului Ingeanuuvasrauniosauuieiaina1iiiionanaeena

FauUNaFanNIseuwie elddeuludnsnavresgmniianseulugag 60-150 ssrwaidua wiadrdden

'
a =

Sudu 5-15 Alandu wazanuiianieu 19 wasdedudl nauandiiiuitgunglaudougluuasuig

o o o

Tdenisusuanasdsmalinaneuwisanasegaidoddny nansvaassgninluldasuifivuuuudiasinis
puwstuusifeuldiusnaunsuats 12 wuudaes omuuuaesiiungan lefinrsananesnd
dereInUARIAAAUitdenads (RMSE) Allafddes (x2) wasedulsyansanduius () deRansan
TadvisnavesgaugiiaufounazatatinudenFudu lugunuudadunuiuuuiiaeseuuiaduneiidenld
ansaiuenavesdnTdmaudulduiug Taglfnnuusiugigageil RMSE=0.0279 %2=0.00084 way
r=0.9938 uananimanisnaassigminluliduaseimduyszaninisundanudulugunoulvadidu
flafdurosnatniudendudu guvnfiaufou waznanauwis uwudassiivamitusgluguiladduiond
Tnuudsafivsznaufeaasiiuuuiaeufivsdu 7 & e luldsaomasnidunrdu nuild
anuwiugisuviuuudassidenlifiusiudigean ddldeasiuuudianddis 24 # Taglvrranuunnsing

YpIaIaDINYIToEay 1.8

AEARY : WWIBIRULTIL LU IMUMEUETE; N13RULIRTIUERN; LUUTIARIBULIRTULNY, BR3TdU

AMUTY; AUUSTANTNITHNSAUTU

a da & a

* giawusussarmeu ns: +668 9765 6526, luswaldaiannsaing: keerati@sut.ac.th



184 2155153915482 398 uns.wszuas Uil 14 aUuil 2 nsngIAN-5uatAN 2563
http.//journal.rmutp.ac.th/

Diffusion Coefficient Modelling of Thin-layer Drying of
Paddy Using Spouted Free Fall Bed Dryer
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Abstract

This research developed a new model to determine the moisture diffusion coefficient for
the thin-layer paddy drying with the spouted free-fall bed dryer. The design and construction of the
dryer was done to experiment with the drying kinetics. The experiment has studied under conditions
of hot air temperature of 60-150 °C, the initial paddy mass of 5 - 15 kg and hot air velocity of 19 m/s.
The results showed that the higher hot air temperature and the lower initial paddy mass resulted in
a significant reduction in drying time. The experimental results were used to calibrate 12 of the most
popular thin-layer drying models to find a suitable one, considering based on the root mean square
error (RMSE), chi-squared value (2) and the correlation coefficient (r). It was found that the popular
thin layer drying model was able to accurately predict the effect of the moisture ratio, considering
both the influence of hot air temperature and the initial paddy mass, in linear models. The highest
accuracy was RMSE = 0.0279, ¥2 = 0.00084 and r = 0.9938. In addition, the experimental results have
been used to synthesize the new diffusion moisture coefficient, which is a function of initial paddy
mass, temperature and drying time. This developed model was based on an exponential function
with only 7 model constants. The simulated results observed that the new model achieved the

average error only 1.8 percent compared with the best model that uses up to 24 model constants.

Keywords: Spouted Free-fall Bed Dryer; Paddy Drying; Thin-layer Model; Moisture Ratio; Moisture
Diffusivity Coefficient
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ATy Tnefiansanann Fick's Second Law 71l
AunnsnarelunsguIunITa UL 88u8n1s
LﬂﬁauLLUaamm%umaiuia@ UVUANURFIULAR
Frudunsenay ﬂ']ﬁLLWi'mm%uaﬁ']Lauaimqﬂ
g Adudszanansunsaudunai Lidinns

WA [15], [21] aaunisii (2)

o _, [om 20m
ot T\t v oor

Taeh

M = e 0AU ((INTFIULRY)

roo=5as (wes)
= nanauwkna (uni)
D . = d&UsganNSNSEnIANNTY (AN519URS/

eff
Fun9)
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meldanzisudunasanzveuian [16],
[21] M(r,0)=M,, M(ro,t)=M, waz dM(0,0)/dt=0
wateasgUThlufidudadsuuiunsiwindn
wuunsanausansluaunsd (3) neldanuduiug
484 Arrhenius (1899) [9], [11], [12] Fsl#tinLaue

a

FULUUYRIANUTEANTNITUNTANTY Aeaunsi
(@) [22]

