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Abstract

The pyrolysis behavior, kinetics and thermodynamics analysis of Napier grass were studied.
A thermogravimetric analyzer (TGA) and differential thermal analyzer (DTA), at four
heating rates: 5, 10, 20 and 30 °C/min were used in the experiments. Pyrolysis parameters
were determined using model-fitting with the Coat-Redfern method. The results showed
that the grass was roughly decomposed into moisture removal and volatiles release zones.
The approximate peak temperature occurred in the major stage during 298 to 337 °C.
The characteristic temperatures moved to a higher temperature during thermal degradation.
The apparent activation energy and pre-exponential factor also increased with increasing
heating rate. The positive values of enthalpies (AH), Gibbs free energies (AG) and the
negative value of entropies (AS) exhibited that the Napier grass was endothermic but some
exothermic reactions were also found, due to the presence of oxygen in its original

components.
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2 Napier Grass Pyrolysis: Kinetic and Thermodynamics Analysis

Introduction

Napier grass is known as elephant grass (Pennisetum purpureum) or Uganda grass [1].
It is one type of perennial grasses that include Miscanthus, Switch grass and Reed canary
grass [2] that can be used as a renewable resource. Napier grass originates from Africa
and it is planted in many countries such as India, China, Brazil, the USA and some
European countries [3]. The advantages of Napier grass include easy planting, fast growth,
high yield and a mature height approaching 3 - 5 feet [4]. It can be cultivated up to four
times in a year with a ratio of energy output to energy input of around 25 : 1 [1] and
an annual yield in the range of 10 - 20 oven dry tons per hectare, with some nutrient input
required during cultivation [5] - [6].

Fuel products from Napier grass include bioethanol, pyrolysis oil and biogas [7].
The production of bioethanol and pyrolysis oil are more efficient than that of biogas because
they are easy to store and transport. The production of pyrolysis oil has more ways of
waste recycling and energy recovery than that of bioethanol [7].

Pyrolysis is a thermal conversion process involving biomass, with the feedstock
(biomass) converted into solid (biochar), liquid (bio-oil, pyrolysis oil) or gas (biogas) to
produce heat, power, or other high value chemical products [2]. During pyrolysis,
largely complex hydrocarbon molecules of the biomass decompose into smaller molecules
[8]. Moisture release, hemicellulose decomposition, cellulose decomposition and lignin
decomposition occur during the process [9]. Thermogravimetric analysis (TGA) is one of
the most common and simplest methods to investigate the kinetics and thermodynamics
properties of biomass during the pyrolysis process [10].

In kinetic analysis, an iso-conversional model (model-free) and model fitting are
applied to simulate kinetic parameters. The model-free methods are accurate and time
saving compared to other model-fitting methods [10] when the mass transfer resistance
is not counted. It also shows various mechanisms on the conversion process by using
many heating rate data [11].The Kissinger-Akahira-Sunose (KAS), the Flynn-Wall-Ozawa
(FWO) or Friedman methods [2], [10] are examples of the model-free methods that are
mainly used to evaluate the activation energy on conversion. Model-fitting methods are
matched with choosing experimental results with the best statistical fit of kinetic factors
[12]. Magalhdes, D., et al. [11] and Freeman, E. S. and Carroll, B. [13] developed
model-fitting methods. Many studies on grass and biomass pyrolysis with model-free
and model-fitting have been reported in the literatures.

Mohammed, 1. Y., et al. [1] studied the effects of temperature, heating rate and
nitrogen flow rate on the intermediate pyrolysis of Napier grass in a vertical fixed-bed

Kanit Manatura
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tubular reactor. They applied a response surface methodology with a central composite
design to model the process and to optimize the process parameters. They found that the
optimum bio-oil yield of 50.57 wt% occurred at 600 °C, 50 °C/min with 5 L/min of nitrogen flow.

Collazzo, G. C., et al. [2] investigated the thermal degradation and kinetics of
elephant grass in an inert atmosphere using a non-isothermal thermogravimetric analysis
method. Model-free methods including KAS and FWO were applied to evaluate the kinetic
parameters. The average activation energy of KAS and FWO were 183.8+£11.3 kJ/mol and
183.8+10.4 kJ/mol from the conversion of 0 to 0.6 respectively. The activation energies of
hemicellulose, cellulose and lignin decomposition were 46.5 - 65.5 kJ/mol, 108 - 127.2 kJ/mol,
and 45.6 - 53.5 kJ/mol respectively.

Manatura, K., et al. [14] performed the thermogravimetric analysis method of raw
and torrefied Cryptomeria japonica at 250 °C and 350 °C in a pure CO, environment at
three heating rates of 10, 15 and 20 °C/min. They pointed out that thermal degradation
occurred in three different stages consisting of dehydration, hemicellulose-cellulose and
lignin decomposition at 30.2 - 102.6 °C, 222.6 - 422.1 °C and 426 - 847.2 °C with
activation energies of 77, 114 and 50 kJ/mol, respectively. They concluded that increasing
the heating rate shifts the mass loss toward a higher temperature, increasing the activation
energy and the pre-exponential factor.

The aim of this research is to establish the thermal characteristics of the Napier grass
and to describe the pyrolysis characters by fitting a model using Coat-Redfern method.
TGA and DTG experiments were addressed in an inert environment at different heating
rates. While many reports have considered the kinetic behaviours and parameters of
Napier grass, there is still a lack of description of the thermodynamic parameters for the
biomass. Thus, this study contributes to the thermodynamic parameters and the gained
activation energies can be used to determine the changes of enthalpy (AH), free Gibbs
energy (AG), and entropy (AS). The results are useful for the understanding of the Napier
grass pyrolysis process and the optimal design of corresponding pyrolysis and gasifier

reactors especially downdraft gasifiers.

Materials and methods

Biomass characteristics

Napier grass (Pakchong 1) was used in this study. It was cultivated and collected
from the Kasetsart University Kamphaeng Saen campus, Nakhonpathom, Thailand.
The Napier grass was sun-dried for two days before being chopped and sieved to a particle
size of approximately 1 - 2 mm.

https://www.tci-thaijo.org/index.php/rmutijo/index



4 Napier Grass Pyrolysis: Kinetic and Thermodynamics Analysis

The proximate analysis and ultimate analysis of the grass were characterized
according to ASTM D 7582, D 5373, D 4239 and D 5865 and the results are shown in Table 1.
These results were close to the values reported by Mesa-Pérez, J. M., et al. [15]. It should
be noted that the volatile matter of Napier grass is high (67.50 wt.%), indicating Napier

grass is a potential feedstock for the pyrolysis processes.

Table 1  Proximate and ultimate analysis of Napier grass

Characteristics This study Mesa-Pérez, J. M., et al. [15]
Proximate analysis (wt%, ar)
Moisture 10.94 12.20
Volatile matter 67.50 67.34
Fixed carbon 15.21 15.54
Ash 6.35 4.92
Ultimate analysis (wt%, dry)
C 40.03 41.16
H 6.44 5.55
o 46.49 46.59
N 0.58 1.78
S 0.11 -
HHV(MJ/kg) 15.75 -

Thermogravimetric analysis

The pyrolysis characteristics of the Napier samples were performed using a TGA
analyzer (SDT 2960 Simultaneous, USA) in a nitrogen environment with a flow rate of
100 mL/min. Each Napier grass sample (7 - 10 mg) was placed in an aluminum pan in
order to minimize heat and mass transfer phenomena. The sample was heated from 30 °C
to 800 °C at four different heating rate (5, 10, 20 and 30 °C/min). The experiment was
conducted three times to confirm acceptable results. During the heating process, variations
of the mass loss and its derivative with respect to the time and temperature were recorded.

Kinetic analysis

During the pyrolysis process, the conversion (X) of biomass can be represented by

x= T (1)
W, =W,

where w;, w, and w, are the initial sample mass, the sample mass at time ¢,

and the final sample mass, respectively. The rate of conversion was expressed as:

Kanit Manatura
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ax
EZk(T)f(X) (2)

where k is the decomposition rate constant, and f(X) is the reaction model
which expresses the dependence of the conversion rate on the conversion. A heterogeneous

function of uniform kinetic reactions of the first order, f{X) can be written as:

SX)=0-xY) (3)

The rate constant (k) is temperature dependent which generally is described

by the Arrhenius equation as [16]:
k _ Ae*Ea/RT (4)

where A4 is the pre-exponential factor (s'), E, is the activation energy of
the decomposition reaction (kJ/mol), R is the universal gas constant, 8.314 J/(mol.K),

and 7 is the absolute temperature (K). Thus, the rate constant can be expanded to:

dXx -E,/RT n
2 Yeta 1— 5
. e ( X) ()

In non-isothermal analysis, the heating rate varies with the reaction time and

temperature at a constant heating rate ax _ and can be rewritten as [2]:
p g o
d_Xzée*E/RT(l_X)n (6)
d p

This method is a model fitting method that has been widely used in the
kinetics of coal and biomass combustion/pyrolysis [11]. It is known that the Coat-Redfern

method and can be written as:

In(l— X AR | E
o=t - 2 g
Forn#1 In 1_(1_)()17“ =In AR | E, ®)
’ 7*(1-n) BE, | RT

https://www.tci-thaijo.org/index.php/rmutijo/index



6 Napier Grass Pyrolysis: Kinetic and Thermodynamics Analysis

For a plot of Z with —% using linear regression with a high correlation

coefficient (R?), E, can be calculated from the slope. In this case, Z is [— L_ZX)} forn=1

7*(1-n)

Thermodynamic analysis

a

1-n
or ln{l_(l_—x)} for n = 1. The intercept L’:?R} can also be calculated as 4.

In this study, the thermodynamics parameters of enthalpies (AH), Gibbs free
energies (AG) and entropies (AS) were evaluated using Equation (9) - (11).

AH =E,—RT ©)
K,T,
AG=E, +RT,In hA” (10)
AH - AG
ASZT— (11)

where Kj, h and T, are the Boltzmann constant = 1.381 x 102 J/K, Plank

constant = 6.626 x 104 J.s and peak temperature, respectively.

Results and Discussion

Pyrolysis characteristics

The mass loss (TGA) and the rate of mass loss (DTG) for the Napier samples in
an inert environment with different pyrolysis temperatures at four heating rates (5, 10, 20
and 30 °C/min) are shown in Figure 1 and 2 respectively.

The characteristics of the samples can be divided into three different stages. The first
stage (stage 1) represents the moisture removal zone. It occurs at temperatures from 30.2
to 120.1 °C. The mass loss was 8.6 % which agreed with the moisture content in Table 1.
The rate of mass loss was quite low in the range 0.1 - 0.21 °C/min.

The second stage (stage 1), temperature varied from 200 to 370 °C. The mass loss
was about 53 % in this stage while the rate of mass loss was quite high (0.6 to 1 mg/°C).
The maximum lost occurred at 335 °C. It was clear that the main volatiles released in this
range were in line with Yahiaoui, M., et al. [16] and the volatile content of the sample
in Table 1. According to [10], the decomposition of hemicellulose and cellulose occurs in

the temperature range 180 - 285 °C and 250 - 360 °C, respectively. Thus, the decomposition

Kanit Manatura
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 2, May - August 2019 7

of hemicellulose and cellulose occurred in this second stage. The third stage, (stage III)
had a long tail with small values of mass loss and the rate of mass loss. Lignin decomposition
occurred in this stage from 350 to 600 °C and furthermore, the temperature until the end
of the process left a final solid residue including fixed carbon and ash [10].

The influence of heating rate is also shown in Figure 1 and 2. Raising the heating
rate leads to serving a large amount of thermal energy into the system and a longer time
may be consumed for the carrier gas to reach an equilibrium state. Thus, the temperature
required to decompose the sample also raises causing the maximum rate (peak) curve to
move to the right [17]. Increasing the heating rate from 5 to 30 °C/min did not affect
the shape of DTG, but shifted peaks to the higher temperature.

====5°C/min = = 10°C/min - =20°C/min

30 °C/min

o o
(@)} o]

>
~

Mass Loss (-)

e
o

(=]

100 200 300 400 500 600 700 800
Temperature (°C)

S

Figure 1 Mass loss curve for heating rates of 5, 10, 20 and 30 °C/min

----- 5°C/min - - - 10 °C/min 20 °C/min 30 °C/min

—

S
%

DTG (mg/°C)
o o
N (=)}

S
o

(=)

0 100 200 300 400 500 600 700 800
Temperature (°C)

Figure 2 Rate of mass loss curve for heating rates of 5, 10, 20 and 30 °C/min
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8 Napier Grass Pyrolysis: Kinetic and Thermodynamics Analysis

Kinetic analysis

The results from the TGA and DTG of Napier grass were used to simulate kinetic
parameters including the activation energy (£,), pre-exponential factor (4) and reaction
order (n). The fitting methods of Coat-Redfern using Equation (7) and (8) was applied
in this study.

141 R2=0.9330
12 -
0] Re=09654 -
N /
6 1 R?=0.9347 I
4 4 n=1
31 —_—
0 . . . . .
0.00150 000155 000160  0.00165 000170  0.00175  0.00180

-1/T]

Figure 3 Reaction orders, n = 0.5, 1 and 2 at a heating rate of 20 °C/min

Figure 3 displays the reaction orders (n) of the relationship between Z and -1/T for
heating rate of 20 °C/min. It can be seen that most values of n had high values of R? (> 0.9)
in the range of 0.9330 - 0.9660. It was found that n = 1 produced the highest value of R?
compared with the other values.

Table 2 also shows the kinetic parameters from the various values of reaction orders
at a heating rate of 20 °C/min. Various values of » affected the kinetic factors as seen from
Table 2. Raising n from 0.5 to 2 led to increase in £, and 4. It should be noted that the
reaction order of 1 represented the case for heating rate of 20 °C/min that was also confirmed

by the calculation from Figure 3.

Table 2 Kinetic parameters of Napier grass for reaction orders of 0.5, 1 and 2

n E, (kJ/mol) A (s R? ()
0.5 97.63 2.70 x 10° 0.9330

114.09 1.29 x 108 0.9654
2 163.62 1.28 x 10" 0.9347

Kanit Manatura
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heating rates of 5, 10, 20 and 30 °C/min

9

Kinetic parameters of Napier grass obtained using Coat-Redfern model for

Heating rate T,* T, ** Trx* E, A n R?
(°C/min) 0 (O (°C)  (kJ/mol) () ) )
5 200 298.1 353 90.91 5.84 x 10° 1 0.9725
10 201 325.2 357 102.16 7.84 x 10° 1 0.9758
20 227 333.8 370 114.09 1.28 x 108 1 0.9654
30 228 337.5 375 113.79 1.58 x 108 1 0.9637
*T;:  Initial decomposition temperature

**T,: Maximum decomposition rate temperature

**#*T;: Final decomposition temperature

Table 3 presents the characteristics of temperature and kinetic parameters of

Napier grass at different heating rates. The data in this table can simulate the mass loss using

integral numeration with Equation (5) for the selected stage as shown in Figure 4.

When the heating rate was raised, the temperature characteristics (T;, T, and Ty)

moved up to a higher degree during thermal degradation. The kinetic parameters also

increased with the rising heating rate from 10 to 30 °C/min. It can be noticed that the kinetic

parameters at 5 °C/min were lower than at 10 °C/min. This may have been caused by the

low reaction order at 10 °C/min leading to lower values of the parameters. The thermal

characteristics of Napier starting from initial temperature (T;) to final temperature (T;) relates

to moisture removal and light volatile releasing. The complex hydrocarbon molecules

start to break down when the pyrolysis temperature increases.

b
85l
-
)
&6t
= === Wexp
4t
e Wmodel
2 3
0 L L L L L L )
200 220 240 260 280 300 320 340 360

Temperature (°C)

380

Figure 4 Predicted (Wmodel) and experimental (Wexp) values of mass loss at 20 °C/min
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Figure 4 presents the comparison between the simulated and measured data at
227 - 370 °C at 20 °C/min. The simulated curve had a good fit for the range 227 - 300 °C.
However, the simulated curve gradually diverted from 300 - 335 °C, because the reaction
in this range was quite rapid due to cellulose degradation [2]. Another value of n between
1 and 2 can be used to modify this case to represent the 5 - 10 % error resulting from using
the kinetic model for biomass conversion in a linear heating environment [14].

Thermodynamic analysis

To design the large scale pyrolysis process efficiency, not only the kinetic factors
but also the thermodynamics factors should be known [9]. In this study, new knowledge of
Napier grass in terms of its thermodynamics parameters are presented. The thermodynamic
parameters (AH, AG and AS) were determined at peak temperature (T,) because it
represented the maximum rate of Napier process [9]. Table 4 shows the thermodynamic

parameters including AH, AG, and AS from the pyrolysis of Napier grass on T, at 20 °C/min.

Table 4  Thermodynamic parameters of Napier grass on characteristics temperature for

heating rate of 20 °C/min

Samol e E, AH AG AS
ample »CO (MI/kmol) (MI/kmol) (MJ/kmol) (MJ/(kmol.K))
Rice bran [9] 30143 16478 159.96 167.18 -12.46
Chicken manure [9]  330.55 175.33 170.03 175.30 -8.26
Napier (This study) ~ 333.80  114.03 131.40 168.12 -60.52

The AH was the deviation of energy between the reagent and the activated
complex depended on activation energies [9]. According to Table 4, the positive values of
AH represented an endothermic reaction which requires an external heat source to convert
the samples to their transition state [18] - [19].

The AG value is the amount of available energy for biomass in pyrolysis process
[18], [20]. The AG of Napier grass was 131.40 MJ/kmol which was lower when compared
with the AG values of the rice bran (167 MJ/kmol) and chicken manure (175 MJ/kmol).
It pointed that the pyrolysis of Napier grass consumed less energy compared to the rice bran,
and chicken manure.

The AS value referred to disorder or randomness of energy and matter in a system
[9]. It showed how a state of the sample was near or far from its own thermodynamic
equilibrium. Entropy also showed the degree of arrangement of the carbon layers in
samples [9].
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Their negative values showed exothermic reaction which implied an amount of
energy was transferred out of the system to environment. It can be noticed that the absolute
values of AS and AG were contrasted. These may refer to the fact that the absolute values of
AS for the pyrolysis of Napier was higher than that of the other samples, thus this indicated

that Napier grass required more energy to reduce its degree of arrangement.
Conclusions

The kinetic and thermodynamics characteristics of Napier grass on the pyrolysis process
were identified using TGA experiments with the model-fitting method. The process can be
roughly decomposed into moisture and volatiles components. The temperatures of
decomposition and activation energies occurred in the ranges of 200 to 338 °C and 102
to 136 MJ/kmol at heating rate of 5, 10, 20 and 30 °C/min. An endothermic reaction
represented the Napier grass pyrolysis due to the positive AH and AG and the negative AS
at characteristic temperatures. The existence of oxygen in the Napier grass represented

some exothermic reactions.
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Abstract

This paper presents a unidirectional pattern antenna implemented by rectangular microstrip
patch for wireless local area network. This rectangular patch is firstly designed to provide
a dominant mode propagation at 2.45 GHz. Then, parametric studies are investigated to
achieve appropriate parameters. It is found that this antenna provides a unidirectional pattern
with maximum gain of 2.7 dBi together with magnitude of S;; better than -10 dB covered
the WLAN frequency from 2.4 - 2.48 GHz. In addition, both simulated and measured

results are in good agreement.
Keywords: Compact Antenna; Unidirectional Antenna; Double-fed Line; Wireless Communications
VN
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Abstract

The objectives of this research were to study the effects on thermal efficiency of the amount
of air entering through a double-air inlet doors charcoal stove. The experiment method was
carried out following the WBT. The trials were divided into three phases: Trials on the high
power (cold start), trials on the high power (hot start) and trials at low power (simmering).
Four Trials were conducted. The first trial opened only one of the two inlets fully (100 %,
0 %). The second trial fully opened both inlets (100 %, 100 %). The third trial opened both
inlets by half (50 %, 50 %). The last trial used a pot cover in addition to the third trial.
The test results indicated that the thermal efficiency of the third trial increased to 42.75 %,
higher than the first trial (19.50 %). The condition to slow down the exhaust gas by the
pot cover in the last trial gave the highest efficiency value of 50.75 % and the combustion

temperature was higher, also the specific fuel consumption was decreased.

Keywords: Thermal Efficiency; Charcoal Stove; Cooking Stove; Air Inlet Door; Specific Fuel
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UszEnsmwdeanndendetulugoannin [15] uandgnasssdsvemalndnmaiulnsunsdua:
whum3lnanadeuiumilusnalnaudresilniimswlwinazu [16]
Dumingandssuidanmdsnunnnesdaldnmndu  SnnennzAsegiafinaiul
mslinanuigein  mslimdsnuanuiewdiemeneanfmamulufie  uwAiindonuiinyed
sansaauRzRaAlAooAeNEeNT WETIUNAUIULULANAN (1 T wnay uasTanwaelins
maneng) dnlszmdlneinslidies aunsananlielfuaziinnmwianuiougs uAiym
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soowmiiiilsEnEmmEsnnusoumn Tnemwzmauinssivsglfdinnmu fsinsam
dormSeudios 18 - 31 % wilaimsvamiumswlnibomadliauysaiauilis:amsnm
wngoduldds 41 % wifmy denvgpiimsiaudanaegaiasilimanivs:ansam
dornusougoauladn Wy msvsvemaliminzan  mItisauioruauaNuiauanloie
mafindesermadn  madinemagiumi  msliliyudunduazAnmieilaeliau
AMuTEUAL 9 uazmIanmIRzaNANLTauluAM

Nq#g

wanm AT Ageusas WBT [17] liiimsnaseuwmanuiiu 3 10 fetiousaiiudasi
iy uAnARaUENAUDMAIMENfu (High Power-Cold Start) #iofises Ailutasli
MdgouAENAusnmSen Wskumslionumn (High Power-Hot Start) uazdisgninefe
dmlimssiiudasimimsihanuenlysaveletin (Low Power-Simmer) linagou
sevlasandieises  Inslimsnageunndasiimsmmanielilumnsiaseuanuanm
poamauLARz Al AR5

UssamBmwiBsruSeu (Thermal Efficiency: 7) umivenfonnusinsaihaudeu
yndomasly1flumssminlundiesuliseunaznmaduleldmils @umsih (1)

_ m, CpAT +m,hy, "
m, - LHV
(o
m, = wsveniieulundesuiiniesdnaimssiu kg
C, = mmagmm%auai’nww:ﬂaaﬁw MunA 4.186 kI/kg-K
AT = qunpfivenihiliindundosu K
m, = wavenihieuluniesuimelundemssiu ke
hy = anwfeumsnmedulesenit dnuae 2,260 kI/kg
m, = wmvosndewmdsdiimelindsmanu kg

LHV = manuiounsoidoindsaiuneny kJ/kg

onmstwludiiowds (Burning Rate: R,) dumsldiiamdsiiomsauiliion
weviuna  WumenismatnndlmhazsansasslWlanaanuseunsegnlndlaziualm
wiheidu kg/s %30 g/min (8umM3h (2))

m;
R, =—L (2
At
At = dwnamswnlniidomn@ s
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mswlnidemassm: (Specific Fuel Consumption: sfe) miilifasanamu3um
mslfdemaslumsszmetnld 1 ans Tudsihiensamenmeadule unmfvhiv) Tnemies
watlddemdsiessaneildnn Tnshmindemaenldlumiedy ¢ vie kg w5
ihimAoegnasmsnn mizedu kg w3 Litre (@ums (3))

sfe = % 3)

waodawaY (Fire Power: FP) umuenzminmasa tngusniduySuaumsld
NAVIIUDDILTDLNAY ANUILVBATUIAMRIA TN AR (FNA5D (4))

mf'LHV
P=—
At

4)
Jain gUnval URI5MI

1. wngtuuulng 2 3Uuuy e 2 wwuAeduamzdoseIMAAu3 TaeiSonied
W1 1 uazen 2

2. iwn3Uuuusssumimaeldluiagiud 2 guuuy TeeiSeniodn 1 3 uamm 4
Taom 3 vnawnionsduauinuaclnsoadonaniuaioden:d @i 4 4191
wannaetugl lifinun Tnowmnvualumideilugnoneazdenliformsi 1 wienstiszney
mu’gﬂ‘ﬁ 1 ugz 2

3. nileglilunIATUHILALONA1 28 [WUALNAS

4. 9MOANOUIUIANINTEIU AIAINTEUIAlA Bomb Calorimeter 25,400 kJ/kg
(6,067.85 kcal/kg)

MIWN T FI0RBDUATAFIUA 9 DOIMLUDIRULRILDUSTIUA

ERUCHGLT) Tl w1 LA 2 1 3 LA 4
ANUNUINUIN (WHILAN) mm 15+35 15+35 35 8
TAARAUI - wadnlWwes+eima  Aumied  mannae
AINFIVBILA mm 400 400 260 225
ANUGITBITRIWI LA mm 200 200 95 95
WUFIUAUINaeuHI i mm 160 160 200 200
USinsnearlngd ce 40192 40192 2983 2,983
AT IR mm 1 1 25 5
SuIUgBaIIIAY - 87 87 24 38
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mMIwn 1l MeazlBundndIumg 9 seumuuulnilezuuusIINAI (AD)

NURdEA et w1 LA 2 3 LA 4
\uruAuaNAa3 oA mm 10 10 19 18
Nufiaurutoos i mm’ 27,3348 273348 272187  38,679.2
AINFIDBILE LM mm 17 17 32 45
Nuiledeeen W) mm’ 76738 76738 1387095 20,106.0
Nufidesaudum @iua)  mm’ 76969 76969  10,500.0  10,500.0
NuRdosaugAums mm’ 1,334.5 667.25 - -
RuhdosAudomay mm’ - 1,256 (Un) - 20,000 (1Um)
1mein ke 13 13.5 4 3.7
TaAlATINS Y - an Wan  Aumided  mannae

in3aviio’n

1. mifs OHAUS 3u Defender 3000, 1 g - 60 kg

2. Lﬂ%ﬂﬂﬁ'ﬂqquﬁ GRAPHTEC gu Midi Logger GL820 expansion up to Maximum
200 channels

3. 1AseATIRLAE ECOM 31 J2KN Pro shansadnawna N, CO,, CO, SO, O,
nanasluiesmasaulifian Tamfmmuriosmiiewn assiuinaunAeINIA

4. swmeilufidauwuy K nanmail 3 9n fio gamginh wmisemmuuen uaziioomlng

M wnyduuvlnduazinsey () M3 (A) 1M 4
UM T nguuuulymal 1m 1, 2) wanmgUuuusssum um 3, 4)
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saumeuentm
finsounsio
fsveniewm
TAssaswaum

NN

1.

