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nsAnwAanssueulesl lipase TussuugosamsanmaiuevsvesUandoudild
MnMsIneEes Tnguszasiidiie Anwgamgdl uay pH fvanzaudensvhauveseulsd
lipase Tudanideu 01y 7 Fu war 90 i 209UaIBU IINNITNARBINARBINUTT AN pH Az
pumgiifmnzausenisviauveaeulssd lipase Tuuadeueny 7 Su Ae pH 9 gamgil 30
DA waldud lngAanssuveaeulsdilayindu 1.89 + 0.06 U/mg protein/min d@1msutan
918 90 Yu pH uazgaMaTfNzaNsiensiuveaoulul lipase Ao pH 12 gauvndl 30
ssrwaldua Tnefiaiiiu 1.4140.11 U/mg protein/min usidloiU3auifisuanssuves
ulwivosaniiaesengiigungiish 15 ssriwaidea nuitAanssuvesoulesd lipase 2ul
Agdlutaneny 90 Ju aguldingumgiiimnzaudenisitanuveseules lipase voalan

Qeueny 7 uar 90 U gl 30 e wal@a d1mTu pH Aminzausian1svineued pH 9

Ay 12 auaInu

Abstract
This research was to study the lipase activity was extracted from
gastrointestinal of Thai mahseer breeding and the objective was to study the optimal
temperature and pH of lipase activity from gastrointestinal of 7 and 90 days of Thai
mahseer. The result showed / that optimal pH and temperature for lipase activity of

7 days age Thai mahsser were pH 9 and 30 °C and lipase activity was 1.89 + 0.06
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U/mg protein/min. In addition, Thai mahseer aged 90 days has the highest activity at
pH 12 and temperature at 30 °C was 1.41+0.11 U/mg protein/min. Lipase activity
comparison between 7 and 90 days at low temperature (15 °C) showed high activity
in 90 days old fish. In conclusion, the optimal temperature for lipase activity of 7

and 90 days Thai mahseer were 30 °C and optimal pH were 9 and 12 respectively.
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ngUsTaIAYRINTITY
Anwigamadl uar pH Nmzausenisinauveseuley lipase Tulandsu 91y7iu

wag 918 90

3BAnliun1sIdeg

dninaaes

T¥andsuey 7 fu vuimade 00176 nfu/e fleyuiasises s- 1n3m 1o
101 Tusiuliifiind1 40% wazdandeueny 90 Ju vuineds 0081050/ fleyuiase
o3 lawnsa 9961 TWsAulisindr 40% Tesuenunfufiegiwmaduemsiiieldlu

nsanwAanssuouled

FWanaeulyd lipase AMaAUIMITVRIUATBY

Famdnmaiuenmsvesar wiandu 2 93991y 1freg1uunazdunlagly
homogenizer Tagunfaoegsly Tris-Hel buffer arandadu 50mM pH 7.5 9antuth
FrogafiliidnaIes centrifuge fiAuiseu 15,000 ¢ QU 4 B LYAlgYd U 5

w7 vduiilureanalniuuu (supematant) 139 -20 ssrwai@ea (Gimenez et al .,

'
=Y

1999) itellumsinseiianssuvesoulad@slasi

Angrnanssuvesoulesl lipase m1NABUDY Markweg et al. (1995) lngirfaogng
uleifiadnléuiunng 50 lulasdns naufuduansy p - nitrophenylpalmitate (PNNP) i
mududy 0.1 M Usines 100 lulasans uastvwlosia pH daud 4 §912 USuams 800
lalashng anduthogaiildidiedes incubator flgamgdl 37 esmuwaidia um 60 uni
wasantiegaiu 0.1 M Na, CO; USu1ms 250 lulasang Lﬁawqmﬂﬁﬁ%m Y1989
filidiaTes centrifuge AMNLIFITOU 10,000 ¢ gruvindl 4 ssmiwai@ea U 15 Uil uaz
5’m¢iwmiaﬂﬂ§ul,l,aa§fwl,ﬂ%iaq spectrophotometer fiAe1IARULAY 410 nm IAsEaU

TWsAulwdenvasUalagld bovine serum albumin Wuanslusfiuunsgiu

NAN15IY
nsAnwInanssueule lipase Tuszuumaiuemisveslalisuilaainnsiaes
91y 7 Tuvuaeie 0.0176 N3N/ Uaz 018 90 Juvuialade 0.081n5u/67 lanan1sneaes

samaluil
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nansAnwINanssuvasauladlailananalaainnisiue rsveslalleuilaein
nsnedesieny 7 Ju uwavfioamail 15, 20, 25 uag 30 asrLaal@ea wud Uaeuitens

a

7 Yu neaeuianssuiigamgdl 15 esmwalduaiaianssugaiign (P<0.05) 1 pH 9 Tneildn
Winfu 0.21£0.02 U/mg protein/min  dw¥uianssuveieulesilaia flgamail 208am
waldua wuin ARansIgedige 7l pH duag pH 5 (P<0.05) TaefiAviniu 0.24+0.03 uas
0.23+0.03 U/mg protein/min uag figaumindl 25 ssriwaldoaiaianssugaiign 7 pH 12
(P<0.05) TasfiAwsinifu 0.130.00 U/mg protein/min &1 nInaaouianssuiignmgil 30
osrnwaldealiiianssugaian 1 pH 9 (P<0.05) Tesildwirdyu 1.89+0.06 U/mg

protein/min

M15197 1 Avnssuveneulsdlawa Nadaliainnafvemsvesanisuey 7 u 9 pH 4

- 12 uag gauunqinneiu

QNN
P 15 c¢° 20 c° 25 c° 30c°
q 0.04 + 0.00° 0.24 + 0.03° -0.03 + 0.00 0.16 + 0.03
5 001+ 001" 0.23+003" 0.00 + 0.00 ' 0.08 + 0.00 '
6 0.04+001°  017+000°  -0.00+0.00° 0.14 = 0.06 '
7 0.08+000°  0.01+000° 0.01 = 0.00 © 0.07 +0.01 "
8 0.17+000°  003+000°  -0.02+000" 0.45 = 0.05
9 021+002°  0.08+000“ 0.07 + 0.00 1.89 + 0.06 °
10 0.08+000°  0.07+001° 0.09 + 0.00 " 0.25 + 0.01
11 0.12+000°  0.07+001° 0.04 + 0.00 ° 0.29 + 0.03 °
12 0.15+ 000~  0.00 =+ 0.00° 0.13 = 0.00 0.63 = 0.05
P - value 0.0001 0.0001 0.0001 0.0001
NG fdnusnSinguiisatumunnduansindanuuansstustneiteddamisai
(p<0.05)

nan1sAanwnanssuvawauley lawa Aanalsainmiapusinisyeslaisuilanain

NSNELaeIaY 90 U uazigauugil 15, 20, 25 uay 30 B gATUa wandlumsei 2
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M19199 2 Aanssuvedeuledlawa Radalaanmaiuemsvesdanisuaiey 90 Ju 7 pH

4 - 12 uay guninneniu

gaun il

PA 15 c° 20 ¢ 25 c° 30 ¢
4 0.02+000°  006+0021°  -002+000°  0.19+006"°
5 0.16+001%  000+000°  007+000°  006+001
6 023+002°  002+000“  003=+000"° 0.32 +0.02
7 035+001°  000+000%  031+002°  -0.04=001"
8 022+003*  010+000°  019+000° 008001
9 030+000  006+000°  0.17+000° 0.87 + 0.05 "
10 1.30 + 0.09 ° 0.02 + 0.00 0.96 + 0.05 0.20 + 0.01 °
1 027+002“  001+000°"  097+002°  0.15%0.00°
12 0.13 +0.01" 0.02 + 0.00° -0.02 + 0.00° 1.41 +0.11°
P - value 0.0001 0.0001 0.0001 0.0001
MY fdnwanSinguiishatumununduansindanuuansstusgneiteddamisan
(p<0.05)

MnMsAnw U Uardeuiieny 90 Yu eaeuianssufigumgil 15 ssruwaldyad
mﬁﬁmismqqﬁqm (P<0.05) 7 pH 10 InefiA iy 1.30£0.09 U/me protein/min @1y
Aanssuveneulsl lawa figumgll 20 esmiwadoaiiifanssugsiian (P<0.05) 7 pH 8
TaefiAnwyinfu 0.10£0.00 U/mg protein/min uazAanssueules! lawa fgamnd 25 o
waldoaiimfanssugefian (P<0.05) 7 pH  11uaz10 laedauvindu 0.97+0.02 was
0.96+0.05 U/mg protein/min  diufanssueulesl lawa figuvndl 30 ssrwaidoaian
A9nssugsiian (P<0.05) 9 pH 12 lnedlAwsindu 1.4120.11 U/mg protein/min 910
msfnwAanssuoules lipase i pH 4-12 uazenumgiifl 15, 20, 25uay 30 earivalded
Fearaeulwidlfanmaiuesvesuaieusiy 7iunay 90 Ju firngsgn TasUadeuengy
7 %u ipH 10 guwgii15 sswaidea fiAvinfu 1.30+0.09 uazUateny 7 Yu il pH 8
oaumil 20 earwa@ea JAinAU 0.10£0.00 Yateng 7 Ju # pH 12 saumadl 25 o
waldoa IAnsinfy 0.130.00 wazUateny 7 Ju 9 pH 9 gamadl 30 ssrwaidoa

8

WinAu  1.89+0.06
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nan1sAnwInanssuveseulsll lawa Nadalaainniaiusinisvesuaniouil pH 4