Deﬁ,n2 7t

2
r

o

6 &1
MR =—>» —exp(— (3)
- Z; 5 exp( )

P ° 9 ¥ o v v a
19190 1 LL‘U‘UT\]’]aENm"YWﬂuqEJﬂ'ﬁE]‘ULL‘WQGUTJLUa@ﬂ

E
D, =D, exp(- RTa ) (@)

abs

Tnedi

MR = $ns1dupnuiuads

ro = SAiveaudndn (Wes)

D, = &uUssansnsunsmad (ans1amns/Aund)

E, = waenunsgiu (flaga/lua)

R = fasivesia (Alaga/lua-laadu)

Tus = anuuniduysalvesansou (1Aa7w)

9 Y Y

No. Model Name Equation References

1 Newton (1921) MR = exp(-kt) (41, [81-[12] , [141-[16]

2 Page (1943) MR = exp(-kt") (4], [8-16] ,[21], [22]

3 Henderson and Pabis (1961) MR = a exp(-kt) [4], [8]-[12], [14]-[16]

4 Two-term (1974) MR = a exp(-kt) + b exp(-gt) (4], [8]-[16]

5  Wang and Singh (1978) MR =1+ at+ bf [4], [8], [10]-[13], [14], [16]
6 Logarithmic (1984) MR = a exp(-kt) + ¢ (4], [8]-[15], [21], [22]

7 Verma et al. (1985) MR = a exp(-kt) + (1-a) exp (-gt) [8], [10]-[15], [21]

8  Modified Page equation Il (1993) MR = exp(-k(t/L?)") (101, [12], [14], [21], [22]

9 Diffusion approach (1998) MR = a exp(-kt) + (1-a) exp(-kbt) [4], [8]-[12], [14], [21]

10 Modified Henderson and Pabis (1999) MR = a exp(-kt) + b exp(-gt) + c exp(-ht) (4], [8}-[11], [14], [21], [22]
11 Midilli et al. (2002) MR = a exp(-kt") + bt (4], [8], [10]-[15], [21], [22]
12 Jena and Das (2007) MR = a exp(-kt + bt'"* + ¢ (101, [14]

dnsndiunduduiaie (udadiunis
wWasuuUaunaunluianfisuiunnudusudu 69
aun1si (5) [21] Arpiuaunavesiiuientd

sUuuUd1aes Henderson (1952) [4] Feaumsil (6)

mr=M=M. (5)
MO_ME
1
1| in(1- G
- n(1— RH) ©
100 G -T,,
il

M = ANNTURAETIATA Y (JIRTFINLY)

M,

M. = AnuuaALAa (WIATFIUUI)

ATLTULSUA (WINTFIURIA)

RH = anyududusing
C=-3.146x10° uay Cr=2.464 \Juarasiidniu

F1lden @uiuwdaiuildouwii) [4]

N1FILATIEINITUINNATILUTN9ATH
il snfiaesvosnunanAdouindiansiade
(RMSE) finansdalaiidsans () wasiinansds
FuUszansandunus (r) Faaun1si (7)-(9)
mudsu [4], [22] iewSeudisumuuusiaosiil

ANnukuglunsYuneNa
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N 2
Zi:l (MRpre,i - MRexp,i)
N

N
j (8)
N-z

Ni MR 'Mchp,i - i MRpre,i i Mchp,i
— i=1 i=l i=1

RMSE = (7

¥’ = RMSE? (

pre,i

r

AMR, AMR,_
9)
Lﬁj ?

2

AMRpre = \/NZ:: (MRpre,i )2 - (ZZI MRI”‘)’Z )

2 2
AMR,, = \/ N ZZl(MRexpwi) _( i[il MReXP,i)

Toedl

MRy = Ssndaunduildannsmaaes
MR, = Samdnnuduiildanmsiune
N  =dwudeya

z = U AWasuLUUINaDd

3. NANTSANHILAZIATIZIING
3.1 NSABULIIUNANISNNABIADE

LL‘U‘Uﬁ']ﬁB\‘iﬂ']'iE]‘ULLﬁ\?