2

3

4. dountium
5.

6. unulngaoay
7.

fooAuNaN

() FINMLUDALA

IFMsnAReY

sumelum
. vioownln

1
2. i

3. Tasldsi
4. uHufuay

5
6
7
8
9

IMFIAUMS

. WAURUIN
_AUWeIMA

. deuiniFoman
. TOOLTAUATS

(@) Faumealuwm

Un 2 dmdazneumeuenuazmelumyuuoulng i 1, 2)

WM InnaaonIads Water Boiling Test 3 phase fia

35

1. nAnavgaziA gy Phase 1: High Power (Cold Start) duiminin taui 5 ans

ihmtngnu 1 Alandu wssn@elw 50 nsugalvl wewuhlwduAsumAeshmualyluieowlngd

ihndeaunuuwm  UNa1 IaAMIUenuauesnlgauaITuinmgedn selnlnien Tudin

QNN 3 97 (N wilamAuuen uavisswlngd) a1 hininid wazimdnaunmie

2. manARvansimIau Phase 2: High Power (Hot Start) vitdunilon Phase 1
Wumsnaaesmatilosain Phase 1 sasiumaiudosoust

3. MINARDIVEUWRITIUAMDN 45 WM Phase 3: Low Power (Simmering) (llumsnaaey

AoLlpea1n Phase 2 Tagiigiunieioenudonnnsnaasddmzimsoy Phase 2 nauuldan

ihndleAuneeenndenauaune laagungiivesiivesianuliiiu 6 ssmwaded Juna

TamAmsuauNeuenlen TuiinAigedn 813180 45 Wil uaatemini) dimindunmae

4. ynmsnaaasmunaulamsUatosauniim MuTIeazpeAlumsI9n 2

mMswn 2 weulamsnaaey

r w1 W 2 W 3 W 4
wouly
¢c h s|c¢c h s|¢c h s|{c h s
WaresantostAed 100 % ° ° e © o|0 o0 o
Waresau 2 P09 100 % e o o0 o o|- - |- - -
Waresax 2 909 50 % e o o0 o0 o|- - |- - -
WAtesau 2 90950 %+ NAUYID | ® © e | e e e |- - - |- - -
naneie: ¢ = Cold Start h = Hot Start s = Simmering
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WAN1IIBLRZMIDAUTIBNA
MINBNUNALIENSMWToANNToumu IWA (International Workshop Agreement) 2oy WTB

M310N 3 wansnaaosluweuladadosausmdeasies 100 %

Gouly . w1 13 1 4

c h s c h S ¢ h s
amuniineamlnigogn OC | 772 791 764 |646 *  * |488 * %
dnmmswilndidoman g/min | 95 83 82 |83 *  x[84x * ¥
Usz@nBmmideanuden (Masge) | % [1950 - 12007 - 10.00% -
mawlndidoiwdsim: (aas) g/litre - - 74 - S
Wﬁ‘fﬂmmﬁﬂmﬁﬂ kW 4.3 3.8 37 3.7 - *138 - O F
mIvauNauenldn mg/m’ | 2 3 3 4 S

wewme: ¢ sssummunesnanlisansonlnifenlalagld@emasiumanaaes 1 Alansu

AN 5 Ans uacBuringungigogala 83 esrngaided ludvgation

maSeuiieuwn 1 11 3 uazia 4

1. el 3 wamswisuidiouwn 11 3 waznm 4 wod Amwdsoudomas
Tomamnnialnfifesiununie 3 - 4 kW wiwm 1 fmgeligngenasesiumansmswilng
owmdsuazmgaunaiveomnifgelignme mnfissanmaed 1 deyawm 3 wazen 4 S
dasntimmnn auinldnnnd dnufiemaAriugFaRamnnnd uAdaugsaReieaninm 1
SnnugFstiosyilimaunlnduoon 3 uazm 4 mnduwm 1 sonasosiu [14] uasiowlndiui
fheanugsmesiioownlndn 3 waz 4 Messnn SnmArugodhmuaciuiiledeooniinnninm 1
yilanuSeumemiuthameenluivledsliss enmpiveswnlnddasmndum 1 [11] -[12]

2. mafm 1 femawdumdilimamnlniauysanniu seanfosiu [15] ugash
w1 fdvSnaemadminmiminzannd dugsiRonaniudomdlaini anusou
oanilulodotonndn iligaumaivioswlndgend

3. Ussinsmwideanuiou (hdvge) Ao drmdnsly domdshasssmaanlngd
atuan UszAnsmwidonnuiauzecn 1 gonden 3 uace 4 dolimamungiviosw v 1
figoniuansiomsinivanuseulumuazildlivslendlddde waam 1 Waww
anudauimnnidugafinlweismiiituawiuema  Jedafuanuiouna:lils:Toud
Tannnidssenaesiu [12] Ussamdamn 1 Jogefign dawm 4 sfigamszliauounsiion
uwindsidesdindmiuindemas liamusougudeteusannmasunnigadslumalede
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4. Tumsneaasilldaudios 1 Alansy naaasnuwn 3 wazm 4 slnanuseuluiesne
nazvinlminAeala wazmnanuanusenbiladeaiuly wdmswenlugazenludlaf Ysuwm
mM3veuuauenlgnm 4 mg/m’ URINMY

M351N 4 wansnaaedbuweuladadosanzm 2 1oy 100 %

' . 1 i 2
e | weuly
¢ h s ¢ h S
guniivieaw lniigogn °C 772 | 791 | 764
sammaulvdidoman g/min | § . | 95| 83 | 82
Ussinsmmizonnuiou (Aaogs) % ;% S 19.50 -
I SR o o . I
mawlnidemasinm: (M) | g/litre | 8 8 - - | 740
WS TLNRY kW == | 43|38 | 37
M3UBUNBUBNlYA mg/m? 2 3 3
Qaunivioa Ll nligogn °C 902 | 913 | 878 | 914 | 913 | 897
snmmanludidomag g/min | &§ ¢ |110]100| 93 | 11.3 | 108 | 95
Usz@nsmwidonnusen (Mavgs) % ;% 8 29.00 - 27.00 -
v X a o o ! . g
M ndiBomasium: (@aei) | g/litre _§ é - - |91.0| - - | 1010
WRoUToINRY kW 2 | 38|31 |43 | 41|32 47
M3UBuNBUBNlYR mg/m’ 2 3 2 2 2 2
gaumniivieaw lndigogn °C 882 | 891 | 854 | 893 | 906 | 877
sammanlniidoma g/min g @ 97 | 87 | 82 | 97 | 88 | 86
UszEnsmmizunnuiou (g % a% 2 42.75 - 41.50 -
vt o, o o b . g
M lndizemasinm: (Masi) | g/litre _§ é - - | 80| - - 85.5
WO TR KW | @ | 44 | 39 | 39 | 44 | 40 | 41
M3ueuNBUBNlYn mg/m? 3 3 1 3 1 1
gompiivieo lndigogn °C 914 | 915 | 882 | 915 | 918 | 883
drmmarludidomag gmin | § (@ 10 | 89 | 82 1 102] 93| 86
= =3
UszAinamwilionnusen (Mdugo) % |'2g 5| 5075 - 49.50 -
v . o o ! . g
malndizomasinm: (Masi) | g/litre _§ _éé - - | 790 | - - 81.0
Wi Toindg kW | = 2| 46 | 40 | 39 | 46 | 42 | 41
M3UauNBUeNlYn mg/m? 2 2 1 2 2 1
nuens: ¢ = Cold Start h = Hot Start s = Simmering
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mswSeuiisumsdsvdSmanuaviiim 1 1o uas 2 des

1. 9mmsi 4 luguenm 1 wWisuifeumssulSiaaudmiuman 1 dou
dhuin 2 dog 100 % asilidauinnausesh dawaliernmawlniidemaniiiu gumai
oowlniigodu  usnohmawnlndliauieusenunatuuanasnuidemiasanauansi
Taumiundhazfien windsdonaliszimsmmdamnuseugeiuain 19.50 % wu 29.00 %
wasUSmnamunininaiisosonanemsliidemannniulumssameningas Low Power w31z
mimﬂ‘mﬁ[ﬁaLwﬁaf\hmﬁ:qﬂﬁumﬂ 74 g/litre 1Tu 91 g/litre

2. dediuUSnanuinanas Tnedadesautne 2 doo dies 50 % shlieaTimswilg
owmAsias amnpiveswilnifianas maneds mawlniilinnmieusenuiiosns uAndoou
owdnintuugnrininiensiiy  sudesnnSnuauniornuisiananamsgaionnuou
senluAvlodedoinas . sunsadniiuanuiouliliuuiy  dowalilszinsnmidonnuiougadu
911 290 % 1 4275 % wasdsiirnuSoudniiulissmeninnniy Usmdndemannzmns
wlvdiBomdssmn: anasain 91 g/litre e 83 g/litre

3. dednanUsualedesenlnufiinsoundesuin nuidammamlniidoman
doveliwdsuulas amnaiineowlndndugein wasnudemdoiniudniosuanadn
ihifeAdtuBnEntos suilssnnaunsaantGnamsgadennusousenluivledelrhaslien
sunsarnfiuaneieulildinniu Usdnsmwdoanuseugedsduan 42.75 % u 50.75 %
unzdsdademaclumsszmenhlagmmsinilngidemaosumzain 83 g/litre anaowiae 79 g/litre

maIeueum 1 uazem 2

1. msfinsanm 2 ffimsaniuideoauigAumiaomaetioonsomiooonm 1
wu ASnaeadn 100 % whdu wawm 2 Svnasudngaumstesndn mlviUSaey
dulngeslnaruneomlniinnnin wieereesiaulnariudecgiumsisini Euidiesan
fudiuaundy  mawnlnidnheunpiveswlndgoniunuimaladedlnasenldiiidu
UssamSmmidsnnudou 27.0 % s 1 etedmau idemasmnnnnuazmmawinidema
w1z 101 g/litre gondnm 1 AoUHININ

2. deantSinumuinuacledsesn TneandesauinsmdisaseuniemuiienSeuidiou
Ao 1 udr Anudum 1 likamsnaassiinninemyssansmmwidsanuSenuazmmstlng
Godssumz  uafuanawsliinnin msfidesaugAum3azdisananusiauiueow g
gzaarnusousnmawnlndiiul s Toadlis:ansamgedu uwiinnusiamdieand 1
NundesaudiumInuanmoiy Tnaldunnmoiumndin

unal

1. annsadsuysdss@nsmmnlalaeysudgeiads 3 mu Ao msdsumndIuneu
W MaindwIngskdsazinlimswindidemflafosan  uazmInIuANAINTOU
2ONINMIAILNINNRNIUANNTOUTINNINIanNUNdasladooan
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2. msvsuinanlagliaudmium 2 des uldassilimswnlndidemansiiuus:
sammawnlnsidemdssum:Agodudnme ilissEnimmdsanuSousoanuiindulian
Usanas 10 % (910 19.50 % siviiu 29.0 %)

3. msUsvanUSmmaudmium 2 des anasA3onite mswrlnldowmdeiias
wamswlnsidoanysalifivona AnwSouieenluivledeiiag lfomnafiveomlnigedu
UszansmmidornuSeuvenmiindwiiu 42.75 % samseanmswnlndidemassnmsianas

4. msmuauUsnaledseenlremslishasey  dunsaanlsuannuseuliivledala
yiligmnaiiveownndgedu UszAnsamdnanuieuresmdnfindudu 50.75 % uazdéne
manlniidemdssum:zAanaslidnie

5. miwgesaugAums nlvmswilndaon  uasdeoliilianuSannatuazyili
lowdelnavenliisiiu axdonanols-ansmmidinnuseulimanld

AnANIINUINIA

YOTOUAMANIFMNIINAEAT uvTinenaumalulagsunadsy Mo wavouway Nlimsaiayy
nmusuilszina maldaniun JaauazAgimdg
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msfAnmiliinauemsdisialanzingigniseglaaumisidoungomnainisiliig
feasmaiamanuimumuliih weduwnmelumsnsaseulasssiemssaTaaiugiu
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WaimAuuAnmeasanmAnusmumuliiheosdslansuazAumiiosovionuh  wamsdsae
duganeansasyimuiazgUs e lanzidslilfetogades wamsinAuuy 2 A
Tudossulimufodslanzignilsly uAllendsnnidenredslan:AuuumneIufIEINTANTIIND
dulanzlaetsdaau

maAey ;. ssadang; Anumumulih; msiilnnh; Aumiten; Tans

" Az amnssumansuazanlnenssumans umIneaenalulagaguinagIssai

L Faculty of Engineering and Architecture, Rajamangala University of Technology Suvarnabhumi
* Corresponding Author E - mail Address.: chanaropv@gmail.com

https://www.tci-thaijo.org/index.php/rmutijo/index



42 msnsresouinglandlanuluguaundanuiliihgeiieismsdisaenismsinmanumumuliih

Abstract

This study presents an investigation of buried metal object in Bangkok soft clay which has
high electrical conductivity using electrical resistivity imaging (EI) as aimed to be applied
for an application of underground infrastructures investigation planning and development
such as gas pipeline, water line, or other buried metal objects. However, the electrical
resistivity survey method has the best performance when applied over resistive terrain.
This study, a metal cube about the size of 1 x 1 x 1 m was buried at 0.5 m-depth in the
Bangkok soft clay ground. Afterward, 3D electrical resistivity imaging using pole-pole
electrode configuration and 2D electrical resistivity imaging using Wenner electrode
configuration had been performed to investigate a buried metal cube. The initial investigation
result, 3D resistivity result hard to indicate buried metal object as it presents unclear shape.
Next, the electrical wire was connected from buried object to the positive pole of the 12 v
battery as aimed to make a contrast of electrical properties between the metal object and
soft clay media. The final 3D resistivity result indicates the shape and position of buried
metal more correctly. 2D resistivity imaging result at the initial stage indicates no buried
metal object. After the buried metal object was connected to the battery, it has clearly

identified in the 2D resistivity result.
Keywords: Geophysics; Resistivity; Conductivity; Clay; Metal
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Abstract

This study was conducted to produce fermented vinegars from three cultivars of rice,
amely hommali brown rice sangyod and riceberry cultivars. The aim of the present study
was to determine the chemical properties of the vinegars and their antioxidant activities.
Sensory evaluation of the vinegars based on the-9 point hedonic rating scale was included
in this study. Vinegar fermentation was performed by inoculating 10 % (v/v) of Acetobacter
pasteurianus into each of three rice wines with their initial alcohol content were adjusted
to 7 % (v/v). The fermentation was conducted for 15 days at ambient temperature (30 °C)
and sampling was performed at 5-day intervals. It was observed for all samples that the
level of alcohol decreased continuously over the fermentation period, which was consistent
to the increased level of acetic acid. At the end of the fermentation process the fermented
vinegar produced from the Sangyod rice exhibited the highest level of acetic acid of 6.26 %.
Antioxidant activities observed for the vinegars produced from the hommali brown rice,
Sangyod and Riceberry cultivar were 74.95 72.56 and 74.73 %, respectively. The results of
the consumer acceptance test of ready-to-drink fermented rice vinegar showed that the
average score of overall acceptance was not significantly different. (P > 0.05). The score was
like slightly.

Keywords: Fermented Vinegar; Hommali Brown Rice; Sangyod Rice; Riceberry Rice; Antioxidant
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nnimmiiemiuanmignememusuyedsswniSesa: 7253 SnmaRafnahaNseY
nnimiodunieoaniitauls aunsahmwdmdundofuifivs:leminogonm iy
omsnanvasaulng Inuennnduussresasnuisfaus Tdiiunnidusitiossy
Tumstlesiulsalifndadosald  dnluilastuanudiuhimmnmaeneiusetoann mafing
fduenmoiu  shlinmaniRzesimsiufinmmlnsnmsiuanmoeiuie Wy 1§
sinasdimsunumn eelsiueags dnndesifiwanianinualnsnmsimiounaamenus
Tnem:Amiuinis helumsieoiulsamivn dniniififnedy wu frlsdue’s Mnauil
a:fimspengnamoiimwgonninden wu msmuewyadas: niiues viemsueulnlaniu [3]
Aoniuoudded e ouniulumsinninmaudAmond qnimamueuyadas: ua:
managoumMsUTaminArrenhdumegminand1y 3 sevug 1Hun F1ndoomennsd
dndativen d1alsdweda
1. 35msnanaowdanlilam
1 @venadnaslad) luielian snduhinfisgny3inm 500 a5y sAgAAD
aautlsinmmnn @onnuilsimnniitios dmiannn) USinm 5 asu AanedTlRdy
ol igaumniivios (30 esrieades) iunm 4 Tu UsuBinasosudeinzaeilii 29 ssmuind
Taeliinden (60 eemuind) asesonamizinnin dwvmssindelaslioungin
60 pomaidas w30 wiii aondlilveampianasuszna 35 ssrmaes WSsNBERE MY
vl TaethBaduinm 5 asu wawheu 60 fadans Iddedandlidmsuilal @ean
V Uncle Pi @sauazgunsaiinlail) Saccharomyces cerevisiae (Montracht) Tagldtiaanssoua:
0.75 Aavsnsiing TashmawaaAndemamusisanisen Wwelimgmiveulaoenlad
sunsaszaneeenliminhiniiunm 4 fu deasuusrhmsgediulaadumel antuily
sindefgmnad 60 ssmgades Wuan 15 wit uazuuliiiigmnai 10 ssmgaides Wunm
45 Ju
2. FEmawamhauseganlnian
mnlnidnoeswdszmenusimdenld iludsuuSmaueansseduiuiosa: 7
Tneidonsmeihnauiiinde udmede Acetobacter pasteurianus TISTR 521 3ewa: 10
fimSunanemsiioode Glucose yeast extract broth wwenuwaspoefum 1 Ju aslulaniin
RIS Sevusa: 3 waned Usinas 150 fadans hlvoinweFense duom 15 Tu
usedluiui 0 5 10 waz 15 Ju fMetea: 3 wenad dewinhdumagasy 15 Ju ynmanen
Aszuaumansin Tnemsshidohfumeniigamad 60 esreades W 30 wid
3. mIAAsRAusuAmadvesliuazdueY
InfSinmuesneged Usnansne:dan thmanglag uazhmansalag fAnudaien
Fomsvoo Aguiar, A. et al. [4] Taemaiuseslaiuazihdumegld microtube Tnfawmailan
Wulfluamnafi 4 esrngades (AulY 1 ew) FwwAdes High Performance Liquid
Chromatography (HPLC-RID) (ﬁﬁa shimadzu HPLC-RID system) lagldnaauil Aminex
HPX-87H column (300 x 7.8 mm.) 8n51m3lna 0.6 IaaansAewil gungineanil 45 osAgates
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Jpmeanaeuiine nsndailsmdudu 0.005 Tua/dns uaslidminsraiauuy Reflective Index
Detector (RID-10A)/Degrasser DGU-20-As/PumpLC-20AD/Auto sampler sil-20A /Column
oven CTO20A fwimuSmaueaneged USiansnezdan hmanglaguazhmangnlng
PIAIBE19INNTWIFUATIDOIE TR IBUINTIU
4. mAaATERgVEMIMUDLyedR sz MU neUTH e RN LA TEIINANEETY

manAReUINEMaMmuouyadss:Ae DPPH [5]

wssuE19azane 2,2-diphenyl-1-picrylhydrazyl anuiauou 0.1 Jadlua lasa:aie
maemMuensaua: 95 tnmamoliuing 1.5 deaans ua:iiln DPPH 15mns 1.5 inaans
Tnvhugasedulunseanaassihldiwelionny seliasazaievidgnseiau 20 win iy
InAmpAnALLdITDEiANuEIARY 517 wiluwns Taeldemueaidy blank aumsi (1)

Inhibition (%) = ((Apppi — Asampie)/Apper) X 100 )

Warmunln
Apppyy AD MINMIAANAULEIBEY DPPH Control
Asampie A9 AIMIAANRUUNIDDIAIDEWINAIINUATENNY DPPH

maAnzSnamslszneuiluednionun [6]

Tiniets 1.0 fadans ldlunseanaseuaafinhngu 9.5 fndans @wsu blank
Tdemuensova: 95 unua1smeey) tANa1sazate Folin-ciocalteau 1U31ns 0.5 Aaddng
wenlidniu Asiioligamaiiies 5 Wil MndwAnssazaelnAsumvewnduiuiesa:
10 Ysmas 2 fadans wanliindunsiliigungives 30 wi ildinmmaganduusod
ANNETIAAL 765 wilumng ﬁmmmﬂ%mmmiﬂi:ﬂauﬂuaﬁﬂﬁy’mmLﬁauﬁumw\mwmgm
PDINIAUNAAA (HARATU/ANT)

5. MINANBUNIUSTEMENNE
manAteuMsUsEmaNRFznhdvmernTenAnn s uwEAs Thaumey
i 3 seWug 200 fadans e 150 faAdns duldar 150 dadans wawlidi
antuihhdusegwFesiunnlniimlinaseumeUszamauds  Taelimsnageuuuy  9-point
Hedonic rating scale #onzuuu 1 (ldgevannfian) &9 9 (wevwnniign) lignaseudulaedy
Anageuitlirumsinduduam 30 au Mazuuuanugevluduaala & nauhdusey
sA387  SENIU WRIANNTOUIIN  IIUHLMINARBILULUReN Nyl (Randomized
Complete Block Design, RCBD)
6. MINVUHUNIINANDY

TMiNUMINARoILDUgNANaA (Completely Randomized Design) nsnmusas 2 h
hmildnnmainssininasinamesdn  1neinmmmanuudsUsindied’ One way
ANOVA ua:z3tnsznnansadnmelisunsunaunimes
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WANMINARDILAZaALY

1. aamwmoadzeshillusmviemansin

HAMSAATITIMNAT USinueanesed nsnezdin thmanglasuazhmansnlag
ammandaldinadunm 4 Ju Teewoh Inifwdnanindsiven dvsnuuesnegedgegn
whiusesa: 13.61 + 0.01 (M3 1) Usmnaueanegedluliiiinnnmstesimanesiian
wasuliduenmuona [7] anmanaaoswuh Inlindsivenivsnaueanesesnnnilaniing
mugnlusnade (Goua: 11.48) [8] msilnidndeineaivsmnaueansseaganitliiinmaniu
dosnnlumsmaseswanliimoldldimsdnhmaludumandn  Flunsuaumswindonsn
fanduiusodlihmaiuumssmivewinliiouesneses TnemswAsulngnaliiduenuen
Tugnwiliffgesndan munssuaumslnalalads (Glycolysis Pathway) Tnedama:lfihag
druniolumseiuiodudimaeed  ua:uwdmazgmilulidaanminsumuelasu 1
Liun omuea mamsveulaeenlad nsnezddn nsaudniin nsndndiin Aouaadlumsei 1
uaz 2 [9] :nmananeawud Usinauesnegeslulminmdisveniivsmagegn wandlamun
faffinnuannsagesamsimanglaguazimansnladluinadeinenedofus@nsam
Aouandlumsof 3 ua: 4 lududl 1 sesmsniin Ysmanhmangladlulaniindsdneniismm
wniign uwaadonsindeuil 4 Usinahmanglaslulniimdsiveamietesiign WowSoudiey
Aulaiinndemmeny:auazlniinlsdiuess

