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ABSTRACT

Trans fatty acids (TFAs) are formed by the partial hydrogenation process of unsaturated fat.
Consumption of trans fatty acids increases the risk of cardiovascular and brain disease. Therefore, The Ministry of
Public Health issued the announcement no. 388 B.E. 2561, specifying that partially hydrogenated oils and foods
containing partially hydrogenated oils are prohibited to be manufactured, imported or sold. The objective of this
research was to analyze the content of trans fatty acids in some hydrogenated products distributed in Pattani
province that were sold before and after the announcement. Samples were collected from Pattani province area
and categorized into 3 groups — non-dairy cream, margarines and shortening. Before the announcement, 14
samples of non-dairy cream, 18 samples of margarines, and 2 samples of shortening products were collected. The
fat in samples were extracted by solvent and had 98.38+0.27% recovery. It was found that trans fatty acids
determined by gas chromatography in non-dairy cream, margarines and shortening were 0.00-0.01, 0.01-0.50 and
0.06-2.81 grams per serving, respectively. The sample that had trans fatty acid higher than the amount prescribed
by the US-FDA, which is more than 0.5 grams per serving size found in 1 product. It was shortening SH02 which
had trans fatty acids 2.81 = 0.09 grams per serving. The main types of trans fats were trans-Octadecenoic acid
(C18:1t). Sampling of products sold after the announcement of January 9, 2019, and a different number produced
(lot number) from the samples collected before the announcement were 10 samples of non-dairy cream, 6 samples
of margarine and 1 sample of shortening. No trans fatty acid content was found in non-dairy cream and shortening
products. Margarine products contained trans-fatty acid content 0.00-0.01 grams per serving. Many samples had
the trans fatty acids decreased but the content of saturated fatty acids increased. The trans fat in the shortening
SHO02 (same batch as collected sample before the announcement) which was 3.18 = 0.19 grams per serving

violated the criteria announced by the Ministry of Public Health.

Key words: trans fatty acids, partially hydrogenated oil, shortening, margarine, non-dairy cream
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Anan SFA MUFA PUFA  trans-C18:1  trans-C18:2  total TFAs
CRO1 Tne 0.10£0.02  0.01£0.00  0.010.00 nd nd nd
CRO2 Tne 0.2120.04 nd nd nd nd nd
CRO3 Tne 0.47+0.07 nd nd nd nd nd
CRO4 e 0.27+0.04 nd nd nd nd nd
CRO5 e 021£0.03  0.03+0.01 nd 0.010.00 nd 0.010.00
CRO6 e 0.15£0.02  0.01£0.00  0.010.00 nd nd nd
CRO7 e 021£0.03  0.01+0.00 nd 0.01+0.00 nd 0.0120.00
CRO8 Ine 0.06£0.01  0.06+0.00 0.01£0.00  0.01+0.00 nd 0.01+0.00
CR09 Ine 021£0.04  0.13£0.06  0.03+0.00 nd nd nd
CR10 Ine 0.13+0.03 nd 0.0240.00 nd nd nd
CRI11 Ine 0.53£0.13  0.01£0.00  0.11+0.00 nd nd nd
CR12 e 0.26+0.06 nd 0.04£0.00 nd nd nd
CRI3 oma 246£036  0.03£0.00  0.01:£0.00 nd nd nd
CR14 oma 0.59+0.08  0.20£0.10  0.06:£0.00 nd nd nd
MAO1 0TATIAY  2.03£0.27  4.57+0.83  4.35+0.15 nd nd nd
MA02 P0AATIAY  1.19£0.09  1.84+0.64  0.69+0.30 nd nd nd
MAO3 P0AATIAY  2.46£0.36  5.72+0.59  1.870.82 nd nd nd
MAO04 00AIATIAY  4.66£0.31  6.78+0.29 2.11+0.82  0.01+0.00 nd 0.01%0.00
MAO5 00AIATIAY  2.53+040  5.1120.54 1.41£0.59  0.50+0.00 nd 0.50+0.00
MA06 e 3.8940.63  2.61£0.50  0.65+0.30  0.06+0.00 nd 0.06+0.25
MAO7 Ine 3.63£0.62  2.51£0.47  0.60+0.25  0.01+0.00 0.010.00 0.020.00
MAO08 Ine 4.03+0.67 2284036  0.56£022  0.01+0.00 nd 0.01%0.00
MA09 e 0.72+0.12  0.80+0.17  0.10+0.04  0.010.00 0.0120.00 0.02+0.00
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MA1S waiden 0.68+0.13  0.0240.00  0.12+0.06 nd nd nd
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ABSTRACT

The objectives of this study were to investigate the preservation of diatom microalgae (Chaetoceros sp.)
for whiteleg shrimp (Litopenaeus vannamei) larviculture and of marine rotifer (Brachionus rotundiformis) for
blue swimming crab (Portunus pelagicus) larviculture. Both feed stored in concentrate form and by biomass-
freezing at -20 °C with 2% trehalose as cryoprotectant agents (w/w) at 2-4 weeks (T1), 6-8 weeks (T2) and 10-12
weeks (T3) were compared to the traditional method using alive Chaetoceros and alive rotifer (control) to nurse
L. vannamei larvae from zoea 1 to post larva stages and P. pelagicus larvae from zoea 1 to magalopa stages,
respectively. The results showed that survival rate of shrimp larvae fed with control feed (53.3+11.5%) was
significantly higher than those of TI1 (0%), T2 (0%) and T3 (0%) (»<0.05) and found that concentrated
Chaetoceros affects water quality and quantity of FVibrio bacteria during shrimp larviculture. Additionally,
survival rate of blue swimming crab larvae fed with traditional method, T1, T2 and T3 were 26.6£5.7%,
30.0£10.0%, 26.6+£11.5% and 23.3+5.7%, respectively. This indicated non-significant (p>0.05) difference. The
average of water quality and quantity of Vibrio bacteria in each treatment were not significantly different
(p>0.05). This study revealed that there is high possibility to use 2-8 weeks stored rotifer for P. pelagicus

larviculture while 2-12 weeks stored Chaetoceros is not possible to use for L. vannamei larviculture.

Key words: Chaetoceros, Brachionus, Litopenaeus vannamei nursing, Portunus pelagicus nursing
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Wienaeisaal (Chlorella spp.) 310
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annsaaglenI e lamdutu 2% JagdSuiag
1 a a 1 ° 3 A
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1N In TallnelaaansvedaI9e19 (CFU/mI) A4

aums (1)
y=Cx10x10" (1)

e v=15ua  Vibrio Waviua (CFU/ml) C =

sulalail £ = UIWNIVeIANNIT0 19NN

snu'ld

¢ o
NI3AIIVADUNAZIAIIZHAVMWHITZHINNS
nAav4

<3 o 1 901 a '
NISINUAIDEIIUILATATIVDIATIEH

v 1 %
AUNINUIVBIUAALYANITNAADIND 3 TU AN

a ¥
nanmImiaviauaziinnzinaniniives
American Public Health Association et al. (2012)

=1 a o’c:' a J v ci’ a
Tagin1513mesNATINATIZHALN UTua
H Y Y 3
panFauNaralsluii (DO) gungivedu A
Id I~ 1 < I~ [
anudunsaduae (pH) aAnuay aNnwuaig
I'd
Sunaen Tuiles uaztSua lu'lasv
M ZHNaMIada
TUHUNTNABDIUVUFUAADA (CRD)
a 4 =)
NAT1eHANUNY5UTIUN19AD (One-Way
= = ] Ci' d‘
ANOVA) uaz1feuneuanunaginoriniiy
uanANYeIToya 1Aun 6ns150AA1Y BATINTT
wigan e sauneguaIniinazliuianse
uuARise (Vibrio spp.) N4 lunaazyansnaaes

Y A . { )
#1975 Duncan’s new multiple range test Nszau

anuFeI 95% Taedins1ed tazilsyuranadie
Tsunsuduiegd IBM  SPSS  Statistics  for
Windows (Version 21.0; IBM Corp., Armonk, NY.
USA)

au a J
WanN133vgLUaTIVITIUNA

= % Y d'
wavesnlarasealugluuudndunszaziiaims
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a a : Y
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z:y 4 = A Y =)
YT LY YOY- 101213 2 (W 2) NoyUIaaIeA In
1 Y == =
¥BIAIINNVDIS Mg nln (control) A Tata
Yy Y A 3 o
asoalugdnuududunsseznamanusny 2-4
[ 4 [ 4 [ 4
davi (T1) 6-8 dUavi (T2) wag 10-12 daw
1 [ A== T W
(T3) 52U UDIS NN ANNININY 53.3+11.5%,
o 4 o a 4
0%, 0% LAz 0% AINE1A1 10113 AAT 1K HA
N19ADA WU OAT1TDAABNRIVIIVDIYA
“ 4 2
control ANINFANTNAABIDUS (p<0.05) (A15197
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3282 (meantS.D.) YOIQNANINITLHLYIDY 1-2,
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10w 2-3, Yoo 3-ludd uaz luGa-il 2 vouya

control §ﬂ1§ﬁ¢uu1ﬂ1iﬂlﬂﬁi885&%}1?{5385@]1\16]
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=) 1 ﬂ' 1 % d‘
ANYANITNADBIDUS) 1BUNU (p<0.05) (AN

5)

Y o { Y { '
ﬂ"lﬁNﬁ 4 fWI515E)ﬂ@ﬂﬂmaﬂm@i@jﬂf}flm'nﬁ@klﬂ'laslul,mﬁzﬁljﬂﬂ1iﬂﬂﬁﬂ\1

% 913150AME (%) mmgnﬁ:wns:ﬂ:q’néﬂwaan% (W)
naoes  qioe1 o2 o3 Wwdw1 ez Tadas il N2
Control 100 83.3+5.7°  73.3+45.7a  66.6+5.7° 66.6+5.7°  66.6+5.7°  60.0+10.0°  53.3+11.5"
Tl 100 53343 233457°  6.6+5.7°  0.0£0.0°  0.0:0.0°  0.0£0.0° 0.0+0.0"
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14 2 Jd A
V239NNV ITTEZYRL-TNaa 15 ()

¥ oN3150AME (%)
naaes qiow1 o2  gios3  Wwdw1  wdaz  Tadas @ 2
T2 100 533+3°  20.0£10.0°  0.0£0.0°  0.0+0.0°  0.0:0.0"  0.0£0.0" 0.0£0.0"
T3 100 56.6+6°  233+152°  33+57°  0.0+0.0°  0.0:0.0°  0.0£0.0" 0.0£0.0"
neIva: AnnasuaeSIIRTIE S ANt (a, b) ¥11NBD VANVUANAWNAUNNEDA (p<0.05)

ms1en 5 mawsyan Tamae (MIwaIzez) vesgnisuiieyuialulaazganisnaaos

szazIMMIiaNIzez (1) v99gnHavd

YANAQDI < < < - - -
4108 1 -2 4108 2 - 3 e 3-Tuda  Iuda - Tnaerns
Control 1.3+0.2° 1.3+0.2° 1.840.2° 4.1+0.2
T1 1.840.2° 2.6+0.2° 1.8+1.6° nd
T2 2.0£0.0" 2.640.2" nd nd
T3 1.840.2° 3.0£0.0" 0.8+1.4" nd
CTRTNTIOR AR A IR TNINTIFIEIETMT LAY (a, b) HUNBET TANULANASAUNIADA (p<0.05)

< 1 !
NITATIVUTAAWUNINUITSHINNITOY VA

anfevnlundazganisnaass wud 5w

[
a =

DONIWLIUNG

[
tY

argluinndeegluyg 4.68-4.70

mg/l gungiive i unageg s 28.80-28.86 °C
' 5 ST 4‘ 1 1
manuunsatluaiundeed1uyi9 8.11-8.20
Ysunawen Tudesumaseg 1149539 0.13-0.28 mg-
2 s A [} 1
N U5nalulasimaseglusie 0.06-0.18 mg-
< ' = ' '
N/ wazanuuaunased 1 121.26-122.63
mg/l as CaCO, lagAURAsveIunoanFIu
1 a I I 1
aza1811 gangil aAnuunsaiuais wazany
I 1 1 1= 1
Wuanvesuaazganisnaaed lulinnuuanaig
AUNIITDA (p>0.05) uAAURABVDIUT U 1™
= 2 J
wenTwilesw uazdSualulasnvesyanis
NAaeIN T1, T2 uag T3 9zUAIINIIVDIYA

control (p<0.05)

I a Agl’ a A
Han13AIINFAYT I FenUANS Y
Vibrio 32¥1MseyuIagniau lunaaz yans
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naavy WU NIzeznatoya 3 1 USunaie
= = E!'
WUANLT Y Vibrio tRABUYDIYA control
(0.16£0.15x10°  CFU/ml) 9610319095 AN13
NAARIN T1 (1.10+0.62x10° CFU/mI) (p<0.05) 1ag
lifianuuanaeiuneatanuyansnaasei T2
(0.90+0.45x10° CFU/ml) ttag T3 (0.63+0.11x10"
CFU/ml) (p>0.05) N328217019111a 6 T4 WU
=) dg’ S A d‘ d' A
YSuaugeunanize Vibrio masnnuluudazya
M3snaaed lUTANVUANAISAUNIADA (p>0.05)
v 4
wazfiszezinaloyuia 9 Ju wua Usuiande
S A d' = 1 U
WUANITY Vibrio 1IDABYBIYA control  UANNINY
0.76+0.64x10° CFU/ml daugan1snaansous
v A y 4
ansoasrvaed ldiiesningniiiioyuianie

1 Y o A A
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~ X A A o = ' ] '
AN 6 ﬂ%mﬂu“}f@tmﬂmiﬂ Vibrio Spp. ‘Vlﬁi”JilW‘U'i%W’JNﬂﬁ’ﬂlgU1agﬂfN"U131ullﬁa$ﬂgﬂﬂ13ﬂﬂaﬂﬂ

YSanan¥euuniiise Vibrio spp. (x10° CFU/ml)

TANAA I o o o
IINAYU 6 U 9IU
Control 0.000.00 0.16+0.15" 0.73+0.25" 0.76+0.64
T1 0.00£0.00 1.10+0.62" 1.46£1.45° nd
T2 0.00+0.00 0.90+0.45" nd nd
T3 0.00-0.00 0.63+0.11" 0.56+0.98" nd

' a v dAA U o o v 1 [ =2 = ' o aa
HHIGLYIA: AURAYIATUADANUNNAIDNHINTINUANNU (a, b) UIYNI HANWUANANAUNNEADA (p<0.05)

v
=

a d Yy Y
waveslsamlaslugdnumdndunszezinains

INUSAHINIINUABOINIITOANIY DATINS

a

a : y
winAvle vazaamwinlumseyayinszes

giRg-umlath

@ = 9 cgl
ﬂ@i?ﬁ@ﬂﬁ?ﬂlﬂﬁﬂﬂl@ﬁgﬂﬂﬂ]i%El%“]ﬂf)f]-l,ll

U a
a

mlathfeyuianionien lasesediunulsa

=

P v
LV‘I@SV]Lﬂ’IJLﬂEJ’J&L“]J’IJﬁSSlIﬂ1 (Control) E)lgﬂ?ﬁﬂ’)ﬂﬂ

Taosoasaunulsamos lugdunududun
3 o o 4

srezIaImsinuinel 244 dla1d (T1) 68

FUa1l (T2) wag 10-12  dUa19 (T3)

26.6£5.7%, 30.0+10.0%, 26.6=11.5% Lag
23.3+5.7% MU 101 AATIZHNAN TR

WU dnsiseantsvesgniinluudazyganis

= 1 v d'
naaed lilinnuuana19iu (p>0.05) (A15199 7)
@udaIMIIan Tamay (MINAUINITToE

v £ £
voagn1)) ¥eegninainszez oy 1-2, Wby 2-3,
2 2 4 2
Y108 3-4 1oz oy 4w lath wun Nszezyon
9 = o Y '
1-2 9o T1 wag T3 UNMITWAUINITHIAN
' 4
control 1@ T2 (p<0.05) NITHLYDY 2-3 N3
WaluIn1svouaazganIsnaaod lulialw
1 o ~ dy 9
HANANAY (p>0.05) NIZBYIDY 3-4 NIYINYANIS
naavah T3 InN13WaU152e2 5109199 control
< 2

(p<0.05) wagNszozyidy 44un1laill n1s
WaluIn1svouaazyaAnIInaaod luiliaawy

HANAIINU (p>0.05) (A15147 8)

M1 7 dasiseamamasvegniinieyinalutaazyanmsnaaos

dA3150aMY (%) vosgniinszazade 1 - mmlaih

2

AN

cgagﬂ 1 %108 2 cgagﬂ 3 cga'aga 4 mimlath

Control 100 76.6+5.7 53.3£15.2 50.0+10.0 26.6+5.7
Tl 100 76.6+5.7 60.0+10.0 46.6+11.5 30.0+10.0
T2 100 76.6+5.7 66.6+5.7 43.345.7 26.6+11.5
T3 100 70.0+10.0 56.6+5.7 46.6+5.7 23.345.7
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319N 8 M AL Tamag (MINAIIZEL) ¥9Ign

ihneyaluuaazganmisnaaes

szazaMsiannszaz (u) vesgnlin

“lqiﬂ"ﬂﬂa@ﬁ = =z =z =z
AoE 1 -2 %108 2 - 3 %108 3 - 4 4198 4 - iumlath
Control 3.0£0.0° 3.1£0.2° 3.6+0.2°
Tl 3.60.2" 3.3£0.2" 3.840.2"
T2 3.10.2° 3.6£0.2" 4.1+0.2°
T3 3.640.2° 3.840.2" 3.840.2"

7 v v @ 0

MUNOIHE: ANRAIAUADANUNTAIONETMAUAINU (a, b) HUBDI UANULANANAUNNEDA (p<0.05)

¥ 1 1
AumwisziImseyuagniiiuaaz
U = a t!'
¥AMINAad WU VSaeengounazaislu
¥ 4 [l 1 a ?,’
Hunaged Uy 4.75-4.93 mg/l gun)iveI
- ' ' ' I <
maged luyg 27.33-27.63 °C manuunsaiy
1 d‘ ) ) =
AR ALY 1uYe 8.15-8.17 smnaen Tuiies oy
A 1 1 = 14
@ageglue190.10-0.16 mgN/1 Uswalulase
A | ] < '
nae9g 11539 0.04-0.08 mg-N/l azANMIuA1

pg U919 113.73-118.40 mg/l as CaCO, JAgA

Y § 1 )
Aumwindgvownazgan1snaaed lulinaw

Y
UANANAUNIADA (p>0.05) UBNIINU WANIT

<3 2 X = A . 1
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ABSTRACT

This research aimed to compare two methods of forecasting wind speed: Box-Jenkins method and
Winters’ exponential smoothing method at an altitude of 120 meters in Pak Phanang district, Nakhon Si
Thammarat province. Hourly wind speed was gathered from Research Center in Energy and Environment,

Thaksin University. The criteria of the lowest mean absolute percentage error and root mean squared error were
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used for comparing the suitability of the forecasting model. The study indicated that the Winters’ multiplicative

exponential smoothing method was the most appropriate. Therefore, this forecasting method can be used to

predict wind speed at an altitude of 120 meters in Pak Phanang district, Nakhon Si Thammarat province and can

be used to predict the amount of electricity that will be produced in the future.

Key words: wind speed, forecasting model, Box-Jenkins, exponential smoothing
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ABSTRACT

The objective of this study was to propose an approach for selecting a route in multimodal transportation
networks using a fuzzy technique for order preference by similarity to ideal solution (FTOPSIS) and tested the
proposed approach with the multimodal route selection between Thailand and Vietnam. The scales for importance
assessment of decision criterion and alternative rating with a triangular membership function were used to reflect
decision makers’ opinions, which can be collected based on the Delphi method. Then, the fuzzy positive ideal
solution and the negative ideal solution were calculated. Finally, the closeness coefficient (CC) was computed and
used to select and rank the multimodal transportation route. The results demonstrated that the multimodal
transportation route A5 was the best optimal multimodal transportation route. It started to transport with a truck
from Amata Nakorn industrial estate via Lao Bao customs to Da Nang international airport. Next, the products
were transported to Tan Son Nhat international airport by an airplane and were finally delivered to the distribution
center in Ho Chi Minh City by truck. This route responds effectively to all decision criteria because it has the
highest CC. On the other hand, the other multimodal transportation routes were arranged in descending order
based on their CC values. Moreover, it was found that the proposed approach is suitable for solving multiple

criteria decision-making problems in the real world situation, especially for multimodal route selection.

Key words: selecting transportation route, multimodal transportation, multiple criteria decision-making, fuzzy

logic, technique for order preference by similarity to ideal solution
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ABSTRACT

Microbial fuel cell (MFC) is a technology for simultaneous electricity production and wastewater

treatment. Bacteria in wastewater are able to convert organic matter into carbon dioxide, water and energy. In this

study, Pt catalysts on multi-walled carbon nanotubes with carboxyl group (Pt/MWCNTs-COOH) were prepared

by deposition-precipitation (DP) method with varies pH, refluxing temperature and refluxing time. The

morphology and dispersion of Pt were characterized by field emission scanning electron microscope coupled with

energy dispersive x-ray (FESEM-EDX) and transmission electron microscope (TEM). The results showed that the

optimal conditions for DP were at pH 7, refluxing temperature 70 °C and refluxing time 120 min. As a result, Pt

catalysts prepared on MWCNTs-COOH by DP method exhibited small size (2-3 nm) and highly uniform. It is

expected that the PYMWCNTs-COOH will increase oxidation reduction reaction and further improve electricity

production in MFC.

Key words: cathode, microbial fuel cell, platinum catalyst, multi-walled carbon nanotubes
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et al, 2009)] V0IuA (Anode) LaZIIILAINA
(Cathode) [niu Carbon felt (Kim et al., 2002),
Carbon cloth (Ishii ef al., 2008) Ltag Carbon paper
(Kakarla and Min, 2014)] ﬁﬁléﬂﬂﬁﬁ%ﬁﬂ (Catalyst)
[LGI;‘L! Platinum (Choi et al., 2011) u@ag Platinum-
. d' A ]
Palladium alloy (Quan ef al., 2015)] /DLADNKNIU
(Membrane) [19% Nafion (Fangzhou et al., 2011)
1ae Polytetrafluoroethylene (Pusomyjit et al., 2018)]
sUnUYREUAIADS (Reactor design) [V Dual-
chamber MFC (Thepsuparungsikul et al., 2012) i@
Single-chamber MFC (Cheng et al., 2006)]
520211195¢4131997 1171 (Electrode spacing) [134
2 cm (Cheng et al., 2006) 18 20 cm (Ghangrekar
and Shinde, 2006)] Haga13AoNA1Y (Mediator)
[19% Cu(IT) (Li and Zhou, 2019), Hexacyanoferrate
(Sharma et al., 2008) Ltag Ferricyanide (Zou et al.,
2008)]
aaa g’z J ﬁ’ a
ﬂaﬂiﬁl’l‘ll@ﬁ‘ll’)uﬂi‘ﬂﬂiu%ﬁﬁﬁﬁfﬂlWﬁﬂi}ﬁ
FwiulfaseisanduvesoonFiau (Oxygen
. . =2 A 9 a 1]
Reduction Reaction; ORR) Fationl¥oongauilu
ﬁa%’u&ﬁﬂmauﬁaqwﬁw (Final electron acceptor)
[l < a v ad Y9
f)f]”l\‘]uliﬂ@”lllf)f)ﬂ“]ﬂ%uﬁ”liﬂiOiﬂﬂlﬁﬂﬁiﬂuqﬂ%W
1110991n8A5IM3NALRN3 81 ORR f1 11 1¥deeld
NAINUNBAUNUA (Activation  energy) 1Hn13
MAONUTZU099DNTLIUNN (Wang ef al., 2014)
denanolsz@nTnInvousadiFoInaigasn
=
?