HANITNAABIBULITIT1IUEondI8LAT 0N
suwiawuuinuvaudase Tuguanuduiusves
§ns1duAINTY @uN1ST (5) Autiano Ui
UM TDUWAL 60, 80, 100, 120 Uaz 150 84A1
waldea watdeniSudu 5, 10 wag 15 Alansy
AIsIaNseau 19 waseedund (gedydnuallugy
7i 3) nuindequunfionfeugeiu snsrdiu
AuTuanaeEsIngs vhldnainiseuurianas

[4], [5] insnzaaunglauSouniiugsdudanali

9 Y
3 14

AU UNRIUAALAWSIVY FAAAAIIULANAIIVDY

ATAIUTUVBIEUNTINAINUTUTENINIRILAE
@ ¥ o 4 d,‘, 1 Y @
Aelumdndny Flrenuduneglusnseanunlaiss
117U NSNLIaTIUARNSUAUAINALTLIAINS
AULTIUN LU IR UADNLSUAUNUINTY
AINARDILHLLIANVBIINTOUNITOULIINUIUTY 91N
szeznainsduiaseninauanildsnivay
Fouawas lagdnsdruanuiiuiianansigad

UM INBULIIEIAAFD 150 DeANTALTUE WAzIA

9 Y

v

FrdenGudutesgail 5 Alandu
nan1snaaesgnilulddudeyagauiiisu
LUUSIABINTOULTILUUTUUNTS 12 LuUsaes
(157971 1) Wemamsdmesimunzausanisls
A Tnefiarsanuuusiassiilien r Wilnd 1 uas
A1 RMSE uag x2 fnan fogrenaigungias
fau 60 semwaldod wradrnudenidudu 5 10
way 15 Alansy wanslumisnedt 2 efiasan
wuusaesilitufudvswavennadudensudu
(m) uwazgamgilaniou (T) wuihuudnaes Midilli
et al. (2002) fianuusiughitan [11] Tneflen r gegn
58M919 0.99960-0.99993 A1 RMSE Uaz 32 A14n
1319 0.00300-0.00941 wag 0.00001-0.00012
MUY wuUSIaesfiiannuulusdsudaunie
Jena and Das (2007) Wa ¥ Modified Handerson
and Pabis (1999) amuannu
athslsfmuiiolfanusaviuienansenu
vearegamgianseuunazaiadinuioniiudy
Amsfinesvesia 12 wuudiassgninludngy
prnaunass (10)1de Cidunisifimesaes

wuushaes 01 &, a, b, ¢ (@A31e7l 1)
C=C,+C, I +Cm+C,mT (10)

108 Cj, Cs, C; haz Cy 138n11AAINT99L U804
AIFURVUNTIAINITITADSANAUNITT (10)

N15ALNBSHARLFIILUTENDUMBAIAITILUUIIABS



190 2155153V INIUSS IV ums.wszuas Ui 14 aUuil 2 nsn)IAu-suI1AL 2563

4§ Fadusiuaudtailunuusiaesitanun
WINAU 4z §7 [ WULUUE1999 Modified Handerson
and Pabis (1999) AW1518LMa3LUUIIA04 6 & (a,
k b, g c h)3uildiidasiiuuusiaesiomn 24
¢ Judu
mimmmﬁLLUUﬁWaaaﬁﬁﬂU@jmﬂé’
Amsfimesimuizay 1935maAmunzausie
TUSULASUUUNLAY H1UTeATY Fmincon Taadans
AuniLanafaguil 2
nan1sAwaliAInfiLuusassimunsas
dmsunsazuuusiansanandlunisned 3 wudn
LUU91a99 Modified Henderson and Pabis (1999)
firausiugian Taglsian RMSE waze1 y2 mand
0.01860 ag 0.00039 AINEIAU A1 7 LU1AU
0.99719 d@runuusnass Midilli et al. (2002) T#