MmN 1 UInueanadoa luszndemsninlIunnanaInNga 3 aenug

heinananin USinaueanagea (Se8az) / eaza1msvdn (3u)
3 UG Juin 1 Juit 2 Jui 3 Fu 4
11INAOINOUNR 6.27+0.02° 10.06+0.06° 12.34+0.02° 13.51+0.06°
11809%8R 7.3140.01° 11.1140.02 13.60+0.03* 13.6140.01°
inlsfiuess 6.06%0.02¢ 9.33+0.02° 9.83+0.01° 10.25+0.00°

newin . WisuisuAmwlszelTmliaIIL 2 DImuunIng ABnEINMINUIAINLANMENY

aguidsdAmsann (P < 0.05)
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mywn 2 Usmansne:danlusniemandnhunednangn 3 s1enug

huiwananin USnansne:dnn (Sesas) / szezia1mMIndn (3u)
3 seNWug Juin 1 Fuit 2 Jui 3 Jul 4
T1INNDINOUNA 0.16+0.01° 0.19+0.01° 0.20+0.01° 0.20+0.01°
TIRIDALA 0.18+0.00° 0.19+0.00° 0.23+0.01° 0.25+0.01°
#1lsdiweds 0.12+0.00¢ 0.13+0.00° 0.14+0.01° 0.14+0.01°

nnewe - WisuisumwaszesUSnalinidiuou 2 dmuuning MenyINMenudANNLANMEIY

aguidssAmsann (P < 0.05)

mywn 3 Usmanhmanglagainmsndnlnnnanaindn 3 fewug

Tniwanandm USinanhmanglag (Faeaz) /szeznmmansin (Gu)
3 sewug Juin 1 Jui 2 Juin 3 Fui 4
T1INNDINOUNR 2.79+0.00¢ 2.65+0.01° 2.45+0.02¢ 2.25+0.02°
11INITNEA 4.61%0.01° 2.93+0.01 2.7440.022 2.21+0.03°
inlsdwess 3.00+0.00° 2.89+0.01° 2.55+0.01° 2.47+0.01°

newin - WssudsumwasesUsmalidiniy 2 hmuuning MenINmIuinuLANAIIY

agviasIANIEaA (P < 0.05)

mawn 4 Usmahmansnlnazesmaninunnanangn 3 Menug

Tninanandm USinanhmangnlag (Faeaz) / szazaimsnsin ()
3 senug Juin 1 Juin 2 Juin 3 Ju 4
11INAOINOUNR 4.87+0.01 3.0440.02° 2.60+0.02° 2.600.00°
11809980 2.95+0.02° 2.38+0.01° 0° 0°
inlsfiuess 4.93+0.01° 3.30+0.00° 2.87+0.01° 2.84+0.01°

newe - WisuisumwisresUSnahiiduiu 2 dmuuning AonYINMeNudANNLANAIIY

agnuitssAmsaan (P < 0.05)

2. quamwmaadvenndumeglusnivamamsinuszamauiAmslssmdniaze
idumegnSauAy

USmnaueanagosuasUimmnsne:din snmandmhdumegninnnlaiinngos

nouNd Tndsinen uazilsfwess Tnevhmenindodeuuaiise Acetobacter pasteurianus

dunm 15 u wuiiud 15 sosmaninthfsseganindsineamieUsinauesnegeatios i
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fio Sewa: 045 + 001 (M7 5 FowalifSnmnsae:ARnvenhinmegnninfimenivsnam
nsnezAAngIRAMAUTaEa: 6.26 + 0.01 Asuaadlumaod 6 Usinmnsnezdan AldiAnanms
youzendenannsnezdinismemueslidunsae:din - nmasminihfuaegingnain
Taii$ 3 mewuinud hdusegnnliiindiveadivinunseesdinnnainidusegan
i1 Makgeoli (Fowmz 5.61 + 0.03) [10] Fnhdumeganin Makgeoli EusunsinTsiiisanm
woanpgeRENAUIoEa: 4 IniliuuafiSenannsno:dRndosameouoanoges oAl
nsnezdAnlddesninhdumeganindsinen

MIWN 5 UTnueanadoa lussniemMIniniusegnnanaIng 3 S1onug

iduseyinaRa Nt Psmnaueanages (Seun:) / s:uzInIn1ndn (3u)
3 senug Fuil 0 Juin 5 Fui 10 Juit 15
T1INADINONNR 7.14%0.01° 3.11+0.02° 1.61+0.02¢ 0.50%0.00°
11809980 7.97+0.01° 3.03+0.02° 2.75+0.07 0.45+0.01¢
inlsdiuesds 7.10£0.14° 3.05+0.01° 1.80+0.01° 0.61+0.01°

nnewe - WisuisumwasresUSnalinidiuou 2 dmuuning AenYINLANMINUIANNAEIY

aguitsdAmsaan (P < 0.05)

MmN 6 Usnmnsne:danlusniomsndniianasgindna1ndn 3 @enug

dNEBgIRAAINTT Usmnansaez@nn (Soea:) /szoznansiidn (3u)
3 UG Fuil 0 Jui 5 Juil 10 Jui 15
11INAOINOUNR 0.110.01 2.544+0.01* 3.460.02° 5.41+0.01¢
1IN ITNOA 0.12+0.01" 2.27+0.01¢ 2.80+0.02¢ 6.26£0.01°
inlsdwess 0.12+0.01™ 2.31+0.02° 4.48+0.01° 6.02+0.01

newe - WisuiisuAmasmuLuIngesUImahEangdIuIl 2 91 Monwsnuana1ea

AAnumeiuetinadAMeana (P < 0.05) ™ = not significant

3. MInAseuqudnsAueuyadasuazUTuasUsneuuoAnNINNADY
idusnegmsinanin 3 sevug
PNMINANBLgNEMIMusuyadaszrenihdumegiviaininndeonenn:a
Fnmeusdedinen uazinmenuilsfiuesineds DPPH wamsnsameunud duaey
hanimnfesentzAuazinlsfivesaTignsmamueuyeansgeiigarniUSena: 7495 + 023
WAz 7473 + 038 (MTWA 7) AMINARBINLT qndmacmusuyadaszsenidusagmin
faninndemenn:a JUimasnaninhdumenniudSofiionaui’g Makgeoli (Sova:
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6763 [10]  dmhfumeginndomess:aTignsmsmusyyadssgeninhiumogniunsdig
Wi Makgeoli oaiflasaninndesiinsmueunadas:goniiing seoandooiunuide
w09 Shimoji, Y. et al. [11] Ifhmsnageugnamamueundas:snnnhduamegiinananiming
wazilidnd wunhdumegihaninlidadignsmsmuouyadas: AC, = 1,710 pg/ml)
mnnihduaegiianingad (IC, = 3,340 pg/ml) MInAdeuUSmasHuoianImun
sonhdumpgianinndemeund indsiven uazinlsfuesd wwinhdumegivhan
drndeomounzd TUSmamsiuednvomungeganiiu 28558 + 411 mg/l sosasnie
ihiumeginlsfivesd waahdumeganindiineadouSmamsivednomunilaiuwa i
Wudedugndmsiuounadas: Auandlumssd 7

MIN 7 S08RNDMIMUOYLNDN TR UM NUORNTIINNABOINENEBYIIND1I 3 SBNug

USuauasiueannunun

7ilAYesd DPPH (% inhibition) A
(UaanIN/anN3)
11INNOINOUNR 74.95+0.23 285.58+4.11°
110 D%A 72.56+0.54° 135.78+0.96¢
inlsfiuesds 74.73+0.38" 275.11+3.44°

newe - WisuiguARREMULLIRTosUTMNENENgIINIY 3 91 AIdnBINLANAIIAY

ganumenuegeiivadAgnesaan (P < 0.05)

4 mssziunua s R RN SIS inTasim 3 sewus
PNAMITATNUT DdumegaInindeomenn:d damdedls Indunes
ihiwameggen | thivameganindeinen Tawdesls Indwhdvaeguse uashdumeyan
dmlsfuasifidihmagen fnauhdumenuse mnmsnaaaowud thvamesgwiouAuiivnan
IMgEsRuERAz UM sTaNsuMuANNlEmMeTuegeiitedAny (P < 0.05) §IUMIsuausy
fud nau seR uasAnugeuslifinuunnmsedeiiteddy (P > 0.05) msaensuly
AMTIWNUT hdumegfindnanindommenuzatiszAuANNTEUTININAL 6.20 + 1.93
Fegluszduanureudntes  wieghslsimuilefinsananureusmzonhduseyinani
3 mevusnud idumegnSenininansulilifenansainmzinlaamy auiliguslan
SFnvovesoiisdApiiesdnsuznedssamdudasuanulaminuiguiTaasaisa
wonuelAdaau douandlumaion 8
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MIWN S MINAFBUMIONTUMIUTTINENRNINNFUTBINFoNANINT 3 Sanug

RS YIIMAIN AZLUUAMRNTMIE

113 @eNug  Anwle & nau e ANNTBUTIN

PNARDINBNNZA  6.9041.29°  6.30+1.49™  7.00£1.94™  620+2.30"  6.20+1.93™
P1IHITNEA 7.60+0.70°  6.70+1.06™  5.70+2.06™  6.60+2.22"  5.50+2.32"
inlsfwess  5.60+1.84° 650+1.58" 6304142  6.0042.45"  5.30+1.70"

nnewn ¢ W3suisuAeaemMuunIn e UI N aENEI8gIININ 2 91 AI8NEINUANAIIAY

ganumManuetsltusAnoann (P < 0.05) ™ = not significant
83Unan1InAaey

HAMINARBIMININANTBYNT 3 MeRusNUT ihdumegwinnndndiven Hu3nm
nanezdfngoan An Sowa: 6.26 qnamamuouyadauezUTAmHTuAN MmMNATD
ihfumegihanin 3 @ewud wuinhdumegminnndnmenusvoun:d  Jgninisiu
auyadasuaUSIaEsHluAnnmungodn  (Seua: 74.95 ua: 28558 fnansu/Ans)
funmmwmMesEmdlshdumegnSeniunuh  danudeiueseiiissaylumuaieila
uAmuE Aau s8R uasAnuTeuTnlLiinnuwanmeeteiitesAL
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Abstract

The development of halal velvet tamarind jelly products was important for Muslim consumer
confidence. The objectives of this study were to determine the effects of hydrocolloid
on physical and chemical properties and to monitor stability of velvet tamarind jelly.
The substitution of gelatin by carrageenan and pectin at 0, 50 and 100 % showed that gelatin
substituted with 50 % carrageenan exhibited the highest overall likeness score which was
7.70 (like moderately). The water activity (a,,) and pH of jelly products were 0.84 and 4.05.
The stability of jelly samples packed inaluminium foil bag during 8 weeks at 4 °C was
investigated. The total bacterial count was detected but it did not exceed the limitation of
standards at 1 x 10* cfu/g. The overall likeness score was 6.81 (like slightly). From the
results, 50 % carrageenan and 50 % gelatin could be used as ingredients for halal velvet

tamarind jelly production.
Keywords: Jelly; Velvet Tamarind; Carrageenan; Pectin; Shelf-Life
VN
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donaliimfiteranas Fefimwndu 3.28£0.01 2.9140.01 ua: 2.81£0.01 musHy (M3 3)
miialdegluanadunsn  donarennuasizesamAy  maduuy  uasmaiuidndy
funsuiimsIaS s iiumeiuanmedy FelnaiAssiumsAnmes Sirisee, U. [15] Anw
mslifnusaanmnivluesdnanion Fufimiiod 3.07 - 3.17 TneunRmioonsgIuzeoHanim
WwaRDEINY 2.8 - 35 sumieniamnzanegi 3.2 mu wen. 2632521 [15] TasuUnfdiogan
fimieregludio 2.83 - 2.98 [4] WedmsAumsmaIuun uaxnnfin fonaremfodzey
HARAMTRRRININMIFeNusiuNENdY | Welimferifiunianasguimualinaning
fimgmaiusamiiauy madusasnilidewsaduinlasamadon seelifiinnuaenie
AeruILAA [20] - [21]

1.6  mMvAsaUMIUsTEvENHE mtmﬂf\iaumﬂﬂi:mwﬁuﬁﬁﬂaﬂwﬁmﬁmm‘rmaﬁgﬂmﬁ
ANAMUERIANTIEMNIUULLAZINATAIUNDT AZUUUMINATRUMOUSEMANAAMY & nau
saA AmEaney AnuennelumaRe s sy saA sEws wazrseulas i
wanmorwegefidesAny (p < 0.05) Fefimnuduiusiumsinnsiileduds warauiimondl
Tnomzanaiunsnzoneaiga TneuSmavesmaiuuuwiniufissiviesa: 50 owali
wamInAseumMelszEmandaAanmslimaiuiisAuieaiy Tnefidenmsnaunuamauie
maIuuuiiesa: 50 dolinamanaseumedsrmnaniaiuaureulaesInfissAuAzuLy
7.70+0.65 (ANuTUIzAULIUNEY) (msmﬁ 4) MaANmAnUIBsa: 100 MINASBUNIIUI S NRUES
finzunuAnugeud nau sazR uwAilelaseasresead lfmnivlideliinealisnsaa
wete demmnsainnnanuenislumaies Tnefidnsamioaunan eaiulinde
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wilpnnull WelmsnAnandmawadgnnd dolinzuny 7.2040.55 (ANNTBUIzAULIUNGTY)

uARNAgoURITANTRIaNBa NN LR UAT TR ILLA]

Jurlviazunumsnngovey

TuszAvA - §IUSEIANMINATOUMNTINTDINRNANNTBIANNLLITBIZBINELAZANENUARINIZ

nodlalnsprensan
MIWN 3  MIIATERINTAMOATIDIHARA TR A INALNLAIAM NI LLLLRIN AT
- . MUY (Fo8az) N (Feuas)
MIAATIZN YARIUAN
50 100 50 100
mmﬁu (g/lOOg)* 34.71+£0.48  29.53+0.59* 30.37+1.25°> 28.99+0.10° 29.250+0.56"
iole (¢/100g) 1.8140.05  2.59+0.04¢  3.55+0.11°  2.72+0.05°  3.87+0.01°
LN (g/lOOg)* 0.32£0.04¢ 2.77+0.34% 3.31£0.92* 1.80£1.31*  2.72+0.76%®
Tusfu (g/100g) 1.25+0.05*  1.13+0.03°  0.90+0.02°  1.17+0.04%  0.81+0.03¢
losiu (g/100g) 0.67+0.01™  0.66+£0.02"  0.67+0.01™  0.66+0.02"  0.65+0.02"
ﬂW%IUVL‘EILﬂiﬂ(g/IOOg)* 61.20+0.38°  63.31+0.24® 61.18%£1.42° 64.64+1.34* 61.83+1.31%
a,, 0.89+0.01* 0.84+0.02° 0.88%£0.01* 0.85+0.01°  0.86+0.01b
Filtey 328+0.01¢  4.05+0.01°  437+0.01°  291+0.01¢ 2.81+0.01°
nnewn :  msnssiwenamidluuiueufinnuuanmsesoitusAn (p < 0.05)
™ lufinnuuanmonunesan (p > 0.05)
* Souaclnerimiinidlon (Wet Basis)
M09 4 ﬂ:LLuumiwﬂf\iaumﬂﬂs:mwﬁuﬁaﬂaaLﬂaﬁ'@ﬂwﬁﬁmmawmmuwm?mﬁwmsﬁuuu
URzIWANIU
. MUY (Fo8az) wniiu (Seeas)
ABRNEMS YARILAN
50 100 50 100
& 7.7220.61* 7.43+0.89% 7.10+0.71° 7.10+0.88>  7.16+1.17°
ﬂﬁlu 7.56+0.85 7.10£0.99®®  7.00£0.78%  6.43£1.65°  6.80+£1.39"
SRl 7.62+0.69 7.23+1.33®%  6.66+0.95 6.16+2.06°  6.66%1.64%
ﬂ’J”IJJgﬂﬁEiu 7.27+1.41* 6.86x0.97* 5.86+1.22° 5.60+2.15%  4.86+2.20°
pnuenaelumsiAel  726£1.36°  7.20£055°  5.83+1.74°  583+131°  5.43%1.86°
Lﬁﬂﬁuﬁﬂ 7.20+0.96 7.33+£0.71° 6.13+1.59° 6.46+0.86°  5.16+1.87°
IENINU 7.67+0.97* 7.56x0.81* 7.00£0.98° 6.26+1.31°  6.46+1.38
JaLAY 7.43+1.35 7.23+1.22®%  6.76£1.19%  6.53+£1.56*  6.13+1.67°
SE\IL‘IJ?;EJ’J 7.50+1.10° 7.20+1.37®°  6.56+1.07% 6.13+1.85°  6.73+1.70%°
ANNZaUlneIIU 7.60£0.74* 7.70£0.65* 6.76+1.43" 6.86+0.77°  6.36%1.16°

nnewn :  AdnyInuanmenuluuiueulinuuanmseiited A (p < 0.05)
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2. AnwAsIRNTATIIMBMWURzAT uazmstansumolssamdudaneseadgand

s semsfuinmigamaiuibu
msfnmANNATAITNERAgARERdMsANERIAY (Fona: 50) UAIAITITULY
(Sowaz 50) lupsegfiianwesdmiumiusamiisezon 0 2 4 6 ua: 8 dUAW Homnad
4 oFEaldus WUNIIELnAIMSIALSIBIianeMSLTUTosMANLNTY M a, uzARLeY
unnrAuag e AYnsaan (p < 0.05) TnaAAuiunezA a, dANusAAens
Lﬁ]%fgL?]UIﬁ?lﬂﬂL%@ﬁgauﬂ%ﬁ M a, ARBATIELIMMIAUSABINTUAATENIINT MM 0 dUmm
fif1 0.8540.01 tndn 0.87+0.01 fiszeziam 8 FUAW (M3107 5) esanlethuazanudumely
vssimTsningilowad s inammiuivinaiiemseaiiuinm - mnEn
AnuduSena: 26.12+1.76 (0 §UmW) uaz 31.07£0.53 (8 dUas) dum a, seansesiulSuna
ALNNEDOTOYAUNSINIMNALA TR RALAZS] INMSANNUNISZEXIMMSUS® 0 - 8 FUA
fSnaudesaunisnonmatioonh 25 Talafidensy saciSnadedsiuazs Linubogaun3s
(M9 6) Folsinadiimnsguimun 1x 10° Taladlsensu uaz 100 Talaiidensu [22] - [23]

MIWN 5 HAMITAATIAUTIIWANNTU ALY Ua:A1 a, DOINAAANTILIRAGNADNAUTAY)
0-8 dumn

MINATIEN 0 dUmn 2 sam 4 §mn 6 dUmMn 8 dumn

ﬂﬂll%u (g/100g)  26.12+1.76° 27.1242.08> 29.214+0.34% 29.53+0.59** 31.07+0.53*
ay 0.85+£0.01°  0.85+0.01° 0.87+0.01* 0.87£0.01*  0.87+0.01°
ML 4.05+0.01¢  4.11+0.02¢ 4.18+0.03>  4.34+0.01°  4.33+0.01°

nnewn : - AdnsInuanmeiuluuIneuliaNuuAnmeeEeiitud A (p < 0.05)

MIWN 6 WATBIIZEIINIMINUSNAaUS I TaIRUNITvRINAnA IlLRAgNE

MINATIEN 0 dUmu 2 dUmn 4 §Umn 6 dUmMn 8 dumn
[HRAUNIANINNA <25 <25 <25 <25 <25
LREFALRZT lainy Tainy lainy Tany Tanwy

mManARoUMIUS AT e IN AR TRRYNMETgMMAT 4 BuFigados s:uz9m)
0 - 8 &AM WUNTAUAZUNUANNTDUINALTRIRNAROUMY § AW SRR ANuEANEY
anuennelumafies deduis savu saAN I3l uazAnugeulaeTINaARY WA
pgnfitsfn (p < 0.05 fesnnsiemafiusnminsasuulasesauiinmenianin
waziAll  donareAzuLNMINATBUMIUSEMANAEaAamNTeza IR sz IR AU
0 dUa TRzuuumamaAgeuMuANNYaUTlATIMINAD 7.4040.50 (ANNTOUADUINGR) LipTze:
PAMIAUT 8 FUAM AzULUMINATBURARIWIAY 6.81£0.56 (ANNBULIUARNI) (3197 7)
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MIWN 7 HADIIIEILIAINSNUSN DRI HIINIaABNTaNT UMY aNENRE

AR 0 duAvi 2 dUavi 4dUmy 6 dUMM 8 §Umw
a 7.46+0.51"  7.26+£0.59™  7.13+0.51"  7.12+0.63™  6.93+0.58"
nau 7.40+0.63™  7.06+0.79"  6.93+0.59™ 6.91+0.70"  6.80+0.77"
TNUIA 7.93+0.96*  7.41+0.82®  7.33+0.71® 7.20+0.67°  6.93+1.03"
ANNEANE 7.40+£0.50*°  7.06+£0.96®  6.93+0.79®  6.66+0.81°  6.50+0.63"
anunelumsAe)  7.0620.88™  7.01+0.84  7.00£0.75" 6.80£0.77"  6.93£0.96™
\ioduds 7.60+0.87"  7.40+1.05™  7.33+0.72"  7.20+0.86™  7.06+0.70™
NN 7.66+0.81°  7.46+0.63®  7.13+0.51% 7.07+0.59*  6.93+0.70¢
FeLAY 7.33+0.89™  7.28+1.06™ 7.26+0.70™ 7.06+1.03"  7.06+1.62"
5500 7.40+0.63*  7.26+0.70®  7.13+0.74® 6.80+0.69*  6.53+0.63¢

ANUTOUIAYTIN 7.40+0.50° 7.26+0.59*  7.13£0.51* 6.80+0.56"  6.81+0.56°

nnewe :  AdnyInuanmeiuluuueulinuuanmeeEeiited A (p < 0.05)
n yfiAuLAnASAUNIIEAA (p > 0.05)
M3Uszdiumoysza@mauns 9-Point Hedonic Scale

A3UHAM I

MIVALWANATIERRgTTIME  SANsFum T IuuLnAmIEeaALSosa: 50 dlAsunzuuy
ANUTELINANARBUM IS NANARGINA  uaziAmaNTAzooaRmuNINTg IUNAR ALY
(519/2547) usfitemsusuigsludunasiiiies degonhminaspuimnunianties 919 i
pgmsiivinmauas agulsimu mafiusnnagunagimamsadisinegmsiiviam
dlohwandawainusnsilugeegfiflosresdmfiun  MlAdianuaAsAITesAMMINTIRNTR
memenm Maadl Molszamdnds wazdesdunidnaenszznmmaiu 8 da fivin
\eadunsdnamunatiesnd 25 Talaflsensu ua:linuidedaiuazs dmszAuAzuIUNINATEY
molszamdndaanas Tnsmmzossdornuteuanubangy sa3en uazsanu Aoy
makAnafgnnaaIsiaMsAns stsuanuiunsaielinandmaliunsgusauiu
maanlalnsnonssAnsuiiainNuAIM T M aAUS ALY
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UNARED

NAMIANUSIN LA IUNININBTeLUATISEAauENma s Tns U auAaInFI0E 975212
Animmieludmingay3 dsamdlne $1u9u 40 Mets kamsAnswuhSmasesuuaiise
nueanmalssunamuniimegludig 3.13 x 10° fg 150 x 107 CFU/g uaziloynmssuuniiin
wammﬂmmﬂanLawmaiﬂmﬂmwm wuuATISERNR  Flavobacterium spp. 3NTEAZOITILIL
FDENINNA URzTBIRNAE Aeromonas spp., Bacillus spp., Vibrio spp., Staphylococcus spp.,
Pseudomonas spp., Corynebacterium spp., Moraxella spp., Enterobacter spp., Proteus spp.,
Serratia spp., Acinetobacter spp., Alcaligenes spp., Pasteurella spp., Citrobacter spp.,
Escherichia spp., Klebsiella spp., Yersinia spp. wa:z Shigella dysenteriae MURIAL
definsanumnas U iTmezasismlasimunnnlmauuaiiGonguenmelsn
sonua wuhdesedsednlnabinunainsgussanammsgamin seanaie
ffuauduazdilu

maAy :  wuansenauEenmelsmsunmun; N917; Janingays; Usanelng

" Az IneImans unIangIagy s vay3
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Abstract

A study regarding quantity and distribution of total heterotrophic bacteria isolated from
40 samples of Litopenaeus vannamei purchased in Chon Buri Province, Thailand was
conducted. Results showed that total heterotrophic bacteria ranged from 3.13 x 10* to
1.50 x 107 CFU/g. The most predominant heterotrophic bacteria in this study were
Flavobacterium spp. followed by the less extent numbers of Aeromonas spp., Bacillus spp.,
Vibrio spp., Staphylococcus spp., Pseudomonas spp., Corynebacterium spp., Moraxella spp.,
Enterobacter spp., Proteus spp., Serratia spp., Acinetobacter spp., Alcaligenes spp., Pasteurella
spp., Citrobacter spp., Escherichia spp., Klebsiella spp., Yersinia spp. and Shigella dysenteriae,
respectively. Based on a microbiological standard of total heterotrophic bacteria, most of the
tested shrimp samples in this study did not meet the microbiological quality of USA,

Australia, New Zealand and Japan.
Keywords: Total Heterotrophic Bacteria; Litopenaeus vannamei; Chon Buri Province; Thailand
VN