=

= @ ag a o
QUMTWAUNTAATDINAIa TN IA1in

a

v g’/
AU

ausalgnsenmnselumainalgnssisansuves

a o 1 aan Aa YN a o
20NN mziqﬂgﬂiﬂmuﬂﬂﬁma BWANUY (PY)

A 9 @

1499910 Pt U1 Catalytic activity g9 UANYDIINA

A = 2 a I 3 Y1
Ao Pt 911G Aty 50%  vesa1laane
g’/ o ¥ a
NINUAVDUFDAITOINAIIATN (Quan ef al., 2015)
Y] 1 4
TuifagiunourTun15uou (Carbon

a o

v ¥ o
nanotubes)  Honiu 1iiua Iiaz Jaq

5095UA 1591 f] 75871 (Supporting material)
A ~ wad d @ o A d&‘ Aa
!u@\iﬂWﬂNﬂmﬁNUﬂﬂ!ﬂULﬂﬂaﬂ‘Hmﬂ@ HNUNRKI
V1N (High surface area) it 149 (Excellent
I
electrical conductivity) AMWIUINIUFI (High
. 9 } I v & Y o 1
porosity) taza1NTaaTIHININF U 1A 9
Ufnsendanzld (Samad er o, 2019) Tums
@ 1 aan 3 4
WﬁlelG]’JLi\‘ll]{]ﬂiﬂWUUW@u1IUﬂ15UGUﬁ1N1§ﬂ
G Y ax ! . .
miﬂul’lﬂﬁmﬂ%ﬁ 1%U Chemical reduction (Ma et
al., 2014) Chemical deposition (Xue et al., 2007)
Hydrothermal method (Tan et al, 2016) uag
I
Deposition-precipitation (Pusomjit et al., 2016) 11U
Y a .. - . g’/ a9 A
Al Tagmnaun Deposition-precipitation HHUUDA
A oy Yt 9 9 ) Ao
G Vl'lhl,ﬂxﬂfl 5']ﬂ']gﬂ clflfl’)ﬁ']uf]ﬂ Llagslﬁﬂl;!ﬂ'lﬂﬂll
< o
YUIALAN (Sandoval er al., 2011) Tutlogaiuiiiies

' Aawv

NAUITLIABINGIBIUNTLAI BUANTA AT Pt
] 4 o {
VUNOUITUAIS VO UNT LAY (Single-walled
carbon nanotubes; SWCNTSs) ﬁ’w?’% Deposition-
[l < @
precipitation (Pusomjit et al., 2016) AN CHER VN
Tifisreaumsasoudnsalgnsen Peuunout Tu
P o 2
ATVOULVUHITINA18% YW (Multi-walled carbon
Y Qddy
nanotubes; MWCNTSs) A2835U

=

Y [
NUITBUANYINTIT MWCNTs N1y

Ju d s a X
Wanswiluasuenda (MWCNTs-COOH) @93

A I o [y o 1 Aaaa A
Aarauia lumatuaisessuausalgnsenaun

'
aan A

lddmSuansalfnser Poloandununsnan
2 J dy a =
muﬂi‘nﬂslumaawmwmfgmfmmu SWCNTs
Y E
Iﬂﬂsll'l Pt/MWCNTs-COOH ﬁﬁﬂ?iﬂlﬁ%ﬂﬂﬂluﬂ?ﬂ
s - .. . v =
9% Deposition-precipitation (DP) WIDNUNIANHY
va 4
auaniasiulnsesaiiedrondosganssail
a g ' ' P
2LANATOULVUFDINTU (Transmission  Electron
Microscope; TEM) uaz?}ﬂymmﬁmﬂ"ﬁﬁ’mﬁ'ﬂymz
[ a Ja I
VI"NﬂmiWH'JV]ﬂTﬁ?ﬂﬂg@Qﬂﬁﬂiiﬂuﬂlﬁﬂﬁiﬂu
1 a A Jaa o 1 o 4 J
lHJTJ?f’ENﬂi'lﬂ"]ﬂ!ﬂV‘Iaﬂ@llﬁ"]fui'ﬁuﬂﬂlﬂ%@%@ﬂ‘ﬂf

d @
LU UNDINIUNTL1Y (Field Emission Scanning



715815398 YH1INAeNA 11 a1 ¥uanani %8 13(1) : 57-70 (2564) 61

Electron Microscope-Energy Dispersive X-ray
Spectroscope; FESEM-EDX) TasfnyINaY
wReudonlszansamaaua Tnana 3 ¥iianas
i F usadigomagadn Tdun fasuou
(Catbon  cloth:  CC) Fmsuouiiadondae
MWCNTs-COOH (MWCNTs-COOH/CC) Llﬁgtﬁj?
a1suouiitndeudas PYMWCNTs-COOH

(PYMWCNTs-COOH/CC)

AaA o a\ a W
ABAUUUNIFIVY
= d' =S

L. msanwaszitvizanlunisiasaw
Pt/MWCNTs-COOH 1ag/l43% DP

111 MWCNTs-COOH (Chengdu Organic
Chemical Co. Ltd, @1515a5515zmaudn) in
N3z lua15a2a18 1%(v/v) Triton X-100 (LOBA
Chemie, DUIAY) A20B1NAINAUITIINIIND A
(Sonicator) (GT SONIC, mmsm%’gﬂiwwu‘%u)
I =1 o Ay ¥ a
Wuna190 i Tashaisuvivasehn lauudy
130¢018 Chloroplatinic acid  hexahydrate
(H,PtCl»6H,0)  (Sigma-Aldrich ~ Pte.  Ltd,,
ansgomsng anududu 1.5 mM U511a3 25.00

2’, [ Y = ~
mL 91nHUUUSY pH Mz au (Anwi pH 6, 7, 8
1ag 9) AIBA1TATaY Sodium hydroxide (NaOH)
'l Tanudounguugiimunzan @nwd 60
°C, 70 °C, 80 °C, 90 °C tag 100 °C) ‘w%’anmu
AaDANAIRITIANHUIZAY (AAYIN 30 11T, 90
UIN way 120 U1N) vz ldarsuvIuane
PYMWCNTs-COOH  Uazia3gualsuuluaney
MWCNTs-COOH Tagiei3 su@18351@810ununs
19583 PYMWCNTs-COOH 1H1A011 MWCNTS-
COOH wnszeluaisazats 1%(v/v) Triton X-
100 #28819d9nAUITEINNDGI gaterirans
HYIUADY PYMWCNTs-COOH Laga1suyIuany

MWCNTs-COOH 1Aa9Uad1UiA15UeY (Carbon

cloth) (Type B, non-wet proofed, BASF Fuel Cell

[ a 9 1 dd’l % o
Inc., @%3g0INTY) Aonlsauanaenuluan
(Royalmax airbrush g' U AB-133, E’H‘ﬁﬁm%’ﬁ
1l5za¥uUIN)

= wva Y Y 4‘

2. ﬂ]ﬁﬂﬂ‘H]ﬂmﬁﬂumﬂ]uiﬂﬁQﬁﬁ]\ﬂ'ﬂﬂ!ﬂﬁﬂd
TEM

=< va 9 9

ﬁﬂ‘]ﬁl’]ﬂmﬁﬂﬂﬂﬂ1uiﬂiﬂﬁﬁ1ﬂﬂlﬂﬂ

A4~ k1 o
Pt/MWCNTs-COOH NIATYIUUU Iﬂﬂu’]ﬁ’li
VAU Pt/MWCNTs-COOH 1”1/?111’%%335]18&3
A8 1dINAUMTLINNUDGI 60 1T AeuTiINS
a 4 X 1
ANIIZHAI0IAT09 TEM (JEOL U JEM-2100,
v v

A1) TaefnuININTz1ea IWNIVUIAOYNIA

El

Y93 Pt U MWCNTs-COOH
3. MIANIANENTAMUANHAEMIFUgIHINN
uwazmifeduesinialfiiser pt  Tamna3es
FESEM-EDX
AnvinuduiaauanyuznedugIu
3Nt1909 PUMWCNTs-COOH  Tisi3oniudae
17304 FESEM-EDX (JEOL 1 JSM 7610F, f1]u)
TagAnyINlogued Pt 1AazN15NTZ18AIV0Y Pt

U MWCNTs-COOH

namyIdeuazInsaine
1. puaniAa1uIns 99319909 PUMWCNTS-
COOH

1.1 Waved pH ADMSIAIEN PYMWCNTSs
-COOH 12835 DP

TumsAnyanIe inuzauveant pH

v
S A

1WoUN15AN NaOH  adluasuviuaosni
[ g’/ a o - Aa
H,PtCl +6H,0 oguu aunud OH oz ldununa
14 - g}.z o a
unug I Tu HPICL-6H,0 vntiuazihlding
a = =3 . d%} d‘
Hunaganan (Nulcleation) VU uaziioals
I a 4 - Aa
wvdnasailunsaung auaua ol v lilunung

unug I lu HPcl 60,0 ldfes i ldens



62 75815398 YH1INaeNA 1u 1ag51¥u9naf3 %8 13(1) : 57-70 (2564)

a a = =< 9 ' v H
uYINaRBINAL I AYANANTDY daWalH PtiNzoY
UY MWCNTs-COOH  Hou uazninlues

= <3| a J -
uvayaselinnuiluuaun dunua oH vz 11

Aa J - o Y a
ununauAud CI lu H,PtCl+6H,0 110 1 lvina
a = =2 Lﬁ'd v Y
Hunasanannivina vy dawaliasuviuase
E4
AAMIANAZNBY (Song et al., 2012) AU IUMS
S 4 = a
naaeatidaulanegdnyan1dz pH 1 6,7, 8 1tag

991031 TEM (997 2) ¥99 PYMWCNTs-COOH

Py

Nen1e pH uana 1NNy (pH 6, 7, 8 1A 9) WUN

4 © 1 mma 4
pH 6 (NN 2A) BUMAYBIANIIUPNIe Pt N
(MZBYUY MWCNTs-COOH UT1UIUNIN YU
DUNIAVBIAATAHNTOVNAINTMITINAAME

LY v

o I 1 1
nuwiludeuvuialngegusnudiuuenyenio
MWCNTs-COOH 18y 141AY039YN1AAILT I
Ugnsenoglusaa 1.02-3.27 nm 71 pH 7 (1WA 2B)
BUNAVDIANTN YT NNIZBYVU MWCNTS-
A o S ti' YA v S
COOH i wuinn laglvinanlnameany uazi

MINTZVWAIENANUAND FIVUIADYNIAVD

121391738198 11929 1.72-4.55 nm 1 pH 8 (0N
l—i' % 1 aAan = d‘
120) ynaoyMAveId NIl e Pt Nuuan
[ o =1 o Id 2
UANANINY nazinsmenuuneu Tagvuia
BUNAYDIANIIYNT108 U9 1.68-5.24 nm
d‘ d‘ % 1 aAan
wagh pH 9 (WA 2D) oUMAYDIANTIUHNITe
Pt NAZBYUY MWCNTs-COOH NiUIUNIN I
~ 1 [ = @ I Y

VIANLANA1NY tazimssaunuwludouvuia
Tvigl Tagvuaeyninvesdusalgnssegluyig
1.06-6.23 nm NNANITNAABINUIN pH 1NN 7
Id ~ as =

Wuanzgnmuzauvedds bp luniswesey
A1391n381 Pt U1 MWCNTs-COOH  Tagling
N3¥18A29040YN1AAIIURNTE Pt ganga
14929 3.0-4.0 nm WeonSeuMsuiunuITeusa
Li and Hsing (2006) 33 ldtasoudnsalfnsen pt
VU CNTs  a283Tm15anaznou (Precipitation
method) #1 pH 8.5 Wu1 1oy 1A Pt vtnAfDUIg
Tvgy Taglvuaoyn1ARAsNING 4.8 + 1.9 nm

uazdlisIueynn PtimMzoguy CNTs 1iod



M5815298 YH1INaNA 1u 1ags1su9nas31%8 13(1) : 57-70 (2564) 63

WA 2 TEM images (f1839818 100,000 1911) Y99 PYMWCNTs-COOH Tagldanudiudu H,PtCl +6H,0 1.5

A ~ v J o A I = v Jd 1w = 1 @
mM, qmwgw“l%’slumﬁwaﬂm 80 °C, A IF luMsINansmny 120 w1 uag pH uANANNY:

(A)6,(B)7,(C)8 uaz (D)9

4 v d
1.2 wavo Qg inFlumssande

M3 PUMWCNTs-COOH 23835 DP

lumsfnuimavesguuginleslumss

U

a a

Ao = = %)
%amﬁgnm%mﬂmmaﬂawaﬂ"lﬂuasl

d' d' Y a a a = = 9
~'=umzmmGl%amwgquzmﬂmmaﬂﬁwaﬂ"lﬂum

E)

A Y 9 I 1 aaa 1
Lui‘Ni]']ﬂﬂ151ﬁﬂ31ﬂ5®ulﬂuﬂ1iliﬂﬂ§]ﬂiﬁﬂ WA

IWasuvinaseiiansanazneu daiiulums
naaeaiiseaulafiozAnyguug il lunsi
Snri 60 °C, 70 °C uaz 80 °C 91n31) TEM (mwﬁ
3) Y99 PUIMWCNTs-COOH  Taiseuiulaold

gangiilumsidndiuanarenu (60 °c, 70 °C,

1A

80 °C, 90 °C 1az 100 °C) WUNNYUNNN 60 °C

(MW 3A) OUNAVDIANTANYNTONNTLB6)

UM MWCNTs-COOH H1fSunmifos uazoynin

v v 3 Y v aaa
pudmenuunou ﬂJuTﬂﬂJﬂﬂﬂ’J!iﬂﬂ{]ﬂiﬂW

Pt 08119539 1.71-4.87 nm MY i 70 °C (MWA

3B) 9YNIAVOIAATAUNNIET Pt UNIINILIIWAD
U MWCNTs-COOH 08 19a1uaue tagisnuiu
W VUIAV0IA NI A 819¢ 11459 1.08-5.00

a

nm uaziigaivigl 80 °C (MWA 3C) oynIAveY
An3lnsen Pt Juuialng uazinsnsza1en
U4 MWCNTs-COOH i liasiuaue yuinves
oy Aoy luEI9 1.15-6.84 nm daufigquuigilu
M33Adn 90 °C uag 100 °C luszniamsaToy
PUMWCNTs-COOH #2873 DP  9210an13
anaznoulutuneumsAuasazale NaOH tite
U351 pH 1nwamInaaoInyNgungilunssu
§naii 70 ec ifuannsiinnnzaulumseseon
A1591n581 Pt U MWCNTs-COOH Tagiinis

N32918A79090YN1AAIIINNTET Pt ganga



64 75815398 YH1INaeNA 1u 1ag51¥u9naf3 %8 13(1) : 57-70 (2564)

11979 2.0-3.0 nm TasnfFeumenuluanuiveves

Jauuns vazaag laasoudnsaljns e Pt uuea

a

583951 SWCNTs-COOH #1635 DP Tagldgmngil
Tumssaandininy 80 °c lavuiaoyniaves
ansalnienaglusaa 1.0-3.2 nm (Pusomiit ez al.,

2016) az 191U I8v09 Sheng ef al. (2011) 1A%

Ay

MIE3uANIYAT81 Pt YU MWCNTs 1ag75

D

Immobilization 1A83n15 1 ANUTBUIINA NN

gaIvql 300 °C, 400 °C, 500 °C uaz 600 °C 1a

YUIAVDIOYNIA Pt YU MWCNTs Usgunal 2 nm
A 9

1 9 = d'
LLG]‘JJﬂ'IiGl"]fQﬂ!ﬂ{]‘JJﬂ'EJH"U'wafﬂﬁl‘l‘!ﬂ'limiﬂlllll'ﬂ

a o ao &
NIUNTIUIYU

WA 3 TEM images (f1839818 100,000 1911) Y99 PYMWCNTs-COOH Tagldanudiudu H,PtCl +6H,0 1.5

[ A 9 =) v J a A EY =) v d [ %
mM, pH 1A 7, nanlglumsswdnd 120 win vazgumnginlglumssnanguand1ani: (A) 60

°C, (B) 70 °C 1@z (C) 80 °C

1.3 wavesnamlrlumssddndaenms
IN383 PYMWCNTs-COOH 23835 DP
TumsdnyimavosranlFlumsswdandg
d' 9 Y a a s = Y Y [
iweldanieanatinndeananlatios uaz i
1Moyl MWCNTs-COOH uaziileldane:
matiundeandanlauin tazazaess iNzeguy
Y Y '
MWCNTs-COOH aaiiulumsnaaoaiisaaulen
szanyan1Flunmssddndgn 30 win, 60 W
wag 120 w9031 TEM  (0mi 4) ve9
A A ,3 v
Pt/MWCNTs-COOH wsenau Iaglesiarlunis
FHanFNUANANAY (30 WA, 90 W Az 120
WIN) WA 30 N (DN 4A) DUNAVDY
A1391UA381 Pt U MWCNTs-COOH 1M1z
I 9 [ 1 ] T=Y
wWudeuvualug vazdinlvainzogusnm
VOUAUUBAVDING MWCNTs-COOH Taguua

9N 1A8d 11uYI9 2.11-15.78 nm N11301 90 UIN

(MW 4B) A U391 Ptin1zog U MWCNTS-
13 <3| ' '
COOH $1wuNn Tasmzilunguuinalvguay
iimsnszniearn liaduaue Tasuuneyninves
A1391/n58104 119529 2.07-8.62 nm LAz NIAN
120 MW (MWN 4C) OUMAVBIANIIUYNTe Pt
YU MWCNTs-COOH  L3112U11N Hazlinig
N3E0eAI08NTIIaND DYNIAVRIANTIUPAT
9811974 0.49-9.62 nm 1AWANIITNAABAUIA Y
A o oA a2 g =
MyINanagn 120 Wn Huangminzauyes
35 DP lumiseseudansalgnser e vu
MWCNTs-COOH Taglin13nsza1a@iued0ynin
ansalgnsen Pt Ngangalugia 2.0-3.0 nm )
< VA = a o .
yurAtannI NI uNenuITeVed Xing
(2004) FaldaToudnsallfnser Pt vudasoeTy

MWCNTs 228350155 Wdnsnaavnid 140 °C

E} Q



M5815298 YH1INaNA 1u 1ags1su9nas31%8 13(1) : 57-70 (2564) 65

I < v
Lﬂuwm 2 “b"ZIIZN HlWlJUWWIJ’EN’E]‘HﬂTﬂ Pt vuUIA

Tvginaelszanal 5.74 nm

WA 4 TEM images (f83v810 100,000 111) Y99 PYMWCNT-COOH Taaldnudiudu H P(Cl +6H,0 1.5

[ A = v J A EY = v d [ %
mM, pH 1A 7, Qmwgwiﬁuﬂﬁimﬂ% 80 °C waza 1 lFlumssnanguanaianu: (A) 30

W, (B) 90 119 uaz (C) 120 Wi

2. aNUAMUAN M NIIT UG IUING 103
PUMWCNTs-COOH  11azn135Hogvaaf 13
Ufnsen pt
Wollsziuniners FESEM (FAdavens
' A ) s
5,000 111) (NIWN 5) VBIHIAI5UDY, MWCNTSs-
COOH/CC uag PYMWCNTs-COOH/CC WU
,i‘ a 9 o A A o a
NUAIVOIRINITUOU (MWD 5.1A) Nanbauzi)
58U @IUNINVDI MWCNTs-COOH/CC (21
5.1B) uag PYMWCNTs-COOH/CC (21W# 5.1C)
HAAIGNHUEADUNYUIVDI MWCNTs-COOH
118z PUMWCNTs-COOH taapuuuidulovearin
4 A =} [ Y 4 v
ASUBN  1UefSeuNeUNURAIAITUOUNLIN

MWCNTs-COOH 1182 PYMWCNTs-COOH 0

Y
1 a A

A ' D) P Aa q 9 K3
Lﬂaﬂ‘Uﬂg‘}JummsU’ou %jﬂLWNWUﬂW'JGlWﬁJ']ﬂGUU

[ a

Favzdawanemsinalnsesanduvesoonsion

3 o =
aunvu vazazimi limanaanszua i Tae

imafin MEC Ruiunnn¥u (Slate er al., 2019) uaz
970 EDX spectra (MW 6) 92171431 EDX spectra
o4 f1A1F U0 1Az MWCNTs-COOH/CC (MW
6A uaz 6B) Us1ngNAY99519 O tay C lagia
Y9451 C 41910 AIAIS UBUIAY MWCNTS-
COOH Tiadevoguuf daus19 0 1 o lu
Wi MafFu -COOH YU MWCNTs  @2u EDX
spectrum Y84 PYMWCNTs-COOH/CC 3213104
finvess1q C, 0 uaz Pt Fedudunnudugalums

a

deposit ®YNIAANITIUHATE Pt VU MWCNTSs-

i3 9
COOH 91077 DP ENU],‘]Jf‘I’J”quW’L’Ii]”Iﬂ EDX

v
=

element mapping (1NN 7) LAANDINTNTLANY
§10819a1ANBVDI Pt UM MWCNTs-COOH 4
I Ha RN UNUIVBVD Jiang ef al. (2018) il
AIIATON PNi-P UU CNT 1ae7% galvanic

displacement reaction



66 75815398 YH1INaeNA 1u 1ag51¥u9naf3 %8 13(1) : 57-70 (2564)

MNN 5 FESEM  images (f189818 5,000 111) v4: (A) FAfUeu, (B) MWCNTs-COOH/CC uag (C)

PtYMWCNTs-COOH/CC

Sum Spectrum

A

o

?L.J“—I"M-———\—‘— . . . . A

Spectrum 1 Sum Spectrum

D mn

T T
2 4 6 8 10 12 2 4
[Full Scale 1911 cts Cursor: 0.000 keV| [Full Scale 4403 cis Cursor: 0.000

T
6

keV| |Full Scale 4403 cts Cursor: 0.000 ke

/WA 6 EDX spectra ¥04: (A) ﬁ'wﬂﬁmu, (B) MWCNTs-COOH/CC g (C) PtYMWCNTs-COOH/CC

WA 7 EDX element mapping UDJ Pt 21nN97211A 1A PYMWCNTs-COOH/CC

agl
Q
Y
NUAITBUAINITNATINA DTN PRI 81 Pt
VW MWCNTs-COOH Tagldinaiia DP tiveld

G < g ) [ (ﬁl a = =
miﬂmﬂuﬂ]’JLLﬂTﬂﬂﬁWﬁiﬂL“ﬁam‘Hmwaﬁﬂa%W BN

'
A o

I ]
3% pP WA & 1190 1Hnanies uaz

=

<] A
Tdoumavuiaan Taoean1iz Minangduunads

1 1w a v
pPldun pH 11D 7 guuginlFlumsinand

@

LY H [ d 1w
M 70 °C wazan g lumssandininy 120

= 1 an = @ 1 °
19 Tagnu13T Pt IMINIzIealI0saaiaye
vutdule MWCNTs-COOH tagiivuineynin
szaUU Y (2-3 nm) Taen1adausalnsen Pei
=~ g 1 Q’ % =) aAan = %
93 INTUILFINNNTATINTNAUYNToTTANS
Y v
voI00nFu launIu Fadana ldalszansnm
a 4 e a
lusunswannszua liihveusadi¥omaga

=~ und 2
¥n'laagavu



715815398 YH1INAeNA 11 a1 ¥uanani %8 13(1) : 57-70 (2564) 67

PafAnssudszma

Yo UAMUNIAIV AT AmINeMaAT

d
NRINUEUVTYUNITIVG (7n2.) Mudya v

[

TRG5880108 Neriaua1uIveil

1ONA1391999

Aldrovandi, A., Marsili, E., Stante, L., Paganin, P.,
Tabacchioni, S. and Giordano, A. 2009.
Sustainable power production in a
membrane-less and mediator-less synthetic
wastewater microbial fuel cell.
Bioresource Technology 100: 3252-3260.