ANULUUEI TR

a

/\nput: T, m, t, MReg,, N /

Initialize: C=10" to 1, RMSE™?=1
_Pl Caculate: MRye pj=MRyodel1-12)
fmincon f°: RMSEqn=min(RMSE)
C=Cunin, RMSE®“=RMSE
Crrin=C(RMSEmin)

|RMSE- RMSE®°|<10°

JUN 2 AsildAnnamainsfiwuudnassiivagay

M19199 2 HANTINABINITOULMITIDUNAN 60 DerLTaTed

Y

Model z m=35kg m=10kg m=15kg

No. RMSE o r 7 r RMSE o2 r

1 1 0.01602 0.00028 0.99799 0.03001 0.00096 0.99457 0.01920 0.00038 0.99581
2 2 0.01438 0.00024 0.99833 0.02709 0.00085 0.99404 0.01629 0.00029 0.99701
3 2 0.01593 0.00030 0.99794 0.02400 0.00066 0.99512 0.01905 0.00039 0.99569
4 a 0.00728 0.00007 0.99956 0.01907 0.00050 0.99689 0.00637 0.00005 0.99951
5 2 0.01399 0.00023 0.99880 0.03620 0.00151 0.99347 0.01284 0.00018 0.99869
6 3 0.00909 0.00011 0.99931 0.02107 0.00055 0.99620 0.00806 0.00007 0.99922
7 3 0.00820 0.00009 0.99952 0.02014 0.00051 0.99663 0.00831 0.00008 0.99935
8 3 0.01438 0.00026 0.99833 0.02709 0.00092 0.99404 0.01629 0.00030 0.99701
9 3 0.00820 0.00009 0.99952 0.02014 0.00051 0.99663 0.01014 0.00012 0.99923
10 6 0.00640 0.00007 0.99966 0.00888 0.00013 0.99933 0.00652 0.00006 0.99949
11 4 0.00552 0.00004 0.99975 0.00572 0.00004 0.99972 0.00469 0.00003 0.99973
12 a 0.00612 0.00005 0.99969 0.00644 0.00006 0.99965 0.00466 0.00003 0.99974

31n3U7 3 wansauduiusvesdnsidiu
AUIUAULIANDULIAS WS ULBUTENINNANTT
naaswarNan1synunelaglviluuinaas Modified

Henderson and Pabis (1999) uwag Midilli et al.

(2002) WUIT9IABILUUINABIIMHANISHIUNE
A0AAABINUNANITNARDY LA8LUUINaDY Modified
Henderson and Pabis (1999) #iAnsusiugngendn

Tnendsseuay 2.6
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A15199 3 ANAINILUUIIRDILATHATLASIE VAL UE U IT U
Model Model constants
RMSE Xz 7
No. C[ C2 C3 C4
1 -0.01056 0.00034 0.00059 -0.00002 0.05261 0.00282 0.97804
k 0.00729 0.00003 -0.00045 0.00000
2 0.04353 0.00197  0.98457
n 0.65398 0.00608 0.02146 -0.00032
a 1.05768 -0.00104 -0.00429 0.00010
3 0.05121 0.00272 0.97874
k -0.00791 0.00030 0.00039 -0.00001
a 0.40824 0.01067 0.13148 -0.00106
k -0.00505 0.00015 0.00009 0.00000
il 0.02790 0.00084  0.99380
b 0.54817 -0.01030 -0.13173 0.00106
g 0.00507 -0.00015 -0.00122 0.00003
a 0.00378 -0.00020 -0.00023 0.00001
5 0.06693 0.00465 0.96503
b 0.00002 0.00000 0.00000 0.00000
a -0.20787 0.02231 0.06771 -0.00105
6 k 0.00540 0.00004 -0.00032 0.00000 0.04019 0.00171 0.98690
c 1.20662 -0.02276 -0.06965 0.00111
a 0.30065 -0.00571 -0.08384 0.00064
7 k 0.01662 -0.00034 -0.00227 0.00005 0.02819 0.00084 0.99352
g -0.00253 0.00014 -0.00005 0.00000
k -0.00526 0.00001 0.00098 0.00000
8 / -0.55484 0.00067 0.16700 -0.00003 0.02586 0.00071  0.99482
n 1.09021 -0.00019 -0.02029 0.00035
a 3.94726 -0.06902 -0.23008 0.00394
9 k -0.02940 0.00060 0.00201 -0.00002 0.02764 0.00081 0.99378
b 1.13633 -0.00001 -0.07070 0.00023
a 0.37246 0.00072 0.04667 -0.00003
k 0.00661 0.00004 -0.00040 0.00000
b 0.02526 -0.00107 -0.00471 0.00009
10 0.01860 0.00039  0.99719
g 0.03146 -0.00059 -0.00188 0.00003
c 0.58548 0.00028 -0.04171 -0.00004
h -0.03960 0.00078 0.00378 -0.00007
a 1.00081 -0.00018 0.00192 0.00000
k 0.01828 0.00000 -0.00072 0.00000
11 0.02119 0.00048  0.99636
n 0.08719 0.01009 0.07547 -0.00118
b 0.00272 -0.00009 0.00010 0.00000
a 2.40392 0.01557 -0.13147 -0.00020
k -0.00167 0.00003 0.00023 0.00000
12 0.03353 0.00121 0.99091
b -0.01949 -0.00013 0.00186 0.00001
¢ -1.36762 -0.01506 0.12540 0.00018
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1.0 %
B 60°C, 5kg (Exp)
0.9 ® 80°C. Skg (Exp)
*  100°C, 5kg (Exp)
0.8 A 120°C, 5kg (Exp)
9074 X 150°C, Skg (Exp)
f-:: » Modified Henderson and Pabis (1999)
206+ NN N - Midilli et al. (2002)
Z
)
=05+
04 T
03 T
0.2 A g t t t
0 50 100 150 200 250 300
Drying Time (min)
1.0
B 60°C, 10kg (Exp)
0.9 ®  80°C, 10kg (Exp)
& 100°C, 10kg (Exp)
0.8 A 120°C, 10kg (Exp)
X 150°C, 10kg (Exp)
20.7 Modified Henderson and Pabis (1999)
g oo Midilli et al. (2002)
L oo 3
£0.6 -
2
S
> 0.5
0.4 \
‘I
0.3
0.2 - - > - =
0 50 100 150 200 250 300
Drying Time (min)
1.0
. 3
0.9 * ", 15kg (Exp)
A 15kg (Exp)
0.8 T X 150°C. 15kg (Exp)
Modified Henderson and Pabis (1999)
207+ RN Midilli et al. (2002)
°
0.6 T
R
So0s5+
0.4 +
03 T <
0.2