TuilagiulanlafimsvianllesonholnanSesmsidszmnaiumnniu - denelianiymiasAny
fia mamauaauewns uidmsulsanaAlnedulszmaiiminennssssumauaianamanuae
methamAalaimsnalassmslidsandlnaiiuasiveslan macUswalnodulsmansnsnssu
uazgAEmMNIIN Madseansiulnaidiumsdeendufusnemsma | e SIMIEWNINzA
Fornufosmssmsnzaiingsdy  udlusazfsiulSinaeesdn insamusTsunAttosa
FoiliAamalulagnmamzdssdniinlnsmmsdoninsmzRoonsnarelunael sz
woviaidenziusenidedld dmsvlssmalnedisdansdoeandonmdniududuniozoslan
wiludl w.e. 2546 Aenmanlszauduilymaolain MAuARUBLIRUSAMAWA uonIATiE
Uszavilymiferdulsalisanisen (1] Joldimamisewnuludmunuieamidedia
weduinesy  widsorwunlufinsmwzaiesiunnnslulsamalneus:uszmalusauie e
Sananetsand Jofnmsudeiuiiludraninuazmausedumenandedinndu

fuem (Litopenaeus vannamei) THAMARTINANR ANUETIFIRA 23 oA wunl
TuwoumedmzvesmamuUEinaeuld  fedssiiluendmimoussld  fhoasFieameiu
Aonzamly wudndmamzResieslulszmAlneivasdmin 1ud vay3 s:ee0 dumy3
a:doms1 UsauAsdus uazaymssonnn Tsadndennuuaiisoiduiymaanailidin
ANUREMEARgARIMATINMIAESAII 1y MIAnBeuUATISEARN Vibrio TofsnniiiAnide
fnazfidrmmame 100 wWeddud Tredemaisindudeus:hmlusuumafosds madudmom
seaefigsmuawiliddnouiisinsanelsalufold  SEwanans uumaReeiIuULT LG
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lifefisnnzaden reenmumsasuuaseessnwlutodss Wy ANAN gungil Usun
oondau wWuau [2]

wennniiuuafiseivuiteumnanunsninfeduey  nFesienlflunsdudni
wazihildlumsnanwazain Wi TaewoaiiGeimusnnlufe 1A Pseudomonas, Acinetobacter
un: Moraxella M3t ueofuazinnuinasomeouazinsiundoat13Ia571aeAnaN
LLUﬂﬁL%‘ﬂ‘ﬁﬁﬂmﬁmﬂaaﬂﬁﬂ lawn Alteromonas, Pseudomonas, Moraxella, Micrococcus waz
Vibrio [3] dowvafiFeuismenusinuvudouludssmnsanelsalunusdld wu Vibrio
parahaemolyticus folidnlsnemadiufiv ¥ vulnificus reliiinmspmdelunszuaion [4]
femnimsfinmassiFefirusulaifnsiisfusuaiiseimuluionnduSesiianusdy
msluiumsmnzdesuaziugsdnyazsesiseinememuTesmamly - deazfinareduslan
wazitenaseuamamzasislifimasguduiivensunslulsanAuazamosanea

ASMLIUMIIY

1. msiRusey guiuimeteisanineimhemuiosnmaludoniagay s1uam
31 $1u suvionun 40 Arees lusnioifounainy w.A. 2548 AoFauunTIAN W.A. 2549
Tnenivhetefaomunifivinmiiaangi 4 esmgades wazhnnTIalnailuiosfoams
melu 6 -8 dalug

2. maAmEATERULUATGEnguEwelsnaionn  TaedBinnsgumiues
Bacteriological Analytical Manual [5] ﬁbﬂﬁmdmﬁﬂma 25 n5u adlu 0.85 % Normal saline
205 fimdans rumliiasdenuaihuiiodeniumensesingy (Stomacher) uaziFaatouuy 10 wh
TildszAauAnmdea1s 107 - 10° e 0.85 % Normal Saline anuuTiUnAtaeauAzszAU
ANUEeU3Ag 0.1 findans asunemstagsde Plate Count Agar WiotusmiuuuaiiGe
namenmelsinstnmun (asusazrmideasn 3 @) anduliwowismumassismande
wnasdeglimfmiemsidendouazioliuis  nduhaumadeluusioungi
37 eoAmgades W 24 il dudwulalaiuazioalaladinomualumibe CFU/g iy
inlalafinfsnsauanmoiulunaseusuiimeiuniiiesuunafinvesuuniiomu  Bergey's
Manual of Determinative Bacteriology [6]

3. madAnzideyameadn doyadliusaoiduAiade £ Andeouunasgu ua:
ihioyadliunin:imosdfneds ANOVA uaziSeudfisuidodeusis Duncan’s Multiple
Rang Test (DMRT) fiszAutiaa 0.05

WAN13I98
9INMINVATOE N IBINMeTMIBMUARIAAT ) Meludandnray3 919U 40 A8

nudSamuuanizenauanmelsinsunemun  Asensen 1 TaewudiAdesish 11 AU
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wuAfiGnguEnmelsinsUiomumnniign fio 1.5040.07 x 17 CFU/g uazfpeei 5 ff5inm
wuAfiGeiosTign Ao 3.13+1.62 x 10° CFU/g dednduuntiinuesuuaiizenguisnmelsng
ﬁﬂmnﬂimﬂﬁmiwﬂﬁﬂﬂﬂmﬁuﬁma%mﬁmu Bergey’s Manual of Determinative Bacteriology
ua: Bergey’s Manual of Systematic Bacteriology wowuaiiiseanams q laun Flavobacterium spp.
wwmﬂﬁqmmﬂﬁhmuﬁaaémﬁomﬂ 300NINAD Aeromonas spp., Bacillus spp., Vibrio spp.,
Staphylococcus spp., Pseudomonas spp., Corynebacterium spp., Moraxella spp., Enterobacter spp.,
Proteus spp., Serratia spp., Acinetobacter spp., Alcaligenes spp., Pasteurella spp.,
Citrobacter spp., Escherichia spp., Klebsiella spp., Yersinia spp. waz Shigella dysenteriae
Ao soii 2

mywn 1 Ysuauuaidenguianmalylnsunsnuannuluiiegisnesiandimiisniely

ININYAYI
. . uAfiSonguisnvelslnstvionnn ., uuediSenguenmelsinsuvionun
IV AV
(CFU/g) (CFU/g)
1 1.030.15 x 10°® 21 4.06+0.40 x 10°
2 1.3240.19 x 10°" 22 1.09+0.12 x 10°¢
3 3.93+0.77 x 10*" 23 2.1740.32 x 10°¢
4 6.87+1.40 x 10*® 24 1.09+0.03 x 10°"
5 3.13+1.62 x 10*" 25 5.56+0.20 x 10° ¢
6 1.27+0.11 x 10°" 26 1.6440.19 x 10° ¢
7 9.83+1.82 x 10*" 27 2.60+1.01 x 10° &
8 2.90+0.6 x 10° ¢ 28 5.00£1.73 x 10*"
9 1.47+0.13 x 10°¢ 29 1.09+0.36 x 10°¢
10 3.26+0.58 x 10° " 30 5.73+0.56 x 10°¢
11 1.50+0.07 x 107 ® 31 7.50+0.92 x 10*"
12 3.20+0.28 x 10° ¢ 32 6.73+0.99 x 10*"
13 1.15+0.07 x 107® 33 1.30+0.24 x 10°h
14 9.93+1.97 x 10*" 34 9.13+1.01 x 10*"
15 1.23+0.37 x 10°" 35 9.63+1.70 x 10*"
16 1.05+0.20 x 10°" 36 5.35+3.75 x 10*"
17 7.80+1.13 x 10*" 37 4.00+0.35 x 10*"
18 5.60+0.71 x 10*" 38 5.70+2.00 x 10*"
19 3.76+0.70 x 10’ 39 8.95+0.91 x 10°f
20 3.9040.35 x 10° " 40 1.2240.28 x 10°"

nnewn - enwInseng i limileunuluiuinsusnnnuuanmeiueesitediAy (p < 0.05)
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¥LI9)Ovq PIYHUIPIUN]

dds vruisiag

-dds onqig

‘dds smoo0o0jdydoig

an142)uaSAP v]]2S1YS

-dds vyv.riag

dds svuowopnasg

dds snajo.g

~dds wpjaunazsvg

dds wppaxviopy

-dds vyja1sqapyy

dds wmniiazonqoany.y

dds viyoriayossg

~dds 1210nqo427usy

~dds
wnL121onqaud10)

dds Jag0nqoa31)

dds snpjovg

dds sauasynopy

~dds svuowosay

~dds 4a10vqojou1dy

fMEng
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10

40

10
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alslnsy

v
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3
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dds wuisiag

~dds oniq14

‘dds snoo020jdydmg

an142puasap vjjaS1ys

dds vyv.riag

dds svuowopnasy

~dds snajosg

dds vpjaanazsvg

dds pjjaxviopy

-dds wypa1sqapyy

dds wnria10vqoany,y

dds vryorayosg

~dds 4a10nqoaayusy

dds
wn1123ovqaudi0)

dds J2p0mqo431)

dds snpjovg

~dds sauasynopy

dds svuowosay

‘dds J210vqo3oU1DY

Maeng

23.22

25

51.78

18

40.54

47.03

13.51

19

33.33

41.03

17.95

20

425

20

37.5

21

32.11

11.93

35.32

17.43

22

- 57.14

19.05

42.86

23
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4.59
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39.45
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dds wuisiag

~dds oniq14

‘dds snoo020jdydmg

an142puasap vjjaS1ys

dds vyv.riag

dds svuowopnasy

~dds snajosg

dds vpjaanazsvg

dds pjjaxviopy

-dds wypa1sqapyy

dds wnria10vqoany,y

dds vryorayosg

~dds 4a10nqoaayusy

dds
wn1123ovqaudi0)

dds J2p0mqo431)

dds snpjovg

~dds sauasynopy

dds svuowosay

‘dds J210vqo3oU1DY

Maeng

417

38.54

29.17

28.13
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21.18
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dsduazandsiena

1. BSnauaiidensusnmelsinstimualufesiodonm

nAmMsAnmTnauamsundnszneesuuaiisonauenmelsnsunmmunalu
fotefsendiuiu 40 fmeths Tasmstemetofoommaniummelunmadomingay3
WaMINARBINU RN IIUSINAUATIGeag Ut 3.1341.62 x 10 fi9 1.50£0.07 x 10" CFU/¢g
Tasdalng (625 wWesidus) vasietufsmaznuUTnauuaiionguanmelsnUmun
wnnm 10° CFU/g FosonAmpsAuTIBIuYes Hatha, A. A. M., et al. [7] ﬂf\ina’ﬁﬂqmﬁnﬁ
vanulRenuadasimeegnuuuaiisengusnmelsnsunmumnnnt 10 CFU/g dienfSouidioy
USinmzasuuaiisenguanmelsinsunmualufogofonnduim 40 dess wohlinm
wuafisenguienmelsinsunonuaiinnuuanmouazliunndisiuedeivedAynoaia
dwsuliinauazsineeuuafiSefinuunnaeiy enadlosnanAuLAnAIAuT I
Tumamnzdos ihinlinzdes gamgil M pH zamh wazANLANAIZEsTNALIRIULARARIA
doluunnzamauazuaaziuiismieeeigednsazsesioeniemuuzild aaensuiald
AU INNANNUANAIIN

FothindnsuuneiinzeouuaiGenuh  waideimumsiuiougeigadumin 1
Aa Flavobacterium spp. ﬂ"l'i‘l.luLﬁﬂuﬁ]"lﬂLL‘UﬂﬁL%ﬂﬁf!ﬂ‘jﬂ\fl‘Uﬂﬂa\iﬂ"liﬂuﬁjﬂuu"ﬁl"lﬂﬁ'i'iuﬂ"lﬁ
iy Auuszih dsenadaansauinlflumsmaesiodahitlivianuszenn Flavobacterium
veseiuierenelidalsaludndi [8] wandwidenssTomanenaneliinlsama 9 luwin
LLa:ﬂuﬁﬁgﬁﬁuﬁuéauuﬂ Mnswuzes Maclean, L. L., et al. [9] #nan Flavobacterium
snsaneliiinlsaderuauosdnauld  duinmsdudmdeaaneliinsunneld Aoy
arsaefeliszeindouindssomsiieandwiuuuaiide  wazaisUgslvignieusudsmu
Lmﬂﬁﬁ'ﬂﬁwumiﬂuﬁjaugﬂLﬂudwﬁuﬁ 2 Ao Aeromonas Spp. mavwilou Aeromonas spp.
vevondsmavuidoufiendaunmnandouindan wu 11 Wesan Aeromonas spp. 1iu
wunAfisefiodeegsdas:luihiansethnses [10] veasonuluUm luAunieluems ua:
dudenteToma sunsoAndeluauiipifuiudeuue eraneliinlsaioosasetiaguuss
Twdn [11] Asduasuusiliasnsnsimadesssins: Jafetosiumsindeuszdasiumsszuna
soouvAiGEnauil waiideimumsuudougadusmiuil 3 fe Bacillus spp. vsvendsmatuilu
PnFowanden deerannniuazAudldlumamnaios wsoihililumsianuszeinds
samdnniesiielunsdudndui [3] Bacillus vissewugenaneliiinlsnemaidudis [12]
LLUﬂﬁL%UﬁWUﬂ?iUuLﬁauQﬂLﬂﬂﬁ?ﬁﬂ‘ﬁ 4 fie Vibrio spp. wa: Staphylococcus spp. Fsmatuilon
90 Vibrio spp. vsvendvsunsezesmainlsaluds esan Vibrio a:neliinlsaivsleds
(Vibriosis) [13] uazenaneliinsunmeudquilaald [11] dwmstudlounnuuaiiseans
Staphylococcus spp. Usuanfvguanunzaosgnnetasiumaufianu Tnseadimsdudaan
HuenSenuAsnIinzABg Wesan Staphylococcus spp. udeiwuuTiaiimisypd
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LmﬂﬁﬁﬂﬁwumiﬂuﬁyjauﬁgaLﬂudwﬁuﬁ 5 fi Pseudomonas spp. 9 Pseudomonas \iudensloma
ananeliinlsfuinuazsigiAuiuseauwe [10]

wennilgmumstudounnuuaiiSeanadu q wu Corynebacterium spp.,
Moraxella spp., Enterobacter spp., Proteus spp. Usz Serratia spp. W8 Corynebacterium spp.
duuuaiiGeimulufionnfonuazusseiuiornneliinlsa [3], [14]1 §m3u Moraxella spp.
ukuafizeiwuanalude 131 dhudeatsloma veseiufendelifinmssnisurasingonszgn
finzanfsuuazlsadeuiileadnwy [15] §wsu Enterobacter spp. ihiuaiiGeimulufowinge
uwaziudenelomaendelidalsaluauld [16] sumstudleunnuuafiGesna Proteus spp.
vsvendvgmnaiinlifivsamfamszdeiivluaamaigoUsznm 16.7 - 22.2 esAngaided
sindamsuindalaedondu Proteus sp. [3] wenanil Proteus sp. iiuuuafi3efiamands
asBamiiu [17] uazuupfiseana Serratia spp. Boilunuaiideinulusssumiunsnszaie
agluau iudoasTemailiandelufnusniianiodiisounald [10]

wonenigomumsnitleusn Acinetobacter spp., Alcaligenes spp., Pasteurella spp.,
Citrobacter spp., Klebsiella spp., Yersinia spp., wa: Shigella dysenteriae smumstuion
90 Alcaligenes spp. uas Acinetobacter spp. vevendsmsvuilonmamniowinsen umiy
Gomelemamnsanelsaluauldl [16] Asiumsssinssiflumsduiaiuammundesiiedooiu
lliiAnmsandenndowindendeersdeliinlsald d§msu Pasteurella spp. \uuuniise
fsansanulfludeydfionvesdnithuazdnifdesliluasudeu 18] dmsumstuiouan
wupfiSuana Pasteurella spp. o1alennamnmstudenimandaidssnnunasiinense
unaeiitmzides  Citrobacter spp. iiudeinvlufowinsonudiiudontaloma veaenus
ananeliinlsn Enteric Fever {hilsaiinndomonszusiion swsu Klebsiella spp. ihuuniise
fsansanulufowinden [10] wisansadudenelemaenanelsaluauld smsu Yersinia spp.
uuuafiGeinuaniu 1 veseRusamnsadelsa

Shigella dysenteriae wulufedsii 5 §msu Shigella Lflul.mﬂﬁl,%ﬂﬁl.ﬂummﬂ
goulsndn Lomsthaneoguuse uazmegensaduynien Shigella dysenteriae sansonula
Twh 0wns uazuenlanngihe [19] wenanimstuileusn Shigella DAL NNNM TR
veufnigednsmzduyaaaliAdeiliAamsundenld do Shigella azsmnsasendinlu
awnsnzald uasfionsndeslumsiinlsa Shigellosis 1 [20] TneySmadeiliinlsafe
10° CFU/g usethslsimu Shigella snsagniugsiaemslinnmouiionmaf 63 ssrmigaidus
W 5 W9 [12] 9MInAaeisnNIanuwuAnBesnams q iy Pseudomonas spp. Alcaligenes spp.
Acinetobacter spp. ua: Citrobacter spp. §0AANBINUMITBIIUDEY Lakshmanan, R., et al. [21]
891U W‘ULLUﬂﬁﬁﬂf\Iﬂa Alcaligenes, Flavobacteria, Acinetobacter wa: Pseudomonas
TuﬁaaéwmeLm:ﬁﬂﬁﬁu%ﬂmﬁwﬁmﬁa waz8INsany deromonas, Proteus, Citrobacter, Vibrio
uaz Acinetobacter Ty [22] Anuroumsu3lnafuilaamsmonanuszoinieansnm
wwpfiSenvudoumdviiie  wazmsUgslignnousuusmuiieanniormeuuaiis ey

TUNTIBADFTNINTBIRUI LA
https://www.tci-thaijo.org/index.php/rmutijo/index



84 auAMsalvesuuAfienauanmelsinsunsualuioen (Litopenaeus vannamei) tswnheludoninvays Uszmelng

2. WANIFIUBBIMBENIBT
PnMsANMUTIALRzMIUNI sz TRcuUATSonguEnmalsTnsUn oA
nnfmetufseimeimhemuemame 4 meludmingayd wou 40 e Wefia1san
INUTNIAIFIUANNINTIIIATIINGIBBINITI IAsRI T RBUSI LU ARG NguIEnmels Insy
MonNALzEINTauLIATgIUemdY 3 ngy Ao AaNdl 1 WATHIUMIRTIINgeIINzA
dopenvaslszmAemaside uaziinduaud [23] AifwuaA1 Standard Plate Count (SPC)
Foafimlidiu 5.0 x 10° CFU/g wuhsmetefounlumsfnmaseil 5 wadidud lainminm
dlasnnfivsmnauuaiiGenguanmelsInsUnmuagaiunnsgu wanaudl 2 Ao 3ATgu
magaiaingemnziadseensesdszinAdluiinimunadt Standard Plate Count (SPC)
faufielidifin 1.0 x 10° CFU/g a1nnamsfnsnuiifsaniiumagouiiunasgiungui 2
qoiin 62,5 wWasidun uaznauil 3 AmuAA Standard Plate Count (SPC) FaviiAiluiiiu
1 x 10° CFU/g muunIgIun1ogadning 1o msnciadsoonoslssnAgnsgamsng [24]
WML AIAIIY 15 Wesiiun
Aotiuimetofsemimedmbemunmaneludmiageys definsandanaimnnsgiu
AMWINeRE Mot nuhdulvaieonee i in Rl uATINATIULRS
Ligunsadseenludolsanams | Ao semnsde Tduaud Wi uazamSgeusmld uenantl
donuuupfiGonelsanmeniin  Asuumsimsianmasguiselildmumnnspulageaiing
wuzblWnsssnsanuumetiosiuua:mssamomsmsandouuafiseresion  uazAIsUsuls
MugnAAzesI MU ImheA WesnsadieanuaieA A basiU3lan

nnnNIINdIzMIA
NNIIUITBVOVOVANUNRIT T VAU UNUITBIINEITNIIUAMIAIINAITITUURITIANA
300MENT19190 AT.FUNNR Dusnil uimthindde ua:malgngatndng) AnIneImEns
WMINBRBYIN NeFivERugUnTalLardIIBANNEAIN UM IANBIATIN
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USinassis:nevioinfivlunesuusodguiin  Perna viridis v3mmeimasioningays szeao
uazn31n lawldas Sodium tetracthylborate Tumsadiveuiusvesa1sUsznouiy uazItAs1n
famaiin GC-MS wamsAnmnuhsmnsansianuaslsznevinfaiuluilofenesuuaos
fSnauaie 2.66 ng/g vosmhminuwie Ami 049 ng/g emhwmingn Tneuvaihdminuays
52080 UAIATIA DAREs 1.04 598 ua: 095 ng/g Femhwinuie musdy JeAndu 0.23 1.10
uaz 0.15 ng/g pooimingn musAL FoyannmaAnsiluasefiuandliiuimsazaunes
sstsznevinfiaiuluilofenesuimogiuua uanasetsnndlodfeuiuySmainuluein

meAn . Daneniy; vesunass; tnslananiy; ladinanu
Abstract

Butyltin compounds are marine environmental pollutant according to their used as tributyltin-
based boat paint. These pollutants can be released from ship hulls and contaminated marine
environments including water, sediment and animals. The effect of butyltin compounds were
extensively reported leading to the global band on usage of tributyltin-based boat paint by the
International Maritime Organization in 2008. Since butyltin compounds are persistent organic
pollutants (POPs), continuously monitoring is required. For Thailand, measurements of butyltin
compounds were initially performed in mussel Perna viridis during years 1994 - 1995 from the
coast of Thailand with mean accumulation levels of 49 ng/g wet weight basis. In the East coast,
mean accumulation levels of 32, 73 and 16 ng/g wet weight were reported in Chonburi, Rayong
and Trat Provinces, respectively. Later, in 2004, butyltins accumulations in mussel were
monitored again in the Upper Gulf of Thailand with mean accumulation level of 35 ng/g wet weight.
In the East coast, accumulation level of 70 ng/g wet weight was reported in Chonburi. However,
none of tissue accumulation has been reported after the band of butyltin compounds in 2008.
This work therefore aimed to measure accumulation level of butyltin compounds in the mussel
Perna viridis inhabiting along the East coasts of Thailand including Chonburi, Rayong and Trat
Provinces. The analyses were performed by using sodium tetracthylborate in derivatization steps
and analyzed with a GC-MS. Results showed that butyltin compounds were measured in
mussels with mean accumulation level of 2.66 ng/g dry weights which was equivalent to
0.49 ng/g wet weights. The mean accumulation levels of Chonburi, Rayong and Trat Provinces
were 1.04, 5.98 and 0.95 ng/g dry weight in which equivalent to 0.23, 1.10 and 0.15 ng/g wet weight
basis. Our results indicated that bioaccumulations of butyltin compounds in mussels were

extremely decreased comparing to previous reports.

