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Abstract

This paper aims to study and review the methodology for analyzing roadway capacity. This is an important principle
in the design and planning of transportation and traffic facilities. The main contents of this article offer analytical
procedures, sample study results, and considers the advantages and limitations of the Indirect Empirical Method, which
is a method that can reduce the limitations of field surveys. This method consists of two approaches: (1) capacity
calculation according to the manual, for which HCM is the most widely used; however, since this is a guide developed
in the United States, it may not be applicable directly in areas where traffic conditions are different, and (2) capacity
estimation using the traffic micro-simulation model. The latter approach has limitations on the input data and variables,
but has the advantage of accurately simulating the conditions and driver behaviors, thus making the estimation of
capacity more reasonable. By capacity estimation using the traffic micro-simulation model, it is possible to develop a
roadway and highway capacity analysis in Thailand. There are still relatively few existing studies of this subject area,

which makes the topic particularly interesting for research in the future.

Keywords : Roadway Capacity, Traffic Micro-simulation model, HCM
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J Sci Technol MSU

msﬂsxmm@hquuuu Direct Empirical

msﬂszmm@hmmquuu Direct Empirical
Lﬂumiﬂizmmmmmﬂ@ﬂmaﬁﬁmimwmniagams
f13NNFAINNNTITININ lae 2 ﬁagaa&wﬁmﬁﬁmm
75'1Lﬂuluﬂwsﬂi:mmmmmqmaaﬁ’mnuu fla PInaanas
WALTIIAWNY (Headway) agndlsAauenainisdnig
ﬁa;&aLﬁmﬁuﬁnumzmﬁiwnﬁuLau LB% AURIULL
LazANUIS AL %aazmmsnmulﬁﬂszmmmmmﬁgvlﬁ
A543 lapdayadSunmanasuazdaanavintadu
ﬁagavxé’ﬂ“?']llﬁumﬁLﬂi'}:ﬁmmﬂuﬁ'ﬁﬁ daudaya
anuTnazaUnILkwe1s NI uwdanTuu19it ne
ﬁ'}i’mﬁayaé’aaﬁ']Lﬁuﬂ'lﬂuma‘?imsaﬁﬁvlaja@ﬁw%a
Lﬁummfgmaammuummﬁu‘lﬂ @2887199 DML TN D
fiNAINIUUL Direct Empirical L%

1) danmA1nu9eY Headway (Estimation
with Headway) LuU31884 Headway Ifﬁugmmumwj
ﬁs:é’umwgmaaﬁamuu fﬁagﬁuﬂfimuwmuznﬂﬂm:gn
TNaa28 Headway LLuuﬁfmaaﬁmmsnﬂs:qn@ﬂﬁamn:
789331331887 lunszﬁmammwaaﬁwm:gmmn
NINIWINYTBIIINT FaILUUINead Headway Adui
Jinatnsfuazldatnsuninany fa Branston's Generalized
Queueing Model Lag Buckley’'s Semi-Poisson Model s'f;d
ﬁy'maﬁ%mﬂ%ﬁﬁnmsﬁugmmaa Poisson LaLane1dli
auadgwAs N Anssumsiudintes mtszanm
f1AuRdIL Headway Fauaasluaunsn (1) 14 (3)

h o
h, =) -2 (@Gwifiau) (1)
n= 2
q _n_ 1 guAawi) 2)
T h
3600 e
q== (FwBa L) (3)
Tasd
h, = NAR9LRRY (Mean Headway) (Au1/a1)
h, = A9 (Headway) VBI8IQENH p DILIALNY

[ '

v a s o
AuNaURUN (Awn/au)
AMURWILUW (AWT/AW)

<
]

n IUINITINVDILIG muﬁc\hu'«g‘@ﬁﬁwmiéﬁn
lugraan T Guwiiaw)
2) ﬂs:mmmmmgﬁaslﬂ'%mmﬁms (Estima-

tion with Traffic Volumes) '3'%m'iﬂ5:mmmmwgé’m



Vol 37. No 2, March-April 2018

YSunamanasissatnaufen sansaienltaesduSunm
INIIFIFA eiun (1) 3N mI9I§9§ANMN 381379 (Observed
Extreme Value) Lﬂumsﬂszmmmmm@maommuu
1o Ul%@iwﬂ%uwmaswasgaq@ﬁfﬁﬂumaﬁﬁ%ﬁm et
msfifuffienTu Bimodal Model uas Maxima Methods
Wudu uaz (2) PIumanasgigaainnisaianisal
(Expected Extreme Value) 3§ﬂﬁﬁlﬂﬁé’@mmﬂm§a qﬂﬁ
ﬁ%wsnvléi'l,ummmﬁﬁmu@w’i‘awmﬂsmimmmqﬁgan’h
FrumannINIsaaceii TN uARoY 1w Direct
Probability LLaz Asymptotic Method (e

3) ﬂi:mmmmmgﬁaﬂﬂ%mmwmmazﬂ's’mﬁa
(Estimation with Traffic Volumes and Speed) 35ms
ﬂi:mmmmwﬂ@ﬂsl,%ﬁy'a"ﬁaQaﬂ%mmﬁwmazmmL'%ﬁ
Tum ek nueansanes saluisnmndany
Farnuazilsininmwlumandranag lasdrann
azldidunng o fg@ﬁ'ﬁmséﬁn 5%msfildaa Product
Limit Method

4) dsznaenanudmodiinmanas anudn
UazA43 (Estimation with Traffic Volumes, Speed and
Densities) uudléillu 2 3% laganauandsgdgae
889737 e 29 Dynamics On-Line Method §1#TUL vz
mm’mqmﬁlﬁﬁqmwﬁa §2W37 Static Long Term (Off-Line)
Approach 1% Fundamental Diagram %dLﬁ(ﬂfﬂ’mﬂ’J’m
FURUTITAI9 3 dauds laun YSunmanas (g) A
A (U) UaTAMIRWILIN (K) D9anvazanansoldifies
88467uU5un158379 Fundamental Diagram latziunn
I@ﬂﬂ'smﬁ;gaq@agiuq@ﬁﬂ'sm%mLmuﬁ@iﬁnqm k @
auMIR (4)

k=— (4)

@18819 Fundamental Diagram FILFAIAN
FUNUTIERING USHNITIIT ANUTURRY LAZANNAM
LA . .
(18747} Ylﬂ’]ll’]iﬂl“ﬂuﬂ’ﬁﬂizlﬂmﬂ’]ﬂ’ﬂ&lﬁl v D% Green
shields Model, Greenberg Model uazUnderwood 13

m‘sﬂ‘szmmﬁhqutmu Indirect Empirical
miﬂszmmﬁ’m?’mﬁ;uuu Indirect-Empirical
Method tIu3Tmadsznnmdinnugvastisnuunmidan
laggansnrile 2 uwams fa milduwaimsannglanis
AaNzhaNg (‘%diuﬂﬁ]ﬁ;ﬁ’u HCM Lﬂu@:ﬁamﬁ%’umi

ganIuany f?q(@) LRZM TN WILULINNDIRNITNAITAINDT

Roadway Capacity Estimation by Indirect Empirical Methods 153

(Simulation Models) NlglUsunsunaufiaasluns
Urzanaenanuy Meazidsanizesiinisdaduliana
Maasunanuizuaadluiitada lu

n13Uszanmana3BaId 9 nwaI335 High-
way Capacity Manual (HCM)

U.S. Highway Capacity Manual (HCM) wudu
(fjﬁaaﬁuuiﬂﬁ%é&lLﬁuaLLW]ﬁ(ﬂL%dﬂ%u’]mluﬂ']iﬂi‘:&l']m
mmm@Lm:izﬁumﬂﬁﬁmséfm%'u'E%Iaéi'lmymmazmn
M395195 awnsfduigeuldiuodsunsnansl
f]ﬁ]ﬁg‘ﬁ'u I@mgﬂﬁwu’l“ﬁﬂ@m TRB Committee on Highway
Capacity and Quality of Service LLaztwﬂLLWiﬂ%GLLSﬂluﬂ
f.¢1.1950 LLﬂZﬁ@JW]ﬂ%ﬂJﬂE\‘JL‘%aﬂN’]éGLL@ﬁJﬂ.ﬂJ965, 1985,
2000 ez 2010

s‘ﬁamnazﬂﬁmﬁdmﬁme:ﬁmmﬂu HCM2010
L@WEIUUUUNTLAUNIIVBILIBNIAUE (Automobile)
ﬁ%'m%'umﬁmﬁzﬁﬂ'nmgmaa"ﬁ'smuuﬁa?}déﬁm gAY
A2AINITITHIEILANUFZAINMFITISUUUA DL
(Uninterrupted-Flow Facilities) %aéaéwmummazmﬂ
ﬂszmwﬁazhiLﬂummqlﬁmﬁs’mnﬁ@mma"]ii”'m%a
WYATLINUANIZUAITT 16U mMedn (Freeway) nManais
BA1YTBIIT3T (Multilane Highway) LaEN1IRANIDITAI
93195 (Two-lane Highway) @slusasnuunazdaslaid
fygralnanas dhongauSiamauen waza iU
ﬁﬂﬁﬂiumaiwwUq@ﬂnzﬁ'ﬂﬁaaﬁ"ﬁwiw:maaamffay
2 lud PTmeAienzianugdnivmmuuniamman
%mMaaaiwmazmmmaaaw’aaaiwﬂ@yagﬂ Goil

m‘sﬂ‘szmmdﬂﬂ')'mgmdwmwmﬂﬁaaa‘nm
(Multilane Highway)

Transport Research Board (TRB)Y® M33ta7eh
ANURTITAUNITIALINIIVBIOUURAI BT 8993193
(Multilane Highway) @a1ilugranuniiliinssuninms
1%av89n32u823195 (Uninterrupted-flow) Tagialy
RN TN LRI D UWARAN ST 0995195 E T2
wonFwamliwasesaoud 2 Tud 2uld nediianann
aastnatwinnessiaredludnsasiiduauuluia
\fiod (Urban Street) fuwimslunsiianzianuquas
sedumslfUSms (Figure 2) d9it

1) ﬁﬁLfﬂ/L@%ﬂN“ﬁagaﬁﬁ'}Lﬂu (Input Data) L%
anulumsinadase Suautesuazanunineedzes
93197 720218000 UIznnTaanenainuh fFasIuwas



154 Wuttikrai Chaipanha et al.

g uIwIang waz PHF 1Hudn

2) dszanmdanuilumslnadas: (Estimate
Free Flow Speed, FFS) 124729044 1han1nwase
Famansndraldlagasiniannsdszunmeinia
$riaenuiSuandae 10 Alawasdadalug

3) dendranugluaninluganad (Select
Base Capacity) 81%MTUNNNAWIRAILTAIATIDIMN
Speed-Flow Curve 983 HCM2010 (lwm 883 pc/hri/in)
f’féda']mmslﬁmﬂmmgmu Table 1 lagldanuindudas

o = o a 6
MmMafeuiydalasensd (Interpolate)

Input Data

I

FFS = BFFS = fi = fic = fu = fa

e

v v

Select Base Capacity
(Base conditions)

FFS (km/hr) Capacity (pc/h/In)
96.5 2,200
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Calculate Capacity
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Figure 2 Methodology for Estimating the Capacity of
Multilane Highway

Table 1 Relationship between Free-Flow Speed and

Capacity on Multilane Highway*
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Figure 3 Methodology for Estimating the Capacity of

Two-lane highway
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Figure 4 Methodology for roadway capacity estimation

by using traffic micro-simulation model
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Figure 6 Vehicles travelling in eight virtual lanes on the

divided urban expressway in India"’
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Figure 7 Capacity analysis on “2+1 lane
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Table 2 Capacity Analysis of the four-lane highway at

various Level of Service (LOS)"
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(LOS A) (B) (C) (D) (E)
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fouas -0.88 2.00 | 561 9.95 | 14.29
AIVLLAN
§149

J Sci Technol MSU
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Abstract

This research investigated convective heat transfer coefficients of COz—super critical turbulent flow in an horizontally
annular channel comprising a tube surface wrapped by wire (1.7 mm thickness) with three pitch distances: 2 cm, 3
cm and 4 cm. Results were compared with those from a smooth tube surface having 3.87 mm hydraulic diameter. In
the test conditions, CO2 mass flow rate was held constant at 0.086 kg/s and experiments performed at three absolute
pressure values of COZ, 75 bar, 80 bar and 90 bar. At each pressure, the CO2 bulk temperature was varied from 30
°C to 70 °C. From the experimental results it was found in all tests that convective heat transfer coefficients of CO2 of
a tube surface wrapped by 2 cm pitch distance were higher than in the case of tube surface wrapped by 3 cm, 4 cm
pitch or a smooth tube surface. Pressure losses of CO2 in the tube surface wrapped by 2 cm, 3 cm and 4 cm pitch
distances were 8.2X, 5X and 4X higher respectively than with a smooth tube surface. In addition, the maximum
efficiency in enhancement of convective heat transfer coefficient of CO2 with spiral wire wrapped around the tube
surface approximates the pseudo critical temperature and the efficiency will decline when the CO2 bulk temperature

is far away from the pseudo critical temperature

Keywords: Convective heat transfer coefficient, turbulent flow, hydraulic diameter, pitch distance, the pseudo critical

temperature
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Figure 1 Schematic diagram of the test facility °
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flow channel of CO2 (distance between the inner and cuter tube of 1.933 mm)

Figure 2 An annulus channel

outside diameter of outer tube (13.873 mum)

¥

T

flow channel of CO2

with smooth tube surface

pitch distance wire thicknezs (1.7 mm)

cutzide diameter of inner tube (9525 mm)

Figure 3 Annulus channel with spiral wire wrapped around tube surface

mﬂfmﬁwmsa@ﬁdqﬂmtﬁ@mwé’umn@ha NARDI Lﬁaﬁ’m’lsﬁ@ﬁamwaomsw@aaqLLazqﬂmtﬁ’i@

(differential pressure transducer) (swauﬁﬂmmqﬂmtﬁ 619 9 A2 ﬂ'auﬂ’mﬁmﬁm‘*ﬁ’uji:umzﬁwnﬁ@@mmﬂ

Jadng 9 @1 Table 1) udrvhmsfuawinluduzans  wanamladudns 9 fegluszuveanlinualasliis



164 Weerawoot Arunwattana et al.

gama udmaduuisanivenlasanlodidnluly
sruultlaanududszunm 25 bar uardandqu5uy
azlBanTINIBENTRIRILAT ufATIIReUTaL T IuTUl
aifises wirlaangnanenlnadiduia nnld
gas booster Lﬁwm’mﬁﬂﬁgﬁu lupmzi@eriunidans
ﬂ%fua:l,‘é'wmamaaanmaaﬁmﬁ”mﬁaL?\NLLﬁ”m"iT']gh:uu
Lm:é’@aumzﬁl'avl,éfm']uﬁuﬁﬁaammé”aﬂsﬂaﬂg'sﬁamd
Y9080 gas booster UATANEIVBITILAT IMNTININT
1@ circulation pump aliualnaluszuulagldang
Usuazidoausuliladannslnaaadidosnis ield
ANuduLazdasnsinavasuiaauiidasnis anis
ﬁwmsﬂ%'uqmﬁgﬁmmLLﬁ”aT,ﬂﬂmiﬂﬂaﬂgaﬁ'sﬁaﬁﬁnm:
28N31N pre-cooler luﬂiﬂﬁﬁaamnﬁwqmmﬂﬁmaauﬁa
LLéﬁﬂ%Tu%'@mas‘aunszﬁﬂﬁqm%gﬁmadLLﬁ”ﬁ@’mﬁﬁadms
muﬂsfﬁﬁﬁamm@qnmgﬁ“uamﬁ”a’l,ﬁﬁwmi%aﬂgmﬁu
frfiduazaonan pre-heater tugiwnislnavassin
SudunInyinmadaiasia mnﬁuﬁwmﬂ%’uqm%gﬁmaa
inlwldaufidasns %dlunsrﬁLﬁuqmﬁgﬁﬁﬂﬁﬂ@aﬂg
NI uazeanIN pre-cooler Tusm=iidasnisan
qm%gﬁmaaﬁﬂﬁ?]mﬁaﬁaﬁLiTﬂLLazaamnﬂ pre-heater
nniudsusannslnavasinmuiidesmslasldings
USuaziBea (Figure 1)
luNIMAsBIVBILARZRNNITNNINARBIVBILAE
asvanlasanlad levinnsusudasmsinavessing
300, 400, 500, 600, 700, 800, 900, &z 1000 LPH (a@li
@ia"fil"ﬂm) I@ﬁﬂaqu1ﬁ LMTD (Log Mean Temperature
Different) yosvauanasuanuieuiiidaudrsnsdilay
miﬂ%fuqmﬁgﬁmaaﬁ"] FEmamandulsEntmswiana
Fawvasufigarsueulasanlod (h,, ) “?'llvl,m’l,uviauauktﬁa
TasasuULfiaaeazl43% Modified Wilson Plot © lag 3%

RlRL

Table 1 Details of instruments

J Sci Technol MSU

NAIIHIN Figure 2 ez Figure 3 814190
WANNEUMUANNTaUTI (R,,) Taglifawatiiosan
fouling factor M3wmatdluuunasit uazmyenslonana
foudfamslunmSadivingn laaail

lnl:l:":l

R = 5 T o og t o 1)

mD, jLhy, 2mleypa L rlg'Al:Dghl:l:lg
i
R, = A1WMUMuUaNNTauu, °ChwW
h,, = fulsrinimamanuSeuvesi, KWim?°C
h., = Sulsransmannanuiouves CO,, kW/m*°C
L = @AWY, m
K. = dmhanuiauvedria, kWm°C
D, = Lﬁumuguﬁﬂmwiamﬂmawiaﬁ%ﬁa, m
Age, = AuRRuan ounnuousu co, m?
Nz = dszAnnmAnvasmsuaniasuanuion

a o A . ) = o
NIUVBINWINYY Agg, = D ;L 8IUNITUVBINUY
WunagmaauyAiunsunFulaassaiunitve
A e dad &4 de o o o &
Fanvnunitsludvesnunvesaian gy &udaa s
Agg,=mDy  L+H(1-0.23) A ({0 Aire A8 NUNRIV89
WEuaIaNIRAe (MO lIFUAE) LazUsz@niawAwesns
waniRouanuToun ldannaumIasi

An
=1 — B —
Me Ao, ( Nfin) )
4
\lie
Asr = Wwhfveensy (Ruhfivesduadaludinill

SWHENUNIIYE (0.75A ), m?