0 5‘0 1(‘)0 1;0 2(‘)0 2;0 300
Drying Time (min)
JUN 3 dnsduanurufisuiuaIeuLieilaen

AINAABILAZAITYINUIEAILLUUIIABY

3.2 n331aneAnduUsEaNE NS UNI ALY

Tnevialunnsiinsgaivean Doy finfiansan
naunsi (3) Tegldifisanatiusn (m=1) dean
aududoulunisaniiunig (navesn1sianali
n=2 sanlurliAnnnunainndouads sz

fovaz 16) MnTuTdngudanduanuduadely

sULUUABN B TNfsENn1sT (1) moywudifieuiu
1381 (d(In MR)/dt) LLé’a%’ﬂgﬂLﬁa‘Lﬁlﬁé’uUszﬁwé
A1TUNI AL TY (Dey AruaunIsi (12) Tunng
°dﬁﬁ’am1ué’uﬁuﬁ‘iwdNé’mwdaumm%u (MR)
LAZIIANDUWRS (1) 1191NNNSNAADY ML
muuslduanmanswlugy In MR Jigudu ¢ agle

1 d(In MR)/dt fRepuduuesnsmiues

2
7D .t
lnMRzln(%j——;ff (1)
T r
2 \dIln MR
D =—|L (417 (12)
& 7’ dt

AT lUSnfmunduuszaninisuns
aududuasi vaneau din MR)/de
Arnsil egalsAmuluainuduasadnfangtn
WaguuUasmunia gunnll uazIaouLa i
wanslugud 4 snideifainaueduuszandnig
wnsnruduluguuuulmiflalldanad dainnis
AududilinuamAdeiiiaueluguuuui

91n3U7 4 wudnwaznisnszanefives
Fogamngziunsindeilsidulnaluden fafy
Tuilifadeniindoyadnaneguuuulndludios

[

JUAUEADY AIAUNSN (13)