Keywords: Butyltin; Mussel; Dibutyltin; Tributyltin
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UnN

asUsznevinfiaiu (Butyltin Compounds; BTs) ihussuszneuiiiluanausznaume s mfyn
(Sn) uazwginiia (-C,H,) domnsiduniandudlunguilie mslasiifiafiu (Tributyltin; TBT)
dlosnnfimsnenumstuiieunaznansznuzesss TBT lufowiageumenzaiduimaumn
@3 TBT fgnlilumSedetesfumam:uuiiSevenwieouazfini@nomman uieenslsinm
stimmnsnazmeeannaniGeuazUuithulusuvinanedm:iauazdonansnuredidin
duetonn  audelddindumsfisaianu eussnniignsianiousuoinamom:a 1]
Tnenansnuiiduisdniufzesmsusnevinfiaiiufe vilivesdiAedlungy Neogastropod
AamaiReumwannuAdodunay (Imposex) Fuimansznurslassasuosusznnsvooriien
Tuinfuazanarlilsznnsnesrideianas [2] smSuvesseskhwuhdimansznuAeRALIMS
uazNI99IQYosMIBeY  uarlunesugTuAANTENL I e THAM N RenAng
yiliinanansm ‘?iﬂﬁiﬂwaﬂizmlﬁiaqmmwﬂﬁuﬂm,wméao‘maﬂmﬂiuL{Iuathnmﬂ [2] - [3] wananil
fslasinnanudssansaszanluisldomsriuisiuslnaouaugaine Wl Uybd Uazo198IHe
nsnuReT:uLNRANAu I gaweeuweasdnfe [4] matuileuzosas TBT uenanazwu
lugwes TBT wideuhiimastuidleusassstiisfiufifinnnmsamesives TBT TR
Dibutyltin (DBT), Monobutyltin (MBT) lufiswanfenmm:zalunnnimeasaslan nlutim:a
Aupznou [4] uardoddin 1wy s mse [5] namaa [6] weensa [7] - [8] Assmdou [9] uas
Ua1 [10] duan
mnenumstuihusaznansureiiBalusuuinafmna i linmaUszme
Amunasmsnuldas TBT Tudnie AeuesAmsmenziasznislsume International
Maritime Organization (IMO) 3slifiermuninunansmiSenfisunauooosns TBT Wil a.A. 2003
waziulidmiSefifesiusznousesans TBT 1ull a.A. 2008 udum [11] ¥iildgammsal
matuitleusesmstsznevinfiaivlunaelszmaiiuualinfianas etholsindosansansaany
ssnauilimdluimas Aupznou ussfelidin Wesnnmsusznevinfinfiudadumsidianmaom
uazsaemith (Persistent Organic Pollutants; POPs) ?iammsnﬂmﬁauagﬂuéﬂLnﬂﬁaﬁlﬁﬂnmu [12]
Tnemasodinluimas Aunzneu uazvessoadiobd 0.78 2.89 waz 1.12 T mwusdu [13]
uennitiitedudssduierailimsuuiousesmsnduilaegiouindonationoiiion
Wossnmelftermnuazos IMO guonanlildsns TBT Tudmise swsuSentmmnalnaiu
25 WA uazueNYINEMGeaLad Myeuus DBT ua: MBT fiimsletounsianglumagnsmnssy
wu ddesiudelusuundeiu 1Hluansmnssunei Hlumsanenems litesiuden
Tulaolsl s [14] - [15] AniFemsimsnmunsiaseuuszihszimmstuileusesssiniaiiu
athenaiiion
winmengemsuszmenuldmsuszneviiaiuluimedonsligaumsaimsuuion
vassstsznevitfafiulufefiFinduiuu Wvanaslunmeiuiinalan [16] - [18] etolsha
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fagiudssnsansmanumstuiousesmsngui luySmamnnuazdalifivuilininzanas
Tunnegiimazeslan [19] dwsudszmdlnefimansaiamstuileusesssinfefivlufoi@indes
Taewusenumsaneilunosuneg (Perna viridis) feuidimsuszmevilissusznouiafiaiu
Tudmie Teeludl A.A. 1994 - 1995 wuﬂ%mmmiﬂizﬂauﬁaﬁaﬁﬂmﬁaLE‘iamaﬂu,maﬂ"u'%nm
mﬂﬂaw wiszmAlnendn 49 ng/g vonimiingn Tnedoninuay3 s:we0 uamsn wulSinm
aem 3273 unz 16 ng/g yemthmingn MusAU [20] ua:ludl A.A. 2004 WUUSJJ’lfum‘JU‘J oy
finiuluiladenesunasguinamedm:asilnenouumds 35 ng/g venimingn
TaedoningayEnusinaesi 70 ng/g vamimiingn [21] agnslsimugslinusiesumsuuiiou
sasmsUsznounguillufeiiFinuinaneimaaoessandlnemendsds:mamuldasnauil
Tuimise  AoiuenAduluasiaeiinguszaofiiensainmstuilouresmstszneuiafiaiiu
TuilebozasieiiTinuinnmeiman  Tnevmsfnwluvoswmogelin  Perna viridis Siuende
uSnamermaamaAnziueentetsandlne Wy domingays swes wazan dusu dodu
Somialugfimeifianusfgmorsegia Sorensmnssuiiddy uasiuiuiensmansmanou
Fnnenuiinumedomaan: fusendaduihnneddpdmsudugumsnangasmnssuman
vostszmAlueman  wa:msiaise  Jeianudesgodemstuidenasiaiigiowinion
s snaudinaiiu

Jan aUnsal UaIEMs

1. NuifAnmuazmsiiusiee
NuiAnmszneuis vinumedmaamanziueen 3 danin lHud daninvay3
52000 uAzAs1n MUAAALLMIR 1 uazgUR 1 imsiuAtegoesuiaoduiin Perna viridis
nniudAnsluAoudoman T w.e. 2558 (A.A. 2015) lumaivAmeaimIguiiunesuuasg
Aownnoun 5 wuAmesauly Wlmhminsufentsznm 1 Alansy wazwiumsiiuiio
TiAsouAauiuisnnfigamusadouizids  denumsinsananamznssumsdninaaaszos
e wassniusmegoiuddulmhudofiieruingldeosfinims mmsunzwien
Wethenfloesasmiuuazinmsunliaaden widndedelilfmhmin 150 a5 uddoily
yiliwouuuiienuds  (Freeze-Drying)  niiiaitloiuouilumpumiiuudouaziivinmigomni
80 aFgaldes Wenmsinnzilusunousely
2. §19LANLATNISATBNTITHINGG I
8135119311 (Standard) faaiudlFlumsanmaseivszneudie Monobutyltin
chloride ([CH,CH,),ISnCl,, 95 %, Sigma-Aldrich), Dibutyltin chloride ([(CH,(CH,),],SnCIL,,
96 %, Sigma-Aldrich) ua:z Tributyltin chloride ([CH,(CH,),],SnCl) 96 %, Sigma-Aldrich)
wennniesliians Tripropyltin (TPrT) ((CH,CH,CH,),SnCl) 99 %, Sigma-Aldrich) fnsuiu
Internal standard uaz1%ss Sodium diethydithiocarbamate (C.H, NS,Nae3H,0, Sigma-Aldrich)
§1M3VAIzUIUNT derivatization
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IBNFITHINTFIU Monobutyltin chloride (I(CH,CH,),ISnCl,, 95%), Dibutyltin
chloride (ICH,(CH,),1,SnCl,, 96 %), Tributyltin chloride (|CH,(CH,),1,SnCl),96 %) luumuea
Tnlaprnuonou 1 g/L uazinsew internal standard Tripropyltin (TPrT) ((CH,CH, CH ,),5nCl)
99 %) lumuealnlapnuudu 10 mg/L @138z mﬂmmmu‘wﬂﬂMﬂLﬂUiﬂmmammﬂu
4 puANTRI@N IUNTIIINMTIATIAATENE1TRza18 Organotin catching lnald Sodium
diethydithiocarbamate (C,H,,NS,Nae3H,0) 6 % lutemuea uazin3us Acetate buffer pH
4.5+0.3 Taeld Sodium acetate (C,H,NaO,)

MIwn 1 Aeamuniumetnavesuasuiin Perna viridis uazihntinipiosaua:iminui
VAINIIUAILUULEBALDY

Location Coordinates Wet weight (g) Dry weight (g)

Chonburi 13.329327N/100.904132E 150 29.26

Rayong 12.666802N/101.167804E 150 27.49

Trat 12.131474N/102.570505E 150 23.55

100.00 101.00 102.00 103.00
w /wm |
CHONBURIe, T
( I ]
RAYONG

00°ZL
12.00

A
O\ \“Q-E
Q 25 Yoo 25 50km

100.00 101.00 102.00 103.00

U1 wwunaaumIeglumsfinmAsel (Apulaennldsunsuy QGIS)

3. msanaAmasuazlgasen
masfnssdafiafiunnmetoiiadelumsnmassifauasnnnudde [22] Tagld
mAfiamsanauuy Solid-Liquid Extraction (SLE) hdethonesuussgimuisuunidenuds
Tnetomegiouns 2 n5u ldlunaeanaseodindedswia 50 mL it Ultrapure deionized
(182 MQ/cm) 153a5 5 mL aoild 30 w1l snviwiusnsazate Tripropyltin (TPrT) A
10 mg/L Y5ums 100 uL ily sonicate wiu 30 W tAn Acetone U3n1As 10 mL uaz
d@198z818 Sodium diethyldithiocabamate 6 % U3ums 100 #L 1ly sonicate 8n 20 wh
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PANUAN Acetate Buffer pH 4.5 133173 10 mL we1wiu 1 wiil 91ndwin Sodium
tetraethylborate (NaB(Et),) 1531193 100 L duasllunsenainneunthi smmswenu 30 Wi
st Hexane 151m3 5 mL wehwu 10 wi hldilwiosinnuss 3,500 pm W 10 W
aassazaieiy Hexane wildlunaeanaaessulmi vinmsadndidnasolneiis Hexane
U3ms 5 mL wehum 10 wit iluiuwIseinnmds 3,500 rpm w10 Wi uazpAssazae
Hexane tusnlslunsennaassnounhil uazihluszmeimemalulaseuy Winfevsmng 1 mL
yanuazenasaianldfIe Florisil Column snuuilyinszidenies GC-MS sely
AesiduAmsnduiin (Recovery) Tumsidenseil#ismainmsazmeomnnsgiuiianudiniu
furneuldaslUluseths (Spike) Mnvhmssiaua R RHamiBUiUAUTURBUMIETRMBE
Fomilaauanaiusesn:
4. tupeuMIBATEAMIBIAT0 GC-MS

maiansimsUsznevifiaiuluaseifnuanoidde [22] Taehmsainnns
2 uL WTATIEIBIATE0 Gas Chromatography (GC) Ju Agilent 5975C, Agilent Technologies
(USA) Tagldneduiziin HPSMS 5 % phenyl fitndousiae methyl siloxane 95 % 1A
30 m x 025 um x 0.25 mm fivie Agilent Technologies Lmﬂﬁqquﬁﬂﬂﬁ 9 50 euF TR
uom 15 wii anduisgamni 20 asmieades yn 9 1 17 audsgangl 190 esrigades
wazAaiunm 1 min uaziingamaisn 30 ssAngadea na 9 1 Wil sufvangi
300 soFngaidos Wunal 4 Wi gaumad inlet 250 su@alded 9n31M3NaToINITAIN
1.0 mL/min Taefifg@iden (He) iufnhmasiions 50 mL/min dhgredu waslifmnaia
(Detector) fin Mass Spectrometer (MS) yhmsinszimasusznevinfiafiufiodluilode
metulafeuivtSinumsnnsgy. msnasguilife lnshiiaiuaselsd ladfisfiuaselsd
wazTulufofisfiuaaolsd mmnsaimsinneildlasnSeudisunmiiasmegognazoanain
AEANTINU Retention Time (Rt) uazmstudumemaluana (Molecular Mass) 2093wz giin
wanMIMUSnaAmessaess 19N IMNINATINEIM BATTIUAANMINTUA 9 5 9A
(0.1 05150 uaz 100 zg/L) uanUIouiausznIuAIAMNIENTUI 08 TR IUAUEAEIY
funléiin (Peak Area Ratio) weomssnasgfiu Internal Standard udilipnuduiusidndunls
ATt TnemboesmsUszneuifiaiuinsianuinbedununsy
ransuluthminuiio (ng/g dry weight)

HAN15IBLRZMIDAUT BN

1. wallamsanauy Solid-Liquid Extraction (SLE) uRzMIAATENEAS00 GC-MS
HlolnsziriauasUSnamsusznevifiafivlumsamemnaspuifisuiuiedo

feA3as GC-MS Tulnua Scan uazlnun Selection Ion Monitoring (SIM) wudsnsuszneu
tnanuuAnzauwusil Tons (m/z) Ae Tulubdiadiu (MBT) 179-149-207 # target ion 235

wansnaTulasinlaunsuit 752 Wit adnfiafiu (DBT) 207-179-146 31 target ion 263 UAAGLIR
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Tulasinlaunsuil 8.65 it wazlnsiafiafiu (TBT) 207-177-151 §i target ion 291 wangLIa
Tulasmlaunsud 978 wit tsnaiuaadlulasnlawnsuiuunnmoiumusnauacls:goes
Tuanaudnzziin Tnsanaluanazes MBT azUsingeensiluusumwlnsnlaunsudeu desan
gmwmsizazes MBT #ifivasnnnd DBT ua: TBT waclumsidensoilliinsiis Internal
Standards Tael#ia1smnasgiu tripropyltin (TPrT) iiesaemsgadomsmasgulusunou
masfnauRsTuAEUMIIATIAIABY:UEAY Ton (m/2) 71191249247 § target ion 193 waAILINI
TulasanTaunsuil 7.98 Wil (UM 2 -3 uazm 107 2) §IunazeINsi recovery aus1s TBT,
DBT uaz MBT 0g3:%319 120 135 ua: 112 % muanu ugnslitivimaiiansanauuy SLE
uazld sodium tetracthylborate (NaB(Et),) lluaifise snansaimmsannua:ininala
polumsazmemnsguuazasiodlufesoiodiiin

myuanimsUsznevifiaiulumsfnmasell  snsnszymAmanYzIIEM I
fonsesunasnnsiiweslidoneludl (1) FadidnvesmsiiAsiziusun (Limit Of
Quantification; LOQ) vﬁammLﬁuﬁui:ﬁuLLiﬂ?'ﬂ%ﬂumsa%mﬂﬁWmmﬁwmﬁamﬁmﬁzﬁﬁmﬂm
sesmsUsznauiafiaiung 3 euiusic 0.1 ng/g ) Iainvesmsnsrada (Limit Of Detection;
LOD) wiemanuiniuiisansansiainduanalilumeesesssus:noviniafiuig 3 QUWUS
fiM 05 ng/g ua: (3) ANMITIBITIMIIATIA (Precision) hudesidud Fsmamwesidus
manauAnlumsideasoilvaslasiofiaiu ladadiadu uwazluludofiafivedd 120 135 ua:
112 % musdy danldnanluuds (msod 3)

Abundance
300000

280000 TBT
260000
240000
220000
200000 DBT
180000
160000
140000 o_—
120000
100000

80000
60000

TPrT
40000

20000 A

Time—> 700 7.20 740 7.60 780 8.00 820 840 860 830 9.00 920 940 9.60 9.30 10.00 10.20 10.40 10.60 10.80

U2 TasmnTpsunsuzosansuszneuiafinfiufimiunszuiums derivatization #ae (NaB(ED),)
Wa:3AT1RAIBA3es GC-MS wu TIC chromatograms asasUszneudifiafiung
3 9iin liun Monobutyltin (MBT), Dibutyltin (DBT) ua: Tributyltin (TBT) fivaa1
7.52 8.65 &z 9.78 W MNaIAU wazny Internal Standard Tripropyltin (TPrT) i
7.98 Wi
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Abundance Scan 128 (7.515 min): MF}‘.D\DATA.MS

160000
140000
120000 235
100000’
80000

60000

40000

20000

0
m/z—-> 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Abundance Scan 170 (8.649 min): DBT.D\DATA.MS
65000 2

60000
14 179
55000
50000
45000;
40000;
35000
30000;
25000

20000

15000

10000

5000,

(2) DBT

Abundance Scan 212 (9.782 min): TBT.D\DATA.MS
220000 191 297
200000
180000
160000
140000

120000

100000

80000:

60000;

40000:

20000

0
m/z—> 40 50 60 70 80 90 100 110 120 130 140 150 160 170180 190 200 210 220 230 240 250 260 270 280290 300 310 320 330 340 350 360 370

(n) TBT
U3 Mass spectra 289 MBT DBT and TBT fiimsiiasizisie GC-MS lulnun Scan
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319N 2 leesuua: Retention Time waua19i/3:znouinyanu uas Internal Standard Tripropyltin

(TPrT)
Butyltin compounds Ions (m/z) Targetion  Retention time (min)
Monobutyltin (MBT) 233-179-177 235 7.52
Dibutyltin (DBT) 261-179-177 263 8.65
Tributyltin (TBT) 289 - 261 - 263 291 9.78
Tripropyltin (TPrT) 191 - 249 - 247 193 7.98

MIWN 3 AMANRNEUCIISNMTIAMeIATosuNdanInsimes (n = 3)

. LOD LOQ  Precision Recovery Linearity
Butyltin compounds

(ng/g)  (ng/g) (%RSD) (%) (9]
Monobutyltin (MBT) 0.10 0.50 13 112 0.991
Dibutyltin (DBT) 0.10 0.50 12 135 0.992
Tributyltin (TBT) 0.10 0.50 16 120 0.993

2. Wsnamstsznevinfisfiuinsenuluvesuuass

namsBAnziUSnamslsznevitiafivluilodenesunsogeiin  Perna viridis
uSnamermaadmiaray3 seeo uaznsin lumsfinmased (Mo 4) nuuSnmusiuges
sstsznevingiaiiu (X BTs) luila@onosusnogiic 1.04 5.98 uaz 095 ng/g dry weight M
ﬁﬂ'wmﬁ'mlmvgﬂﬁuﬁi’mﬁmﬂu 266 ng/g dry weight TnawulSmnmusimsesaslsznauiniaiu
wnfmAludonins:eesfimmAesniy 5.98 ng/g dry weight Taspnsianueurius DBT iesetoiiien
sosannFodonintaySimmaewniy 1.04 ng/g dry weight Uszneufmeouius TBT ua: DBT
0.68 uaz 0.36 ng/g dry weight mua1av Liny MBT saudminanafiauaiowiy
0.95 ng/g dry weight as29nuaynns DBT sweyius TBT wuldwndesfedivsuamnnd
BndranpaIMIIAzRlIIIN (LOQ; < 0.10 ng/g dry weight) uallSmalsaniiindinnvey
mMansI93n (LOD; < 0.50 ng/g dry weight) uazlinvensius MBT iflosanmsanwlusin
wuenulinamsssauzesssUsneudtisivluiedelunie ng/g gogmiingn (Wet
Weight) otiuiielineremsiSoudeuiidedolmhmsiwfeumizean Dry Weight hmie
Wet Weight Tnelifoyahminanuazthminuwiosesioneslumsiei 1 ylilddeyauSaudio
Aouanolumsiodl 5 doiliviinasimeesmsusznevidfaiuluiiedenesuuaagnuly
WIAYAYT FTHB9 UazAIIN LAWMAY 0.23 0.10 uaz 0.15 ng/g dry weight mua1Ay uas
firmasraoniiufisauiudu 0.49 ng/g dry weight

dlewSsuifisuiunamsfnmmsazansesastsznevinfiaiuluiledenosunass
vsnameionaadoninzans swees uamsa anmsAnmiluasiivlueAnnuiiUsunm
mas:anzassnauiunesuasdanaseenan InglueAnisimaiiumedndludl a.f. 1994/1995

https://www.tci-thaijo.org/index.php/rmutijo/index



96 ssdsznevifisiulunesunnegeiin Perna viridis vitimmeHom:adonineays s:ueo uaznn

TnuUSinamsszanzassstsznevinfisivluiodenesuasgludmingaus swes uamnnn
WD 32 73 uaz 16 ng/g dry weight mushiv [20] wazlidl a.f. 2004 musenuludmingays
70 ng/g dry weight [21] flagiiuanaomas 0.23 0.10 ua:z 0.15 ng/g dry weight muaRy
FouanaliiuiszmAzesesAmsmmaasznioUsana (IMO) fnulidmiSenfidiunas
peuas TBT ull A.A. 2008 dwaviilndsunamsszanvessisiinanulunesunasndunaliy
anadludoningay’ s:ee0 uazNIIN
definsanmunasgiuansaeadszessstuidouluems wulifinmsszyna
dushoesmstsznovinfafiluewns  desonmsnauibinudoyannuiufiviuiveude
unpduaAnIRBogAf i uninansnuguusrednilifinsandunds Tnewmznaudn
nguves (Mollusk) wAiflasainasusznovdifiafiuifiyn nie Tin (Sn) iuesAlsznou
S sanmusmANssmn st 98 WA, 2529 (A.A. 1986) $00NINSFIUOINS
ffsnstudleuy dmualinsrewusSmaiynldliiu 250 Gadnsu/owns 1 Alansu wEewniu
250,000 ng/g dry weight [23] Aniudedeuiusimaimulumidoassitslifunmrnasg
fazylTlunesguiodiu  edslsimuwiinSmamsszanesmstsnoviafafivluiiede
nesusasgazagluszAuiivaeniereruilna wiinisAnmunsadeurelUiilasananuiniu
AanamoaRIHanIUReFIMMITINSTeBuNRITINTeEn Thafindy  us:ezamoadone
relasoaszealszansld demsimsanmselluewan
dlefinsanaaumsaimstuidensesmsiszneviafiaiumilan mendsdl IMO
UszmernadldamGeifisunauesmstszneuinfiaiulid a.a. 2008 wuhlifimsdhs:TuazAnma
pssseumstuioumsuszneuifafiufisauuazunsnsnglusuuinaie 9 eathodedlos
yoluanath @iiiin uwanzneuiu doilimaudulismsa:aumsts:nevinfinfuenaraiio
mafnwludastunuhamumsamstuitunsusnevifsiulufoiafouiinullinanas
luvanedszna snmetnody Usamamngala Tl a.A. 2008/2009 asrenudSnuasds:ney
Tniailuhmaamie 2 ng/L Ganasethnn dodeuinl A.f. 1995/1997 imulSinasnsyszneu
Tiaiuluhnaanie 34 ng/L unsnuSinasnsusznevifisiuluiodenesnosuanaoszanm
4 wn AR 714 ng/g dry weight Tuil A.A. 1995/1997 anauilu 158 ng/g dry weight Tuil
A.A. 2008/2009 atlsnAvsnamsszanzasastsznaviinanuluannzneuluiivuliuanas
athofitishfty nemenumsszauzasssUsznovinfiaiulunzneufunie 284 ng/g dry weight
il A.A. 1995/1997 uaz 256 ng/g dry weight Tull a.A. 2008/2009 [24] - [25] eewlsnn
TuvsszmAdsmusansanusslsznevinnanulaludiungs wu Jsamada dn1snsiain
Tuilodevomesddien 3 wiin ldun Acanthina monodon, Xanthochorus cassidiformis Wz
Oliva peruviana vannmedmzaneunmszasU e WUﬂ1iﬂuL'7vJau1uLﬁaL?}agﬂ uazluroiui
wulfigogafi 600 ng/g TAnsudndufonanensdmansmureiiBinluuinanelm:iazes
Uszwadalsd SansSmamsszanlunznoududslifivunlilvanaoiledeudivein [26] ua:
USmnmdnansennsosiulszmaduy | Heglunimadeaiu wu wg [19] WesnasmaAbiue:
wslilfmouniludennasses IMO Fuviliuunliumstuideudefiviinugeet

Chanoppholm Klinklob, Kittiya Shearman, Nittaya Sudsiri, Apaporn Boonmee, and Sutin Kingtong
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 2, May - August 2019 97

MmN 4 Uanmssdszneviniaiunnsianumss:anluesunasguin Perna viridis tatinuis
ainuaeiu ng/g dry weight

Location Tributyltin Dibutyltin Monobutyltin 2~ BTs
(TBT) (DBT) (MBT) (TBT + DBT + MBT)
Chonburi 0.68+0.14 0.36+0.10 N.D. 1.04
Rayong N.D. 5.98+3.36 N.D. 5.98
Trat <LOQ 0.95+0.83 N.D. 0.95
Average 0.23 2.43 N.D. 2.66

N.D:  below detection limit, LOQ: Limit of quantification

MmN 5 Panasstszneviiiaiuinsanumsasaulunesunasfuiin Perna viridis ihwingn
ey ng/g wet weight

Location Tributyltin Dibutyltin Monobutyltin 2 BTs
(TBT) (DBT) (MBT) (TBT + DBT + MBT)
Chonburi 0.13+0.03 0.07£0.02 0.03£0.02 0.23
Rayong N.D. 1.10+0.62 N.D. 1.10
Trat <LOQ 0.15+0.13 N.D. 0.15
Average 0.05 0.44 N.D. 0.49

N.D:  below detection limit, LOQ: Limit of quantification
unsisl

myipTzidiuasslszneviinanulaemailanssdnuuy solid-liquid extraction uas
1415 Sodium tetracthylborate (NaB(Et),) lumsduiasizieunusoessdissznouiin ua:
AAzinumAailan Gas Chromatography-Mass Spectrometer (GC-MS) Tupseilansnsa
AnsvimsUsznevifiaiulunesusaaduiin Perna viridis viiameiimeadmingal3 s:ue
WAz NUTANRREWNAL 1.04 598 waz 095 ng/g dry weight musdy FodleAniume
Tuhwiinsinesfisusidy 023 010 ua: 0.15 ng/g wet weight musy windonswumstuitou
sstszneviafiafiuludedidin waiwwiliumsvudenanasegmnniflofeuiumsseou
mstuioumsuszneviofiafivluein LLa:Lﬂaﬁﬁnsmmummiﬁmmmﬂaaﬂﬁﬂmamsﬂuﬁjau
MNUSMANTINTNEINED  Bosnsgiuemsidimstudounuiilifunadiinnsgu
syl nenamnilnannmsfinelupsoiuazlunenuandsanadu 9 waadliviuimnsmsi
MO da:mAlfidunailimsvudeusnaslunaeiiuinilan swdcluiiufineidmaadonia
g3 swwes uazasin egwlsfrdesinsonumsaausesasnguilgilusamalasam:
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Uszmanlusingnuneaivaumsldmsnauilaenss wananinmsAnmAselinnsInsily

AU FAIMINY  BRZINATNVAIDEINNAUNFINIINIA  AULUIIAITHNTATIITALNULALY

agpatladluauian TnamsinmsnsiainluulatiualuAunznouSaumeunie dvazvily

winwu liumsdudeuladaauiu esanarsnguilliuasnimsazaue1Iuiu Persistent

Organic Pollutants (POPs) Juanaiimsazaulufswinneulasniuim
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Abstract

The purpose of this research was to study the suitable formula of crepe cake by adding
riceberry rice flour. The result indicated the elementary formula includes wheat flour, sugar,
egg, milk, melt unsalted butter and whipping cream 112, 75, 240, 300, 75 and 400 gram
respectively. The highest consumer acceptance of riceberry rice flour crepe cake not
statistically different with product was adding 80 % riceberry rice flour. Brightness (L*) and
hardness decreased (p < 0.05) with riceberry flour. But did not affect the a,,. The chemical
quality of crepe cake with 80 % riceberry rice flour consistd of carbohydrate, fat, moisture,
protein, ashes and fiber were 39.33, 11.10, 41.47, 7.18, 0.92 and 3.04 respectively. Antioxidant
was 45.85 milligram per 100 gram of sample. The overall liking of crepe cake with 80 %
riceberry rice flour was medium like. If the obtained product is on sale, 100 % of consumer

would buy.
Keywords: Riceberry Rice Flour; Riceberry; Crepe Cake; Cake
N

sthilunAndnsiunesnsiniuegnounsimendulsamauazmoszana dofiesuslnaduzemanu
mIheEonmamuay  insUiidmhemuiesemamldensulsmuneg  anvacseonsy
azunndaiulumudsann Juegiunssnismawaning tasUnseu wstfiu mauandeudu
W q 91 Bonh wslin uasiemoudueuieden walve ismannneTagluseslimeu
sansasulszmulinamemnde lududsznovsenieuilnasy a:lduivafdudms:non [1]
wazdnUszneudy 9 wu ima lold unan dudu

imlne fnaslaniinnnelaeam:inlsfiuesd dnamanuaznsmuouyadss:ge
2] wietlesiumsiialsaiileemsfieglusiingedoheraomagadunma iliszAuihme
Tuidenduinhimsuilaainadesuazinumiaml  JomnzAvdgthowvmudssswandioan
srivlauuaznoisnosen deviliszuuivaeiouldesoius:ansnminniu

naulsToedzesinilnefideiododiuh  wstidundndnmuinesiinfonauiusian
fnefign uszsgn anneimlnedelissamammon Hde3lAtaNARTs iR NAN UGS
wstdnutloinlsdwesd  Widanunanuamedmsunduausngamn  uazdadunsaivauu
msldilnglidunidnfunniu dasdumairingavlulnenlfluansmassuuine’

a

InguszavAzeslAsINITITY

= =

ANBHIADUANNIINIUATIN LA WA ﬂﬂﬂﬂéugiﬂﬂ

Chaiyasit Punfujinda
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 12, No. 2, May - August 2019 1 03

JaauazgUnsal
1. IngAv
daulsznevinaAvsenasuiAnuileinilsdivess Usznevde uwilafndiie UFM
uilotlsdiuesd wefudvie Home Fresh Gold i imansieazidendnedu lolawes 1
fvie CP SutlansudnesTuad unzunansnandnomd
2. guasallumainasudnuileinlsdiuesd
Uszneusie 13esds 2 fMunds femoeamad Menlseoouh deums n:ndeiie
gonan nznzmnsou fseuuth nszawly wilwih wisld uazmenarain
3. gUasallumaIAIRAMAIN
31 mylenziauammaail Sesnenuiu i ledu @lesdeudmes)
TUsAu (Sulfuric acid (H,SO,), Boric acid, Selenium mixture, Sodium hydroxide (NaOH),
Mixed indicator (Methyl red and Bromocresol green)) uazlwiwa3s (Sulfuric acid (H,SO)),
Sodium hydroxide (NaOH), Acetone, Antifoam) zasfl0e19muIssey AOAC [3] Usum
msTulawnsanomunmuanan 100 % aumeBnmanyiu ¢ o Wi uazliues siuds
M3ATERUSINY Antioxidant (absolute ethanol) #2835 DDPH-method Tngligunsaifiail
3.1.1 A3eotinlusiu (Digestion unit) 8% Buchi Ju K435
312 n3esnaulusiu (Distillation unit) d¥e Buchi ju K 314
3.13 #feuaniau (Hot Air Oven) @%o Binder PD 53/E2
314 wungunaiige Bvie Ney 2-525 Series I1
315 TagaAnuiu (Desiccator)
3.1.6 9uAaung (Conway unit)
3.1.7 guasaliaszilodu muis AOAC [3]
3.1.8 Aseouimime 9 nendulumsinac
319 n3ecdoimiinlui 4 fuvis Bve Sartorius Ju AC2115
3.1.10 ta3e0 UV-VIS spectrophotometer 1135 DDPH-method
32 MIBATIERAAUAINNIINEAIN
ymsinmafeiiesing Hunter Lab §u colour flex wazinAmmnmy
\loduRafIoATeoTA Texture analyzer Ju TA.XT2
33 MIIATIAAUMAMIUTENTUN
Apaziteyalnelduuunaseumolssamauna wo 9-Point Hedonic Scale
uwazgunsainlFlumsnaseunatssamdnis Wy enaaAn niegamaiaan liduemns
AszmdAn tham uazuAni nszmeuensiafoeg
4. gunsnilumsdszananatoyn
Ansndeyalagldlysunsuaeniames SPSS for Windows d§msunisitAsizn
ANNUUTUSIU (Analysis of variance: ANOVA) mwutasAgnuaiAazmMuIumAULAng
ienageummANNLANABBemWAsTne3 Duncan’s New Multiple Range Test (DMRT)
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1. dureuMIARRENGATIUIUTOIATUANTIMIN:EY

msAndengasiug i mnzanlnemaigasnstdnduag 3 gas Aouan
Tumsei 1 wmhmswanasUiinmansuaumssanlugi 1 wdssntaaiwnsUdndléng 3 gns
wwhmsnageuANNTaVzaiUslan  amuiinaseunnInedumaTu e susAeds
9-Point Hedonic Scale 91171 30 Au 35msnasauuuy Central Location Test nagaylu
AadavaEmemy dnvaunnglaesm fuoowAndmen naulaesiu nausalAEsIN AL
wazawzeulpesin inadldndnsideyadmeaffdomssauw ldun Auade (Mean)
druidesiuusnsgIu (Standard Deviation) JiAsziANuUsUsIU (ANOVA) Tnelilusunsu
d5agUmoadn SPSS for Windows fe35 Duncan’s New Multiple Range Test uazAndangns
alasuazuurnurengeandeilulflumswamgnanstifnuisinlsfuesinely

MIWAN T AINIATFIUNG 3 gAIBBAATULAN

fszneu gnan 1 Gewn:)  gnan2 Gewas)  gnsi 3 (Sowa:)
utlotAn 10 - 13
udvaundszaun - 12 -
hma 6 3 2
1ol 20 23 17
UUER 25 14 33
s - 14 -
LHERZATE 6 5 4
1RO - - 0
nauaiian - - 0
sauwaIvilonsy
Juilon3u 33 26 29
ihmanseluivioniu - 3 2

flan - (gmﬁ 1) [4], (qmﬁ 2) [5], (qmﬁ 3) [6]
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Abstract

Once the Japanese teppanyaki kitchen’s waiter received an order from the customer, the order
will be transferred to teppanyaki kitchen through a mobile application. Sous-chef de cuisine
performs various kinds of ingredient arranged. Those ingredients will be prepared according
to many kinds of customer’s needs at the same time. This issue obstructs to the sous chef de
cuisine who could not organize ingredients under suitable time. That problem impacts to food
and service quality which line up to a customer of Japanese teppanyaki kitchen. This research
developed a logistics management system for teppanyaki kitchen by the fuzzy logic concept in
order to communicate the ingredient line up between sous-chef de cuisine and chef de cuisine.
From experiment, this research founded that after they employed a system, there is a research
result including 1) Sous-chef de cuisine reduces a frequency of arrangement error to 0.5 %.
2) The frequency of cooking was being interrupted by miscommunication between chef de
cuisine and sous chef de cuisine that is reduced to 3.3 %. 3) Disqualifying food is prepared
from the unsuitable quantity that is reduced to 3 % of frequency. 4) Chef de cuisine founds an
arrangement error frequency from sous chef de cuisine performing that is reduced to 1.1 %.
4) Sous chef de cuisine could not prepare a material under a suitable time that is reduced to
4.9 of frequency. And, 5) Chef de cuisine was interrupted from material providing which not
according with a corrected arrangement that is reduced to 2.8 % of frequency. This system
helps a waiter to receive an order from a customer who adds a little bit requirement to each
order, and transfer those order to sous chef de cuisine who prepare a material that according
to each customers requirement in one time. Chef de cuisine cooks by material which flexible with
customer requirement and serve a portion of food to a customer under many kinds of

requirement and just in time.

Keywords: Fuzzy Logic; Logistics; Service Business; Digital
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NARaMINARBITIALA 4 nasanmslinussuunuanudianannsinensy
UszauilgmanmsBassduingiuiianmalaeiiienensinniosa: 7.4 maedisosesa: 6.3
Taewurnuuanmoegisesa: 1.1 @dui 5 udomslinusuunuanuiianaseesmsfigeens)
TugnnsadmmdsaingAvlunmsdysermslalusseznadumnzauaniosa: 13.6 RBLNEY
Sowa: 87 TnenupmuAnmoetiseana: 49 uazAuil 6 ndsnnmslinusuunuAnuaianas
goam3gaindamzlumstgoemssuiliesninmsdmnieningiv  dolisennsosdudiulums
sudsingAviignaesaniesa: 8.1 wRewissieua: 5.3 ITnenuAnuuAnmsedisosa: 2.8
AanuunAnyideatvidseonsy H, Ujiws H, Tneladadnddoidnasunsadioanszezim
TumssudssingAvlumsugeemsseonsald suszvouliiud wnanuideatvillivsss
peirgUszsdlumsideie  msanszaznailumsussewnssaswensieliudmsungnimlfma
namanTamewnAnzeslaisANAiZoRTa  fennRBoRUNAANSIINIWIdBEe0 Determination
of Material Handling Equipment for Lean In-Plant Logistics Using Fuzzy Analytical Network
Process Considering Risk Attitudes of the Experts [16] Foldimuuamageunisiie
pssnAERsLULARNIASIIUAT U THIITAN LN ANAEN T IUM SRR AW U
unAMIAdEatnl osiensi IR AU aNARNTIUIUMINAR  BNTISuNenRRIAUNAENS
NnmM3Iduden Supplier Selection Group Decision Making in Logistics Service Value
Cocreation Based on Intuitionistic Fuzzy Sets [17] Gslsvhmsutsgufeyaidinnusssulinaeiu
sriuAMNAToInsINManILuUARuIATIduABIAUUNANIITeaTuiiiomivayumAniule
Tumsingamzesmslivinszens:uiumsmulaiaing naentudennfesiuNaansaINMS
34300 The Future of Logistics in Emerging Markets-Fuzzy Clustering Scenarios Grounded
in Institutional and Factor-Market Rivalry Theory [18] @ufinszuiumslumssiusisieyar
masumuaiidsmpaunszilddedeidianinaremsinaulafiefunsnounumuladsing
duAsiuunANNIei

founamanaanalAigevivasansnmuasnseuuuiAnmunguilisesfesieuuain
FoonTINMEnSUUUARNIATaLINAULIARTDs TR dRANA AT sUTaImM e tlgmilumide

Boayl

AseuuwIARMUNg B sagniluUssgndlddimsunsusnmsmuemsdmsugsnauims
TumsandamlunsdanIauingAuLe: 328 a DU NS IR TUMIIAATOND NI T IINTIAD
ANUABINSEUNAIANAIBEIgnA1  aeslsnAamsilusgnaldgsmusaiinseuuuiAnmu
nauluiimmndsTusunsudsanddu 9 Wy Teweunfndy wSedendwasigninaouu
inseoReNweiAllR: wazdosnansnliidenedu ¢ Aienusilalufeldynideiinmenfoiul
iluimulilandnsevumpamungeiidufounazuiledamlingsiunely
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qudAueuysdNstresmIaiALANIIAY LTedlvg wsiAeAy uaz
namuANULluiBRoastialWlusuaIEAToIAINITINLHE
Antioxidant Activity of Markhamia stipulata, Caryota maxima,
Amphineurion marginatum Extracts and Cytotoxicity Effect
on Human Dermal Fibroblast Cells
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UNARLD

smAdeiTingUs A Anmgnamueuyadasnesmsaninnnizayulnslne 3 wiia laud
wAmoAs (Markhamia stipulata) \Woslwe) (Caryota maxima) wRzuzioRY (Amphineurion
marginatum) wa:zAnwHamuaNuluivresssanarodassinlnlusuardanvesdmionyse
Tneanassmemna:amswmuaamUsuaiiueansmmeds Folin-Ciocalteu tAT1zAANINEINI0
Tumsmueendiniulaeds 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay
uazInANuTINIsaTasaIsAIueNyad s lunslidwnnseudaszn1ed5 Ferric Reducing
Antioxidant Power (FRAP) Assay nam1sAnsmudn a1sainainuziefudvimaiiuednsy
wniign Taefimmiy 106344240 mgGAE/g extract uazSafignsumsmuauyadss:qoign
\dlenasaufieds DPPH Taodid IC, whdy 1115001 mg/L uazAanmsansalumsli
diinnseudaszvesmIainilenageuiinds FRAP nuhmsaianmuniianussnsalunisli
ddnnseudss:  unsdignaisitumuanudniuild  TrenuhessinonusdieRy  finnusanga
TumslididnnseudaszldAfign sesamnde msadnndedlng  uazasaiALANIIAI
MusIAy  wamnageunNuluiyasastinlilusumadsesiintinyedoesasannayulng
wuTssuAMENTL 62.5 9 1,000 mg/L sasindeclng liusnsanuiuiivredadlnTusuaas
vosRmINuES  SIUmIEIALAMIA  uazssainNzReRuuAsrsTufnfeadl TusUaER
waﬂﬁmﬁﬂwwﬁﬁmnmﬁuﬁu 1,000 mg/L nnnuwideiiuandliiunsssinnadeclnaua:

" Az Inenmans amInenay YA euasIYs 1l auaI1Ys i
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nzReAUNaiAnIBAaaBmMUaalmsNdgnEMusyyRdasna  ualinnulunsrogas
TWTusuaraAveoRInTonyBem

MR  gnbmuenyadass; ssannauulng; uamees; Weslng; usneAu
Abstract

The aims of this study were to investigate antioxidant activity of crude extracts from three
Thai medicinal plants (Markhamia stipulata, Caryota maxima and Amphineurion marginatum)
and examine the cytotoxicity effect on human dermal fibroblast cells. The solvent used for
extraction was methanol. The Folin-Ciocalteu analysis was used for the standard method of
phenolic determination and the antioxidant was evaluated by 2,2-diphenyl-1-picrylhydrazyl
scavenging capacity (DPPH) and ferric reducing antioxidant power (FRAP) assays.
The results showed that the extract of Amphineurion marginatum had the highest total
phenolic content of 106.34+2.40 mgGAE/g extract and the highest antioxidant capacity
against DPPH with ICs, value of 11.15+0.01 mg/L. For the reducing capability of all extracts
with FRAP method, they showed the reducing antioxidant activities and possessed
concentration dependence by which Amphineurion marginatum extract revealed highest
reducing ferric ability followed by Caryota maxima and Markhamia stipulata extracts,
respectively. The cytotoxic assay of the extracts on human dermal fibroblast cells revealed
that Caryota maxima extract showed did not have cytotoxic effects at concentrations of
62.5 - 1,000 mg/L. The extracts of Markhamia stipulata and Amphineurion marginatum
were cytotoxic at concentration of 1,000 mg/L. The results suggested that Caryota maxima
and Amphineurion marginatum extracts showed promising antioxidant effect but low

cytotoxicity effect on human dermal fibroblast cells.

Keywords: Antioxidant Activity; Medicinal Plant Extracts; Markhamia stipulata; Caryota maxima;

Amphineurion marginatum
NI

auyadsszlusme adeiiindunnnenmeuenuazmelusisme ssminnlisemunie
fudmaineyyadss: 1Son11 @13Fuouyadas: (Antioxidant) Tnessmueyyadssznail
Analnn99iumy auyRINIMBIUNAIBLUY WU ANJUBYYNAdNI: (Radical Scavenging)
mstudimamnuzeseendeuinBEnATeY (Singlet Oxygen Quenching) Juiulansisninsa
woUgaseeendmiula (Metal Chelation) ngaUfaseImsasveuyadas: (Chain-Breaking)

https://www.tci-thaijo.org/index.php/rmutijo/index



140 QnBMuBUYABNITRIEENRLAIAY [Woulna uahenu uazkamuanuiluivrogsdulalnTusum el

(W5ugn3 (Synergism) uazdudomsinoiuvesieulesl (Enzyme Inhibition) Missufasen
auyadas: wWudu [1] Sededudseyyadaslilihameosdusznevrendas 3573nlutaqiu
fdsuuasldmslidldlagonm linezdusesmsAnionama uazUSumoece1msi
Sutsmuiliommzay . mawnreulidisowe  Liinamd@msumssenmdsmenazuaniz e
Fosuduiadeiiiineuyadaszludng  dilumemsuwwdnuidummasayivhlfoadden
ilgmauarsmIernudssdemainlsame 4 wu Tsaiale Tseuzse Tspwmnu ua:
Tsnanuaulafings duiu [2] silimudamasnwanlsadesanniuludersitonas
fomnidodunaiilisesldelumssnm wimsliosnsluusmamndunang 9
anazdonaiierosumeldiduinidy  wiludaiuidaniomadenlumsiamlsnde  msld
fiasaulns msvsTaarnuazealdl Fefidinysnovsesmsiuouyadasimesin Tnefindy
Lma'awaamaﬁﬁqwéﬁmaugaﬁm: 191 cucurminoids 910 Curcumaca cassumunar Wa:
catechin derivatives 91091 Thea sianensis s [3] Tnonguoasasmusyyadssaulng
anvlusulnsliud ssUszneviluedn ualsiivesd ailuesAuaz3miusma q[4]

nauatsususyulnshdmaessmgy  duisuleesannluideaty  liheadu
msldmulwsiiieduansamilsn WuesdlsznevsAnniediumsosngndlungdens uaziu
wanATEsHe M iesnalszmAlnedulszmangaulmensnensayulnsivaanais
muideiirmaulafeiusifresivasulnsneifignslumssnmnauns - uazSnwlspfoms
foayulwsimelumsimnunauws - dulngedmsmueyyadsslulimag  ssainsyulns
azvhmhiiAndvenyadas:minduannszvaumssnisulusnifanaua - wazuenaniles
doasumsnszAuigadlnlosumad Wulasiden wananallen dodueadiiunumsds
Tunszvumamezesmauns [51 nngidygwesiunhisyulwsuamems (Markhamia
Stipulata) Lﬁa\ﬂ,mg' (Caryota maxima) LL@:JJ:Lﬁaﬁu (Amphineurion marginatum) AFUDA
dalumamezosnauna Tnsamzunainmas Wuduvues Tnssznuldmnamahiugansso
Yasss thngn memawile menziueendeomile mala wazmemanziueaniesla
nnenAdunounthil [6] wuh mssdaneuRisiafmowmueaaziemMuaazesfizanulna
3 wiinil iimmmmiﬂiuﬂwiﬁuifﬂﬂﬁm%mﬂaﬂL’?jvaLmﬂﬁﬁﬂ Vibrio cholerae (clinical),
Staphylococcus aureus ATCC25923, Staphylococcus epidermidis ATCC12228 uaz
Escherichia coli ATCC25922 uwazsnssdnuzimefusnsadudamsasosslunineanlad
(Nitric Oxide, NO) luaamnziaesinlasra (RAW 264.7) duiilu inflammatory mediator
ndalunsumssaEy  uanwuhssaEiaeuisiacmsemueainnuiuivreasnzRes
nlasrha RAW 2647) uldldhmsadnoniisayulnane 3 siaduie:dgns lumaiu
s1amueyyadszlaluef

FotuidedetirmusilaiezAnmmaszneuiiuedn  qramuouysdss:anizalnslng
3 giln lduA wamorms @eolva uazusAeRu AEAARILAINRIAIBLIMUDY T991nWITE
Aounthil [6] wuhasadamldumuonimia:melifanuiuivremadnaies inlaswhs
(RAW 2647) snmiufnmuamuanuiufivsomassinlnlusuvmansasimionmwd dodu
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muusnlumsdunsnuasaiilnensoduimesey  aduteyanugiulunstinoayulngdl
ludszgnAduasmuenyadas: WANAMTIIFIRINTTUNIOIATOINIDIN AN ITNTIALNY
§19IRILATIZA

AEMIUMIIIY

1. unasiisveoiietsii
moteilflunuids Ae fizayulns 3 #iin doUszneume uamoAs Godlng
wazuzAeAy nduiguimaiseusinthaclnames unethune damingassil iumets
FIADUUWIOU W.A. 2560 VOAIINBULATIZAANGITIOUNINISIUYTTYNA WAINIABDOULAL
ioszydeinenmans
2. msanasyulnsmeawmuen
ihdndenliiesayulnsilinaseumeuuioudiuaneiy  dofetofigeuuii
fluAuad 500 ASH wimawmueamesanduayulnsAefazmoiy 1 de 4 um
1 44 nseeMmenszmensas Whatman filter paper wes 1 uanilUszmewiiosein3es Rotary
evaporator (BUCHI Rotavapor R-124, Marshall Scientific) Fmamsing 3 seu hssann
AlalUszmeuenainazaiseanfioin3osnausneuuuannuAulneAIUANg LN
50 - 60 puFeaides (°C) auldzesmamilnmies andudniminssuazFmuramyimanie
asfanald (% yield) uazianssdnluifviigangd 20 °C wWislilumsnagousoly
3. msmiSinaueansumeds Folin-Ciocalteu reagent
AnLasI5nInANodan Singleton, V. L. and Rossi, J. A. [7] HassEAANENY
anulnan 0.1 g azmelummues 10 mL andulamsadin 100 L ldlunasanaaes
WANLINAL 4.5 mL iy Folin-ciocalteu’s reagent 100 #L unzifin 7 % Na,CO, 300 uL
waailiiindu monoluifin 2 Flue iltinmmsaanauuded 760 wlumas Taglit3os
¢iaadaniualasInfivos (Lambda 12, Perkin Elmer) thafldluiSeudieuiunavinnsgiu
nsAuARANTIITAUANUENTY 50 100 150 200 ua: 250 mg/L
4. mAwpTEvANuEINsalumsmMueandiulaneis 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging assay
AnLlasismanaaasain Kriengsak, T., et al. [8] 130U 19RzA10BDINITEAANENU
URENIRZA NN IUNIALONADTIAIRAANUIINTY 625 125 25 uay 50 mg/L Tiassazaie
vovsnsannuanzAnuduiuldlurindniu 3 10 vanas 400 xL ndwin 6 4 M DPPH
3.8 mL lvuyluddiadune 30 wii dammaganduuasinnuenadu 517 wluwnes
IﬂﬁiﬁLﬂ%ﬂﬂUﬁ-ﬁﬁLﬁamﬂﬂiﬁlﬂ‘vﬂﬂﬁLﬂﬂ% (Lambda 12, Perkin Elmer) 1haiilaluinsiss
mwesiduamssusemsiineendmiudu % Inhibition (% Inhibition = [(AbSpepr - AbSppprrsice)
x 1001/ Abspppy t88UNTIM3:9319 % Inhibition uazANudndu swewdua IC,, (50 %
Inhibition concentration) LAz NBUAVEITNINTFIUNTALDEADTUN
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5. MyInmuENIavasEsmuayyadastlumsInalanaseudss: Aw3s Ferric

Reducing Antioxidant Power (FRAP) assay

Aaudasisnsnanesen g wwen ua:3an auaedy [9] Fewieuamsazais
FRAP (Ferric Reducing Antioxidant Power) vlalnomsin3anaisazale acetate buffer
pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) Tussazais 40 mM aas HCI uaz 20 mM
w8y ferric chloride winhmwanAuludadin 10:1:1(V/V) muddy azldmsazmeiiGon
M3nza1e FRAP [10] ﬁ]ﬁﬂﬁuLm%'ﬂuﬂ13a:a1waﬂmiaﬁﬂwmu 3 ANUENIY Ap 1,000 500 waz
250 ppm

35A519 DindsazaeesdsENALARSANNITNIULY 300 4L ldluwiadn
SmwmnreniisANIduTY 1Hin 3 mL zosasazatn FRAP ﬁﬂﬂﬁmﬁqmmﬁ 37 °C urian
60 Wi IammspAnALusiAEIARY 593 WTumns Tneld FRAP reagent idungumiunu
fmmusansalumslivinasen (FRAP value) TaewSeudeumildtunsminasgiuses
Ferrous sulfate (FeSO,) uanumluguiiadniusuyazes Fe™/nsuasain (mg Fe’ equivalent/
g sample extract)