-12 93991y 7 waz 90 Ju Tugaumgil 15, 20, 25 uar 30 By walTUd wandlunisnen 3

M19197 3 Wisuiisuianssuveaeuledlaavesaniouiiony 7 uag 90 Ju 91 pH 4 - 12

Migaunil 15, 20, 25, Uay 30 BaAYaALTYE

Uaneny 7 u Uaneny 90 Ju p-
pH

15°C  20°C 25°C 30°C 15°C 20°C 25°C 30°C value

4 004+ 020+ -003+ 016+ 002+ 006+ -002+ 019+ 00001
000° 003" 000° 003° 000% 002° 000% 006"

5 001+ 023+ 000+ 008+ 016+ 000+ 007+ 006+ 00001
001% 003 000 000° 001° 000% 000° 001°

6 004+ 017+ 000+ 014+ 023+ 002+ 003+ 032+ 00001
001° 000° 000°  006° 002° 000¢ 000 @ 002°

7 008+ 001+ 001+ 007+ 035+ 000+ 031+ -004+ 00001
000° 000° 000% 001° 001 000% 002° 001°

8 017+ 003+ -002+ 045+ 022+ 010+ 019+ 008+ 00001
000° 000% 000° 005° 003° 000° 000° 001

9 021+ 004+ 007+ 189+ 030+ 006+ 017+ 087+ 00001
002° 000° 000° 006° 000° 000° 000° 005"

10 008+ 007+ 009+ 009+ 130+ 002+ 09+ 020+ 00001
000 001% 000° 000° 009" 000° 005" 001°

11 012+ 007+ 004+ 029+ 027+ 001+ 097+ 015+ 00001
000 001° 000% 003° 002° 000° 002" 000°

12 015+ 000+ 013+ 063+ 002+ 002+ -002+ 141+ 00001
000° 000° 000° 005" 000 000" 000°  011°

a v o

nnemn  : fI9NYIMSInguideiumuwILauLanIIdALLANAiue gt d Ay naiia

(p<0.05)

Afanssueulesl lawa 7 pH 4 uaz 5 fiAgedian (P<0.05) luvaieng7iuly

a

unnil 20 esrwaldpalaeiiA1iiAy 0.24 + 0.03 Way 0.23+0.03 U/mg protein/min

Y

a

g
43U pH 6 waz 7 wuitUadeulifanssuveseulesl lawa gegeluvateny 90 Fu 9

gounil 30 war 15 edfwaldua auddu 1 pH 8 waz 9 Avnssuveneuley lawa &
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a |

Argeantulatisulateny 7 Tu Ngaumgll 30 ssrwalea taedawiniu aua1au 0.45+
0.05 way 1.89+0.06 U/mg protein/min @13y pH 10 - 12 wuarAanssuvosoulesl la
WatAasaalulalgulaiang 30 Ju Mgaumgil 30, 25 war 30 ssmwaltva tneianiiiu

1.30+0.09, 0.97+ 0.02 way 1.41+ 0.11 U/mg protein/min  gNua1au

dsduazanusnena

MnmsAnufanssuvetoulel lawa  Tagld toulwflaa Aafaldainmadu
o1svesUaIdsuann 2 Yasengfe 7iulas 90 Yu Yandeueny 7 Yu vunaiads 0.0176
%/ wazdandeueny 90 Ju vunaeds 0.081 nfu/en Tngliemsnisziulusiuminiu

] '
aaa I

lugi9e1y war pH NANgAARYI0TY 7 Tu NIRaungll 30 BerlwaldualAfanIsuaIngnd

| 1w

pH 9 TaeflAvi1U1.89 + 0.06 U/mg protein/min uaz#it13e7g 90 Juilgaumgil 30 o

a1 a )

waLTed umﬂf\miiquqmﬁ pH 12 TagfAaAy 1.41 + 0.11  U/mg protein/min Tu
ANTAINNTYIAINTINVDS lal,ﬂaﬁfuﬁwmlﬁﬁLﬁaaq"luamazl,ﬁwm Aov29AIpHT 8-12 3
Uanfiflsunnidnazianianssugenindosandlevaiindioenanliuaziasayiuine s
pusssumanvanldduduunasdneuiivuazunasdnoudni Tduusznevveslusiuuay
lusfugs (Halver and Herdy, 2002; Moyle and Cech, 2000) tflasnnuandeuiisnsilunns
asludfuluiogs dnsdaunseilusiu wasdanudoinslusiusasludugs duanssy
wuleyl lawa FedinniflensvaussienisldUslovianlusiunarlvduilésuanems
(5ned 2536; Webster/ Lim 2002) 91NN1519883909 (1901 53ASUEIUUN, 057UN Jua
an1ns uay eistios w1, 2557 ) ludes msAnwAanssumeulusllsiea  ozluiaa
wagiad warlawaluszuunaiuensves Uamngmawn asiuladn wulvllaa szdes
a0 Afviinlaanagalddd pH Ussana 7.5 wasshnsgeslnandwelsdliunndaudundis

= <

aseauaznsnluliudassdadivunluanadnnensenieazaedululdla (des, 2543 ) Fa

Y
lgdnisdegluduveteuledlaailadiud pH Areutialuns lugamgiinfanssu
wulwdlawavilaalunmsiuveswmisefie 30 ssrwalda wiluaniizivaisuedeey
g a ol ¥ ° o & v N Y a v Y 1 = a o 1
Hugamniideut1ain Mnduamglivardeuiuivlaladusluaneiigamgiiduddn pH

a1 a

A 1 [y cal 1 v I~ o A a = a
VILUUG’INﬂaUlIﬂ'm’ﬂﬂiillLQUIGZIQJVIQQU?JWQQQQQELUﬂaW 90 AUNBUNNU 15 IALYALTYH LA

A9N53u711.30 + 0.09 U/mg protein/min anfiuandlumngis
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Optimum conditions for chitosan Extraction from abdominal shell and

head of white shrimp and giant freshwater prawn
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39N1U6 NaMeY(Rungkan Klahan)*
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a 4

Uinallelamugeaan waglddunumsudnsdian Tneldingiude wWaon waziiiewn was
Rafunsuutinismaassmuduneulunisndaldud dupsunmsmiaussguiinismnans
Tneldmnuiduduredlslnsnassn fisnnefy 4 sedv ldunaududu 2, 4 6, uag 8
Wefidud Tunounmssidalusiiu wiinmesedagldamnududuveduieylensenles 7
e 4 szau Townanududu 2, 4, 6, waz 8 Wesidud lngldgamailunsadaliun 65,
85 uar 105 aaAnwalded WuAediu n1sadalalagiuainiudenuasianauiinigty
arsavanglelnsrasinuagluieulensonlediiseiuaudutu 8% feaosasadn luns
Hanlalaguandenuasiifenunsualsidansasanelalasrasinuasiaioulansonlen

[y

NILAUAMUIUTU 2% WAL 8% HIUAIGU

o o w

AdAgY: Wasnuaiy Nawnd Qeiunsy lalaeiu

Abstract
This study was investigate the optimum conditions for chitosan extracted
from abdominal shell and head of white shrimp and giant freshwater prawn. The
objective was to select the optimal concentration of substance for chitosan
extraction. The study was divided into 2 majors step were the first, mineral removal
by the experiments using hydrochloric acid at 4 different levels to a concentration of

2,4, 6, and 8 percentage. The second, this step was divided by the concentration of
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sodium hydroxide at 4 different levels to a concentration of 2, 4, 6, and 8
percentage. The temperature for the extraction include 65, 85 and 105 degrees
Celsius, respectively. The research was found that the extraction of chitosan from
abdominal shells and heads of giant fresh water prawn should find a solution,
hydrochloric acid and sodium oxide at a concentration of 8% both extraction
substance. In the production of chitosan from the white leg shrimp should be a
solution of hydrochloric acid and sodium hydroxide at a concentration of 2% and 8%
respectively.

Key words: abdominal shell and head, white shrimp, freshwater prawn, chitosan.

UNin

lafunazlalaguiluaisnaediwesdinmiigninunlduseleviegianitwisly

1% s

‘{j"\]"\!ﬁu lai’iwmﬁuwwﬁmqmmmiu NPTUNITUWINE AITINEAT LATBIENDI ATUDIT

sudwuaugdnunue ladunulaludsdlddinnill Inenvanludddisnidonvsent s
2 Y o w | Y . . A & v ¢ a
WU WU A9 Y vee (siamchemi.com, 2018) wagiiveidunslduselevtaniawinge
ndenuaziivesisrnuazfsinunsiy weidunsandunu aanailuniswde wazla
AMAINNAYDINENAUN N1EITETILAAAAU MIAMNINVBIAT LIaTwazauniin Ldlunis
naaosliunzay Tunisudalalagiuiarluldusslosdluaureanisinensnssy a1n
wwrldun1sveneiivesgnaInnssunswlssuAlulsemalne gy dealiusuauian
Fnildenuaziifidiuauinnung neliAnuan1izduiivddlafins@neinuuininis

'
1 a

Waswanianmdsldlmlundnsuviniiyarniuuinduduenantewilyiuan sy

Y

fuuddoaiusglaliiuguszneunisanaivngsy mewwinansidusglevianuden
wavhianlasuanuaulannguseneumsuasiinnuilululigsfenisainlafuuaslalngu

= 61 a - Uy oA a Y
\eUstlevtdeanamnssuvateviin Wesnlulsswalnediliiinandalussdvgaamnssy

a 1
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F/ANTUNITIVY
nsanalalaguanUdenaziieiunsuiazienlaanaainandaminumysys
yunUsza 60 frendanlandy
NSNAABITIILNUNITNARBILUU & * 4 Factorial in CRD Taedadelunisadmléun
anudutuvesansildlunsaialalagu Usznaudie nsalslasaansnuazleioulansen
ToRTisyiu 2,06 uay 8 1Wesidus
wazaamgilunisadalaun 65, 85, waz 105 seAgaded TnglunsastuneuInaununig
vnas fail
1. mathdandeus iudunounisafadonuasiifiniuazdefnunsu Taens
ﬁﬁ’mqauﬁﬁwﬁﬁ'%mﬁunsﬂlaimﬂaa'%ﬂLﬁamaﬁmwmsﬁm%’u 2,4, 6, waz 8 Wosigus u
nan 193lua Tigaumgiivies
2. msidalusiu Tnevisegeiildanduneunisidandeusuuenlusiueon
Tneldansazaneluionlonsenladafirnududu 2, 4, 6 waz 8 Wosidud Nigumgi 65, 85,
waz 105 9 Lalgys