Berktay, A., Demirbas, A., Kocak, S. and Nas, B.
2004. Electrical energy prices and losses
respect to  Turkish social-economic
situations. ~ Energy Exploration &
Exploitation 22: 195-206.

Cheng, S., Liu, H. and Logan, B.E. 2006.
Increased power generation in a continuous
flow MFC with advective flow through the
porous anode and reduced electrode
spacing. Environmental Science &
Technology 40: 2426-2432.

Choi, J.,, Chamg, H.N. and Han, JI. 2011.
Performance of microbial fuel cell with
volatile fatty acids from food wastes.
Biotechnology Letters 33: 705-714.

Fangzhou, D., Zhenglong, L., Shaoqiang, Y.,
Beizhen, X. and Hong, L. 2011.
Electricity generation directly using human
feces wastewater for life support system.

Acta Astronautica 68: 1537-1547.

Ghangrekar, M.M. and Shinde, V.B. 2006.
Performance of membrane-less microbial
fuel cell treating wastewater and effect of
electrode distance and area on electricity
production. Bioresource Technology 98:
2879-2885.

He, Z. and Angenent, L.2006. Application of
bacterial biocathodes in microbial fuel
cells. Electroanalysis 18: 2009-2015.

International Energy Agency. 2017. World Energy
Outlook. Available Source: https:/www.
iea.org/weo2017, April 5, 2019.

Ishii, S., Watanabe, K., Yabuki, S., Logan, B.E. and
Sekiguchi, Y. 2008. Comparison of
electrode reduction activities of Geobacter
sulfurreducens and an enriched consortium
in an air-cathode microbial fuel cell. Applied
and Environmental Microbiology 74:
7348-7355.

Jiang, Y., Liu, Z., Song, J., Chang, 1. and Zeng, J.
2018. Preparation and characterization of
bimetallic Pt"Ni-P/CNT catalysts via galvanic
displacement reaction on electrolessly-
plated Ni-P/CNT. International Journal
of Green Energy 3: 360-367.

Kakarla, R. and Min, B. 2014. Photoautotrophic
microalgae Scenedesmus obliquus attached
on a cathode as oxygen producers for
microbial fuel cell (MFC) operation.
International Journal of Hydrogen
Energy 39: 10275-10283.

Kim, H.J., Park, H.S., Hyun, M.S., Chang, LS.,
Kim, M. and Kim, B.H. 2002. A

mediator-less microbial fuel cell using a



68 75815398 YH1INaeNA 1u 1ag51¥u9naf3 %8 13(1) : 57-70 (2564)

metal reducing bacterium, Shewanella
putrefaciens. Enzyme and Microbial
Technology 30: 145-152.

Li, X. and Hsing, I. 2006. The effect of the Pt
deposition method and the support on Pt
dispersion on carbon nanotubes.
Electrochimica Acta 51: 5250-5258.

Li, M. and Zhou, S. 2019. Efficacy of Cu (II) as an
electron-shuttle mediator for improved
bioelectricity  generation and Cr (VI)
reduction in microbial fuel cells.
Bioresource Technology 273: 122-129.

Logan, B.E. 2008. Microbial Fuel Cells. John
Wiley & Sons, New York.

Logan, B.E., Cheng, S., Watson, V. and Estadt, G.
2007. Graphite fiber brush anodes for
increased power production in air-cathode
microbial fuel cells. Environmental
Science & Technology 41: 3341-3346.

Logan, B.E., Hamelers, B., Rozendal, R., Schroder,
U., Keller, J., Freguia, S., Aelterman, P.,
Verstraete, W. and Rabaey K. 2006.
Microbial fuel cells: methodology and
technology. Environmental Science &
Technology 40: 5181-5192.

Ma, Y., Li, H., Wang, H., Ji, S., Linkov, V. and
Wang, R. 2014. Ultrafine amorphous
PtNiP nanoparticles supported on carbon as
efficiency electrocatalyst for oxygen
reduction reaction. Journal of Power
Sources 259: 87-91.

Nadimi, R. and Tokimatsu, K. 2017. Analyzing of

renewable and non-renewable energy

consumption via bayesian inference.
Energy Procedia 142: 2773-2778.

Pollution Control Department. 1994. Wastewater
Standard. Available from: http://www.
ped.go.th/info_serv/reg_std water04. html,
5 April, 2019.

Pusomjit, P., Chailapakul, O., Ng, H.Y. and
Thepsuparungsikul, N. 2018. Development
of platinum supported on single-walled
carbon nanotubes by deposition-precipitation
for microbial fuel cell. Water Science
and Technology 2017(3): 887-895.

Pusomyjit, P., Sangkum, N., Junwaowam, P. and
Thepsuparungsikul, N. 2016. Preparation
of carbon nanotubes supported platinum
catalyst as a cathode for microbial fuel
cells. Veridian E-Journal, Science and
Technology Silpakorn University 3(5):
249-259.

Quan, X., Mei, Y., Xu, H., Sun, B. and Zhang, X.
2015. Optimization of Pt-Pd alloy catalyst
and supporting materials for oxygen
reduction in air-cathode microbial fuel
cells. Electrochimica Acta 165: 72-77.

Rinaldi, A., Mecheri, B., Garavaglia, V., Licoccia,
S., Nardo, P.D. and Traversa, E. 2008.
Engineering materials and biology to boost
performance of microbial fuel cells: a
critical review. Energy & Environmental
Science 1: 417-429.

Samad, S., Loh, S.K., Wong, Y.W., Lee, K.L.,,
Sunarso, J., Chong, T.S. and Daud,
W.R.W. 2019. Carbon and non-carbon

support materials for platinum-based



715815398 YH1INAeNA 11 a1 ¥uanani %8 13(1) : 57-70 (2564) 69

catalysts in fuel cells. International
Journal of Hydrogen Energy 43: 7823-

7854.

Sandoval, A., Aguilar, A., Louis, C., Traverse, A.

and Zanella, R. 2011. Bimetallic Au-
Ag/TiO, catalyst prepared by deposition-
precipitation: high activity and stability in
CO oxidation. Journal of Catalysis 281:

40-49.

Sharma, T., Reddy, A.L.M., Chandraa, T.S. and

Ramaprabhu, S. 2008. Development of
carbon nanotubes and nanofluids based
microbial fuel cell. International Journal

of Hydrogen Energy 33: 6749-6754.

Sheng, W., Lee, S., Crumlin, E.J., Chen, S. and

Shao-Horn Y. 2011. Synthesis, activity

and durability of Pt nanoparticles

supported on  multi-walled  carbon
nanotubes for oxygen reduction. Journal
of the Electrochemical Society 158:

B1398-B1404.

Slate, A.J., Whitehead, K.A., Brownsona, D.A.C.

and Banks, C.E. 2019. Microbial fuel

cells: an overview of current technology.
&  Sustainable

Renewable Energy

Reviews 101: 60-81.

Song, S., Sheng, Z., Liu, Y., Wang, H. and Wu, Z.

2012. Influences of pH value in

deposition-precipitation synthesis process

on Pt-doped TiO catalysts  for

2
photocatalytic oxidation of NO. Journal
of Environmental Sciences 24(8): 1519-

1524.

Tan, L.,

Liu, Z., Li, N., Zhang, J., Zhang, L. and
Chen, S. 2016. CuSe decorated carbon
nanotubes as a high performance cathode
cells.

catalyst for microbial fuel

Electrochimica Acta 213: 283-290.

Thepsuparungsikul, N., Phonthamachai, N. and Ng,

Tsai, H.

Wang, Z

Xing, Y.

Xue, X.,

Zou, Y.,

, Wu, C., Lee, C. and Shih, E.

H.Y. 2012. Multi-walled carbon

nanotubes as electrode material for

microbial fuel cells. Water Science and
Technology 65(7): 1208-1214.

2009.
Microbial fuel cell performance of
multiwall carbon nanotubes on carbon
cloth as electrodes. Journal of Power

Sources 194: 199-205.

., Cao, C., Zheng, Y., Chen, S. and Zhao, F.

2014. Abiotic oxygen reduction reaction
catalysts used in microbial fuel cells.
ChemPubSoc Europe 11: 1813-1821.
2004. Synthesis and electrochemical
characterization of uniformly-dispersed
high loading Pt nanoparticles on
sonochemically-treated carbon nanotubes.
Journal of Physical Chemistry 108:
19255-19259.

Gea, J., Tian, T., Liu, C., Xing, W. and Lu,
T. 2007. Enhancement of the
electrooxidation of ethanol on Pt-Sn-P/C
catalysts prepared by chemical deposition
process. Journal of Power Sources 172:
560-569.

Xiang, C., Yang, L., Sun, L.X., Xu, F. and
Cao, Z. 2008. A mediatorless microbial

fuel cell using polypyrrole coated carbon



70

75815398 YH1INaeNA 1u 1ag51¥u9naf3 %8 13(1) : 57-70 (2564)

nanotubes composite as anode material. Energy 33: 4856-4862.

International Journal of Hydrogen



75815398 YH1INaeNA LU 1ag51¥09naf3 %8 13(1) : 71-84 (2564)

msi5uilssfenssumanasunzmsianu
A A : U &l a AR
Ao HUIMIHIFINAINI AN

Improvement of Work Shift Changes in Gas Stations: a Case Study

FIUUN ATZnARAon LAz WINW YDUNBINYTA
Chanon Trakunlertyot* and Porntep Khokhajaikiat

Received: 25 January 2019, Revised: 27 July 2019, Accepted: 4 November 2020

QU T
unnage
aAav Ao s A o ) o A ) v A =
N1UH8Y G]Qﬂ'i3?(\1?]!,‘WE)‘lﬂ!,ﬁuﬂgﬂtlﬂﬂ‘uu%ﬁ)uﬂﬁ“VlNTL!‘VIm1113?(11?(114‘i’lJﬂi]ﬂ‘iillﬂﬁﬂ]ﬁElUﬂz
o A a Y o & a ~ =R = ' 1) ! y o oA v A
ﬂﬁ‘VﬂﬂuiuﬁﬂTL!‘]Jiﬂ?iuﬂJUL"}fE}LWﬁ\?ﬂimﬁﬂ‘HW G]f\’li]zslf’.lEﬂ“l’iﬂﬁiﬂEJMTJJ‘LAIJ?]3111@8!&!@\1&!.@8@‘1@15883!.361

v 9 H
lunenssumsilasungnisiau TﬂElﬁﬂ‘klWﬂluﬁﬂuﬂ1§ﬁ101uﬂlﬂﬁﬂ%ﬂiiuﬂ1ilﬂaﬂuﬂ3ﬂ1§ﬁ1ﬂ1uﬂlﬂx‘]

'
A A

A A ¥ o & a A R o 9 A < 1w A = an o
’dmum‘m5uTJJuwmwmﬂimﬁﬂyﬂuﬂ%i}uuw llﬂsh’illjﬂ’]j 24 GF'JIIJ\W]@'JH LFUIINANHIITNITNINIU

io‘ v d’

1 a o a d { [ a ]
ﬁﬂ‘H'lﬁ'lL“l’iﬂ"U@Qﬂ'J'lilﬁ']‘%)’l 5'J°1Ji'J‘JJ"]?Ijﬁllquﬁﬂ'limMUWNuﬂJ@Qiﬂ!WBHHJTJLﬂi1$ﬂﬂ1l§ﬂi@ﬂ1ﬁﬁﬁiﬂﬂiﬂ'lilllliﬁ]
a ¥ o 1A { 0 3 0 2 o 1
L@Nu]uuiu%’)ﬂﬂ%ﬂiiNﬂ]ilﬂaﬁluﬂgﬂ]iﬂ]QWH mﬂuuﬁammu@gﬂtmmumaumsmﬂmiwuﬁmmmaﬂ
Aa = ° = T a A Yo A ' a ¥ o '
53ﬂ%nﬁ'ﬂuﬂﬁ]ﬂiillﬂ'lill]ﬁﬂuﬂgﬂ'li‘Vl'N'l‘L!LLﬁglﬂ%ﬂULVIEJ’lJﬂ'ILﬁEJIE)ﬂ'Iﬁ‘V]zﬁﬂﬂiﬂ'liullliﬁ)mwu’lilualu"lﬂﬁ
AN TUMIAEUNZM I HAMTITENLNTIWTOAANAINIATIIUVININTTUMTIUFeUNg M I
a a0 o A o o A a I 9 =} A
INAN 15 UINABNSITNIU 1HED 5.36 WINABNZTINIUN YToanasnalusesas 64.27 Llagaﬂﬂ1lﬁﬂiﬂﬂ1ﬁ‘ﬂ
a 1 a gn’ @ 1 a H o 1 o [
é}iﬂﬂiﬂTi"llliE)LC?'I11u11lu1u%’Nﬂ%ﬂi'illﬂ”lil‘l]aﬂuﬂﬁf‘lTiVH\i”lu 534 UINABDNENINTU ‘W%’E] INNY 584,633
1A a 4 A o o A Y a ¥ oA A o '
STRN IR %1ﬂﬂ1'§’3lﬂ'51$1’iﬂTiﬂu‘IQUﬁ"lﬂi‘UQ‘l]ﬂimV]ﬁfNﬁﬂ@'l\ib],Uﬂ”liﬂHHUﬂ”IiGHNETJLHJiJVIUHﬁu@ NWUN

A " W =
FTYTNIANMITIAUNUNINY 12.63 il

a Y

o ) U 90’ ﬂi’ =) a H o 1
MmaAy: aniuIMIduremas, syeznarlufinssumalasunzmsviinu, audeloma

ﬂﬂ!:ﬁ%ﬁﬂﬂiiﬂﬁ1ﬁ@]g Nﬁ1%ﬂﬂ1ﬁ’ﬂﬂlﬂu!!ﬁu 'é’nﬂf)!ﬁﬂ\i i‘)‘lﬂﬁi’ﬂmﬂutldu 40002
Faculty of Engineering, Khon Kaen University, Muang, Khon Kaen 40002, Thailand.

* gYa J A da o a d¢ . . .
@uwuﬁﬂﬁzmmm Tsuaigaidansoiind (Corresponding author, e-mail): lengchanon@gmail.com

71



7 75815398 YH1INaeNA LU 1ag51¥09naf3 %8 13(1) : 71-84 (2564)
ABSTRACT

This research was conducted to present an appropriate method of changes in work shifts that allows
filling up fuel tanks continually and reduces the time of work shift changes. The research took place in selected
gas stations that provide 24-hour service. Work process, causes of delay, and data of fuel tank filling were
analyzed for the opportunity cost when customers don’t wait during changing work shifts. The new method which
can reduce the time of changing work shifts and the opportunity cost were compared. It was found that the new
method can reduce standard time from 15 minutes to 5.36 minutes, or 64.27 percent. It can also minimize the
opportunity cost of changing work shifts as 534 baht per shift, or 584,633 baht per year. On payback period
analysis for the equipment that must be installed in the new method, the payback period was found to be 12.63

years.

Key words: gas stations, time of changing work shifts, opportunity cost
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ABSTRACT

Nile tilapia (Oreochromis niloticus)is freshwater fish that often has off-
odorslikeearthy and fishy odor smellwhich causes many consumers to reject products made
from this species. Therefore, different types of chemicals are used to reduce the odor.
However, some treatments may leave chemical residues that are not safe for consumers.
Ozone has been used to reduce the odor because it has strong oxidizing properties and leaves
no residue, and therefore is safe for consumers. This study aimed to reduce off-odors in Nile
tilapiamincewith different ozone treatments. Fish mince were treated with water (control) and
seven ozone treatments. Then, volatile compounds were measured by GC / MS analysis,
which identified a total of 18 volatile compounds in the fish mince. Volatile compounds
found in high proportions in all experiments were methoxy phenyl oxime (giving fishy off-
odor), hexanal (fatty odor) and 1-Octen-3-ol (mushroom odor). There was a statistically
significant decrease of these compounds within different ozone treatments compared to water
treatment (control). Ozone treatments had a slight effect on fat and protein content in tilapia
mince. 30-minuteozone flotation treatment provided the best reduction of off-odor from fish.
Therefore, ozone treatment is suitable for preparing tilapia mincein order to further develop

tilapiaproducts.

Key words: earthy smell, fishy odor, fish mince,utilization of waste, isothermal

INTRODUCTION

Nile tilapia (Oreochromis niloticus)
has rapid growth, easy cultivation, high
nutritional value, relatively low price, and
can be processed into several food
products. Nile tilapia aquaculture in
Thailand produced an annual harvest of
222.04 tons in 2013-2017, which was
valued at approximately 11,284.52 million
baht (Fisheries Development Policy and
Strategy  Division, 2017). However,
freshwater  fish  products are often
characterized by unpleasant odors that are
unacceptable to many consumers, thus
becoming a major restriction to the
processing and consumption of Nile tilapia
(Yufei et al., 2016). The compounds
associated with off-odors are generated by
enzymatic reactions, lipid autoxidation,
microbial action, environmentally, and
thermally derived reactions (Selli et al.,
2009). Moreover, lipid-derived volatile
compounds such as aldehydes and ketones
are frequently generated by oxidative
enzymatic reactions and autoxidation of
lipids (Pratama et al., 2018).

Many researchers have reported
that reducing off-flavor in aquatic animals
is possible with various chemicals, i.e.

salmon skin had the lowest scores for fishy
odor when washed with 1% (w/v) sodium
chloride solution for 5 min (Tiwtha and
Usawakesmanee, 2012), as did minced
Nile tilapia pretreated by alkaline
solubilization (Yarnpakdee et al., 2012). In
the same way, the pretreatment of tilapia
skin with 1.5% NaCl, 0.2% NaOH, 0.2%
sulfuric acid and 1% citric acid gave an
odorless gelatin (Tohmadlae et al., 2019).
In addition, ozone was more
effective than oxygen in reducing geosmin
of catfish mince (Dew, 2005). Geosmin is
a compound that gives off-flavor in
freshwater fish especially tilapia. Similarly,
Thai panga (Pangasius conchophilus) fish
mince exposed to 400 mg ozonated water
and 3% banana leaf ash for 5 min received
the lowest sensory evaluation scores for
earthy flavor (geosmin) (Thipbharos,
2014). Washing with ozonated water or
ozone-flotation was recognized to be
effective in the elimination of geosmin
from the fish muscle of bighead carp.
When the time of washing increased, the
content of geosmin decreased (Zhang et
al., 2016). Ozone has a very high oxidizing
efficiency as it is able to interact with
organic and inorganic compounds by
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oxidation, both directly and indirectly
(Gottschalk et al., 2000). Many factors can
impact the efficiency of ozone addition in
the removal of off-odors, such as quality of
the water, temperature, organic matter
content of the water, and pH (Gongalves
and Gagnon, 2011). Some chemical
treatments of fish products leave residual
compounds, which may have a negative
impact on human health (Brodowska et al.,
2017). The advantage of ozone treatment is
that it is free of chemical residues, and thus
ozone is used in many food processing
industries. The purpose of this study was to
examine the effect of isothermal treatments
using ozone on Nile tilapia off-odor. An
effective treatment process would be
valuable for producing tilapia products that
are both safe and accepted by consumers.

MATERIALS AND METHODS
Materials

Nile tilapiamince (Oreochromis
niloticus) wasseparated fromtilapiabone,
were received from tilapia fillet processing
wasteof Mankit Mankhong Co., Ltd.,
Samut Prakan, Thailand. The fish were
packed in plastic bags and kept in an
insulated box to maintain temperature
below 10 °C, transported to the Department
of Fishery Products, Faculty of Fisheries,
Kasetsart University within 2 h, and stored
at -20 °C until use.
Preparation of fish mince treated with
ozone

Tilapiamincewas  treated  with
solutions as described below in the ratio of
1:6 (w/v) at room temperature. In all
experiments, water was changed every 30
min. Ozone water is water that was
prepared by releasing ozone gas into the
water. Ozone flotation is a process of
continuously releasing ozone bubbles into
the water during treatment of the mince. In
preliminary experiments, tilapia mince was
treated at least 30 min for reducing off-
odors.Then 30 min was applied for the
experiments.

Fish mince was treated with ozone
in the following seven treatments along

with one control: Control - water (30 min),
W30 - ozone water (30 min), F30 - ozone
flotation (30 min), F60 - ozone flotation
(60 min), F90 - ozone flotation (90 min),
WF30- ozone water (30 min) and ozone
flotation (30 min), WF60 - ozone water (30
min) and ozone flotation (60 min), and
WF90 - ozone water (30 min) and ozone
flotation (90 min)
Determination of ozone content

Ozone content was analyzed
according to Zhang et al. (2016). A 100 ml
aliquot of ozone water was added to 20 ml
of 2% potassium iodide containing 3 mL of
0.5 M sulfuric acid to keep the solution
acidic. After reaction for 5 min, the
solution was titrated with 0.1 N sodium
thiosulfate standard solution (1% starch
solution as indicator) until the blue color
disappeared
Determination of volatile compounds
from fish mince

Fish mince and distilled water were
added in the ratio of 1:2 in 5 ml cap vials
and then heated at 90 °C for 5 min.
Volatile compounds were analyzed by GC-
MS analysis according to Tohmadlae et al.
(2019). Volatile compounds were extracted
by solid phase microextraction with
DVB/CAR/PDMS (50/30um) at 60 °C for
10 min. After that, GC-MS analysis was
performed using an Agilent Technologies
7890B coupled with Agilent Technologies
5977A unit (Agilent Technologies Inc.,
Santa Clara, USA). Volatile Compounds
were separated on a HP-Innowax capillary
column (Agilent Technologies Inc., Santa
Clara, USA) (30 m x 0.25mm ID, with
film thickness of 0.25 mm), using
experimental parameters as follows: Oven
temperature program was 40 °C to 230 °C
by an increase of 10 °C/min and holding
for 3 min. Helium was employed as a
carrier gas, with a constant flow of 1
mL/min. The injector was operated in the
splitless mode and its temperature was set
at 250 °C. Transfer line temperature was
maintained at 270 °C. The quadrupole
mass spectrometer was operated in the
electron ionization (EI) mode and source
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temperature was set at 230 °C. The area of
a peak was calculated to quantify the
amount of the volatile compound.
Determination of protein and fat content

Determination of protein content in
fresh Nile tilapia mince and treated
mincewere analyzed according to Nielsen
(2010), which uses the Kjeldahl method to
determine nitrogen content, using 6.25 as
the conversion factor to get crude protein
from total nitrogen. Fat content was
analyzed according to AOAC (2012).
Statistical analysis

All  experimental data were
calculated in triplicate with completely
randomized design (CRD). Data were
subjected to one-way analysis of variance
(ANOVA). Differences between means
were tested by Duncan’s multiple range
test. The data were presented as
mean =+ standard deviation. A probability
value of p <0.05 was considered
statistically significant. Statistical tests
were conducted using statistic operating
system.

RESULTS AND DISCUSSION
Effect of ozone on volatile compounds of
fish mince

Fish mince were treated with
different ozone treatments and then
analyzed for volatile compounds using GC
/ MS analysis, with results shown in Figure
1 and Table 1. All experiments detected
and identified forvolatile compounds
including four aldehydes, one furan, two
acids, five alcohols, three hydrocarbons,
and three miscellaneous compounds. The
proportions of compounds were high and
included those known induce to off-odors
in fish: methoxy phenyl oxime, hexanal,
nonanal, and 1-Octen-3-ol. Of these,
methoxy phenyl oxime produces a
characteristic fishy odor. Similarly, these
compounds have been identified in tilapia
skin (Tohmadlae et al., 2019). Methoxy
phenyl oxime in fish mince decreased
when treated with different ozone
treatments compared to soaking in plain
water (control, 26.09%), with results

shown in Table 2. Ozone water treatment
(W30) had a slightly lower level of this
compound (21.95%) compared to other
ozone treatments. This treatment also had
the lowest measured level of ozone (9.2
mg/L). Treatments F30 (501.8 mg/L) and
WF30 (545.0 mg/L) had much higher
dissolved ozone. Due to ozone is unstable
molecule and disappear very fast, ozone
content of ozone water treatment is less
than ozone flotation treatment. Therefore,
ozone flotation treatment effected to fishy
odor more than ozone flotation. In
addition, ozone application wasconcern in
ozone concentration and contacted time.
High concentration of ozone may generate
undesirable odor. However, ozone flotation
treatment for 30 min (4.41%) had the
lowest levels of methoxy phenyl oxime
compared with the control.

Similarly, levels of 1-Octen-3-ol
decreased when treated with o0zone
treatments in all  experiments.This
compound is an alcoholproduced by
unsaturated fatty acid oxidation (Li et al.,
2019). Which produces an earthy or
mushroom odor. Normally, alcohols have a
high detection threshold, and thus affect
odors in food less than aldehydes (Pratama
et al., 2018). However, 1-Octen-3-ol is an
unsaturated alcohol with lower threshold
values, and so is expected to have higher
impact on the overall aroma (Peinado et
al., 2016).

In addition, aldehydes compounds
were identified in the samples including
hexanal and nonanal that are often found in
aquatic animals such as Nile tilapia, catfish
(Pratama et al., 2018), and Codfish (Gadus
morhua) (Yufei et al., 2016).However, the
source of aldehyde groups is from
secondary lipid oxidation (Pratama et al.,
2018) or reduction of carbonyl compounds
(Lu et al., 2019). Aldehydes have a low
detection threshold, and thus have many
effects on odors in food (Yufei et al.,,
2016). The flavor of aldehydes depends on
the number of carbon atoms. Generally,
aldehydes containing 3-4 carbon atoms
produce strong pungent flavors, while 5-9
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carbon atoms in aldehydes emit fragrances
of lipid and oil. In addition, aldehydes with
high molecular weight have the unique
fragrance of orange peel, such as the citrus
smell of octanal (Li et al., 2019). Hexanal
presents odor characteristics of either a
grassy or fatty odor which levels of
hexanal decreased when treated with ozone
treatments. This compound is an oxidation
product of linoleic acid which considered
an important indicator of lipid oxidation

(Frankel, 1993; Frankel and Tappel, 1991).
The results suggested that the use of ozone
flotation for 30 min produced the greatest
reduction of odor-causing these compounds
compared to other ozone treatments. As with
the greater elimination of geosmin in the
fish muscle of bighead carp with ozone-
flotation than ozone water, this might be
due to a higher degree of oxidation (Zhang
et al., 2016).

Table 1 Volatile compounds in Nile tilapia mince.

Compound Odor Description
Aldehydes

Hexanal Grass, Fatty
Nonanal Fatty, Plastic
Heptanal Fruity

Octanal Citrus

Furans

2,3 dihydro furan, -

Acids

2-Pyridinepropanoic acid, .alpha.-methyl-.beta.-oxo-, ethyl ester

Hexanedioic acid, bis(2-ethylhexyl) ester

Alcohols
1-Octen-3-ol

2,6-bis (1,1-dimethylethyl)-4-methyl-phenol

Mushrooms, Earthly

1-Hexanol Astringent, Grass
1-Heptanol Fatty

1-Nonanol Citrus, Citronella oil
Hydrocarbon

Ethyl benzene
1,2 dimethyl benzene
Pentadecane

Miscellaneous compounds
Trichloromethane
Methoxy phenyl oxime

5-(Phenoxy)methyl-2-amino-1,3,4-thiadiazoles

Fishy

Remark: - indicates unable to specify the odor



90

Abundance (counts)

=10 7

0.8
0.6
0.4

0.2

x10 6

715815398 YH1INDeNA 1U 1agT1¥0Inaf3 %8 13(1) : 85-94 (2564)

N

A

Ee—uw

|

P Wr——

al i

1YS

L Ll

1 12 13

e L

n
14 15 16 17 18 19 20 21

A

uLdL

11 12 13

14 15 16 17 18 19 20 21

12 13

14 15 16 17 18 19 20 21

e A A A

J\q;uﬂ

14 15 16 17 18 19 20 21

4 5 6 r 4

I -

16 17 18 19 20 21

W —— P P —

16 17 18 19 20 21

N

J\\.ﬂkLAL.J_
i 2 3 a4 5§ & 7

[l.. | I_LI

1 15 16 17 18 19 20 21

g[\\.m_L“ e
1 2 3 4 5 6 r 4

8

9 10 11 12 13

Reaction time (min)

14 15 16 17 18 19 20 21

W30

F30

F60

F90

WF30

WF60

WF90

Figure 1 Chromatogram of volatile compound in Nile tilapia mince

C-Control,W30 - ozone water (30 min), F30 - ozone flotation (30 min), F60 - ozone flotation (60 min), F90 - ozone flotation
(90 min), WF30- ozone water (30 min) and ozone flotation (30 min), WF60 - ozone water (30 min) and ozone flotation (60
min), and WF90 - ozone water (30 min) and ozone flotation (90 min), 1-RTat 3.729 min is Hexanal, 2-RT at 7.695 min is
Nonanal, 3-RT at 8.381 min is 1-Octen-3-ol and 4-RT at 12.023 min is Methoxy phenyl oxime
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On the other hand, nonanal
increased when compared with the control
in all experimental treatments. This
compound contributes to various fatty or
plastic odors. Nonanal might possibly
derive from the high amount of oleic acid
in tilapia (Pratama et al., 2018). Ozone
process may increase levels of odor-
causing some compounds as the generation
of intermediate products resulting from the
interaction between ozone, hydrogen
sulfide, and methylamine (Alkoaik, 2009).
Ozone can be used as a deodorizing agent
through oxidation reactions and structural
change of organic compounds. Oxidation
processes may occur through both direct
and indirect routes (Gottschalk et al.,
2000). Ozone reacts mainly with double
bonds, activated aromatic systems and
non-protonated amines (Gunten, 2007). In
general, ozonation mechanisms of organic
compounds only comprise 1, 3-dipolar
cycloaddition, electrophilic addition, and
nucleophilic addition (non-aqueous

solution), responsible for degrading
olefins, aromatic compounds, and carbon-
nitrogen bond containing compounds,
respectively (Riebel et al., 1960; Sonntag
and Gunten, 2012). Moreover, organic
compounds can react indirectly with free
radicals such as OH°® and HO,° that are
generated upon  homogenous  and
heterogeneous catalytic decomposition of
ozone (Gunten, 2003). However, the
reaction of ozone is complex, and ozone
treatment  effectiveness is  strongly
determined by many factors that may cause
some limitations in the selection of a
sufficiently effective ozone dose (Miller et
al., 2013). All treated mince gave slightly
plastic odor. This odor was disappeared
after heating. Fish mince from ozone
flotation for 30 min was reduced.In
preliminary experiments, texture and
pleasant odor of fish flesh were similarly to
control. Therefore, ozone treatment would
not affect to fish product development.

Table 2 Main volatile compounds in Nile tilapia mince after treatments with ozone.

Treatments Methoxy phenyl oxime  Hexanal Nonanal 1-Octen-3-ol
(%0) (%) (%) (%)
Control 26.09° 9.13° 3.58" 2.99%
W30 21.95° 6.23° 6.049 2.53°
F30 4.41" 2.78" 59.142 0.74'
F60 6.60¢ 2.97¢ 58.14° 1.09°
F90 12.29° 422" 50.86¢ 1.15¢
WF30 8.24° 5.31° 45.37" 1.08°
WF60 6.97 4.49° 58.92° 1.08°
WF90 9.08° 6.44° 47.51° 1.93¢

Remark:*" Different superscripts in the same column indicate significant differences

(p<0.05).

W30 - ozone water (30 min), F30 - ozone flotation (30 min), F60 - ozone flotation (60 min), F90 - ozone flotation (90 min),
WF30- ozone water (30 min) and ozone flotation (30 min), WF60 - ozone water (30 min) and ozone flotation (60 min), and

WF90 - ozone water (30 min) and ozone flotation (90 min).
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Effect of ozone on protein and fat
content of fish mince

The values for protein and fat
content of fish mince after the treatments
with ozone are presented in Table 3.
Protein content in different treatments
significantly decreased from raw material.
Treatment with both water and ozone
water removes the blood and dissolved
proteins, so the protein content of the fish
decreases. Although protein content in
treatments W30, F30 and F60 was not
different from the control, increasing the
time of treatment resulted in reduced
protein content. In the same way, fat

content in different treatments decreased
from raw material when the time of
treatment was increased. However, ozone
water treatment (W30) was not different
from raw material in terms of fat content.
Similarly, the use of ozone for preparation
of aflatoxin-contaminated peanuts had a
slight effect on fat and protein content
when the degree of ozone increased (Sahab
et al., 2013). Previous studies indicated
that the amino acids are oxidized, although
the polyamide bond of the protein main
chain is not degraded by the action of
ozone (Cataldo, 2003).

Table 3 Protein and fat content in untreatedNile tilapia mince and after different treatments

with ozone.

Treatments Protein (%) Fat(%)"

Raw material 18.00+0.322 3.18+0.13%
Control 14.42+0.27° 2.71+0.30°
W30 14.51+0.14° 2.75+0.28%
F30 14.61+0.14° 2.65+0.51°
F60 14.38+0.27" 2.47+0.21°
F90 14.06+0.09° 2.36+0.12°
WF30 13.85+0.26° 2.08+0.17°¢
WF60 13.74+0.24° 1.78+0.20°¢
WF90 13.79+0.26° 1.55+0.14°

Remark: ~ Values are given as mean + SD from triplicate determinations.

0 Different superscripts in the same column indicate significant differences (p<0.05).
W30 - ozone water (30 min), F30 - ozone flotation (30 min), F60 - ozone flotation (60 min), F90 - ozone flotation (90 min),
WF30- ozone water (30 min) and ozone flotation (30 min), WF60 - ozone water (30 min) and ozone flotation (60 min), and

WF90 - ozone water (30 min) and ozone flotation (90 min).

CONCLUSION

In the study we attempted to reduce
off-odors in Nile tilapia minces with
different ozone treatments, and then
analyzed the volatile compound by using
GC / MS analysis. In all experiments, we
detected 18 volatile compounds, of which
methoxy phenyl oxime (fishy odor),
hexanal (fatty odor) and 1-Octen-3-ol
(mushroom odor) cause offensive odors in
fish mince. The level of most of these
compounds decreased from the control
when treated with different ozone
treatments, while there was an increase in
nonanal. Ozone water treatment for 30 min

eliminated nonanal more effectively than
other ozone treatments. In addition,
increasing the time of treatment in
different ozone treatments might have
increased off-odors in the fish mince.
However, ozone flotation treatment for 30
min had the greatest reduction of off-odors,
while the protein and fat content decreased
slightly compared to fresh mince.
Meanwhile, there might be some off-odor
emission from the reaction of ozone.
Therefore, the use of ozone treatment is
suitable for the preparation of tilapia mince
in products that should have favorable
consumer acceptance
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ABSTRACT

The aim of this research was to study the appropriate formula of icecream supplement with germinated
red kidney bean juice. There were two factors in the study: 1) the ratio of water to the quantity of germinated red
bean quantity at two levels: 1:1 and 2:1 and 2) the quantity of germinated red bean juice used in substitution of
fresh milk at three levels of 60, 80 and 100 percent. The experiment was carried out by means of randomized
Factorial experiment in CRD which provided six formulas. The physical test of the ice cream for the six formulas
was determined and found that formula 5 yielded the slowest melting, and the highest viscosity, but every formula
had very low overrun value (p>0.05). The measurement of color for the six formulas were nearly the same value
of lightness of (L*), but (a*) and (b*) value showed red and yellow. The sensory tests for the six formulas were
run and found that only formula 5 was accepted at the highest level. The formula 5 was selected to determine the
chemical analysis. The percentages of moisture content, protein, fat, ash, fiber, and carbohydrate (difference) of
the formula were found to be 56.30, 2.59, 0.01, 1.055, 0.31, and 39.74 percent respectively. The GABA content
was 18.63 mg/100g, about 3 times higher than normal. For the microbiological test, it was found that the total
aerobic count was 45 cfu/g. while the Escherichia coli, Staphylococcus aureus and Salmonella spp. were not

detected.

Key words: ice-cream, red kidney bean, sprout, GABA
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ABSTRACT

A study on benthic invertebrate community and related water and sediment quality aimed to investigate
the influence of environmental factors on benthic invertebrates in Nong Han Lake, Sakon Nakhon Province which
currently has environmental quality degradation due to land use change. The study was conducted by collecting
samples for 3 times during October 2016 to June 2017. The results showed that overall water quality was
appropriate for aquatic animals except in many areas in June 2017, while high level of sediment organic matter
was found in all seasons and some areas had high sulfides accumulation (higher than 0.365 mg g_1 dry weight).
Twenty-seven families from 3 phyla of benthic animals were identified. Prominent group of benthic animals was
Chironomid larvae with the densities of 359, 349 and 164 individual/m” and the frequencies of 66.67, 83.33 and
41.67 % of all stations in October 2016, February 2017 and June 2017, respectively. The lowest density of benthic
invertebrate was found in June 2017 with the range of 0-147 individual/m” (averaged 28 individual/m-z) and the
highest was found in February 2017 with the range of 12-366 individual/m” (averaged 95 indiVidual/m_z). The
density of benthic invertebrates has significant positive correlation with dissolved oxygen and negative correlation
with sediment total organic matter (p<0.05). Consequently, there should be a management for organic sources

from its utilization around Nong Han Lake for aquatic conservation in the future.

Key words: benthic invertebrates, water quality, sediment quality, Nong Han Lake, Sakon Nakhon Province
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ABSTRACT

This study aimed to investigate hazard factors and musculoskeletal disorders (MSDs) on making
artificial flowers among home-based workers at Banndonfai, Maetha District, Lampang Province. The study was
a cross-sectional descriptive study. The participants consisted of 164 workers who were selected by purposive
sampling technique. The instruments of the study were a questionnaire and rapid upper limb assessment (RULA)
techniques. Descriptive statistics were used to carry out the analyses. The results revealed that the most common
hazard regarding physical factors, chemical factors, biological factors and ergonomics factors were working with
sharp tools (95.7%), improper chemicals storage (92.1%), danger from venomous insects and animals in
workplace(83.5%), and improper seat height (94.5%), respectively. In addition, the most common MSDs was
found in upper back (92.1%), shoulders (89%), and lower back (84.1%). The result from RULA techniques was 7
scores indicating poor working posture at high risk that required improvement. The results demonstrated that the
stakeholder must be aware of problems related to hazard factors and occupational diseases together with promote

the health of their home-based workers due to the information obtained.

Key words: hazard factors, musculoskeletal disorders, home-based workers
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ABSTRACT

The purpose of the study was to develop the planetary gear installation set used to control the
wheelchairs based on reverse engineering principles. It consisted of the following procedures. First, study the use
of wheelchairs from the users through the interview relating to the use of the wheelchairs in daily life and
problems in moving the wheelchairs on rough surfaces, sand, and slopes. Second, analyze and synthesize the data
to develop the driving procedures which would enable the wheelchair users to reduce the arm force. Next, develop
the prototype reduction wheelchair hubs. Then study the system of the gear set that helped reduce the force
through the use of the planetary gear set with its design and install it in the wheelchair hubs. After that, simulate
the work of the reduction wheelchair hubs with computer (CAD) by analyzing and comparing the standard
wheelchair hubs and the developed reduction wheelchair hub prototype which expanded the wheelchair hub to the
diameter of 190 millimeters in the wheelchair hub attached with the ring gear with a diameter of 130 millimeters.
In the ring gear, there was a planetary gear with the diameter of 40 millimeters for 3 gears and a sun gear with the
diameter of 60 millimeters. They were assembled to make a reduction gear set to be installed in the wheelchair
hubs which could reduce the effort required to use the wheelchairs. Participants were 50 wheelchair-users who
were surveyed regarding their satisfaction and their pains after they used the standard wheelchair hubs and the
prototype reduction wheelchair hubs. The comparing results indicated that the prototype of reduction wheelchair
hubs required less effort to use the wheelchairs on the slope. Moreover, the results pertaining to their pain

assessment were found less on rough surfaces and sand.

Key words: planetary gear set, reverse engineering, wheelchair hub, drive system, testing
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ABSTRACT

The aim of this study was to determine the antioxidant properties of rambutan peel extract from 3
cultivars such as, Rongrien, Seechompoo and Seetong from Chanthaburi fruit market. Each of dried rambutan
peels was extracted in triplicate for 3 days with 1:10 ratio of 95% ethanol and dried by rotary evaporator. Crude
extract was evaluated for its antioxidant properties using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity, 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical cation decolorization
assay and ferric ion reducing antioxidant power (FRAP) assay. Based on DPPH radical scavenging assay and
ABTS radical scavenging assay, the anitioxidant activity of crude extract from Rongrien cultivar showed
significantly highest (p=<0.05) with IC,, =8.795 ng/ml and 0.374 mg/ml, respectively. Moreover, the crude extract
from Rongrien cultivar also had the highest FRAP assay value (6,740 umol/g) when determined by using FRAP
assay. Interestingly, the rambutan peel extracts from 3 cultivars exhibited higher antioxidant activity than those
control groups (BHT and Ol-Tocopherol) (p<0.05). This research shows that crude extract from the rambutan peel
promises to be an interesting source of natural antioxidants due to the composition of important phytochemicals
with the properties of bioactive substances which may be used to replace synthetic chemicals added to various

products to avoid the danger of chemical residues and development of various products in the future.

Key words: rambutan peel extract, rongrien, antioxidant activity
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ABSTRACT

The purpose of the study is to examine effects of fruit harvesting periods and fruit development periods
on fruit quality of neck oranges. The experimental design using 2 % 5 factorial in completely randomized design
(CRD) was performed with 2 factors and 5 replications as follows: (1) time of harvesting (the beginning of the
year and the end of the year) and (2) age of neck orange fruit (5" 6™ 7" 8" and 9" months). The experiment was
conducted at the orchard of Mr. Donkonee Lowmhan in the Banna sub-district, Chana district, Songkhla province,
Thailand from January 2018 to September 2019. The results showed that the effect of the harvesting time was
significantly different from the harvesting time. At the middle of the year, the fruit weight (g), peel weight (g),
orange fresh (g), diameter of fruit (cm) and fruit circumference (cm) is higher than a half year later. The fruit
quality of the mid-year had higher total soluble solid (TSS), titratable acidity (TA) and TSS/TA ratio than a half
later. The finding indicated that fruit age at 7"- 8" months could develop the highest fruit weight (g), peel weight
(g), fresh weight (g), diameter of fruit (cm), fruit circumference (cm), and the highest fruit quality as specified by
TSS, TA and TSS/TA ratio. Therefore, neck oranges at the 9" month of fruit age should be harvested during the

harvesting period in January for the highest fruit development and quality.

Key words: fruit age, fruit development, fruit quality, neck orange
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Table 1 Fruit weight, peel weight and fresh weight of neck orange during fruit development.

Treatments Fruit weight (g) Peel weight (g) Fresh weight (g)

Harvesting time(A)

half year 268.26" 78.57" 187.92°
half year later 241.43° 63.73" 174.00°
Age of fruit (B)
5 months 172.30° 53.80° 118.75
6 months 219.00° 54.80% 158.25°
7 months 235.76 70.84" 196.43"
8 months 293.54 % 74.65" 208.57"
9 months 310.39° 80.69" 218.82°

Probability level of Significance (ANOVA)

Harvesting time (A) 0.0097 0.0003 0.0020
Age of fruit (B) 0.0001 0.0001 0.0001
AxB 0.1126 0.2878 0.2285
CV.(%) 20.12 27.62 23.72

Mean values with each column followed by a same letter is not significantly at p<<0.05 tested by DMRT

Table 2 Fruit circumference, Fruit diameter and Peel thickness of neck orange during fruit development.

Treatments Fruit circumference (cm) Fruit diameter (cm) Peel thickness (cm)
Harvesting time(A)

half year 24.92° 7.79" 0.40°"

half year later 24.76° 777 0.45°
Age of fruit (B)

5 months 21.58" 6.76" 0.40"

6 months 24.17° 7.46° 0.41°

7 months 2437 7.51% 0.41°

8 months 25.78" 8.32" 0.45°

9 months 26.30° 8.87" 0.46"

Probability level of Significance (ANOVA)

Harvesting time(A) 0.0001 0.0001 0.0036
Age of fruit (B) 0.0001 0.0001 0.0146
AxB 0.4630 0.2010 0.1039
CV.(%) 7.73 7.81 21.78

Mean values with each column followed by a same letter is not significantly at p<<0.05 tested by DMRT
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Table 3 Total soluble solid, Titratable acidity and TSS/TA of neck orange during fruit development.

Treatments Total soluble solid (OBrix) Titratable acidity (%) TSS/TA
Harvesting time(A)
half year 8.67° 1.93° 4.18
half year later 8.08" 211° 4.10
Age of fruit (B)
5 months 7.70° 3.31° 232
6 months 8.00° 2.49° 321
7 months 8.39° 1.64° 5.11
8 months 8.43" 1.35° 6.24
9 months 8.87" 1.31° 6.77
Probability level of Significance (ANOVA)
Harvesting time(A) 0.0004 0.0082 -
Age of fruit (B) 0.0020 0.0001 -
AxB 0.2373 2658 -
CV.(%) 9.50 14.17 -

Mean values with each column followed by a same letter is not significantly at p<<0.05 tested by DMRT
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ABSTRACT

The purposes of this research were to compare pain before and after using herbal knee mask and to study

the satisfaction of using herbal knee mask in the elderly with osteoarthritis. The study was conducted with 30

elderly with osteoarthritis who aged 60 years and older in Srivichai Subdistrict Health Promoting Hospital,

Phunphin District, Suratthani Province. They were purposively selected to participate in the Knee Pain Relief

Project. The participants were demonstrated how to use the herbal knee mask for one time, then were asked to use

the mask themselves for 3 times. The instruments consisted of the numeric pain rating scale and the satisfaction

assessment form. The data was analyzed using percentage and t-test. The result revealed that the level of knee

pain after using the herbal knee mask was significantly lower at the 0.01 level and the satisfaction was at the

highest level.

Key words: pain, elderly, osteoarthritis

pium laninmsildeundaudng

Uszrnidgeeny i limniuiedaelsali

a v A o A 2 9 VoA
fagoisasuniunvy Tagmniz Isadomiudon
% I ' 1a 1 g o A
FauduTlsanilelulsaludaaesosaninoluyana
' 4
%i01g 50 Yyu'l)) (Annual Report 2019, 2019) 1ag
4 ) d a9y
paanseuaTanaianisainazidienszgn
A X g
wazdaiuIuEly 570 duau Tudl w.a. 2563 ou
I 1 1
az 50 1lunguilionguinnii 65 3 (Karaket et al.,
% o % Q' g
2017) thpfuuun Tnlsgnnsgeerghauiuiu
1 1 d‘ = 1
pgnaoiilo Uszmd Inelidszannsgeergunn i
9 = I o 1T 9 A
Fovaz 10 uaasdamsdudinuunadgeergnio
Y o o I 1 1
Agee1y masaznarilulsznsngulngues
o I o [l 4 1
Uszine Jogaorgdludourinnuidenyods1ene
[ 1 H ] 4 <
Hazede1za1ee Tagi lsaundemiulyn

Y A 1 = wa o A
FUNINUBIHFIDIYNWUUDY LLASHYUANITUN

4 2 1

nIuedeAviiios nanagiie Tsanszqnuay

o TuanTne w.a. 2553 wundileTsatinnndi 6

3

Y A A A A g .
ATUAU Tﬂﬂﬂlﬂﬂlﬂ@ﬂﬂ?ﬂﬂq@ﬂ'ﬂ UDLU" (Pereira et

=

4 [~ $ 1
al,, 2011) tesnndoiniludentivinalvajuay

¥ 1
@%}@QiUUWﬂUﬂﬂl@\ii%iﬂWﬂIﬂﬂ@]iQ [N \W%}EN

Y A A a A o q ¥ A
wmmﬂaau"lm@umzmummqwﬂwmamn‘l

e

Tuaadl w.a. 2554-2557 wundigihelsn
ForndonuriuuinislumitenImsszuu
vianilsziugunwuranann 241,135 310 15lu
274,133 519 Ao uiag 8,250 518uaz 11529
3 w.a1. 2557-2559 wufigilelsadeiudewd
I&5umsrdan)asudengiuag 6,353 518 8,690
318 11ag 10,736 518 AUA1AY Fausasuiiuiy

9
= Y 1 o

Fouaz 23 o1l annalszma lnemaudiadeny

U

Y =

= R oK Y
QQQ@WU%QMH‘H’JTUN‘WQ%111']1!@1]']815?\511@!61]1

E}
1
A

@ouarmsldFumsridanlasudomiuiy

A8 (National Health Security Office, 2016)
oimsinyldesludihedenudon fe

Uadon WFeanToVNATY (Crepitation) @

%

a 9 ' I Y ] -~ -
Anvaveoi 1 uszezIa1leen1 30 N tazl
9 [ |§ (= [ 9

dorrvualvgaulaslulinisenauninion
(Narongruengnavin, 2018) mﬂﬁmiﬂgjﬂ’aﬁauazﬁ

Ay o 0o q.¥a a =
ﬂ”l'iﬂlmﬂhlnwﬁﬂ%ﬁuﬂ$ﬂ11ﬁlﬂﬂﬂ1ﬂ1ﬁflﬂ’3ﬂ‘ﬂ



215815398 YH1INAeNA 11 1A 1¥uAafF I%e 13(1) : 165-173 (2564) 167

= ~ ' A @ @
gunsalu 1993 3 1y wgAnssunsiieen e 13
WU e 1agn12289u (Narin ef al., 2015) 1951
9 1 ci =) o
9111510299019 0 UNTIVLTMISNAVVINLAY
9 ?A‘/ 9 1 cig [ N) Y a
$ou 57unte1mMstavenniGesin ldinany
o é v A % 1
NaNnsuY Feludagiulnuniemssneiaieg
A A a } I
menugueIMsthaiinayu uuanausmiums
Idmnutlagiu 1dun erussmienislaa o1
) o A A ) y A
AMUMIDNAUVDILBIEDTDUVD e1AaENAINILD
1aTMI ARSIV (Hawkey ef al., 1998) 1IN
Napano n1gn1ni1ia 1¥U A1TOBARIAA
v X S < A A <
AAUIHEAIBA IATIFNE (WNDINUANUTINT
I¥vuve 11 nsldanudewiieussmieinis
. ) . .
e nagmslfnsoangs ifludu meaausaiun
o 1 9 =~ )
AszInaeveaY  LuINeNay Useneualeng
Yo o v @ %’ Y]
Ieuuziinenuanyazveelsn Msantimiin
A an d‘ Y a
N3N eIaNgNA0d uagmslszilugluny
a o o w o = I Y
AIsdszdiunaz Mz ey Wudu
. a4 g 9
(Hengkrawit, 2017) uuannaina umslenmsqua
A A A a Lg Y
HUUNIBADN NBVITTIN11NTUIaNRATLA Y
auewazsulszansammsinunludogiuld
ad 2 ' 3 9
AT U M3uaa Madady uazms IFayulns
[l I
Tugiunuane iudu (Lorenzi, 1999)

i w.a. 2561 geergluiiunuoes

2

o

Tsaneruiaauas gy Ind1uatv eI %o

)}

$1uau 319 au dgeorgaanlugusouing

a

1 v A

=] ) 9

WUNANNINTUIAUITIINNITE150 Tae 1y
o s A a @

LLUTJﬁ'iJﬂ”IHmlﬁ@ﬂﬁ$Lllui$ﬂﬂﬂ'3"lllguuﬁﬁ"llﬂﬂ

Tsatomaon (Oxford Knee Score) U193 11

' 9 A 1 o
ﬂqmgamq‘mmmiﬂ’mzmmmu 53 AU U
1Ay

WUNUHFILIYTUN0INITTINIU 19 A og Ty

@

szavl1una19IuIY 14 AU Llﬁ$5$ﬁlﬂ§uu§\1
o =X A & Y °
U 11 AU B9Aauioeay 83.02 Y0IT1UIU

p1msiaa Tayrrensidaaan

=
N
F991gUALDIVTINANTSNVAD

aa o [ 1 < 9
G]5’¢]$5l‘]J‘§$i]TJ’LJUliJ1l1ﬂﬂ°LlE]EJ AMNNITINUNIU

ant 1 A 9
135unssuIsmyaaeImstranludielsade

1 A

9
wndeuinaunulagiiu unuinsnazuny
A = o o ag
naaen Falunpudagiuezinuilaeisng
. )
Fulszmuiantaiieusinie1nsilia uku
A ' Ya 3 =
madendiunnezl4IsAulndgIansnanila
Y 1 v g
lamunu vazupn Ingazl55msszaunazwen
[ A = I A A o Y
wuieane1n1slia Fududsnaimisaiild
J o U a
onvvzilszgndhayu lnsvesTsanenadudiu
E4
gquamduamas IFeuniimsmine 18 daiu
HaseieldaanvzAnimaveanis laayulng
Uszauinaaeinmstialudgeogiiinizdenn
A 9 A o
@ou a1nnisldgalszavayuinsniluen
ayunshoglutesdunnliuldlszauiuan
A R A 9.9 Ao
ioane1Msta Famaaenluildigeeigiil
= Y Y
p1msthamnansaguaniiod ldedagnaes
° o o Y ¥ 'y S
aifuawe wazdaunsam ldvazegiu ihums
duaiums Igayulnslutesdu aanr 19910 an
Y Y [ Y 9 o a
nmslyerunidia uazyiilvdgeergdniiu

aa o v Y 1A a A 2 1A
GH’J@HJE%%TJH%@E]EJNN?JS%ﬁﬂﬁﬂﬁ/‘liﬂﬂﬂlﬂﬂ’ﬂlﬂij

AadA o =\ QW
IBAUHUUNTIVY
=2 2z aw & .
M3AnEITUN15I98N9aNAa0 (Quasi
Experimental Research) Lzuuﬂéuﬁaadmﬁaa
NATOY NOU - a4 (One Group Pretest- Posttest
v Y
Design) 1AglUUAOUNMTANHUNITIVOAIH
1. Uszmnsuazngueiesna
Uszans fe georgniinigdondon
Tsang1uiaduasuguaInd1ans 1%s 81100

a @ [ 4 °
WHUNU ﬂﬂﬁ’)ﬂq‘ﬂ‘]ﬂgi‘ﬁ?ﬁ IUIU 55 AU

e

Y
1 (% 1 12 A

Aq ¥ a o
nguAl19819n s lun15378n391 Ao
9 1 A’

3918NUN VDI UTOY TTane1uIaguasy

LY E}

D

A o o

o a v o 4
FUAWAUAATITY DUNDWUNU WHIAFTIIYYI

511 Lﬁammumwmmzm U 30 AU



168 75815398 YH1INaeNA 11 1ags1¥u9naf3 %8 13(1) : 165-173 (2564)

;a v 2

1] | Vv
2. in309ieNFlumsIve Tiaal
1A 4 A o a -
duN 1 1n3aleAuIUNINAGDI AD
ayulwswonain dsenovudale luiun lwa
2L o < A @ :9( S A
VHUFY VOIZINA 31990 AAIFEUR WAy NIYs
whayu Insudagyiia uaazides dmsuas 1nf
Y
viugu Twa lunzary dwivanery Tae
ayuInsuaazedisazldiman 350 niu imnunn
wiia uazii lussylugad
A 4 a4 das <
duh 2 50l lylunsmusiug iy
9 Y
Toya Uszneuniy
a @ 9
puDssuIEAUANNUNIURI 15ATD
1 4 I a 1
WUA0Y (Oxford Knee Score) (HUuuvUUsLiium
wanlae nsNoUE NIzNTNAsITagY Tu 1
g [ t:y
W.e1. 2557 niadlu 2 Aoy A9l
aoud 1 doyana llsznoudie
9 [ =2 =
oyame 01g TOIUNN ITAVMIANYI 013N 130
Uszida Yenlimsensidey m3lasugiidma
Y 1 = A Y
dornlueda Uszianmsuiorayulng uazuwa
VI
4 A
Aoui 2 Mdsiiiuszaun
TUN5IV0e 13ATOII LAY (Oxford Knee Score)
< a Ao o
Wusuvisziunaun Tasnsueuis nsznsg
= a9 o o
arsrsugy Tudl we. 2557 Bdemaiudiuou 12

o o @

9 ' 9y A A o 1
V9 UAAZVONIIUIU 5 A1NDY VA1 UAIATLUU 0-
Y v
4 AZUUY AMAZHUY 0 NI To1msuumnige
1 =1 1= g’.: A

HAZAIAZUUY 4 NUIBDI 1UTe1N1TUUIAY U

I a g’a =1 g’; 1

WuldnalagasuuuTINNIUUATAALA 0-48
g o I ' 4

azuuy iy 4 sy Aelulsadvendown

@

= 9 VA
FZAUTULIT (0-19 AZUUY) BOIMT Taadoinaon
v A A 9 1
szaU11Na19 (20-29 AZLUY) (TUNDINITVOLU
@0 (30-39 AzuUY) uazde lunueimsnnlad
(40-48 AZLUU)
A @ P A
aouN 3 Msdumyallseiiu

Y 1A < a
ﬂ311]?1!&3\‘1“1]8\113?]“1]@&“1]%?{@“ L‘]JL!LL‘]J‘]J‘IJE%!JJL!

Y] 19 < .
IA5TAVUANNIRIVLIA (Visual Analogue  Scale)
TagazyinmsUsziiy NeUMTINYT LAZHAINS
v
FAE1 3 AT9 UA1AUAIAZUUY 0-10 AZLUUU A1
=3 1] 1
AzUUY 0 W19 luidaa Arnzuuy 1.0-2.9
= < Y 1 =2
W1e04 Uaantios AAZUUY 3.0-5.9 HNI8D3
111 una1e MAzHUY 6.0-8.9 ¥I1ede Yraun
1 =1 d‘
HazAIAZIUY 9.0-10 ¥1N8D3 YIAuniga
= = ' 9
aouN 4 anunanelanensly
' 9 A~
ayulnswonitaneimsiialudgeergniiniag
9 A 3 A '
Vo1 doN 1Y UUUUEBUINFHANIAT 1T I
[ [~ 1Y
Uszuua1 (Rating Scale) laouvalu 5 szau i
AMAZLUY 1-5 AZLUUY U 10 T 50 AZUUY B9
9w o 2 9 < [ A
gavemvuamnua laglsinusinsunlananunas
o &
(Best, 1981) A1
=< =
AU 1.0-2.5 119D AW
=< [ v 9
nanelasgluszauiioy
=3 =
AZUUY 2.6-3.5  HN18D9 LAY
wanolvegluszaniunais
=3 =)
AZUUY 3.6-5.0  HN18DI UAY
= 1 %
nanelaegluszavuin

3. M3IRzHiveya

a Jd o

1. Bnsizideyan il szaveimsiaa

P
aa A

1 9 9 J 1 d’ U 9
ganANUg U 1dun Anudaisesay
ANRDY LAz a U DoUVUNIATTIU

2. ffeunsuanniseinsiiamineu-

% ] 9 l d‘
naImIwenti1areayu Ins lag viAnde
(Mean) @2wlioauninasgiu (Sp) Tasldada

Paired Sample t-test

au a J
NANIIIVYLAL IV TTIUNA

Wan1saveazinauelu 3 @1u Ao

9 J

@ < 1
) YoyadIuyAne 2) #aszaunNlIulIaneu

U El

pagnasldayulnswonianeinisdialu

9 S a Y 1A = '
ﬁqqa'lq‘ﬂilﬂ'l')gﬂ]@mnlﬁau 3) ﬂ'.]’lllW\?W@Glfl]@'ﬂ



215815398 YH1INAeNA 11 1A 1¥uAafF I%e 13(1) : 165-173 (2564) 169

ms1Fayu lwswenminaneinmsialudgeeignd

9 " zi
NIV UTDY

a
I 9 ' a
L']_Iu@ \‘1@1813\‘11/‘81’”1?1?(\‘1&?(3“?751]5”1/‘

u a a

v
o o A aAa

a a [ [ 4
MUARATITY DUNBDWUNU WHIAFITHHRITIU N

q a

' 4 ' 1 a a d
agverindon dulugiumangaaiuios

1 2 a < 9
az 80 81gu1nN31 70 1 Aatuiosas 63.33
5090981018 65 - 69 Aatiluiovaz 23.33 &

a I @
goIUNINTUT o ﬂﬂlﬂu%ﬂﬂﬁ% 86.77 7¢A 1

M 1 ez osazvesdeyadiuyana

[

= 1 Y = 9 =
msanul luldsunisanul Sosaz 90 o13W

!ﬂyﬁiﬂiﬁﬂlﬂu%}ﬂﬂﬁz 50 Tsadszd1aa Tsanaw

(Y

dulafinge Aailudosaz 3333 lifilsmlszidn

9
9

a & v Y 1 Aa~ VA
ﬂmﬂuseaag 30 HAZUBLVTINUDINITIVUTDUN

a I [} 4 a I
aovvenaiudosaz 50 v uTen Antluses

az 33.33 Uszia lime lasueiamaaaiiudooas

a q

I

66.77 1ne lasugiiame Amiluiosas 33.33 1l
o a I [}
Usgdamsuiorayulng Aadludosaz 100 Tl

a Ta g @
LUAQUTLIULT ﬂﬂ!l]u%jflﬂﬁg 100 A94AM1319 1

3183 11U (N=30) Sowaz

Nl

1Y 6 20.00

N 24 80.00
1

60 - 64 4 13.30

65 - 69 7 23.30

70 ¥l 19 63.30
AOIUMN

Taa 4 13.30

ausa 26 86.70

STAUMIANN

ECTHI 27 90.00
213N

13i1A1/sznovedn 12 40.00

JUITMNI 2 6.70

Sudhania'lil 1 3.30

INBATNITU 15 50.00
Tsadszden

135 T5n1l523167 9 30.00

Tsarale 1 3.30

Tsanvnu 6 20.00

Tspanuaulanngs 10 33.30




170 75815398 YH1INaeNA 11 1ags1¥u9naf3 %8 13(1) : 165-173 (2564)

~ '
MINN 1 (AD)

F18M3 1 (N=30) Souas
ouq 4 13.30
Forvnitiomsiiaen
W 5 16.70
RIRETOR 10 33.30
ameadng 15 50.00
Usz3amslasugiifime
liine 20 66.70
1Ay 10 33.30
Usziamsuienayulns
aid] 30 100.00
uHaAUSAN
N 30 100.00
Sudszmuenuniha
aid] 24 80.00
Y 6 20.00

U < ! v QY
2. Nﬁi%ﬂﬂﬂ?]&l!"ﬂ‘ﬂﬂ?ﬂﬂﬁ‘l—!!!ﬁ%?‘iﬁﬂ‘lﬁﬁ?ﬁ“ﬂﬂﬁ

v
v v

U Y a A
‘Wﬁ)ﬂl“lﬂaﬂﬂ1ﬂ1‘iﬂ?ﬂiﬂgg&ﬂ]ﬂﬂﬂﬂ]?&’ﬂlﬂ!‘lﬂ

Q
A
laay

1]
T A

A 9y = @
491YNUNNICUDIVUFTDUNITCAUAIY

-advy

U

< v YV Yo Y 9
L"l]‘U1]'Jﬂﬂﬁ)uuﬁ%ﬁﬁﬂnlﬂiﬂﬂWEW@ﬂl"UWﬁ’JEJ

m;u"lWi(Mean:6.40 1A 4.93 MNAIRV)UANY

o )

HANANANRE NN UAIAYNIADAN 52D 0.01

9 1

Taoggeerghiininzdoindenlasunisla
ayulnswonindiszaumsiaanasniinouns

Tdayulnswoninedeliveneadanszau 0.01

AINTT N 2

~ o 3 ' v q 9 ' Y A ¥ 1A
AN 2 izﬂUﬂ'J'lllﬁ]llﬂ'Jﬁﬂ@u!lagwENGlflfﬁl!uULWjW@ﬂLGU1aﬂ@']fni1_]’JﬂGluﬁg\ja']qwilﬂ']jgmﬂlm“ﬁﬂil

seauaNuRula Mean SD t p-value
noums Iayu Inswenianeinsiaa 6.40 1.85
5 ) , 11.00 0.00%*
waams1dayuInsnwenianeinsiha 4.93 1.76

HHBING: ** p < 0.01

=< 1 Y A 9
NHANITANE WU FFIDIYNNNISUD

] A = o [ 9y
L"UHﬁ@lllligﬂﬂ@?ﬂ?iﬂ?ﬂﬁﬂﬁﬁﬁﬁ\‘]ﬂ”ﬁi%

ayulnswenitesuielain ayulnswenian

I 1 @ X
Usznovudaelnsdludiudsenounan & lnall
r'd
gnsaamsonautazaanuilinld deandes

A11914I98UD9 Nivatananun (2008) Fanu1 1nail



215815398 YH1INAeNA 11 1A 1¥uAafF I%e 13(1) : 165-173 (2564) 171

£ Y [ Y] <3 Y
gnisumsonauuazsziuanuiviia’laa
a ' a A =
tReviniueualwsy 1dea91nlans
dimethoxyphenyl butadiene (DMPBD) 4 a e & 173
( E)-3-( 3,4-dimethoxyphenyl) but -3-en-l-ol 7
Y
AWTDHVGTINTUIN A (Ozaki er  al., 1991)
4 = v
UBNIINUMTANYIVDY Karaket et al. (2017) 14
a o =) =3 1% < 1
olSeuNeuszaunluaulianeuuas
[ I < 1 ]
nasnnmssne Inauayulnswendusuny
9 d’d ] 1
mywaunu Ineludgeerghiiormsdaaain womn
p1msraianasnzuuunNilInanaiog1el
v
WodAYNIIADA 5IUNIWNATIGUDI Poonsuk et al.
A a A A
(2018) AFnu1lszANIHAUDITINONAYU TNTIID
vsamemstannludihelsadenindeuves
) ' ) ] A
Ageo1g W mendams Idermenayulnsiive

Y 9y ' o Y
anszaunNllavesdevivziinlvienisUaa

aﬂamaziz@T‘Uﬂ'nummm“lums“l%’qmmmeﬁ’a

v
=

Y 1
L“UW?]ﬁuﬂ’ﬂﬂ@uﬂ1i‘Vlﬂﬁ®\1 %1ﬂ\11u3“ﬂﬂ‘1‘7]£ﬂ8’3"ﬂ)8\1

-

o

a o g’/ c;’d =) Y Y
mﬁuuﬁqmwmfnslﬂsmmmmsnauau%m

ayulwsnweninitidavdsznovvesInariu

]
=)

dauilszneundnansnaneimsiialudien
a | v
Hanzdeudenla
= \ v v
3. anuiianelademsldayulnsnemaiaa
Y lﬂ'd Y U d’
amsihaludgeorgiinzdervuaen
Ageogniinnzdondoun ldayu Ins
] a =2
weniaae1nsaa Uanuiawe lalunimsiy
TusgAaunINNga(Mean=4.56,SD=0.53) {0
a I Y 1 Y Y IS
Ansaniusigaiunud aunis ldayuinsd

A1 ane 193109 g a(Mean=4.65,SD=0.50)