re

Mfin = yszaminmuedasy

Measurement Devices Model/Series Measurement range Uncertainty
Temperature Thermocouple 1he K (-25) (+150) °C =0.05%
Pressure Pressure gage Okura 0 - 200 bar +0.10%
Gas mass flow rate Coriolis mass flow meter Emerson/F025 0 — 445 kg/hr =0.650%

& Transmitter Series & IFT9701
Water flow rate Rota flow meter Dwyer RMC 0 - 2000 LPH =2 0%
Series
Differential pressure Differential pressure Endress+Hauser 0.25 mbar — 40 bar +0.05%
transducer PMD75 Series




Vol 37. No 2, March-April 2018

Enhancement of Convective Heat Transfer Coefficients of 002 165

Supercritical Flow in Annulus Channel with Spiral Wire Wrapped Around Tube Surface

Useanimwueseruauyddinduinsacuainiy
23nad (Circular fin) \RaNEUNTVDI Hong Waz Webb’ Tu

MIRUIURIAI
—Mms(mr ) @)
Mtin mre P
S
| Eh:::12
m= |——=— (4)

f k:gztl:kﬁn
N

¢ =(%- 1)(1—:}.35111(?» (5)

D;_I:I . —_
4 re = —- + tickg, r=-
¥\] = 1535+

ﬁﬂkﬁ v ' 6 [
n= Laumugummwmmuam, m

lasadudseintnInnanuTauuadin ( hw) 9

v o o o L a l£
lﬁgﬂﬁuﬂ’ﬁ“ﬂad Dittus-Boelter® 81 ILMBIUAFTNLIZEND
MINIANNTOUVDIV0I MasD U@ Inauuuiingin

[

&
J%

Dy (6)

4 .
\Wa C, m, n = enasf

Re = fiausdluas (Reynolds number)
Pr = ¢niauwsuaifia (Prandtl number)

K, = damsianusauvadin, kw/m°cC

dmunsdlih shgniileuliu) n = 0.4 unu
aumsfl (6) asluanmsii (1) udrdaztuuulnalddai

| Dio
R nD"__i. — 1 7
— - = — +
B mkygL ﬂD:_iLC-REm-PrD“-ﬁ (7)

i
1

Nsérn, hcn:

dow R, IWaglug (1/UA) lan A=A =TID, L
aeundaztaunsn (7) lnallddadt

D,
1 D'—-i'lnl:l:? _ 1
u Jgan | l::-R-a“"-]:'rE‘‘*-I:L'Ii"_l ®
nD, ;L
”sﬁtﬂghcng

A )y a £ . v
be U = guUseRntmstnsmanusanig, kW/m?°C

azdwiaunIf (8) egluslvasaunisnduass

Y=AX+E
9
A D, 1'lﬂ|:nh;'?
We vy =1 “ai (10)
u 2Rypall
1 (1)
A=2
C
X=—2 (12)
Ra™.pri-
D:_i
g = "Duil (13)
Nz, h:n:

@ U tuemusnnmnuandsdnm sldannaunis

Q
U= — — — -
(rdiL) |l-:n:_nut—:.-;.m..'—l.- :_‘nzlin—-x'.'_nut..' (14)
I_-:n:_nut‘-\'.‘_i.n_-'
In——"——
Locogin~ fw.out/
Q = nlwcp.w ET':-'.-'.DUt - Tw.inj (15)

Amualih,, fenaafifianzmadhasiidnnits
Mniudsuidanmiwssasihaadenlanmenss
96 srasiuluntimasasmen h... alasmitadeding
Usudanmslnavesidndudesusuld LMDT Henasd]
%aaxvlﬁaqﬂé’mmu Y (B) iiafiazludnwramnen h,.. @9
Figure 4



166

Weerawoot Arunwattana et al.

J Sci Technol MSU

=
|'Iﬂi‘:'H
& | 3
- e -
o |
=
|
HI'__.-*
|
-
- |
ol
= |
:|,.'.I|
I 1
R
Rem - prid. 21
Dy

Figure 4 A Wilson Plot Method

agablsfan iz TaudzunI T dulasns
23 = 1 U U U dl a o dl 1} U
WEOAFINANTIIGHLS LiasaniAdudsn linsuen
% A a gﬁ =S o & 2 o
suauds fa h_, C uaz m esuusduduaasring
a e c oA . . e
suNAAIRoUTEI M wWaldduwiamdn h, Aldanns
auuﬁﬂ'w m aSiusnuarsinlundaanwnaaslasing
a & a o X
azdualumIndaanwWiaad ek

Yo

nnaumsh (8) Wanlnailaasit

Din

1 _D:illn_l:l,_-l B D, ;L - Prﬂ-.', .

u 2kyean NzéCo, hcn: (16)
ky, 1
D,; CRe™
4 1
= = —_—
T ¥z = C-Real (17)

%'ﬂgﬂawmﬂumawao In 22'ler
Iny, = —m - In(Re) — InC (18)

P " 9
BN Ql%g'ﬂ FUNILRUAIY

(19)

fo Y2 =10y (20)
- 1)

¥, = In(Re) 22)

E = —InC (23)

Fa51azleausany

Do nD ;L

Nz fCoy hcn:

(24)

nmIauy@d m ﬂ%ﬂLLiﬂﬁ’WN’]SﬂW@@ﬁ@Lmu
y ot Tasmsn&aanu (Figure 5) dreanutudila do D
=-m LLami'lmﬁ"L@Tgﬂ@Taa dlilglauy@diaanaunia
2N Tapfiduaanwnsdwiaes Figure 6

Guess a value

A

of m

\ 4

Calculate the

value of D

NO

YES

The guess value of

m is right

Figure 5 A logarithmic Wilson Plot



Vol 37. No 2, March-April 2018

Enhancement of Convective Heat Transfer Coefficients of 002

167

Supercritical Flow in Annulus Channel with Spiral Wire Wrapped Around Tube Surface

Figure 6 Flow chart diagram of the Wilson Plot algorithm®
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Table 2 Pressure losses of 002

CO2 mass flow rate Pressure losses (mbar)
(kg/h) Smoot tube 2 cm pitch distance 3 cm pitch distance 4 cm pitch distance
2.2 61.3 518 251 231
5 91 746 456 360
6 98 762 479 389
8.2 108 775 511 428
9.8 110 791 529 447
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Abstract

The purpose of this study was to study the impact on the physical and chemical properties of water in Huai Kasain
reservoir Prachinburi province after installation of solar floating PV electric generation. Temperature, transparency, pH,
conductivity, Total Dissolved Solid (TDS), Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD), nitrate and
Total Coliform Bacteria (TCB) were investigated in December 2016 and March 2017. Average values of water
properties in December 2016 were 27.8 °C for temperature, 26.57 cm for transparency, 8.06 for pH, 21.31 uS/cm for
conductivity, 14.1 ppm for TDS, 5.03 mg/l for DO, 5.77 mg/l for BOD, 0.881 mg-N/I for nitrate and 1,449 MPN/100 ml
for TCB. Those in March 2017 were 30.9°C for temperature, 32.57 cm for transparency, 7.32 for pH, 18.51 uS/cm for
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conductivity, 8.88 ppm for TDS, mgl/l for DO, 5.74 mgl/l for BOD, 1.02 mg-N/I for nitrate and 758.57 MPN/100 ml for
TCB. We tested the statistical difference at 0.05 level of water properties between the December 2016 and March
2017 samples. DO and BOD had not changed but the other properties were different at different seasons. Water

quality of the reservoir was found to be within the range of quality standards.

Keywords: Water Quality, Huai Kasian reservoir, Solar cell
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Figure 1 Huai Kasian reservoir Number 1 is structure of

Floating PV.

Figure 2 Structure of Floating PV
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Table 1 Show parameters to measure and method

Parameter Method/Device
Temperature, Conductivity,
Total dissolve solid, pH, Multimeter

Dissolve Oxygen

5 Day incubation and Azide

BOD modification of the Winkler
method
Transparence Secchi disc

Nitrate - Nitrogen Cadmium reduction method

Total Coliform Bacteria Multiple tube method
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Figure 5 Results of DO in Dec 2016 and March 2017

BOD

Figure 6 Results of BOD in Dec 2016 and March 2017

Al A2 Al A4 B1 B2 B3

Figure 7 Results of pH in Dec 2016 and March 2017

Mitrate

Al A2 Al A4 B1 B2 B3

Figure 8 Results of Nitrate in Dec 2016 and March 2017

Total coliform bacteria
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Figure 9 Results of Total Coliform Bacteria in Dec 2016
and March 2017
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Figure 10 Results of Temperature in Dec 2016 and
March 2017
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Conductivity

Al A2 Al A4 B1 B2 B3

J Sci Technol MSU

Table 2 Comparison between December 2016 and March

2017 with Standard water quality

Figure 11 Results of Conductivity in Dec 2016 and March

2017

Total Dissolve Solid

500

Al A2 Al A4 B1 B2 B3

Average in  Average in
Standard
Parameter December March
water quality
2016 2017
DO (mg/l) 5.03 5.55 2-10
BOD (mg/l) 5.77 5.74 <1.5-4
pH 8.06 7.32 6.5-9
Nitrate (mg-N/1) 0.881 1.02 <5
TCB (MPN/100 ml) 1,449 758.57 5,000-20,000
Temperature (°C) 27.8 30.9 28 - 32
Conductivity (uS/
21.31 18.51 <150-300
cm)
TDS (ppm) 14.1 8.88 <300-900
Transparency (cm.) 26.57 32.57 30-60

Figure 12 Results of Total Dissolve Solid in Dec 2016

and March 2017

Transparency

Al A2 Al A4 B1 B2 B3

Figure 13 Results of Transparency in Dec 2016 and

March 2017
* Note Samples in December 2016
Samples in March 2017
Standard Water Quality
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Table 3 testing the difference of each sampling at a statistically significant level at 0.05 as comparing between December 2016 and March 2017
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Abstract

The emergence of multiple drug resistance (MDR) bacteria necessitates the development of new antimicrobial agents.
Medicinal plants represent potential means of treating infection because they have low toxicity and are readily
accessible. The objective of this study is to determine the effect of Senna alata fractions on the growth inhibition and
cell morphology of methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa (P. aeruginosa).
Ethanolic S. alata leaf extract was fractionated by column chromatography. The fractions were evaluated for
antibacterial activity using minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
assays, and their effects on bacterial cell morphology were investigated by scanning electron microscopy (SEM). From
13 fractions of S. alata extract, activity against MRSA was most pronounced in fraction F13, with MIC and MBC values
of 0.39+£0.00 mg/ml and 5.21+1.80 mg/ml, respectively. Activity against P. aeruginosa was most pronounced in fraction
F3 with MIC and MBC values of 0.78+0.00 mg/ml and 5.21+£1.80 mg/ml, respectively. Phytochemical analysis of
fractions F3 and F13 revealed the presence of flavonoids, phenolics and tannins in both fractions, whereas alkaloids
and steroids were found only in F3 and F13, respectively. SEM examination revealed membrane shrinkage in
F3-treated MRSA and bursting cells with a crystalline rough surface in F13-treated MRSA. P. aeruginosa cells showed
a small rupture at their center following treatment with fraction F3, while surface roughening and elongated cell shape
were observed following treatment with fraction F13. These results demonstrate that different S. alata fractions
exhibit different effects on cell morphology and have different levels of inhibitory and bactericidal activity against

Gram-positive, MRSA, and Gram-negative, P. aeruginosa.

Keywords: Senna alata, fractions, minimum inhibitory concentration, minimum bactericidal concentration, MRSA,

Pseudomonas aeruginosa

Introcuction

Infectious diseases are an important public health
problem, one that has been rendered more complicated
by the emergence of multidrug resistant (MDR) bacteria.
Multidrug resistance is especially remarkable in Asia
because of a lack of awareness and understanding of
appropriate antimicrobial usage and different standards
of public hygiene between countries."? Two outstanding
examples are methicillin-resistant Staphylococcus aureus
(MRSA) and MDR Pseudomonas aeruginosa. These
pathogens cause infections that are difficult to control in
terms of both treatment and prevention of dissemination.>®
The emergence of these MDR bacterial strains necessitates
the development of new antimicrobial agents. Medicinal
plants represent potential means of treating infection
because they have low toxicity and are readily accessible.’®
Senna alata (Linn.) Roxb. from the family Fabaceae
(Leguminosae) is commonly known as ringworm tree,
candlestick, candle bush or chum-het-thet, and is often

used as a traditional medicine in Thailand. Pharmacological

and biological activities of S. alata reportedly include
laxative effects, anti-inflammatatory activity, pain relief,
increased urination, perspiration, the promotion of digestion,
hypoglycemic activity, and insect repellent activity.”®
Previous studies have also shown that S. alata crude
extract has antibacterial and antifungal activity,*"* but the
active components have yet to be identified.

In the present study, S. alata leaves were
extracted using ethanol in accordance with Thai traditional
medicine practice. The crude extract was then fractionated
by column chromatography, with the fractions examined
for antibacterial activities. The effect of active fractions
on the cell morphology of Gram-positive MRSA and
Gram-negative P. aeruginosa was also determined to gain
deeper understanding of how the active components

affect bacterial cells.

Materials and Methods
Plant material

S. alata leaves were purchased from a traditional
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herbal pharmacy in Maha Sarakham province, Thailand.
The leaves were cleaned and air-dried before drying in
a hot air oven at 50 °C for 5 hours. The dried leaves were
then ground into a fine powder using an electric blender.
This powder was stored in airtight containers and kept at

room temperature until used."""

Plant extraction and fractionation

Ten grams of powdered S. alata leaves was
extracted with 1 L of 95% ethanol using Soxhlet apparatus
at 60-70 °C for 3 hours. The ethanol from the crude extract
was completely removed using a rotary evaporator. The
crude extract was then fractioned by separation column
chromatography using dichloromethane and ethanol as
the solvents. At first, 100% dichloromethane was used as
the solvent, then steadily decreased the proportion of
dichloromethane and increased the proportion of ethanol
until the solvent was 100% ethanol. Elutes were collected
and aliquots subjected to Thin layer chromatography
(TLC) for fractions analysis under UV light at 254 and
365 nm. Fractions which showed the same pattern on
TLC were pooled together and then subjected to evaporation
in a rotary evaporator and freeze-dried in a lyophilizer.'*"
Dried fractions were dissolved in 50% DMSO to make a
stock concentration of 100 mg/ml and were stored at 4°C

for further use.”

Preparation of bacterial inocula

MRSA (DMST 20651) and P. aeruginosa (ATCC
27853) were cultured at 37 °C for 18-24 hours on nutrient
agar (NA). The bacteria were subsequently subcultured
in Mueller-Hinton broth (MHB), incubated at 37 °C for 3
hours and adjusted to 0.5 McFarland standards. Then,
the bacterial suspension was further diluted, giving

approximately 10° CFU/m|.°

Determination of minimum inhibitory concen-
tration (MIC) and minimum bactericidal concentration
(MBC) values of S. alata fractions

MICs were determined by performing the broth
microdilution method in 96-well plates. A 100 ul volume

of each S. alata fraction was pipetted into the first row of

J Sci Technol MSU

the plate. To all other wells, 50 ul of MHB was added and
mixed with 50 pl of each fraction in sequence for two-fold
serial dilutions. Then, 50 pl of adjusted bacterial suspension
was put into each well. The 96-well plates were incubated
for 16-18 hours at 37 °C. After that, 10 pl of 1 mg/ml of
resazurin indicator solution was added to each well and
incubated for 2 hours at 37 °C. If a color change from
purple to pink or colorless was detected, this was
recorded as positive."® The lowest concentration at which
the color change occurred was recorded as the MIC.
DMSO was used as a viable cell control, tetracycline was
used as a positive control, and MHB was used as a
negative control. All experiments were performed in
triplicate.

To determine the MBC, a loopful of suspension
from all the wells that did not show any change in color
were inoculated on NA and incubated for 24 hours at 37
°C. After incubation, the lowest concentration with no

visible growth was recorded as the MBC."

Activity index of fractions
The activity index was calculated by dividing the
MIC value of each fraction by the MIC value of the crude

extract.""'®

Phytochemical analysis

The fractions of S. alata which showed the
lowest MIC were subjected to standard qualitative
phytochemical analysis for different secondary metabolites
including alkaloids, flavonoids, phenolics, steroids, and
tannins using previously described methods.'®"® Secondary
metabolites that were present in both fractions (i.e. flavonoids,
phenolics and tannins) were then analyzed quantitatively.
The total flavonoid and total phenolic content were
determined using the Folin—Ciocalteu method.” Determi-
nation of the percent contribution of tannin was performed
using the principle that polymeric tannin pigments are

resistant to bisulfite bleaching as previously described.?"*

Examination of treated bacteria by scanning
electron microscopy (SEM)

MRSA and P. aeruginosa were cultured in MHB
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at 37 °C for 3 hours, adjusted to 0.5 McFarland standards,
and inoculated into the 2 x MBC of fractions F3 and F13.
These suspensions were incubated for 12 hours at 37
°C. Twenty microliters of each suspension was applied
to nuclear pore polycarbonate membranes, and fixed in
2.5% glutaraldehyde at 4 °C for 12 hours. Bacterial cells
dehydration process was achieved by increasing concen-
trations of ethanol (from 30%, 50%, 70%, 80%, up to
100%). The dried samples were mounted onto stubs,
coated with 40-60 nm of gold and then observed by SEM
(LEO 1450 VP Scanning Electron Microscope).”

Results

Extraction and antibacterial activity of the S.
alata fractions against MRSA and P. aeruginosa

Yields of antibacterial activity of the 13 fractions
of S. alata are presented in Table 1. The crude extract
and the 13 fractions were initially tested for antibacterial
activity using an agar diffusion method. Only 5 fractions
(i.e. F3, F4, F7, F12 and F13) had significant antibacterial
activity compared to tetracycline (data not shown).
Subsequently, MICs and MBCs of the crude extract and
13 fractions were determined against MRSA and P.
aeruginosa (Table 2). MIC and MBC values of the
fractions against MRSA ranged from 0.39+0.00 to
12.50+0.00 mg/ml and from 5.21+1.80 to 25.00+0.00 mg/
ml, respectively. For P. aeruginosa, MIC and MBC were
from 0.78+0.00 to 25.004£0.00 mg/ml and from 5.21+1.80
to 33.33+14.43 mg/ml, respectively. Of all the 13 fractions,

F13 showed the greatest activity against MRSA with MIC
and MBC values of 0.39+0.00 mg/ml and 5.21+1.80 mg/
ml, whereas F3 showed the greatest activity against P.
aeruginosa with MIC and MBC values of 0.78+0.00 mg/
ml and 5.21+1.80 mg/ml (Table 2).

Table 1 Yields of S. alata fractions

Fraction Yield (%)
F1 11.64
F2 5.45
F3 18.18
F4 10.55
F5 28.73
F6 7.27
F7 9.45
F8 8.73
F9 10.91
F10 10.18
F11 9.82
F12 16.73
F13 13.82

Activity index values of the S. alata fractions with
reference to the crude extract are shown in Table 2. Eight
of the 13 fractions showed better inhibition of MRSA, and
five of the 13 fractions showed better inhibition of P.
aeruginosa than the crude extract. Fraction F13 had the
highest activity index against MRSA (21 times better than
crude extract), whereas fraction F3 had the highest
activity index against P. aeruginosa (10.5 times better

than crude extract).
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Table 2 Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) of S. alata fractions

MRSA P. aeruginosa
S. alata fraction Activity
MIC (mg/ml) MBC (mg/ml) Activity index MIC (mg/ml) MBC (mg/ml) index
F1 12.50+0.00 25.00+0.00 0.66 25.0040.00 25.0040.00 0.33
F2 NT NT NT NT NT NT
F3 0.78+0.00 14.58+9.55 10.5 0.78x0.00 5.21x£1.80 10.5
F4 0.78+0.00 12.50+0.00 10.5 2.61+0.91 8.33+3.61 3.14
F5 12.50+0.00 33.33£14.43 0.66 25.00+0.00 25.00+0.00 0.33
F6 NT NT NT 25.00+0.00 25.00+0.00 0.33
F7 3.13+0.00 20.83+7.22 2.62 10.42+3.61 12.50+0.00 0.79
F8 7.29+4.77 20.83+7.22 1.21 6.25+0.00 12.5.+0.00 1.31
F9 8.33+3.61 12.50+0.00 0.98 6.25+0.00 16.67+7.22 1.31
F10 8.33+3.61 20.83+7.22 0.98 25.00+0.00 25.00+0.00 0.33
F11 NT NT NT 25.00+0.00 33.33£14.43 0.25
F12 2.08+0.91 14.58+9.55 3.94 20.83+7.22 33.33+14.43 0.25
F13 0.39+0.00 5.21+1.80 21 8.33+3.61 8.33+3.61 3.14
Crude 8.19+0.00 16.38+0.00 N/A 8.19+0.00 8.19+0.00 N/A
Tetracycline 0.016 0.016 N/A 0.004 0.004 N/A
Data were expressed as meanzSD; NT: not tested; N/A: not applicable
Phytochemical analysis of the S. alata fractions were found in fraction F13.
S. alata fractions F3 and F13, which had shown Quantitative analyses of flavonoid, phenolic and

the lowest MIC values against MRSA and P. aeruginosa, tannin content in the two fractions are shown in Table 4.
respectively, were screened for the presence of different Fraction F3 had the highest content of total flavonoids
classes of secondary metabolites. (4307.26 pg QE/ml) and total phenolics (2856.33 ug GAE/

The results revealed the presence of flavonoids, ml). Fraction F3 contained 84.95% tannins, while fraction
phenolics and tannins in both fractions (Table 3). In F13 contained 89.24% tannins.

addition, alkaloids were found in fraction F3, and steroids

Table 3 Qualitative phytochemical analysis of the S. alata fractions

Secondary metabolites S. alata fraction
F3 F13
Alkaloids + -
Flavonoids + +
Phenolics + +
Tannins + +
Steroids - +

+: positive; -: negative
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Table 4 Quantitative phytochemical analysis of the S. alata fractions

S. alata fraction Flavonoids Phenolics Tannins
(Mg QE/mI)* (ug GAE/mI)° (% contribution)
F3 4307.26 2856.33 84.95
F13 1614.96 592.36 89.24

a: equivalent to quercetin (QE); b: equivalent to gallic acid (GAE)

Examination of treated bacteria by SEM

The effects of S. alata fractions upon MRSA and
P. aeruginosa morphology were investigated using scanning
electron microscopy (SEM). Untreated MRSA and
P. aeruginosa cells both showed normal cell morphology
(Fig. 1A and Fig. 1B). In MRSA treated with fraction F3,
the cells appeared shrunken (Fig. 1C), while in MRSA

treated with fraction F13, the cells had a crystalline rough
surface and appeared to be bursting (Fig. 1E). P. aeru-
ginosa cells treated with fraction F3 (Fig. 1D) appeared
dimpled compared to the untreated cells (Fig. 1B), whereas
P. aeruginosa cells treated with fraction F13 had a slightly

roughened surface and elongated cell shape (Fig. 1F).
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(A) (B)

(C) (D)

(E) (F)

Figure 1 Scanning electron micrographs of (A) untreated MRSA cells, (B) untreated P. aeruginosa cells, (C) MRSA
cells treated with S. alata fraction F3, (D) P. aerugionsa cells treated with S. alata fraction F3, (E) MRSA

cells treated with S. alata fraction F13 and (F) P. aeruginosa cells treated with S. alata fraction F13.
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Discussion and Conclusions

In this study, the minimum inhibitory concentrations
(MICs) and minimum bactericidal concentrations (MBCs)
of 13 S. alata fractions were determined and compared
with those of the crude extract. Of these fractions, F13
showed the most potent activity against MRSA and F3
showed the most potent activity against P. aeruginosa.
The differences in the values of MICs/MBCs of each
fraction suggested a different antibacterial activity of the
fractions. Comparison of the antibacterial activities of the
fractions with the crude extract by activity index indicates
that several fractions are more potent than the crude
extract. This result supports the fact that active
compounds can be more concentrated in the fractions

than the crude extract.**

Another possibility might be
explained by antagonistic effects between components
within the crude extract that would reduce the antibacterial
efficacy.”

Our results also show that Gram-positive MRSA
is more sensitive to many of the fractions than Gram-neg-
ative P. aeruginosa, a finding which correlates well with

%2 This difference in

previous medicinal plant studies.
sensitivity of the Gram-positive and Gram-negative bac-
teria to fractions might be due to differences in the cell
structure of these microorganisms. Lipopolysaccharide
(LPS), a component of the outer membrane of Gram-neg-
ative bacteria, is highly hydrophobic. This makes the cell
wall of Gram-negative bacteria less permeable to antimi-
crobial substances present in plant extracts.”>**'

The effects of the most active fractions (F3 and
F13) on bacterial cells were also studied by SEM, and
changes in bacterial cell morphology were observed. Our
results are similar to previous studies in which secondary
metabolites altered cell morphology and caused cell
lysis.®***

Subsequently, qualitative and quantitative
phytochemical analyses of fractions F3 and F13 were
performed. Qualitative analysis revealed the presence of
flavonoids, phenolics, and tannins in both fractions,
whereas alkaloids and steroids were only detected in
fractions F3 and F13, respectively. Quantitative analysis

showed that fraction F3 had a higher flavonoid and

phenolic content but lower tannin content than fraction
F13. In general, phytochemicals exert their antibacterial
activity through different mechanisms. Alkaloids, for
example, cause cell lysis and inhibit cell division.***
Flavonoids block nucleic acid synthesis and disrupt the
cytoplasmic membrane.*® Steroids associate with
membrane lipid and exert their action by causing
membrane leakage.*® Tannins decrease bacterial
proliferation by blocking key metabolic enzymes.**
Phenolics inhibit bacterial enzymes via oxidized
compounds or through more non-specific interactions with

proteins.***’

Although antibacterial activity has been
detected from these classes of compound previously,*
the efficacy of a medicinal plant may be due to the
combined action of several different compounds rather

than just one.”*

Therefore, the presence or absence of
some compounds, variations in the quantities of these
compounds, and variations in the mode of action of these
compounds may be responsible for the variations in
antibacterial activity and morphological changes seen with
the different S. alata fractions.”**

Our study shows that different S. alata fractions
exhibit various levels of inhibitory and bactericidal activity
against MRSA and P. aeruginosa. The effect of the
fractions on bacterial cell morphology was fraction- and
species-dependent as well. Further studies are now
warranted to determine the synergistic effects of S. alata

fractions and investigate their mode of action in vivo.
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6 (linear, P<0.01) lwitaln
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Abstract

The Present study investigated the effect of multi-strain Bacillus species supplementation as direct feed in drinking
water, on productive performance, carcass characteristics, meat quality, cholesterol, and fatty acids in meat of broiler
chickens. Two hundred and forty one day-old Ross broiler chicks (120 male and 120 female) were randomly allotted

to three treatments and four replications per treatment on the basis of body weight in a completely randomized design.
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Treatments were drinking water supplemented with 0% (control), 1, and 2 g/l multi-strain Bacillus Species. Experimental
diets were fed in two phases: starter (d 0-21) and finisher (d 22-35). Supplementation of increasing levels of
multi-strain Bacillus species had no effect on productive performance, carcass characteristics, meat quality, and
economic benefit return (P>0.05). At d 35, birds supplemented with increasing levels of multi-strain Bacillus species
showed decrease in cholesterol content in meat. (quadratic, P<0.01). Moreover, supplementation of supplementing 2

level of Bacillus sp. increased (quadratic, P< 0.01) increasing of MUFA, PUFA omega-3 and omega-9 enrich in meat

and increasing of omega-6 (linear, P<0.01).

Keywords: Bacillus sp., Water, Chicken meat, Fatty acid, Performance.
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211117 MIgady wazdszintaiwmisladszlooives
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Aonavasltlusluladndlu Tidie” wazmsdunuitly
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Table 1 Effect of multi-strain Bacillus sp. supplementation in drinking water on productive performance

Multi-strain Bacillus sp. supplementation level (g/l)

Productive performance SEM
Control 1 2

0-21 day
BWG (g/bird) 764.50+42.54 753.56+14.49 725.03+32.69 10.70
FI (g/bird) 990.79477.05 959.21+16.49 901.31+81.67 32.69
ADFI (g/bird/day) 47.18+3.67 45.68+0.79 42.92+3.89 1.04
ADG (g/bird/day) 36.41+£2.03 35.03+0.63 34.53+1.56 0.51
FCR (Feed /Gain) 1.30£0.03 1.30£0.02 1.24+0.06 0.01
Viability (%) 100.00 100.00 100.00 -
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Table 1 Effect of multi-strain Bacillus sp. supplementation in drinking water on productive performance (continue)
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Multi-strain Bacillus sp. supplementation level (g/l)

Productive performance SEM
Control 1 2

Productive index: Pl 281.03+10.57 268.65+8.67 278.10+2.62 2.68
22-35 day
BWG (g/bird) 838.72+13.07 835.98+33.48 842.66+20.36 7.95
FI (g/bird) 1,636.48+1,553.63 1,553.63+62.30 1,524.60+149.56 32.38
ADFI (g/bird/day) 116.86+3.25 110.97+4.45 108.90+£10.68 2.31
ADG (g/bird/day) 60.19+1.45 59.71+2.39 60.19+1.45 0.61
FCR (Feed/Gain) 1.95+0.07 1.86+0.02 1.81+0.13 0.03
Viability (%) 91.11£3.40 88.89+3.85 91.11£3.40 1.28
Productive index: PI 279.68+2.52 285.33+6.32 340.57+26.83 5.33
0-35 day
BWG (g/bird) 1,603.23+52.65 1,571.54+44.90 1,567.69+32.23 14.69
FI (g/bird) 2,451.87+54.33 2,337.84+98.58 2,250.92+128.24 32.84
ADFI (g/bird/day) 70.05+1.55 66.80+2.82 64.31+3.66 0.94
ADG (g/bird/day) 46.87+1.50 45.97+1.28 45.86+0.92 0.42
FCR (Feed /Gain) 1.50+0.02 1.45+0.02 1.40+0.06 0.01
Viability (%) 91.11£3.40 88.89+3.85 91.11£3.40 1.28
Productive index: PI 278.94+4.13 282.58+8.07 291.65+22.68 4.70

Table 2 Effect of multi-strain Bacillus sp. supplementation in drinking water on carcass and cutting percentage

Carcass percentage and cutting

Multi-strain Bacillus sp. supplementation level (g/l)

SEM
percentage (%) Control 1 2

Thai carcass percentage 83.1913.21 81.31+£1.85 80.37+1.48 0.77
Carcass percentage 74.87+1.00 74.341+1.54 73.0910.08 0.46
Chilled carcass percentage 72.68+1.04 72.17+1.25 70.95+1.14 0.28
Breast 26.87+1.66 27.02+1.06 28.46+2.15 0.56
Fillets 5.19+0.26 4.99+0.27 5.68+0.46 0.11
Wing 12.23+0.27 12.56+0.03 12.95+0.52 0.11
Thigh 17.86+0.68 17.91+0.42 18.18+0.96 0.24
Drum stick 12.50+0.49 13.43+0.40 13.37+0.46 0.15
Head 3.19£0.19 3.24+0.16 3.33+0.14 0.15
Neck 4.380.37 4.500.50 4.78+0.68 0.05
Shank 4.68+0.05 4.91+0.18 5.00+0.04 0.06
Skeletal bone 23.59+0.90 24.87+2.51 23.07+1.06 0.55
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Table 3 Effect of multi-strain Bacillus sp. supplementation in drinking water on meat quality

Multi-strain Bacillus sp. supplementation level (g/l)

Meat quality SEM
Control 1 2

pH 45 min. 5.53+0.10 5.85+0.04 5.71x0.18 0.05
pH 24 h 5.47+0.21 5.52+0.10 5.49+0.16 0.05
Color at 24 hour after chilled storage at 4 °C
L* (lightness) 54.83+1.55 53.90+1.59 54.41+1.89 0.56
a* (redness) 0.67+0.23 0.47+0.13 0.47+0.26 0.07
b* (yellowness) 13.34+0.75 13.35+1.87 13.28+1.06 0.44
Water holding capacity (%)
Drip loss 5.52+0.90 4.44+0.98 4.57+4.50 0.27
Cooking Loss 22.88+0.73 19.93+1.36 21.46%0.56 0.33
Trawling Loss 9.08+2.07 5.25+2.02 6.72+2.07 0.68
Roasting Loss 33.24+2.05 32.08+1.17 33.96+1.69 0.56

v ]
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U U
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71 NILEIN Bacillus sp. 114 3 32@UAa 13261 0, 1 e 2
e 4 a ' A P ¢ & & ¢ = e
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Table 4 Effect of multi-strain Bacillus sp. supplementation in drinking water on fatty acid composition in meat

Fatty acid composition in meat

Multi-strain Bacillus sp. supplementation level (g/l)

Trend analysis***

SEM

(9/100 g total fat) Control 2 L Q

Cholesterol 68.677+2.12 60.99%+1.89 63.65°+1.97 0.67 * *
Monounsaturated fatty acid 0.97%+0.03 1.08*+0.03 0.90°+0.03 0.01 * e
Palmitoleic acid 0.10°+0.003 0.12°+0.004 0.13"+0.004 0.001 o NS
Veccenic acid 0.05"+0.002 0.05%+0.002 0.04°+0.001 0.0004 ** **
Oleic acid 0.82°+0.03 0.91%+0.03 0.74°+0.02 0.01 ** w*
Polyunsaturated fatty acid 0.49+0.02 0.52+0.02 0.51£0.02 0.01 NS NS
Linoleic acid 0.43°+0.01 0.47°+0.01 0.48°+0.01 0.005 * NS
Eleostearic acid 0.02"+0.001 0.02"+0.001 0.01°+0.001 0.0002 o o
Eicosatrienoic acid 0.04*+0.001 0.04%+0.001 0.03%+0.001 0.0003 w* w*
Saturated fatty acid 0.78°+0.02 0.80°+0.02 0.71°+0.02 0.01 * *
Myristic acid 0.02:+0.001 0.02:+0.001 0.02:+0.001 0.0002 NS NS
Palmitic acid 0.56+0.02 0.55+0.02 0.52+0.02 0.01 NS NS
Stearic acid 0.18%+0.01 0.21"+0.01 0.16°+0.01 0.002 ** o
Heneicosanoic acid 0.01+0.001 0.010.001 0.010.001 0.0002 NS NS
Omega 3 fatty acid 0.02"+0.001 0.02"+0.001 0.01%+0.001 0.0002 w o
Omega 6 fatty acid 0.47°+0.01 0.50%+0.02 0.50%+0.02 0.005 * NS
Omega 9 fatty acid 0.82°+0.03 0.91%+0.03 0.74°+0.02 0.01 o o

NS= not significantly (P>0.05),

aand b

Aand B

with in row, mean with symbol no common superscript differ significantly (P<0.05),

with in row, mean with symbol no common superscript differ significantly (P<0.01),

"with in row, mean with symbol no common superscript differ significantly (P<0.05),

" with in row, mean with symbol no common superscript differ significantly (P<0.01),

*** L = Linear and Q = Quadratic
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Table 5 Effect of multi-strain Bacillus sp. supplementation in drinking water on economic benefit return

Multi-strain Bacillus sp. supplementation level (g/l)

Economic benefit return SEM

Control 1 2
Feed cost per gain (THB/bird) 43.28+0.02 41.004£0.02 39.48+0.06 0.01
Salable bird return (THB/bird) 57.70+5.42 55.55+4.92 56.41+4.82 3.34
Net profits return per bird (THB/bird) 14.42+1.49 14.55+1.58 16.93+1.67 1.58
Return of investment (%) 33.31+4.35 35.48+5.12 42.88+4.89 2.67
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Abstract

Species diversity of vascular plants in Ban Hin Hao community forest, Ban Fang district, Khon Kaen province was
investigated between October 2015 and September 2016. Plants were surveyed by using line transect methods. Four
1 km line transects were applied for sampling and collecting specimens. Two hundred and two species, belonging to
159 genera and 61 families were identified. The plants were classified as one fern, one gymnosperm, 170 dicotyledonous
and 30 monocotyledonous plants. Eleven alien species of vascular plants were found in the area. Globba laeta and
Iphigenia indica are rare in Thailand, Cycas siamensis is a vulnerable plant, and Dimetra craibiana is endemic to
Thailand.

Keywords: species diversity, alien plant, rare plant, vulnerable plant, endemic plant
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Table 1 List of vascular plants in Ban Hin Hao community forest.

No. Family name / Scientific name Local name Plant habit

296 ACANTHACEAE

1 Barlerias trigosa Willd. FINTH herb

2 Justicia diffusa Willd. Wawin herb

3 Lepidagathis sp. - herb

4 Thunbergia fragrans Roxb. Qﬂ’mm climber
2961 AMARANTHACEAE

5 Achyranthes aspera L. Wug herb

6 Alternanthera philoxeroides (Mart.) Griseb.*** ﬁmﬂ@ﬁ'] herb

7 Alternanthera sessilis (L.) DC. fnlalne herb

8 Amaranthus spinosus L.*** ANUNAUIN herb

9 Amaranthus viridus L. NN herb
296 ANACARDIACEAE

10 Buchanania lanzen Spreng. VAR T tree

11 Gluta usitata (Wall.) Ding Hou %fﬂlmg' tree

12 Lannea coromandelica (Houtt.) Merr. ﬁ:ﬂ tree

13 Mangifera caloneura Kurz zd9th tree
196 ANNONACEAE

14 Melodorum fruticosum Lour. A0IU tree
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Table 1 List of vascular plants in Ban Hin Hao community forest (continue).

No. Family name / Scientific name Local name Plant habit
15 Polyalthia debilis (Pierre) Finet & Gagnep. naLLen shrub
16 Polyalthia erecta (Pierre) Finet & Gagnep. G shrub
17 Uvaria cherrevensis (Pierre ex Finet & Gagnep.) L.L. Zhou, Y.C.F. Su wuLN2th shrub
& R.M.K. Saunders
296 APOCYNACEAE

18 Aganonerion polymorphum Pierre ex Spire FUAN climber

19 Amalocalyx microlobus Pierre ex Spire %ﬁda&lq“ni climber

20 Amphineurion marginata (Roxb.) D.J. Middleton Tunwasa woody climber

21 Gymnema griffithii Craib UELULAILLNE climber

22 Holarrhena pubescens Wall. ex G.Don I&mﬁlmy' tree

23 Streptocaulon juventas (Lour.) Merr. IEEGAL) climber

24 Zygostelma benthami Baill. aULTHLAN climber
296 ARACEAE

25 Pseudodracontium harmandii Engl. aan herb
29¢ ARECACEAE (PALMAE)

26 Phoenix loureiri Kunth wliaay shrub
294 ARISTOLOCHIACEAE

27 Aristolochia pothieri Pierre ex Lecomte ﬂi:Lf’lq&ﬂad climber
296 ASPARAGACEAE

28 Asparagus racemosus Willd. SNRU herb
2961 ASTERACEAE

29 Acilepis squarrosa D.Don AWIAGT herb

30 Chromolaena odorata R.M. King & H. Rob.*** ULRe herb

31 Cyanthillium cinerea (L.) H. Rob. nuanay herb

32 Eclipta prostrata (L.) L. REES herb

33 Elephantopus scapter L. I@ﬂ&ifﬁu herb

34 Gynura pseudochina (L.) DC. TUNAINIW herb

35 Praxelis clematidea (Griseb.) R.M. King & H. Rob.*** FUNUN herb
296 BURSERACEAE

36 Canarium subulatum Guillaumin N:ﬂaﬂmgau tree
29 CAPPARACEAE

37 Maerua siamensis (Kurz) Pax ION] tree
296 CHRYSOBALANACEAE

38 Parinari anamensis Hance yzwan tree
2961 CLUSIACEAE

39 Cratoxylum cochinchinense (Lour.) Blume é’;mgm tree
2961 COLCHICACEAE

40 Iphigenia indica (L.) A. Gray ex Kunth* 5@117]'1‘@ herb
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Table 1 List of vascular plants in Ban Hin Hao

community forest (continue).
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No. Family name / Scientific name Local name Plant habit
296 COMBRETACEAE

41 Terminalia chebula Retz. var. chebula qualne tree

42 Terminalia mucronata Craib & Hutch. azuuNLRae tree
296 COMMELINACEAE

43 Commelina diffusa Burm.f, wnyau herb

44 Cyanotis axllaris (L.) D. Don ex Sweet Andanum herb

45 Cyanotis vaga (Lour.) Schult.f. mﬂ"uﬂ%a"l,w herb

46 Murdannia edulis (Stokes) Faden i herb

47 Murdannia loriformis (Hassk.) R.S. Rao & Kammathy fndaulan herb

48 Murdannia macrocapa D.Y. Hong mj'léfvmmu herb

49 Murdannia nudifiora (L.) Brenen. ﬁurj&ﬁaﬂ herb

50 Murdannia spectabilis (Kurz) Faden wAINIZNe herb
296 CONNARACEAE

51 Ellipanthus tomentosus Kurz A13an tree
296 CONVOLVULACEAE

52 Evolvulus alsinoides (L.) L. ludaru climber

53 Ipomoea hederifolia L. F9T0uad climber

54 Ipomoea obscura (L.) Ker Gawl qz8n climber

55 Merremia hirta (L.) Merr. TouA climber

56 Merremia quinata (R. Br.) Ooststr. 3991 aﬁuma climber
296 CUCURBITACEAE

57 Solena heterophylla Lour. FRIAI climber
2961 CYCADACEAE

58 Cycas siamensis Miq. yasth shrub
2961 CYPERACEAE

59 Fimbristylis dichotoma (L.) Vahl mff’]‘id%k& herb

60 Fimbristylis insignis Thwaites. NNNUANT herb

61 Fimbristylis ovata (Blume) Kern mﬁ’mﬂ%g herb

62 Scleria levis Retz. m}jﬂmuﬂu herb
296 DILLENIACEAE

63 Dillenia ovata Wall. ex Hook.f. & Thomson fFuluidn tree
29¢1 DIOSCORIACEAE

64 Dioscorea hispida Dennst. nagey climber
236 DIOSCORIACEAE (continue)

65 Dioscorea sp. — climber
296 DIPTEROCARPACEAE

66 Dipterocarpus intricatus Dyer. HININA tree

67 Dipterocarpus obtusifolius Teijsm. ex Miq. LAel tree

68 Dipterocarpus tuberculatus Roxb. WRII tree
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Table 1 List of vascular plants in Ban Hin Hao community forest (continue).
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No. Family name / Scientific name Local name Plant habit
69 Shorea obtusa Wall. ex Blume L6 tree
70 Shorea siamensis Miq. 54 tree

29¢1 EBENACEAE
71 Diospyros ehretioides Wall. ex G. Don. AULENAH tree
296 ERYTHROXYLACEAE
72 Erythroxylum cuneatum (Miq.) Kurz 1nnas shrub
296 EUPHORBIACEAE
73 Antidesma ghaesembilla Gaertn. winldan shrub
74 Aporosa villosa (Wall. ex Lindl.) Baill. wislaalaa tree
75 Croton crassifolius Geisel. Wadl shrub
76 Euphorbia bifida Hook. & Arn. gm‘ﬁﬂ herb
77 Euphorbia hirta L. duu TR herb
78 Microstachys chamaelea (L.) Mull. Arg. §308UN herb
79 Phyllanthus emblica L. vzauilaw tree
80 Phyllanthus urinaria L. mjﬂé‘l,u herb
81 Phyllanthus virgatus G. Forst. 1987 I herb
82 Sauropus hirsutus Beille ANATWBN herb
83 Strophioblachia fimbricalyx Boerl. aanage herb
84 Suregada multifiorum (A. Juss.) Baill. PUNDINLILIN tree
85 Trigonostemon reidiodes (Kurz) Craib Taanzug shrub
29 FABACEAE (LEGUMINOSAE)
86 Albizia lebbeck (L.) Benth. Wt]ﬂ‘]; tree
87 Alysicarpus vaginalis (L.) DC. fﬁamuﬂ herb
239 FABACEAE (cont.)
88 Bauhinia malabarica Roxb. Lémlmg' tree
89 Bauhinia saccocalyx Pierre L'gmﬂ’l tree
90 Chamaecrista mimosoides (L.) Greene Tauiay herb
91 Christia obcordata (Poiret) Bakh.f. ﬂtéa climber
92 Clitoria ternatea L. YT climber
93 Codariocalyx motorius (Houtt.) H. Ohashi TR herb
94 Crotalaria montana Heyne ex Roth ﬁauiurlaﬂ herb
95 Crotalaria pallida Aiton.* ‘ﬁlx‘il,&iu herb
96 Dalbergia nigrescens Kurz AU tree
97 Dendrolobium triangulare Schindl. ﬂizg}ﬂéd herb
98 Desmodium heterocarpon (L.) DC. AWNGU herb
99 Desmodium styracifolium (Osbeck) Merr. ﬁhl,ﬁaw'n herb

100 Desmodium trifliorum (L.) DC. mjﬂmﬁwvmﬂ herb
101 Desmodium velutinum (Willd.) DC. nghdanan herb
102 Dunbaria rotundifolia (Lour.) Merr. - climber
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Table 1 List of vascular plants in Ban Hin Hao community forest (continue).

No. Family name / Scientific name Local name Plant habit
103 Erythophleum succirubrum Gagnep WU tree
104 Flemingia stricta Roxb. ex W.T. Aiton WD herb
105 Indigofera hendecaphylla var. siamensis (Hoss.) Gagnep. ATNLATD herb
106 Indigofera hirsuta L. ANVY herb
107 Indigofera wightii Wight & Arn. - herb
108 Lasiobema penicilliloba (Gagnep.) A. Schmitz L‘ému.m woody climber
109 Millettia leucantha Kurz Gbip] tree
110 Peltophorum dasyrachis (Miqg.) Kurz 23N tree
111 Phyllodium pulchellum (L.) Desv. inaalantan shrub
112 Phyllodium vestitum Benth. - shrub
113 Pterocarpus macrocarpus Kurz ﬂiz(;j tree
114 Pycnospora lutescens (Poir.) Schindl. ANWIIHANN herb
115 Senna garrettiana (Craib) Irwin & Barneby WRURY tree
116 Senna siamea (Lam.) Irwin & Barneby %mﬁﬂ tree

29 FABACEAE (cont.)

117 Senna tora (L.) Roxb. °lqi:,\ll,ﬁcﬂvlﬁrl?_l herb
118 Sesbania bispinosa (Jacq.) W. Wight gluaaan herb
119 Sindora siamensis Teijsm. &Miq. NZALG tree
120  Sophora exigua Craib faulan herb
121 Stylosanthes humilis Kunth* ‘myqf’vaﬂIa herb
122 Tephrosia purpurea (L.) Pers. anuth shrub
123 Tephrosia vestita Vogel FUTVTEA shrub
124 Uraria lagopodioides (L.) Desv. mﬁﬂmaé’u herb
125  Uraria rotundata Craib Infwau herb
126 Xylia xylocarpa (Roxb.) Taub. 1o} tree

var. kerrii (Craib & Hatch.) I.C. Nielsin.

127 Zornia diphylla (L.) Pers. - herb

2961 SALICACEAE
128 Caseria grewiifolia Vent. n3wth tree

129 Flacourtia indica (Burm.f.) Merr. azuur tree

239% HYPOXIDACEAE

130 Hypoxis aurea Lour. nghaandl herb

236 IRVINGIACEAE

131 Irvingia malayana Oliv. ex A. Benn. nITun tree

2396 LAMIACEAE

132 Hymenopyramis brachiata Wall. ex Giriff. auile tree
133 Hyptis suaveolen Poit.*** LNIANAN herb
134 Orthosiphon rubicundus (D. Don) Benth. AwIALFaLLEN herb

135 Premna nana Coll. & Hemsl. Talt eIt herb
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Table 1 List of vascular plants in Ban Hin Hao community forest (continue).

No. Family name / Scientific name Local name Plant habit

136 Vitex pinnata L. Auun tree
196 LAURACEAE

137 Cassytha filiformis L. Twnth parasite

138 Litsea glutinosa (Lour.) C.B. Rob. AR B tree
1396 LYGODIACEAE

139 Lygodium flexuosum (L.) Sw. gliglil¥ a0l climber
1961 MAVACEAE

140 Corchorus aestuans L. NITLAUN herb

141 Decaschistia crotonifolia Wight & Am. walnlanlng herb

142 Hibiscus glanduliferus Craib Uagaw herb

143 Sida acuta Burm f. mﬁ’]"ﬁﬂln gie] herb

144  Sida cordifolia L. wohdaluilan herb

145  Sida rhombifolia L. wgia herb

146 Urena lobata L. ‘%ﬂiaﬂ herb
296 MELASTOMATACEAE

147 Memecylon edule Roxb. waadnilon tree
296 MENISPERMACEAE

148 Tinospora baenzigeri Forman FyF 18 climber
1961 MORACEAE

149 Ficus subpisocarpa Gagnep. subsp. pubipoda C.C. Berg. \Ray tree
296 MYRTACEAE

150  Syzygium cumini (L.) Skeels Wil tree
296 OCHNACEAE

151 Ochna integerrima (Lour.) Merr. T199U7 tree
139 OLACACEAE

152 Olax psittacorum (Lam.) Vahl ﬁ’ﬂfﬂslﬂi' woody climber
296 OLEACEAE

153 Chionanthus amblirrhinus P.S. Green dnaanway shrub

154 Dimetra craibiana Kerr** - herb
296 OPILIACEAE

155 Cansjera rheedei J.F. Gmel. maﬁjw woody climber

156 Melientha suavis Pierre NN tree
71361 ORCHIDACEAE

157 Eulophia macrobulbon (C.S.P. Parish & Rchb.f.) Hook.f. ’i“luﬁld herb

158 Geodorum siamense Rolfe ex Downie ’hugama herb
246 ORCHIDACEAE (cont.)

159 Rhynchostylis coelestis (Rchb.f.) ex Veitch. LgadLTWLLﬂ: epiphyte
297 PASSIFLORACEAE

160 Adenia viridiflora Craib NN&IL climber
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Table 1 List of vascular plants in Ban Hin Hao community forest (continue).
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No. Family name / Scientific name Local name Plant habit

161 Passiflora foetida L. nzNnNIN climber
296 POACEAE (GRAMINAE)

162 Pennisetum polystachyon (L.) Schult.*** mﬁﬂlﬁ]ii}maﬂ herb

163 Rottboellia cochinensis (Lour.) W. Clayton m]jﬂ“u K] herb

164  Setaria pumila (Poir.) Roem & Schutl. LRV e NP Ve G ] herb

165 Vietnamosasa pusilla (Chevalier. & A. Camus) Nguyen N herb
2961 POLYGALACEAE

166 Polygala triflora L. - herb

167 Polygala chinensis L. ﬁﬁté Hi herb
29 RHAMNACEAE

168 Ziziphus cambodiana Pierre AZAIDY woody climber

169 Ziziphus oenoplia (L.) Mill. var. brunoniana Tardieu Lﬁumdm woody climber
2961 RUBIACEAE

170 Catunaregam tomentosa (Blume ex DC.) Tirveng. RUNNLTIS tree

171 Gardenia obtusifolia Roxb. ex Kurz. aiusin tree

172 Gardenia sootepensis Hutch. ANDNARN tree

173 Hymenodictyon orixense (Roxb.) Mabb. funu tree

174 Ixora cibdela Craib Wuih tree

175 Mitracarpus sp. - herb

176 Mitragyna rotundata (Roxb.) Kuntze ﬂszvjmﬁu tree

177 Morinda coreia Ham. gath tree

178 Richardia sp. - herb

179 Rothmannia wittii (Craib) Bremek. wANWale tree

180 Spermacoce sp. - herb
296 RUTACEAE

181 Clausena harmandiana (Pierre) Pierre ex Guillaumin CONRlN shrub

182 Naringi crenulata (Roxb.) Nicolson NIz tree
296 SCROPHULARIACEAE

183  Lindernia crustacea (L.) F. Muell wgnuURasdILle herb
296 SMILACACEAE

184 Smilax verticalis Gagnep. LA386N7 climber
296 STEMONACEAE

185 Stemona tuberosa Lour. RUHABALUWEIN herb
2961 STERCULIACEAE

186 Helicteres angustifolia L. "ﬁ@ju shrub

187  Helicteres hirsuta Lour. s shrub

188  Helicteres lanceolata A. DC. fnlren shrub

189 Waltheria indica L. AUNINY shrub




Vol 37. No 2, March-April 2018

Species Diversity of Vascular Plants in Ban Hin Hao Community Forest,

Ban Fang District, Khon Kaen Province

Table 1 List of vascular plants in Ban Hin Hao community forest (continue).

21

No. Family name / Scientific name Local name Plant habit
296 STRYCHNACEAE

190 Strychnos nux-vomica L. qum tree
296 THYMELAEACEAE

191 Enkleia malaccensis Griff. dadn shrub
296 TILIACEAE

192 Grewia eriocarpa Juss. Jaunwn tree

193 Grewia winitii Craib mﬂ"]"ljmla shrub

194 Triumfetta bartramia L. Uals herb
29¢ VERBENACEAE

195 Lantana camara L.*** WNNTAY shrub

196 Stachytarpheta jamaicensis (L.) Vahl ﬁug den herb
296 VITACEAE

197 Leea indica (Burm.f.) Merr. nedialy shrub

198 Leea thorelii Gagnep. ﬂ:ﬁoimtéﬂ herb
29¢1 ZINGIBERACEAE

199 Curcuma singularis Gagnep. nszidealan herb

200 Globba laeta K. Larsen* NITTIYUN herb

201  Globba siamensis (Hemsl.) Hemsl. TUNUNUFEY herb

202 Kaempferia galanga L. ilzvan herb

RNV

* = rare plants in Thailand, ** = endemic to Thailand, *** = alien plants

, — = not reported
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Figure 1 Some species of trees in Ban Hin Hao community forest, Ban Fang district, Khon Kaen province;

(a) Bauhinia saccocalyx Pierre, (b) Cratoxylum cochinchinense (Lour.) Blume, (c) Catunaregam tomentosa
(Blume ex DC.) Tirveng.,(d) Dillenia ovata Wall. ex Hook.f. & Thomson, (e) Flacourtia indica (Burm.f.) Merr.,
(f) Gardinia sootepensis Hutch., (g) Gluta usitata (Wall.) Ding Hou, (h) Holarrhena pubescens Wall. ex G.
Don, (i) Millettia leucantha Kurz, (j) Ochna integerrima (Lour.) Merr., (k) Rothmannia wittii (Craib) Bremek.,

() Sindora siamensis Teijsm. & Miq.
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Figure 2 Some species of herbs in Ban Hin Hao community forest, Ban Fang district, Khon Kaen province; (a)

Croton crassifolius Geisel., (b) Curcuma singularis Gagnep., (c) Dimetra craibiana Kerr, (d) Geodorum
siamense Rolfe ex Downie, (e) Globba siamensis (Hemsl.) Hemsl., (f) Iphigenia indica (L.) A. Gray ex
Kunth (g) Justicia diffusa Willd., (h) Sophora exigua Craib, (i) Vietnamosasa pusilla (Chevalier. & A. Camus)
Nguyen, (j) Polyalthia erecta (Pierre) Finet & Gagnep. (k) Pseudodracontium harmandii Engl., (I) Uraria

rotundata Craib
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Potential for Salinity Tolerance of some Perennial Plants
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Abstract

Growing salt-tolerant or salt-preference crops is a good way to rehabilitation saline soils in crop production. We
studied the types of plants that can be grown in saline soils and investigated the level of salinity that the plant could
tolerate. Results from the studies of nine perennial tree species comprising karandas, grape, pomegranate, mulberry,
jujube, tamarind, guava, physic nut and eucalyptus indicated that the salinity tolerance of the nine species could be
divided into 4 levels of salinity. First, low salt tolerant plants; guava and mulberry. Second, moderate salt tolerant
plants; pomegranate, jujube and tamarind. Third, high salt tolerant plants; karandas, physic nut and eucalyptus. Fourth,
extreme salt tolerant plants; grape. The results of this study can be used as an alternative way for farmers to know
the type of plant suitable for their area and assist the decision to choose the proper type of plant to be grown in a

saline area.

Keywords: saline soil, salt water, salt tolerance, halophyte, glycophytes
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Table 1 Classification of saline soil by chemical properties %

Soil Type Electrical Soil Exchangeable Sodium
Conductivity pH Sodium Adsorption
(dS/m) Percentage (%) Ratio
Saline soil >2 <8.5 <15 <13
Sodic soil <2 >8.5 >15 >13
Saline sodic soil >2 >8.5 >15 >13

#aNINNRIINAITINLUNTZAVANNLANNATHA
NTENUABNT RINNTDI UG 4 20U Ao awlitAy Gn
Watas AwANLIWNENS AWANINN LazAulANda (Table 2)

Table 2 Classification of salinity effects on plants ***

Salinity Level Electrical Salt Plant Response
Conductivity Percentage in
(dS/m) Soil (%)
Non saline <2 <01 No effect on plants
soil
Low saline soil 2-4 0.1-0.2 Effect on growth of non-salt
tolerant plants
Moderate soil 4-8 0.2-0.4 Effect on growth of several
salinity plants
High soil 8-15 0.4-0.8 Only salt tolerant plants grow
salinity and produce
Extreme soil >15 >0.8 High salt tolerant plants
salinity grow and produce
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Figure 1 Vegetative growth in terms of height and

canopy volume of C. carandas growing under
different saline treatments for 30 months
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of C. carandas growing under salinities
created by irrigation of different dilutions of
sea salt. Significance among the treatments

was recorded at p<0.05 "
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Figure 3 Total protein, sugars and phenolic contents of
C. carandas growing under salinities created
by irrigation of different dilutions of sea salt.
Significance among the treatments was re-
corded at p<0.05.”
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das growing under different salinity treatments.
Significance among the treatments was re-
corded at p<0.05’
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Table 5 Effect of salinity level on the main shoot length (cm) and leaf area of Wounderful and Manfalouty pomegranate cultivars grown hydroponically™

Suputtra Sarasaen et al.
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Abstract

Lodging of sugarcane results in decreased yield of Commercial Cane Sugar (CCS). It may involve the vascular tissue
which plays an important role in supporting stalk strength. Therefore, the objectives of this study were to investigate
number and size of vascular bundles in cane stalk with different stalk lodging levels. A Randomized Complete Block
Design (RCBD) with three replications was used. Six sugarcane lines with different lodging levels were assigned as
treatments, three cane lines, KK3, MP02-665 and K88-92 were defined as a lodging resistant line and MP07-309, MP1
and MP3 were defined as lodging susceptible lines. The number and size of vascular bundles were measured.
Vascular bundle numbers and size of six sugarcane lines with different stalk lodging resistant levels were different.
Lodging resistant lines revealed higher number and bigger size of vascular bundle at base and middle of stem
positions than the susceptible lines. Among the lodging resistant cultivar had also difference in 2 lodging resistant
traits. KK3 had high vascular bundle numbers at the bottom position, whereas MP02-665 and K88-92 were the line
which had large size of vascular bundle at base and middle of stem positions. The understanding of this might be
useful for developing a stalk lodging resistant sugarcane cultivar. Further, it would increase the production efficiency

both of the management and harvesting aspects.

Keywords: sclerenchyma, fiber, internodes, lignin
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Table 1 Number of vascular bundle in different sampling positions such as base, middle and top of stem positions of

six sugarcane lines with different lodging resistant levels.

Vascular bundle number (#)
Stalk lodging levels Lines
Base Middle Top
MP07-309 12.0° 14.3 19.5 °
Susceptible lines MP1 13.8° 16.0 16.8°
MP3 13.5° 16.3 15.8 >
MP02-665 13.8° 13.3 17.3°
Resistant lines K88-92 14.3° 13.0 13.8°¢
KK3 18.8 ° 16.5 17.0°
F-test > ns >
Mean 14.33 14.87 16.66

“Means within a column followed by an identical letter are not significantly different at P < 0.05

ns = not significant

Table 2 Size of vascular bundle in different sampling positions such as base middle and top of stem of six sugarcane

lines with different lodging resistant levels.

Vascular bundle size (um)
Stalk lodging levels Lines

Base Middle Top
MP07-309 236.1 % 161.1° 127.8 ¢
Susceptible lines MP1 205.6 236.1 % 236.1
MP3 166.7 205.6° 2445°
MP02-665 261.1° 230.5® 200.0 ™
Resistant lines K88-92 230.6 ® 266.6 ° 183.3°
KK3 186.1 ™ 238.9 % 211.1 %

F-test - >
Mean 214.4 223.1 200.5

**Means within a column followed by an identical letter are not significantly at P < 0.05
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Figure 1 photographic for cross section of internode (10x) among six sugarcane lines with different lodging resistant
levels, A = vascular bundles in base of stem position, B = vascular bundles in middle of stem position and
C = vascular bundles in top of stem position, 1, 2, 3, 4, 5 and 6 = sugarcane lines as MP07-309, MP1,
MP3, MP02-665, K88-92 and KK3, respectively.
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Figure 2 photographic for cross section of internode (40x) among six sugarcane lines with different lodging resistant
levels, A = vascular bundles in base of stem position, B = vascular bundles in middle of stem position and
C = vascular bundles in top of stem position, 1, 2, 3, 4, 5 and 6 = sugarcane lines as MP07-309, MP1,
MP3, MP02-665, K88-92 and KK3, respectively.
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Contamination of some Airborne Bacteria and Fungi in Personal Cars
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6‘1’%@Lﬁué’mmﬂuﬁwqg\mﬁﬂmu 27 Au uangiaudiuin 18 Au d1837 open plate HanmsANMWLLTIMLLATISY
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Abstract

Air microbial contamination in cars of Yala Rajabhat University staff was investigated and evaluated using Bacillus
spp., Pseudomonas aeruginosa, Aspergillus spp. and Pencillium spp. as pathogenic indicators. Sampling included 27
and 18 cars during rainy and summer season respectively. By using an open plate method, it was found that total
bacterial counts ranged from 0.77 to 15.38 cfu/m®, and fungal counts 0.98 to 17.01 cfu/m®, with overall average of
5.51 + 3.51 cfu/m® and 5.63 + 3.57 cfu/m® respectively. Statistically, the microbial count during 2 seasons was not
significantly different with a 95% of confidence level. Fungal count average in the front seat was significantly higher
than the back seat. It was also found that Aspergillus spp. was mainly detected (77.78%), followed by Bacillus spp.
(68.89%) and Penicillium spp. (44.44%), respectively. No the bacterial pathogen P. aeruginosa was detected in any
sample. These results, although preliminary could be helpful as indication of airborne microbial hazards in cars. This
subject deserves attention because of implied health problems, especially respiratory disease associated with these

microbial pathogens.

Keywords: airborne bacteria, airborne fungi, car
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Table 1 The average amount of bacteria and fungi by
comparing the seasonal and the position of

sampling by t-test

NS/ FUAIS fadolSinm faalSanmn
U884 uuafiiae (cfu/m?) (cfu/m®)
0o 5.57+3.80 5.73 £ 3.79
n93am 5.41 + 3.26 5.49 + 3.32
LN 5.03 + 3.24 5.69 + 4.22°
LUNEARY 6.01 £ 5.32 0.84 £ 1.84°

Remark: The different superscripts are statistically different at

p=<0.05 according to least significant difference test.
An unsuperscripts are not statistically different

at p<0.05 according to least significant difference test.



Vol 37. No 2, March-April 2018

40 37.78
35 31.11
28.89
30
= 25
o 20
5 20 17.78 HW778
o 3.33
15 11.18
10 .89 .89
4.44
5
, 1
Number of species
M Bacteria
Fungi
Figure1 The frequency of species of bacteria and
fungi found inside the cars per vehicle
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Abstract

Allium species (garlic and onion) are edible plants that are also used as herbal medicines. These plants have been
found to possess various pharmacological activities. Cycloalliin is one of the major organosulfur compounds found in
Allium species. The hypolipidemic and anti-obesity effects of cycloalliin were reported previously. However, its actual
mechanism of action has not been established. Adipocyte lipolysis plays an important role in the regulation of lipid
and glucose metabolism.Abnormal conditions of these metabolism can produce reactive oxygen species and usually
lead to hyperlipidemia and diabetes. The present study aimed to investigate the in vitro effects of cycloalliin on rat
adipocyte lipolysis and antioxidant activity. Adipocyte suspensions of two groups of rat (normal pellet diet (NPD)-fed
rat and high fat diet (HFD)-fed rat) were treated with cycloalliin in the absence (basal lipolysis) or the presence of
isoprenaline (0.1 yM; ISO-induced lipolysis). Cycloalliin at concentrations of 1, 10 and 100 yM inhibited ISO-induced
lipolysis in adipocytes derived from NPD-fed rats with free fatty acid concentrations of 581.47+67.79, 575.30+28.95
and 555.77+45.53 yM/mL packed cell volume/h, respectively. These results showed significantly lower levels than the
control (651.03+31.98 yM/mL packed cell volume/h) (p<0.05; n=5). However, no significant difference was found when
cycloalliin was tested on adipocytes derived from HFD-fed rats. Cycloalliin did not produce a significant effect on basal
lipolysis in adipocytes derived from both NPD-fed rats and HFD-fed rats. In terms of antioxidant activity of cycloalliin,
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay and anti-autooxidation assay were applied. Cycloallin showed low
capability on DPPH scavenging. In anti-autooxidation assay, 48 h incubation of cycloalliin at concentrations of 10, 30
and 100 yM inhibited significantly autooxidation of linoleic acid, but after 72 h incubation, only at the 100 yM
demonstrated this effect. In conclusion, cycloalliin significantly inhibits 1ISO-induced lipolysis in adipocytes derived from
NPD-fed rats, and shows anti-lipid peroxidation activity. These may suggest that effects of cycloalliin could be related

to hypolipidemia and hypoglycemia.

Keywords : cycloalliin, lipolysis, rat adipocyte, lipid peroxidation

YN wasuazifianszuaunmsaansludu (lipolysis) lasande

P X A a (3 s . aaa
White adipose tissue (WAT) @aifuiftatfafuninmealu tawlsd hormone sensitive lipase (HSL) uazdji3en
Usznaudie white adipocytes snansowuldlunsiioufia  hydrolysis leilu free fatty acids (FFAs) uaz glycerol

l 12 s ~ o @ ' . . . =
qmadmmaziumm:mﬂu Junumanagea lipid  (Zechner et al., 2009; Zimmermann et al., 2009) TIWL

metabolism, glucose metabolism LLaz endocrine functions
(Avram et al., 2005) §1%3U lipid metabolism fl.’?u WAT S'f%\‘l
Lﬂmmdawé'wmﬁé']ﬁcy msmuqmmma%%waavlm
Juluioadudu ldun FFAs uptake, lipogenesis LLRaE
lipolysis ta%utlsenmuamsfidladuwdrldsnsnoesd
ﬂizmumsaiaﬂvlmil'uL%dwﬁiuﬁwvlﬁLLa:@@%uLﬁwgni:LLa
Aan F9519meaziinlasiu cholesterol waz triglyceride
(TG) vihgnszuaiiaa lawadblyséiu (ipoproteins) lwiian
Frudaes Soutisaandln 4 wfia Aa very low density
lipoproteins (VLDL), low density lipoproteins (LDL), high-
density lipoproteins (HDL) &< total cholesterol N131iN9@
LDL 88nanNIzuaRaanN1%n19 LDL receptor 319N182
vivazanladulugy triglyceride (TG) luiwad ludiu
(adipocytes) TnsLawnzagnsBefi WAT asnenmadasms

’jﬁluﬂuﬁﬁmu:é”mmmmLﬁ@]mﬂﬁuamuhﬁﬂugﬂ
TG ldunninaudnd (Avram et al., 2005; Goossens,
2008) ﬁﬂﬁt\‘lﬁdlﬁﬂ perilipin expression 808 Fodamald
I9NLLNANIZUINNNT lipolysis L‘ﬁlu“ﬁu (Wang et al.,
2003; Wang et al., 2011) ¥ luganufaunfzasszauly
dululfea (dyslipidemia) WkazlNan11¢ metabolic
syndrome (Wajchenberg, 2000; Langin, 2006) Tu
NI2UIUNNT glucose metabolism iadeladurinnusa
Aurunaaitormlauszndaitaans Lﬁamuqu GLUT-4
fivnminflaugs glucose nnszumbsaluifivasanly
nmeluisasds glucose Qﬂﬁﬂﬂl“ﬁﬂ%ﬁﬁé’d@i’ﬂ%
NITUINNIT de novo FFAs LWaz glycerol synthesis
(lipogenesis) BN glycolytic pathway (Wajchenberg,
2000) LasnIzuInnIT lipolysis ¥83 TG lu adipocytes ‘ﬁl
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"o
a K

iaduasvinliszau FRAs lunssumdaniintu Seiinada
AINITRINY glucose a1n glycerol, lactate LLas amino
acids (gluconeogenesis) uazlnade hepatic clearance
w09 insulin Bessnaliszauinaaludanindn (hyper-
glycemia) yliiia insulin resistance au e (Goos-
sens, 2008) “Umz‘ﬁl endocrine function LTaa LUl TIL1AE
§NEININ peptides ﬁﬁmma&wé’ty@ia adipose tissue,
endocrine, paracrine LR¢ autocrine signals (Kim and
Moustaid-Moussa, 2000; Poulos et al., 2010) ﬁd‘lfu
N32UIHNIT lipolysis F9TanudAYaL19NINaaN1s
muqm:é’uvlfuﬁuuazﬁwmaiuiwmﬂ

auuadaIe (free radicals) fia azaan luiana wia
ssUsenaufidaiinasewann (unpaired electron) Foug
1 5Lﬁﬂmawﬁu"l,ﬂag’lmaaa%ﬁﬁmmanq@ (outer orbital)
nllaiativsuaslumsfisansadig §isenldadng
daa"l:sﬁ'ua:maw%aimaqammmsﬁu6] Tufsa el
$19M8 (macromolecule) i W36 ladu wae DNA
Hudw alawafoandiadu (lipid peroxidation) 1w
nizmumsaan%m%"umaaﬂmvlmﬁuhﬂawaamz Jnifia
fulasusfieliduduszmusofiatuldiasluussenme
(autooxidation) LLﬂa%u@aumaaﬂﬁﬁ%mLﬂu 3 dunau Ao
%uﬁwﬁu (initiation) %mhma@ (propagation) LLaz%uéu
§@ (termination) nsztaumsimusaRadunszuIwms
anlgmnlifinnngad e (Adly, 2010) inlifaaywa
saszauldotnounnang (oxidative stress) auyadaIzdl
anuFuRusnunsiialiadeg wu lsausss lsan
#u lsaszuuialauaznasalfien Aizrasaldanalas
uds lsadadniauzanaasd (udu (Adly, 2010) Tunnaz
oxidative stress laglanzifiasiandenszuaunsata
WefaanGiadu wuidanuAedesagnseiunigly
Tuluiiangauazlsnlu1nim (Yang et al., 2008; Arora et
al., 2013)

ludagdunslaayulnsuazarwisganinia
umsunwndnmaianlunsinmlse Tufellasiuxa
unsndauditAsadasiulsanig metabolic syndrome #a
wlngjuazninfioy (Roaszna Alium) Rosyulnsluain
Boufinouiunlfsznanemis Tanimeandsdineni
wannany 1w aaszauluTuuazinaaluden (Ozougwy,
2011; Zeng et al., 2017) dwaanTiatis (Meriga et al.,
2012) WazaaANa2w (Yoshinari et al., 2012) tduan
lalaadad@uiduanslungu organosulfur Aiwvlunanin
I%EQLLa:ﬂi:LﬁUN (Ueda et al., 1994; Allison et al., 2006)

Effect of cycloalliin on lipolysis and lipid peroxidation 247

ﬁqwﬁﬁwmmmﬂéutﬁamluﬁﬂ’;ﬂ angina pectoris 38
old myocardial infarction (Agarwal et al., 1977) a@mi‘ﬂ&"\‘l
apoB100 LazaaI=al TG Iutﬁamamks (Yanagita et al.,
2003) dawiiginmsvinu el quinone reductase
(Xiao and Parkin, 2002) Gsdailuawlasfly phase Ii
metabolism Aiiununlunstisiidaveaioaanain
198 (detoxification) ﬁaalﬁmsﬁmaaﬂ%m%’uﬁaglu
sremornnuleade (Hedges and Lister, 2007)
nndayatadunuinlolasdadduiinadaszeiy

'
= s

Tusiuluiime udludagduwlinudeyaiisafiunalnnis

3 Xaa . PSR
ONNDVBIRNIIUNUNRG anizmumﬂwmlvﬁ FININAA

o

seeuluiuluden msAnwitasauladnungnisvedlalas
daddudansaangludiulwosdluduannysn laouds
wiilu 2 ngu fa ﬂﬁjuﬁvlﬁ%fummiﬂﬂa (normal pellet
diet; NPD) LLa:mjm"i"L@Tmms"Lﬂuﬁuga (high fat diet; HFD)
lagudaznguazutiinsnaseusanidu 2 aniz fe lu
am'szl,ﬁnaﬁﬂﬂaLmzsl,uamazﬁ'Lmaﬁgﬂmﬁmﬁﬂﬁlﬁ@mi
aanelau snvslunsanwnassilisldnaseunnians
awaﬁmzua:ﬁmﬁﬂmﬂai’aan%m%’u (lipid peroxidation)
lasnasavlunasanasad (in vitro) Mo 2 353 Aa 1)
msmaaummmmm’tumnﬁﬁuLm:ﬂ'uﬂy'dawaﬁm:
‘ﬁlmﬁm DPPH (1,1-diphenyl-2-picrylhydrazyl radical
scavenging capacity assay; DPPH radical scavenging
assay) Uz 2) MINAFAUANNFNIIOLUMIeNHUHATN
panGLatudiiindwosveinsaludu linoleic (anti-autoox-
idation assay of linoleic acid) Naa’mmiﬁﬂﬂ’]ﬁﬁ]:"ﬁiﬂ
asunugniveslalaadaddsuilinadoluin uazaziiu
ﬁagaﬁuﬁqu%{mamé‘ﬁﬂmaamsﬁﬁmmsnﬁwmﬂu
ﬁagaLﬁaaﬁuém%'uﬁwmvlﬂLﬂuwﬁﬂﬁmsn‘qmmwﬁa
Uszgndldlfifadszlomilunmndfindaly
%ﬁﬁﬁ!@lﬂﬂ‘iiﬁ: Lmﬁ%msﬁnm

CRPIEY

(1S,3R,5S)-5-methyl-1,4-thiazane-3-carboxylic
acid 1-oxide (cycloalliin; CanNOsS; Wako chemical,
Japan), isoprenaline (Sigma, USA), collagenase type |l
(Sigma, USA), non-esterified fatty acid assay kit (Wako
chemical, Japan), bovine serum albumin; BSA (Sigma,
USA), 1,1-diphenyl-2-picrylhydrazyl (DPPH; C18H 12NBOG)
(Sigma, USA), ascorbic acid (CGHSOG) (Carlo Erba Rea-
gent, ltaly), linoleic free fatty acid (C18H3202) (Sigma,
USA), butylated hydroxytoluene (C15H24O) (Fluka, Swit-
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zerland), ammonium thiocyanate (NHASCN) (Carlo Erba
Reagent, ltaly), ferrous chloride (FeCI2.4H20) (Aldrich,
UsA) muaiinuaiildlunmmessailumnainasgu
ANUIEN

A8n1sdnn
1. msnagaugniaamsaaiyluai (Pubutr

etal., 2011; a5 3lv@nuaLazamuz, 2556) MNuazidua
M3 IMIURTMINATOLGIH

dninaaas

WUINIFENUE Wistar Lveie] siwein 150-200
g MMNAUdFaINanasuiITd wninadouias Jania
unstgn inpslukaasosdafnanaslasdszozamald
WaaE3n9 12 5219 (06.00 1.-18.00 w.) uazdla 12 F2lug
(18.00 %.- 06.00 w.) mﬂéfﬁaamuquqmmgﬁ ANUTY
waziEns SEmsdnsniAgidesiviainaasdldtiiums
ﬁumamgﬁaﬂﬁﬁ'muﬁ%'ﬂluﬁmfmaaw’mﬂm:ﬂimms
Pusrrumrideludaineass urminsduunansans
NanANLEBNIINAND (MUNULAY 0016/2554)

wunnudailn 2 ngu (nuas 8 ¢) Aeangu
Be9dIamIEaTNAaasTRaUng (normal pellet diet:
NPD) I%aWﬁwsﬁmfﬂ@aaamﬁ@ﬂmngm 082 (MWIUNY
11%; 138N C.P.Usznalng) nauddainaasiuiima
WANINYRUNAARN LLa:ﬂajmgm@Taﬂawmsﬁ@ﬁmaawﬁ@
ﬁﬁvlmﬁuga (high fat diet; HFD) lﬁgmmmsﬁm%mmﬁ
fladugsaunisnszes e¥m Mglodnuauazan:
(2556) Imﬂu&'ﬂmﬁwnuﬁm%g@’aﬂmmiﬂﬂalﬁaﬂ%'u
RNWRRBNAH mni‘”iuﬁdLﬁ§ymflummiém%'umiazmju
LR G’f;mhm:vlﬁ%'ummmazﬁuﬁmwamumm
@89N1T (ad libitum) ﬁwnﬁ%@ﬁmﬁﬂmamkmaL;"J"aﬁ'm
Hn1TINaaad LLa:amﬁuﬁnﬂTagaﬁmﬁﬂﬁwamhvun
Lwia:ﬁanﬂé'ﬂmﬁ%ﬁaL’éuﬁwnﬂimaaamu 3§k (Tu
7t 28) Lﬂ%ﬂﬂLﬁﬂUﬁ’]%ﬁﬂ“ﬂaG%H’ﬂﬁ};&l NPD uas HFD #i
PERIGIREE 9

N3LAIBN adipocyte suspension

Suft 28 ﬁmgmnﬁam‘%w epididymal fat
pads mnmyunﬁaﬂﬁju NPD &z HFD ‘[mﬁmgm%&ﬁﬁ
winfeurimsnasas nswilwesednsasulasnis
f9na 1inLen epididymal fat pads LS lnanudmmzad
ABLIIIUIU 1 6/ WF9inen (ﬁwmmﬁwﬁﬂ
epididymal fat pads/ﬁ'mﬁnéfm‘lémn) Wisfisusiwiin
epididymal fat pads ¥a3%iNay NPD waz HFD
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faLuNLa LT WRaaLaS epididymal tissue aan AT OR
@18 Hanks/BSA buffer solution aﬂﬂ%\‘l NM30@ epididy-
mal fat pads lidutwing suniezlifiedetulng
Unngas Welmilaiermadszana 051 mm? dag
LﬁaLﬁa@T’m collagenase enzyme (type Il) in Hanks/BSA
buffer solution ANNLTNL 0.5 mg/ml USH1aT 10 ml lag
1einl water bath ﬁqm‘ﬁgﬁ 37°C W 7-10 w1l awld
sunsuRTlanBazedetinug shsunaf ldunsasds
dhite 2-3 Tu ieusniteifeffizulnajeananisadly
fu daneBluondu 5 wid LLazgmLm%’wuad adipocytes
anuNLGY Hanks/BSA buffer solution 1311@3 40 mi 1ia
819 collagenase 8an URzLaTEN adipocytes suspension
18 Hanks/BSA solution taasaiu 1:1 (viv)

NINAEDU adipocyte suspension NU&13
Lﬁi)ﬁﬂﬂ’mﬂ?jﬁian’]iﬂa’mlﬂﬁ%

i lolaadaddufinadlu adipocytes suspen-
sion (ﬁvlﬁ"ﬂ”lﬂﬁ\‘lﬂﬁjw NPD %38 HFD) U3u1@3 800 pl
nageuluanzfiduazlig 0.1 uM isoprenaline (ISO)
UsmnasvasljisensaugnBivindu 1,000 pi Ualu water
bath ﬁqm%nﬂﬁ 37 °C w1 %L'JI&I\‘J sy sample
media %ulaﬁaglia'ma'wmmwia:ma@maaﬂﬂﬂu
naaaANAaadnal LLa:LﬁuvL’j"ﬁqmmgﬁ 20 °C asams
Jianedmzdunsa ldudaredald

AMFIATZARITZIUNIA T uda3e (Free
fatty acids; FFAs) 1 non-esterified free fatty acid kit
(Wako chemicals, Japan) LLazﬁ'@ms@@ﬂﬁmLmﬁmﬁuu
Tlaels microplate reader ﬁmmmﬂﬁu 550 nm N9
duwanszau FRAs Tuasazanadiadng laaldgas :

FFAs concentration in sample (uM) =

FFAs standard conc. (uM) x Sample absorbance

Standard absorbance

]
A

(A1 FFAs concentration in sample fénwioslea
wNNQmAY dilution factor uazifisuiiu 1 ml vas
packed cell volume "ﬁdﬁm‘ﬂ%izﬁu FFAs ﬁLLﬁﬁﬁ\‘l (LM/m
packed cell volume/h))

Lﬂ‘%m_u,ﬁyummLmﬂ@msw’mmjuLﬁavl,@i”%'uvlfn
Tnadaasufianududuuandnsiu

2. nﬂswﬂaaqu§ﬁwua%§a8asz

2.1 DPPH assay (Pulbutr et al., 2014)
Y8198 63.4 uM DPPH 180 L 11
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dnlolaadaadw 20 pL ﬁmmmsgmﬂﬁmmﬁmm IAA
515 nm I@l&ll’ﬁméad microplate reader %ommig@mﬁu
wasialdasulsiuaseiuLUSu tens DPPH Adsnainae
ag Tonweadudagazanuautalunndidvuay
fudseuyadasziiiafius DPPH (% inhibition of DPPH
dwmldamugas®), Sawazanusansnlumadrivus:
ﬁuﬁy'da%aamzﬁmﬁm DPPH l¢igg@ (maximum re-
sponse; R ) ez NI asITREINTANTULSS
ﬁuﬁy'dawaﬁmzﬁmﬁm DPPH ld3auaz 50 (IC_ ) 1/5oy
W Uuwaﬁlvlﬁﬁu ascorbic acid

2.2 Anti-autooxidation assay (a%m N7
I’ﬁaﬂ&lmmzﬂmz, 2554) 11 2.51 % linoleic acid 4.7 mL
dnllnadaasu 50 uL andwinan aliquot laflu mi-
crofuge tube &nSunnasey 7 Tu laslalu water bath
ﬁqm%gﬁ 40° C uazvn 24 Hlusaztinasazaigaanun
Ravaseeu lipid hydroperoxide (LOOH) Anadulasns
NARaU ferric thiocyanate 1A8¥NENTaLAENN 50 pL LA
75% ethanol 2.35 mL, 30% ammonium thiocyanate 50
pL, Lz 20 mM ferrous chloride 50 pL mnﬁuﬁﬂ’h WA
ﬁwvl,ﬂi'@@hmsgﬂnﬁmmwaamsﬂs:ﬂam%ﬁau iron
thiocyanate (FeSCN** complex) éﬁﬂm’%aa spectropho-
tometer ﬁm’mm’mé"u 486 nm ﬁ’mws@ﬂnﬁuuma:
uUIRWwO NI LOOH ‘%dL‘ﬂ%primary product 911
nsztaumsataaseandiatuiiatn dmIganan
wssiTaldindmndasazmsdumILia autooxidation
(% inhibition of autooxidation) AWgas” WTBULABLAY
Lmﬂ@i'mzwmﬂ@jwLﬁavlﬁ%fuvLsnIﬂaé’aﬁauﬁmmvﬁwﬁu
LANENINH LazlUSo U8 UNANL butylated hydroxytolu-
ene (BHT)

" gasfwImk % inhibition = (A -A__)x100

Control Sample

Control

(fa A
NENAILAY LRZENIRZANEA0E19 (cycloallin ®38 &13

A ' A
uae A A AMNIIAANNWLRIVBI
Sample U

Control

WIATFIN) ANEIGL)
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afan1glunsdianidona

Tayaiauadipe1 mean ¢ S.D. uazldlsunya
Graph Pad Prism ver. 6 s 3énuwissmnen IC_ M3y
Lﬁwmmﬁm:ijmju fuiumsssseli a:14wa4
Independent-samples Student’s t-test #nSuiaeet
ANUUANEIIZAINNGY NPD uaz HFD Twdassiwin
MIVDIRUV? Wazsinwiinuas epididymal fat pads Lazas
l4&fid one-way ANOVA, LSD post-hoc test #1%5uU
"3me:ﬁmmLmn@i'mmhamjuLf'ia"l,@i"%‘umimaammﬂ
G ’Lumsmaaqu%fm adansdamIEany ludu uazms
maaqu%(maamﬂumiéﬁua%a‘ém:

NanNISAN®
1. Namiwmaaqu§dammmﬂwﬁu

1.1 Namaammwiaﬁmﬁnﬁwamg‘nn
Wazsinwiin epididymal fat pads %117 2 N§a fla NYuRAY
Alesuomnsnd (NPD) LLa:nsjthﬁvLﬁ%fuam'ﬁ"Lmﬁugd
(HFD) finnindaasusniy (ﬁ‘uﬁ 0) ¥y 137.50 +
4.33 g Uz 142.50 + 4.33 g MUK ﬁmgﬁv‘oaaamju
WsaRatSusNw 1 flandiaurinnmasas 3nsin
ﬁ'm'ﬁ%;aﬁmﬁﬂmamkﬂui’uﬁ 7 wudﬂﬁmﬂfﬂﬁmnﬁy’a
saangulaiuandraiu Faudsudt 7 lesulwenmsfinan
619110 wudﬂﬁmﬁﬂﬁkmaLﬁuﬁummmmmmﬂgm
laglungu NPD wazngu HFD fiinntnliuanenofiur
Tuda¥h 2 uas 3 ('?uﬁ 14 U8z 21) WaINTiREIaIY
IMIUANGINY 3 FUaA (fiu‘ﬁ' 28) wuiwﬁmﬁnﬁwn
n§y NPD uaz HFD Pt I@Uﬁﬁ’mﬁﬂﬁ%ﬂ@:&l HFD
(346.25 + 17.28 g) \MNNINgY NPD (311.25 + 20.27 g)
(p<0.01) (¢149 Figure1)

\Hadauen epididymal fat pads 984%1%
paNNUAZTIRRIN WL Wy HFD S minues
epididymal fat pads 1nn3N§u NPD (p<0.01) 63 Table 1

1.2 Wavedlslaadansudansaans laduly
LTAS LUIUINRYI7

lasvhnsdnsluas lusiuanwyan
2 gy fla N§a NPD uaz HFD Agnn221Und basal lipolysis
WazaN1 1SO-induced lipolysis Gsnansaansdavadle

'
v A

TUNAATUITUUSNUATINUTEAU FFAs l1 sample media

Qe

Wb
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400 - 4
[JNPD [ HFD =
300 A T x m
C) =
<, 200 A T
©
=
100 4
0 T T T T 1
0 7 14 21 28

Period (day)

Figure 1 Body weight of Normal Pellet Diet (NPD)-fed rats and High Fat Diet (HFD)-fed rats for 0, 7, 14, 21, and

28 days. Each value represent the mean + SD (n=8). ¥ p<0.01, mean value was significantly different from

NPD-fed group at the same period.

Table 1 Epididymal fat pads weight of NPD-fed rats and HFD-fed rats at day 28

Weight of Epididymal fat pads (g)

Group (mean * S.D.; n=8)
Weight Relative weight / 100 g body weight
Normal Pellet Diet (NPD)-fed rats 4.20 £ 0.81 1.35 £ 0.26
High Fat Diet (HFD)-fed rats 8.53 + 1.52" 2.46 + 0.39"

Each value represent the mean + SD (n=8). # p<0.01 mean value was significantly different from NPD-fed group

1.21 fign12¢ basal lipolysis (69
Figure 2)
nguaruau (lifllolaadaddu)
wunau NPD 320U FFAs 1INl 327.23 + 47.08 uM/ml
packed cell volume/h lrlnadaasuinnuidadn 0.01 A9
100 pM wuiszau lifanauandramesdadionsoy
N TG RMEEY
NENAILANVAIAYNEN HFD Y
920U FFAs Wvinlu 330.82 + 13.06 uM/ml packed cell
volume/h #9320 FFAs f:"lxil,mﬂ@mmﬂmmju NPD i
anaz@saniu wasfiaduaslolaadassuinnuidudu
0.01 19 100 pM WUINI£AUVBI FFAS "lmwm@mmﬂmju
ALY
1.2.2 ‘ﬁlaﬂ’l’az isoprenaline (ISO)-in-
duced lipolysis (@4 Figure 3)
a%m%fuvﬁaé‘lmﬁmamhméjm NPD
ﬁ?uwa_l’iﬂ 0.1 uM isoprenaline (ISO) mminﬂ’i:ﬁum'ﬁ

aangluduldlasyinl#3zdu FFAs (651.03 + 31.98 pM/ml
packed cell volume/h) \fiaduasnsfiinddynosia
(p<0.01) LﬁaLﬂ%ﬂuLﬁﬂUﬁU%k& NPD luan11z basal
lipolysis LLa:L**ﬁuﬁ'uﬁumaﬂmﬁumamkméju HFD Wy
Isoprenaline vinl#32@u FFAs (587.12 + 93.14 pM/ml
packed cell volume/h) \fiaduasnsfiinddynosia
(p<0.01) LﬁaLﬂ%ﬂULﬁ&lUﬁU‘lﬁhb HFD lu&n11z basal
lipolysis LL@ivl,xiLL@m@mmﬂMHﬂeju NPD luannig 1SO-in-
duced lipolysis

lusn132 1SO-induced lipolysis
L8 UTUIMNAUNEN NPD lslaadaddudt 1, 10 waz 100
UM #3260 FFAs (581.47 + 67.79, 575.30 + 28.95 Waz
555.77 + 45.53 uM/ml packed cell volume/h @UR1AL)
AARIENARURIAYNIEDG (p<0.05) WoSsuifeuiiv
NRNAILAY sl,umm:“?iwamaju HFD lolaadaaaudi 0.01 A
100 pM WU132@U FFAs "l,xil,mﬂ@mmﬂmjumuqu
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Figure 2 Effect of cycloalliin on basal lipolysis in the adipocytes derived from (A) NPD-fed rats and (B) HFD-fed rats.

Each value represent the mean £ SD (n=5).
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Figure 3 Effect of cycloalliin on ISO-induced lipolysis in the adipocytes derived from (A) NPD-fed rats and (B) HFD-
fed rats. Each value represent the mean + SD (n=5). * p<0.05, # p<0.01, mean value was significantly

different from control group.
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H 0 fIIHgDH
HOCH
foiLQH o
l O
- —
o |
O OHOH

Figure 4 Chemical structure of (A) cycloalliin and (B) ascorbic acid
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2. Namsnmaanqnﬁgﬁﬁua%a&aamx
2.1 DPPH assay (¢4 Table 2)
A1TUNAITIN ascorbic acid 71 0.1 T4
1,000 pM wu'j’mmsnL?TﬁuLLa:ﬂ'ug'da%aamzﬁLaﬁm
DPPH ldagnsmaisuy concentration-dependent man-
ner iU AT ldaaudfmBudummasay fitnan 60
wiflisueTansaousuasfianizaifi (steady state)
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LmzLfiaL'smmuvl,ﬂmmsgmﬂﬁuumﬁmsm&;wuﬂadﬁaﬂ
an luwned lalaadaddunuiniaufiseiu pPPH le
1 uazdarnaAauUfisendiann 7 10 £9 1,000 uM wu
i 30 wiftdslimusnd §Aseniu DPPH Ie uas
# 60 wift lwlnadadant,000 uM GunTuLasduds Ut
Saaefitadios DPPH aladl %inhibition 1fip 5.2042.17
(p<0.01)

Table 2 Percentage of radical scavenging activity (% inhibition), concentration to produce half of the maximum

response (|C50)' maximum response (Rmax) of cycloalliin and ascorbic acid (Asc) determined by DPPH assay

at different times of reaction period.

% inhibition of DPPH : Asc (%)’
Time (minute)® Rmax(%)b ICSO(pM)
0.1 uM 1 uM 10 uM 100 pM 1,000 pM
5 -6.48+0.88 -6.86+0.75 11.2645.37 34.65+13.39 93.65+4.11 93.65+4.11 155.80
30 -8.29+1.08 -8.29+2.39 24.26+4.08 68.18+9.99 93.98+0.71 93.98+0.71 24.56
60 -8.77+1.54 -8.46+2.24 30.24+0.71 95.42+0.29 94.66+0.97 95.42+0.29 14.99
Time (minute) % inhibition of DPPH : cycloalliin (%)° .
. R (%) IC, (uM)
10 uM 30 pM 100 uM 300 pm 1,000 upM
5 -5.79+0.93 -4.97+0.26 -4.91+1.03 -4.97+1.16 -4.78+1.40 N/A N/A
30 -6.35+1.36 -5.45£1.20 -5.41+1.22 -4.28+1.59 -0.74+1.52 N/A N/A
60 -6.24+1.69 -3.47+1.33 -4.09+1.42 -1.11+1.50 5.204£2.17 N/A N/A

?reaction time ® mean+SD (n=5)

2.2 Anti-autooxidation assay (94 Table 3)
maifieddaafeandiatusasniale

AUdRIY linoleic LLuULﬁm‘ﬁuLaaLﬁagﬂﬁﬂﬂumimmﬂ
wuinsalududase linoleic 9ziiia autooxidation lasiidn
mi@@ﬂﬁuuamﬁu%u (p<0.05) WazRIAN 24, 48 UAE 72
%’ﬂuwaamiﬁmﬁﬁ%m AmIganfuussfianlaiuaneng
N (p>0.05) LATNNURAIIN 72 %Laimmadmiﬁﬂﬂgjﬁ%m
dudull n3ifie autooxidation vadna lududass linoleic
fuwilituaass laofi 120 FalusvesnisvindAsendien
mi@@ﬂﬁuuaoéﬁmn A® 0.05:0.003 dsiulunsnasay
i3 whmmaseuins 5 Tu Namimaamﬂ%ﬁua‘ﬂﬂ
Lﬂai‘aan%m%‘waamimmgm BHT 7 0.3 ua® 3 uM W
71 BHT ﬁqw§ﬁmmmﬁm§‘ﬂmﬂa§aan%m%’ﬂugmmu
concentration-dependent manner LLa:ﬁnm 24, 48 U\

o o 1aaa £ a X
72 ‘ﬁ’JIﬁJG‘DﬂdﬂﬂiﬂﬁﬂQﬂiﬂﬁ BHT ﬁmmwwummw:

nm‘naam‘sﬁwﬂ;’jﬁ’%mua:é?ul,@iﬁnm 96 FlusmaIns
ﬁ’]ﬂﬁﬁ%ﬂﬁﬂﬂéﬁ]:ﬁlwﬂdﬁ mmzﬁqw’%ﬁuﬁﬂmﬂa?aan%
atuvasensazanlolnadassunuifivem 24 $aluwas
maiugisenlalaadaaduaenanilafienuduiudous
10 £9 100 uM firaan 48 S ludlalaadassusengns e
AT ITudnas Aa Goud 0.3 F9 100 uM Lwiwmmw?;
Fumainalaesoandiadusnasdarsiiuly (%
inhibition fiag 9anaq) Walseuiaylolaadasduiy
BHT 7 24 tluawasmsvhufisomuinlolasdadsui
30 waz 100 pM aNBINEELITU BHT A 3 uM (0>0.05)
uazfi 48 S lusvesmavu Ao lolaadadsud 10
Waz 30 uM HnsIndLAssiu BHT A 0.3 uM (p>0.05) uaz
ansvaslolaadaddui 100 uM Indiéseiu BHT 7 3 uM
(p>0.05)
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Table 3 Percentage of anti-autooxidation activity (% inhibition) of cycloallin and butylated hydroxytoluene (BHT)

determined from oxidation products of linoleic acid free fatty acid at different time of incubation period.

Time % inhibition of autooxidation (%)"
(h BHT (uM) Cycloalliin (uM)
0.3 3.0 0.3 1.0 3.0 10.0 30.0 100.0
” 2713 47.69 -9.52 -19.52 -19.65 43.84 51.42 68.12
18.28 +4.42 +5.41 123.65 +23.65 +26.30 +5.81 +16.38
48 44.75 61.03 14.57 10.66 20.92 35.74 44.44 64.49
15.25 +3.39 +2.52 +4.88 +7.13 +7.93 +3.01 +11.60
72 59.57 78.31 6.09 10.00 19.37 22.51 30.47 42.22
+11.41 16.49 +0.41 +4.99 +1.44 $3.01 +6.16 +11.14
96 49.85 70.20 -17.10 1.19 -21.85 7.08 -0.88 3.41
+7.40 +4.29 18.13 +12.95 15.41 +28.04 +19.20 12.70
120 56.53 83.65 -24.72 24.81 -9.03 36.00 -5.58 19.96
+18.75 16.72 +0.81 +2.02 +16.27 +27.27 +39.68 +5.65

?incubation period ® mean+SD (n=3)

Fsaluazaguua
Tumneseunadamsaangluduiafianssiming
#1988 NPD uaz HFD Tuwiud 7, 14 uaz 21 wuinl
LANA9RY TassAluind 28 ﬁfmﬁfﬂé"mhumﬂ@haﬁu
(p<0.01) BInadInanFaandasUMsANEYes Pulbutr
uazabe (2011) mmﬁumumaaﬁagaﬁmﬁﬂﬁmmm
wuldluga9nsiaesdous 2 - 4 §en¥ (Srinivasan et al.,
2005) ﬁaﬁmsﬁ%mnmju HFD ﬁﬁmﬁné”amnﬂ'j’mkb
ngau NPD o Lﬁaamnmmsvlmﬁugaﬁmuﬂs:nawaavlm
Tuduen (lard) %dﬁﬁiﬁﬂiﬁu%}} HFD fsiwiindaannni
#i NPD (Srinivasan et al., 2005) wazd ST WINY09
epididymal fat pads 1uwamsﬁﬂmﬁwuhmju HFD e
¥INNINgu NPD (p<0.01) §8aAR8INU Pulbutr LAZATA
(2011)

Lﬁ'aﬁmsmgﬂLmumsmaauﬁaumsﬁa'ﬁm
HaMIANEAIL Namiﬁﬂma%ﬁiumjmmuqu STREN
Lﬁymzwj’mﬂq’w NPD uaz HFD wuinmsaans lusiuaas
%Hmnﬁy’aaaaﬂa;wvl,aiﬁmwmmn@mﬁu (ﬁahama: basal
lipolysis LLae 1ISO-induced lipolysis) ?ﬁaaa@ﬂﬁaaﬁu Pulbutr
wazame (2011) uastiielRanifinusswinssasannizie
basal lipolysis Waz ISO-induced lipolysis W11 isoprena-
line mansaiiumyaaelusiwlusadlsiule isoprenaline
finalniilu non-selective beta-adrenergic receptor agonist
sanalWarey cAMP mglwaadifintn tRumsvnauaas
wowlosd HSL Tunsaane'lusiu (Zechner et al., 2009; Zim-

mermann et al., 2009) ﬁam’;: ISO-induced lipolysis f
mysag lrdulwead luiuannmuunigandianiie basal
lipolysis (p<0.05) (ﬁuluwna;w NPD usz HFD) lnomny
mju NPD uaz HFD lu&n11e 1ISO-induced lipolysis fyzqu
FFAs tntwiluonas 198.95 uaz 177.47 wasanne
basal lipolysis AMURNGL KAAARAINL Pulbutr LA
(2011) uas Zhang uazAmks (2009) filuannaz 1SO-in-
duced lipolysis 320U FFAs Wnutasas 191 uaz 196
I8N basal lipolysis aMUS1AU
\fafinsonwavadlalaadaasudomsanslaiu
wuinlolaadaasuiinnaududu 1, 10 usz 100 uM s
ﬁu5’0mmmﬂ"lmﬁuslwnaé"lmﬁumam%mju NPD fignnae
ISO-induced lipolysis (e i Tnadanmsaasluduluioad
"Lmﬁumﬂ%hmtejmﬁmﬁuﬁama: basal lipolysis Snwalaidl
wadiansaangluduvasngs HFD Tusmasanniz) qw?;
Tumsiiufamsaagludufienududu 1, 10 uaz 100 UM
Mlszdumssansladuanaaniaesas 89.31, 88.37
WAz 85.37 TBINFUAILAN AW mﬂam‘mmfﬁ
msaanglaiuasrinliszau FRAs lunszumdaaiindn
uaz FFAs Jnadadaan1aLiia gluconeogenesis Laziinag
@@ hepatic clearance 284 insulin %dﬁmﬂlﬁi:ﬁuﬁ’lma
sl,ul,ﬁamﬂlu%u WDNUAANIIL insulin resistance LAz
Wawdulsaiwmnuled (Avram et al., 2005; Goossens,
2008)insulin (uasAdgnssudomssaelaiuwldlasly
ﬂixéjuﬂ’riﬁﬂ\‘nwuadl,auvlmﬁ phosphodiesterase type 3B
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(PDE3B) &4KAlA cAMP agad 398N hydrolyze TG
MltaansUantaas FFAs a0 adipocytes (Zechner et
al., 2009) 8n¥19 Zhang WazAmK (2009) ANHIWLF met-
formin fnalnm3aaszdusienas laemsiudonmsaangla
Tuvasimasliuiilesy isoprenaline Ieiguin Tapvinly
NMITUTEI PKA ez MAPK1/3 8083 LAz INAANIZaL
cAMP lalaadaddmiumssznavsaiunludanofiny
anluransziisuuaznanialng (Ueda et al., 1994; Al-
lison et al., 2006) waiazdsliiNoNunavedlolaadaddn
danmsaasziuinaaludaalannss weiInTayanuin
wonmwuasnanfioadgnimandrinenfisaninan
sedutinanauazluduluden uazananudiwld (Ozoug-
wu et al., 2011; Yoshinari et al., 2012; Zeng et al., 2017)
Usznevfivansdsznavlungueasunludaneinasiia
lunawmlngjuaznsziion wohmsnsnaaszauios
Twdea wazuemsdnernugniaaszauloiuluden
(Sheela and Augusti, 1992; Kumari and Augusti;1994;
Hsu et al., 2004) ﬁagaﬁndnmﬁﬂﬁﬁummLﬂuvl,ﬁ"lm”
eslalaadassuarafiununlumstisaassauinaa
Tudaauazinsiuiniwld lasnalngrunitsena
Agrdasiumstudimssaelaiun wazhauladneng
YoITNTHADTTU CAMP Uas signaling pathway Aifiadas
st'lztm%{maamamaaﬁmﬁu@ugﬁuﬁa metformin 374
feasdnmnadasziutinaaludenludainasasdaly

il Lipid metabolism 1Agdasiumssaneluduiiazaul
wraa S dundsns lasandoiawlod HSL vinlw lusiu
TG wapwilu FFAs uaz glycerol &9 FFAs lwdanasiu
Aulusdudarings lRaTerzans g va93n19me FFAs
Lﬁﬁg}%vﬁaﬁuaﬂu‘[maum%yLﬁasjayﬁmﬂﬁ’lﬁwﬁaa’mﬁm
1§58 B-oxidation minfiszdiu FFAs lwidanfigousnis
wnnanadwwasnuwldnuazildiiangladuluibes
Aaundld wuiluauiiinnzsmnd perilipin expression
8AKd (perilipin Lﬂuiﬂiﬁ%ﬁﬁ’mﬁu lipid droplets ilasn
HSL wWawsw TG Whilu FFAs) denalis1snieiiia
NITLUINNIT lipolysis Lﬁlwﬁmm:ﬁszé’u FFAs L‘Wlwﬁu
(Wang et al., 2003; Zechner et al., 2009; Zimmermann
et al., 2009; Wang et al., 2011) fliszavlvduluion
Aadné (dyslipidemia) "f}\‘lLfﬂuﬂ'ﬂ’gﬂLéﬂdﬁﬁ%ﬁﬁfy“ﬂadﬂ’]ilﬁ@
lsanaaaiiaauasiila waz metabolic syndrome (Wa-
jchenberg, 2000; Langin, 2006) g lwandu (niacin) G'f%dl,fﬂu
snaaszavludulwdoafioongnitussnsaansluduwlu
LTRSS lasenz AL nicotinic receptor Tuirad ladn

J Sci Technol MSU

FINAYIN A3V UvBY adenylate cyclase aARd CAMP
ANRI AANNTHNNUVBI HSL ﬁ’]vlﬂ';jﬂ’lsﬁuﬂv'aﬂﬁamﬂvlm
T LaTNIIAATTeU LT TG, LDL-cholesterol, total cho-
lesterol luiiaa (Schandelmaier et al., 2007) é’dﬁyfumsa@
nyzvumIaan s lududainliseduledulutoasaasle
msinansansluassianuinlolaadaddusiuisa
Fufanssuawmsaansludu dsiuanslolaadassuenaay
fanslumstisaaszauludulwdonldisuiu Uszneuiy
ToYanan1IAN®IVed Yanagita uazAmMs (2003) Aiwy
Jansnanlolaadadduluemisladugelinyaniu
Uremumu 2 daiannnnas TG lwdaald laswuia
$ouaz 0.1 Uaz 0.3 VaILSINmOMITINNA Finlazdy
TG luidaaaaasiisionas 39 uaz 44 V0INFUAILAN AW

o @ '

fou asndlsnanulolaadadduliinadeszeuluiusia
aug snnolifinaseluduludy Lifwsasuwudasns
vnouvastewlaidsltlunmsdesesd 16 Adu Tagld
afAUNoralINMsfilolaadassumunsaaaszauludulu
BealdiinliAedosiumstiudimsfnasesd Te Taya
Ansnuwi i lolasdasswinasiununde lipid
metabolism uazfignsaaszauluiuludenldlasansly
nalnnsiufsnsaansledu arsdnsdnsiRuidud
navl,nmsaaﬂqn‘gﬁ LT% WA nicotinic receptor LIluei
nnmsanenluassiinunlolasdaasuiinaiuds
miaaeludulwasdladiuanwuen NPD luan1iz 1SO-
induced lipolysis I@]tlvlajﬂi’]ﬂg]fméﬁuL‘Iiﬂiﬂ“llﬁ%ﬁ]”lﬂwlé
nga HFD Tusnnizdieniu exaduwldldiaadluduan
%HﬁaaaamjuﬁmmLmn@mmaaﬂavl,nmsaanqwﬁ NN
MINLMIWITIUNTINWLTUTaS [ uanwunga HFD b
§N17 epinephrine-induced lipolysis Inmssansluiuaa
auﬁmﬁwﬁumjw NPD Lﬁ@dﬂﬂﬂ%&ﬁlﬁ%ﬂ@ﬁ%ﬁﬂ‘ﬂﬁ%gd
A MALAAANNUANIaIV89 adrenergic receptor signal-
ing LAZNANILUIW N1T phosphorylation 983 HSL il
nszuaumsaansludwialdaaad (Gaidhu et al., 2010)
LAZANNNNTANBIVES Bost LazAE: (2005) WUIWDAS 1
AuaIH WAT mn%gmjuﬁl HFD 11w ERK pathway (8
UNUINADNNIAILANMTAAT o'lusTu) mmsngﬂﬂizéjuvl@i”
ANNIINgNAL NPD &9nalALoas 12duanny HFD ifia
mimz@jumzmumiamavlmﬁuumﬂ%u NnTayatn9
sumsfisnslolaadassulimunsneangns waadluiv
V2IWUNEN HFD o znalnmssangnivedlalaada
faudanuiAsdesiy adrenergic receptor signaling L&z
NILUIUNIT phosphorylation 183 HSL %%at,ﬁ'mﬁu ERK
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pathway Aiilwle Lfiaﬂavl,ﬂé‘faﬂdngﬂLﬂﬁmuﬂaﬂﬂmﬂ
Un@lununga HDL Fsiugniveslalaadassuiely
sansarihemld arsdnsnalnildindudely Snvislu
nansansaSiifinuinlolaasaaswlinugnslunis
Fudsmysaelsulwaadlufuluaniiz basal lipolysis
maaﬁy'm& NPD uaz HFD awganaduiwsziaas ludiu
#ignnz 1SO-induced lipolysis aztnszduMIFA el
UNzIZaU FFAs ﬁﬂﬁmnmmaanmamﬂ"ﬁ(ﬁug’dmsamﬂ
luiuraslolaadaddulnnglddanuainnitfianiae
basal lipolysis ﬁwjaﬁlmﬁuvlaivlﬁ%'unﬂsns:ﬁmmﬁam']s
aangludin