InMR = At*+ Bt (13)

fn 4 uaz B fildannsiladeyaluaunisi
(13) Judems1eil ¢ wut 4 waz B uilsdduves
wa (Alandy) Augamgll (esawaidea) Woth
Jaya A uay B lum1s199 4 Tduansnsan
ANuduTuSisuivnaLazauniinudn Yoyadl
n13nszareffimunzausenisialdaeilaidu
onglwwwidea dadunisfives 4 uay B F9gn

aedlugunnuduiusisaunisi (14)
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4 a, a;=-0.2285, a,=-0.4291, a;=-0.0024,
=(a explaym)+a;)exp(==7) (W) 458 2244, b,=-0.0244, b:=-0.0696,
b3=50.4989
—b v
— 3 d' o M v a o
B = (b, exp(b, m))eXP(T) (14b)  9inaun1si (11) dnguluadlaiduannis (15) el
! N o N % o & — 6 ruz
TnuAAsiLuusaedluaunsi (14) 1Wusadl D, =|In i In MR oy (15)
A1519% 4 ATiees 4 way B lugunsy (14)
m=5kg m=10kg m=15kg
T(°C,
(5% A B A B A B
60 -8.52x10° -7.41x1073 -1.62x10°¢ -5.23x1073 -8.08x107 -3.69x107
80 -6.52x107° -9.15x107 -1.24x10° -6.46x1072 -6.18x10°¢ -4.56x107
100 -2.21x10 -1.04x1072 -4.19x107° -7.33x10°® -2.09x107° -5.17x1073
120 -4.98x10* -1.13x107? -9.45x107° -7.97x102 -4.73x10° -5.63x107
150 -1.12x1073 -1.23x1072 -2.13x10* -8.67x1072 -1.07x10* -6.12x107
0 50 100 150 200 250 300 0 50 100 150 200 250 300
0.0 ! : : 0.0 ' ' |
" m 60°C, 15kg (Exp)
02 B 60°C, 5kg (Exp) 02 e 80°C, 15kg (Exp)
® 80°C, Skg (Exp) & 100°C, 15kg (Exp)
-0.4 ¢ 100°C, 5kg (Exp) -0.4 A 120°C, 15kg (Exp)
A 120°C. 5kg (Exp) x 150°C, 15kg (Exp)
-0.6 1 X 150°C, Skg (Exp) -0.6 1 § — Proposed model
& —— Proposed model &
f: -0.8 Z-0.8 T
k=] g
-1.0 T 1.0 +
12 1 12 ¢+
-L4 T 14 +
u
1.6 1.6
Drying Time (min) Drying Time (min)
0 50 100 150 200 250 300
0.0 t t t t t
® 60°C. 10kg (Exp)
-0.2 ® 80°C. 10kg (Exp)
i & 100°C. 10kg (Exp)
: A 120°C. 10kg (Exp)
06 + x 150°C, 10kg (Exp)
& ' ——Proposed model
Z-08 +
=]
-1.0 4
12 +
14 T
16

Drying Time (min)

5UT 4 aan13iiuvesdnsdiumnuduiuiaIa UL
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1.0 - 1.0 %
B 60°C, 5kg (Exp) B 60°C. 10kg (Exp)
® 80°C. 5kg (Exp) ®  580°C. 10kg (Exp)
0.9 ® 100 (Exp) 0.9 1 & 100°C, 10kg (Exp)
A 120°C. 5kg (Exp) A 120°C. 10kg (Exp)
0.8 1 X 150°C. 5kg (Exp) 0.8 X 150°C. 10kg (Exp)
Proposed model Proposed model
P - - - - Page (1943) o A - - -~ Page (1943)
Z07 TN X e Modified Henderson and Pabis (1999) £ 0. weusunns. Modified Henderson and Pabis (1999))
3.’3‘0.6 + q:) 0.6
Z a
Sos 1 S o5
0.4 + 0.4 1
0.3 + 0.3
0.2 + t 0.2 t
0 100 . 150 1200 250 300 0 50 100 150 200 250 300
Drying Time (min) Drying Time (min)
Lo B 60°C. 15kg (Exp)
® 80°C. 15kg (Exp)
0.9 T & 100°C. 15kg (Exp)
A 120°C. 15kg (Exp)
X 150°C. 15kg (Exp)
0.8 1 Proposed model
- Page (1943)
_g 0.7 - Modified Henderson and Pabis (1999)|
[
206+
Z
g 0.5 +
0.4 +
0.3 1 \;\\ R
D
0.2 t t + + +
0 50 100 150 1200 250 300
Drying Time (min)
a ~ P o o A o o ° dl'
EUVI 5 WS8UMEURNANITIIUIEANNLUUINADINUNFUDN UL UUINDDIDULAEHANITNAR DS
A o ' a . P oA ' °
Wadvuaa1ves m, T, wag ¢ luaunisi and Pabis (1999) Fafioindaruuidudigegaly

(13), (18) @1150%1AISATIEIUAINTY 7 T=60,

80, 100, 120 Lag 150 pyALgaLTua ﬁ m=5, 10

'
a

WAy 15 Alansy AUAIPUAISUN 5 Nan1syiuIeen

3
Snsduanuiuilduuusaosivaue (@aunisi
(13)(14)) MApsiiuuusiasadios 7 f wuiilsen
RMSE wagdn y2 #dail 0.02935 wag 0.00089
PINAISTU A1 7Y 0.99421 WieSeuliiauiu
wuUsaesldsuaumasiiuuusasdndifesiu
Ao Page (1943) (15197 3) F914 8 &2 wun
wuudassiivaue Tiauudugiuinnin Tngli
ANLNUGTBUVITLUUT1aD9 Verma et al. (1985)
ldArnsfiuuusiansdis 12 &1 uanainiile

LWIguLguAukuUulaes Modified Henderson

1IN 12 WUUINEDY WALNISIIA1IAINLUUIIADY
09 24 @7 WuIUUIaeINiEue (e 7 )
Tann1svinuenaiisuindulaglvnawnneeiu

WagLigaSouay 1.8

4. a3l

NUITYUDDNUUULATAS1ATDIDU LAY
Jdennigdsilinunaudase anueaulunng
pauwuuialmUinulsegraaioswardosiunis

Vinuaulnilanesian HaN1TNAADILATOIBULIY

£3

U

[

Ay

o

wuinguuglanseugaiulariiatiudenisy

anaddINaliiaauLIanaIng19iedn
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a
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fould 12 wuusians WieursnanaasInis
auuiis Ineldaamgiiauiou 60-150 aerwaidea
waddonisudu 5-15 Alansu wazauiian
$ou 19 wnsreTuf Tasmamemngauiignves
fauusluunagnsal Lﬁaﬁﬁmmﬁ'ﬁ%w%wagmwﬂuﬁ
audeunazuiatUdoniSudy nuluuusiass
Modified Henderson and Pabis (1999) il &y
fn

LUUSaeImduUsEANENNsUNs AL Ui
wouluauifeilldldasounquitsiafonanszny
gamgfianiou waadinvdenisudu uazian
UL Han13T1aRenUIndiauwiuggs Tnglvien
RMSE #ign#l 0.02935 uagdn r 1M1y 0.99421
WoZsuiisufuwuusiasefildsiuiuained
wuudnaslnatAssiy wudnlranuusiuglunis
vhunerageniuazidiesuifisuiuuuuiiaesid
Auusiugrgagalusiuiy 12 wuusrassiivhan
Anw nudwuusaesiviauslinaiiunnsaade

Wieesouay 1.8

5. ARANISUUISNA

vevouANUnIINgIdenaluladguns 7

atuayuuIde nTesile uazan1un AuwIdedl
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Abstract

This research aimed to study the acidification processes of carving vegetable using acid
conditioning machine under temperature and pressure control which was developed in this study.
Four acidification procedures were done at normal atmospheric pressure (method 1), under vacuum
pressure for 10 (method 2) and 20 min (method 3) and vacuum pressure alternating with normal
atmospheric pressure for each of 1 hour. There were two main parts of acid conditioning machine
including the temperature controller inside the pickle tank and heat conductor tank, and the pressure
controller inside the pickle tank. The pickling temperature was stabled at 40°C under the pressure
of 0.5 Bar. PLC (Programmable Logic Controller) program was used to write the ladder for controlling
all processes and display through SCADA system. The results showed that the acidification method
by soaking the carved-rose carrot under vacuum pressure alternating with normal atmospheric
pressure showed the shortest time to equilibrium by 7 hours. Then, the carved-rose carrot was
packed in the glass jar followed by sterilized in boiling water for 15 minutes and stored at room
temperature for 7 days. Total bacteria count, Escherichia coli and Yeast-mold were not exceeded

than the standard limit. Staphylococcus aureus was not detected throughout the storage periods.

Keywords: Acid Conditioning Machine; Vacuum; Vegetable Carving; Pickling
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