I FY o
sosaauuiususiaayu lns(Mean=4.53,8D=0.58)
o
nazaiulszTosivoaayulng (Mean=
4 a I 1
4.45,8D=0.45) wanasauiusiede luuaazdru
NN
k) k) 2 2 =
aumudrayu lnsiinnuianelonin
A A a Y
g9 (Mean=4.53,8D=0.58) 1109915015109 0
1Y Aa A A A Y o
WM fennzununigane ImslEnineins
pg19qua1 Dlszaninin Liduidoeo
A = 9
(Mean=4.63,SD=0.49) 5049ad4N1A® HWn15 1%
nSwe1ns luieadu (Mean=4.50,SD=0.68) 11
A o Y]
Artuinuizduvedayulwsndiualyd
(Mean=4.46,SD=0.57) #14a19 1
Y 9 = =
arumslgayulusiianuiiawelauin
= A a 9
N4 (Mean=4.65,SD=0.50) 1109150151090
1Y A A A H
WU YenlazuuunInNgane TuABUNITNON
ayu'lns ligeerndudou(Mean=4.83,8D=0.37)
soeaanfe dldausnldldlas linelding
% = I'd
FUNTIY (Mean=4.76,SD=0.43) 152 Toani azadn
301 11914959 (Mean=4.63,SD=0.49) uag
Aanumanganvesszoznallunmswonayulng
(Mean=4.36,SD=0.55) #14a191
4
arutlsz Tovivesayuluslinauig
nolauin(Mean=4.45,SD=0.45) 11891915 4135184D
1 Y A A ~ A a
Wy denliazuuuuinigane aalSuiw
1 1 4
A119919N19015 LW N & (Mean=4.66,SD=0.47)
599298170 91A151IAT0aRAINAIIANDN
iy lws(Mean=4.23,8D=0.72)

510021089 AIA1T N 3



172 75815398 YH1INaeNA 11 1ags1¥u9naf3 %8 13(1) : 165-173 (2564)

2 = ' 3 ! v A y A
maei 3 anuianelaaemsIdayuInsnontaneimsihaludgeogniinzdeninion

M3 Mean SD 3zA1
1. fayulns
1.1 anumngenesayu Twsfiiun 14 4.46 0.57 1N
1.4 ims lgmSwensednqua tuszansnm livfuiles 4.63 0.49 wniiga
1.5 imsldmswensluieanu 4.50 0.68 wnfige
MNI 453 0.58 wnfiga
2. mslgayulns
2.1 ANz auvesszeza lumswenayu lns 436 0.55 1N
2.2 Tlsz Townd azadn awnsni l141/e3 4.63 0.49 wniiga
2.3 JlFannsoldlalae lineldinaduasie 476 0.43 wnfige
2.4 Jugeumsnenay Ins lidindudeon 4.83 037 wniiga
AMNTI 4.65 0.50 wnfiga
3. UssTevrivesayulng
3.1 omisthadoanasasainnendyu lus 423 0.72 1N
3.2 anfSummldienamsumnd 4.66 0.47 wnfige
AMNT 4.45 0.45 10
Sauanun 4.56 0.53 anniiga

= vy Aa 9
NHANITANE WU WFIDYNNNIICUD
[} d' A 9 ] =\
mmaw%auu“lwawanmaﬂmmiﬂm unu
= 1Y d‘ a I
WQW@iﬂﬂWWi?ﬂJiNS&’ﬂUNWﬂ%E‘Iﬂ E]TJ“]JWEJULG‘I’N N7

v g ]
TayuTnswennlinuansazMiiluyos vowu

[ [l
a9 2

ausnldazain uaziirlllFaentu deldae

lyl [ g 9}111 (% 9 9
qumuamuﬁaumﬂﬂs NFUGDU HgIDIg

a

o Y A o 1 o
’mmimnW"lmaﬂﬂﬂ‘lwaumwmmwmaw

LL@%ﬁ”lll1'iOﬁﬂ81ﬂ1iﬂ3ﬂﬂijﬂlﬂi11ﬁ}ﬁﬁﬂ%1ﬂW8ﬂ

[

ayuTwswonain ldudy i lddgeergidnauie

[

=

9 9y =X A =
Ageorgnldayu nswonvelinnuianelaly

K}

@

a
ITAVUINNGA

mslFayulnsnonitaneinisilialu

]
S

= ¥y 1A

\1ﬂ’]fJT]jJﬂ1')5GU@lmuﬁﬂ“ﬁjujiﬂﬂ@ﬂ’]ﬂ']Sﬂ’J@
9
7

-ndvy

9 4
vinuden1d neiidgeergamnsnir 14 1dieq

v ¥ "y N
Vl,ﬂ1/]°1J1141@8]111Gl@ﬂlﬂuﬂ1ﬂu1wuuﬂa1ﬂiﬂ1ﬂ

=2 9 o ¥

quan ¥edgeorglugurueiveziivosinaves

a

a d' Y [ Y a o [ a d‘
maaun1anaeselde A suuinish
aouusms amnsnannlyiielunisidunia

A Y Y =X
sazaalsumendiald Fayaansmaguniwn

o 4 1
arsihemenayu lnsuidsegndldluniiae

A A v Aa Yy A
VIMIANFIIUGUNG 019NNV UTOUN

unumslgeudialdogratilssansan

a A

aanssulszma

4

{39800 UNTTAM WIA1IFATITUN

v
=)

J aa £
mw‘l% lL‘WTIfJLLN‘L!llTIfJ e A7. 1381 IW‘E"U’JN N

7 o 4
TanweynsizdmidudiFersigasivden

A A Ao 1 % [l = Y Y a o
IATIDNNDIVY ﬁa@ﬂﬁ]uﬂqumammiﬁmagm ]

v o

Fahl¥msiseduseganelil1ddaed



215815398 YH1INAeNA 11 1A 1¥uAafF I%e 13(1) : 165-173 (2564) 173

1PNE1301909

Annual Report 2019. 2019. Division of Non-
Communicable Disease, Department
Disease Control, Ministry of Health.
Publications,  Graphic and  Designs
Publishing, Bangkok. (in Thai)

Best, J.W. 1981. Research in Education. (4" ed).
Prentice — Hall Inc, New Jersey.

Hawkey, C., Kahan, A., Steinbruck, K., Alegre, C.,
Baumelou, E., Begaud, B., Dequeker, J.,
Isomaki, H., Littlejohn, G., Mau, J. and
Papazoglou, S.  1998. Gastrointestinal
tolerability of meloxicam compared to
diclofenac in  osteoarthritis  patients.
British Journal of Rheumatology 37(9):
937-945.

Hengkrawit, S. 2017. Prevention and Postponement
of the Early Elderly form Osteomyelitis
Knee in Nakorn Pathom Province.
Journal of Health Science 26(1): 105-
110. (in Thai)

Karaket, S., Suyarach, N., Jaidee, P., Kasmek, S.,
Prompao, S.and Prawang, P. 2017.
Comparative Study of Pain Level before
and after Cool Herbal Mud Treatment with
Thai Massage in Elderly with Knee Pain.
Chiangrai Medical Journal 9(2): 115-
124. (in Thai)

Lorenzi, E.A.  1999. Complementary/Alternative
Therapies so many choices. Geriatric

Nursing Journal 20(3): 125-133.

Narin, R., Taunrat, W. and Booncheang, W. 2015.
Development of a Community Participation
Program for Caring Older Adults with
Knee. Osteoarthritis Nursing Journal
42(3): 170-181. (in Thai)

Narongruengnavin, P. 2018. Essentials in clinical
rheumatology. City Print, Bangkok. (in Thai)

National Health Security Office. 2016. Guideline
of Total Knee Replacement for Assess to
Health  Service. Available Source:
https:/www.hfocus.org/content/’2016/12/13154,
June 26, 2018. (in Thai)

Nivatananun, W. 2008. Anti-inflammatory activity
of some compounds found in Zingiber
Cassumunar roxb. Master Thesis of
Science, Chiang Mai University. (in Thai)

Ozaki, Y., Kawahara, N. and Harada, M. 1991.
Anti-inflammatory effect of Zingiber
cassumunar Roxb. And its active principles.
Chemical and Pharmaceutical Bulletin
39(9): 2353-2356.

Pereira, D., Peleteiro, B., Araujo, J., Branco, J.C.,
Santos, R.A. and Pereira, E.D.C. 2011.
The effects of osteoarthritis definition on
prevalence and incidence stimates: a
systematic review. Osteoarthritis and
Cartilage 19(11): 1270-1285.

Poonsuk, P., Songphasuk, S., Jantha, M., Nimpitakpong,
N. and Jiraratsatit, K. 2018. Effectiveness
of Herbal Poultice for Knee Pain Relief in
Patients with Osteoarthritis of Knee.
Thammasat Medical Journal 18(1): 104-

111.



174 75815398 YH1INaeNA 11 1ags1¥unaf3 %8 13(1) : 174-190 (2564)

ﬂTi‘]JﬁuEJﬂﬂ!‘ﬂﬂi‘Hiﬁ ﬁ”lﬁﬁl!!‘i’lﬂ!‘l/‘l@‘lj‘iulﬂﬂ!ﬂ?13~lﬁ§~l‘l"ﬁ!ﬁ!°ﬁ\‘i‘l"ﬁ!ﬁ

dda

o a o ¢ o v
Gumma‘l%ﬂaziawmmmmmmwmmnméumﬂﬁwm WHINISYDY
Geoinformatics Applications in Spatial Relation Assessment of Land Use

and Water Quality in the Prasae Watershed, Rayong Province

a a * an [ v @
Uszens sunwsg Anss Inen@aysm ' oyna ysadseiiad ' vaz 539 wigaw’
Prasarn Intacharoen 1*, Patrawut Thaipichitburapha ', Anukul Buranapratheprat and Tawatchai Na-u-dom”

Received: 9 February 2020, Revised: 9 February 2020, Accepted: 20 April 2020
QU T
UNANEID

malulad Qmsﬁumﬁnﬂumﬂﬂummnmmsgﬂaﬂuuﬂmmﬂ%ﬂs TowinamsouTloany
Y

9 ¥ 1 '
ﬂmmwumsnmqumﬂimﬁmeuammzmwa”lﬂleﬁuuﬁuumimﬁuslmwammiﬁmmiwaﬁuﬁamq

Y

<3| ao Ao A a = 9 Ja  a 7 o J a t&’ A
Wuszuy \‘]TL!'J%Elulllﬂ’]‘ﬁ3J']EJLW’E)II'§$Llluﬂ’]ilﬂaflultﬂaﬂﬂ’lii‘lﬂﬂigTﬂ%uﬂﬂu UATIEUANVUTUNUBIYIWUN

' ) s a ¥ o o a & 4 ) dda o
33‘1’7'J’Nﬂ’]ﬁi‘]ﬁjﬁgiﬂﬂfUﬂﬂuL&agﬂmﬂ'lwu'] uazwmuumumamt‘m‘wumlENmﬂGJﬁJ’iﬂEJ‘vuﬂﬂuﬂnﬂmmW

¥ a v 3 s ' Yy ' = ° yAa J
Wusnuquinlszuasaeuat Taslsvoyaninare91narufien Landsat-8 31unn13 15nawaly 4 Uszinn
A

1 A 1 901 c&’ o 1 a Id 1
o thlifiamssa guywaalgnade undaniuaziuidadar wamsinszd limnnugndes lags

1 a 4 a 4 o v J
(Overall accuracy) 88.81% 1AIANNADANEDINTIUATIZH (Kappa coefficient) 0.76 DT UATIEHANTANNUD

v
A a

y [ ?,’ 1
woam3 155 Teninauiuaanimi lunquuesansemisazatesin 5 dszian 1&un wonTumile Tu'lasd

a

a

Aa ' v o & ] Jsa o P Vo £
Twasn Weala uazFaina nunanudunusveamslelse Teminaunululasd leardulszansas
2A008gINgA (R*=0.91) AT
4 =1 1 ?,’ &’ d'l 1
Tulasdi (NO,N) = - 0.269 - 0.0474 (WyW550) - 0.256 (1A +0.449 (WuUR A1)
a 4 4 S A 1 o 1
mMsunzrmslasunlaimsldlss Teminauaiusiauarlaels uuusiass CA-Markov WU TN
H PPN ] & 4 % 1 g 1
nasumlasmsldlsg Teninauedresdanuluil wa. 2566 1ipanniimsveredvesyuru Taenuiuin
A 9 A A 1A A A A [ a yAa Aa A
guru/algnaiaznunnalailiTemanazimsnlasuuadly daufvnssumsldnauniianuai

= A ) A
WNNNFAADUNAIUULAS WF NI T

'madrniwmnani auzinemans wiiImedoysin muanaugy suneles Sandaralfi 20131

: Department of Aquatic Science, Faculty of Science, Burapha University, Saensuk, Mueang, Chonburi 20131, Thailand.

T anzinomaniuazdeaumnand wnanedoysm Inenuaaszuiy dwatanuns suneiauuns Simdaaszuta 27160
: Faculty of Science and Social Science, Burapha University, Sakaeo Campus, Wattananakorn, Sakaeo 27160, Thailand.

*é'ﬂwuﬁ(ﬂizmmm lilsudidodnnseting (Corresponding author, e-mail): prasarni@buu.ac.th Tel: 09 5918 9941



215815398 YH1INNAeNA 11 1A 1¥uAafF I¥e 13(1) : 174-190 (2564) 175

JAa

o o W ' 1 J Y o~ ° ¥
maaw: quindszueas, mylglszTominau, 1us1aed ca-markov, AN WU

ABSTRACT

Geoinformatics technology was used to study land use changes linking to water qualities in the lower
Prasae watershed. The obtained results could support the decision in spatial management. Three research aims
included to evaluate land use changes, to analyze the spatial relationship of land uses and water qualities and to
develop a spatial model based on land uses and water qualities in the lower part of Prasae watershed. Land use
types based on Landsat satellite imageries was classified as vegetation area, community/build-up area, water area,
and bare land area. Overall accuracy of the classified results was more than 88%, and Kappa coefficient was 0.77.
The regression analysis between land uses and water qualities based on five nutrient parameters including
ammonia, nitrite, nitrate, phosphate and silicate was analyzed. Relationship between land use and nitrite had the
highest regression coefficient R’= 0.91) as in the following equation:

Nitrite (NO,-N) = - 0.269 - 0.0474 (Vegetation) - 0.256 (Water) + 0.449 (Bare-land).
Land used changes was analyzed by the CA-Markov model, it was found that urbanization would be significant
land use changes in 2023. Community/build-up and bare land area would obviously change while vegetation and

water area would be mostly stable.

Key words: Prasae watershed, land used, ca-markov model, water quality
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Phenol-hypochloride (Grasshoff ef al., 1999)

Diazotization (Strickland and Parsons, 1972)

Cadmium reduction + Diazotization (Strickland and Parsons, 1972)
Ascorbic acid (Strickland and Parsons,1972)

Silicomolypdate (Strickland and Parsons,1972)

GF/C Filter (APHA, 1992)

Spectrophotometer method (Strickland and Parsons, 1972)
Handheld multi-parameter measurement

Handheld multi-parameter measurement
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aaruiibii lraasgdninhldimandeuiives ilu'larufiauisouos Thaipichiturapa  and
a15911135 1arunszuain vazilug AUA Buranapratheprat (2017) i 140311015
M3 2 mmdenazmaimuslsuvesdeyaguammihlumhinlszuas lugggruazgquds
mnines garu ganas F P
aUnAl (°C) Mean 29.88 31.21 39.36 0.931
SD 0.69 1.97
ANMAN (psu) Mean 1.14 5.14 2.19 0.097
SD 2.93 9.60
oonFUazaeil (me/l) Mean 4.72 3.68 0.485 0.879
SD 1.22 0.99
anuniunsa-aa Mean 7.38 7.53 0.324 0.964
SD 0.30 0.31
analsanaa (m) Mean 0.24 0.63 0.467 0.892
SD 0.16 0.59
AZNOUNVIUABYSTIN Mean 42.79 31.58 7.585 0.001
(mg/l) SD 48.56 39.52
ﬂﬁ@ii?‘lﬁﬁ' 1® (mg/1) Mean 4.87 5.67 1.166 0.396
SD 1.88 4.22
wonlauiie-Tulastou Mean 24.34 15.58 0989  0.503
(uM) SD 18.80 24.08
Tlasn-lulasou Mean 2.56 1.69 18.905  0.000
(uM) SD 337 4.19
Twasn-lulasou Mean 34.89 17.44 3.604  0.019
(uM) SD 20.38 26.76
Womwa-Woaneda Mean 2.16 1.62 0.786 0.651
(uM) SD 1.81 2.92
FaNA-Fanou Mean 66.82 58.51 2.792 0.046
(uM) SD 29.76 37.80
M 3 manduiug () mmwﬂﬁmaf}{ﬂmmwﬁﬂquﬂu (@AY W.A. 2561)
Temp Sal DO pH Tran TSS Chl NH, NO, NO, PO, Si
Temp 1
Sal  -0.349 1
DO 0241 -0.018 1
pH  -0355 -0260 -0.629 1
Tran -0.034 0344 -0.510 0.423 1
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Temp  Sal DO pH Tran  TSS Chl NH NO NO, PO, Si
TSS 0.263 -0.111  0.095 -0.507 -0.380 1
Chl 0.226 -0.320 -0.558 0.227 0.079  0.606 1
NH, -0341 -0.134 0.094 0433 0.134 -0.039 0.066 1
NO, 0399 -0.138 0.152 -0.420 -0.212 0.923 0.666 0.102 1
NO, 0.031 -0.180 0316 -0.441 -0.452 0.859 0347 0307 0.791 1
PO, 0.154 -0.206 0.495 -0.133 -0.476 -0.104 -0.441 0.189 -0.123 0.125 1
SiO, 0.462 -0.246 0.028 -0.247 -0.204 0.570 0.571 -0.325 0.653 0.213 -0.270 1
M3 4 MAnFUNUT () suaawwwﬁma%’ﬂmmwﬁﬂqu]ué'q (IUBIEU WA, 2562)
Temp Sal DO pH Tran TSS Chl  NH, NO, NO, PO, SiO,
Temp 1
Sal 0.726 1
DO 0.270  0.153 1
pH -0.879 -0.651 -0.201 1
Tran -0.300 -0.238 0.113 0.510 1
TSS -0.273  -0.013 -0.463 0.283 0.205 1
Chl -0.224 -0.163  0.048 0.448 0.213 -0.002 1
NH, -0.291 -0.134 -0.519 0.400 0.393 0.799 0.347 1
NO, -0310 -0.129 -0.484 0.408 0.438 0.894 0376 0.983 1
NoO, -0377 -0297 -0.516 0.406 0213 0.717 0.199 0.892 0.830 1
PO, -0.218  0.011 -0.520 0.321 0.367 0.858 0.266 0.979 0.965 0.868 1
SiO -0.468 -0.461 0.525 0254 0.530 0.178 0.613 0.538 0.817 0.590 1

3

-0.554

KWLt 1PMI9A 3-4

a <3 a H I 1
: Temp = 2UNHY Sal = ANWAN DO = 89ngaUasa18U1 pH = AN uUNIA-A1g

1 a J =
Tran = 2210 115 91619 TSS = AzNOUUYIUABYTI Chl = Aae 15 Tlaa-10 NH, = ueu Tuidls-luTasou

NO, = Tulasii-luTasinu No, = luwsn-Tulasiou Po, = Weamla-rleawese sio, = Fana-Fanou
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ABSTRACT

Effects of harvest periods, tree ages and fruit development periods on fruit quality of pomelo cv. Tubtim
Siam were studied. The experiment was done at different harvest time (the beginning of the year, and the end of
the year), different tree ages (5, 10 and 15years old) and different fruit age (6th, 6.5“1, 7“1, 7.5" and 8" months). The
study was conducted from January, 2017 to September, 2018 at the orchard in Pak Panang district, Nakhon Si
Thammarat province, Thailand. The result showed that the fruit age at 6.5“1, 7th, and 7.5" months was the highest
development period of fruit weight (g), peel weight (g), pomelo fresh(g), diameter of fruit (cm) and fruit
circumference (cm) and reflecting the highest of fruit quality as indicated of TSS, TA and TSS/TA ratio which
pinpointed the optimal harvesting period. The research result can provide harvest index scheme for farmers to
produce their product to satisfy the demand of market and customers. It also can solve the incorrect harvest time.
However, there is no instrument to measure pomelo bitterness. The future research should be done for the bitter

index as it is one of the important factors which affects the fruit quality.

Key words: tree age, fruit age, fruit development, fruit quality, pomelo
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Treatments Fruit weight(g) Peel weight(g) Fresh weight(g)

Harvesting time(A)

The beginning of the year 1962.65" 620.27" 1406.69"

The end of the year 1760.05° 564.45° 1228.21°
Age of tree (B)

5 year-old 1779.63° 561.53° 1215.23°

10 year-old 1927.28" 587.10" 1337.81°

15 year-old 2033 .57 620.27" 1412.49"
Age of fruit(C)

6 months 1789.24° 584.22 1199.09°

6.5 months 1940.84" 604.36 1333.09°

7 months 1900.04" 584.93 1314.82"

7.5 months 1987.33" 583.20 1402.49"

8 months 1969.40° 594.29 1373.36"
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M51N 1 (99)

Treatments Fruit weight(g) Peel weight(g) Fresh weight(g)

Probability level of

Significance (ANOVA)

Harvesting time (A) 0.0012 0.0279 0.0013
Age of tree (B) 0.2254 0.3504 0.0253
Age of fruit (C) 0.4633 0.7918 0.2960
AxB 0.5921 0.3884 0.1695
AxC 0.5589 0.7201 0.5537
BxC 0.4407 0.4696 0.2725
AxBxC 0.9809 0.9700 0.5574
CV (%) 18.77 24.28 22.30

Mean values with each column followed by a same letter are not significantly at p < 0.05 tested by DMRT

d‘ 9y a Y 1 4 a A a
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El

Treatments Fruit circumference (¢cm)  Fruit diameter (cm) Peel thickness (cm)
Harvesting time (A)
The beginning of the year 5425 17.71° 1.53
The end of the year 52.98 17.04° 1.45

Age of tree (B)

5 year-old 53.53" 17.10° 1.48
10 year-old 54.78" 17.53" 1.49
15 year-old 55.09" 17.56" 1.50
Age of fruit (C)

6 months 52.41° 17.47 1.54
6.5 months 5425 17.47 1.54
7 months 54.07" 17.43 1.50
7.5 months 54.43" 17.36 1.45
8 months 53.89" 17.26 1.43
Probability level of

Significance (ANOVA)

Harvesting time (A) 0.2277 0.0047 0.5138
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M5190 2 (99)

Treatments Fruit circumference (cm) Fruit diameter (cm) Peel thickness (cm)
Age of tree (B) 0.2395 0.0450 0.9500
Age of fruit (C) 0.3292 0.9145 0.5804
AxB 0.3909 0.2042 0.2489
AxC 0.5986 0.9567 0.9152
BxC 0.5862 0.7519 0.9053
AxBxC .08880 0.9825 0.8241
CV (%) 9.36 7.13 16.40

Mean values with each column followed by a same letter are not significantly at p < 0.05 tested by DMR
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Treatments Total soluble solid (Obrix) Titratable acidity (%) TSS:TA

Harvesting time (A)

The beginning of the year 10.02° 0.48" 20.87

The end of the year 9.87 0.51" 19.35
Age of tree (B)
5 year-old 9.84 0.51 16.96
10 year-old 10.03" 0.50 20.06
15 year-old 10.02° 0.49 19.64
Age of fruit (C)

6 months 9.70 0.58" 16.72
6.5 months 10.06" 0.53" 18.98
7 months 9.94" 047" 21.14
7.5 months 10.29° 0.49b 21.00
8 months 9.84" 047" 20.93
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199

Treatments

Total soluble solid (Obrix)

Titratable acidity (%)

TSS:TA

Probability level of

Significance (ANOVA)

Harvesting time (A) 0.0112 0.0147 -
Age of tree (B) 0.0224 0.6917 -
Age of fruit (C) 0.0232 0.0145 -
AxB 0.5462 0.7496 -
AxC 0.9866 0.7678 -
BxC 0.8981 0.5308 -
AxBxC 0.9834 0.8906 -
CV (%) 12.88 13.44 -

Mean values with each column followed by a same letter are not significantly at p < 0.05 tested by DMRT
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ABSTRACT

This research aimed at exploring the utilization of boiled dried anchovy heads, which were the residues
from local food production. Chemical and microbial properties of the anchovy heads were analyzed before being
washed, boiled and dried. The findings showed that moisture, protein, calcium and sodium were 31.07, 36.47,
36.46, 2.70 and 8.65 (%w/w), respectively. The total bacteria count was 3.3 10’ CFU /g but mold and yeast were
not detected in the analysis. After that, anchovy heads were washed with water at the ratio of anchovy heads to
water at 1:10 (w/v) and then boiled and dried. It was found that moisture, protein, calcium and sodium were
11.96, 52.49, 5.57 and 1.85 (%w/w), respectively. Moisture and sodium chloride decreased but protein and
calcium increased after washing, boiling and drying. The total bacteria count decreased from 3.3% 10’ CFU/g to
3.6x10° CFU/g. However, it is still accepted by the standard of local food production. Mold, yeast and E. coli
were not detected. Then, the boiled dried anchovy heads were fortified in three food products: rolled wafer,
puffed rice snack and extruded snack. The first two snacks were mixed with Thai curry paste in three flavors (hot
curry, green curry and yellow curry paste) and the extruded one was in original and fortified anchovy head
flavors. The results also showed that the most satisfied food product among the consumers was anchovy heads

with green curry and yellow curry paste when a 5-hedonic scale testing of consumers was used.

Key words: residue material, boiled dried anchovy heads, snacks
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ABSTRACT

The objectives of this research were to examine the processing step ready-to-eat stir-fried Chan noodles

with crab in flexible package (retort pouch) and to explore the optimum time for baking Chan noodles stir-fried

with crab before packing at 60 °C. The baking time was specified into 5 periods (Control, 15, 30, 45 and 60

minutes). Results on sensory evaluation and physical chemical quality showed that the optimum baking time was

60 minutes because this duration yielded the best overall physical properties chemical quality and sensory

evaluation scale in term of color, flavor, texture, and overall preference with the most accepted for all attributes.

The sterilization time was set at a temperature of 105 °C and assigned into 4 periods (15, 20, 25 and 30 minutes).

The optimum period for sterilization at 105°C was 25-30 minutes. Physical quality analysis indicated that longer

sterilization period increased (a) value. In addition, noodles passing longer sterilization periods will have the

texture that are stickier and not soft. These features are accepted by the consumers. Chemical quality analysis

revealed that the moisture (a, ) and pH values tend to decrease resulting in a long shelf life and have microbial

safety in accordance with the regulations of Notification of the Ministry of Public Health No.355 B.E. (2013).

Therefore, sterilization for 25 minutes is more appropriate when considering the cost of production.

Key words: retort pouch, chan noodles, ready to eat
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ABSTRACT

The purposes of this research were to design and develop the screening device for diabetic peripheral
neuropathy for monitoring the foot numbness for diabetics in the initial stages before the foot ulcers. For this
reason, the present study aimed 1) to design and develop the screening equipment for numbness in the feet for
diabetic patients in the initial stages before the foot ulcers and to 2) evaluate the screening device performance for
diabetic peripheral neuropathy by using the TRIZ theory to develop the digital photographic foot posture and
system with machine learning for image processing and diabetes risk assessment with risk score. The purposive
sampling with selection criteria comprised two groups of patients with diabetes in Tha Chin Sub district Health
Care Center, Hat Yai, Songkhla Province. 450 people had substituted the values into the sizing formula of the
sample, accounting for the samples of 50 people and 50 normal people. The data were collected 10 times
including 1,000 records. The research found that the strong and safe device supports the weight of diabetics over
200 kilograms. The device can screen diabetic patients with numbness in feet correctly 100% (sensitivity) and
normal people without numbness in feet correctly 100% (specificity). The innovation acceptance evaluation result
which is equal to 4.60 is at the highest level. The device equipment is easy to use with fast processing and
complete screening results. Diabetic patients are aware of foot care to prevent foot ulcers and the number of
disabled people from foot amputation is reduced as the Tha Chin Sub-district Health Care Center has more

technology for screening patients with diabetes.

Key words: diabetes patient, machine learning, prediction, screening
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Trees Random Tree 90.15 26.52 20 0.25 0.848
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Neural Net Deep Learning 78.37 22.07 - 10 (momentum) 0.634
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Bayesian Simple Distribution 83.14 31.55 - - 0.738
Bayesian Kernel Distribution 97.79 35.06 - - 0.965
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Recall on Error
Trees Decision Tree 28.97 1.42 Good Yes 11.23 0.283 71.03

| Trees Random Forest 92.78 1.30 Good  Yes 35.86 0.926 728 |
Trees Gradient Boos Tree 89.08 6.02 Good Yes 34.48 0.889 10.92
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Bayesian Simple Distribution 93.03 2.21 Middle Yes 35.98 0.929 6.97
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1 A 9 A ° 9 A A A " a Y = 9

A1 vuawesa uazidunaidesila lnsnmsadegBoieouasnuesanou 18199831929 1,2,3-Tasie
X v o o % 1 { 1 [
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a Y S A ' A A £ s & A
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= v a a s s g s g 1 %A A
Meunaurtiaduvesa (MOLT-3) isaanzi3aion (A549) Laziyaduzi5ane1na (HuCCA-1) Tagla1 IC,, >

1 1 < 9 Ao é’ I o o Aq Y [ J =
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o & J < a 1 J 3 o Aax < g 1
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o o W = a I a 1 J < v ¥

maagy: Tuana@eunuuses i, 1,2.3-lagie Twa, anudluiivaemaduzis, arsdudueu lmilama,

Ugnsenan
ABSTRACT

Sorafenib (1) is a targeted cancer drug, which was approved by the Food and Drug Administration of the
United States (US FDA) for the treatment of advanced hepatocellular carcinoma, renal cell carcinoma and thyroid
carcinoma. In addition, sorafenib shows ability to inhibit various cancer cell lines due to its multikinase-inhibitory
activity. However, sorafenib exhibits several disadvantageous pharmacological properties resulting in many
adverse effects. Hence, many researchers are interested in design and synthesis to overcome the problems, and to
search for their anti-tumor activities. Herein, the triazole-containing sorafenib analogue 2 was successfully
synthesized by two different pathways. In the former pathway, 1,2,3-triazole ring was constructed via click
reaction followed by aryl urea formation, which was suitable for the synthesis of analogues 14 with various
substituted aryl moieties. The latter pathway started with linking aryl with urea and then click reaction for the
triazole ring generation which was suitable for the synthesis of analogue 2 and the serial preparation of the
substituted benzyl analogues 15. The study of biological activities towards cancer cell lines using MTT assay
revealed that analogue 2 were inactive against MOLT-3, A549 and HuCCA-1 with IC,, > 100 uM. However, the
obtained evidences will be an important guideline for the syntheses of the aryl- and benzyl-substituted analogues

14 and 15, which can be potentially active towards various cancer cell lines including liver cancer cell lines.

Key words: sorafenib analogue, 1,2,3-triazole, cytotoxicity towards cancer cell lines, multikinase inhibitor, click

reaction

° o ' A o =2 g
YN pazdd lunswaungndanu dailudgmigunin

N Ao o o J @
<3 Id a o
12134 (cancer) WuTsaF18us9nna 180 fdidgyvesauialan  esdnmiseunislan

aSsrznaeriia Snu1lden 8as1n1sane 79 (International Agency for Research on Cancer,
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World Health Organization; WHO) 3 1w Tudl
1 I~ %
wet. 2561 wuhthonziseselninilan 18 dw
1 <3 § U [l $
510 Taenuuzisainuludiheselvnduiniga
1 <3 <3

18un uzi5 9o (11.6%) vziFudiuy  (11.6%)
3 o Y o w A A

weisaa 1d (10.2%) muddy uazwumsdedia

<3 <3 o

9.55 Fusennuzisalen (18.4%) uzi5ad 14
< < Y

(9.2%) UITINTLNIZOINIT (8.2%) LAZULITIAL

I v W o W 3 o A

(8.2%) 1iluouauusng mua1au laguzis Al

5@]51ﬂ1§t%ﬂ%aﬁq Q‘ﬁfjﬂ (International Agency for
[ <3 o

Research on Cancer, 2019) M35 IsANLIS I

18va183% HonINTABIAIINITHIAA (surgery)

£ A o W v A

mslFattiga (chemotherapy) L1AZN1TR1YTIA

(radiotherapy) 1d2 Thgtiudsannsosnuldaae
@ <3 o 1 4 <

815 ABINSIT WUUTUNIZIILVIADIFAANLIT

(targeted cancer drug) ¥evzinuse@nTainms
[ o 1 a 3 < o

FAEIAIANUTUNIZADFUAVD USRI 91

A o Y

I umatufsniosninsldatiiauaynis
= = Yo
R133d (Intaraprasong, 2018) ﬂﬂﬂqnmﬂmumm
o 4
aul991mINANN19NITUNNY (medicinal chemist)
o aa a J . .
UAZUNIAUBUNT Y (organlc chemist) 1uﬂ”|i
o s P Ly s I
PONUVY FUATIZH HAZAUMIGNTAIUTAANLIT
[ d' 9 d’ [y Q(
aaoaaumsdsuasuTnssadanowmuIgns
[ g’.; I a =\ A
Tumsduas ananuiuiiy vazigaaniianig
ndyine luszan Tuanaimunz auinowan 1d
I [ < ]
Wuesnuzsaae 'l
@ <3 o A
15 NHINLTWVVT NIz N a U 19

Tutfiiiufe wosuvliiy (sorafenib, 1) N3 Tnseersg

=1

o A A Y ®
ganaadlunni 1 Tagl¥on19n15A121 Nexavar
< A Yo o s
w3z uen 1850 SUs0991n09ANIT 01113
HAZYIVOIANTOIUTN1  (Food and Drug
Administration of the United States; US FDA)
o [ [ <3 %
dmsuldSnuiuzi5sduszezqnaly (advanced
. <
hepatocellular carcinoma; HCC) W13 ala (advanced
< ' 4
renal cell carcinoma; RCC) uawmimau"lmaﬂﬂ
a Id [y g’/ 4
(thyroid cancer) Tagsasuiuiluendudauon Lo
lamavatewiia (multikinase inhibitor) Tungu
= ~ - = A A 9 @ 1
TnTs@u wesu n3loflu  AReIveanuMITaa
ﬁﬂlﬂﬂlﬂm (cell signaling) NMSHUIAD (proliferation)
mMsadravanadenlyi (angiogenesis) Lazmsne
HuVYPANT ez N INGd (apoptosis) 3931147
o 2 s < v a VoA
usadudursaduzisaldvareriae g9l
a a = Y a I a Y A
sz@nsan onnalaNnudlunsvazuul Idunee
dy ° 1 a A
08161 (Yao et al, 2012) uaswosuWiul
anvanso lumsgaduiignszumaond (low
. . ey IS 9 = 1
bioavailability) Unav19tAgIna1edszn1s 15U
AMuAuTaRaga (hypertension) NANAALNAN
AIMITY 109329118280 UINAY (Bayer Health Care
Pharmaceuticals Inc., 2010) uazsosunWHUNTIAT
g9 grheaunndshignunsahiumsinuaae
a Y dyu/ 1 [V 3 o
a3 Uiy 1 venALFINDINMIT AN IS IR
F) a A Aa Y Y ,%‘ =
MeresultiuanIadasIngile Taunauiie
I 4 [y 1 { [ o g
oo eounudien i85 ue1il (Cheng er

al., 2009)

o) NsN\N
Clj@\ fj\ Q/O\CHJ\H/ Clj@\ i /©/O\/‘§/ b
N
FsC N7 N Z FsC NJLN
H H H H

sorafenib (1)

triazole-containing sorafenib analogue (2)

a1 TassadnTuanavessesuiliin (1) vagz Tuanadounuuges uliviiinglase Tva (2)
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Taseas1afie 1 iantiamandas (pharmacological

. Y [ @ Y
properties) 1M ANNUMNTInE Az 1HH
A A v & s 3 o <
Uszansamlumsduduraauzi5a@utazugsa
a A Y 2 1 A A J a Y
¥iipduq lasumivseannees i uANLUL
2K A [ = 9 [ 4
NTeumslsulasulassaivuazdunsien
a A Ly
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o < [ o [ [ =
KFAANLITING NN WU sUsuasn
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TaseadraTasununinlaaur lug (picolinamide)
JIVUFULNUNEAN (benzene core) AL INUBIAYITY
a Y v A A
(aryl urea) V903 UNTVAIGNYUNUNHTDI
lﬁ‘ 1 ~ 1 g‘J ~
UUAUDUY HaznuN Tuana@eunuUHaIuull
£ o 3’, 4 < a [
anslunMsdudusaauIsavalosia 13U
4 < Y o <3
IFAANLITIAY (HepG2, PCL-PRF-5) 1FaauzI5q
o <
199 (A549, H460) t¥aan5ud11uy (MDA-MB-
4 <3
231, MCF-7) twaauzi3911nuagn (HeLa)
4 < ) Y
wyaanz159d11d (HT29, HCTI116, HCT-15)
o < 1
AaULITI AeNAHNIN (PC-3) 404 lagianiy
~ a a J Y a ]
msunuiei Iaau luadoenme 15 lsRan1ae
1 = .
(heterocycles) %Y 21unIU TN 13w (pyrazine)
a a 4 a
HTlanu1lud (nicotinamide) AU T u
. . a = . . .
(quinazoline) AU 1aulalou (quinazalinedione)
9311w (imidazole) wazduA11%wa (indazole)
o qun Lo ¥ s A A
aa4 M 1dugnIIudusaauzsatesiaan
o3 UNHUAUUVY (Yao ef al., 2012; Sun et al.,

2018a; Sun et al., 2018b; DzZoli¢ et al., 2016;

Khandan et al., 2018; Kong et al., 2015)
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A 9 A
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A A o W 1% 9 ] [
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1. M3nd Jaq vazIEms

K Yy A J aA dy

A1TAIAU TIDIIUA LASAITIANDUY) G0
NUIHN Tokyo Chemical Industry (TCI) Sigma-
Aldrich 1182 Acros Organics #271aza18NNAY

r'd F
VIGNBYI (p.a. 130 analytical grade) FOWIIN
138N RCI Labscan 11 Sigma Aldrich HazAIM
'd

azared1sunmsiiars InuSansldseau
commercial grade 41911 RCI Labscan i8¢ Carlo

Erba JAUA 180134 (hexane), 10Na0rEAA (cthyl

acetate; EtOAc), lanasTstimu (dichloromethane;

< a
DCM) (91-UIM1U0a (n-butanol) LaAZINNIUDA
4 v
(methanol) Tag@Ainaza1etMaItazgnNnNauedi
3 ' Y g d A ERl =) 14
enouls dinaunlgrunszuIunsiesd-
a a 4
ood lugd (Reverse Osmosis; RO) NITAUATITH
faauazasIvdouaIsuarn1saniiy hlveq
ﬂﬁﬁ?ﬂﬂ%’ﬁuaa% (Thin Layer Chromatography;
TLC) ¥H silica gel 60 F,, VUIHUDE Qi Hou1n
a o = a = = Y
USHN Merck FIasoaaaIuaIsuuiueadla
Maldsad uv Nanwennau (A) 254 nm
2. MI3AsIvEeVINTIAIa
9 a = o a 4
FoyatlNndesuNNIUAnNLs Tguuuds
(Nuclear Magnetic Resonance; NMR) U84 IH, e
uaz F loTxIndvesTuanagminiindienios
Bruker AVANCE 300 spectrometer (300 MHz
#1151 'H NMR, 75 MHz @150 °C NMR uag
282 MHz g5 °F NMR) Tag 14 CDCI, acetone-

d

. 1lag DMSO-d, UeA4 chemical shift 11178

ppm f coupling constant (J) ueaag luniIe Hertz

(Hz) 118z multiplicity §noBU18R8 s = singlet, d =

doublet, t = triplet, q = quartet, m = multiplet, br =
v o Y I .

broad Taggaviiazaty CDCL, 1% TMS 111 internal

standard d1%50 'Huaz  “C-NMR  fivuasl

chemical shift 91 0 ppm aiazany DMSO-d,

M UAAT chemical shift 1 2.51 ppm LLag 39.5 ppm
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dwsu 'H waz “C NMR awdau 19 CF,COOH
(A1 internal standard @115 “F NMR fnuan
chemical  shift 1} -76.55 ppm  LAZAINIAZAY
acetone-d, MUUAAT chemical shift 17‘1 2.06 ppm
1AL 29.9 ppm §1150 'H 1taz “C NMR a1ua1ay
Foyauraluanagniufindinies
Bruker Daltonics - micrOTOF 1ag1% ESI positive
mode ﬂﬁ‘ﬁuﬁﬂﬂﬁ@ N?ﬁﬁﬁ)ﬂi%‘g (mass/charge; m/z)
1AMADUIMAY (melting point) YBIHAAN DN
ﬁrﬂummueﬁﬂwﬂ,ﬁ'mﬂm%qmgﬂwaaumm
Stuart scientific melting point apparatus SMP2
1) MsFUATTIUUTae 19@ (benzyl
azide; 4) (Wilkening et al., 2011)
MUAITazasuuGalus Iue (benzyl
bromide; 3) (0.5 mL, 4.20 mmol, 1.0 eq) Hag
Tasaoue lsa (sodium azide) (0.33 g, 5.11 mmol,
1.2 e ludhazarelawinagaron lod

a

(dimethyl sulfoxide; DMSO) (8.0 mL) ﬁqmwgu
woudunar 19 ¥ Tue udmgailfnsenlaoms
@ (20 mL) adl1/de udrnudeilszina 10
i anaveanaudlelanas 15Himu (dichlorome
thane; DCM) (3 x 50 mL) 1ag5 T UAIazae
dunidudnavueulaasalasifousaine
(anhydrous Na,S0,) 91n1iunsoud nira1sazaie
lallszmonvvananuay az'ldveunarlad
A a 4

maesveuuusae lua (4) (0.61 g 4.58 mmol,
quantitative yield). 'H NMR (300 MHz, CDCI,) O
(ppm): 4.32 (s, 2H), 7.10-7.40 (m, 5H).

2)  misFuasiznluagafsuny 2
v ~
UM 1

< a a a

2.1) 1ou-azNa-4-ozllu-1-Inswina

PONFIUUFU (N-acetyl-4-amino- 1-propargyloxy

benzene; 6) (Hansen et al., 2005)

AIUAITAZANY  (BN-DINa-4-0xi 1
Wuoa (N-acetyl-4-aminophenol; 5) (0.15 g, 0.99
mmol, 1.0eq) uazInunaFouaIsuaua
(potassium carbonate; K,CO,) (0.17 g, 1.25 mmol,
13eq T B du-lawnaresunlud (vn-

a

dimethylformamide; DMF) (5 mL) ﬁqmwgu 0°C
(2 o"/ a a 4
waernduwanInswinaluslua (propargyl
bromide) (0.1 mL, 1.20 mmol, 1.2 eq) 241419
1 2 a 9 Y Aa
uaznmumsazateas laulgungiivies uduan
Tnsminalus lud (propagyl bromide) (0.1 mL,
Y .2 .
1.20 mmol, 1.2 eq) 919 $18AAT UAWIMINIU
v H v
naBAguugideuiluna 24 ¥2Tus Tanga
aAan a SDJ o o
UfAsedremsamin (20 mL) siimsanadlela

a A 4

10Na0INd7 (diethyl ether; Et,0) (3 x 30 mL) 1én
%’, (2 [ a A J [ 2 ?,’ A
FIUFUAINIALAGDUNTIUIANAAIGUUNAD
' v 9
aue7 (brine) (1 x 30 mL) MAUUINFUAINIaZAY
a A o a [ = [
sunsouuAueu laasa lyAoudama (anhydrous
Na,50,) n309 uaath llszimennuaaniiuau
0 A A A [ Y a £ an 4
sazihdsimae lUhlduSqns Ineisnoauiing
111051 (column chromatography) Tael¥ganm
.. <
138 (silica gel) (60% EtOAc/hexane) vz Idupanda
= < a a a
FU1IU09 1OU-0ZIBNA-4-02 1 TU-1-INTWINADDN
= =
FUUFU (6) (96.3 mg, 0.51 mmol, 77%). Mp. =

121-124 °C; 'H NMR (300 MHz, CDCL,) O (ppm):

2.10 (s, 3H), 2.52 (t, J = 2.4 Hz, 1H), 4.64 (d, J
2.1 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), 7.40 (d, J

9.0 Hz, 2H), 8.13 (br s, 1H); "C NMR (75 MHz,
CDCL) O (ppm): 24.1, 56.1, 75.6, 78.6, 115.3 (2C),
122.0 (2C), 132.0, 154.3, 168.9.

2.2) 1BU-4-((1-0uFa-1H-1,2,3-la510 Tara
-4-89) wnend)iia)ezia Tud (V-(4-((1-benzyl
-1H-1,2,3-triazol-4-yl)methoxy)phenyl) acetamide; 7)

(Hansen et al., 2005)
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AINETATANY (Bu-0isRa-4-02 3 11-1-
TNSWIN0DNHLUFY (6) (94.9 mg, 0.50 mmol,
1.0 eq) wudawlsa (benzyl azide, 4) (66.9 mg,
0.50 mmol, 1.0eq) ITAsNUDAABSIUN (sodium
ascorbate) (5.2 mg, 26 pumol, 0.05eq) (ag
agazas 1 Tuaas aolilosdama (1 M copper
sulfate; 1 M CuSO,) (25 uL, 25 pmol, 0.05 eq) 11
fazaonausznahsu-tmiuea (H,0:n-

a

BuOH, 1:1, 1 mL) ﬁqmwgu 65 °C 1ilunan 2
$1T4 mm’?quwﬂﬁﬁ"%mﬁ'@ama@uﬁuﬁmﬂﬂ
(10 mL) uag 10% v/v @1sazareuen uile (1.5
mL) nuae sz 5 1A azanazney N0l
sazdradroingy a2 ldeasnansat Su-(a-(1-
WUFa-1H-1.23-1a510 Tsa-4-0a)unend)iliia)
ozian lud (7) Afuveandsdun (152.6 mg, 0.47
mmol, 95%). Mp. = 137-139 °C; 'H NMR (300
MHz, acetone-d,) 5(ppm): 2.93 (s, 3H), 5.14 (s,
2H), 5.65 (s, 2H), 6.95 (d,J = 9.0 Hz, 2H), 7.30-
7.42 (m, 5H), 7.56 (d, J = 9.0 Hz, 2H), 8.06 (s, 1H),
9.09 (br s, H); °C NMR (75 MHz, acetone-d,) O
(ppm): 24.1, 54.2, 62.6, 114.6 (2C), 121.5 (2C),
124.7, 128.9 (20), 129.1, 129.7 (2C), 134.1, 137.0,
144.8, 155.4, 168.6.

2.3) 4-((1-1UuFa-14-1,2,3-1aste Taa-4-
9a) NoNT)oHan (4-((1-benzyl-1H-1,2,3-triazol-
4-yl)methoxy)aniline; 8)

AIUAITALANY (6 W-d-((1-UUFa-1H-
1.23-1a310 Toa-4-0a)unon®)iia)ozisa lugd
(7) (91.9 mg, 0.29 mmol, 1.0 eq) lud15aza1 2
Twaas Tandenlanson'lod (2 M sodium hydroxide;
2 M NaOH) (6 mL) ﬁqmwgﬁ 90 °C Wunal 24
F2Tua naanmiusansazareldiduasauis
gangived du 2 Tuaas nsalalasaasin 2 M

hydrochloric acid, 2 M HCI) (6 mL) 9814

seiinse e anadueNaosdan (ethyl acetate;
EtOAC) (3 * 30 mL) 3 UF Az e U din
anadnuiunaede (brine) (30 mL) UAUANLOU
leasalmAoudana (anhydrous Na,S0,) N304
wazihasazatela lszmenyvannnuduuay
ihsiimde Iuen1¥usqns TneTinedunilas
1131 (column chromatography) Tasl¥gam
198 (silica gel) (80% EtOAc/hexane) vz 1dans 4-
(1= 0uFa-1H-1,2,3- 10510 Tsa-4-02)unen®)os
Ay (8) WuvewWadu1d (71.3 mg, 0.22 mmol,
82%). Mp. = 115-117 OC; 'H NMR (300 MHz,
CDCL) O (ppm): 5.05 (s, 2H ), 5.45 (s, 2H ), 6.57
(d, J=9.0 Hz, 2H), 6.76 (d, J = 9.0 Hz, 2H), 7.20-
7.23 (m, 2H), 7.25-7.37 (m, 3H), 7.49 (s, 1H); °C
NMR (75 MHz, CDCL,) O (ppm): 54.0, 62.8, 116.1
(20), 116.3 (2C), 122.7, 128.1 (2C), 128.7, 129.0
(20), 134.6,140.7, 144.9, 151.2; HRMS (ESI+,
MeOH): m/z =281.1397 [M+H] calcd. 281.1397 for
C,H,N,O,.

2.4) 1-(A-(1-uuFa-1H-1,2.3-1a 510 Tera-
4-daypunen®)iltia)-3-4-naols-3-(lasvgenls
) Wiia)gise  (1-(4-((1-benzyl-1H-1,2,3-triazol-
4-yl)methoxy)phenyl)-3-(4-chloro-3-(trifluoromethyl)
phenyl)urea; 2) (Dzoli¢ et al., 2016)

nIUAITaza1y 4-((1-1uuFa-14-1,2,3-
lasioToa-4-0anunend)oziau (8) (60.3 mg,
0.22 mmol, 1.0 eq) fU 4-Aanli-3-(laslgoals
wia)liale Tar lwenun (4-chloro-3-(trifluoromethyl)
phenyl isocyanate; 9) (61.1 g, 0.28 mmol, 1.3 eq)
ludrvirazarelanae 15Uy (dichloromethane;
DCM) (4 mL) ﬁqmwgﬁﬁ’mgﬂunm 24§79 16
msazaellszmonnuannusu Mniuen 1y
‘U?qmﬁmﬁmﬁuﬁmmimmﬂ (column

chromatography) TaeldFan1ea (silica gel) (50%
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EtOAc/hexane) 92 1@ a5 NaAAA N 1-(4-((1-11 U
Fa-1H-1,2.3- o510 Tya-4-0a)unend)iia)-3-(4-

=)

aanls-3-(lasvgee lswiailia)gEe )1l
voaudaihaasou 2.1 mg, 0.16 mmol, 75%).
Mp. = 204-206 °C; 'H NMR (300 MHz, DMSO-d,)
O (ppm): 5.09 (s, 2H), 5.61 (s, 2H ), 6.97 (d, J= 9.0
Hz, 2H), 7.25-7.50 (m, 7H), 7.59 (d, J = 8.7 Hz,
1H), 7.63 (dd, J = 8.7, 2.1 Hz, 1H), 8.09 (d, /= 1.8
Hz, 1H), 8.27 (s, 1H), 8.66 (s, 1H), 9.10 (s, 1H); "'C
NMR (75 MHz, DMSO-d,) O (ppm): 52.9, 61.3,
115.0 (2C), 116.7 (q, 3JCF=6.0 Hz), 120.5 (20),
122.1 (g, *J.= 2.4 Hz), 122.8 (q, 'J.,,= 271.5 Hz),
122.9, 124.6, 126.3 (q, *J., = 30.0 Hz), 127.9 (2C),
128.1, 128.8 (2C), 131.9, 132.5, 136.0, 139.6, 143.2,
152.6, 153.6; "F NMR (282 MHz, DMSO-d,) O
(ppm): -63.83.

3)  msduanzvluagadsuny 2
Fumai 2

3.1) 14-nao15-3-(lasvigoe Tswnailia)
—3—(4—1€lﬂiﬂﬂ%ﬂﬁa)gﬁﬂ (1-(4-chloro-3-(trifluoro
methyl)phenyl)-3-(4-hydroxyphenyl)urea; 12) (DZoli¢
etal.,2016)

AIuaIsazaly 4-oxl luiuea (4-amino
phenol; 11) (0.22 g, 2.0 mmol, 1.0 eq) 1aY 4-A0D
T5-3-(lasvigee Tswna)iltialo Ta laguua (4-
chloro-3-(trifluoromethyl)phenyl isocyanate; 9) (0.57
g, 2.5 mmol 1.3 eq) ludirhazarelanas Islimu
(dichloromethane; DCM) (14 mL) ﬁqmwgﬁﬁ’m
Funar 24 $2Tue hasazaelszmenuuan
ANAY mﬂﬁy’uuﬂﬂiﬁ’ﬁqwﬁ@ﬂ%’%ﬂaﬁuﬁm
11105 (column chromatography) Taeldsam
199 (silica gel) (60% EtOAc/hexane) 2'ld 1-(4-
aanT3-3-(lasgoe Isnia)liia)-3-(4-lansen

)iy (12) Wuveadadu1n (0.56 g, 1.70

mmol, 85%). Mp. = 223-225 °C; 'H NMR (300
MHz, DMSO-d,) O (ppm): 6.71 (d, J = 8.7 Hz, 2H),
7.23 (d, J = 9.0 Hz, 2H), 7.57 (d, J = 9.0 Hz, 1H),
7.62 (dd, J= 9.0, 1.8 Hz, 1H), 8.09 (s, 1H), 8.48 (s,
1H), 9.02 (s, 1H), 9.13 (s, 1H); "C NMR (75 MHz,
DMSO0-d,) O (ppm): 115.7 (2C), 117.1 (q, *J,. = 6.0
Hz), 121.7 (20), 122.5 (q, “J..=2.4 Hz), 1233,
1233 (q, 'J,,=271.5 Hz), 127.1 (q, °J, = 30.0 Hz),
130.8, 132.4, 140.0, 153.2, 153.4; "F NMR (282
MHz, DMSO-d,) O (ppm): -63.13; HRMS (ESI+,
MeOH): m/z = 353.0275 [M+Na] caled. 353.0281
for C, ,H,,CIF,N,O,Na.

10

3.2) 1-(4-nao15-3-(lasvigoo Tsuna)i

=

Hua)- 3-(4-(Wiaw-2-'1@11—1-8@1%%)?\1%)@,158 (1-
(4-chloro-3-( trifluoromethyl)phenyl)-3-( 4-( prop-2-
yn-1-yloxy)phenyl)urea; 13) (Hansen e al., 2005)
nuasazae 1-(4-navls-3-(lasgoo
Tawa)itia)-3-4-leasonailia)gie (12) (0.52
g, 1.58 mmol, 1.0 eq) Tnsminalus lud (propargyl
bromide) (1.5 mL, 1.68 mmol, 1.1 eq) HAY
Tnunadeoun1s Usiua (potassium  carbonate;
K,CO,) (0.24 g, 1.75 mmol, 1.1 eq) Tudriazale
lanasaron laea (dimethyl sulfoxide; DMSO)

A

= Y g & Y
(5 mL) Ngangiviouiumal 6 $31u3 91U
aaa a ?,’ <
ngalnier lasmaantimdsasly (10 mL) uda
[ = a 9 o 9 a A 4
nIuALIUINgUNYIHeY anaale laleiadines
Y
(diethyl ether; Et,0) (3 x 30 mL) FINFUAIN
a A J a @ = [
azargdunsdunavueulaasaladsudama
(anhydrous Na,SO,) NT04 udnhrersazarela'ly
Y 'd
sEienUuannNaY 3ntuLen1ius gns lao
a o o
IFaeavulasurlnns W (column
chromatography) TaeldFan1ea (silica gel) (20%
Y a @ '
EtOAc/hexane) 3¢ lamansaad 1-4-aan15-3-(las

igoelswia)iliia)-3-4-mson-2-levi-1-8aond)
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=3

fiagEe 13) Wuvewdsdvii 039 g 1.05
mmol, 80%). Mp. = 195-197 °C; 'H NMR (300
MHz, DMSO-d,) O (ppm): 3.54 (t, J = 2.1 Hz, 1H),
4.75 (d, J = 2.1 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H),
7.38 (d, J = 9.0 Hz, 2H), 7.58 (d, J = 8.7 Hz, 1H),
7.63 (dd, J= 8.7, 2.1 Hz, 1H), 8.10 (s, 1H), 8.68 (s,
1H), 9.09 (s, 1H); °C NMR (75 MHz, DMSO-d,) O
(ppm): 55.6,78.1,79.6, 115.3 (2C), 116.7 (q, J,, =
6.0 Hz), 120.6 (2C), 122.2 (q, J,,, = 2.4 Hz), 122.9
(@, J.,=271.5 Hz), 123.0, 126.7 (q, “J., =30.0
Hz), 132.1, 133.0, 139.6, 152.7, 152.8; "F NMR
(282 MHz, DMSO-d,) O (ppm): -63.03; HRMS
(ESH+, MeOH): m/z = 391.0432 [M+Na]  calcd.
391.0437 for C,.H,,CIF,N,0,Na.

3.3) 1-@-((1-uuFa-14-1,2,3-1n 519 Tova-
4-daypunend)iltia)-3-4-aaols-3-(lasvgenls
e WHia)gise  (1-(4-(1-benzyl-1H-1,2,3-triazol-
4-yl)methoxy)phenyl)-3-(4-chloro-3-(trifluoromethyl)
phenyl)urea; 2) (Hansen et al., 2005)

nusazae 1-(4-nav13-3-(lasvlgoo
Tsina)liia)-3-@-(wson-2-1o1i-1-daon®)iliia)
838 (13) (0.16 g, 0.43 mmol, 1.0 eq) HAZIVUTALD
leer (benzyl azide, 4) (70.3 mg, 0.53 mmol, 1.2 eq)
Tudiiazaronauseninanisu-iimivea
(H,0:n-BuOH, 1:1, 1.6 mL) ﬁqmwgﬁﬁ’m 1y
uTyReueanosiun (sodium  ascorbate) (4.4
mg, 22 umol, 0.05 eq) Llazarsazay 1 Tyaas
aotilossaa (1 M copper sulfate; 1 M CuSO,)
(22 uL, 22 umol, 0.05 eq) adludrInruae'lli
el 65 °C iflunan 2 %2 Tus vgal§isen Tas
Msduugeaqly (10 mL)uag  10% v/v
gsazarguan Tt (1.5 mL) AIua1a1 NIU

ao'liszina 5 % Awanaz NI HAINTDI LAz

'
veaudeliilduignslasitaeduilng

11105 (column chromatography) Taolgganm
190 (silica gel) (60% EtOAc/hexane) vz ldans
a [ I a
Nans N 1-@-((1-uTa-14-1,2,3-1asto Tya-4-
gayunend)ia)3-4-nanls-3-(lasvgools
winalia)eize (2) Auue i@ (0.19 g, 0.38
mmol, 89%). Mp. = 204-206 °C; 'H NMR (300
MHz, DMSO-d,) O (ppm): 5.09 (s, 2H ), 5.62 (s, 2H ),
6.97 (d, J = 9.0 Hz, 2H), 7.25-7.50 (m, 7H), 7.59 (d,
J=8.7Hz, 1H), 7.63 (dd, J= 6.9, 2.1 Hz, 1H), 8.09
(d,J=1.8 Hz, 1H), 8.28 (s, 1H), 8.71 (s, 1H), 9.14
(s, 1H; HRMS (ESI+, MeOH): m/z = 524.1072
[M+Na]  calcd. 524.1072 for C,,H,,CIF,N,O,+Na
Wa1¥a 'H NMR o4 luianalasunyy 2
Y o = A o S ¥
doandosnuTuana@eunuy 2 AdunsIzd i
) A & o da oo Yy .
VINAUNINHUL DNNIBUTU IATIe5 19028 High-
Resolution Mass Spectrometry (HRMS)
3. MsnageugNBTUTuraaNIS
1M 1-@-((1-UuFa-1H-1.2,3- 10510 Tra-4-
gayunond)ia)3-4-nanls-3-(lasvgools
wia)ia)gise @) lunaaeuanuiluiuae
J < < A = o A A L4
aanziTulalaeavIuReUNausiaauoan
4 1< 4 <3
(MOLT-3) t5aauzi591/0a (A549) Lagiyaaugis
N0118 (HuCCA-1) lunasananasidramaiin
BURN (MTT assay) IagiTmsnaasanail
a s d o 4
@raaussauINlsznm 2 x 10
wadadluemisdeuyad DMEM 11 10% FBS
Tunavquidsuyadayila 96 ¥y (96-well plate)
v ludnzideusadngumgli 37 °C Suw
asvoulavenled 5 % Wumai24 Tug
¥aanIniuheMsRedradoonnngy Uaa
Auensazans 0.1% lawiaganonlyd (dimethyl
sulfoxide; DMSO) U84 1-(4-((1--UUFa-1H-1,2,3-
lasieTwa-4-0anunona)Wiia)3-4-naols-3-

(lasvigee Tswiia)iliia)gise (2) 130 Etoposide
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D.

.. . <
%30 Doxorubicin hydrochloride Lﬂu‘gﬂﬂ%ﬂﬂuﬂ

Y Y ' vg 9 2 P
AITULVUVUATING mJ"l’JGlu%LWWLawaaaw

a

o I @ @ g
19l 37 °C 1lunan 48 2134 ﬁaﬂﬂ’lﬂuué"m

9 a I'4
@28 PBS (0.5 mL) uaztdy 0.04 luaas nsals
Tnsnaosn (0.04 M hydrochloric acid; 0.04 M HCI)
Tu'loTwInswiuea (isopropanol) (0.5 mL) LAY
4
@1350¥018 0.5 mg/mL MTT (50 uL) Tuviguivad
] 9 dﬁl sa a o I
v ludmnzifeasadn quugi 37 °Ciiunan
4 ¥ 139 1e1saza1e MTT oonLazazaIsNani
~ 2
navualele T Twsnuea (isopropanol) (0.5 mL)
v 1 A Y di ~
wazdanimsganauuaineini o lulasimansa
, . .
1A®3 (microplate reader) NNNVLINAU 570-590
v v
wTwuas mindwhainsganaunaand 1w
1 A 1 I a 1 4 1
A1 IC,, tWegAIANMuBABIsad YR ILAAY

' o % g’/
#19619 1agIN1TNAa0IH1 3 A9 (Stoddart,

2011)

Ay a 4
HNaN3IJvaaZIVIIUNA
Nuiteiiauensdunsigv luiana

=

» - r r
@ounuuyesuiy 2 119 1.2.3-lase Tsan
d' 1% [ a = o 4
Wonnunyiuuda  lasAnuimsdunsizd 2
9 d' [ [ 4
iWdunsinuizdunumsdaunsizd luiana
= A I o 4
@ouuuy 2 vazmolusuamalumsdunsiz
» o 2 r -
ga luanaeunuuriainiinmsununuuluesa
A A 1 @ 9 = & I
HazluFanuana19ny Tastdunianviaazily
[ 4 9 o
nsduasigw luanadivuie 2 a2en1591
Ufnsenaanneundimumemsaiediugiseive
A Y a A 1 9 A I
FouaonUueIa (MNN 3) drudunianasaily
[ I'd 9 =\ 1 Y =K o
msdunsizd 2 Taemsasagizensundavaimn
o aaa a A A T W a A
WilfnsemaniereunonuiuuuFa (WA 4)
= A o 4 9 A o
Faluranavesarsndunsiev ldvzdudu
TaseadalaglFimatanaalalasalail

(Nuclear Magnetic Resonance; NMR) uaﬂmaqa

whysneve 1unaa/nlnsiuas (High-Resolution
Mass Spectrometry; HRMS) $I1Y
v A =& o
i@umaiinils Tuanaidounyuyos uw
A o 7Y Y A A
1y 2 gndunsiziareduniaienNga (longest
Y
linear sequence) A20UHN301 4 AU Aanaaslunn
~ A ) o < a
713 Tagausaizyldnnnsi Bu-ezwia-4-
pzii Tuiluea (5) w1z en Tnswinaasudle
a 4
Twswinaluslug (Hansen er al, 2005) v2'ld
[ I'd a
msiszneudalai 6 dremananiesaz77 udd
° o aaa [ a 4 2 o 4
uilgnsenuugae lae 4) Feadunsied
a 4 4
vivmuugalus lud 3) uazIwfauie loa
(Wilkening et al., 2010) ¥ 1¥inalfnsemanasis
{ 4 I % [
21 laselgaluaninghiiasinles a1 Wudanss
Aaan a ] 4
Ufnse Tavezinaruganu 1,3-1alwa1s lslaa
OAATY (Huisgen 1,3-dipolar  cycloaddition)
(Hansen et al., 2005) vl ldasilszneuniing
A v v a 9
lasieTea 7  Ndean1sdrenananiseas 95
v
wasnniuinisienyilniesezisiiasenlu
9 an [} A k) a
aaMzuaz Iderian 8 08193 1UTUAIBHANE
$ovaz 82 uazih lihilgisemsiaudietiondle
4 Y
194 (nucleophilic addition) 1 'leTasleseiua 9
v .7 d' 9 = d' 1 1
(Dzoli¢ et al., 2016) 1T 19gi5 B1FONTE NI 19EIU
a % =)
youosauaz lase lea vz 14 luanadouunuye
sudduhvue 2 drenananiesas 75 ¥an13
o ) - L) As A AN Yo
Fuanzmdumatizudunnesii luiluean 185y
msUnestigeziwiia 5 Tasidunisheningaly
Y
UHATe1 41U AreHananIT WS 0ERS 45
v ~ = a
wumaiiaes Tuana@eunuuses uiiy

o <Y Y A A FY aan
2 ﬂﬂmm'i”lzwmﬂmummm’mﬁﬂﬂaaﬂaﬂifn 3

u Q
9 1

31 saaadlunni 4 Taoisuarnmsii 4-oziiTu
luea (1) nadazmugSonuleTalsouua 9
(Dzoli¢ et al., 2016) vz lamsilsznovgls Tatluea
12 drowanandesaz 85 NEAIALUIINTN

UgnsernuInswinalus ludluaniaziug
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(Hansen er al., 2005) 32 1dasiszneudalail 13

v a v d ) 0o ¢
ANYHNAWNDNTDYDL 80 Lmzﬁuutjﬂmﬂi}zm@a'lﬂu

13 uaziuudaw laa @) u1a31999 1.2.3-1a310
Tgaszrnanuluanigniaetnles ay 1ilu
@ 1 Aaan a 1 I'4
ansalfnien Tagezinarugmnu 1,3-lalnais

Tl Tnausadsu (Huisgen 1,3-dipolar

N
H DMF
5 rt, 24 h 6
77%
N=N
N
o] o)
XL T ”
FsC N~ N
H H
2
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cycloaddition) (Hansen et al., 2005) a]z"lﬁ’Imaﬂa

@euuyures Uty 2 ‘17] ?Nﬂﬁﬂ’)flﬂﬁﬂ’dﬁi@ﬂﬁw

= o <Y Y d a EY a
89 HINITHAUATIEHAIUTUNTNULITUAUIN 4-D8 Y

H 2
Tutluea 11 Teardumshenigaldfase 3 au

q

e

Y a
AJTYANAWNANTIU (LA 61

©ﬁ8r

3
NaN3, DMSO, rt, 19 h
quant. yield

OANs
4

CuSOy, Na ascorbate
H,0:n-BuOH (1:1)

N=N
0 O\/g/N
)LNQ
H
7

65°C,2h
95% 2 M aq.NaOH
90°C, 24 h
cl 82%

9 O\/g/
DCM, rt, 24h  H,N" C

75% 8

d’ 9 ~ = o [ o o = a Y a
MNAN 3 Lﬁu‘ﬂ'N‘ﬂ“HufoTI(Ti‘]JﬂﬁE‘T\Hﬂi'18WTNLaﬂaLaﬂuuUﬂ“ﬁﬂi%WHU 2 llagIogasHaNas

T
FsC NCO

o
H,N

11

N=N

Y

DCM FsC NJ\N
H H

r, 24 h
85% 12
Br/\
K,CO3, DMSO
rt, 6h, 80%

©/\N3

peS o hat
FsC NJ\N
H H
2

e O O
CuSO4, Na ascorbate F;C

H,0:n-BUOH (1:1)
65°C, 2 h, 89% 13

3 { ) o o o a a
Al 4 idunehdesdmiumsdunsizd luana@eunuuyesuiiy 2 waziosaznanan
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ﬂﬁ%ﬁﬂﬂﬂ1uﬁ1&iﬂ1uﬂWSfNLﬂin‘ﬁIllmf;lﬁ
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deusyuesuniy 2 Tasldarsasduuazie

J 9 [ A o o aaa 9 a
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g v

AN 1AZAIAIITMITUATIEHNITDUTUNI
Y o 4 =
veasalgduaigiya Tuanadeunuuse
Y

suiiv 14 uaz 15 (NN 5) NUMIUNUNAIBHY

A a a vy
UNUNANE umamimmzmu%"lﬂmﬂ

N=N

N

RN O OW
A NJ\N
H H

triazole-containing sorafenib analogue (14)

N=N,
N
Cl o O\)%/ /R
]@L )iy Q [
FsC N~ N —
H H

triazole-containing sorafenib analogue (15)
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