3. MNsWeNE Y LUFBNWALIIININANTIALNABWI LA I USAUBDNLAIUINIIAFAEY NS

q

<

wilulalasinudeseenledfiaanududu 30 Wesidud Moamnd 50 semvaidea (Uu
5282181 12 97109 ANUUTNRUNA1SAIN LR
4. nsanalaleenu wilefuluaisazane laRsulaasonlamaudu 50 wWasidus A

gaumgdl 100 ssmwalealuvan 6 Tl

NANTSNAADY

msfnwianngimnzaulunsadalalagiuainidden uagivesiann uagrs
mMunsu nedszauaududurssnsnlalasnaein waz lotaoulansonles 1Wutladulu
nsane Tngldnsnlelnseassn wae ledewlansonled Annududy 2, 4, 6 uae 8% wae
ﬁﬂmﬁqmmﬁ 65, 85 WA 105 ssrnwaidva dnadueludl

msafalalaguainiuden wazsiisiunswdigamnd 65 ssmaldea (15197 1)
wullawanssiulunnazanuidudurssnsalalasrassn way lanenlansenlen (p<0.05)
Tnomnududuresansadndiliuiunalalasugeiigaie ninlelnsaasin fimnandy 2 uas 4

% waz loweulansonlon APNUINTY 6 haz 8 %
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2NNl 65 BIALYALTYE

9 Y

a

mMsuszrivIMiauenanuIdeseauIf

ANt uYaINTA anududuveslafeulansenlan Aad
lalasaaasn 2% 4% 6% 8% J
2% 6.380+2.050  7.915+1.124  13.675+2.425 13.105+2.609  10.26"
4% 8.575+2.170 7.830+0 11.215+1.435  13.370+0.494  10.24°
6% 5.940+1.555 6.730+1.060 10.245+0.558 11.215+0.431 8.53b
8% 4.135+1.986  6375:0.063  6.245£0.997  5.365+1.124 553
Aade 6.25° 7.21° 10.34° 10.76°

VUGN : FISNEINWITINGUTANAUMLLLING bazkuuauluYeIrRduLanIALLANAIaTY

p819ll HodAgyvsan

# (p<0.05)

nsafalalagiuanuden waginemunsuiaamnl 85 ssmwalded (113199 2)

wufiauanateiulunnazanududuvesnsalalasaassn way laneslansonlen (p<0.05)

lngaududuresasaianliuinalalagugeiandie ninlelasaassn NnNudy 2 wag

Toneulansanlas AANUTNTY 6 wag 8 %

M1519% 2 Usinadlalaenu (Wesidud) adalaainilden waziiisiunsuigaumal

85 DA LYALTYE

a

Y

AMUTUTUVD anududuvaslafaulansenlan Aady
nsalalasaaasn 2% 4% 6% 8%

2% 8.090+0.127 9.895+0.558 16.975+2.114 17.680+3.478 13.16°
4% 10.510+0.056 8.750+3.917 11.610+0.989 10.465+2.241 10.33b
6% 4.925+2.609 6.420+1.612  7.960+0.311 8.660+0.311 6.99"

8% 4.135+1.986 5.630+1.994 4.880+0.183 6.155+0.247 5.20°

Aady 6.91° 7.67° 10.35° 10.74°

BE) © FITNEINWISINguiaaiumuuLIng wazkuteulutesARiuwanIANULANAIIILEENS

a o @

AlydAyn1eadsd (p<0.05)
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v Y Y

nsanialalagIu.anaen wasiamuns Nl 105 sargaled (R399
3)  wudduansnedu Tukdaganududuveinsalalasaaein way laideulansenlyd
(p<0.05) Tnganududuvesansainiilivsunalalagugengade ninlelasnasin MAx

W 2uay 4 lodeulansenlen AAnuTuTu 8 %

A157°9% 3 Usinadlaleenu (Wesidud) adalainiden wagifeinunsiud

el 105 a9ALwALTYE

9 Y

AMUUTUYD S anududuvaslafeulansanlan Aade
nsnlalasaaasn 2% 4% 6% 8%

2% 7.915+0.374 12.490+1.612 10.905+3.358 16.400+0.933 11.92°
4% 9.765+1.491 10.820+0.622 13.630+2.489 8.885+0.374 10.77°
6% 4.790+0.806 5.670+0.430 6.600+£2.983 10.815+0.869 6.96b
8% 3.915+0.558 6.115+0.558 4.930+0 5.675+0.558 5.15°
Aady 6.59° 8.77° 9.01% 10.44°

v @

UG © AITNYINIBINUAATUAILLLIAY LazuuiuaulutelAflanIAINwANA1IiY

pgsiltEdAYNIEdR (p<0.05)

nsannlalaguanden wagiilenineumall 65 esrigadea (N199 4) wudl
Auanaiuluwsazaududuveinsalalasaaesn uag ledaulansenled (P<0.05) lag
Anudntuvesansananlivsnalalaeugsiignae nsalalasraesn Aaudy 8 %

Taieulansonton NAMUDLTY 2 %

a

M157199 4 Usinadlalaenu (Wesidud) fiadaldanilden waziiisnfiaamall 65

Y

NGARIEEG
AMudutuves anududuveslafoulansenlan ANade
nsalalasnassn 2% 4% 6% 8%
2% 3.280+1.315 8.795+3.330 7.680+0.876 5.510+1.138 4.97°
4% 7.560+1.400 7.805+0.530 5.325+1.576 7.000+1.484 8.76b
6% 6.880+0.084 6.570+0.523 5.700+0.707 4.895+0.261 5.03°
8% 4.705+0.176 5.450+0.353 8.055+1.407 4.710+0.876 15.55°
Aady 9.37° 7.76° 8.33" 8.86"

VUG © AISNWINIIBINGUNRAUMLLLIAG kazkuueuluYeIrafeLand

ALLANANNUBDENH N EA

Y [

n9ans (p<0.05)
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nsanalalaeuaNEen waginwNaumgil 85 asmgadud (M15199 5) wull
AuanansiululaazaudNturesnsalalasaassn uay laneulansenlen (p<0.05) 1w
Anudntuvesansananlivsnalalaeugsignme nsnlalasraesn Aaudy 2, 4, uay 8

% lowneulansanlen NAANUIUTY 2, 4, 6 WAL 8 %

A15°9% 5 Ysunadlalewnu (Wesidud) adalaniden wagiiianifenmgll 85

IALTAT
AMUUTUYDS anududuvaslafeulansanlan Aade
nsnlalasaaasn 2% 4% 6% 8%
2% 6.075+1.053 8.735+1.845 6.630+0.268 5.390+0.791 6.70°
4% 8.055+2.623 5.515+0.091 6.570+0 7.620+0.268 6.94°
6% 5.765+0.615 2.975+0.700 4.150+0.084 3.845+0.176 4.18b
8% 5.825+1.223 5.950+0.523 7.990+0.791 6.505+0.615 6.56°
Alady 6.43° 5.79° 6.33° 5.84°

v @

VUGG AITNYINBIBINGBAR1IAUAILLIAT kazkwIveuludasAnafisuansAULANAIaTY

pgsiltEdAYNIEdR (p<0.05)

nsanalalaguanden waziineniNgumgil 105 ssrwal@ed (115199 6) Wy
fruananiuluidasanududuvainsatalasaasin uag lumeulansenlyd (P<0.05) lag
AuLtuasasanafliUsinalalaguiiande ninlelasrassn NANudy 4 %

Taheulansanlesn NANUINTY 2, 4, 6 WAL 8 %

A13197 6 Usinailalaenu (Wesidud) fadaldainuden waziiinifigamgl

105 a9rLvaLted

a

U

AMudutuves anududuveslafoulansanlan ANade
nsnlalasnaain 2% 4% 6% 8%

2% 5.825+1.053 7.995+0.261 6.320+2.630 6.510+0.438 6.66b

4% 9.360+1.315 6.510+0.438 9.045+0.176 7.435+0.869 8.08"

6% 4.155+0.261 3.410+0.084 4.335+0.176 4.710+0.523 4.15°

8% 5.325+1.053 5.145+0.261 6.565+0.176 6.320+0.169 5.83b

Aady 6.43° 5.79° 6.33° 5.84°

Y

WUYLNAA

[

vdAYN19EDA (p<0.05)

FITNYINIHITINOBNA1AUAUKULIAT LaziuIuouluteIARdsLanIAULANG 19 L1
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Tumswanlaiu lalasu anwdenuagivestsunuazdsimungy fgamad 65,
85 uay 105 esrmiwaifoa msliasazadlelnsraein uay arsazansluideslansenled 7
Arandudu 8 % faesansadn lunisudlafuanuanddonieun dmsunisudnlale
guINUFenuazinamMunT msldansazanglalaseaein war arsazanelaieulansen
lof fiannadiudiu 2 uae 8 % audiiy sdasdiuldlunsatalalaeuaniuienuazsi
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siamchemi.com. (2018). lalagu/lafu 35wdn uazusslenilalnanu/lafu. dude 18
JuAu 2561, 91N
http://www.siamchemi.com/%E0%B9%84%E0%B8%84%E0%B9%82%E0%B8%
95%E0%B8%8B%E0%B8%B2%E0%B8%99/

Insnu Tanlauns. (2534). wuanenisananazldusslevidlalagivainaanuaziiane. Au
o 27 uns1Au 2561, 310
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Wisuieuisnisgesiinevinusua Cd, Fe, Pb uag Zn ludlagrevayulns
frawalinaznauiinwauyasnduaunlnsinlawumns
Comparison of Digestion Methods for Cd, Fe, Pb and Zn Determination

in Herbal Tea Samples by Atomic Absorption Spectrophotometry

GIZPY wﬂimﬂ(Supattra Pudmoke) 8usA FSlan1(Anong Srisopa)
auiviedl AugInemansuazsmelulad wninerdeudgivaainy

*Corresponding author. E-mail: anongsrisopa@psru.ac.th

unAnga
Laviinismvsunatansludiasdeviayulnsamamatinaznouiinuousosn
Fuaninslvllawnslnelseufieuisnisdessiensa 3 laun nslddansileda lulasiam
wazmstesmewinlinuseulii nan1sveasanuinstesmedaniletinlvisosasns
nduAulurae 36 - 82 % Fadldrtfosiian n1sgesfouriuanudeulnindafesaznns
nauAueglugie 78 - 115 % waznisteemelilasianlviriiesasmsnduauegluge 76 -
114 % YSunadavz Cd uaz Pb lusiegremayulng lawn winene usgunazlumiou den
UpENINANNINTFINMNUTENIANTENTIATITUGY
AdNALY: N13ERERIeNsn Nsdasmululasiin Nsdemedansilalin oxnaulnway

gasnduaiuningllawms wrayulng

Abstract

The analytical comparison of three acid digestion methods i.e. ultrasonic,
microwave and hot plate digestion, used for metal determination in herbal tea by
Atomic Absorption Spectrophotometry (AAS) was studied. It was found that the
percent recovery obtained from ultrasonic digestion was the least (36 — 82 %).
Percent recoveries from hot plate digestion and microwave digestion were in the
range of 78 — 115 % and 76 — 114 %, respectively. The average Cd and Pb levels
found in the herbal tea samples i.e. Chrysanthemum flowers, Moringa and Mulberry
leaves analysed by AAS were lower than the Ministry of Public Health's acceptable
limits for metals in herbal tea products.
Keywords: Acid digestion, Microwave digestion, Ultrasonic digestion, Atomic

absorption spectrophotometry, Herbal tea
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uni
AINUTZNIANTENTIIANTITUEY WA, 2547 AnUabA Yrayulng wuea11udn
a o cayy ! ! 4 & oany =~ I ) a
nanAuanlaandiusng g veily Fadlauusanin lnedigayomneiietluuilnalaenis

)=

puvisersivin Inevayulnsiesdinauninvsennsgiuausenialaun daduaulealy

q

a ea

Audesar 10 vesiiniin lifigAunidfvinlfiAalsauasTarsvylaiifin 0.2 me/ke
wamdeuliiiAu 0.3 me/kg meMliliiu 0.5 me/ke danzAuaznotwndliiiy 5 me/ke N
Laiiu 15 mezke Aynlaifiu 250 me/ke waz Fanaslasanlualaiiiu 10 me/kg

nsnsrvaeuUsunalans neluesldmainezneuinuavresnduaunins
Tllaun3 Tnevinisgessnatieensaud Saufunshiaudouuumlii Fadidedy
waneUsensiu Tdansusuauin fenisagdeseninanisgesans desanduszuy
Un waganaindunsiesiegnaaadls ludagdudalalinnsuuneiadanileda waznisli
Anusaumelulasinunlgdmsuniseeefingns

nslilalasnnlunsdesaansfetharaiduansduniduazeiunad Sulddus
U aa. 1970 Wuduan ShailunivusUauasla uidagudealdnvuzdaunnis
wwarldanudugs dailnaligumgfiadlude uenandusdlifiauduinaienn
dosannlifinnssemevesiioiaud vhlrasnisuuidouresansiifnufuiieus wasds
FI0ANNTTEMETDIRITFDIN1TIEIATIENENE8 NMStosdeIREseunsasi funuy
Salusiald Fudunisanduneunazinarluniswisudiodns uenanidanunsagesly
nafAInuiaziay ¢ feg19Bnag

nstddansiladnuIerduuioldss  MldiAanisieasunvesrdululudinans

Younal awiian1sauavifiouiniludiuda (compression) waga@iuveny (expansion)

adulyuunsnszangludinans nmsdadivesnduidesdnavinliluanagniudadmiiu

! Y = a o Y LY o Y a [
drunsveneiiveInaudssaziililuanawendieanainiu vilbmiaduneseinialy

AINA19984MAT 1AgNBIINIARINAIIILVYIUAITULALNAGIIUTGA NITNARTIVBS

Wosormafiinvesiiegsvesudsazyliintosinedilmiinnisivasg19sinives
FINANVRLIAT NITLUARINE1ILNTENURIVBIRIBE19UITI0E19TUISe UT1ng N5l
FananBunin Amdy fadunisfinlssaniamuesnsanadie sz uueLra-va Ll gle
nsgeslaelinsaundfdeulrainusouvusiumnusauliii widsiea1uive
nangavunanifenisiiauseumelulasiinigu Wen-Si (2016) @nwinnusunad Pb,
Cd, Cr, CU waz Ni lusndindnuazsmingluiulaeld HRCS-GFAAS Tasnnsuiisfegien

ualJunsUsEana 0.25 ¢ Wi nsaluasnidudy 7 mL wag H,0, 1 mL ihlUdeslag
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Funouusnldgamgi 190 °C Hunan 10 wd Ml 1000 W Funoufiaeddgungd
190 °Cifunian 30 Wil ndvandesuazUaesliBuusasiegsazgnssmelinge 2
mL USuUSinnsieiingu 50 mL dluAims1eidneg GFAAS wenanni Subbiah (2008)
Ainszimuinalavendnlundilulseneduide Tnedansdogian 05 ¢ e
Youlpelaliluganidvasy wazligamaiviniy 450 °C Wunan 3 2lu wasdu 5
mL 6 M HCl &g 0.1 M HNO; wagm1Usunn Cu, Cr, Ni arainaliamausznouinguau
gosniuaUnTnsinlnued mUSie Cd uaz Pb luwilagldunslug wuiiAnadeves
5 Cu 97l 24.07 + 2.25 mgrke, Cr 8g#l 4.76 + 1.27mgrke, Ni 0gf 2.53 + 1.01
mg/kg, Cd 887l 0.16 = 0.16 mg/kg uaz Pb ogffl 0.81 + 0.32 mg/kg
dewnnstesietsedansleia uarlulasnidenaneUszms vuidsei
Fefnwimsnuiinalangwiinlusnegamasulnsifdenuilaaluguyy uagsinisges

frag19meansilada lulasnvkaznistowiuausouliin wazyndsunalaneeaie

a a s o = v aay v a o w
wallasznauiinwourosntuaunlnglulaums asrvgeuanultlavesidlaunindiin

'
o

AAnluN1INTI9In AANNTIEaTALLILYEIINAAEY

TUTLEIAYDINTITIY

1. WewSoudisumedianissesietiwnedansileda lulasvuasmslduiu
ANnusoulnin

2. AmeiinUsuna Cd, Fe, Pb uag Zn amnwayulnssmismatinegnouinwey

gasntua NN Inlawns (AAS)

A5andun1599Y

1. answeiinlglunisnaasy

ansavatuunigu Cd, Fe, Pb wag Zn wutu 1000 me/L U3¥N Merck

(Germany)

2. Asasllanidlun1snaany

wwIaanesmaulnwaugasniuauninstulaiimes (Flame  Atomic

Absorbtion Spectrometer) PinAACle 900F, U3 PerkinElmer (U.S.A.) 1A304

Tulasian (Microwave) ETHOS UP  US®W Milestone (italy) a3esdansiledn

(Ultrasonic bath) T 760 DH US%% Elma (Germany)

3. Maw3NegavIayulng
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a

Aushogsaulnsnniuiinzdgnludmiafivalan Tiun Tunesy
Jeagvau nieh aeniines warlundou vlusuiigumnd 60 esauaidea
Huan 2 dalus mnduthanusliazden
4. N580YA20819A8Dans LYlA

dovanulnsiiunaziden 0.5 g fe HNO; 4 M, HCL 4 M wag H,0, 0.5 M

ad9as 5 mlL 9ntanilusansilaiia 30 it waziiluduwdes 10 undl 7
3000 rpm wivdniduresnardiuuunldlurininuiums 25 mL dwdidu
arnaudsiingu 2 mL wewazihluiumisse Wunan 10 widt 7 3000
rpm ¥91 2 ASs wansazaneldvaintausinasuarUuUSIAsEetngy wax
AsesREnIEAENTeNUes 42 ldrananafnifiosonsiaseiag AAS

5. N1sgauflagnenleLiuauiaulnin

éasagulwsﬁumas@m 0.5 g $8 HNO; LT Law. H,0, LWNTU 9874
ay 3 mL waglianuseumem vl gegauuSuinsivaeussanm 2-3 mL
U3105 25 mL 678 1% HNO, waznsasienszauiues 42 Tdvinnaranniiie
SBNTIATILIAIY AAS
6. n1sgeuflagnsnelulasian

sjaaazgulmﬁumamﬁaﬂ 0.5 g $8 HNO; Lt 8 ml wag H,0, [ udy
2 mL Wanudeumelalasn Wwaan 30 w# (0-200 °C 15 Wil wag 200 °C
15 u#l) erdaluin 1800 YndusuuSumsidu 25 mL eae 1% HNO, ey
nsessEnszAmUDs 42 ldrananafnifiosonsinseisig AAS
7. nmsmdsunalanemiowmaiinesnoudauaurasnduaunlnsinlawns

wiUSunalane Pb, Fe, Cd uag Zn semusinauviniu 283.306,
232.003, 228.802 lkag 357.869 nm AUAINU
8. N1sMI3eBaTnITNAUAL

WAislansaranenInsgIu Fe wae Zn asludiegne 0.5 ¢ iiAuduty 1

me/L Lazifinansazateunsgu Cd uag Pb asludiegns 0.5 ¢ Tvlimududu
0.2 me/L Mniudessnageielulasian Sansledauazuriunudoulud

ANUATNNSERET9AU
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9. msmAndssuuNIAsgIUdInG
NIATI9EEUANLLTIBS (precision) Y09A389 AAS TaeiauSuna Pb,
Fe, Cd uay Zn fiemududu 0.2, 1.0, 0.2 way 1.0 me/L auansu Tushega
rayulng 1 7 A%h Useiiusnmuidiesann % RSD
10. mswﬁm‘i’\ﬁ’m‘hqﬂ LLa:,'U'%mssi"'lqmmmﬁLﬂiﬂzﬁ
M sindyiuuuasa (1% HNOs) $1 7 031 udniamanade f
mnﬁmwummgm ﬂ'ﬁmﬁﬁ’mﬁwqm LLazﬂ%mwmﬁwqmmaqmﬁmswzﬁmm

WS AAS

NAN1599Y
TavinnsilSeuisunisgeasioeg 3 A5lawn Nstveansalatn nsldwiuaINy
Soulrliluaznsldlalasian (nw 1 n-a) Tunisdesmayulns 3 via fe aeniingle lu

wzgy warlumisuannuuUSeuiisuUseavzn1mnisgesns 3 F5aneuasnisnauu
/ .

AN 1 nsgagvayulng

) ans1lelia ¥) wiuausaulidn way a) Tulasian

HANSNARBINUILRg Mo ayulnsmusans e linasavateNlalauwsild
mudvesinegvayulng drunsdesimegwneuviuauseukaslulasinasazarenlaay

Talaifidsann 2 (n-a)
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AN 2 HU89ENTAZA8NAIAINNTTERY

n) sans1laiia ¥) wiuaudaulvdn way a) lulasian

PansaraenIuNIsEaeneIsn1seseiunneenulUInuUSNM Pb, Fe, Cd, Zn

¥ a a 3 U a o ¥ ¥ a
meatnoznaulinuauresSwIuaUnnSIWlaWmS MulumANUIdNTUYIUSalany

= o o =
LWSUﬂUﬂiWWNW@ﬁﬂWUWQﬂWWW 3
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M1319 1 AdulsyanSanduimsuazUSunaianlun1singey

laviy % RSD LOQ (mg/L)
Pb 0.330 0.090
Fe 0.270 0.080
Cd 0.200 0.002
Zn 0.002 0.004

=

Uszidiuauusiuresinisdesdiagnis 3 sfialasnsduindosaznisnduiu
lenasansns 2 wuimsdessnedanslelindfesaznsndudiueglutag 36 - 82 % aflen
ffouiign o1aiosnannsldnsmdenslunisdes silnsdesansialianysal nisedos
mewiunufeauliihirSesaznisnduanegluyie 78 - 115 % uaznisdessiglulasiam
Tandesaznsnduiueglurig 76 - 114 % Fswudrdriildainnisgesdeuviuaimuien
Triluazmsldlulasiniianuuiulimeiu uinsgeemelulasiniivefvalsusens wu
Juszuulndslaenderodnaaes msdesanysallunasiaiidsszndanailunisgesans
frfuFadenldimaiamsdessslulasianlunsdesyiayulng 3 wdaldun luuzsu aenifin

718 warlunieu wazyUsunalanelAnaninise 3

A15719 2 SP8aTNISNAUANIINNSERYMedansela wiuausaulndwazlulasi

% A15808METanNI LA Msgesmenviuausauliin  nnsgasmelulasian

@aulns Pb Fe Cd Zn Pb Fe Cd Zn Pb Fe Cd 2Zn

AL 72 36 61 82 96 90 79 94 94 111 78 98
LAnge a2 a2 68 70 86 115 78 90 87 114 87 112
lumiou 82 62 74 61 91 89 78 102 112 112 76 103

M1379 3 YSued Pb, Fe, Cd way Zn 1uﬁzjmagu1m

yrayulng Pb Fe cd Zn
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
ULy Tan 60.09+0.70 Tainu 14.88+0.13
\ingae Tainu 68.86+1.88 Tainy 20.43+1.76

Tunsau Tainy 73.37+1.83 Talwu 6.87+0.06
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The Monitoring of Eutrophication Using Multi-Satellite Data in
the Upper Gulf of Thailand : Preliminary Results
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pgsauulduiu Tntanizdaefifivsunanitdugs (umalfiinnisglnsfiady
(Eutrophication) dwansgnurenmnminfiiudunsesodnifeduegluth nisAnwnild
Wlsvasifiolinszinsasuulandnaivesiinuaaslsilad-leusnniiuimeias
Inenouuy uagmmnuduiusseniUinaeaslsiiod-efuuinainu Tnglddoyanm
NATEN Aqua  MODIS LLazﬁﬁayjaﬂ%mmﬁmuL%aﬁuﬁ Tuia9t w.e. 2555-2559 wa
mMsAnwmuinTinueaslsilad-lefiiamzias nineneuuiluseud fammuutugslutag
Founaaudangeiniey uasdamluriafeununiiug wasUiinasisuneuntmiaiou
fanuduiusiBaniniuliuanaslsilad-to egedidedAym1eads (p < 0.05) uansliiiiu
hmafintusaranasresUSuueaslsiiad-e enafimnudenadosiunszuiunmstniden-i
fu SwinanidausinasnnlramndsnsfuimsawuuBeundy wazanafioy Aqua
MODIS fiszavBamnlunisnsrnindoyanaslsilad-lofifmsia

Addny: glnsiladu aaslsiiad-te endlnemauuy Usunanely awaieananaiiey

Aqua MODIS
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Abstract

The Upper Gulf of Thailand is known to supporting of the nutrient
transportation from the main rivers. The semi-closed estuaries and current circular
are shaped of this Upper Gulf. Thus the nutrient is more stocked in this area.
Moreover, the Eutrophication is extremely potential occurred and may negative
effected to the bio-aquatic in this area. The objective of this study, first is to
investigation to the relationship of between the temporal variations of sea surface
chlorophyll-a and rainfall using spatial rainfall data and Aqua MODIS data recorded
from 2012 to 2016. The result showed that variations in averaged sea surface
chlorophyll-a that high values in October and November and low values in February.
The results from correlation analysis indicated that there are positive relationships
between chlorophyll-a concentrations and Rainfall the previous month at
significance (p<0.05), suggest that rise and fall of sea surface chlorophyll-a be
controlled by Mixing of salt water and fresh water, surface runoff high levels into the
estuary instantly, Aqua MODIS effective measurement sea surface Chlorophyll-a
Key Word (s): Eutrophication, Chlorophyll-a, Upper Gulf of Thailand, Rainfall,
Aqua MODIS
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bloom) aunelviiadgyymuan1ignied laganiznsiiausingmsalglnsiiady dwali
syvulnaluwasindoulnsy vunraufan1sasaTInveedladdin (Paecal, 2006) wag

a W

uwvidagederiaiionn
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friusnlafinsiaunitnsatauaruseiuginsiiaduludeiuumanemnaie
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d3dlfinsuszgndimaluladnisdrsnsserlnanazsrvuansauagiaans tiagnis
WasuwasdanarvesSunanaslsilad-io Uiiuenlnenouuy lutisd wa. 2555-2559
Tnonslideyananstisnauainamaienifion segunsalnsiadn MODIS vusLiiey
AQUA Tngldndnsiauat Level 3/ OCI dusunsiamUsunumaslsilad-lo5newou usiinen?
Ingmeuvy lesanmnuituduvesnaslsilad-lefifiusinugainnuluuinaiiiannsyins
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v 1 a a a
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Chaopraya R.

Thachin R. Bangpakong R.

Macklong R.

The Upper Gulf of Thailand
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Abstract

This study investigated steroids adulterated in traditional medicines in
Tambon Nai - Muang, Muang of NakhonRatchasima provice by Thin Layer
Chromatography technique (TLC). Two types of steroids include; dexamethasone
and prednisolone were investigated. The result showed that, there were 4 steroids
adulterated traditional medicines. Only dexamethasone steroid was found in powder
medicine (3.70%) and bolus medicine (7.69%), while prednisolone found in liquid
medicine (3.13%). In addition, both types of steroids were found in tablets medicine
(11.11%). It is noteworthy that all of steroids adulterated traditional medicines are
not registered traditional medicines.

Keywords: Traditional Medicines, Steroids, Prednisolone, Dexamethasone
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An Investigation of the Effects of Extracting Solvents on Antioxidant
Activity and Total Phenolic Contents of the Crude Extracts from

Morinda citrifolia Stems
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Abstract

Air-dried stems of Morinda citrifolia were extracted by maceration using
different solvents including ethanol, 40% ethanol/water and water. All crude extracts
were further studied for antioxidant activity and analyzed total phenolic contents
(TPQC). The results showed that the crude ethanol extract displayed highly antioxidant
activity with 1G5, value of 575 meg/mL which were more than crude 40%
ethanol/water and water extracts with 1Cs, values of 8.22 and 15.22 mg/mlL,
respectively in comparison to BHT (ICsq 0.064 mg/mL) and vitamin C (ICs5, 0.033
mg/mL) as standard compounds. For total phenolic contents (TPC) of the crude
ethanol extract, it showed the most TPC with a value of 12.8710.08 mgGAE/g crude
extract. The finding of this study indicated that the crude ethanol extract of Morinda
citrifolia showed the highest activity and great potential for cosmetic and food
supplement applications. However, the identification of active compounds of the
crude extract could be further confirmed by purification and elucidation.

Keywords: Morinda citrifolia, solvents, antioxidant, total phenolic contents

UNi
a . I3 a1 oA = aNa & = Y] |
auyadasy (free radicals) (Wulmanailiiadios Weswnddidnasoulnes 1 67 oy

4 a = 1 1 LY} =
wouLaaud (valence shell) Ingunfanstalaanasiieg wu lusiu TUsiu aslulawmsn DNA
waz RNA Wusiu axduesAusznauveawadlusisnevesuysd dsansdaluanaraiiuazd
a & [ 1 o a 1Y a =2 a <@ £y} 1 v
ddnnseuagiduginlyluanaiafios wiondeyyadaszuinsdidnasouly 1 f dewali
luanawmatuiadidnaseutaziinaulidiatios JeeslufBidnaseuainluanaduun
1 1 Al a < aaa 1 . . o Pl a 1

agmaLlosuinluufise1anld (chain reaction) vinlviswmegaidvauna ag1elsnny
§555UVRVDI $19N8ELTTUUAUBBNTLATUY (antioxidant) FI519N18@NUNS50E519TULALDS
inthi muaukazedugteuyadaseldlmharswadniglusianie widsieaneivsunm
auyadaszuINAuAszvuiueanBntuazdanisiaauiliiinn1iziasenoandindu
(oxidative stress) agnelinnaldesawadiilviwadidenan ndutludnniznisiianens
anmeedlsauielsnty 1wy tsanala Tsauzise lsanudulaiings lsanudaluwes

(Alzheimer) wazlsannsaudu (Parkinson) sy
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a =® LY 1 1 a 1

asiueuyadaTy JllunumdidgsieaneNIzinTueuLadasy PIandnIEYs

o

o

sonsiinlsaenld Fsuvasansinueyyadaszansssumanuluiin fn wazwalianeuia
lagaziinguaisdfny laun a15iuedn (phenolic  compounds)  tusin-wAlsiu (beta-
carotenes)  wALsTUOHA (carotenoids)  3NAUT (vitamin ) wazwsulnleeiiiy
(anthocyanins) saanuindadudiunanlundndusionmsiasy Wy arsainainuuyiae
waneu wazw Judu (lues gusdnd, 2545)

gauu (Morinda citrifolia L.) Wuayulnsiutueianilduiiaulnennginiaidn

Y

[y

fuft A misemsuazasinam fil Tuse THuAessns anld wave udrduldeniou
warduay Tuthigiuiindndasidignoetisananudulddnde dwiusetufisnenuide
wuhansafaneuamuesdiutesiawasingneaiiqgnsiusyyadase (Yang et al, 2010;
Su et al, 2005) Ingyinn1snaaeauae3s DPPH (1,1-diphenyl-2-picrylhydrazyl radirals)
uaw ONOO- (Peroxynitrites) Bnviadluansgnsdudauuaiise (antimicrobial) wazdiunis
dntau (anti-inflammatory) (Sang et al., 2003; Takashima et al., 2007) wenaniansaia
nerulemueannTInEetusiansadusinisirnueneleordfaladuieameisals
(¥ uazaniz, 2561) lnsnguansdfyfieangrivnadanin léun arsnduuaunsie

luu (anthraquinones) Wanlaueed (flavonoids) BuRUEYBIANIIU (coumarins) Uag 83

' [
aa v

¢ . . . 2 v ° ) a v S Xa ¢ A o o o
Aaen (iridoids) Wusy dwmsunuideluailifigaussasdiiofnwinarodivinasaefily
smﬁ’wiau’%mm?\luaﬁﬂﬁwmLLazmmmmaﬂumié’ué’ﬂa%aSaszmaqaﬁaﬁmmﬂé’wﬁu
v o X \ ¢ vay vo I3 st o v Y o ¢

gaUU mummwmﬂmmgmlmummmLﬂuﬂszimuslumﬁauuayuiwmaﬂumgiﬂwag
EiﬂLa%umiﬂqﬂsaﬁmLLazﬁwmsiasamﬁﬂUajﬁmﬂWiLLW‘Vlsi SIUNINANITNAADIN 1A D19
Judeyaiiugiulunisuenansuiandnesngnosely
INUILEIAYRINTITIY

WefnugniA1ueuyadaselneis 2,2-diphenyl-1-picrylhdrazyl radical
scavenging assay (DPPH assay) wagiUsuiadnsiueansiuieavinueansannanna1auye

YIUNENANILAIINATANUAINUY
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3/antiunsiveg
n1snsdadauenanvyalvasayulnssatu

usegeiiowis audsvesnainiunuazlsnad (2559) U 2560 a fiuanusdwl
wae natns Fminmunanys aiun1sesdeulenanuaiuarseuvlaiydawis lag
NA.AT.NEYIUT TUUNAL e voucher specimen QBG. No. 105894 wazLAuSnYIAI9ENS

fodauiely a Hoaunusrumiunssald auginermansuazinalulad uniinerdesivdy

fiyaaensny uaznonssallil arungumansaufanszunddsng oy Jumindedn

NNSLASEUAQBDE19LBUIUNBUNITENA
198 1981P UL UIUINNANUANUDILU LA DWNDINTINN FIATARLNINYT T WA,
2560 amnkangamgiiviesluuinaienaagmasainiedesiuarsddgyaaiasia

NVUUAAIYLATDIUADE199LTU

MMsMsEUaITaNANgatIUAI8ITNTaNALEUY
Fedruardusatiuwruang1veu uinradadulaslddvinazatenunnmaaiu
1AN LENIUDA LENIUDALAZUNIUTASIAIU 40:60 LAazU WINYAIDENAIBFYINATANULAAY

[
6 LY 14 4

%ﬁmlﬁfﬁ'qmmgﬁﬁaaw%auﬁgamul,fJuﬂ%y’msn Wuwnan 1 dUansh 3nndunsesiiginuniuig
Lt nnaRagdefaratsRuaunsyiansatalaliid thudazaisanndinsols
ﬁgwmlﬂizmaéf’;ﬁ’]azmUaaﬂé’hsJLﬂ%ﬁzLmaLLﬁqammmﬁuLmeu(rotary reduced
pressure evaporator) 3ulAgNsainneIuLeIUea @13anARYIU 40% lOvuRaLAYI way
ansataveuin f¥esazvesansatnvenu (% of yield) Wwi1AU 3.91, 3.25 uag 3.78%
AIUAIAU Lﬁumsaﬁ’wmuﬁgwum’[,um@?{ﬁmﬁ'aqmmﬁ ENGRERIGHE Lﬁamaaquéé’m
auyadaszuazUSaiiueiniusiely
mswﬂaauqwééﬁua%aﬁai:ﬁL%aﬂ‘%mm?ami']zﬁiﬂﬂ%% DPPH radical scavenging assay
NAAOUAINIZVDY Yen way Hsieh (1997) widsuansatafinnnududy 200 me/mL

PnUuIsaslwliaIguTy 10.0, 5.00, 2.50, 1.25 wag 0.625 meg/mL Tuwuniuea 1@
41382818981 UAAsAUNTY UT1as 50 UL aslutesvesiulasainan (microwell

plate) MNTUFANAITAZA1Y 0.3 mM DPPH U3ums 200 UL asluuda welidriu Al

o a v a Y o = d' ~
N@QN‘VIQ@JW@Q 30 UM LLa’J'Jf’W’nﬂ'ﬁ@j@ﬂauu’aﬂqqqmﬂgqmﬂqjﬂau 517 U']IULNGﬁ IWEJNLNVH
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uparuasazanswud (blank solution) ¥n1sneased laewdsuainarsadimduans
WNTFIU BHT Uag I9niud (ascorbic acid) 1Wudu 1-0.1 mg/mL A1uInIagazn1sau

auyaday (% radical scavenging) INAUNTATLIN 69l

% radical scavenging = (1-(Agmpte/Acontrol)*100
o Asample = ﬂ'wmsg]@mﬁuLLmﬁi’mléfsummimaaUﬁmamﬁ’u DPPH
Acontrol = ﬂ'wmi@mﬂﬁuLLmﬁimlé’ﬁumﬁaﬁﬁazmaﬁwauﬁ’u DPPH
wnewg wiazanududuihnmsmaaey 3 40

AsuUsunailuedansaunae3s Folin-Ciocalteu colorimetric assay

YNASNAABUANLISVBY Folin way Ciocalteu (1927) WUANTEAANYIULHAZHIVIN

azaneNANNTY 10 me/mL U3u1ms 500 UL waufiu Folin- Cioculteu reagent (10%
v/Av) Uses 2.5 mL asiisla 6 uidl antudvaisavatslefounisueiun (7.5% w/v) 2 mL
weranslilunilngamgiivies 90 Ui nuinA1N1sYANTULANTIAINENIAGY 765 W1ly

lns YNIMeaesiiegeay 3 91 iAnsganfunatafsliiguiunsviinnsgiuansazany

v

NIARNAANLINTY 400, 300, 200, 100, 50 Wag 25 We/mL Haun1stdunse Ao y = 0.0189x +

a0

2 o QA a gj 1 a a U
A1 R = 0.9965 LLaSQWU'Jm‘UiiﬂiL!W‘LlEJﬁﬂVlQ‘Vill@I‘LJWU'J‘EJ@J@@ﬂillﬂll%ﬁ‘U@ﬂ

ee

0.3271 ua

v
o o A

NIALNAANABUINTNNYWAY 1 g (MeGAE/g dried weight)

NAN1599Y

'
(% v U o a1 U !

nansanna1fue et ulneISnsanadualedIvinazateNenaty wuItansananeu

£%
o v o

av v o = A oS & Ny o v v Y a Y]
WlﬂllaﬂﬁﬂmzLVUEJ'JVIH@&U']@']@LM&@Q LL@SNi@ﬂagﬂJ@Qaqiaﬂﬂ@@u’]VUﬂa'W]ULLﬁQELﬂaLﬂENﬂu

(m1519 1)

A1519 1 599aZYDIUINUNA P ULNNANARILAIBLANLAINUY

o . Y oea WmUnYasa1sana Souazlag
A2VNazane UIAUNNYURY (A5Y) " ¥
(nsy) WYInUn
LONIUDA 46.22 1.81 3.91
NULasiaul (40:60) 30.73 1.00 3.25

i 30.94 117 3.78
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Ly

Wimhansaiaeniuea 40% enueasell kavdl nadeugsAueUYadaTElng s
Fausuraun1siueyyadasy DPPH  ilesanniluislududeu dasusunaos i1e waz
avnINFBNITIATIEN (Mishra et al,, 2012) wudasariaevueananigsiueyyadassla
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an5anm muaeu (115199 3)

M1319% 2 Fogarn1sAueULARATE DPPH vasasainand dugai umeivagaignieg

SauazvaInIIiNUeYYABHTE (% radical scavenging)

Aazae
20 mg/mL 10 mg/mL 5 mg/mL 2.5mg/mL 1.25 mg/mL
LONUDA 63.8910.71  56.74£0.23 48.981+1.02 40.55%1.06 31.9110.85
eueadeth
73.8910.29 55421025 35.0910.67 19.0510.02 1.5240.41
(40:60)
e 55.00£0.57 41.05%1.48 28.131+0.72 9.46+0.72 2.61%0.34
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v . Ysueansiluedngau ﬂ‘%mmqw‘ééﬁua%a
0814 -
(mg GAE/g crude extract) 9d9%; 1C5 (mg/mL)
Asanaeniuea 12.8710.08 5.75
a@nsanalanueasaun
10.90%0.11 8.22
(40:60)
a15ainun 6.3010.01 15.22
BHT - 0.064
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Abstract

In Thailand, dyslipidemia is one of the most important public health
problems. Dyslipidemia is a major risk factor for development of cardiovascular
disease that causes deaths around the world including Thailand. The objectives of
this study aimed to investigate the prevalence and associated factors of dyslipidemia
among HIV/AIDS patients in Somdej Phrayansangworn hospital. A Cross-sectional
survey study was conducted in participants from ART Clinic, Somdej
Phrayansangworn Hospital. Data were collected from January to March 2018. This
study recruited a total of 578 patients. The research instruments consisted of socio-
demographic factors and laboratory data. Dyslipidemia was diagnosed by physicians
under NID criteria. After data collection, it was analyzed by descriptive analysis such
as frequency, percentage, mean, standard deviation, and multiple logistic regression
analysis. The results revealed that prevalence of dyslipidemia was about 20.1 %.
Multiple logistic regression analysis revealed significant association between age
(Adjusted OR=2.64; 95% CI=0.78-8.95) and hypertension (Adjusted OR=3.75; 95%
Cl1=2.08-6.75). Our findings indicated a high prevalence of dyslipidemia among
HIV/AIDS patients. Thus, this study supports a necessity to promote and prevent
dyslipidemia in HIV/AIDS patients and also risk group should be screening for
dyslipidemia for proper management in routine ART clinical care in Chiang Rai
Province.

Key words: Prevalence, Dyslipidemia, HIV/AIDS Patients
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amzluuluduiongs (Dyslipidaemia) Wunigniszaulvdulunssuaidengandi

v o

Und Fanmemanarafudadeidssdiamsoudlals Tunsussanaanuidewedsailouas
aondon TdeTin 4 Sruauseditilan (yas udfauy, 2557) nishndelseslenie
guhelsaoaddenadudgnimeiiuasisaguineiddglutagiu fuduaingudni
ﬁ@iﬁlﬁﬂﬂ’l’m@iyLﬁﬂéjm‘d@\‘lﬂﬂﬂ’mﬂ’ﬁ@ﬂEJﬂ'E)U’BJEJé}UﬂUiMWﬂﬁqmﬁgQGLULWﬂSUWEJLLaBL‘Wﬂ‘ViaJiQ

a Ya

wasiduammaiuwsnuesnugadslguanie talinsaadszanainlud we. 2558 figAn
FerevleT Srusuazay 1,526,028 518 Qﬁm%mmﬂa%w%ﬂ U 6,759 A Tul w.a.
2559 (f1inszuininegn nsumualIAfafe NTENTNENTITUEY, 2554)

ArudSavesnisinudsiudaesle? ilidsunufidedinnnnshade
loTanas(Grinsztejn et al., 2013) ﬂﬁmﬁaﬁ%ﬁmﬁ@umﬁu (Bendavid et al,, 2012) waz
mmmammiﬁmL%aaaaiaﬂﬂa(Hoffmann et al,2011) Gﬁagamﬂmiﬁﬁa%awizmﬁ
ansgoiiniuazelsunuindineievledendfisnusmesiubiailsaunsndoudelsalsl
Aamelfiutu(Mocroft et al, 2002) Adreannsaiinmsuaiuedn Wulsawnsndould 91n
nMsAne1ves Nguyen lﬁwudﬁmmsqﬂsuaamwmeuaﬁﬂlupﬁﬂwamﬁaLaﬁiaﬁﬁa‘laﬂﬁaﬁmu
Sowaz 36.6 lnenulunmmgAnluiovay 23.2 naveanludosay 13.4 wazUssanndon
av 20 f9 25 vasaulaniinnzwnivednuariiaranudsuduasarinfiandediaen
lspilanna(Nguyen et al,, 2016) 9MNN15ANYIUDY Jantarapakd L@5189711ANYNVRINIY
wavednlugUigiendlulsemelng lagnuauynesas 22.4 (Jantarapakde et al,
2014)

amglusiuludengadulsamanmuedniiaevssiigelufiioieslod(Husain et al,
2015)31nN15ANYIVBS Bekolo  warzAmznuAduynvesntluduludengedesas 70
(Bekolo et al.,, 2014) @AWUSHUIMINUUILITIA (International Diabetes Federation) nai?
1 seiulviuluidengefiedutiadedrdndniasendsinelhAnnnzmauednld Tutlagdy
nsAnwdsnnugnuar adeidmnuduiudiunngseauluiuludengiinunalugiioiey
ledfunsnunlulsmervaaguionszyradasiednesitn nsanuludedizained

Usglevilunsinldidudeyaiiugiu ierawwimidunisdestunisifalsaunsndouniei

muednlugtheiaieiavleisely
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Baullunside
nMsANYIITeASITduN1SANYILUUAIARAYING (Analytical cross-sectional study
design) TunguiAaoeyled/JUrendiiunsnulsmeviaaunanszgradns Ymia

a
bYYIINY

£
a

vhnsiudeyanivgionneidouvestheitunsdousnululeuussana 2560
Inginuanugin1sAnidi (inclusion criteria) laun

1. IgFumeitadennumeindulfnidoesled/ielsaend

2. flongannndn 18 U

3. JQuiifidynilne erdvegluimindessne egades 1 Y

e

4. Jugsulsznmuegdubiauuwaiedtes 6 Weou
NaU9IN13ARBeN (exclusion criteria) lawn

1. fthoevlefildsumiteduintinngluiuludengsieunisiuediuhia

2. Toyatudiuvamanaiosdjuinisliasuiou

wdosfleflldlunsinuudsoanidiu 2 du dleluil

duil 1 foyadudnuaznassnnsvesnguiiedns Usnaudie e o1y dvil
1AMy STAUMSANY 813N M3guyVd Mshuleanesed uazmsiuUsEvueiulasa

duil 2 Feyadunanaiinmetesl fiims Usznavde seduinaludesvdann
N50ADMS 8 Falu4 (Fasting  blood  sugar) seupuduladinuaeziilefinnsdusa
(Systolic blood pressure %t mmHg) way szauAuiulainvazilaiinispaesa
(Diastolic blood pressure %118 mmHg)

dhusutsnalunsfinenil Wud aglufilududengs (Dyslipidemia) Tnsfnw
nan15309dununnd Fefiansananea FBS (mg/dl), Triglycerides (mg/dl), Male HDL
Cholesterol (mg/dl), Female HDL cholesterol AnuLnaUgIvadNational  Cholesterol
Education Program (NCEP)

dmfumsliesgideya dIdeliiinsendeyamnlumeaiifionssau loua J1uu

Sevay Aaly d1uleuuuIINTgIU ANGEaLAzANEn wazatadaeyuuiefnwladend
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Anuduiusiunngluduludufengmensieneionnsenyladadind (Multiple logistic

regression) lagrfnuated dunieadnfien p<0.05
msiteadidldinunsiusenmnanenssunmsideluiyudanuminerdousimans

wazlesuniseud@bidioyanysyidouaingdiunenis lsaneruiaaufanszyadns

Fariaesse Wunseusesndn

NAN1599¢
° 1 a A v cd o va a o
NNsdTREAndeevleivserUhelsalendi Nivua 578 au wugiiinnzluiy
luidengs 116 au wud danuynvesnnigludulubengedosas 20.1 daanslunisned 1
1INNFANYT NUNGUAIBEWIIFUTINIU 578 AU dlveJunendls duau 287
AL (5e8ay 49.7) mmmaammﬂu 41-50 U (5o8ay 49.8) Uiuﬂauawwwmqmlﬂ IUIU
263 au (3eway 45.5) lifllsAuszdns d1uau 392 au (Gesaz 67.8) Jagtulaildguyms

13U 503 AU (Feway 87) Lufuueanased $1uiu 545 au (Fevar 94.3) dviliianigegly

[y a o

sEAUUNA 11U 328 AU (Sewag 56.7) drulvaiSuuseniuengns GPO-VIR S (Fevay 64)

szauianaludeniid1uni 91uIu 559 au (Seuag 96.7) Systolic blood pressure aglu
sEAUUNA 91U 410 au (508a270.9) Diastolic blood pressure aglusgauuni 31U
429 e (Fovay 74.2) Fam9197 2

dlovnsiesizienuduiusuuusiuusifes (Univariate  analysis) lutladedid
Arwidiiug 5 Jadeldun 01y lsaets Tsnmnudulafinguuarszduamnudulaiin Systolic

blood pressure wag Diastolic blood pressure wu31 dmuduiusiuangluiuluibionas

Y

ag9luyd

1Y aad

WN9EdAN p <0.05 Lanslun13199 2

<

(%

n¥santuiaii 6 Jadeidimsiiesgiannagnyauluuasdasin(Multiple
logistic regression) Wua1 2 fuds lawn §Ade1gunnins0 Y dauduiusiuneludy

luiiengs 2.64 i1 (Adjusted OR= 2.64; 95% C1=0.78-8.95) Anusiulafingelnduduius

[y Y

fungluduluiengs 3.75 i1 (Adjusted OR= 3.75; 95% Cl=2.08-6.75) ag19itlean

[

&

N9adFAN p<0.05 FIMITNIN 3
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M1319 1 anugnangluiuludenaiwazadugvesiiniolulfnetevloinieUlslsaend
(n=578)

AN SRIvEL oway
amgludivludongs
il 116 20.1
laid] 462 79.9

Alvduluduidonduy

Triglyceride
Und (<150 ml/dl) 395 68.3
HaUN@ (> 150 mi/dl) 183 31.7

Total cholesterol
Uni (<200 ml/dl) 411 71.1
HaUN@ (> 200 ml/dy) 167 28.9
low-density lipoprotein(LDL)

Uni (<160 mg/dl) 558 96.5

NAUNA (=160 me/dl) 20 3.5
High-density lipoprotein(HDL) %178 n=291

Un@ (>40 mg/dl) 229 78.7

NaUN®A (<40 me/dl) 62 21.3

High-density lipoprotein(HDL) %tJ9 n=287
Un@ (>50 mg/dl) 233 81.2
HaUN® (<50 mg/dl) 54 18.8
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B
lusuluigangs
fauus havan Y laid OR (95%Cl) A1 p
n(%) n(%)

el
U618 291(50.3) 62(21.3) | 229(78.7) 1.17(0.78-1.76) 0.460
AN 287(49.7) 54(18.8) | 233(81.2) Reference
218 (V)
<30 39(6.7) 3(7.7) 36(92.3) Reference
31-40 228(39.4) 34(14.9) | 194(85.1) 1.74 (0.46-6.52) 0.415
41 -50 288(49.8) 74(25.7) | 214(74.3) 2.92(0.87-9.83) 0.084
> 51 23(4.0) 5(21.7) 18(78.3) 4.72(1.38-16.08) 0.013*
1IN
WNWATNTIU 238(41.2) 56(23.5) | 182(76.5) | 0.76(0.49-1.17) 0.221
Sudng 263(45.5) 50(19.0) | 213(81.0) 0.63(0.23-1.70) 0.630
e 31(5.4) 5(16.1) 26(83.9) 0.39(0.15-1.05) 0.060
Buq 46(8.0) 5(10.9) | 41(89.1) Reference
szfuduiinaanie(n.n./a’)
Wou (<18.5) 71(12.3) 11(15.5) 60(84.5) 0.77(0.38) 1.550
Un#i(18.5-22.9) 328(56.7) 63(19.2) | 265(80.2) Reference
Tsmdhuseiu 1 3uld (>23.0) 179(31.0) | 42(23.5) | 137(76.) | 1.29(083-2.00) | 0.260
eV E
gu 75(13.0) 14(18.7) 61(81.3) | 0.90(0.49-1.68) 0.750
iﬁQU/LﬂSQU 503(87.0) 100(21.4) | 368(78.6) Reference
fluueanazed
A 33(5.7) 7(21.2) | 26(788) | 1.08(0.46-2.55) | 0.870
laidy/ineis 545(94.3) | 109(20.0) | 436(80.0) Reference
gnsen
AZT+3TC+EFV/ 63(11.0) 17(27.0) 46(73.0) 1.58(0.71-3.54) 0.263
ZILARVIR(AZT(300)+3TC(150)+EFV
GPO-VIR S 369(64.0) 71(19.2) | 298(80.8) 1.02(0.54-1.93) 0.949
((d4T(30)+3TC(150)+NVP(200))
TDF+3TC+NVP 72(13.0) 14(19.4) | 58(80.6) 1.03(0.45-2.36) 0.936
TDF+EFV+3TC/TDF-FTC-EFV 74(12.0) 14(18.9) | 60(81.1) Reference
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= d‘ 1
LA (M1D)

viavam aeludiuluiengs
fiauds a laid OR (95%Cl) A1 p
n(%) n(%)

TsAi3ads
o 186(32.2) 54(2) 132(71) 2.18 (1.44-3.30) <0.001*
Laile 392(67.8) | 62(15.8) 330(84.2) Reference
TsAUIU
14 13(2.2) 4(30.8) 9(69.2) 1.79 (0.544-5.94) 0.34
Ll 565(97.8) | 112(19.8) | 453(80.2) Reference
Isaanuduladings
14 56(9.7) 27(48.2) 29(51.8) 4.53 (2.56-8.02) <0.001*
Ll 565(90.3) |  89(17) 433(83) Reference
Jaulsn
14 24(4.2) 3(12.5) 21(87.5) 0.56 (0.16-1.90) 0.35
Ll 554(95.8) | 113(20.4) | 441(79.6) Reference
TsAviaanLdonaNas
14 3(0.5) 1(33.3) 2(66.7) 2.00 (0.18-22.45) 0.57
Taile 575(99.5) | 115(20) 460(80) Reference
szAuthmaluldonnasanaIng
Un# (<100-125) me/dl 559(96.7) | 111(19.9) 448(80.2) Reference
NaUnF (100 - 125 mg/dl) 19(3.3) 5(26.3) 14(73.7) 1.44 (0.51-4.09) 0.49
AMuAuYasialatiuea
Un# (<139 mmHg) 410(70.9) | 69(16.8) 341(83.2) Reference
NaUn# (>140 mmHg) 168(29.1) 47(28) 121(72) 1.92 (1.26-2.93) 0.003*
AMNAUYalana6a
Un# (<89 mmHg) 429(r4.2) | 76(17.7) 353(82.3) Reference
NaUng (> 90 mmHg) 149(25.8) 40(26.8) 109(73.2) 1.70 (1.09-2.64) 0.017*
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fauds Adjusted OR 95% Cl A1 p
a1y (V)
<30 Reference
31-40 1.69 0.70-1.86 0.588
41 - 50 2.64 0.78-8.95 0.120
> 51 3.68 1.06-12.76 0.040*
ANuaulanings
I 3.75 2.08-6.75 <0.001*
Taile Reference

7 p-value < 0.05

dsduazaiusnena
arugnveangluiluiengdludtasieloivioondussmsdnuluadsd nudoe
av 20.1 Fatfoaniinisfinwines Bekolo wazay fivhn1sAnwwuuniafinuing (Analytic
cross-sectional study) luussinaussimenaeguy wuanuynvesngluduludonadlugia
dowotloTviiaiendsenar 70.2 (Bekolo et al, 2014) Fsaunmoraiilounananglutuly
Fengdluiniointlotvisendidunnsiiarududeulneiitatovarsusznis éun dves
hmerled dnvarmaiugnisunaznsidsuulamisinaigiiinainnssnwides,
aubifatevleivseend aeelsiniu 99nn15@nwIves Veterans in the VA HIV Clinical
Case Registry in care 1wl 2007 wua1 gthe HIV danugnvesnsiianngledulunssua
Fongs Uszanaudesay 38 deenaiosnannalnvesnisiialsn HIV uaznsldsueilungy
(ARV)  dswadanuiaun@veslusiulusieniele (Lipid

Y93 Anti-retroviral  therapy

abnormalities) vliAinn1sUAsuLUaIvBIAT high-density lipoprotein (HDL)  low-
density lipoprotein (LDL) way triglyceride Fawudn @1 HOL fiszeuanas Tuveasdien LDL
uae triglyceride  fiszduiindu aannnsAnwiEuLmu ﬁﬂaaﬁlﬁ%’uaﬂumjm High
active antiretroviral therapy (HAART) Uﬁzmmﬂéwﬁx‘i%Lﬁﬂﬂ‘iymmaéfmmimea’mﬂu
79718 (Metabolic disturbances) 1¢f fealufanisiAinnzsedulaiuluidongs e
sesiudurduluiongs uaznsazvauwadludiu (Adipose tissue redistribution) dlauiu vih

[y

Ay

v
v

Ao HIV dnfiangseaulviulufengwmiuluiie (Car A et al,, 1998 & Henry K et

al. 1998) Imﬂmmsmmﬁﬁﬂﬁwﬂmué’ﬁmL%a HIV #ifin1¢ lipodystrophy syndrome Ao §i
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nsrleduvadluiiu (lopoatrophy) 19w wAumau (sucken cheeks) wsfutlumau (hollow
temples) #7180 (sucken eyes) ﬂis@jﬂiwuﬂLLﬁuLﬁumu% (prominent zygomatic arch)
Fuiduideadidaiau Arutwasndiuiededu Wudu wariinisazauvedluiy
(lipohypertrophy) 19w fnsazauvesladuiintivies fluifuazanudnaneviemiessln
Uan31 (Dorsocervical or supraclavicular fat pad) Yudy Uisun Oh and Robert A Hegele
, 2007)

Hadeidanuduiusiuazluiulududengs Iun engagillenmaidesiiaziinig
lusulwienas 2.64 wih (Adjusted OR=2.64; 95% CI=0.78-8.95) @anAdadiUuN1SANYIVDS
fgyay Suninauazany a']ms;awL‘l‘jmmmmﬁﬁﬁmqmﬂsﬁu%aaﬂﬁﬁqmsJ 3evAaNTIU
ﬁiﬁﬁwé’aamﬁaaaqmaamué’mwmimemﬁgamaqdaNaiﬁlsuﬁuiulