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ABSTRACT

In this research, we study a tendency of pathogenesis of a transthyretin variant (TTR variant) which was
identified in Thai people. The cDNA of TTR variant was constructed from the cDNA of human TTR wild type
(TTR WT) by Site-Directed Mutagenesis following by ligation into pPIC 3.5 expression vector and transformation
into Pichia pastoris. The recombinant TTR variant was successfully synthesized by Pichia, and it was purified by
preparative native-PAGE. In the comparison, TTR variant migrated on a non-denatured polyacrylamide gel faster
than albumin in human plasma. Its molecular mass analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was approximately 17 kilodaltons. The ability to form fibril of TTR variant was
investigated by Thioflavin T assay and found that TTR variant definitely formed fibril under the physiological
condition faster than L55P and TTR WT, indicating low stability of tetrameric structure of TTR wvariant.
Cytotoxicity test to human neuroblastoma cells (LAN-5) and determined by MTT assay showed that TTR variant

had higher toxicity than L55P. The results demonstrated a potential pathogenesis of the studied TTR variant.

Key words: Transthyretin, variant, amyloid fibril, cytotoxicity
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o o o o
TTR variant IAg®9 1852 UUNTTUATIZHYDID A
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P. pastoris tWo 19 lunisanvinuanyuz i 1)
a I
sadeanuasalumsinaludule amyloid

é = o 1 o ci
FavzNszTesulunisylreiivielonianay

nal#inalsn TTR amyloidosis 91AN1ITNABHUT

£}

a

~ .4 ~ &
YBIYU TTR variant ‘VIW‘]JGlU'ﬂ‘L!llVIEJ“ﬁUﬂH

ada o a\ a v
A5AUHUNIIIVY
] d o % Y
1. msadranamesginsvldluns
duns1zillsav TTR 1udad (P. pastoris)
1.1 M3&319 cDNA Y04 TTR
variant
Wa1a AN cDNA U049 TTR variant g
4
WAAYUIN cDNA U84 TTR Un@ (wild type; WT)
Tage1fuinAaiin Site-Directed Mutagenesis 1a8 14
Y
%> A U181 Gene Editor in vitro Site-Directed
9
Mutagenesis (Promega, USA) #2387 UADUAY
AuuzNNUTEN Taell cDNA v09 TTR UYnan
L 4 I ] Y
98111971093 pGEM-T easy 1 unainvy uagld
oligonucleotide NTUNITFIDOAUVVNIN full-
length cDNA V048U Homo sapiens TTR (accession
number NM_000371) Ao 5'-ACGGTCGTCGACAC
CAATCCC-3" d1% 51U TTR variant bag 5-
AGTCTGGAGAGCCGCATGG -3’ d1% 51U L55P
Tao cDNA gndunsizHalemsiauveuou
T4 DNA polymerase 910U UIFouaalareniaod
9y 9 @ 4 . 1 o
11980 u Tagion Ty T4 DNA ligase Ao UM

Y

J o 1 A o o !
namesainald musiaulagnisiudag
2 d A A
Escherichia coli (BMH71-18 mutS) Fuiluuuanise
d' = A d' v J
nlitiauantialunsasrvdon DNA Anatenwug
dy a A dy dy Aa Y aA
peauanizelusivisReuFe NNed VARG Y
[ 9
Nsumg Mniuaianaaiinan £. coli Tnoldya
v o . . . . .
anad 1L§%§ﬂ Kit for plasmid purification (Geneaid,
o a { @ ]
Taiwan) Hiwatauan1d lldadreoulaida

SUNIZADIFUA (BamHI 118 EcoRI) 1d111 l)uen

9 H v
Tu agarose gel MMNUUAALIAR N UINTTUTIY
o381 TTR (V195 zu19e 400 bp) 11 1191117

A £ D) v o d . .

V3gns laglggaanadu3agal Kit for gel extraction
. . ¥ o 2 ~ A v
(Geneaid, Taiwan) #1821 FuaIUTUY0I TTR 118

4 1 @ 4 { @
liisouaenuiiniaes pPIC35Ngnannlo

o a

U ¥ AT UNIZ A 0¥ 1A (BamHI 11as EcoR)
ApuIAMes pPIC 3.5 N1 cDNA 84 TTR 1
s auTaen1suudg E. coli (DH50) waa

@

nananalagmiiliasisaevarugndesves
diavivalasldlnsiues 5 AOX (5-
GACTGGTTCCAATTGACAAGC-3")

1.2 1511 cDNA U84 TTR variant

o I'4 d’d
H11InLA05 pPIC 3.5 N3 cDNA
. o Y 7o o
VY99 TTR variant hldadreou laidaasiimnig
(Sacl) 1&INAY DNA #4817 0.5 I Tasnsy A
= 4 . P = I
8a@ P. pastoris (GS115) NHIUNITIATou1T U
a a Y o
competent cells UTuras 80 lulasans udqvia
v
arunaunarnualdlaly cuvette nouii1lilvin
. Yy v A
electroporatlonIﬂ&lﬂﬁﬂixﬁ}uﬂ’)mﬂi@i Gene
H 1 @ o a
Pulser (Bio-Rad, USA) NA314A14ANE 1.50 1@
4 Iy
Trad aawg il 25 TuTasvase uazaiiwy
I'd g’; [ ?,’
drumu' i 400 Toviy aniulaiinigia sorbital
4 =Y Aa aa
anuuty 1 Tuas Usues 1 aaans aelllu
o o g o dy
cuvette WarunUyaaoad nowii li@eauue1nig
< H a
{199 minimal dextrose medium (MD) ﬁqmﬁgu 30
= 1 = = = cr‘zg
A AIeE AIUNI1LY 1A lativeddaauuyY
A %99 o
NUWIZF FalFalszanm 3 Tu
[ A o Iy J a
1.3 aauaen lnaudimiulenan
T158u TTR
His Mut' (histidine synthesis plus,
. . 3 ) A
methanol utilization plus) Wuanvuzyeslaaun

a

9 = v A o A
@aMIFIaIvIsana@en laensilalatinmes

o

Y 3
Uu®1ﬂ1ilaﬂﬂl%@ MD ¥ a491An13 %1
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. 4 <
electroporation Tdidesuue1n1suds MD uas
I Y]
minimal dextrose medium (MM) a3 9 ud
WimsaadenTaau His Mut” Faamnsnnsg laa
E Y S/ Ay ¥
YUDINITIABUFINA MD az MM Taaunlaain
msaadengmi U ldlumswaa Tsdu TTR
d
2. MswdauaziIgndllshv TTR
o I @
M lnauvesdadnlavinmsnaaenla
9
<
1ROV UDINITUUY yeast extract peptone dextrose
v 9
(YPD) UuH 37 earussaidea 1szunas 3 71 9101y
. 2
11111989119 1115 BMGY (buffer medium

= a

containing glycerol) 5 Hadans Nouval 30 098N

Q u

=~ A ' A <
SIS Glulﬂi@\?U‘JJLLUULGUEJTVI?‘I’JHJLTJ 200 50U

] @ o, '
Ao U 16-18 1 Tua dedaanegluernis 11

= a

1aeg9ne 11 BMGY 300 Hagans nouvini 30 0981

a U
< '

Al 1AT oA UUHUVVEINANNIT AN UAY
dy ] [ ] G P Y
deeae lvuianinnuguuesdaan oD, 16 3-4
, Yy N ¢ Y o 4 \
e NN Uaadaauaiilihassaelu
91115 BMMY Ngav)il 28 o3 1salyea
4 [ ] 4 I~ [
T3 09Uy LVEINAINITI 200 TR UADUIN
{ ° ¢ a
wazivteri1lioaanaanllsduaie 0.5%
o < o A
wniveanniu umal 4 7u vnuuii

A

4 { { <
Tuideangungil 4 ersaiea AT 5,000
' a3 a J Y

souaau 1luar 10w thudIulaud,

a Ad 7 d °
asvdeuTisAu TTR Ndadnasesninlasnsti

2 = J = =~ J
91113180384 IugnuuIndezaiar ludva
Tudamsssuad douunuTdsaulae silver
v o o g

nitrate 115AuTudrulagmirldsildiduduau

a

1A% Ultrafiltration 11§l duimAeanigaing i
4 parssaFee A21N159 10,000 SOVADUIN U
10 w17 Aewihldsiu Il qnidremaiin
preparative native PAGE (12% resolving gel 1012 4%
stacking gel) Tagly Prep Cell model 491 (Bio-Rad,

Y
USA) S8 UANAUZIUBUTHN

3. MIAIIVTPUAMAN YUz va AU

TTR
4

1 T1l5au TTR Aeumsvi Ivusans 1

a

J a
wonluIndezaian luanaluanmsssunaiiog

'
o A

4 - 4 oA
ANHAULMIIAAUNVDI115AY TTR Nwan lae
= 4

=1 1% d‘ Gl k)
daafSouneudy TTR MaSou ldanwaraun
o ) .
yoauywd Taerirlisaulduenly native-PAGE
(10% resolving gel 118 4% stacking gel) #4911

9
Hudounav T1/5AuTas Coomassie brilliant blue R-
250
Tumsmivuiavesnulegas ldsaulag
ax o o = 1 a
3% SDS-PAGE 1 1d Tagin 1158y TTR uaazwiia
Tdievraluaisazarenisznovudie 2% SDS,
v
2.5% beta-mercaptoethanol 113211 lduluriuden
=) U o
30 w1 Aaouu1luenlu SDS-PAGE (7-15%
9
gradient resolving gel 1L01¥ 4% stacking gel) 31N UU
199 11 1 5’@ y ﬁ”) 8 Coomassie brilliant blue Ll’gi
A3980 VNI TuanaK1Ie88ved TTR
=) a
Msasvaoullsau TTR 1aeds Western
Blot 13u91nn15181 158w lduenTasds SDs-
PAGE TagesenTisauuaz Idanidzlunisin
electrophoresis 15 WIABINUNITHINIA T1Lana
[ ] = 9 Y g’/ o '
Y1U28898U049 1U5AUVI9A N INUUEURUIDA19
VULAULNNLLSY Polyvinyldene (PVDF) Tds5au
] 9 @ 9
vinuruvagndie llduumusulaeld sz
Y] 4 . . .

WWitW o35 Tris-Glycine (25mM Tris, 192 mM
Glycine, pH 8.3) 11 20% (v/v) 1NN1UDE NAIY
1 [ 4 @ o 1
a1adng 1 100 Trad w1 9979 udniueu
5w T uss 1y 5% non-fat milk NEUILUUALY
sheep anti-human antiserum MaueuAveAaIWNY

Y o 1 Y . .
290 1a31111J1UuA 28 horseradish peroxidase-
conjugated anti-sheep immunoglobulin nouiiily

asrvaovuouldsdulasnis1d ECL Prime
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Western Bloting Detection Reagent (Amersham,
USA) 1agaumueinueaussn

4. MIadranaznisnsioaetaule
amyloid ¥99)11J5A4 TTR

#111UsAu TTR Un@ TTR variant uae
L55P 1119991971 phosphate buffer (pH 7.4) A1
Wud 20 TadTuand AddIumaNvee NaCl A
Wty 150 Jaaluars PBS) Tagldanududy
gamovealusawiu 4.5 TulasTuars udah'll
Vi 37 saruwardoa 1unar 3 1 i
asnaoumsnailudulolasnmsrih lUivenaly
8158218 sodium phosphate (pH 7.0) ATV U
20 fiadTward #iil Nacl anududy 150 Had T
a1 118z Thioflavin T (ThT) 50 lu1as Tua1s Tae
Tanududuganoveudulodlu 0.8 Tulasly
a1 vanifusin 1 ¥ann fluorescence Tae 19
Shimadzu RF-1501 spectrofluorometer Fr8n173
N32uRiAe1IATY 440 nm tasUdesndaary
PONINTAFIIAIINEINAY 460-600 nm

5. nagsun i ufivAe human
neuroblastoma cells (LAN-5) Y99 TTR

1389 LAN-5 1481115 Dulbecco’s
modified Eagle’s medium (DMEM) NUAIUNTY
YB39 fetal bovine serum 10%, penicillin 100 TU/
UaaanI 11ag streptomycin 100 YadanTu/Aladans

)

114 96-well plate Tags1uIUvoIwaais udu Iuua

[
=

A 4 g o Y dy
¢ well 1D 4.5 x 10" 1¥aQ ummaaiu@ UANUTFU

a

95% 1 uoulaoonlad 5% Hgauugll 37 oem

CY
9

aTea 151181 18-24 52109 91NU D101
2 A 9y Aa ~ Ao

Heasaainioon ududay DMEM N lidasuasly
100 luTasaas udqla sy TTR aqlduuday
well Tag1¥audugatioveaTusawiu 2
TuTas Tuad vusaamuannzaeduiiunal 24

& o <3| a
¥ T34 Llé}'gﬂ'lﬂ']iﬂﬂﬁﬂuw'lﬂ'J’]iJUJUW‘HGU@Q TTR

1 o* o . .
AoLraa Iaen139 3-(4,5-dimethylthiazol-2-y1)-2,5-
dimethyl tetrazolium bromide (MTT) assay (Roche,
v 9
Switzerland) FINVUABUADLAY MTT labeling
reagent 10 luTnsans asldlundas well udrtivi
v v

3709A 1L LH T WIW 4% TN 1AUULAY
solubilization reagent aa'ld 100 luTnsans vun 37

= A Y o A
DIATAFHA LI 1 AU 1AIIAAINTAANAULIAY
An21u819Aa Y 550 nm Taeld Agilent model

v
Synergy HT Microplate Reader 310 UATUIDN
J I o s AAA = =\ [

WosisuatgaanuyIalSeuNeuny LAN-5
a'li'ldiuiy TTR

6. M3IN VoYM IADA

y =
Winsnaaes 3 41 hveyaudingiew
=~ ana 4 Jas a o

WSeumeun1suBIaveusan lagl¥I5 MATICH
A21uuYsUsauN19adf (Analysis of variance,
ANOVA) I1U1 one way ANOVA uazifseuiney
ANUUANAIIVDIANABAIBIT Tukey Multiple
Range Test @28 11/51n3u SPSS Statistics 17.0

A o A & P-4
software NITAUAINULEOUU 95 L’l.]ﬂﬁl“]ﬂ«!@]

av a d
WaN13IIUaTIVITIUNA

1. msa3dalaaudmSunmsdunsizi
TsAu TTR
S A A .
AIALNDINY cDNA U9 TTRvarlant‘g]ﬂ
9 3 Y a . . .
TINVUAWNAUA Site-Directed Mutagenesis Tag
4 § o
15 Insiwesnsunizuaz 19 cDNA 499 TTR WT
I ] 3’.; [
Wwwinuy 9101iu duves TTR galdanldlu

4 { o l 1 o @
naaes pPIC 3.5 NAWHUITEHINAA VLU A VD

@

AOXI promoter I101& terminator Tagdu TTR Nda

d v o
drooulaidasiwmizainisounsnivag

QU

TasIulsuved Pichia NA1WYUI HIS4 (mutant)

o J J a
Taamsiuingdanaiemaiia electroporation 17

A Y 2 Y ) 9
ﬂ@slélf DNA ﬂimmuaﬂuagmmmm DNA 11¢y

a

J Y 9 a o 1
l“]fﬁﬂmﬁf]ullmﬂﬂﬂiﬂ NMINaALAZYIad TTR a7
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gﬂﬂ’J‘UﬂiJIﬂfJ AOXI promoter 9 promoter
a 4 { a 4
yiiadinrnlunswanen leos alcohol oxidase
4
ugae (Patrick et al., 2005; Ahmad et al., 2014)
o 4 X A
JUULUBLAYN Pichia 11!@114131/1%&111/]1”@’@ AOXI
A ° Y o Y 1 Y a a
1 ﬂL‘VquJ'JUfL‘Vi‘VH\‘HULm'JﬁQWﬁal‘ﬂlﬂﬂﬂ1iwﬁﬁ
TTR
[ d =
2. ﬂ1§ﬁ\‘l!ﬂ‘§1$‘ﬁ!m$ﬂ1‘§ﬂ§'J‘i)ﬁ?)1JI‘lJ§ﬂ1!

TTR

=

T1/sAugnHay TTR variant NAUATIE

a

TavBad P. pastoris gA¥Ad00ANINBUDAILAE
(MW 1) TasdnfudidadeiiateenasTUsaud
naan1olumadoenuinioueniesuin faiy
Tdsdudanlnafignuasesniniauiiullsu
ANATY (Balamurugan et al., 2007) éﬁﬁﬂﬁjﬁ'mﬁiﬂ
ﬂ”l‘jﬁﬂﬂ'i?]ulﬁ}’ljg’/r,jﬂéiﬂElmﬂﬁﬂ preparative
native-PAGE (Prapunpoj et al., 2006) ToAV0IN1T

Jd a o
IHgaananisaune s2UVVRARUNITZUIUMS

post translation modification L% U signal sequence
processing, MFIAN disulfide bond, miﬁ"mﬁmm
a ¥ .
TUs@u azgn151@u1IA1a (Cereghino and Cregg,
2000; Balamurugan et al., 2007) 1ALIH0I9N Pichia
a a ] g’; 1 = =
ansonTan Talurie pH Adua 3.0 94 7.0 39
[ Y 1 = =
mldsreaaniuiderieveallsauan
o 2
extracellular protease Taen15Usy pH Tunisiaes
=\ Jq Y1 ci o
Bea 19719910 pH vz aulunisiiauves
Y
protease (Patrick et al., 2005) UONIALMTIANETS
9
GN@])L!UNGHuﬂ 1% U peptide component YD yeast
extract 18 peptone 110111509100 ANAVD
1 Y = d‘ < [
protease @4Ha 11 115AY TTR Ngnviatesnuiog
dy = &) = 3
lu0111512098aANANUADYTUINVY (Westen et
v o & A ° Lo Y
al., 1999) AUUNTIALALI NI Pichia 111
a U g @ J [
mswan 1Usauluomsniluszuudives wu
BMGY ttag BMMY e1113 05 0NUNANAAYDS

Talsau TTR 14

TTR%"-------‘

HP 1

o
w

a 2 . e Y J o [ e X 0 a o
MNN 1 Tﬂiﬁu TTR variant N Pichia ﬁ\ilﬂi']gﬁllagﬁa\iﬂ@ﬂﬂ']ijﬂ']ﬁ']ilaEl\ilclfﬂgﬂU']ul‘]J'JLﬂi'lgﬁTﬂUﬂ'li

11 native-PAGE uaxé’ammuiﬂsauﬁ’aa silver nitrate (ALB: albumin; HP: human plasma; 1-9:

T15@u TTR Noadwnan lannuaas Taau)

v

1NMINUNIUNUITENDI TTR ludar

a @ o ] A A g 1w a
Mﬂi%(:]ﬂﬁuﬁﬁflﬁ?uﬁlﬂmlﬂﬂ@uﬂﬁ’Jﬂ’JW@a‘]Jllu

U

FTHUINMTIN electrophoresis 7 pH 8.6 (Duan et al.,

Y
1995; Prapunpoj ef al., 2002) az luauivei'la
. A4 -
asnvdeudnyuzmInaounvesTsAugnaay

TTR 1dun TTR WT, TTR variant L8 g L55P
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=) % =
Femneuny TTR luwarauiveaavuu Ina
o a
pzasarluatnanieldaniizsssusa 1sau
A a ~ I o A A A o
TTR Nnaa lagdaalanyazmMsnasuimiiouny
A Ay Y [
TTR Tunaranvesan Tasmasui 1di5noay
Ju dauaaalunini 2 uaz91nn15ANY

AU UNIzYed11sAuTaen15%1 Western Blot

ALB—>

TIRES

HP 1

T~ = a aaa % .
wunNTsauaeuownal§aserny anti-human
' A
TTR antibody IagTisauntiuovvuialvgiimiin
Tuwranatlszuna 17 nlanady Bdmniansany
] ] Ay = Yy .
M18808 TTR Neouunl 11J5AUAIY Coomassie
blue A lUNIND 3 VINHANTNAADIAINID

] ,é’ Y1 A A a ~ =
m%”lmﬂﬂmumwammaﬁﬂﬂa TTR

a Ay ¥ o A La s Y . 9 LS Y .
MNN 2 TTR Vlh],ﬂﬂTﬂﬂTﬂ/l”l'USijVI‘ﬁ’JLﬂ‘ﬂ%ﬁﬂ’JEI native-PAGE ua:a@mmﬂﬂmuma Coomassie blue (ALB:

albumin; HP: human plasma; 1: TTR WT; 2: L55P; 3: TTR varaint)

Coomassie
Mr (kDa)

97.0

66.0

45.0
30.0 —

20.1
14.4

'
a

Western

TTR dimer

TTR monomer

4 a £ o
MW 3 uouveellsdu TTR U5 qnENIA12 Iag SDS-PAGE §oudae Coomassie blue azATI9A01
T

immunological reactivity @18 TTR antiserum M: Iﬂiaummgm; 1: TTR WT; 2: L55P; 3: TTR

varaint)
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3. msnatily fibril ¥89 TTR variant
d' a d' o L}
msilasunilasveansaesil TuidumUa
4 I
122 TueneTwami) Indaea TTR 910 valine 1)ilu
ATADTNTUFHADY LU isoleucine (V122I)
= a 9 @ ' Y a A o
U51901UN82909nUNITAB 1HIAA 15 AR N
vy A o Ad v o
nautlerinlavaz Isannetosnuszuulssan
(Jacobson et al., 1997; Carr et al.,2015) ATIA N
= [ ::3’ = 4 (Y] 1
wernud luaeTndamil Indveadisgraainau
v J o T W 1 ] I
Ine TdAwumanateiug a dumvisaenasuny
v & = ] v ¢ a A Y o q Y
AIUIINMANMINAENUFFUAT NI T 1
a I . { g a ' 4
et uidule amyloid Miiluiyaoisaduas
1 Y a 1 = v
no 1N IsAsuAeINy V1221
Tnseaadaves TTR Nilsznoudiedniiie
gooausnnenandninldgnisiasuniag
Tasaasraneluveaudaznideges udraawal
a v o I .
an1ssaIndudule amyloid n1eldu1g
' R 1 [
ANIL 19U L55P enunsauenaatiuniiedesudn
{ s . .. . :
asundaauiu amyloidogenic intermediate % q
Y I . g"
a11sasuadnueutudule amyloid vialu
gn1azUnAuaz pHA19 (Lashuel ef al., 1999;
Arsequell and Planas, 2012; Sant'anna et al., 2013)
1ALHe991n15A TTR amyloidosis N1NA1A TTR
@ I . Y
Ly nNnea Ul ‘]J L ’IJ H non-nature monomeric L 8
v d =)
wasuuauiludule amyloid luea1ie pH Und
v & A A o .
uanazauluiiolonso03872 (Quintas ef al.,
Y
1997; 1999; 2001) Aa1iu lumsAnYIANNAINITD
. 9 9 ..2 o
V4 TTR variant 1um3sa31adule amyloid 39v1ms

naasdluanzinavaziimsfseuineuny

= U dy A
L55P g TTR WT Taglisaumaitigniaeaily
I 4
PBS It lannudndugamendu 4.5 Tulas Tuans
A o q Y Y oA a
waz1iie11 19 a 319 amyloid Ngung i 37 93
a Y o L Aa X
[ralFed uaz pH 7.4 1a23a amyloid tnavu Iag
v I { A [ )
M3 l9a ThT FailuIsniienldnunaly (Arsequell
and Planas, 2012) 1A ThT 3uUAVTAT9a319 beta-
sheet UDN amyloid Llﬁjﬂﬁﬂﬂdﬂﬁlﬁu fluorescence
U901 ThT (Khurana et al., 2005; Groenning, 2010)
ti a 1 d' G LY
WwonfFeueusyine TTR Mwsenlviny TTR
oA = I o 1
YN 37 e uyadea 11uIal 33U WuI1 TTR
. A o a g 9 oA
variant Joas1mstnailudule amyloid NgLAL
< A (=}
52nnluvae L55P uag TTR WT uny ' lifiany
UANANNUALAAIIUNINTG 4A, 4B uag 4C agh
Yy 9 A [ . =
ANUVNVIULAYINUY TTR variant UA1 fluorescence
[ 1 < L {
gan11 L55P wag TTR WT od1aiiuldda (n1wd
4D) iloannnsaezil Tud i 122 egluaie H
= I a A a Aa o @ J o =
FuduvTnannalgduiusiueais Huedon
] 1 A 9 Id . 1
vuledouioas 193y dimer uaz a8 H voauaas
Mg edaldIUluNITIUAUAUTEH I dimer
A 9 Iq o 3’; =
Woa 313y tetramer A9 UMsIUas UL agUD9
a o [ 1 =2 =) [ Y
nsAoLH Tua AKHUIAINA1 901 NmNaT 1Hius e
=4 c!' ] ] ] d' 1 1
gaiensenaiegeualasunilas aanane
ANNADe5V041ATIA319 TTR (Jiang ef al., 2001;
. = Y 2 v
Ferreira et al., 2013) Tumsanuinsatuaas vy
1 . = Y A a I .
71 TTR variant Juua Tdunazinariu amyloid
ya 1 ) = = I a
185 wazgend LssP vuvuen e Temanvziuny

U s 9 U Y a 1 =\ 9 ] [
mmaaumﬂ@Glmmima@uug@mm%mu
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(A)
150
TTR variant
= 200 Fresh
N
g -
£ 7 - - = = Aged
-]
E 150
=
g
|-
2 100
=
5
2
= 50
]
4l 480 L1 ] a2 S} Sl R0 L)
Wavelength (nm)
()
- WT
-
w S0 -
= )
g m Fresh
=
= - Agred
= 3l
1
2
[ ]
=
2
= 10
[1]

Al A% 0n 20 40 S6d R0

Wavelemgth (nm)

(oG

(B

&0

al

40

Fluorescence Intensity

(m
)

150

104

50

Fluorescence Tntensity
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L55P

......

e Frcshy

=== Aped

461

480

S04 520 540 S0 580 (]

Wavelength {nm)

 Aged TIR
-

— — —L55P

srrrreees TTR variant

-
-

480

S0 520 540 560 S8 L]

Wavelength (nm)

i 4 mapadludule amyloid veellsAu TTR uaazwiia ldun TTR variant, L55P 18 TTR WT (WT)

[ 1 H a I [ { ] ] I
vasnnUuNgangil 37 esrusaiod 1Wunan 3 Ju (Aged) naz TsAun i 1dy (Fresh) dandas

[ ] a a Id
Tuz1l A, B uaz € daugt D uSeuifieuanuamnsoves TTR uaazaialumsinaihndule

amyloid

| a \ d

4. a1mtiduiiyAoi9¥aa human

neuroblastoma (LAN-5) Y949 TTR variant
a o g‘/ dy Y o

luanuideasaitldimsnaasuainy
I Aa '
11 UNBUDY TTR variant @® neuroblastoma (LAN-

1 J o
5) Taguu TTR A udu 2 lulasTuars fu

A dy I 1 I
LAN-5 M@ 1u 96- well plate via991nuntuman

) s A A @

24 %7734 A5IVABULLAANVFIN 1ATNITIA

a J o
ﬂﬂﬂiiuﬂ?ﬂﬁlulcﬁﬁﬁﬁljﬂﬂ'liﬂ'] MTT assay

U 4 { [ %
NANITNAABINUINFAANUNAY TTR NN 51
Aa A ~a o
M3ysearInanal tlonfFeuiMounuyganiugy
H ] ] @ ] o { ]
(LAN-5 11 Ty uTUs@w) uayadniudoe
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ABSTRACT

Tilapia fillets are the main processed freshwater fish export from Thailand. Many by-
products are created during processing, including head, bone, blood, intestine, skin and scales.
These can be used as raw materials for the production of fish oil, fish meal, protein concentrate,
calcium, collagen and gelatin. Nile tilapia skin can be used for industrial gelatin production,
and it is available in large quantities. However, because of its strong fishy odor, it is not
acceptable for this application. The objective of this study was to remove fishy odor from Nile
tilapia skin for use in gelatin extraction. Nile tilapia skin was treated by soaking in five different
combinations of NaCl, NaOH, sulfuric acid and citric acid, and then rinsed with tap water until
neutral pH of the wash water was obtained. Gelatin from Nile tilapia skin was extracted with
water at 50 °C for 3 h, then the filtered solution was evaporated at 50 °C before oven drying at
50 °C for 16 h. The product was analyzed for yield, gel strength and volatile compounds with
GC/MS and evaluated for sensory characteristics. The pretreatment of 1.5% NaCl, 0.2% NaOH,
0.2% sulfuric acid and 1% citric acid gave high yield (20.37£0.64%) and gel strength
(1,811.73+8.80 g) of clear, colorless and odorless gelatin. Nile tilapia skin gelatin was accepted
by panelists. Then gelatin from Nile tilapia skin would be suitable for use by food, cosmetics

and pharmaceutical industries.

Key words: fishy odor, fish gelatin, Nile tilapia skin

INTRODUCTION

Thailand exports tilapia fillets, as
the main freshwater fish species, to the
Middle East and USA. Tilapia has white
flesh which contains high protein. In 2016,
Thailand’s tilapia production of 164,630
tons was mainly used for domestic
consumption, with 3,108.7 tons exported as
frozen whole fish (73.7%), frozen fish
fillets (25.7%) and other products (0.6%).
Tilapia fillet processing creates 800 tons of
by-product per year; 33% head, 16% bone,
8% intestine, and 7% skin and scale of fish.
These remains consist of protein, minerals
and other nutrients (FAO, 2017). They can
be processed into many kinds of products
such as gelatin, calcium, chitin, chitosan
and protein hydrolysate. Tilapia skin can be
used to produce collagen (Waswa et al.,
2007; Chen et al., 2016; Li et al., 2018; Liao
etal., 2018; Yan and Wang, 2018) or gelatin
(Jayathilakan et al., 2012; Zhang et al.,
2016; Pang et al., 2017; Santos et al., 2018).
However, gelatin extraction from tilapia
skin is not done commercially because of
fishy odors of the raw materials. This
remains a major problem in commercial
production waiting for a solution.
Reduction of fishy odor from salmon skin is

possible by soaking in 1% NaCl for 5
minutes, followed by washing with tap
water and rinsing in hot water at 50 °C for 1
minute. The treated fish skin has a slight
fishy odor (Tiwtha and Usawakesmanee,
2012). The objective of this study was to
remove fishy odor from tilapia skin for use
in gelatin extraction.

MATERIALS AND METHODS
Materials

Nile tilapia (Oreochromis niloticus)
skins were obtained from Grobest Marine
Co., Ltd., Bangkok, Thailand. The skins
(10kg) were packed in polyethylene bags
and kept in ice with a fish skin to ice ratio
of 1:2 (w/w). The material was transported
to the Department of Fishery Products,
Kasetsart University, Bangkok within 2 h.
Skins were prepared by trimming off
remaining meat. The skin was then cut into
small pieces (1.0 x 1.0 cm?) and placed in
polyethylene bags (1kg skin/bag) and
stored at -20 °C until use.
Gelatin Extraction

Nile tilapia skin was soaked in five
different solutions prior to gelatin
extraction, at a skin: solution ratio of 1:4
(w/v) and shaken at a speed of 350 rpm at
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room temperature. Nile tilapia skin was
then rinsed with tap water until a neutral pH
of wash water was obtained before
extraction of gelatin with 50 °C water for 3
h. Finally, filtered solution was evaporated
at 50 °C, followed by oven drying at 50 °C
for 16 h. A control (treatment 1) was not
soaked in any chemicals, but was extracted
in water in the same way as the other
treatments.

For the remaining five treatments,
fish skin was soaked in the following
solutions for the time indicated in
parentheses: treatment 2-1.5% NaCl (1 h);
treatment 3-0.2% NaOH, 0.2% H>SO4 and
1% citric acid (2 h) (according to Grossman
and Ramat, 1992); treatment 4-1.5% NacCl,
0.2% NaOH, 0.2% H2SO4; and 1% citric
acid (2 h); treatment 5-1.5% NaCl, 0.2%
NaOH and 0.2% H>SO4 (2 h); treatment 6-
1.5% NaCl, 0.2% NaOH and 1% citric acid
(2 h). For treatments 3-6, solutions were
changed after the first hour.

Yield of extracted gelatin

Yield of extracted gelatin was
calculated from the formula:

Yield (%) = (dried weight of
gelatin/wet weight of skin) x 100

Determination of gel strength

Gel strength was determined using a
Texture analyzer (TA.XT Plus, Stable
Micro Systems Ltd., Surrey, England).
Dried gelatin (6.67%, w/v) was mixed with
distilled water at 65 °C for 15 min until
completely dissolved. The gelatin solution
was added to glass measuring bottles and
then kept at 4 °C for 12 h. The dimensions
of the sample were 6 cm in diameter and 3.5
cm in height. The maximum force (gram)
was recorded when the penetration distance
reached 4 mm. The speed of the plunger was
0.5 mm/s. Gel strength of tilapia skin
gelatin was compared with commercial fish
gelatin.
SDS-polyacrylamide gel electrophoresis
(SDS-PAGE)

Protein patterns of gelatin were
determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-

PAGE), with 7.5% separating gel and 4%
stacking gel according to the method
described by Laemmli (1970). A 50% (w/v)
gelatin solution was mixed with the buffer
(0.5 M Tris-HCI, pH 6.8 containing 10%
SDS (w/v), glycerol, 0.5% bromophenol
blue, 2-mercaptoethanol) at a ratio of 1:1
(v/v). The mixtures were incubated at 90 °C
for 30 minutes and centrifuged at 6,000xg
to remove undissolved debris. The loading
volume of each sample was 10 pl per well.
Electrophoresis was performed at a constant
voltage of 180 V by using Mini-Protein®I|
Electrophoresis cell (Bio-Rad Laboratories
Ltd, Thailand). After electrophoresis, the
gel was stained with 0.1% (w/v) Coomassie
blue R-250 in 40% (v/v) methanol, 10%
(v/v) acetic acid and 50% (v/v) water, and
then de-stained with 40% (v/v) methanol,
10% (v/v) acetic acid and 50% (v/v) water.
Precision plus protein standard (New
England BioLabs Inc., USA) was used to
estimate the molecular weight of protein.
Gas chromatography-mass spectrometry
(GC-MS) analysis

Gelatin was mixed (6.67%, wi/v)
with distilled water at 65 °C for 15 min until
completely dissolved. The gelatin solution
was added to 5 ml cap vials (head space
screw-tap 20 ml clear vials). GC-MS
analysis was performed using an Agilent
Technologies 7890B coupled with Agilent
Technologies 5977A mass-selective detector
equipped with a splitless injector and
coupled with a quadrupole mass detector
(Stable Micro Systems Ltd., Surrey,
England). Compounds were separated on a
HP-Innowax capillary column (Stable Micro
Systems Ltd., Surrey, England) (30 m x 0.25
mm ID, with film thickness of 0.25 mm).
The GC oven temperature program was 40
°C for 3 min followed by an increase of 10
°C/min to a final temperature of 230 °C and
holding for 3 min. Helium was employed as
a carrier gas, with a constant flow of 1
mL/min. The injector was operated in the
splitless mode and its temperature was set at
250 °C. Transfer line temperature was
maintained at 270 °C. The quadrupole mass
spectrometer was operated in the electron
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ionization (EI) mode and source temperature
was set at 250 °C. Initially, full scan mode
data was acquired to determine appropriate
masses for the later acquisition in scan mode
under the following conditions: mass range
20-450 amu and scan rate 0.220 s/scan. All
the analyses were performed with ionization
energy of 70 eV, filament emission current
at 150 mA, and the electron multiplier
voltage at 450 V (Sukkwai et al., 2010).
Sensory evaluation

Gelatin gel was prepared as above
(6.67%, wi/v). Sensory evaluation of fishy
odor intensity of the gelatin gel was carried
out according to Sae-leaw and Benjakul
(2015) using 50 trained panelists from the
Department of Fishery products, Kasetsart
University with the ages of 23-30. The
panelists were asked to open the sealable
cup and sniff the head space above the
samples in order to determine the intensity
of fishy odor, using a just about right scale,
in which a score of 3 is ideal, meaning no
fishy odors or other odors. A score of 1
indicates no fishy odor, but other odors
(such as chlorinated water) are present,
while 5 indicates extremely strong fishy
odor. Panelists judged the intensity of color
using a just about right scale from 1
(opaque) to 5 (strong yellow), with 3 being
ideal.
Statistical analysis

All experiments were run in
triplicate  with completely randomized
design (CRD). Sensory evaluation used
randomized complete  block design
(RCBD). Data were subjected to one-way
analysis of variance (ANOVA) and mean
comparisons were carried out by using
Duncan's multiple range test. Statistical
tests were done using the SPSS computer

program (SPSS Statistical Software Inc.,
version 23, Chicago, IL, USA). Differences
between means were tested by the Duncan's
multiple range test. The data were presented
as mean =+ standard deviation. A probability
value of p<0.05 was considered statistically
significant.

RESULTS AND DISCUSSION
Yield of extracted gelatin

Gelatin preparations were performed
under identical conditions with the
exception of the treatment solutions. The
extracted yields were 1.95+0.19 to
21.03+0.55% and the lowest yield was
obtained from treatment 1 (control), while
the highest vyield was obtained from
treatment 4 (1.5% NaCl, 0.2% NaOH, 0.2%
H>SO4 and 1% citric acid). The gelatin
yields from each treatment were different,
as shown in Table 1. The treatment of tilapia
skin with alkaline/acid removes soluble
proteins, lipids and other undesired
components, and disrupts some cross links
of collagen molecules. The yields of tilapia
gelatin in this study are similar to other
reports which ranged from 17.63-21.93%
(Grossman and Ramat, 1992; Zeng et al.,
2010; Nui et al., 2013), but are higher than
Jamilah et al. (2011) who used different
treatment conditions (chemicals, time,
temperature) from this study. The use of
NaCl and alkaline/acid increased the yield
of extracted gelatin compared to the control.
The NaCl helped to remove blood and
mucus (Barve and Gardre, 2012), while the
alkaline/acid removed non-collagen
substances, such as elastin, albumin,
mucopoly saccharide and affected the
arrangement of new molecular structure.
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Table 1 Characteristics of gelatin produced from tilapia skin, following treatment with various

solutions.
. Methoxy
Treatment Soak!ng Yield (%)" Gel str(ingth phenyl oxime  Remarks
solution (9) .
(%)
1 None 1.95+0.19¢ 0.00+0.00 22.172 Control
2 NaCl 18.79+0.23°  541.87+6.74¢ 20.642
Grossman
3 NaOH+H:S04 1 4310550 856.0745.30° 23.32° and Ramat
+citric acid
(1992)
NaCl+NaOH+
4 H,SOas+citric  20.37+0.64%  1811.73+8.80? 8.41°
acid
5 NaCl+NaOH+ o4 ) 0640 1482614213 15.72P
H,SO4
6 NaCl+NaOH 19 5610 649 1504.61+1.63° 14.11°
+citric acid
commercia None - 064.50+7.92° ;
| gelatin

“Values presented as mean + SD from triplicate determinations.
&d Different letters in the same column indicate significant difference (p < 0.05).

Determination of gel strength

Gel strength is one of the most
important functional properties of gelatin.
Gel strength is a function of complex
interactions determined by amino acid
composition and the ratio of a-chains to -
components. In this experiment, gel
strength of commercial fish gelatin was
964.50+7.92 g, which is higher than
Grossman and Ramat (1992), although it is
not known if the commercial gelatin used in
that study was identical to the commercial
gelatin in this study, or if the gelatins were
prepared in the same way. Control
treatment gelatin remained in solution, and
therefore gel strength could not be
determined. Gel strength of treatment 4 was
highest among the experimental treatments
and higher than commercial fish gelatin.

There were significant differences in gel
strengths among all treatments, except for
treatments 5 and 6 (Table 1). Differences
could be due to intrinsic characteristics,
such as molecular weight distribution and
amino acid composition, as well as the type
of extraction treatment. High gel strength of
extracted gelatin may be due to the possible
high content of the amino acids proline and
hydroxyproline, which could result in
massy organized triple helical structures.
Proline and hydroxyproline are thought to
be responsible for the stability of the triple
helix of collagen structure through
hydrogen bonding between free water
molecules and hydroxyl groups of the
hydroxyproline in gelatin (Fernandez-Diaz
et al., 2001).



M5@1598UHINGRoNA 11U 185 1uInarT 1T 11(3) : 402-411 (2562)

407

RE
&é 90/ &% > b N
> Q ) ) 0N 0N 0N
W @Q;\\*\ S & & & &
& & B IS >
& KS &@ &@ &,@

Figure 1 Protein MW distributions of gelatin from tilapia skin extracted following treatment
with different solutions, and commercial gelatin.

SDS-polyacrylamide gel electrophoresis
(SDS-PAGE)

Protein patterns of tilapia skin
gelatin are shown in Fig. 1. All gelatins
contained a-chains as the major
components. 3-component (a-chain dimers)
were also noticeable. Tilapia skin gelatin
contained al and o2 chains and was
characterized as type | protein (Benjakul et
al., 2010; Sukkwai et al., 2010). During
gelatin extraction, the conversion of
collagen to gelatin with varying molecular
mass takes place, due to the cleavage of
inter-chain cross-links (Zhou et al., 2006).
Degradation of major components into
lower molecular weight fragments or
shorter chains might result in lowering
gelatin’s gel strength and viscoelastic
properties.

Fishy odor analysis

The volume of methoxy phenyl
oxime remaining in the gelatin after
treatments of the tilapia skin (Area
normalized (%)) was analyzed by GC-MS,
with results shown in Table 1. A high level
of methoxy phenyl oxime produces a strong
fishy odor. Treatment 2 (1.5% NaCl) had

lower levels of this compound compared
with the control (treatment 1), although the
difference was not significant. Methoxy
phenyl oxime in gelatin also decreased
when acid was incorporated during gelatin
extraction (treatments 4, 5 and 6). The
formation of secondary lipid oxidation
products is the main contributor to
undesirable offensive fishy odor in fish skin
(Sae-leaw et al., 2013; Sae-leaw and
Benjakul, 2014). The fishy odor in skin,
which contained high levels of poly
unsaturated fatty acids, was mediated by
lipid autoxidation and lipoxygenase
induced oxidation. The results suggested
that the use of NaCl in combination with
acid prior to gelatin extraction was a
promising means to minimize the formation
of fishy odor in the gelatin. Meanwhile, the
treatment that did not include any NaCl
(treatment 3) actually had higher levels of
methoxy phenyl oxime than the control. In
the treatment 4, methoxy phenyl oxime was
reduced by more than 2 times compared to
the control and was lower than all other
treatments (p<0.05). Thus, treatment with
NaCl or alkaline/acid could not reduce fishy
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odor, but a combination of NaCl and
alkaline/acid were more effective. Washing
fish skin with salt solution has been
reported to be an important process to
remove lipids and undesirable materials
such as blood, pigment and odorous
substances (Kristinsson et al., 2005). NaOH
removes non-collagen substances, such as
elastin, albumin and mucopoly saccharide,
and plays a role in the arrangement of new
structure. Citric acid was reported to help in
removal of membrane lipids (Liang and
Hultin, 2005) and could act as a metal
chelator (Choe and Min, 2009). Citric acid
disconnects the  linkages  between
cytoskeletal proteins and phospholipids,
linked together via electrostatic interaction
(Liang and Hultin, 2005). Moreover, citric
acid plays a role as a binding agent for the
basic amino acid residues of cytoskeletal
proteins, thereby competing with the acidic
phospholipids of membranes (Hrynets et
al., 2011).

Sensory evaluation

Results of the sensory evaluation of
gelatin from tilapia skin were similar to the
results from GC-MS (Table 2). The
panelists detected significant differences in
fishy odor and color of gelatin among
treatments. Treatment 1 (control) could not
be tested, as the gelatin remained in
solution. Commercial gelatin and treatment
3 received significantly higher scores than
the other treatments, and were found to have
strong fishy odor to extremely strong odor.
The remaining treatments received lower
scores, indicating light odor to moderate
odor. Acceptability scores for treatment 4
were higher than commercial fish gelatin.
These results are in accordance with
Kawahara and Tanihata (2005), who
showed that washing Atlantic cod fillets
with 1% wi/v of sodium chloride solution
reduced fishy odor, and that treating with a
combination of sodium chloride and sodium
bicarbonate could improve flavor and
texture, and reduced formation of volatile
lipid compounds (Magnus and Turid,
2012).

Table 2 Sensory evaluation scores for gelatin extracted from tilapia skin.

Treatment”
Characte
ristic Commercial
1 2 3 5 6 .

gelatin
CO|OI’1 _ b c a a a c

4.37£0.21 5.00£0.04 3.31+0.07 3.20+0.07 3.26+0.07 5.00+0.07
OdOI’Z ab c a b a c

4.04+0.08 5.00£0.17 3.30+0.11 4.16+£0.11 3.70+0.11 5.00+0.11

b b

m‘;;ﬁptab 1005000  1.00£0.00  200:0.00  160:0.07 184004  1.00£0.00

“Values presented as mean + SD from triplicate determinations.
a¢ Different letters in the same row indicate significant difference (p<0.05).

1JAR scale: 1 = opaque, 5 = strong yellow.

2JAR scale: 1 = non-fishy odors, 3 = no odors, 5 = strong fishy odors.

3A score of 1 indicates rejection, 2 indicates acceptance.

CONCLUSION

The best treatment of tilapia skin
prior to gelatin extraction was using a
solution of 1.5% NaCl, 0.2% NaOH, 0.2%
H2SO4 and 1% citric acid. This produced a
gelatin with a yield of 20.37+0.64%, high

gel strength (1811.73+8.80 g) and was
characterized to be type | protein. The
treatment also reduced the level of volatile
compounds in the extracted gelatin and
improved gel strength. The properties of
this gelatin produced from tilapia skin
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should be suitable for applications in the
cosmetic, biomedical, pharmaceutical and
food industries.
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ABSTRACT

The repellent, insecticidal and anti-feedant activity of ethanol extracts from hedge flower extract, Lantana
camara L. were tested on cowpea aphid, Aphis craccivora Koch. The various concentrations of crude extract from
hedge flower of 0, 0.3125, 0.625, 0.125, 0.25 and 5% (w/v) were applied. The treatments were arranged in a
completely randomized design (CRD) and replicated 5 times on 10 adults. The experiment was conducted at biology
laboratory. The leaf dipping method was applied with different concentrations of hedge flower extract (0, 0.3125,
0.625, 0.125, 0.25 and 5% (w/v)). The results indicated that the repellent, insecticidal and anti-feedant activity of
hedge flower extract on cowpea aphid were significantly effective (»<0.05) when compared with the control. At
5% of hedge flower extract, the percent of repellent and the percent of mortality were the highest at 100% and LC,,
value was 1.25 at 24 hours when compared with the control. For the anti-feedant activity, the number of probing
was higher when the concentration was higher. The number of probing was the highest (9.40 + 0.74) at 5%
concentration when compared with the control (1.20 + 0.48). Time of penetration was lower when the concentration
was higher. Time of penetration was the lowest (0.14 + 0.26 min) at 5% concentration when compared with the

control (8.64 + 1.03 min).

Key words: efficiency, crude extract, hedge flower, cowpea aphid
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(A) BWUH siphunculi 18 cauda

(B) 1112 (tentacles)
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1a&7% Duncan’s new multiple range test
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1a©7% Duncan’s new multiple range test.
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1a87% Duncan’s new multiple range test.
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ABSTRACT

The objective of this research was to design science camp activities on herbal soap making using Science
Technology Engineering Mathematics (STEM) education through the engineering design process. Students were
assigned to make their own soap employing fundamental knowledge contained in the high-school chemistry book:
“Hydrolysis reaction of oil or fat with sodium hydroxide”. Students realized how knowledge from the classroom
can be applied in daily life. The methodology was performed in 3 steps: Step 1 - Experiment in a science laboratory,
Step 2 - Designing science camp activities, Step 3 - Conducting a science camp. The participants in this research
were 63 grade 12 students from Wangtakian Witthayakhom school who volunteered to participate. The research
involved 8 activities which took 12 hours to complete. The results showed good effectiveness of chemistry teaching

with an average score of 4.42 and the students satisfied with the camp with an average score of 4.53. Students highly

acquired the engineering design process with the evaluation result of 92.2 percent.

Key words: STEM education, science camp activities, herbal soap
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2 NaOH (aq) + CO, (g) — Na,CO, (s) + H,0 ()
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ABSTRACT

Shoot cutting of sweet potato as plant materials for growing in the next season is general practice for
farmers. This practice may negatively affect yield potential of sweet potato. Therefore, this study was aimed to
examine the appropriate growth stages for shoot cutting unaffecting tuber yield of sweet potato. A randomized
complete block design (RCBD) with three treatments (growth stage of shoot cutting); establishment (4wks after
planting-WAP), storage root initiation (8 WAP) and storage root bulking (12 WAP) compared with no shoot cutting
(control), was employed as experimental design with four replications and conducted during September to
December 2017 in field plots of Plant Science Section, Phranakorn Si Ayutthaya Province. The results indicated
that shoot cutting at different growth stages significantly affected shoot dry weight, tuber yield and tuber size but
did not affect leaf area, chlorophyll content, chlorophyll fluorescence and tuber numbers. Shoot cutting at
establishment (4 WAP) significantly reduced tuber yield and size but no effect on tuber numbers/rai whereas shoot
cutting at the other growth stages did not affect tuber yield. From this study, it can be concluded that cutting of

sweet potato shoot at the age more than 4 weeks after planting did not affect yield of sweet potato.

Key words: shoot cutting, growth stage, sweet potato, yield potential
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ABSTRACT

The aim of this research was to develop and study an acceptance level for a prototype of the constructed

learning outcome recording system based-on Thailand qualifications framework in higher education. The system

was evaluated by 6 experts in educational evaluation and information technology. After that, the prototype was

implemented to train with 28 instructors from Suan Dusit University. Then, they answered the acceptance

questionnaires. The collected data were analyzed by descriptive statistics. The findings revealed that the samples

accepted the prototype of the learning outcome recording system based-on Thailand qualifications framework for

higher education in 4 key aspects: process and accuracy, content validity, design and composition, and user manual

from high levels to the highest level.

Key words: learning outcome, achievement of learning, qualifications framework, higher education, information

system
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ABSTRACT

In this study, we investigated the activity of cepharanthine (CEP), doxorubicin, and combination on
cytotoxicity and apoptosis using human lymphoma Ramos cells. Cells were treated with doxorubicin alone or in
combination with CEP (10, 20 and 40 uM). Cytotoxic and apoptosis studies were done after 24 h incubations. CEP
had cytotoxicity on cells with an IC,, value of 13.77 uM. CEP at concentrations of 10, 20 and 40 pM additively
increased the cytotoxic and the apoptotic effects of doxorubicin, leading to a decrease in IC, (uM) of the drug from
2.55 to 2.20, 1.85 and 1.20, respectively. CEP potentiated cytotoxicity of doxorubicin by increasing apoptotic

effects. We conclude that CEP may have beneficial effects in patients with B cell lymphoma treated with

chemotherapy.

Key words: anticancer, chemotherapeutic drugs, cepharanthine, lymphoma
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(Furusawa and Wu, 2007; Wu et al., 2001; Seubwai
9
etal.,2010) 31NN1TF1YUNUINA1T CEP U
a a 4 < [l
ﬂ]ilﬂiﬂgl@ﬂi@mﬂﬂl“ﬁﬁau%iiﬂﬂ]uﬁﬁWﬂﬂﬁqﬂ
UsgnoUAIY INUMIADUAUBIVBITLUUYUANIU
(immune response) (Ebina et al., 1990) MU
4 < a
A1YVDUFAAULITIULU VO WON INTA (apoptosis)
Tﬂﬂﬂix@j}uﬂﬁﬁNTumﬂi caspase-3 gl caspase-9
v
(Harada et al., 2001; Biswas et al., 2006) i 818
[ Y] J v 4
ﬂ'liLHJ\WI'J“UENL%ﬂaiu’]ai]ﬂi“Ule“]faa (cell cycle
arrest) (Chen ef al., 2012) 1AZIIANITANYIVD
Fang 1agANZ WY1 CEP 696101500524 UNS
ABDUAUDIVDY cervical adenocarcinoma cell line A9
ﬂT‘JﬂWfJ%JQ%I@fJﬂ”ISﬂﬂﬂTillﬁﬂﬂﬂﬂﬂﬂlﬂﬂ STATS3,
9
Bel-2, c-Myc Lag cyclooxygenase-2 (COX-2) N911
LAY in vitro WAL in vivo (Fang et al., 2013) uazl
¥ o Y 4 < a
Nﬂ"]fﬂu'lslﬁlclfaall&’li\W]'lfJLl‘U‘Uf‘J%W@WIT]“]fﬁLLag
v
Y <3
fﬂlﬂiﬂﬂﬂﬂﬁﬂ1illﬁﬂ\1f’]@ﬂ‘ﬂ@ﬁau COX-2 611!113!5\1

A

a1 1dmgilimsuaaseonues cox -2 Tuiwad

HT-29 cells (Rattanawong ef al., 2015) D13 ANy
zi‘ Y a o dy 1 = Q( o
LUDIAUVDINTUIVYUNUIT CEP UHNENI1D1Y
4 <3 1 g A [ 3}.1 ao gd A
LFAANSLIINDUUIUYI D ﬂQUUQ1u3%ﬂuﬂﬂﬁu1ﬂﬂ
'
%gﬁﬂ‘hﬂﬂﬂﬁﬂlﬂﬂﬁ'ﬁ CEP 8% doxorubicin LUasnN1I
1 o 1 Id a @ o
(1"]9515'Jllﬂ‘L!@]'t’]ﬂ'J"liJHJ‘L!W‘H!Lag%ﬂu1ﬂ15ﬂ18!LUU@$

A s 3 K A
wow Inga luwaauzi5anoniuvany

AN o [S) a v
ANUHUNITIVY
1. ﬂ1§!ﬂ%ﬂua15ﬂﬂﬂ9‘ﬂ
aranga1InNAa o9y CEP (Sigma-Aldrich,
. = <3 Yy <
St. Louis, MO) 11 DMSO 11383111 stock 4atn1

a

Angungi 20 sermuaidod erkin1inaaos
o A ) e A q oy
e lasldomsaeasadine 19 1day
(YT UUDI CEP Ndoan13 Tasldaiumidudy
Y Id S 3 4
gaMeved DMSO 1Ju 0.2 Wlosidua
2 ¢
2. MR8 Baa
4

1¥99 Ramos cells (Human Burkitt’s
lymphoma cell line) A aggressive type B-cell
lymphoma 910 American Type Cell Culture (ATCC)

P Y
(Rockville, MD) lagyaaaziaeqlue1ris RPMI
. Y .
1640 medium 1/5£NOVAIY 10% (v/v) fetal bovine
serum, 0.5% L-glutamine, 100 pg/ml streptomycin Qs
100 units/ml penicillin (Gibco BRL, Gaithersburg, MD)
figaigdl 37°C luanedil co, %
3. miﬁnmwanmasuqﬂﬁmm CEP aananilu
NHUDI doxorubicin Glu Ramos cell
I a ]
MIANEIANNTURABUYOIT T NATOUAD
4 A,
1588 Ramos cell 73833 Resazurin reduction assay
Taoldea15azae resazurin N3 om 1 1
o, a L
wad waanianvrausalfionlyilulyin
= A . o Aaa Z a Y3 A

aouaselasuans resazurin nnavnEu UG
uad Tagiaa1MsganaunaInaNueInaY 570

= Y 9
uﬂumm IHag 600 uﬂumm SHIAITULVNUVUUBDN
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v Jo I o

= a4 a X Y ° AAa
FUAINNAVUIZFUWUT DU UIULFADNGINTIN
(Vega-Avila and Pugsley, 2011)
Y
4

INZIAB9ad Ramos cell 11 96-well plate
o 1 A Aaa ] .
U 1x10° 1vaaneiladans Uulu CO, incubator
= & A A Yy o
Wunal 24 ¥ 19 @ua1s CEP ANV 10,

P X

20 uaz 40 lulasTuars nazareluemisaes

A A v

waamummmumufmﬁ'wmm DMSO 0.2

2

P-4 A a A Y
1Wosidua uazan1zM@Nals CEP NaNuuty
Jdo @ ..
(10, 20, 40 1uTasTua15) $9uA V81 doxorubicin
4 a 1
0-2.5 TuTasTuas) 15103 150 Tulasaasluue

' < o
GBAGEY UiJiuﬁﬂ’l’ngﬂﬁiﬁ']ulﬂuma'] 24 %2114

1]
a =

IANA1TA2A19 resazurin NANUTUTU 1 Taansu
aptiaaans Uswias 15 lulasdasluuaazvigu
' I o ) @
vuluannzmasgiuiluna s ¥2Tug i lilda

1 A = &
ﬂ?ﬂ]ﬁﬂﬂﬂﬁullﬁ\‘]'ﬂﬂ'NlIElTJﬂau 570 uﬂumm
Y A [ 1 A
waz 600 W1 Tuwwas Taglyinsesianinisganau
UWHEAUBIT19 (microplate reader) ATUIWUN
s 4 s A ' '
L‘l]f)3!;“]51!9’]!;“]1?1@7]%‘15’3@@Qiﬂﬂiﬂﬂg@ﬁ (GRIARE
@,ﬂﬂﬁullﬁfl"uﬂﬂﬁ'ﬁ‘ﬂﬂﬁﬂﬂ/ ﬂ"lﬂ']iﬂﬂﬂﬁu&!.ﬁﬂ"llﬂﬂ
NGUAIUAY * 100) HAZAIUIUHIAIANUANTUN
o & s 3 2 s e
a 1150808918 50 1105 1FUA (half inhibitory
a a1
concentration, IC,,) LlA$AT1Z¥ A1 Combination
index 910 IC,, UB3Ie17 CEP 18 doxorubicin Ao
I a a 4
A uiis 1y Ramos cell 9315129 Tag 14
Probit analysis, SPSS version 10 1#o11A1 IC,, 910
9 . . . an
n15 15e1 cepharanthine-drug interaction Tao7%
combination index (CI) (Chou, 2010) Tasa1 CI> 1.3
antagonism; CI 1.1-1.3 moderate antagonism; CI 0.9-
1.1 additive effect; CI 0.8-0.9 slight synergism; CI
0.6-0.8 moderate synergism; CI 0.4-0.6 synergism;
CI 0.2-0.4 strong synergism; CI < 0.1 very strong
synergism (Chougule et al., 2011)
4. ﬂ15ﬁﬂ‘tﬂw€ﬂl®ﬂ CEP dﬂﬂ1i!ﬂﬁﬂ?ﬁ1ﬂ1ﬁﬂ1ﬂ

uuvezwenInta (Induction of apoptosis)

anszezisunaoswon INFazins

asuutasveanarguuuiusulag phosphatidyl

A

. = = Y v A A
serine (PS) Fa0gMboua uluvzinqounoon
AMUUONA annexin V-FITC annsadunuilszyau
[l Y
U89 phosphatidyl serine 18 daluszasis propidium
iodide (PT) &4 luanusoruwarau sy e
1 zﬂ = A 9
uaienadu NS W FeAmaNLA P ozl
v ad R Q axaq Vo 4
30 e Fuiludsnl¥suunmsagveusan
LYY apoptosis ¥1'5® necrosis FIVLAI1U15 D
4 a 4
asrvaevlalasldasealvale Inimes (Flow
cytometer)
& ¢

IWNZIA89Tad Ramos cell 11 24-well plate
o Jd1 A aa ]
U 1x10° ivaaneiladans Uulu CO, incubator
& ) a A Y 9
Wunat 24 ¥ 119 1\uans CEP NANuuay (10,

I o ..
20, 40 14 Tas Tuans) 3RV doxorubicin (1.5, 2,
Aa A 4 =y a 1
2.5 Haaluas) ¥Suias 150 luTasansluusas
] I @
nau vy luaazuiasgrunidumal 24 $2Tus
H P
NUUA1UTAAAIBA1TaZ 218 phosphate buffer
4

saline solution (PBS) Hagdoutsaaanls 200
HaansTuaeNaaans vYod annexin V-FITC 131105

iadans (Ivitrogen, USA) uazdouale 0.5

—

Jaansumelaaansvues 40, 6 diamidino-2-
phenylindole (DAPI) 11 @15a2 @18 annexin V-
binding buffer (0.1 M HEPES/ NaOH pH 7.4, 1.4 M
NaCl, 25 mM CaCI2) 5u1a5 1 Uagaanas
(Invitrogen, Carlsbad, CA) 915 135 mansadn
§oufAa annexin V-FITC 11ay DAPI 418
fluorescence flow cytometer (BD Biosciences, San
Jose, CA, USA) ¥1wa91n a5y Taunsunuanana
s 3 o da o .. .
woediFudvousaanaad single positive (annexin
V-FITC or PI) 118 double positive (annexin V-FITC
say Yo A o
and PI) 51]@\1l“]faaﬂhlﬂiﬂﬁWEVlﬂﬁﬂ‘Ul‘lEfJ‘]JWlfJ‘]Jﬂ‘]J
untreated control AL I1AT1LHN1TLAA apoptosis

152noURIY viable cells (annexin V-, PI -) a'NGI%EJ,
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carly apoptotic cells (annexin V +, PI -) 819971, late
apoptotic cells (annexin V +, PI +) UUUI1 LA g
necrotic cell (annexin V -, PI +) AL
a Jdy

5. MIIATZHVOYA

9 A Y o = =

doyadn lauaauiwmfSeumienaiy
UANANVOIAUNAY + ANTOUUUNINTIIU (mean +
SD) 521INNgUAILANAUNGUNAARIN RS UES
analusiadananuiuduaisg fu Tagldana

a 4 =

N153A512HANUY5UTIUN19AEY (One way
ANOVA) 118ENAdUANUUANATENI19g Tag

1A

7% Duncan’s test 11 UAAT p<0.01 9D 0I1H

o

HedAgyneana

av a 4
HNaNI3IIvaZIVIIUNA

1. ¥aUa3a135 CEP aan 13 ufivvo gl
doxorubicin
= I a 1

15 CEP AUt uNyA® Ramos cells
naen ldsuarsnaasy 24 ¥ Tualded1ad
WodAneana (p <0.01) MuAI U UUD

A 1

AT NNNYY (concentration-dependent manner) Tag
=S 4 d'
inn1c,, 13.77 £ 1.25 luTas Tua1s (0@ 1) uay
Waueaa1s CEP NANUTUTY 10, 20 ag 40 la

Tas Tuas N1 doxorubicin (0-2.5 TuTns

o 1 Id a 1 4
Tua15) 11 Ramos cell WuNUaNuilunyasisaa
Ramos 1a8311 IC,, 49481 doxorubicin aAA410
2.55+0.01 D9 2.20+0.03, 1.85 £ 0.04, 1.20 % 0.04

Jd o g’/ 9 1 1%
TuTasTuans aaiumasnmsledars CEP saunw
= A Y a s <
81 doxorubicin NHANNANMT UNBABIFDANIT
I'd
Ramos cells BUUIATNYNTNU (additive effect) Tag
A1 CI value 114929 0.99 - 1.02 (Aauaaaluaisig
~ A [ <3 1 %} A
N 1 uaz3ln 1 vag 2) MIspvILzF N IHADY
a v ] a 4
yiialulseeanud vive Non-Hodgkin's lymphoma
9 A o o
(NHL) vz 1de11ali1alugas CHOP
(Usznoudaven cyclophosphamide, doxorubicin,
. .. . 2 g A =
vincristine, prednisone) mxﬂuqmﬂmummgmﬂqﬂ
0o o [
(gold standard regimen) uaziﬁ'mammmmums
I < I
IAYINLLIY (Hennessy et al., 2004) €415 CEP 13l
' . A A Ly < a
190U alkaloid NNNTAUVLITIHA 19BN
widlounueualiiangu vinca alkaloid Ao ©1
vincristine s8¢ vinblastine mﬂwaﬂﬁﬁﬂH1WU’j1
A Y 9 P
13 CEP NANMTuaY 10, 20 uag 40 Tulas Tuas
A I a .. '
THatNuA1Ud UNBVUD3I81 doxorubicin 710
4 < s ] o <
IFAANZIT Ramos cell 1agliaA1 IC,, ADITAANZIT
1 %’ A T W o s
goutunasunny 13.77 luTas Tuars uaziian

] 4 3 o Y ] Y] [

1C,, anwraanzisaa 1d luguaznnsmin wnu

2.4 TulaTuans (Rattanawong et al., 2015)

@319 1 IC,, 11aZA1 combination index (CI) values Y8487 doxorubicin N 1WA UaA15 CEP Anuaiuau 10,

g J I~ [ ] I I o Y
20 uag 40 Ullliﬂiilla’]i ADIYAANLITI Ramos Ha11nUMsaaidual 24 12 Tuq VYaYaUaaAd

1 { 1 { H
ANNAY + ﬂ”lLﬁEJ\‘]L‘UUiJWI'i:ﬂ;WH 1NNITNANDY 3 K

Treatment IC,, (UM) CI
Cepharanthine (CEP) 13.77 £ 1.25 -
Doxorubicin 2.55+£0.01 -
Doxorubicin plus 10 uM CEP 2.20 +£0.03 0.99
Doxorubicin plus 20 pM CEP 1.85 +0.04 1.02
Doxorubicin plus 40 uM CEP 1.20 £ 0.04 1.01
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100
a_";#
80
E} -
2 60 i
£
=4
o
2 40 1
.
20
0
20 40

0.2%  Doxorubicin 2.5 5 10

DMSO 2 M
CEP (uM)

~ Jo <3| a 1 7 A o a
2NN 1 Haved CEP (2.5 - 40 TuTas Tuans) aeanuiluiuaemsad Ramos cell Nidan 24 51109 tazilsziiiv

% Cytotoxicity

I a a, ' { ' {
AP uNEA1837 resazurin reduction assay ToYAUAAIAUNAY £ ANDIUUUVIATFIU YBINTS

[

¥ 1 aa *
NAA04 3 B, ‘p < 0.01 1UTBVINIVANUUANA NN NADAN VT doxorubicin (without CEP), p < 0.01

= 1 aa o Jd 4 = 1
WSeuMeuanuuaAnaA1n e aany CEP 10 thIﬂ‘iTllfﬂi, »<0.01 WSeuMeuANULANA1INI

ananu CEP 20 lulasTuans

100
Owithout CEP Ocombined with 10 pM CEP

% B combined with 20 pk]M CEP B combined with 40 pM CEP v
a

0 pM 1.5 M 2 uM

Doxorubicin (uM)

H [ £ I a .. 4 1 [ ..
MWA 2 WaUp9 CEP GlE)E]‘ﬂ‘ﬁﬂ’JHJL‘]J‘L!WBﬂJENEﬂ doxorubicin Tutad Ramos cell 1 1@3161 doxorubicin (0-2.5

TuTasTuars) wioms1¥sauduans CEP Annndudu 10,20 uaz 40 lulasTuais Wurman 24

o a < a Y aa . . 9 ' A oA
¥ 109 Useiluanuniuiya2189% resazurin reduction assay UBYAUTAIAURAY £ AUVIUUY

aa o

¥ 1
UIATIU NNITNAAD 3 941 ap <0.01 1f5euReuANUUANAINNINTDANVET doxorubicin (without

CEP), p < 0.01 tfSsuiiieuanuuanaianiaadany CEP 10 1ulnsIuans, *p <o.01 (f5suiiien

1 Aana o o
ANUUANANMIADANY CEP 20 luTas Tuans
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2. #ave3 CEP oMt ninmsmanyues
a d
WONINTBavoABaaNZI5 U898 doxorubicin
811AN Y11 A (chemotherapeutic drugs)
=) £ Y < A o
Hgnsauuzsa lagmieniinmsaiouuuosnon
a o <3 P a
INFFAUoUFAANLIT I 1FAANAVUUVOEWON INTFa
Aa o 9 Y .
UNTIZH 1AM TEOUIYAANIY annexin V-FITC Laz
PIUAzA3397AA2Y fluorescence flow cytometer
WaINNIIANEINLINAT CEP UNamtien1i1ng
a Y 9 R 1
AUUVUDZWON INFEAA WA NTUYD 1T NNV
(concentration dependent manner) Tasa1s CEP
A Y 9 J A
NANUTUTY 10,20 waz 40 TulasTuairs Uk
HENTMELUVIE W W INFAFUUUY late
. oA <
apoptosis Amdu 11.25 + 2.66,30.47 £1.68 LIS
< I 4 o w
45.36 +2.80 1103 1FUA MUAIAD LASHAVDIYT
.. 1 [ J
doxorubicin 3911 CEP (10, 20, 40 Tu a3 Tuans)
A a [ 4 <3
PNANUNITAGUVVOZNON INTFAADITAANIT
¥Ua early apoptosis ﬁﬁ late apoptosis (annexin V-
FITC+DAPI+cells) lapgaiiiodinynisanatile
= = L3 P
115 euNeVN Ve doxorubicin 1A8a15 CEP Lay
I'd
doxorubicin YHWaLE3 UONINU (additive effect)
AONITIHNEIUINITAGUVVDLWON INTAUD
s < ) A =
waauzi3e (@aaaslugili 3) nmsdaninaln

'
N1599NHNTUDIA1T CEP @]E)g‘l_]LLiJ‘Uﬂ1§GHEJGU@Q

% o ' N Y Y
LFAANUSLIINUDIT CEP NAITULVNUVUATIL
=) Li‘ o a =)
NNaLﬁuﬂ’Ju”lﬂ”liﬁTEJLLU']J'E]$W@WIVI‘*’5?TLL@$3JWQ

A 4
memmwmmmaagﬂu‘uu early oy late
apoptosis 11919397 VeN doxorubicin Tasas CEP
milenhmsmeuuUez noW INFaHIUNTZAUMS
MIUVDY caspase-9 liag caspase-3 (Harada ef al.,
2001; Biswas et al., 2006) Lmzﬂizé’u pro-apoptotic
signaling pathways LU JNK, ERK iag p38 MAPK

9
(Harada et al., 2009) LagdUIINITUTAIOON anti-
apoptotic gene Bcl-x1 (Fang ef al., 2013) 310518914
AMIANYINVINAS CEP Wwarnfeniinisniy

9
lLUU@$W@WI§]‘ﬂ5ﬁL!a$lelENﬂ'li!LﬁﬂQ@@ﬂéUﬂ\i

4 4 <

GITRETY cyclooxygenase 2 (COX-2) UDIUHAANSLII
d1'1d1n ﬂj HT-29 cells (Rattanawong et al., 2015)
gaztvieddinisatenuuesnen ingalu

4 3 < A
LFAaNUSLIINALADAVIIVUDINY (P338) tay

¢/ & & & A i o g y& 1
l“lfaallgliQL?J@L'Q@@GUTJ‘VIE]ﬂ!ﬂu&l?u’llﬁﬂﬂ@l@ﬂ’l
doxorubicin 1#1Aa Tagn1siulsumveseyya
DATLTUALINNNITUAAIOONUDY Fas-antigen

9
(Furusawa and Wu, 2007) #9411 a15 CEP UHald3
r'd
f)N 581 doxorubicin (additive effect) minanwy

I~ a ] 4 < )

Lﬂuwymamaamﬁmasﬁvﬂmmimmmuazwaw

a 4 <3 1 %
TnsalusaduziSaoutinraed
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= % apoptosis @ % late apoptosis
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&
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a®

0 % necrosis

0 1.5 2 2.5 0 1.5 2 25

20 20 20 20 40 40 40 40

: , : o A /g
MNA 3 Waveda15 CEP Ao 1511 He1M 1N ITMouuuasnonW INFavousaanuzt59 Ramos cell Y9981

doxorubicin 588 45181 doxorubicin (1.5, 2 naz 2.5 TuTas Tuard) wielWsausueas CEP (10, 20

uaz 40 luTas Tuard) Whunan 24 92759 doursadane annexin V-FITC/DAPI 1510101501090

J < a a . + . a A + . a A
IFAANSEININNITAAT annexin V-FITC (apoptotic cells) tazeiad DAPI (necrotic cell) LLagaa e

annexin V-FITC'/DAPI cells (late apoptotic cells) AuInT04 flow cytometer LA nesiduanisane

4 1 § 1 §
YOULAA (apoptosis, late apoptosis, LAY necrosis) Tﬂﬂ*ﬁjﬂﬂsjmlﬁﬂimmaﬂ + ﬂuﬁmmummgmmﬂ

FY 1 aa v *
MINAADBY 3 F1, °p < 0.01 1TeVINVANUULANANNNEDANVY doxorubicin (without CEP), p <

= 1 ana o 4 # = [
0.01 Wisuisuanuuanaaneadany CEP 10 lulnsTuas, » < 0.01 fFeueuanuuanaig

meaaany cep 20 lulasTuas

agl

= Y I J =
NANAMIANE ARSI UIE1S CEP U

{o & ¢

a @ < ' ¥ A
gNns ummaamﬁmanmmﬁm uaziHaIny
s
a .. 1 a < a
NIUDIYT doxorubicin aomsnanNnuilunylag
P [
ﬂﬂﬂq%ﬁlﬁﬁﬂ’)u”lﬂ']iﬁ']EIL!,‘U‘]J?]%W@WIVI%?W?N
4 <3 [ g’; Y A o
LFAAUSLIN muua;ﬂ"lmmﬁ CEP UAINYNING
1 a QJ
ABNITLATUHNTUDIYT doxorubicin LHASHINITDARA
Y .. A a dy
V1M 3 1981 doxorubicin NUHANANTADY AL

o1ms liNalszaad

aanssnszmea

AUZFIVGUDVDUAUNTZAWUYUIDOIIN

q

'
7 S

PU1INGUNA 11 1a8515u9naf3 1T LazanIun

Tun15v1398 Ao Heslfrian1sTnnliuay

v Aa a oA v A [ 4

ndrinet vealfiiams hiadnemadaaunng
[ 4 a [

AULTAAIUNNYAIAAT UH1INY188INA TU1aD

aAa o

TIFUIAALATIFY INSUVAUAT AT TITNTIY 191Dy
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ABSTRACT

Nowadays, food supplement gets the attention from the consumers. Apart from nutritional benefit as
general food, prophylactic and disease treatment are customer needs. However, information on dietary
supplements should be studied thoroughly before consumption. The objectives of this study were to investigate
consumer behavior in Trang province toward food supplement and factors affecting consumer behavior toward
food supplement. The data were collected by interviewing 400 participants who represented as consumers
sample of the study. The findings showed that majority of consumers purchased nourishment product
(50.0%), followed by weight loss supplements product (27.8%). The majority of information source on food supplement
was doctor/pharmacist (58.0%). Most of the consumers bought the product for themselves (52.3%). The reason for
purchasing was for good physical well-being (57.0% ). Factor analysis was used to examine factors affecting
consumer behavior on food supplement. After analyzing 16 variables for factor analysis, three factors were gained.
First factor consisted of six variables with 55.508% of variance. The factor was called “product factor”. The second
factor consisted of seven variables with 12.269% of variance. The factor was called “sales promotion and distribution
channel factor”. Third factor consisted of 3 variables with 6.462% of variance. The factor was called “price factor”.
The finding from this study was useful for food supplement manufacturers in assigning and distributing pattern to meet

consumer needs.
Key words: consumer behavior, dietary supplement, Trang province
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ABSTRACT

One of the major changes that occur during processing, distribution, and final preparation of food is
oxidation. Oxidation of fat initiates other changes in the food systems that affect its nutrition quality,
wholesomeness, safety, color, odor, and texture. Gallic acid (GA) has been reported to provide anti-bacterial, anti-
fungal, anti-inflammatory and anti-cancer activity and also is a strong antioxidant. In this research, eleven
derivatives of gallic acid were synthesized by using esterification reaction in high yields from gallic acid. Their
structures were elucidated on the basic of IR and NMR spectroscopic data. Gallic acid (GA) and derivatives were
tested for their anti-oxidative activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay.
Gallic acid (GA) was found to have the highest free radical scavenging ability and n-Butyl 3,4,5-trihydroxybenzoate
(NbG) was found to have the lowest free radical scavenging ability. The other pure compounds examined showed

strong activity.

Key words: gallic acid, gallic acid derivatives, anti-oxidative activity
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WINsAUNaan (Gallic acid) (0.1005 g, 0.58
mmol) azalglutuniIvuea (Methanol) (5 mL)
i M naulusianda HaLAoY Nen
Inletianan’lsd (Thionyl chloride) (0.207 g, 1.74
mmol) a4 lfiagfosnazialdfhunanszaing 15

Y 1
i wdsnninh s Wandiguugil 70°c iy

'

a

v Y
a1 4 5219 vaznaliidungunaiines 1l

K} LY

sTMoIMIuea (Methanol) ponliuiniga laoly

'

IAT0ITIMELLUAANNNAY (Rotary evaporator) 9%

'
@ I

=)
UNNY

o

Y a I a ¥ ]
"lﬂwa@ ﬂymztﬂummmmﬁmma%u
Wldusaniaronisuonriunedauil (Column
chromatography) TagldFanea (Siliga gel) A
i enaf (Stationary phase) tag I aindoun
(Mobile phase) 13 (EtOAc: Hexane, (2:1)) 9% 14

a o s A o I =K o
ﬁ]iNaﬁﬂm@ﬂﬂﬂaﬂymglﬂuﬂaﬂﬁM”n (0.0967g,
96.2%) A1 R; chromatogram = 0.61 ( EtOAc :
Hexane, (2:1)) uazauﬁuﬁmmmmmaaﬂ (Gallic
derivatives) (3-12) lainmsdunsiernluaning
miﬂﬂamﬁmm@mﬁu

o d

<
3. MINATOUM300NNEA1HPBNTIATUOYWUS

YaINIAUNAAN

%inhibition =

ontrol

A ' A

control

A

sample

Y Ao A

\ &2 ) o
LagaA IC50 “HQL‘IJMﬂ”Iﬂ’J"IiJLGUIJGUu‘V]ﬁ"WIfIﬂ
=~ = Y aaa
m!,ﬁmmﬂanJ’duHiaGluﬂﬁmuﬂ;]ﬂifn

a o Y o =
DONFIATU ’éT13J1§ﬂW'l"lﬂIﬂEJﬂ1iu13J1LﬂJfJ‘L!ﬂiTV\I

Acontrol - Asample %

00
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r'd

Faudiumimsnaaeunsesngniaiu
a o o a
PONTIATUDYWUTYBINTAUNAAN (MG, EG, PG,
IpG, NbG, IbG, NpG, NhG, ThG, NoG, 118% NnG
Tagld35anivoyyadase 2, 2-Diphenyl-1-
picrylhydrazyl (DPPH) radicals %30 DPPH radical
scavenging
o a £ Y4 a
FIANTVIGNTUIOYWUTVOINTAUNAD
AUAZNIALNAAN 31UIU 10.0 mg azareluton
Y A [ Jd
uea 1.0 mL uandilaasazaievesaisduniizn
N1 30.0 L WENNUAITALANY 2,2-diphenyl-1-
picrylhydrazyl (DPPH) 193494 0.050 M $1491 3.0
Y Ao Yy 9 9 3|
mL vz lad1sazareninnududugaiioiu
v '
100.0 pg/mL Ha4INUUUITITAZA18N AU
1udu 100.0 pg/mL T1lias1n1sgananudnie
1ASeITAAINITQANAULTY (UV-Visible
spectrophotometer) NA210819AA LAY 517 nm
A J o &

109 15 0 1Hunan 199703 Faasazaronan

A 2 I 1A o
DPPH vzilasuvindsuyilu luid uaziinis

2 ' A I Y Y 1 '

naaosuanlasuiunnuuIua19e) U 25.0,
12.5,6.25, 5.0, 2.5, 2.0 48 1.25 pg/mL A1NA1AY

A A o 1 1 J I 14 o g’/
iwenvzi lwinnndesiduanisduds (%
o ' s 2 o o ¥
inhibition) gasMIMUIUMIANBTIFUANIFUH

(% inhibition) A4

Av AIN1IPANAULAIVDIAIDE1IINA1 (DPPH 8E131AE7)

flo AIMIgANAUIAIYDITIATABVBIAITOYHUTNIAUNAGN

o ! ' P o &
lﬁu@]iQ5$W31Qﬂ1lﬂﬂil‘ﬁfﬂ@ﬂ15ﬂﬂﬂ\1 (%

inhibition) fUANMTUTUVEIT TN dNATEY
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NamMIeazInIama
1. aqﬁuﬁmmnimmaan (2-12) NFUAZT

Ay Y Y o 9
Nﬁﬂllﬂﬂ?ﬂﬂWiﬁQLﬂ§1$Wﬁ1§ﬁ1u

@13 (2-12) #9H (MG, EG, PG, IpG, NbG, IbG, NpG,
NhG, IhG, NoG 1182 NnG) WU 5 damiluans

1% IpG, IbG, NhG, ThG 1182 NnG LA AINAA

ponFaFUsYNUTYBINITALUNAAN (MG, EG, PG, I 1
IpG, NbG, IbG, NpG, NhG, ThG, NoG 8 NnG)
nnmsdauaTziasmueondiatuves
o1 WsvesnsaLnaan (Gallic derivatives) 1/%:& 11
ﬂ]ﬁ]ﬂ‘ﬁ 1 Wﬁ‘ﬁ‘lﬁ}ﬁ]1ﬂﬁﬂ?3$ﬂ1§ﬂﬂﬁ@\1ﬁ!ﬁu1$ﬁw
mﬁaqﬁ’uﬁﬁ&’amﬁwﬁ%{ gamzanAaes  AnMaasld %  E0AcHen
°C: hrs yield R
Methyl 3,4,5-trihydroxybenzoate; (MG) (2) 70 : 4 GLGARR 96.2 2:1;0.61
Ethyl 3,4,5-trihydroxybenzoate; (EG) (3) 80:4 GHGARE 93.7 2:1; 0.60
n-Propyl 3,4,5-trihydroxybenzoate; (PG) (4) 100: 6 GLGARR 90.3 2:1; 0.65
iso-Propyl 3,4,5-trihydroxybenzoate; (IpG) (5) 90:9 GLGARR 81.6 2:1;0.70
n-Butyl 3,4,5-trihydroxybenzoate; (NbG) (6) 100 : 8 nandiaedesu 9.1  1:2;0.74
iso-Butyl 3,4,5-trihydroxybenzoate; (IbG) (7) 100: 12 131 uFana 89.0 1:3;0.30
n-Pentyl 3,4,5-trihydroxybenzoate; (NpG) (8) 135:10 HANTIa0IEOU 733 1:3;0.13
n-Hexyl 3,4,5-trihydroxybenzoate; (NhG) (9) 150 : 12 HanaMaeeeu  77.3  1:2;0.23
Iso-Hexyl 3,4,5-trihydroxybenzoate; (IhG) (10) 135:24 1§1ﬁ’u%1§1m1a 80.9 1:2;0.31
991U
n-Octyl 3,4,5-trihydroxybenzoate; (NoG) (11) 150:24 NANTINADA 56.0 1:3;0.25
n-Nonyl 3.4,5-trihydroxybenzoate; (NnG) (12) 150 : 24 panaMaes 604  2:1;0.15
wazldiaseyutvesnsaunadan 3\0/
(Gallic derivatives) ‘V?Q 11 &5 (2-12) (MG, EG, PG, /@\
IpG, NbG, IbG, NpG, NhG, ThG, NoG ttag NnG) M " OH o

msga Inseashs Taemadia Nuclear Magnetic
Resonance (NMR; 'H-NMR t1a¢ "C-NMR) uag
Infrared Spectroscopy (FTIR) Givﬂfl’

1. @Y WuT Methyl 3,4,5-trihydroxyben

zoate; (MG) (2)

Methyl Gallate; MG (2)

'H NMR (D,0): (8, ppm): 3.88 (s, 3H, (-O-CH,)),
7.13 (s, 2H, (-C=(CH-),) in ring); "C NMR (D,0):
(O, ppm): 52.18 (-O-CH,), 109.38 (-C=(CH-),) in
ring, 120.02 (-C-COO-), 137.59 (C-4), 143.99
(-CH=COH-) x2 in ring, 168.46 (-COO-) 11a¢ FTIR,

1

cm : 347339 (OH), 2955.54 (C=C-H)in ring,
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1694.44 (C=0), 1621.24 (C=C)in ring, 1439.20 (C-
O)in ring, 1197.51(C-0) éﬁ'eya‘ﬁmmiaﬁuﬁu
Taseadre iiosnnmudumiaues 'H NMR 7 3.88
(s, 3H, (-0-CH,)); "C NMR i 52.18 (-O-CH,),
168.46 (-COO-) Az FTIR, cm” §1 1694.44 (C=0),
1197.51(C-0) Wumssusuinilulassadaars
MG nA09934 Wosnnastinulusssunaves
aonaalulve (ugsa tazamy, 2006)

2. aqﬁ’uﬁ' Ethyl 3,4,5-trihydroxyben

zoate; (EG) (3)

HO OH
OH
Ethyl Gallate; EG (3)
'H NMR (D,0): (8, ppm): 1.35 (t, J=7.2 Hz, 3H,
(-CH,-CH,)), 4.31 (q, J,=7.2 Hz, J~14.4 Hz, 2H,
(-0-CH,-)), 7.13 (s, 2H, (-C=(CH-),) in ring); "C
NMR (D,0): (O, ppm): 13.10 (-CH,-CH,), 61.70
(-0O-CH,-), 109.53 (-C=(CH-),) in ring, 102.32 (-C-
COO-), 137.54 (C-4), 143.97 (-CH=COH-) x 2 in
ring, 168.00 (-COO-) @ g FTIR, cm' : 344827
(OH), 2982.75 (C=C-H)in ring, 1694.49 (C=0),
1615.52 (C=C)in ring, 1532.26 (C-C) 1448.23 (C-C)
in ring, 1193.82 (C-0) %’ay‘aﬁmmmﬁuﬁ’u
Tnsea1a fleamnmudmmiaes 'H NMR 7 431
(q, J=7.2 Hz, J,=14.4 Hz, 2H, (-0-CH,-)); "C NMR
7 61.70 (-O-CH,"), 168.00 (-COO-) iag FTIR, cm’'
#i 1694.49 (C=0), 1193.82 (C-0) 15l um 3B uUFUI
flulassadeans EG gndensa
3.9y ius n-Propyl 3,4,5-trihydroxyben

zoate; (PG) (4)

HO OH
OH
n-Propyl Gallate; PG (4)

'"H NMR (D,0): (O, ppm): 0.98 (t, J=7.2 Hz, 3H,
(-CH,-CH,)), 1.75 (sextet, J,=7.2 Hz, J,=14.1 Hz,
2H, (-CH,-CH,)), 4.22 (t, J=6.6 Hz, 2H, (-O-CH,")),
7.13 (s, 2H, (-C=(CH-),) in ring) "C NMR (D,0):
(O, ppm): 9.53 (-CH,-CH,), 21.31 (-CH,-CH,),
67.01 (-O-CH,-), 109.01 (-C=(CH-),) in ring, 122.62
(-C-COO0-), 137.78 (C-4), 144.24 (-CH=COH-) x 2
in ring, 168.30 (-COO-) 11ag FTIR, cm’ : 3452.04
(OH) , 2970.67 (C=C-H)in ring , 1693.79 (C=0),
1615.49 (C=C)in ring , 1538.82 (C-C) 1468.65 (C-
C)in ring , 1198.84 (C-0) Gﬁ’ayaﬁﬁmﬁaﬁué’u
Tasead1a e earnnudnntaves 'HNMR i
422 (t, J=6.6 Hz, (-0-CH,)); “C NMR f 67.01 (-0-
CH,"), 168.30 (-COO-) 1@ FTIR, em” 7 1693.79
(C=0), 1198.84(C-0) Hlumssudundulassadng
@15 PG NADa93 9
4. agﬁ’uﬁ iso-Propyl 3,4,5-trihydroxy

benzoate; (IpG) (5)

2 1
C-o

HO OH
OH
iso-Propyl Gallate; IpG (5)

'H NMR (D,0): (O, ppm): 1.24 (d, 6H, (-CH-
(CH,),)), 5.04 (quintet, J,=6.3 Hz, J,=12.6 Hz, H,
(-0-CH-)), 7.14 (s, 2H, (-C=(CH-),) in ring); "°C
NMR (D,0): (O, ppm): 20.42 (-CH-(CH,),), 69.92
(-O-CH-), 109.01 (-C=(CH-),) in ring , 121.25 (-C-
COO0-) , 137.79 (C-4), 14432 (-CH=COH-) x2 in
ring , 168.90 (-COO-) ag FTIR, cm’ : 3321.90
(OH), 2984.57 (C=C-H)in ring, 1682.84 (C=0),
1614.92 (C=C)in ring, 1537.70 (C-C) 1447.63 (C-
O)in ring, 1108.12 (C-O) ﬂ?agaﬁmmmﬁu &1
Iﬂi\iﬁ%ﬁ\i Lﬁﬂﬂﬁ]"lﬂWTJﬁ”lLlﬁliﬂﬂlﬂﬂ 1HNI\/IRﬁ

5.04 (quintet, J=6.3 Hz, J,=12.6 Hz, (-0-CH-)) "°C
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NMR # 69.92 (-O-CH-), 167.92 (-COO-) 1tae FTIR,
-1 A I A v
cm 9 1682.84 (C=0), 1108.12 (C-O) Humssugu
niuTaseadeens IpG gndednsa
5. 94 Wi s n-Butyl 3,4,5-trihydroxy

benzoate; (NbG) (6)

HO OH
OH
n-Butyl Gallate; NbG (6)

'H NMR (D,0): (O, ppm): 0.93 (t, 3H, J=7.2 Hz,
(-CH,-CH,)), 1.44 (sextet, J,=7.2 Hz, J,=14.4 Hz,
2H, (-CH,-CH,)), 1.70 (quintet, 2H, (-CH,-(CH,-),)),
424 (t, J=6.6 Hz, 2H, (-O-CH,-)), 7.10 (s, 2H,
(-C=(CH-),) in ring); °C NMR (D,0): ®, ppm):
13.54 (-CH,-CH,), 18.73 (-CH,-CH,), 30.29 (-CH,-
(CH,"),), 63.61 (-O-CH,-), 108.41 (-C=(CH-),) in
ring, 119.52 (-C-COO-), 13832 (C-4), 145.50
(-CH=COH-) x2 in ring, 165.82 (-COO-) ttag FTIR,
em’: 3330.10 (OH), 2966.04 (C=C-H)in ring,
1690.70 (C=0), 1615.87 (C=C)in ring , 1538.80 (C-
C) 1469.03 (C-C)in ring , 1197.71 (C-0) Toya
mmmﬁuﬁuimm%’n lﬁﬂ\‘]%WﬂW‘UﬁHlﬁﬂﬁ"Uﬂ\‘]
"HNMR #i 4.24 (t, J=6.6 Hz, (-0-CH,"); "C NMR
1 63.61 (-O-CH,"), 165.82 (-COO-); FTIR, cm™ i
1690.70 (C=0), 1197.71 (C-0) Humsduguinilu
Tn59a519815 NbG nADI93

6. 8Y Wu s iso-Butyl 3,4,5-trihydroxy

benzoate; (IbG) (7)

2
C\oﬁ/
HO OH

OH
iso-Butyl Gallate; IbG (7)

"H NMR (CDCL,): (8, ppm): 0.92 (t, /=7.5 Hz, 6H,
(-CH-(CH,),), 1.28 (d, H, (-CH-(CH,),), 4.9, (sextet,

J=6.0 Hz, H, (-0-CH,-)), 7.10 (s, 2H, (-C=(CH-),) in
ring); °C NMR (CDCL): (8, ppm): 9.45 (-CH,-
CH,), 19.20 (-CH,-CH,), 28.70 (-CH-CH,), 76.8 (-O-
CH-), 110.11 (-C=(CH-),) in ring, 121.74 (-C-COO-),
137.21 (C-4), 143.89 (-CH=COH-) x2 in ring, 167.71
(-COO-) uag FTIR, cm': 3288.64 (OH), 2975.91
(C=C-H)in ring, 1682.32 (C=0), 1614.23 (C=C)in
ring, 1536.71 (C-C) 1448.15 (C-C)in ring, 1114.50
(C-0) %’ayaﬁmmmﬁuﬁuimm?n {19991
@114119v94 'H NMR 7t (sextet, J,=6.0 Hz, H, (-O-
CH-)); "C NMR i 76.8 (-O-CH-), 167.71 (-COO-)
Hag FTIR, cm’ 71 1682.32 (C=0), 1114.50 (C-0)
flumstuduiniiulnseadnans G gadesnia

7. 84 W s n-Pentyl 3,4,5-trihydroxy

benzoate; (NpG) (8)

HO OH
OH
n-Pentyl Gallate; NpG (8)

'H NMR (CDCL,): (8, ppm): 0.92 (m, 3H, (-CH,-
CH,)), 1.40 (t, J,=3.6 Hz, 4H, (-CH,(CH,),-CH,)),
1.73 (m, 2H, (-CH,~(CH,),")), 4.26 (t, J=6.6 Hz, 2H,
(-0-CH,"), 7.10 (s, 2H, (-C=(CH-),) in ring); "C
NMR (CDCL): (8, ppm): 13.86 (-CH,-CH,), 22.29
(-CH,-CH,), 28.10 (-CH,-(CH,),-CH,-), 65.73 (-O-
CH,-), 110.14 (-C=(CH-),) in ring , 121.27 (-C-COO>-),
137.09 (C-4), 143.80 (-CH=COH-) x2 in ring, 167.97
(-COO-) ag FTIR, cm :3355.44 (OH), 2959.32
(C=C-H)in ring, 1682.93 (C=0), 1614.08 (C=C)in
ring, 1535.23 (C-C) 1450.88 (C-C)in ring, 1098.63
(C-0) %’agaﬁmmmﬁué’uimm%’w 119491
AUN19199 'H NMR 71 4.26 (t, J=6.6 Hz, 2H, (-O-

CH,”)); "CNMR % 65.73 (-0-CH,-), 167.97 (-COO-)
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ias FTIR, cm’ “ﬁ 1682.93 (C=0), 1098.63 (C-0O)
Aumstuduinilulnseadsars NpG gadeensa

8. 2y Wu s n-Hexyl 3,4,5-trihydroxy
benzoate; (NhG) (9)

C-o "

HO OH
OH
n-Hexyl Gallate; NhG (9)

'H NMR (CDCl,): (6, ppm): 0.82 (m, 3H, (-CH,-
CH,)), 1.22 (s, 6H, (-CH,(CH,),-CH,)), 1.59 (t, J=7.2
Hz, 2H, (-CH,-CH,~(CH,),")), 4.12 (t, J=6.6 Hz, 2H,
(-0-CH,-)), 7.20 (s, 2H, (-C=(CH-),) in ring); "C
NMR (CDCL): (8, ppm): 13.89 (-CH,-CH,), 22.46
(-CH,-CH,), 25.54 (-CH,-CH,CH,), 28.42 (-CH,-
(CH,),-CH,, 31.41 (-CH,-(CH,),-CH,), 65.77 (-O-
CH,"), 110.64 (-C=(CH-),) in ring , 121.13 (-C-COO>),
137.18 (C-4), 143.83 (-CH=COH-) x2 in ring, 168.06
(-COO0-) ag FTIR, cm': 3356.05 (OH), 2956.06
(C=C-H)in ring, 1682.68 (C=0), 1611.38 (C=C)in
ring, 1548.98 (C-C) 1453.29 (C-C)in ring, 1101.38
(C-0) %’ayjaﬁmmmﬁuﬁ'ﬂﬂim%’n iHi9gaANL
@UM9109 'H NMR # 4.12 (t, J=6.6 Hz, 2H, (-O-
CH,); “C NMR i 4 65.77 (-0-CH,”), 168.06
(-COO-) gz FTIR, em” 71 1682.68 (C=0), 1101.38
c-0) 1iumsduduiniulassad9a1s NoG
ANAI3

9. DU U iso-Hexyl 3,4,5-trihydroxyben

Q

zoate; (ThG) (10)

2
C\OW
HO OH

OH
iso-Hexyl Gallate; IhG (10)

"H NMR (CDCL): (O, ppm): 0.88 (q, J=3.9 Hz, 6H,
(_CH_(CH3)2)5 1.32 (l’l’l, H, (_CH_(CH3)2)3 1.65 (ma

4H, (-OCH-(CH,),CH,)), 5.13 (m, 2H, (-O-CH,")),
7.20 (s, 2H, (-C=(CH-),) in ring); °C NMR (CDCL):
(O, ppm): 19.80 (-OCH-CH,), 21.46 (-CH-CH,),
22.28 (-CH-CH,), 24.70 (-CH-(CH,)), 71.20 (-O-
CH-), 44.97 (-OCH-CH,) 110.22 (-C=(CH-),) in
ring, 121.82 (-C-COO-), 136.98 (C-4), 143.77
(-CH=COH-) x2 inring , 167.65 (-COO-) 1421z FTIR,
em’ @ 3322.75 (OH), 2959.84 (C=C-H)in ring,
1681.94 (C=0), 1613.94 (C=C)in ring, 1534.12 (C-
C) 1448.54 (C-C)in ring, 112422 (C-0) Toyai
annsotuduTasaadie diosmnnudumnives
'HNMR i 5.13 (m, H, (-0-CH-)); "C NMR 71 71.20
(-O-CH-), 167.65 (-COO-) ua e FTIR, cm’ i
1681.94 (C=0), 1124.22 (C-0) tHlumsduduinilu
Tns9a3 193 ThG gnADe9sa

10. 9YWH$ n-Octyl 3,4,5-trihydroxyben

zoate; (NoG) (11)

C-o ™

HO OH
OH
n-Octyl Gallate; NoG (11)

'"H NMR (CDCL,): (5, ppm): 0.86 (t, /=6.9 Hz, 3H,
(-CH,-CH,)), 1.24 (s, 10H, (-CH,(CH,),-CH,)), 1.65
(quintet, J,=7.2 Hz, J,=14.1 Hz, 2H, (-CH,-CH,-
(CH,),")), 4.17 (t, J=6.6 Hz, 2H, (-O-CH,-)), 7.14 (s,
2H, (-C=(CH-),) in ring); "C NMR (CDCL): (9,
ppm): 14.01 (-CH,-CH,), 22.60 (-CH,-CH,), 25.91
(-CH,-CH,CH,), 28.52 (-CH,~(CH,),-CH,), 29.19
(-CH,-(CH,);-CH, ), 29.28 (-CH,-(CH,),-CH, ),
31.78 (-CH,~(CH,),-CH,), 65.68 (-O-CH,-), 110.06
(-C=(CH-),) in ring, 121.14 (-C-COO-), 137.18 (C-
4), 143.89 (-CH=COH-) x2 in ring, 167.94 (-COO-)
ag FTIR, cm’ : 3382.71 (OH) , 2931.54 (C=C-H)in

ring, 1686.63 (C=0), 1613.91 (C=C)in ring, 1548.54
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=

(C-C) 1447.43 (C-C)in ring , 1217.47 (C-0) Toyafl
ﬁ1u13ﬂ§ugu1ﬂ§\1ﬁ%/1ﬂ Lﬁ@QﬂWﬂWUﬁHL‘VfﬂQ‘UBQ
'H NMR #1 4.17 (t, J=6.6 Hz, 2H, (-0-CH,") “C
NMR i 65.68 (-O-CH,-), 167.94 (-COO-) 1a ¢
FTIR, cm” 71 1686.63 (C=0), 1217.47 (C-0) flums
SuduiniluTnseadnas NoG gndeanss

11. 9y WuS n-Nonyl 3,4,5-trihydroxyben
zoate; (NnG) (12)

C\O/\/\/\/\/

HO OH
OH
n-Nonyl Gallate; NnG (12)

'"H NMR (CDCL): (O, ppm): 0.85 (m, 3H, (-CH,-
CH,)), 122 (s, 12H, (-CH,(CH,),CH,)), 1.61
(quintet, J=6.9 Hz, J,=13.2 Hz, 2H, (-CH,-CH,-
(CH,),")), 4.15 (t, J=6.6 Hz, 2H, (-O-CH,-)), 7.13 (s,
2H, (-C=(CH-),) in ring); °C NMR (CDCL): (8,
ppm): 14.04 (-CH,-CH,), 22.63 (-CH,-CH,), 25.95
(-CH,-CH,CH,), 28.54 (-CH,-(CH,),-CH,), 29.27
(-CH,-(CH,),-CH, ), 29.33 (-CH,~(CH,),-CH, ),
29.50 (-CH,~(CH,),-CH,), 31.84 (-CH,~(CH,),-CH,),
65.76 (-O-CH,-) , 110.13 (-C=(CH-),) in ring, 121.29
(-C-CO0-), 137.03 (C-4), 143.78 (-CH=COH-) x 2

in ring, 167.97 (-COO-) tta ¢ FTIR, cm’ : 3316.23
(OH), 2955.64 (C=C-H)in ring, 1683.01 (C=0),
1621.57 (C=C)in ring, 1544.81 (C-C) 1469.64 (C-
O)in ring, 1203.26 (C-O) ﬂi’aga‘ﬁmmmﬁu &'u
Iﬂi\‘iﬁ%}%ﬁ Lﬁ@ﬂﬂ1ﬂWUﬁ1L!ﬁ‘LjQﬂl@Q 1H NMR‘ﬁ
4.15 (t, J=6.6 Hz, 2H, (-0-CH,-)) "C NMR 71 65.76
(-0-CH,"), 167.97 (COO-) 1@ ¥ FTIR, cm” i
1683.01 (C=0), 1203.26 (C-0) 5lumsduduinilu

Tn39e3 19615 NnG gnAnas g

2. wamsmaaumsaanqnﬁ%é’maan&?m%’umm
egﬁ’uﬁmmnmunaﬁn (2-12)
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ABSTRACT

This study aimed to 1) investigate community-based tourism management in Trang, Satun and Krabi
Provinces regarding Thailand Community-based Tourism Development Criteria, and 2) explore guidelines for
developing sustainable community-based tourism management in Trang, Satun and Krabi Province. The study
employed qualitative research. One sample group of 18 representatives from model community-based tourism
groups in Trang, Satun and Krabi Province participated in the study. They were selected based on a purposive
sampling method. The data was collected by observation, in-depth interview, and focus group. The data was
categorized, compared, and summarized to connect related theories.

The resulted revealed as follows: 1) Community-based tourism management in Trang, Satun and Krabi
Province meets the Thailand Community-based Tourism Development Criteria for all five aspects which are
1) Community-based Tourism Management, 2) Economic, Society and Good Quality of Life, 3) Local Cultural
Heritage Conservation and Promotion, 4) Systemic and Sustainable Natural Resources and Environment, and
5) Community-based Tourism Service Quality. 2) The concept of community-based tourism development was used
as a guideline to improve the capacity of community-based tourism in Trang, Satun and Krabi Province. They are
1) Developing Partnerships, 2) Adopting an Integrated Approach, 3) Planning and Designing Quality Products,
4) Identifying Market Demand and Developing Marketing Strategy, and 5) Implementing and Monitoring
Performance. These aimed at helping the community gain advantages from mass tourism as well as preserving

identity and resources of the community.

Key words: community-based tourism management, Trang Province, Satun Province, Krabi Province
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ABSTRACT

The aim of this research was to study the effect of using Riceberry broken rice and moringa leaf meal in
semi- free-range layer diets. 2 x 2 Factorial in completely randomized block design was used in this experiment.
Factor A was Semi- free-range Housing Model (sunshine and shade). Factor B was experimental diets (Diet 1:
control diet that used Riceberry broken rice as energy source without adding moringa leaf meal, Diet 2: control diet
that used Riceberry broken rice as energy source mixed with 6 % of moringa leaf meal). One hundred eighty-four
laying hens (Isa Brown breed, 40 weeks of age) were divided into 4 groups in each house (23 birds of each group).
The laying hens in each house were randomly assigned to 4 combination treatments. There were 2 periods (28 days
per period) to collect data of egg production and egg quality. In the last period, the feces of each group were
randomly collected to determine the number of microorganism (total plate count, coliform, salmonella and lactic
acid bacteria) ; in addition, egg of each group were randomly collected for cholesterol and B-carotene analysis.
The results showed that egg production percentage, feed conversion ratio per 1 kilogram of egg weight, and feed
cost per 1 kilogram of egg weight of the laying hens fed with Diet 2 were poorer than Diet 1. However, there were
no statistical difference between 2 diet groups of daily feed intakes. In addition, there were no statistical difference
among 2 groups of 2 factors on egg quality (egg weight, albumen height, Haugh unit, eggshell thickness and
cholesterol) and the number of total plate count, coliform salmonella and lactic acid bacteria in feces (p>0.05).
However, the color of the egg yolk and B— carotene in egg yolk of the group that fed with Diet 2 was higher than
Diet 1 (p <0.01 and p <0.05, respectively). Besides, productive performance of layers reared in shade house were
higher than sunshine house. However, there were no influence of housing model on the number of microorganisms

in feces and egg quality.

Key words: semi-free-range layer, Riceberry broken rice, moringa leaf meal
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ABSTRACT

Phyllanthus urinaria Linn., one of the medicinal plants possessing various biomedical effects,
had been applied in shrimp feed in order to study its efficacy on growth performance, feed utilization and
survival rate of Pacific white shrimp (Litopenaeus vannamei Boone). Initially, the experiment was
carried out by feeding shrimp for 56 days with diets containing P. urinaria crude extract at
the levels of 0, 1, 10, 100, 1,000 and 10,000 ppm, and then the results of interested parameters
were investigated. At the end of the feeding trial, the obtained results indicated that shrimp
fed with the diet containing 10,000 ppm of P. urinaria crude extract slightly showed higher
rate of growth performance and feed utilization than the others; however, the significant
difference (p < 0.05) was only found on the controlled group. In case of survival rate of shrimp
ingesting on each experimental diet, there were no significant differences (p > 0.05) among
various treatments evaluated in this parameter. All in all, it can be concluded that P. urinaria
crude extract has a slight effect on growth promotion, but it does not affect to increment in
the survival rate of Pacific white shrimp.

Key words: crude extract, Phyllanthus urinaria, Litopenaeus vannamei, growth performance, survival rate

INTRODUCTION

Nowadays, Pacific white shrimp
(Litopenaeus vannamei Boone) is one of
economically penaeid shrimp usually
cultured in several countries, especially in
South America and Southeast Asia.
Because of its economic value, this shrimp
species has been cultured, overspreading
the coastal area and mangrove swamp,
bringing about environmental problems.
Moreover, the intensified condition of this
shrimp aquaculture causes crowding stress
stimulation, leading to malfunction of
immunity and subsequent occurrence of
disease outbreak which is a major
constraint of shrimp aquaculture, resulting
in significant socio-economic losses in
affected areas (Kumar et al., 2014).

To protect from infectious disease
and promote shrimp growth, chemicals and
drugs usage has proliferated among shrimp
farms. This practice leads to diverse
problems due to the use of drugs and
chemicals results in generation of toxic
residues causing risks to the environment,
animals and consumers (Jones et al., 2004).
Moreover, the over-usage of antibiotic
drugs causes the appearance of antibiotic-
resistant strains of bacteria, leading to
subsequent diverse problems which are
complicated to handle (Waldvogel, 2004).
Besides, shrimp products may be rejected

during export due to the accumulation of
antibiotics is over-regulated levels (Alderman
and Hasting, 1998).

To decrease aforementioned
problems, the alternative natural ways for
shrimp aquaculture should be actualized, for
instance, the replacement of antibiotics with
bioactive  compounds  derived  from
medicinal plants and algae for bacteriostatic
and bactericidal purposes. In this case, some
herbal plants possess the biological
substances which can officiate as growth
promoters, immunostimulants, antioxidants,
antiviral agents and so on (Direkbusarakom,
1998; Citarasu, 2010; Chitmanat, 2013).
Interestingly, one of the medicinal plants in
the Phyllanthaceae family such as the
Phyllanthus  plants possess numerous
bioactive phytochemicals including tannins,
flavonoids and lignans. Tannins present in
the form of gallotannin such as amariin,
phyllanthusiin D, geraniin, corilagin and
elecarpusin. Flavonoids present in the form
of rutin and quercetin-3-0-glucoside.
Lignans present in the form of phyllantin and
hypophyllanthin (Gruenwald et al., 2000).
Furthermore, the plants in this genus also
contain alkaloids, saponins and glycosides
(Akin-Osanaiye et al, 2011). The
phytochemicals in Phyllanthus plants can
present the properties of anti-hepatitis
(Wang et al., 1995; Ram, 2001; Ahmed et
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al., 2002), antioxidant (Raphael et al., 2002;
Pinitsoontorn et al., 2012; Maity et al.,
2013), anti-inflammation (Kiemer et al.,
2003; Dang et al., 2011), and apoptosis in
tumor cells (Huang et al., 2003).

Consequently, the purpose of this
investigation was to evaluate the efficacy of
P. urinaria, one of the Phyllanthus plants,
on growth performance, feed utilization and
survival rate of Pacific white shrimp (L.
vannamei) in order to acquire a natural
alternative approach for sustainable shrimp
aquaculture in Thailand.

MATERIALS AND METHODS
1. Experimental animals

Healthy Pacific white shrimp (L.
vannamei) in post larvae 15 stage were
obtained from a commercial farm in Thailand,
acclimated in 8,000-L concrete ponds (250
shrimp/m?) with suitable condition of ambient
environment, and fed with commercial
controlled diet, 4 meals daily for 3 months in
order to increase shrimp size to around 7-8 g
used in this trial. When grown to the usable
size, shrimp were graded and transferred to
black plastic tanks containing 400-L of
brackish water (15 ppt) for setting the
experiment.
2. Plant material and extraction

P. urinaria was collected from the
planting grounds in Rajamangala University
of Technology Srivijaya, Sikao district,
Trang province, Thailand. Then, whole
plants were thoroughly washed with distilled
water to remove dirt and contaminants, and
then oven-dried at 50 °C. The dried plant was
chopped into small pieces, finely ground
with an electric blender, and then macerated
in 99.9 % ethanol for 7 days. The derived
crude extract was filtered and concentrated at
40 °C by using a rotary evaporator under low
pressure, then stored at -20 °C until used
(modified method of Poompachee and
Chudapongse, 2012).
3. Experimental diet preparation

The commercially formulated feed
was thoroughly mixed with P. urinaria
crude extract in different evaluated levels
by top-coating, then air-dried and re-coated

with fish oil at 1.5 % of shrimp feed so as to
protect dissolution of effective substance
from pellets and to enhance shrimp
palatability. The diets were air-dried once
again and stored at -20 °C until used. All
experimental diets were prepared weekly.
4. Experimental design for feeding trial

The experiment was conducted as
complete randomized design (CRD) in which
every treatment was randomly assigned to
different plastic tanks. In this trial, six
treatments with triplicate, divided through
various levels of P. urinaria crude extract
supplemented to commercial diet at the
concentration levels of 0 ppm (control), 1 ppm
(0.001 g/kg diet), 10 ppm (0.01 g/kg diet),
100 ppm (0.1 g/kg diet), 1,000 ppm (1 g/kg
diet) and 10,000 ppm (10 g/kg diet). In each
replicate, 50 shrimp of equal size were stocked
in black plastic tanks containing 400 L of
seawater and fed with experimental diets, 4
meals daily for 56 days. At first, daily feeding
rate was 6% of total body weight, after that it
was daily re-adjusted according to feed intake
of shrimp in each tank. In regard to trial system
management, the cultured water was
monitored and adjusted to maintain an
appropriate condition through an installation
of aeration and water circulation system which
was cleaned daily. At last, all data form
feeding trials were recorded for assessment of
growth performance, feed utilization and
survival rate of experimental shrimp.
5. Parameters assessment from feeding
trial

After 56-days feeding period, there
are three parts of data collection for
evaluating the efficacy of P. urinaria crude
extract on shrimp growth performance, feed
utilization and survival rate. The first part,
individual weight of shrimp in each
treatment was recorded at the beginning and
the end of the feeding trial in order to
determine growth parameters including
average body weight (g), percent weight
gain (%), specific growth rate (%/day), and
average daily growth (g/individual/day).
The second part, amount of diet used in each
treatment was daily recorded for calculation
of feed conversion ratio, feed efficiency
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ratio and feed intake (g/individual). In the
final part, the survival rate of shrimp was
calculated  through  enumeration  of
remaining shrimp in the tank. In brief, all
parameters were calculated using the
equations as follows:

Average body weight (g)

= final biomass / final shrimp
number

Specific growth rate (%/day)

= [natural log (final mean biomass)
- natural log (initial mean biomass)] /
duration of feeding (days) x 100

Weight gain (%)

= [(final mean biomass - initial
mean biomass) / initial mean biomass] x
100

Average daily growth
(g/individual/day)

= (final mean biomass - initial
mean biomass)/ duration of feeding (days)

Feed conversion ratio

= total feed intake / shrimp weight
gain

Feed efficiency ratio

= shrimp weight gain / total feed
intake

Feed intake (g/individual)

= total feed intake / number of
shrimp

Survival rate (%)

= (initial shrimp number / final
shrimp number) x 100

6. Statistical analysis

All data obtained from this
experiment were statistically analyzed
using a one-way analysis of variance
(ANOVA) in the statistical program (IBM
SPSS Statistics 21), and Duncan’s multiple
range test (DMRT) was used to determine
the significant differences between the
means. The comparisons were done at a
significant level of 0.05 (Duncan, 1995).

RESULTS AND DISCUSSION

To date, the research steps of
medicinal plants applied in aquaculture
comprise of in vitro studies focused on an

investigation of plant biological activities
and bioactive molecules, and in vivo studies
focused on plant effect on aquatic animal
physiology and potential treatment in
aquaculture (Reverter et al., 2017). Many
scientific studies have revealed that herbal
plants containing various active compounds
could be used in aquaculture because they
produce several effects providing benefits
for aquatic animals such as disease agents
elimination, growth promotion,
immunostimulation, and so on (Citarasu,
2010; Chakraborty and Hancz, 2011). In
case of the effects on growth performance
of aquatic animals, diverse medicinal plants
have been studied, for instance, the study of
Punitha et al. (2008) revealed that diet
supplemented with a mixture of methanolic
herb extracts including Cynodon dactylon,
Piper longum, Phyllanthus niruri, Tridax
procumbens and Zingiber officinalis, could
increase the final weight result of grouper
(Epinephelus tauvina) at 41% higher than
controlled fish. Then, Prasad and Mukthiraj
(2011) reported that the diet containing
Andrographis  paniculata extract could
increase growth and immune functions of
Oreochromis mossambicus. In addition, the
report of Putra et al. (2013) specified that
grouper (Epinephelus coioides) fed with a
diet containing ethanolic extract of
Sauropus androgynous exhibited the results
on increment of growth and feed utilization.
These aforementioned results may be
caused by active compounds of medicinal
plant extract which could improve
digestibility and availability of nutrients,
resulting in feed conversion increment,
leading to more protein synthesis which is
necessary for growth.

In this study, P. urinaria, one of
beneficial medicinal plants, was used for
studying its effects on growth performance,
feed utilization and survival rate of Pacific
white shrimp (L. vannamei), and the derived
results revealed that the use of this medicinal
plant could slightly promote growth of
tested shrimp, but it did not affect to
increment of shrimp survival rate.
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As specified in Table 1, the obtained
results revealed that shrimp fed with the
experimental diet containing 10,000 ppm
(10 g/kg diet) of P. urinaria crude extract
exhibited the highest values of all growth
parameters analyzed when compared to
shrimp fed with the other experimental
diets. In this case, the shrimp fed with this
diet showed a significant difference (p <
0.05) in average body weight (g) when
compared to shrimp fed with controlled diet
and diets containing 1 and 100 ppm of P.
urinaria crude extract. Moreover, it also
showed significant differences (p < 0.05) in
percent weight gain (%), specific growth
rate (%/day) and average daily growth
(g/individual/day) when compared to
shrimp fed with controlled diet.

In terms of the parameters for
estimation of feed utilization of shrimp fed
with several experimental diets containing
graded levels of P. urinaria crude extract, the
derived results specified in Table 2 revealed
that feed conversion ratio and feed efficiency
ratio of all treatments evaluated had presented
a similar trend with indication of significant
differences (p < 0.05) when the results
obtained from shrimp fed with experimental
diet containing 10,000 ppm of P. urinaria
crude extract compared to the results got
from shrimp fed with controlled diet. In case
of feed intake, there were no significant
differences (p_> 0.05) among controlled and
treatment groups in this parameter estimated.

Moreover, shrimp fed with diet
containing 10,000 ppm of P. urinaria crude
extract had shown the survival rate higher
than shrimp fed with controlled and the other
experimental diets; however, the significant
differences (p > 0.05) among various
treatments evaluated did not present in this
parameter (Table 2).

In shrimp, the growth performance
depends on the fitness of heptopancreas
because this organ contains fibriller cells (F-
cells) and blister-like cells (B-cells) which
produce and secrete the enzymes essential
for digestion in shrimp foregut (Gibson and
Barker, 1979; Icely and Nott, 1992; Sousa
and Petriella, 2000; Sousa et al., 2005).

Then, the nutrients obtained from digestion
have been absorbed and stored as lipid
droplet in the cytoplasm of resorption cell
(R-cells) located in hepatopancreas (Loizzi,
1971; Vogt et al., 1989; Johnston et al.,
1998). Therefore, this organ is a source of
energy and nutrients which are necessary
for the growth of shrimp through ecdysis.
Moreover, this organ is responsible for
detoxification and metabolic waste excretion
carried out by F-cells (Vogt and Quinitio,
1994).

As above informations, shrimp fed
with the diet containing 10,000 ppm of this
herbal plant extract had shown the results of
all parameters investigated slightly better
than shrimp fed with the diet containing the
other concentration levels tested and
controlled. This is because P. urinaria crude
extract pOossesses anti-hepatotoxic
properties contributing to hepatocyte
nourishment and hepatitis protection (Wang
et al., 1995). It is beneficial for a function
of hepatopancreas on production of
enzymes used for supporting digestibility.
Furthermore, the extract of this medicinal
plant could protect shrimp heptopancreas
from pathogenic infection, for example,
previous research of Direkbusarakom et al.
(1995) found that 1 mg/ml of P. urinaria
crude extract possessed antiviral properties
against Yellow head virus (YHV) causing
necrosis of shrimp lymphoid organ.
Moreover, 10 ppm of this medicinal extract
showed the antibacterial activity against
Vibrio spp. usually infected in shrimp
(Direkbusarakom, ~ 1998).  Therefore,
abovementioned properties may promote
shrimp health and fitness, resulting in
promotion of growth performance.

All in all, P. urinaria may be a
potential source of natural growth promoter
for  sustainable  shrimp  aquaculture.
Nevertheless, its phytochemicals concerning
growth enhancement should be further
studied and separated from crude extract so
that it can be more effectively used with
lower concentration which is more
worthwhile.
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Table 1 Effect of P. urinaria extract-supplemented diets on growth performance of Pacific
white shrimp after 56-days feeding period (Mean + SD).

P o, OO weightgan (T A
extract Initial Final (%) (%/day)  (g/individual/day)
Oppm 7.56+0.65° 23.75+2.41° 213.96+3.17° 2.04+0.02®  0.29+0.01°
1ppm 7.57+0.66% 24.05+2.40°° 217.92+5.25% 2.07+0.03*  0.29+0.01%

10 ppm  7.560.63% 24.2242.30%¢ 220.26+13.12% 2.08+0.07%  0.30+0.02%

100 ppm 7.5740.66% 24.1742.43° 219.36+4.41* 2.07+0.022> 0.30+0.01%
1,000 ppm  7.56+0.66% 24.44+2.41%° 223.14+4.32% 2.09+0.02*  0.30+0.01?
10,000 ppm 7.57+0.65% 24.77+2.08°  227.36+5.11* 2.12+0.03%  0.31+0.01%

Note: Mean values within the same column sharing the different superscript were
significantly different at p < 0.05.

Table 2 Effect of P. urinaria extract-supplemented diets on feed utilization and survival rate
of Pacific white shrimp after 56-days feeding period (Mean + SD).

Concentrations
of P. urinaria

Feed conversion

Feed efficiency

Feed intake

Survival rate

ratio ratio (%)

extract
Oppm  1.84+0.16° 0.55+0.05" 28.63+1.26°  92.67+4.16°
1ppm  1.78+0.20% 0.57+0.06% 28.34+2.14*  94.00+6.93?
10 ppm  1.71+0.09% 0.58+0.03% 28.87+0.17°  95.33+1.15°
100 ppm  1.75+0.07% 0.57+0.03% 28.15+0.47%  94.00+2.00%
1,000 ppm  1.62+0.07% 0.62+0.032 27.13+0.68*  98.00+2.00°
10,000 ppm  1.59+0.06% 0.63+0.03? 27.05+0.66°  98.00+2.00°

Note: Mean values within the same column sharing the different superscript were

significantly different at p < 0.05.

CONCLUSION

P. urinaria crude extract with the
concentration level of 10,000 ppm can
slightly promote growth performance of
Pacific white shrimp, but it does not affect
to increment of shrimp survival rate. This
medicinal plant may be a promising source
of bioactive compounds acting as growth
promoters. The use of this plant extract may
be an alternative way for sustainable shrimp
aquaculture without chemical and drug
usage leading to further negative effects.

ACKNOWLEDGEMENT

The authors gratefully acknowledge
Rajamangala University of Technology
Srivijaya for supporting the research fund.

REFERENCES

Ahmed, B., Al-Howiriny, T.A. and
Mathew, R. 2002. Antihepatotoxic
activity of Phyllanthus fraternus.
Pharmazie 57(12): 855-856.

Akin-Osanaiye, C.B., Gabriel, A.F. and
Alebiosu, R.A. 2011. Characte
rization and antimicrobial screening
of ethyl oleate isolated from
Phyllanthus amarus (Schum and
Thonn). Annals of Biological
Research 2(2): 298-305.

Alderman, D.J. and Hasting, T.S. 1998.
Antibiotic use in aquaculture:
development of antibiotic resistance
potential for consumer health risks.
International Journal of Food


http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=0976-1233
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=0976-1233
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621

7581598 UHINGReNA 11 185 1uInaI 158 11(3) : 519-527 (2562) 525

Science and Technology 33(2):
139-155.

Chakraborty, S.B. and Hancz, C. 2011.
Application of phytochemicals as
immunostimulant,  antipathogenic
and antistress agents in finfish
culture. Reviews in Aquaculture
3(3): 103-119.

Chitmanat, C. 2013. Effects of herbal
products on fish immunity. KKU
Research Journal 18(2): 257-269

Citarasu, T. 2010. Herbal biomedicines: a
new opportunity for aquaculture
industry. Aquaculture International
18(3): 403-414.

Dang, G.K., Parekar, R.R., Kamat, S.K,,
Scindia, A.M. and Rege, N.N. 2011.
Anti-inflammatory ~ activity  of
Phyllanthus emblica, Plumbago
zeylanica and Cyperus rotundus in
acute models of inflammation.
Phytotherapy Research 25(6): 904-
908.

Direkbusarakom, S., Herunsalee, A., Boonya
ratpalin, S., Danayadol, Y. and
Aekpanithanpong, U. 1995. Effect of
Phyllanthus spp against yellow-head
baculovirus infection in black tiger
shrimp, Penaeus monodon, pp. 81-88.
In Shariff, M, Arthur, JR. and
Subasinghe, R.P. eds. Diseases in
Asian Aquaculture 1l. Fish Health
Section.  Asian Fisheries Society,
Manila.

Direkbusarakom, S. 1998. Studies on the
Antiviral and antibacterial activity
of Thai traditional herbs and
application to prevent the viral and
bacterial  diseases in  aquatic
animals. PhD Thesis, Faculty of
Fisheries, Hokkaido University.

Duncan, D.W. 1995. Multiple-range and

multiple F-test. Biometrics 1: 1-42.

Gibson, O. and Barker, PL. 197 9.
The  decapod hepatopancreas.
Oceanography and Marine Biology
Annual Review 17(1): 285-346.

Gruenwald, J., Bredler, T. and Jaenicke, C.
2000. PDR for herbal medicines
2nd  ed. Medical Economics

Company, Inc. Montvale, New
Jersey.

Huang, S.T., Yang, R.C., Yang, L.J., Lee,
P.N. and Pang, JH. 2003.
Phyllanthus urinaria triggers the
apoptosis and Bcl-2 down-regulation
in Lewis lung carcinoma cells. Life
Sciences 72(15): 1705-1716.

Icely, J.D. and Nott, J.A. 1992. Digestion
and absorption: digestive system
and associated organs, pp. 529-617.
In Harrison, F.W and Humes, A.G,
eds. Microscopic Anatomy of
Invertebrates, vol 10. Decapod
Crustacea, Wily-Liss Inc., New
York.

Johnston, D.J., Alexanderand, C.G. and
Yellowlees, D. 1998. Epithelial
cytology and function in the
digestive gland of Thenus orientalis
(Decapoda, Scyllaridae). Journal
of Crustacean Biology 18 (12):
271-278.

Jones, O.A.H., Voulvoulis, N. and Lester,
J.N. 2004. Potential ecological and
human health risks associated with
the presence of pharmaceutically
active compounds in the aquatic
environment. Critical Reviews in
Toxicology 34(4): 335-350.

Kiemer, A.K, Hartung, T., Huber, C. and
Vollmar, A.M. 2003. Phyllanthus
amarus has anti-inflammatory
potential by inhibition of INOS,
COX-2, and cytokines via the NF-
kappaB pathway. Journal of
Hepatology 38(3): 289-297.

Kumar, B.K., Deekshit, V.K., Raj, J.R.M.,
Rai, P., Shivanagowda, B.M.,
Karunasagar, | and Karunasagar, I.
2014. Diversity ~ of  Vibrio
parahaemolyticus associated with
disease outbreak among cultured
Litopenaeus vannamei (Pacific white
shrimp) in India.  Aquaculture
433(1): 247-251.

Loizzi, RF. 1971. Interpretation of
crayfish hepatopancreatic function
on fine structural analysis of
epithelia cell lines and muscle


http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621
https://onlinelibrary.wiley.com/journal/17535131
http://www.journal-of-hepatology.eu/
http://www.journal-of-hepatology.eu/

526 NIANTININHING I eNA 11 Tag5150AaATITY 11(3) : 519-527 (2562)

network. Zeitschrift fur Zellfors
chung und mikroskopische
Anatomie (Vienna, Austria) 113:
420-440.

Maity, S., Chatterjee, S., Variyar, P.S.,
Sharma, A., Adhikari, S. and
Mazumder, S. 2013. Evaluation of
antioxidant activity and character
rization of phenolic constituents of
Phyllanthus amarus root. Journal
of Agricultural and Food Che
mistry 61(14): 3443-3450.

Poompachee, K. and Chudapongse, N. 2012.
Comparison of the antioxidant and
cytotoxic activities of Phyllanthus
virgatus and Phyllanthus amarus
Extracts. Medical Principles and
Practice 21(1): 24-29.

Pinitsoontorn, C., Suwantrai, S. and
Boonsiri, P. 2012. Antioxidant
activity and oxalate content of
selected Thai herbal teas. KKU
Research Journal 17(1): 162-168.

Prasad, G. and Mukthiraj, S. 2011. Effect
of  methanolic  extract  of
Andrographis paniculta (Nees) on
growth and haematology of
Oreochromis mossambicus (Peters).
World Journal of Fish and
Marine Sciences 3(6): 473-479.

Punitha, S.M.J., Babu, M.M., Sivaram, V.,
Shankar, V.S., Dhas, S.A., Mahesh,
T.C., Immanuel, G. and Citarasu, T.
2008. Immunostimulating influence
of  herbal biomedicines on
nonspecific immunity in Grouper
Epinephelus  tauvina  juvenile
against Vibrio harveyi infection.
Aquaculture International 16(1):
511-523.

Putra, A.A.S, Santoso, U., Lee, M.C. and
Nan, F.H. 2013. Effects of dietary
katuk leaf extract on growth
performance, feeding behavior and
water quality of grouper Epinephelus
coioides.  Aceh International
Journal of Science and Technology
2(1): 17-25.

Ram, V.J. 2001. Herbal preparations as a
source of hepatoprotective agents.

Drug News and Perspectives
14(4): 353-363.

Raphael, K.R., Ajith, T.A., Joseph, S. and
Kuttan, R. 2002. Anti-mutagenic
activity of Phyllanthus amarus
Schum & Thonn in vitro as well as
in vivo. Teratogenesis, Carcino
genesis, and Mutagenesis 22(4):
285-291.

Reverter, M., Tapissier-Bontemps, N.,
Sasal, P. and Saulnier, D. 2017.
Use of medicinal plants in
aquaculture, pp. 223-261. In Austin,
B. and Newaj- Fyzul A., eds.
Diagnosis and control of diseases
of fish and shellfish. Wiley, United
States.

Sousa, L.G. and Petriella, A.M. 2000.
Histology of the hepatopancreas of
the freshwater prawn Palaemonetes
argentinus (Crustacea, Caridea).
Biocell 24(3): 189-195.

Sousa, L.G., Cuartas, E.l. and Petriella,
A.M. 2005. Fine structural analysis
of the epithelial cells in the
hepatopancreas of Palaemonetes
argentines ( Crustacea, Decapoda,
Caridea) in intermoult.  Biocell
29(1): 25-31.

Vogt, G., Stocker, W., Storch, V. and
Zwilling, R. 1989. Biosynthesis of
Astacus protease, a digestive enzyme
from crayfish. Histochemistry 91(5):
373-381.

Vogt, G. and Quinitio, ET. 1994 .
Accumulation and excretion of
metal granules in the prawn,
Penaeus monodon, exposed to
water-borne copper, lead, iron and
calcium. Aquatic Toxicology 28(3-
4):223-241.

Waldvogel, F.A. 2004. Infectious diseases in
the 21% century: old challenges and
new opportunities. International
Journal of Infectious Diseases 8(1):
5-12.

Wang, M, Cheng, H., Li, Y., Meng, L.,
Zhao, G. and Mai, K. 1995. Herbs
of the genus Phyllanthus in the
treatment of chronic hepatitis B:


https://www.ncbi.nlm.nih.gov/labs/journals/med-princ-pract/
https://www.ncbi.nlm.nih.gov/labs/journals/med-princ-pract/
http://www.idosi.org/wjfms/wjfms.htm
http://www.idosi.org/wjfms/wjfms.htm
http://www.ijidonline.com/
http://www.ijidonline.com/

7581598 UHINGReNA 11 185 1uInaI 158 11(3) : 519-527 (2562) 527

observations with three preparations
from different geographic sites. The
Journal of Laboratory and
Clinical Medicine 126(4): 350-352.



528 NIANTININHINGeNA 11 Tag51%09AaATITY 11(3) : 528-539 (2562)

[ v Y &' d' d a v o d
mmmﬁlmzmﬂqlumﬁmﬂmﬂzwuﬂ’eNﬂmsmmimuﬂmaﬂamﬂﬁzam
o = U U d'
91NN WINHINNITU

Willingness to Pay for Waste at Klongprasong, Meuang, Krabi Province

= ~ [ o % 3 Y as o A A Aa A
wlva suhses MYWIY - AF719T NDAUUDV dUUIN Tsaaune Lag quds AIA
Manolee Sripaoraya Penpong*, Sarawut Thongnuaha, Sineenart Chockdumgerg and Somsri Pewdee

Received: 2 February 2018, Revised: 9 November 2018, Accepted: 10 June 2019

UNAAEID

@

a t:yd [ s A = ' < ' =2 [ o U < '
NTHIYUHY G]Q?Jigﬁ'flﬂL‘W@ﬁﬂ‘]&l'lﬂ'Iﬂ'ﬂllmNi%ﬁ]%%TﬂL!fﬁﬁﬂ‘HWﬂ%%ﬂiuﬂﬁﬂ1ﬁu1ﬂﬂ1ﬂ313\lm1115]%8%18
o o & A s a Lo ) Ao o A v Hq o ao &
TumsmIavezveaiui 09nMsUTMTaINAILanaTeaen o unoLlog %QW?ﬂﬂiZUﬂJ@Qﬁﬂl%iHﬂ?i’) gu
Qad'(:l 9 d’

% v Y v odyyw y ¢ vy S o 1
L’].I‘Ll"llE)iquﬁ"’lluﬁ‘Ll‘VIllﬂil'lﬂﬂ'liﬁilﬂ'l‘klﬂ!IﬂEJGLGBLLUU?I'E)U‘E]'IIJ‘VI‘JJ"UUWWI'JE)EJ'NQ'IM'JM 310 318 AN LFIWDNIT
a 4 9 v = 9 o a 4 A A 9 = A
AUATITH "lﬂ!,l,ﬂ AURNAY 3080 UTYIIU UASNITUATICHAUNITINADNDY madaflglunisaneine
A 4 a . . ' ' { < { v Vv
Pa01uN1TaldUNA (contingent valuation method) HANITANBINUIN ANRABVEIANNAN TaNVE NN

1 1 o ] 4 ) 1 4 1 3 1 [ v o w ]
72.82 UN mmﬁeummaﬁeu GIf’Nﬂ’JHJL‘%E)‘JJule@\?ﬂWLﬂaﬂﬂJ@QﬂWﬂ31NL§]N1§]%$%1ﬂ M ITAVUIEINY 0.05 DY

' A wci’d [

1 o A 1 1 1< [ o
FEHIN 59.68 - 90.51 UMN Tavenlinanenianuaulananenistanisves Al Ao 5$ﬂﬂi'lflhlﬁ’!,ﬁjiwu

] [
=t @ ¥ o w 1 =t v v o W

ATAINITEAVUITIANY 0.10 ﬁ’JUﬂ1iﬁﬂ‘H1 uilsHnAun AUUYITINTY 0.10 LLEWulﬁ%ﬂﬂﬁﬂi%%ﬂﬁﬂﬂ"’llﬂzuﬂiﬁu

v v o W a v J = ' o 2 <] '
mﬁsmuuﬂmﬂmu 0.01TﬂEJN??I‘fﬂﬂﬂ”l'i’J‘l]EJENﬂﬂ”l'iUiﬁTiﬁ’Ju@TUafﬁiﬂimiMG%}H%”IﬂﬂTiLﬂ‘Uﬂ”IGUEJWMﬂ

=

ASATEUINO AT DAY UMIANTUMIMIAUeENgNID HazlagNIZUIUMIINERNUDTMITIAMTVeza 11

a

o o w IS ' 2 o
manay: iulesgiie, ve, Funadow, as25ou

a 4 a @ a o o 4 o o o o 4
TUNFUATHIMAAT AUSINYINITIANG MH"I'JV]EH@EJTI"BI]QQ?WHQTN?J Auayunsia 'E)TLﬂﬂLﬁEN ﬂ@ﬂ?ﬂqi?yaiﬁ1ﬁ 84100
Economics, Faculty of Management Sciences, SuratthaniRajabhat University, Kuntalay, Meuang, Surrathani 84100, Thailand.

’ é’ﬁwuﬁ'ﬂ sraua lsudidadnnsedindg (Corresponding author, e-mail): ma_mail234@hotmail.com Tel: 08 7469 9894


mailto:ma_mai1234@hotmail.com
tel:08

581598 UHINGReNA 11U 185 1uInaI 158 11(3) : 528-539 (2562) 529

ABSTRACT

This research aims to study willingness to pay andto study the factors affecting the willingness to pay for

waste disposal at Klongprasong, Meuang, Krabi Province. Data used in this research is primary data derived from

interview by using questionnaire with 310 sample sizes. The statistics used in the analysis are mean, percentage,

median and regression analysis.

The data used in this research is primarily derived from interviews by questionnaire were 310 samples.

The statistics used for analysis were median, percentage, median and regression analysis. The technique used

contingent valuation method. The study results show that mean of willingness to pay is 72.82 baht per household.

The confidence intervals for the mean of willingness will be at 0.05 significant level between 59.68 - 90.51 baht.

Factors affecting willingness to pay for waste management are as follows. The income level is proportional to the

significance level of 0.10. The study inversely proportional to the significance level of 0.10 and affected by garbage.

That is proportional to the significance level of 0.01. The result of the researchdistrict administrative organization

can start by collecting household waste to support the proper disposal of waste and to management planning process.

Key words: willingness to pay, waste, environment, household
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ABSTRACT

This research investigated production and properties of compost from organic waste in foam box. The
objectives were determined the properties of raw materials and compost. Researchers especially focus on domestic
organic waste such as coffee ground, decanter cake from palm oil industry and residue from rubber processing
plant. This experiment investigated 7 different ratios of coffee ground: decanter cake: residue from rubber
processing plant as 3:0:0 0:3:0 0:0:3 1.5:1.5:0 0:1.5:1.5 1.5:0:1.5 and 1:1:1. The results of raw materials properties
showed that coffee ground, decanter cake and residue from rubber processing plant have the major nutrient for plant
growth. Then, they are possible to use as raw material for composting. Aerobic composting process achieved
maturing at approximately 30 days observed from temperature pH and EC. The major nutrients for plantation
namely; nitrogen, phosphorus and potassium were 0.42-3.20% (w/v), 0.26-1.20% (w/v) and 0.07-2.17% (w/v),
respectively. The optimal ratio of 0:3:0 because this ratio has the highest major nutrient for plantation. The
characterization of the compost produced in this research was found to be within the acceptable limit of standard
from Department Agriculture of Thailand. In addition, researchers were tested Germination Index. It found that the
compost is non-toxic for seeds. Then, the compost from coffee ground, decanter cake and residue from rubber

processing plant fermented in foam box can produce compost could be used as a soil amendment.

Key words: compost, organic waste, foam box, soil amendment
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ABSTRACT

The survey of rice landrace in Buriram province found that there are varieties of rice. The physical
properties of 20 landrace grains were analyzed by randomly selecting three replications of 100 grains due to the
randomized design (CRD). The results showed a significant difference (p<0.05) in the physical properties of the
grains. The range of length and width of paddy is 8.18-10.73 and 2.53-3.32 mm. The average weight of the paddy
is 2.20-3.30 grams. The grain shape of the paddy is mostly moderate. The range of length and width of brown rice
is 7.17-7.42 and 2.23-2.77 mm. The average weight of the brown rice is 1.98-3.02 grams. The grain shape of the
brown rice is mostly moderate. The Brightness (L) of the paddy and the brown rice is in the range of 30.06-56.50
and 17.36-64.41. a* color value of the paddy and the brown rice is in the range of 5.52-10.02 and 1.97-13.20, and
b * color values of the paddy and the brown rice is in the range of 17.45-32.35 and 2.44-21.95. The percentage of
chalky grains is low which is at level 1 (not more than 10% chalkiness). The physical properties analysis is useful
for evaluating quality and creating standards of rice. This helps to encourage farmers on landrace conservation

and to maintain sustainability of food.

Key words: physical properties, rice landrace, grain
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