DPPH assay {WikmInagaugnosuaendiadn
Anoulfograuninmenszazainuazinlaing 554l
ﬁmsmmmmmsnlumnﬁw%’uLLazEqulv'aa%aﬁmzﬁ
\&fies DPPH (scavenging capacity) G'Iii dunalnmsvinem
meﬁwaamiﬁmawaﬁmz (Valko et al., 2006) DPPH
HuonyadwszfiativslihdanmsifeUfissimdousuya
Saszﬁ"ﬂﬂstwzﬁlﬂsaa%fwﬁﬁalﬁﬂmamﬁmﬁgnmﬁa
#2829WAI% (benzene ring) 3 ¥ lRBndanIAa
Ufi38n (Molyneux, 2004) Msdnuauyadaszuiziinana
Tisansarhuasennu DPPH l¢ wiaiiadfizenletn
ninanuuess welituiulassarenaeiivesans
(Brand-Williams et al., 1995) ascorbic acid Wuans
mmgmﬁﬁqn‘%{ﬁma%aﬁmzLLa:Lﬂumsﬁﬁ scavenging
capacity ‘ﬁlﬁ (Valko et al., 2006) mﬂwamiﬁﬂmiuﬂ%’aﬁ
WU ascorbic acid 10 §19 1,000 pM &ANTOENIVUAS
Ej'ug'aawaamz DPPH lugﬂLmusﬁuﬁumwmﬁuﬁmmzﬁa
steady state Mlu 60 wifl flé IC_ (30 wifl) Wiy
24.56 uM Geanlndidseiumsdnsnvasmsdnuniug f
fen IC50 Uzt 25-29 MM (Hasan et al., 2009; Hassine
et al, 2012) wamsnamougnsvesanslolaadassuny
4 1,000 uM mmsnL“ﬁ’ﬁmm:ﬁuEly'aa%aamzﬁmﬁm
DPPH 1dinan 60 wifiiluduly wazSaniiAnduiiie
svazamrinl % inhibition vaslslaadaasu (7 60 wf)
fianfissSauar 5.20£2.17 nlassasvadlolaadafdn
Afhoumin 6 aDY 1 uaziny carboxylic acid 1 Wy
(Ichikawa et al., 2006) %umn@haﬁnﬂ ascorbic acid ‘ﬁlﬁ
IR 5 LR 1 Nﬁﬁ%g hydroxyl fid 4 %y (Valko et
al., 2006) ¢4 Figure 4 lagun@ng hydroxyl Lﬁuwgﬁﬁ
anumansalunslwdidnasaniussanlda s1sfid
41WI%AY hydroxyl ANTUE scavenge NuU DPPH JECH
(Brand-Williams et al.,1995) mﬂﬁaga%qﬁuﬂ'ﬂ&immm
a@ﬂvlﬁﬂﬂvlsnlﬂaé’a’ﬁSmﬂumsﬁ’ma%aamzﬁﬁqw%{dau
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(weak antioxidant) L‘I‘iadﬁ]’m DPPH assay Juitnesau
anslunalniilu radical scavenging LNt L8N
fns1v89 Xiao Waz Parkin (2002) Wuin lolaadafduing
GiaLaw ol quinone reductase %aLau"Lsﬁﬁf:ﬁmﬂuLauvlmﬁ
14 phase Il metabolism ﬁﬂﬁmlﬁmsﬁmawaﬁmﬂu
$19morinuleadu (Hedges and Lister, 2007) diasinle
Iﬂaé’aﬁauﬁaawaﬁqw%uej ﬁtﬁmﬁaaﬁumsﬁma%a
BrH

lunInesew anti-autooxidation assay WUANIA
lsiudass linoleic 1A autooxidation leuaziiiarialy 24,
48 uaz 72 Faluawuinszdunisiia autooxidation T 3
Frsnmainanagluszdvlidniu wazit 96 4 laewy
msifia autooxidation Buanas Sawardululunaden
ﬁunwsﬁﬂmé"wj fimafnsandaduzaslufuinaiiy
ff]uiuﬁ’m 24 118z 48 %L’JIJN (Ardestani and Yazdanparast,
2007; Siddhuraju and Becker,2007) Lﬁaammi‘ianmmu
'l LOOH fiiindunndinaziadffsendaiiadlin
secondary product n?]""[,;jaf]mmfj@"lﬁéh 837 ferric thiocyanate
(Rahmat et al., 2003) BHT o) synthetic analog 283
Sanfuslfilumanaswdasnniusmsifigniau
Yaesoandiaduiia (Asgarpanah et al., 2011; Nugra-
heni et al., 2011) Han1InaaesluaSsiinuin BHT # 0.3
Waz 3 UM fgnBdunsiAie autooxidation 1u3ﬁLLuu°ﬁu
Fuanududu anwaansalumsdudnsifie autooxi-
dation RnTuauszeziaanlugae 72 Falususn 89
aamﬁaaﬁumsﬁﬂmé‘m (Asgarpanah et al., 2011;
Nugraheni et al., 2011) #ansnagougnivedlolaadad
Suwunfianududn 10 £9 100 uM ﬁqw%ﬁmmuﬁma
Yawlofoandiadu finan 24 Taluslalaadadsuder %
inhibition Indidpsiy BHT laslgniasninyssunm
10-30 wih (Hanarwlunuitenusansalunsdm
m3tAa autooxidation v8slwlnadadduden g anas i
m'szﬁﬁ%ﬁmmzﬁwmahﬁa@gaLﬁmﬁadﬁumnﬁ@ﬁ%
2aNTLaTH (Yang et al.,2008 ; Arora et al., 2013) M
Islaadadsulanisuataafeandiaduld 39019928
drelomilumstistlesiuduaneanaizdinann e

mianeluaSeililwdissnmsnasey in vito A
wuloleadassusaunsaduismssansladuuasigns
duadaasoandiadu aasimsdnunlidnlanalnms
songnslunsiuiomsaanslasie wieaniaassauludu
waztinanaluidan Tudsmsansnlu in vivo ludugns
wazanuufimAndusely
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Abstract

As generally known, recommender systems have been applied to increase benefits and add values in many business
fields. The systems can recommend appropriate items for users in an information overload era. In application, the
systems provide personalized suggestions to fulfill consumer needs. This technique is classified as a collaborative
filtering technique and is commonly used in building recommender systems that can be divided into three main steps:
1) finding the similarity, 2) selecting neighbors, and 3) predicting and recommending. However, there are some
problems in system performance, such as sparsity, synonymy and scalability. In this article, we focused studies on
similarity techniques for further developing recommender systems by using a memory-based collaborative filtering
technique comprised of 1) Pearson’s Correlation (COR) 2) Cosine (COS) 3) Adjusted Cosine (ACOS) for similarity

between items 4) Distance-based similarity 5) Constrained Pearson’s Correlation (CPC) 6) Spearman’s Rank
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Correlation (SRC) 7) Jaccard (Jacc) and 8) Mean squared difference (MSD). Moreover, four algorithms were improved

based on traditional process; 1) Proximity-Impact-Popularity (PIP) 2) Bhattacharyya coefficient 3) Linkelihood Ratio

Similarity (LiRa) and 4) Fuses user and item information (FUIR) were also evaluated performances.

Keywords: Recommender System Collaborative Filtering Technique Similarity
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Abstract

HTTP Over TLS (HTTPS) is a protocol for protection eavesdropping attacks. It has encryption to provide data
confidentiality. However, SSL Stripping Attack has been deployed by attackers to bypass the HTTPS and eavesdropping.
This research has evaluated the problem and proposed a technique to solve it. After that, a solution has been
implemented the application to provide detection and protection against HTTPS attack. The evaluation of our
application shows that it effectively supports both the personal computer and smartphone. The experimental results

have revealed favorable features regarding our solution.

Keywords: HTTPS SSL Stripping Attack ARP Poisoning
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Abstract

This research aims to assess the value of e-learning systems used for teaching in a university using value measuring
methodology (VMM). The VMM approach is started by developing a framework of value taking into account three
elements: the values, costs and risks. Data is collected from three sources according to the VMM elements, such as
1) sources of the value data obtained from asking questions to people involved in e-learning, including students,
faculties and administrators, 2) sources of the cost data which are the annual budget reports between 2012 and 2015,
and 3) sources of the risk data obtained from asking questions to experts on e-learning systems. The experimental
results reveal that the VMM result before the risk is 18.37, while the VMM result after the risk is 16.79 which is
slightly lower than that before the risk. The score of e-learning value and costs before the risk are 73.04% and
3,976,045.40 Baht, respectively. While the score of e-learning value and costs after the risk are 69.75% and 4,154,967 .44

Baht, respectively. Finally, the e-learning deployment has risk probability and impact at a moderate level.

Keywords: Assessing the Value, E-learning Systems, Value Measuring Methodology, VMM
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Table 1 Average Criteria for Measuring Satisfaction Levels

Average Meaning
1.00 - 1.79 Least satisfied
1.80 — 2.59 Less satisfied
2.60 - 3.39 Moderately satisfied
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Value Score (Risk) = Value Score — (Value Score

x Value Impact (%) x Probability (%))(1)
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Table 3 The results of value analysis from student’s perspective

NTILATIZH Table 3 — 5 usnanwuiadonIagiiisdas

Satisfaction Weight of Average Interpretation Satisfaction Score
Metric Score Based on Weight of
Metric
Interaction of the system
1) The system is an intermediary for learning and re- 6.60 3.65 Very satisfied (6.60*3.65)/5 = 4.82
search.
2) The system has tools for students to communicate 1.50 3.33 Moderately (1.50*3.33)/5 = 1.00
among learners. satisfied
3) The system has tools for instructors to advise t h e 1.00 3.18 Moderately (1.00*3.18)/5 = 0.64
learners. satisfied
4) Learners can interact with the content. 0.90 3.07 Moderately (0.90*3.07)/5 = 0.55
satisfied
Total 10.00 3.31 Moderately 7.01
satisfied
Processes of system services
1) The system has full functionality that is 10.35 3.45 Very satisfied (10.35*3.45)/5 = 7.14
enough to support learning.

Table 3 The results of value analysis from student’s perspective (con.)

Satisfaction Weight of Average Interpretation Satisfaction Score Based
Metric Score on Weight of Metric

2) System functionality is accurate and reliable to use. 13.50 3.60 Very satisfied (13.50*3.60)/5 = 9.72
3) The system is secure. 3.15 3.57 Very satisfied (3.15*3.57)/5 = 2.25
4) The system is easy to access (anywhere, anytime). 6.75 3.58 Very satisfied (6.75*3.58)/5 = 4.83
5) The system is stable in service and it can be used 11.25 3.23 Moderately (11.25*3.23)/5 = 7.27

continuously and quickly. satisfied

Total 45.00 3.49 Very satisfied 31.21

Content
1) Content is trustworthy because learners and teachers 4.50 3.50 Very satisfied (4.50*3.50)/5 = 3.15

frequently ask questions. As a result, the content is

consistently verified.
2) Learners have more understanding in 27.45 3.55 Very satisfied (27.45*3.55)/5 = 19.49

classroom because they can study in the

e-learning system at any time.
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Satisfaction Weight of Average Interpretation Satisfaction Score Based
Metric Score on Weight of Metric
3) Learners can easily access or search for 7.20 3.67 Very satisfied (7.20*3.67)/5 = 5.28
course content.
4) Content is up-to-date because there is 5.85 3.46 Very satisfied (5.85*3.46)/5 = 4.05
frequently interaction among learners.
Total 45.00 3.48 Very satisfied 31.97
Average Satisfaction 100.00 3.43 Very satisfied 70.19

Table 4 The results of value analysis from teacher’s perspective

Satisfaction Weight of Average Interpretation | Satisfaction Score Based
Metric Score on Weight of Metric
Interaction of the system
1) The system is an intermediary for learning and research. 37.50 3.38 Moderately (37.50*3.38)/5 = 25.35
satisfied
2) The system has tools for teachers to advise the learners. 6.00 3.50 Very satisfied (6.00*3.50)/5 = 4.20
3) Teachers can create content that interacts with learn- 6.50 3.19 Moderately (6.50*3.19)/5 = 4.15
ers, such as creating exercises or  quizzes. satisfied
Total 50.00 3.35 Moderately 33.70
satisfied
Processes of system services
1) The system is easy to use and not complicated due 5.50 3.13 Moderately (5.00*3.13)/5 = 3.44
to the classification of system functionality. satisfied
2) The system has full functionality that is enough to 11.00 3.44 Very satisfied (11.00*3.44)/5 = 7.57
support teaching and correspond to the courses.
3) System functionality is accurate and reliable to use. 13.00 3.88 Very satisfied (13.00*3.88)/5 = 10.09
4) The system is secure. 3.00 3.56 Very satisfied (3.00*3.56)/5 = 2.14
5) The system is easy to access (anywhere, anytime). 6.50 3.81 Very satisfied (6.50*3.81)/5 = 4.95
6) The system is stable in service and it can be used 11.00 3.63 Very satisfied (11.00*3.63)/5 = 7.99
continuously and quickly.
Total 50.00 3.57 Very satisfied 36.17
Average Satisfaction 100 3.46 Very satisfied 69.87

Table 5 The results of value analysis from university administrator's perspective

Satisfaction Weight of Average Interpretation Satisfaction Score
Metric Score Based on Weight of
Metric
The system is a tool to support and increase the po- 57.00 4.80 Most satisfied (57.00*4.80)/5 = 53.76
tential of learning, teaching and academic activities.
The system has published a social learning model. 23.00 3.80 Very satisfied (23.00*3.80)/5 = 18.24
The system is an academic resource for learners. 10.00 5.00 Most satisfied (10.00*5.00)/5 = 10.00
The system is an academic resource for teachers. 10.00 4.60 Most satisfied (10.00*4.60)/5 = 9.20
Average Satisfaction 100 4.55 Most satisfied 91.20
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Year Cost Structure Amount
2012 Equipment (Video Conference) 9,900.00
Cost for learning object media production including student wages 450,000.00
Server rental 18,000.00
Personnel costs 360,000.00
Total 837,900.00
2013 Equipment (Computers for instructional media production) 228,145.40
Wages for the video management system 300,000.00
Cost for learning object media production including student wages 432,000.00
Server rental 18,000.00
Personnel costs 360,000.00
Total 1,338,145.40
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Year Cost Structure Amount
2014 Compensation for the development of curriculum quality assessment system 30,000.00
Compensation for the improvement of video repository systems 100,000.00
Cost for learning object media production including student wages 432,000.00
Server rental 18,000.00
Personnel costs 360,000.00
Total 940,000.00
Compensation for materials expenses for the improvement of e-learning tools 50,000.00
Cost for learning object media production including student wages 432,000.00
Server rental 18,000.00
Personnel costs 360,000.00
Total 860,000.00
Total 3,976,045.40
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Table 7 The results of the risk assessment of the e-learning system

Opportunity Impact
Risk Factors
Score Levels Score Levels
External, physical and environmental risks.
1.1 Risks caused by natural threats 2 L 4 H
1.2 Risks caused by power failure 3 M 4 H
1.3 Risks caused by lacking the security of server room access control. 2 L 3 M
1.4 Risks caused by the uncertainty of state policy and related agencies 2 L 2 L
1.5 Risks caused by lacking emergency plans. 3 M 3 M
Human Resources risk
2.1 Risks caused by lacking personnel management. 3 M 3 M
2.2 Risks caused by lacking knowledge and skills in information systems of staffs. 3 M 4 H
2.3 Risks caused by personnel corruption or misconduct such as the removal of 2 L 4 H
confidential information outside the organization.
2.4 Risks caused by human errors. 3 M 4 H
Information Technology Equipment risk
3.1 Risks caused by lacking resource management. 3 M 3 M
3.2 Risks caused by equipment maintenance 3 M 4
3.3 Risks caused by the performance of devices. 3 M 4 H
Computer software risks.
4.1 Risks caused by compromised software. 3 M 4 H
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Table 7 The results of the risk assessment of the e-learning system (con.)

Opportunity Impact
Risk Factors
Score Levels AWK Score
Risks caused by lacking the management standards of database management system 3 M 4 H
(DBMS).
Network risks.
5.1 Risks caused by network failure and lacking data instability and efficiency. 3 M 4 H
5.2 Risks caused by lacking network tracking, the internal network maintenance, 3 M 4 H
Internet access, and firewall creation.
5.3 Risks caused by lacking network security plans. 3 M 3 M
Data / Course Risk
6.1 Risks caused by incomplete course content produced by teachers. 3 M 3
Risks caused by the inaccuracy of the course content. 3 M 3 M
Risks caused by outdated course content. 3 M 3 M
Regulatory / Law Enforcement
7.1 Risks caused by student fraud. 4 H 3 M
7.2 Risks caused by software copyright of e-learning systems. 2 L 3 M
7.3 Risks caused by copyright of programs/documents download that the teachers 3 M 3 M
allow learners to download on electronic learning systems.
Risk of E-learning Implementation
8.1 Risks caused by lacking e-learning policies. 3 M 2 L
Risks caused by lacking knowledge and understanding of the use ofe-learning systems. 3 M 3 M
8.3 Risks caused by users who do not realize the importance of the use of e-learning 3 M 3 M
systems for teaching and learning.
8.4 Risks caused by system administrators who lack system testing before imple- 2 L 3 L
mentation.
Mean 272~3 M 3.35~3 M
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Value per 1 Million = Value Score / Cost

= (70.19 x 0.56) + (69.87 x 0.30) +
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Figure 1 A chart of assessment value
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Abstract

Named Data Networking (NDN) is a promising candidate for future network architecture, and is well suited to today’s
complex networks. A named prefix of the NDN Interest-packet has been used for searching a desire data. Furthermore,
such NDN data can be temporarily stored in intermediate devices without concerning for locations. So, the
Interest-packet plays an important role for NDN network communication. Currently, A Best-Route algorithm has been
widely used in the major NDN'’s network Testbed. However, the Best-Route always selects a lowest routing cost, which
is unreliable in disruptive networks. In this paper, we have developed a Longest Prefix Reduction (LPR) algorithm to
handle NDN path-convergence. LPR actively updates routing paths to the data, and improves several aspects to
multi-path connection. We have implemented our LPR in Named Forwarding Daemon (NFD). LPR experimental results

show that a network loss has been reduced approximately 90%.
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Abstract

This research aims to design and develop a QoS-aware semantic web services selection model for tourism as well
as to compare the techniques used to classify web services related to tourism services. The factors used to determine
service quality of web services are: response time, availability, reliability, cost, and throughput. The research

processes include creating an ontology knowledge base for web services in the tourism domain, web services
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classification using data mining principles and techniques, measuring the similarity of web services, calculating web
services quality scores, using the term weighting method and searching web services where users can define terms
and weight values for various quality factors. All of these methods will make the selection of semantic web services
effective and the results of web service searches will enable users to get the best quality of the web service that
truly meets their needs.

Evaluation results and performance measurements using data mining methods for web services classification
found that the best technique was Decision Tree which achieved 96.07% accuracy, followed by 84.46% Support
Vector Machine technique, 84.29% k-Nearest Neighbor technique, 75.18% Naive Bayes technique and 64.47%
K-means technique, respectively.

The results of the evaluation and measurement of the effectiveness of the search systems for semantic web
services according to the quality of service for tourism were that, by comparing between expert and search systems,

precision was 0.84, recall was 0.80, F-measure was 0.82, and Accuracy was 0.93. The performance evaluation using

dynamic criteria for precision was 0.57, recall was 1.00, F-measure was 0.67 and Accuracy was 0.93.

Keywords: Web services selection, Semantic search, Quality of Service (QoS), Classification.
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