6. nageuANuluirvasssannayulnsieraavialnlusuarsAvesAIMINyBE

me3s MTT assay

L‘W’];‘LgﬂﬂLﬂﬂﬁlﬂiﬂiu&’]ﬁﬁ‘ﬂﬂﬂﬁ?ﬂﬁ\]u‘l{lﬂé (Normal Human Dermal Fibroblast;
NHDF) luemnsiooadyiin Dulbecco’s Modified Eagle’s Medium (DMEM) fiishutszneu
209 10 % (v/v) fetal bovine serum, 100 U/mL penicillin, 100 mg/L streptomycin Lz
25 mg/L amphotericin B yniwitldideslu CO, incubator Afivsuna CO, 8¢ 5 % goungi
37 °C uazims sub-cultured w0 9 3 Ju veadlwlusumaduiasslunumzReogas
96 nau fitemsdeoadaiin DMEM Wunat 24 dalu Tasldfivsmangaduiu 1 x 10°
wadso 1 well Mt fiduna 24 9210 lu CO, incubator #fiUSanm CO, 885% omnni
37 °C wdvanAsy 24 Falus wWRsuewsdsneassiaineen uasfsuiuomadeosad
Aissainaaulnseglupnudiniumo 9 74 (62.5-1,000 mg/L) §aunauaAIuAN (control) Ae
wadllusumaanldlasvmsadinsyulns antuihluidsdly 5 % CO, incubator Aifigmnai
37 °C \flunm 24 Falus greTmaRsEaFEaNIINIILNRBITAR 96 au Waswduaws
Roogaaiies MTT (344 5-diamethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide) 8zae
agluAnadngu 0.5 mg/ml antuitlidsdlu CO, incubator #ifiUSanm CO, 885 % ganail
37 °C «fluaen 30 Wil WaBuMEEIMIREIIATEENIINTILINRBITAR 96 VY TINLULRN
100 % DMSO vSua 150 u1/well tiloazaonan formazan salt wanssazaelidawdu
dodnudiinhmsazmellinmmsnanauusoiinnuenaau 570 nm laglfia3es Microplate
reader (Model 680, BioRad) Tneghs MTT ﬂ:QﬂLﬂéﬂuLﬂuﬂﬁﬂi:ﬂauaﬂ’m formazan Tneioulas
mitochondrial dehydrogenase lwgadnidin  masidnzesdilieadudndulaensoiuusmnm
veuRanduiiiiney AuammiesazANiidin (Cell Viability) zosizadlwlusumaaalasy
asainayulnsluanudniuie 9 i Wisu@eviuaauililasumsainauulng Tneudn
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3eunzanuiitinlugloes % of control lnglinguilsilisumsarinasmlnsimSosazanuiitin
WA 100 %
7. MIAATIATOYANINDA
FoyauandlugUeiadn + SD. (n = 3) (P < 0.05) limslaszinnuulsysiumodien
(One way ANOVA) Tne 35 Dunnett’s test

WRN1398
1. maanassanayulns
ayulnslnedwn 3 oin WelnaiameawmuealaasananladansmuzAouany

Tumsien 1 demsanauamenlanandn (%yield) gogaAesoua: 8.19

mywn 1 anvarsasassnnayulnsuasSouazvesasaiantiminuis (% Yield)

YNAYDIFITHNANEIL ANHUZVOIFITHNA %Yield
WATIIAY Wit FuATONEN 8.19
Wwoulnay Wity fideauy 5.70
G Wil fuaveumima 4.45

2. MmImusunassUszneuiluednsIy
Tumsnageuasainizanulnglne 3 wiin deUsznovde wamoas Geslna
wazuzADAY TRARMmBAINAzMWMLEaNUT MRz AUIUTNA AT NN T
Ao 106.34+2.40 mgGAE/g extract sadasuIAe §13anAdading JUTmaiuednsiumnu
40.78+2.72 mgGAE/g extract uazasafawAmaAniUnaiiuednsiudosiian Ae

22.15+0.58 mgGAE/g extract WaLLﬁﬂﬂﬁﬂgﬂ‘ﬁ 1

120 ~
100 A
80
60 -

40 A

mg GAE/g extract

20 A

0 = T 1
' - T d a
LLAITIA Lﬂﬂ\ﬂiﬂﬁu pXMY2aI2) 2]

JUN 1 YSnaasUszneuiluedningesd@ snANeIUNLANIIA1Y 1Bodne uRcHziAaAY

https://www.tci-thaijo.org/index.php/rmutijo/index



144 AnBUeLYRDNs TasINIEInLAmeA [Wadlna uapeiu wasnamuanuluiivrogassiinlWlusuasnoosRviloys

3. myATERANNEIsalumsMueandniulaeds 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay
namsfnmgnamueuyadsslunssanasasienaseuanummsalunsdy
auyadsaszAIds DPPH nuh ssainanuzifeduianusinsalumsmueuyadas: DPPH
Tranniign Taefie IC,, whiu 11.15:0.01 mg/L sasannfe ssainnndeslng nsnueanasin
wazEIaNAINUANIAIG Tawdia IC,, Ay 26.07+0.02, 34.22+0.01 ua: 112+0.27 mg/L
MNEIAD HAUAAIAITUT 2

120
_ 100 -
7 o0
2 60
<
% 40 A
O
] L
0- . —

3 - ' d a Ta
LLAI9ATY ma\ﬂmy wmeaAl  nIALeaEAaIun

JUN2  gnmuewyadasmuds DPPH assay #esssaiaveuaInuamsmy 1wedlval uziiefu
uaznsALaEARSUN

4. MmyInmuENsavesEsAuaYYadasTlumsInalannsaudss: Mw3d Ferric
Reducing Antioxidant Power (FRAP) assay
anusnsolunslididnnseudlennseufieds FRAP assay asssainasulng
o 3wl wuhmsaianeunnisayulnae 3 win danusensolumslidianasoudss:
LLazﬁqwéﬁuﬁuﬂmmmﬁu{iuﬁw unidl FRAP value (mg Fe™ equivalent/g sample extract)
fuanmonu 1wy WeRsannanududy 1,000 mg/L auiusinuzosAnuasalumsin
Sidnpsounngolumedoil Ae sssdnnnuzfedy ssadnnmdecing uazasaingm
UANI9AI MUEIAU TaaA1 FRAP value (mg Fe™ equivalent/g sample extract) #oda13ann
ayulngin 3 afinfiAnaduduig | uanodagui 3
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2 8000 -
«<

&

3

&, 6000- '
3 ——UATIAY
P

= z ;
o0 4000 - ——T0dlnay
E d 2
s —-uzABAw
[

3

&=

2000 /

250 500 1000
Concentration (mg/L)

JUN 3 gnoMmueuyadNIzAmNI5 FRAP assay 9098 198ANIuINUAnIon1s weslwa ua:

UzABDAY

5. mnaseuanNtluivvessssiaayulnsnowasialnlusuaianvesiiniy
uUBdMeI5 MTT assay
namsnaseuANUdunyresssainayulnslneg 3 slarewassialWlosuaian
VOINY B WUNTSAUANNTNTY 625 B9 1,000 mg/L ssannandeing luuansanuiy
finroadlnTusumadzesAmtonned SIUmIEAATIALANIIAY wazasaiAINLzABRAY
finnumduiu 625 - 500 mg/L Liugnsanuiuivredad M lusumansesiamisuyue
ulloinAudndud 1,000 mg/L szugnsanuiuiivedofidosAgmondn (p < 0.05) ua:
duimhadlah ssafnnndesnguazmsainnnuzioAusmnsansiuligaduoifindum
(Cell Proliferation) |Aetsfiduddmuondn (p < 0.05) Wadisuiunguaiuay (oadiiaes
Tuemsiiiam: 0.5 % DMSO) wauanafogUil 4

120
.. 100+
B
% 80 OUntreated
.S 604 Euamsms
) - Bigevlng
g uzieRu
S 204

0

500
Concentration (mg/L)
U4 FewazAnudidin (% Cell Viability) veowas nlusumadzasamionyed ienagoy
MBTSHNANEIUIINLARIOA LTI LAN URZNZIADAY
* uanIDIANLANAIIBBIYATBYNDE N ANINEDA (p < 0.05) WatlsuAunguAILAN

(Untreated control)
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MIAUTIUNR

dwsumsAnmgnamuouysdaszansssinfizayulnslne 3 iin desznevie wAmoA
dodlne) uasusfeRu Aisdamofhazmeomwmuealuadell @enmanaseuamsuiAluM Iy
Fndneuyadas: (Free radical scavenger) fu3s DPPH daihidsmiline szmn uazsami
{losan DPPH ifluevsadas:ireuinaaies Tnsouys DPPH" iuewyalulnsouasi e
aglugtouysetuin Liseshufisenieiiniuewamiouiunsdouss ABTS™ Taaiumsin
anusnsavasmsmadevlumsmineuysds:lneislilalnsauomren  doduisidessuniionld
Tumsnageumsmuauyadss:laemll [9] Tnewadldanmenaaesiai usadlfiviuhamssin
anfiraiulngio 3 oiin Tqnimuouyadaszlin Tnemsainnnuafonuiignslumamueuys
das:laffian Snnodufigndlumsiueuysdasldini nsauesnestn uazdisenAdeoiy
UsmmmsUszneviiuednsin  laenuha@sainnnuzideaufivsmuiivednsinnniian
(106.34+2.40 mgGAE/g extract) GoUSmnaiofiniigovzdonaliiidnamwlumsmineuyadss:gs
iiosnnasUsznoviluedniilasesadonansznoudie  avezlainAnunuiimenylonsanda
dnnidumsidtinzmsludshazaesmnueanesedldd aalnvesmssmaniluoaiiuans
qnimueunadss: Ae  elioyyadnsznAsdidnnsoulunlaseasedaidansounuiuiu
Jomansafiamsiadouiedidnnsoulunilasoaiis (Delocalization) viililasosiiowdes
Lidndueyyadassaell  UfATegaldasaugaas 91 uenvnidoldAnumautialumsiduil
AidnpsouTem It ILieuNRdRsAIdaATIumMelusy TneoAemsInfisen Reduction
vo9 Fe*-TPTZ luilu Fe*-TPTZ #1e35 FRAP assay doliinasenadesiuds DPPH
TnossainanuzifeAuiqnsmusuyadsssisunsolia@nnseulumsimd Fe iy Fe*
Iiffgn aanuideaseinug msainidqnismueondnduldf danusensalumsdiean
msdnwuld nanfe mssinnnusReRudsiausInsalumueendnduliiian e
Sugemsasaslun3neenles (Nitric Oxide, NO) luwasimziassunlnswia (RAW 264.7)
oflu inflammatory mediator fishAnlunszuaumseniay [6] Tnessarnasulnsifignamu
sendinduasiminTcndUouyR s IARTUANTIUMINEUIUDAEIRAIAWNG  uAzIBA9IN]
fodoiasumanaziugasinlusuaas @ulasides wanandluled doduesdionumny
Tunszurumsmezasuiauns [5] esanasadnililumsAnmaseiidussaianey
Fosznevimemangnmaivaesia  deresinmsfnmlassaodesysinsesssiidusieen
qnmueunadssiely

Weidudeyatugnilumahmssinoniisayulng 3 afinliuszgndlddunanimdien
n3en3mihgsraftemueyyadaszliedlaends §ideladammamuanuiuiivreiad
winlWlusDaIEATBIAINITINLBE WUNRIZAUAITNT 62.5 - 1,000 mg/L asanneslng
liugnsanudunsnegas INlusuasAvedImlonyed  §IUE1IENALANIIAIILAEIIER
uznfeAunANmINiy 62.5 - 500 mg/L liugasanuduiisdowss wazdufitiaulad
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gsadnnnideslnguazassinnnunfedusmsansiulieaduuiuindiuin - (Cell
Proliferation) lfeeafitusAnmosda dodsuiunduaiuay (geaniiedluomsiiiam:
05 % DMSO0) ZsmanmssinnnizayulnssosinifnasemsnszimssnoeaalnTusuaan
Tuduiomis doflugasniunumaAnlunsuIumsmeTesuIauNe  LWATIEAAIINLATIOAS
uRENIEARN AU BIA NSRS 1000 mg/L a:ugavanuiluisroaslnlusuaian
VOIN TN FdlinanmenRoUMSAnYDas Satsue, S. et al. [11] ﬁﬁﬂmqﬁﬁmaaﬂ%mﬁu
wazgnanszumMsnsreanaLluaiNAABITEININARAIE WazleMUEaTasiiY 2 Biin
fia Thun uRzunudulzsn wudifinnudndu 500 mg/L fgninsfumsiindiuiuzeoidad
Tt 1,000 mg/L gesssannlutiaune 95 % emuea e1efanuduisdewadli

unal

NnaMARELgNSMueUNAdrszTasmssinnniayulnslne 3 #iia Wud wamems Goolney
wazzfeAL  wWuhEsEIRTNuAAe LS INAueRnT AR uazdulignalumamueuya
Sasnnamssainnn@osing nsaueERBsTn uazEsEAALAMSMY ienaseudeds DPPH
assay uncAnuEnsolumslisianaseudasvesssainionateuieds FRAP assay Tagwuh
asinnnuzReAusansaliBinnseudas:lifnian sesannie masinnidodlng uazsnsain
WAOAN  muEdy  uasfignainiumuanuduiuild  wamsnaseuanuiufivdewag
aialWlusumarmesiminnsiuosnsainauulnsnuy fssduaminiu 625 - 1,000 mg/L
assnnndedlna Tuusnsnnuilunyrowas I lusuaIaAzosR Moy §IUEIININDIN
wAMIAY  uazEsEdANAeAuLEAsA N uisAIEad IWTusUREA TR AT LT
ANULINTY 1,000 mg/L nndseiiuanclidiuhmssinnndeslngussusiienuiann
fhefThazmemmueats TR gnaMueLads:in - waztusnonnuiufivrewadlnlusuaan
yasfmiuedm Jsmsfnmnalamseengniiiehluimuniuemienanimimigeiinely

ARANIISNUINIA

mAdeilAsuumiusLNII AINReIAggUaTIInd  MidetereunsamiuiigudmaSeus
Fathaslnsnes sunevedu doninanssil Alfrnuemanzisnuiiuiegofiosayulng uaz
vevaunszAnAuEITelUsAuua: TusAlefindiemsmdizduazansmnssy (AUN) uminede
gauuAn 7lAnNewAsziRtetnas IWlusuaaAzesfimlsuusduazewAs1ziAIooiie
gUnIEIMINAREY WasHaUTIMINARDY
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Abstract

This paper presents a survey on ad hoc network for disaster scenario. This research surveyed
the five areas of research fields, connection models, communication techniques, mobility
models, routing protocols and efficient routing protocol which these fields are relevant to
each other. A study of the Ad hoc network in disaster scenario was used to improve an
ad hoc network in disaster situation so that communication devices or nodes in the network
could communicate, transmit information search and rescue for more effectiveness and

better chance of survivors in disasters.
Keywords: Ad Hoc Network; Wireless Sensor Network; Hybrid Network; Disaster Scenario; Disaster
VN

szuunsenglias (Wireless Network) snansauslamugiuuunenealad (Topology) Ty
2 Uszan Aeszuuasedisliaeuuuilassaii (Infrastructure Wireless Network) wazssuy
wsergldaouuuluilassaiie (Infrastructureless Wireless Network) Aaag19nsldouszuy
wsetelimauuuiilasease Wy stuuesenielnsdwnieds mnglilnsAnndefenosns
Andoremsludogsuasiresimsiessiusmiignielflumsfunidumeiazieasluds
Umems uiluszuupsenelsmenuuldiilaseaiiodu eldfisandguilflumsfunidume
WU in3edmmzia (Ad Hoe Network) doiflunfinveniaiemelfmefigunsaifoss (Smart
Phones/Tablets) w3alvun (Node) dimaideuraduldlnensslnourazqunsnideanialnun
(Node) 9:iARaufuazaguuugIUTasM i muAAIATameesnuaslngliilssheiug by
LifosedusnTnsdwisiofonsosaiig  n3eteam:zAveldgunsnidomsnsolnuaimig
Fumidumauszimhiiununszrhomslumssoretoyaldmunlamems [1]1 wiemelsme
wmzAaiansalioulAesesiaiidseusomanoulinniuninasedesinlfmense
wiipfianeg sunsnsesiumamIaimmaliasldd 121 wazlnuala 9 lueSenemmsniimie
aannnsetelietsdss:lnglinealasuenminnnaUnsamsestuunseniala 1
tagtulasimsineienswmzialivszgndldlunmedaunmsal  wu ga1unsal
msfAnmefemsmelusimsuazmousneimsnsdinbifilasede saumsaimangiadensu
AMUMINEAT §0IUMIIszUUIURIDIRse: nIolddmiusaunmsaimaindenta  uau
dmfuanumssimsiindefivaniedoilinmadniiindutueiaainnndesssnmanse
DANINIYEE 1ty uwan wAuAulm wieAnasy udu deilegiuiisaumsnidonan
fntutesasouazlusasiindofivainiandonnmaindefitalaseasnfsidumsiess
anvelismnsalimslafnseldmslald (11 Aniudsmsimainaseneam:adllddans
maAnfeRams 1y mIrumggmenienside uiu unanuiihsuegluunate
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wwzATlusumsaimafnduita Hirussseddielimnuigluunedenaam:ia sUuuy
maadeui slnaeadlilumsdumidums Us:ansmmeonniedomm:zisuas:ansnm
polnsinAeasumdumelugniumsaimainduion

matnaueluunanuilsnevdie umi gluuumsidennerennietisams:ia
Tnslnpeadunidumorenniodaam:As JUuuumanieuiizenniodioamzia msin
Usz@nsamveuniotiownizia JduuumsgisntAnoAseduanzia Uss@nsninoes
TnslnAeaAumLEUNY wazayUnaaINmsAnm

suuuMsITauAaesAIo I MU IUMTAIABRDRA

1. Wireless Mesh Network (WMN)
Hup3enelimedinuniidenneluneneladuvumareiazinslitoyasauiu
Tnualwn3odisusnanazinmssudedeyasmioiuwidsiminiduding (Relay) dmsu
Tnupdu 9 wazunazlnunastieiuunsnsznedoyaluniotiade Wireless Mesh Network
Usznaufie Mesh Routers uaz Mesh Clients do¥inisidesseniu Mesh Topology Auguii 1

g Mesh Router
& Mesh Client

U1 Taseasiowas Wireless Mesh Network [3]

91307 1 Mesh Router flugunsaidmsulflumssouiniindeyaluindas
Tnemadenidumoiinign [3] luduzestmaiiy Client w30 Mesh Clients lwn3amel e
wwumaietuilenunsosmsssdeyaludomemeazimsiemsiulnuasiuiunniieds
FoyaluFauaemeiiciesns madinmsldou Wireless Mesh Network dwsusaumaniniaiin
AutAiuazmmnsalildlunsdinilassasosenin3edeiiiu Mesh Backbone Lilfsunansznu
ﬁnﬂffﬂﬁﬁﬁLfimﬁnﬂﬁaamﬁaﬂﬁﬁiamiaﬁﬁyfmmvhuqﬂﬂifﬁ Mesh Router 3uazauisaldoiu
wnsetgla
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2. Wireless Sensor Network (WSN)

insemeduigeslsmeiununa:iimsinaoduiges (Sensor) 3831 Sensor Node
dmsunTerwaziimsdnaduiulagl#ismsdanau (Clustering Technique) singnutseantiu
natunan §1msuuAacnauazUscnevnde Cluster Head uazdmiudandnnelungn una:
Cluster Head a:31usindeyannlvuaiiiusindnmelungusesnuuaznasnniuazdoioys
al@susamluds Base Station [4] - [5] Avusnsluguil 2 msdanduzesTnunazitmsdangy
TnelinsTnreadumiumodoiansjonmneiioxidon Cluster Head finfignuaznmsdnnaulnun
azeaunguilmmnzamiionsusndandonuzesinun  lumsinnguenaazinnmsinngailn
uaztion Cluster Head vl flusce: q wefieznszareInaneguasinanenunaisniesie
wonun [6] slnpea Aumeumenlflundets WSN linaedudviAyoennaluladium
wumemelslogizesmsiamaneneladigzain (Convenient Topology Management) ez
ﬁmsﬁmmimﬂﬁwﬁamuwaaimuﬂﬁﬁﬂizﬁwﬁquﬂ (High-Efficiency Energy)

Internet * T

"
A Cluster head
* Sensor node

((g\)) Base station

]
=

sUn2  suuvuwes Wireless Sensor Network [7]

luileginginmsliwsenodugeslsmesmiusuumafeunsinin (Disaster Warning
System) dofimamifiuausesdiuAe SuzesmsusTmAsitAwazdumMIfde Tumsesnuuy
IA3RTIELTNIED T LT aN8az A0 doluAuE T luNTUSUDUIReuA3enIe  (Scalability)
MInuAenuAANIay (Fault Tolerance) nawalad (Topology) n1sldwauvuiu (Power
Consumption) ua:f1auay (Transmission Power) [8] Tumspunidunsoasinualuniane
dugeslsmedulnggnimuauuudnTudfdeoraianudumarlunmsnudumainiuls
Aoiumaideninsnaoadunidumoimmzaudmivinsonedugeslfanadeoannsa
HeuAdamanusumaIRinnauls

3. Mobile Ad Hoc Network (MANET)

ipsetummzAisuuy MANET usfiaseinienelsmenifimsdenroruuulud
Thsmeiugudogui 3 Tnewia:lnunonfeuiuazeguuiuguTaImsMnuAmMIATemT0IAULD0
Tnualn 9 lwadediesusaivseeanannseiialneisds:Inalunsslasunmsenminen
gUnInmIaszuuAIedIEla 9
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= P ' a I a
UN 3 msideunsveanemglsmamwizia [9]

mslip3odeuuy MANET iuiifisaunnfigadmsomslinuluiuiilisingin
wSemelssmay 4 i3emouuy MANET gninanlflumuiiamzanzas wu grlilumsinms
ARTR Foor9fABuNNEINAMISTINNATSBRRAARINEINADY | FoazdonansznuAoay
Srnannnelaiamsgaiensneins [10]

4. Hybrid Network

ihueSemenlis:uueFeneiunnmoiulaelinuaiemesini wu ls:uueiens
Tnsfniifiede uaurSemeldme Tnefisuundensnsfnitetovfosiilaseasoiuguomalng
JoasimsfaeiAniuanAefvald viomsliindeneam:Asuuy MANET $auiu Wireless
Sensor Network uazszuutpsemglnsdwniods [11] Wuau

- Aerial Data Mule
"‘.. Data Mule (DM)

Communication Balloon = i B
] Information Drop Box (IDB) I Long Range WiFi Communication (LWC)

<« Sub Group
Group Center (GC) g DTN Nod
I'N Node

gﬂﬁ 4 'g‘ﬂLLUUﬂ’]’iéﬂﬂ’lTﬂﬂﬂ Hybrid Network [12]

Foumnaaniigueeansenensfnifiofelisunansmunduitn w3ete Hybrid
Network  a:fossinalaie:leumsvhonldamigmaunbilisumansznuua:linseunguiiug
fAnduiiviegssinsmiammalsvlinietommeiadsasimhnduiiad (Relay) el
mamquﬁuﬁﬁlﬁ%waﬂimu [8]
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Tumsandedemslusmumsaiifndufitituazfesdimsimungluuuzosmsinge
Fomslifufumuaziinidosnsadoteyauazsuteyafmelnsdmidefomuaietomm:i
Tinsoihmnsuasdids:@nsammaiian Tnegluuunsinredomsianietsmmziony
Fwnnladu 3 Uszian Ap Unicast Broadcast ua: Multicast [13] - [14]

s ImADRAUMILEUMISE IS ULIATa TNz Aa l g UMTaAAA SN A

TnslnAoafuniduns (Routing Protocol) iiludmsfunidumaiiielddmsunsdodoya
ynlnuadumeldgilnuadaens uailesannenelad (Topology) esA3edioiamzialy
gmumstifindefivioafianuuanmoiy  Astumsdenlinsinreadumidumoiimnzas
dmiunenelagezdelnmsdsseyasinlnuaaumelidsinunUaemeiivs:ansmnuazinanziu
msdamsamumatidsivinndgn (11 snreadumidumosulnaiteninnlfluaiens
wwizAsdmsudanIunsallAnAunwUA [1], [15] - [17] A Proactive Routing Protocol waz
Reactive Routing Protocol

Proactive Routing Protocol (Table-Driven Routing Protocol)

Wulnslnpearunidumenaeana)  lagazimssdinadunienndions Inetays
Wunwae 9 azgaunulilumsnadume (Routing Table) minlnunanumanssmssidoyalids
Tnuadmemoazlfdumoeiilumaodume  wimalifidumoludslnuataens Tnslnaea
fumidumeasimspunidumaiieludslnuataemeiui - TnsnAeafunidumodsaani
2:ififmd (Delay) lumsfumnidume dasnndenuasumesiormisdoieyaludslnataoms
ashmsmumdumdlumsdotioya [3] amnmmadumeiiiiinginaoasumidumonuulnsuaniiv
szmnzanivszunaienelSmemmzitsumnan medwnsinaealsaanil Wy DSDV ua:
OLSR 1iuau

lugaumsaimaindefivansemaanduiindunmsaunidunaszadnnuay
asinduetarailesdnduisfiddpnndmsuinAumuaz i demiennldsunansny
ogluiuinlszands [15] winthslsimumsstnpdeyaiumaniimsstinatesasouaznniuly
anezdonaremslinuuundiniuandsnunnuuanedzesinsinniedelaelufivs:inanm
mnnewalad (Topology) zama3edimamizAiafigluuuasil (Static) MIAuUMLEUMIAIE
Proactive Routing Protocol azsunsavoulddudluiniemenfimmalnguaziinsnaouiigs
nslnaeavsaanilazlisansadamsiumseeneomnzesn3eieli

1. Destination Sequenced Distance Vector (DSDV) Lﬂuiwﬂﬂﬂaaﬁﬁmmmﬂ
dana3InuMIAunILEUNLUY Bellman-Ford [18] wsaszluualuin3agioazimsroidunig
(Routing Table) funmnuadumesesinuadaldimensuislnuadiofooimuaiiasnse
azinreld Fammadumolszneuie mnemelnuataems (Destination Address) Tnundnly
(Next Hop) dwaugetilflumsdeteyalugsluunaaams (Number of Hops) ua:msnsiam
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a1nurasmIalantauns (Sequence Number) mslinmemesduiiens ndunonienn
wWumslniwazvdndssmainguiduma 191 Tnuannlnualuinieisazfadodeyaduinn
wumoaelugslnundu 9 weldnsaelunimients mysummdumeesinslnaea DSDV
Tnun9ziMIdlinadumonndIsaInemsunsaaIns  (Broadcast) uaza:aon1sauiam
dumoiuiidleimanseseunuifimaisuuasendumoiaiy msfisvnnieyaiduna
vesassazililfndodumeilndifsrensidsuntassesmenelad (Topology) :nfign
Aotiumadumegnlflumsdsdeysludstaeneazilinmsdetoyailonmafinanudusags
uwazlumsstimamadumemuunituazfinmslimdsnunnuuameuazuuuAianuiluousi
wsenelilagnlio 201 AedumanIeedmsldnumssdetoyaiesszilmdamslin
wuumanlaglinadsslonl

2. Optimized Link State Routing (OLSR) ifulnsInaoafumidumsniazrnmsm
wumemnthlngdmnulumsodums  (Routing Table) msdUmmAdumazdlnaiugam
Tnelifisfonnuna:dimandeuindeld  mnlnuasiumedinudesmsdedioyalnina:litosa
wumeiuiisnmaeume lumsfunidumoesinsInaea OLSR nuezld Message wov
Message Ao Hello Message uaz Topology Control (TC) Message FolFlumsAumndume
u,a:LLwiﬁfyfmfuﬁaagaﬁmu:miﬁlﬂﬂﬂﬂlﬂﬁaLﬂ%ﬂﬁmﬁmﬂmmzﬁﬁ] (Ad Hoc Network) umazlnun
sl deyaneneladiiemuwmmastimemodmsunnlnualunienelnelfidumomsdone
fifigoUTiduiign TnstnAoa OLSR a:du Hello Message tiusze: q ludalnuaieuthunnlnun
TuszeznilsgetieldmieyazosTnumieutiulus:esgessey [21] Tnuaddoaansaden
Multipoint Relay (MPR) uuiugiuzesuns:a:nisseuisidumeiingnoesinunlus:a:desgel
Tuuda:Tnunaziigadudan Multipoint Relay (MPR) Fuszylnunildsuidenidulnun
Multipoint Relay (MPR) [22] lumsiienlnun Multipoint Relay (MPR) iiteansiuiulvun
Aflumssorauinindsnsnaon OLSR sansnmidumsiidudumoiiduiigamedofiatsan
1w gevililumsdowindnludoUaens madedeyaaziunmsdouvvgetnegel
Twslnaea OLSR azas Topology Control (TC) Message wiaunumasuaa Multipoint Relay
(MPR) Lﬁ'aLtwéﬁmmwmﬁagdwuﬂLﬁauﬁmlﬂﬁam%mhﬂ

Reactive Routing Protocol (Source-Initiated On-Demand Routing Protocol)

TnsnAeafumdumouuuIueniil (Reactive Routing Protocol) ihiTnsInaaaiifm
wumoidlolnuadunmasasmssedoyaludslruaumemeriniu [19] Tumssunadumoniy
aznsziam:nuaiiegludumosesmsdodeysludaaems  Gomnlnundifndedomsiu
inRpufisanueansAimssy - dedeynasilinisidendegninmn TnsnAeadumidumouuy
Sueni asimssumndumslmidnaimisieanusms nslnaeasunidumouszianil
a:difad (Delay) zosmaAunidumuiniwilesnabififeyadumolumaodumoivly
mnazdodeyarasimsfunidumenoudeihliifadiiaoy  metulnslnaeatsiani iy
AODV DSR AOMDV ua: CBRP (unu
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lunisilnsnaeanunidunsuuusueaiwlyldlugaumsaimaindsniAnso
soumstiandulusmimsandedemsiuaziiumsUsndandanunnuumneinsdwiiede
mslfuuudininindslosdasanliiansldnuaieneniivsinsam

1. Ad-Hoc On-Demand Distance Vector (AODV) iiulwslnaaapunidunis
Wuu Reactive Routing Protocol [23] n3emelimeuvuiamzia dlemafinmswaeuutas
nowelad (Topology) mmeanIA1 Autin AODV JognesnuuuNianBUUDIALIAT 0T LTI
neweladiAuuutastos mafumidumozesinslnaes AODV  asimuldluviufiilelnun
Aosmadsdeyas:niunulaslnsnaea AODV sunsoAumgumennvuaaumalydslaemala
Tnosowinin RREQ (Route Request) sonludunndumuoniulnuniinfooneliises q
dolnuataremaldsu RREQ ez RREP (Route Reply) nauludslnunsumolaeiden
Wunmeiiduiign  Tumsstinmdumetiuaznssiiam: Tnunfiegludumosesmssoieyalies
Umemowntiy Tnslnaea AODV a:limnemussutmems (Destination Sequence Number)
wielfodadamnsiingl (Loop Problem) Inslnaeaazasnsadnmssnsimsiadend
(Mobility Rate) Tuszdus thunansunzAeuinogls duazdaean Overhead vosiaya muAy
Traffic uazanAusuiufia: Broadeast italilddeyalumoidume [20]

2. Dynamic Source Routing (DSR) ijulwslnaoaAunisumouuy Reactive Routing
Protocol finssuaumsvhouaieaioiulnsinaes AODV #ndumsminuwianzesinslnaen
WY Proactive Routing Protocol Liumusazgaasisilediannudesmsdoionn Tnuamums
shunsarumdumalglnunUamemsluniemalalaemsssounann  RREQ (Route Request)
ugimnTnunuwa3ess Foufiniin RREQ 1l Broadeast Packet nassniilnunldsuusiniin
RREQ 9:%1m15 Broadeast lusslnumientiugesauesauninasdolnunataianouiniin
RREQ sznaumy nineanainu (Sequence Number) uazidung (Path) %’ioagjuud’;u Header
voounniin [24] dielnuadaemeldsuwinfn RREQ awvhmsasiouiniin RREP (Route
Reply) donduludalnunsume wumofidouinin RREP aauazgauiu Cache uulnunagiume
dwsulFldnunsonsly

3. Ad Hoc On Demand Multipath Distance Vector Routing (AOMDYV)
iuTnsnpoafunidumsigianantnsinaea AODV  fuwianufananie ynmsmuom
WU UMM IAunIEUMeInsinaes AOMDV  gnesnuuuidmsunIadie
meommzAandmsdsuuasgeiduidonTonfinanudumaiuazidunogadnaindy
SuteeAse wanmamouzesnslnaes AOMDV ilumsnsivseuiilumsfiunndums
wuunaedumoazlifigu (Loop-Free) wazlailfdumoenishiu (Disjoint) lumsfunndunia
WUUNAIELEUMI9in15ana1n Disjoint Path Fouvseenliiiu 2 Uszan Ae NodeDisjoint
Path ua: Link-Disjoint Path Tng#i Node-Disjoint Path a:13ildl#lnuala 9 Sauinenciulaun
Aunuazlauataiane lunenssingin Link-Disjoint Path a:zlald Link a9 sunu
wigaaimslilmuasamuiu [25] smsulnsinrea AOMDV dielnundumuosaomsfumidiumg
iiedodayaludolnunUaens Trunfumeazinims Broadcast winiin RREQ ludiulnun
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ieuthuzesaulaems Broadcast ¥:1#3umdeiiuinslnaea AODV fielnuniiioutn
flasuuindn RREQ sxvhmsfiumiumaiitedodouiniin RREQ dolvunvaema elnuna
Umemoldsuuindin RREQ axvmssouwiniin RREP ludulnunafivhmssousiniin RREQ
WM IRUARULD S

4. Cluster Based Routing Protocol (CBRP) lujuuvumsianimlyInslnaea
AUnEUNY CBRP ulwsinAeadszan Reactive Routing Protocol ummanaisanlu
UszfiumsuvofusiAutuua: Cluster Head 1y Tnslnaea CBRP andulnslnaeauszan
Hierarchical Routing Protocol [15] wanmsinsuzesiwslnaea CBRP azvhmsuisesntiiung
wAaznguazil Cluster Head doazyimsuszaumsinnumelunguuazmeuenngudy q
Cluster Head azvhmsuanu/asudioyaidums doudiuiuzes Control Overhead 9:tiosndy
75m3 Flooding [26]

mywn 1 agUAmausAvesinslnresfundumelunianiswmizig

Properties of Routing Protocol
Ad Hoc Routing Protocol DSDV OLSR AODV DSR AOMDV CBRP
Distributed ol v ol ol ol v
Loop-Free v v N ~ N ~
Reactive X X N N N, N,
Unidirectional Link Support x x x v x \
Periodic Broadcast \ \ X X X x

sduuuMstAReunEvsUIAToTIBRM ATl U UM IAINISIANABNUA

suuuumaReufiaziumsimuasmumsaimsnieulmoeslnualunieds  TnemlusUuuy
manReuiluasenslimeouuuiam:Asuseonliidu 2 Uszan TasmanRounyszanusn
AamanRouifignimuntunnaumnsenguisets demanfeuingnimuatumniliansa:
m3tAdouiiuuy Non-Realistic Mobility L?I'ujuml,uumil,ﬂﬁ'auﬁmu Random Waypoint
Mobility Model [20] umu i\i’m%‘UmiLﬂﬁauﬁﬂi:Lﬂ‘wﬁaﬂﬁmﬂuﬂmﬂﬁaumugﬂu,uuﬂmumizﬁ
Mintuass Sengluuumsnieuiilsiandonanili Realistic Mobility Model dufiouide
fhmsmmuamaeRBUImUEIUM I IIMLULUUMIRRTUM sal B RTA N RATU [27]
1. Non-Realistic Mobility Model

Random Waypoint Mobility Model TnunesimsiaReuiivuudss: (Independent
Mobility Model) luganmnememauuuguuazieamudiiunanmariu 28] Tnsazdenanmus
uaziAmemaaReuiilaglifismsdy  (Random) lumsaReuiiusazasimaslnunazduiFonaus)
unznAmMolagdimsuanuasautaziduuuy Uniform Distribution meoanuuiaaium q nu
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giﬁ; 5 maipdeuiivesinuAuuy Random Waypoint Mobility Model

sUuuUMLAReuR Random Waypoint Mobility Model lilfifumsindeulmiiiin
Tuamumsaiaiaudlainailusnesmanieuivosaenoam:islugaumsnanmain
Aufid? [15] Gefidnuazaimemsinfouiivesuyudlugaumsalindefion

2. Realistic Mobility Model
usyuvumandeudiimmualimiiounsiadeuilusaiunsaiadouazduagiv
amwadenads lusmumsamsdndeitaselainsimungluuomanteuisssdmsuiiug
M3ANuNURA (Realistic Disaster Area Mobility Model) [27]

Modeling Mobility in Disaster Scenario matnaeuivoslnualuiufidoiva
LiausamansaiauaNystkuuzesnsndeuilddosanaaiunisainmsiindefiia
TuwsnzamumsaEiATIWAnmeiu [29] egdlsAAlAimshaosgluuumaAReuUURLAABRTA
TnazueedsnGent) Separation of The Room [27] Tnswtisiuimessmumsaiinieiom
wAneoAuA

DISASTER AREA
SCENARIO

Casuality clearing
station

Technical
Operation
Command

INCIDENT
LOCATION Patients
v —Df waiting for =

@4 treatment
7\

Casuality clearing
station Ambulance Parking
Point

.
—t

L)
-

Casuality clearing
stations

[

o
=1

U 6  UuuuNuRTRIEIIUMSNINMSNAABNDRA [1]

.
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13Ul 6 wansgluuuMTAReudidlafadeRUR donszuaumsiAudeRAezd
AszUIUMINEN 9 AemstguneiuiagilsuazmailngaumsaieglugnzunAuazmsa e
fussauAvesnaniiuisafign  JuszaudviiodlufuiiindefivAzsefinddodandnidums
dremdslasazindeuiofusauisluglsonenuagun egusauiognindeutiomnis
T3 omeUAEUN  WNGLAZNENIRINMIAALENUTANEIAEULR M S gune IR0
wazSnssududmsvnsdiiufuindvanidusaznisunieuiauiadulldelsoneuia
TumssifiumsgasuazsammenmaguiniduazfosiinUszmunumemumeaiadedsiiums
Uszanuinnunonuaiiufianmsieddeliaansadniunsliesuivsinsamuniign
Aoiufuszaudeilinsdniiedoluasotisamzisendulnuniindeufiainaaiuiiia
wamsailUgsuimssnminadurielsomennasuy - TnsTrunezshmsiafoufianamuiini
lusasaunniie [11, 18], [29]

MIIAUIzANS MDA T BN AT NS U IUMTAINMSLARAUNDA

TunmiseenuuuiAiedismizisdimsuaaiunisalnsiindeivalasinsaldnunsedie
WemsiAuABAtA  msfumuazmsdavlaeds:@nsammanigaiudnduiieziooiifidin
ANuEIsaTanASe e fAufe TR M T IS ansnmoecins InAeadumdum i zay
funSeteignesnuuudsiomanoliil

ATIAANUFINITATDILATDTERNIZAD

1. mM3ldwauvem (Power Consumption) misldnavsunaslnualuipiadiamnizig
msimsAundonuniietnegmslinuasinun

2. amwensalumsidenre (Reachability) sasisuzesnunfilisumsnszaeuinia
rosuueslnuAluASenemuAdssnsafmsanlfanmisnaiign (Maximum Reachability)
uazmadenrevassuAulagman (Average Population’s Reachability) winfifn Reachability g
uansliinonIadiamwziasnsaliuImslusnumsaliindanonlam

ATIAUIZANSMNVDIINI INADRAUNILEUNY

Tumslinuadedismm:islasmai insnaeaulflumsaunidumoiieliinuaduma
snsadedenallgiinuataenalfediofivs:ansamiuaisinsanmadenlinslnaes
Temsfissananmtinmlsz@nsam (Performance Metrics) woslwslnpan Tnafdindiiesli
Tumsindsz@ndnw wu

1. dnsanudnsalunisdodeya (Packet Delivery Ratio: PDR) tlusnsadiunes
uiniindoya (Data Packet) Agnsngndndeaininuadumsluginunumemelidnsaua:
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Fauasuiaiataansnuai lnuadumeviinsinadlugsinuntatems [30] A1 Packet
Delivery Ratio (PDR) ﬁ]:agﬂmhai:wjm 0-1%380-100 % winm Packet Delivery Ratio
(PDR) 1flu 1 w30 100 % tiuazugmadn Packet Delivery Ratio (PDR) fimgun3e nslnaes
Fumidumaihmsnageuiils:amsnmgaiensinan Packet Delivery Ratio (PDR)

2. AmAgANRIIARBAEUMY (Average End-to-End Delay) uAiafsnazas
wAnzuAniAndoyafignasnnuasumsludslnuataiema [30] ma Average End-to-End
Delay fifauanclidingy Tnslnaeasunsaimsfundunsannlnuadumeludelnun
Umemilinaties iifelnslnreafunidumeiivs:ansnwgeanmsin Average End-to-End
Delay

3. USmaou (Throughput) iludwausesuinifndoyafideriudusoludionaimie
mnlnslnAeaAundumoelm Throughput g 9zuandliiuninsnAoaaAumELNIEINITn
smsdowinindoyaduialdluyinumniude Tnslnaoatuivs:ansawgs

4. TaveSamuan (Control Overhead) Wiudnmduesieyamuanissldioynsd
fnlasuluusazTnun [30] mnTnsmAoadumidumeiim Control Overhead saziiumauano
unnifindoyadlflumsdeideyailimunuiiosiude Tnsinreadunidumoiivs@nsaminn

sUuuuMsNAsNUAMELAIaTIBRNIEA

TumsidefisAmenietsmnziafiinglsasAvdniiedismieuszaudelilaondoan
goumsaian@ulinasmaigauazdisiugsendiannian Aniunszuiumsiauieios
AszUIUMIAUMUAzdAY  Mstgunenaiuady  masdeeilszaudeludisnuivaends
maAarelszaunumeluiindiouazmeunmd  msfndefeamssninilssuisuaziingie
FudlunszuaumsdiAgfasilinmsidouazmsdniumsdiemdenulifiduiugusaudis
filsendunnigndaduingusasdnansasmsfdefita dmsumsandedomslusaiumsal
maiinduivAfianudnduesemnfiazilimsdniiunsiemieussainguszasAnanls
widlesnnlugmumsaimsindsfivituvesaseilaseasuiugusesmsiessliansald
slinsenrasaldouliediu Aslumsesnuuuiniedeililumsiomsluaniumsainisin
Aoivasodusesuiuuasdssrannsinm

HomAde [1], [4], [8], 101, [12], [31] - [33] Tadnwmgduuumsiientamensedslsee
wmzAslaethmdnmslumsdennendets maAaredoms mandeud wlilumseenuuy
sduuumagAsRUAMenIadIwli@amnzia 9INMANEUITENIENLULIATETIBIWIZAY
figuuumadendewniemneiiulfiensiemnslusmumsaldeivAdareluil

1. Mobile Ad Hoc Network (MANET)

101398 [10] TAwuomsoonuuuAIatonIzAsdImsuszuuMIINMIAUNUA

Tnefie19191n Message Reliability u: Energy Efficiency dulumsesnuuuin3erioiy
limFomelszian MANET Taensanangosmsiinesss Hop-Count uaz Energy Efficiency
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TumsessfmegUnsmideasnselnuniualidanesiu  MSGFW  #sazdniumslaalnunisu
szAnfiumsnsadevans lumssoredeniu uazlidane3fin Scenario Selection lumsiden
UMMz TuAUszAUM A eivATAeYSuA1 Transmission Power uazlii
e [1] Wusudsamadensaniedieuuy MANET dwsuaniumsaidedta Tnenisld
Evolutionary Computation Approach miewnailn Genetic Algorithm weudladyniioaiy
madenrevennienelusazindufiin

wasiondde [31] WinsueinSediommziaiion1sinns Unmanned Aerial
Vehicle (UAV) lusamumsaimsifindefiva Tnsuwifausniildfie msfinas UAV wuuiiien
fTuMIAUMURzMIAAMUNa lugnIuMIalinnenun  ualahuwiAnmslinnusiusazeos
UAV lumssiuiiefuzes UAV wae UAV ihguuuuzesgsiiu (Swarm) dsguuuumssiuiionu
2a9 UAV 1 aninsassismsiessuuy Mesh Networks #iliiusmsmsaiessuivszeguoy
Al fotiu UAV ssnsaviminidhgadenseligliasnsansiwiviedonsoruaume suinld

2. Wireless Sensor Network

Tagmsfinwnuide [32] Tawldeonuuu Autonomous Wireless Sensor Network
Tl Mobile robot lumsnsranaglszaudpaniuivamematin Simultaneous Localization
and Mapping (SLAM) fofi 2 33fe Centralized Map Building Approach waz Distributed
Map Building Approach

3. Hybrid Network

andldAnmouide 4] liauensesnuuuszuumInsIamyseaiinanmsiin
AunvAlnalaindsz@nsninain Energy Efficient FoszuuiazannsonTIamARMNMULITEY
AuszauAsluiiuiindefioils Tneimseenuuusuuaiemeililumsdemsiiensaam
Hsandinlagldmadourainietiouuy Hybrid Network A ifumsviousauduszning
Wireless Sensor Network uazp3esiedu q lnsfimnidiindefivfniniuualassasiomsioms
fugrmluliaunsalimsld lunsdiile:ld Ad Hoc Relay Station lumsasfayanidosslds
Sink Node @3 Sink Node 9:vhmsaunadioyaluds Base Station fawn3odis GSM Cellular
Network %358 Worldwide Interoperability for Microwave Access (WiMax) ﬁuagjﬁuﬂﬂ
wsemelavzannsalimsld Aniuszuuiossansalinusuiuld uasdlimshguuuedomeily
Integrate M) Telemedicine Based System uana1MMIBNLULATDNIBRNIZATINIULUUAINGT
windufionudde [8] ladimseenuuuszuui3etiouuy Hybrid Network figssuuin3eisuuy
Wireless Network, Wireless Mesh Network uaz Cellular Network ‘?iﬂL%Uﬂi:UUf'I’h Portable
Disaster Recovery Network Fndumsvhousauiuszaie Disaster Recovery Network (DRN)
uaz Search and Rescue Network (SRN) Tnamsld DRN lumsossszninofuszauiuiv
fufiiuiesymunimosiszauis uaz SRN a<linafin Optimal Path sm3umssmifiumsfiie
uazdmiumsiaReuniveslnunluiionslfimsAnmuuumsiadeuiiuuy Random Walk
fuvoidu Symmetric Random Walk, Alternating Random Walk tiaz Non-Reversing Random Walk
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fionAde [12] Alfesnuuuamilnenssx Hybrid Ad Hoc Network tuv 4 SeAUTY
isliflumsnusinieyannuiismieua: doyamsussmMm s TUAENAIINEa UM STINIIARA
AviivAlaglaimssenuuuamilnenssuzenaienedunmunds:duie szAvduiniody
ﬂﬁﬁamﬁm’jm Delay Tolerant Network (DTN) Node ez Delay Tolerant Network (DTN)
Node ({luns@ea133:n319 Smart Phones i Smart Phones) luszAuiganiiumsiests
femsdodieyaain DTN Node lugs Information Drop Box (IDB) szAufiganiunisiieans
A1 3asdoyadn Information Drop Box (IDB) lufls Master Control Station (MCS) Tagld
Data Mules (DMs) uazs:Aviiiilumsdiomsmamsdedayaan GC to IDB lumsieaslu
unnzazavladimsldoanesnuvaiudanainu Wy DM Count and Trajectory Computation,
Group Formation waz Calculating Maximum Latency for Tier4 1dusiu uazan3dodonanil
lavimsindszansmwasunionianie Packet Delivery Delay ua: Mean Latency

uasfinudds [33] aavmeuismasineiedisininliuiiemsfemslumsiau
fufn fmemadeuredesushanienslSmedsaanme q TnemseenuuuuazmiinmIszuy
38 Team Phone dovliimniminuiinnuaunsalumsiesslumsiaudeion lumsoonuuy
w3enwlaviinssinsvuniedielnsAnndeds  AIetiaw@mzisuaziAIedIealsloms
(Opportunistic Network) iidasiuuazdaslinsdomssmiminouddeaansodomsls
NguBIaNITNINUAINR TN TINAWNNULArdstaANNan@dnlAeg i s@nsnnaIe
muntsiinouaziunisieyaiedemielunszuiunsiie

nMIAnMNUITELazuIAAM DALY LU eI Aae M Ty
smumssidsRvAnu iR iamsinsanlumseenuuunIemelumums 9 Aerelui

1. ssupdeneilisumsesnuuuiieshlulddmsumsieassnie Anddous:
AlasumansznluiuideftftueieneivenuuuezfelinalumaGouimese:nmsng
finnwazmnlumsling desnniuszauduieslisumadiemioesasein Anumsoenuuy
wsenelisninsalinmilaneseuiiiFaiuieiedfyiedonislumshemiegus:aus

2. srummSeredlAsumanam  Aesfinnudelunsusulitunseneniegua:
FesmmnsnnnusmiuiueIonedu 9 1 wu wlemelnsfwinugiu wienelnsdwidiede
nsoduwmadiin uau

3. 3:UUATRTIBABININITIABUAUBIRL IS lUNTAMSIARAuR TR RN Y
FoazsnansaiiemaegUssaudslaiuad

4. orgmslinusenaiedisiuaseniedesssaliomlifaunidfingdie
aniiumaeSasedeneaunsalinulfunhlasss g usesmstomsalfomildmulni

5. luns@mfiAsfivAadatulaseaneiugusess:uieasifiogluiiuinin i iin
mnldgnsalimsldsuufessnsaysvlimshouludslaseasfiugusesnisiessing
agluiiuilnsiAsmIavoeonlumennunmasiliiiaunseuaauiunalAsunansznuanms
WNANBNUA [8]
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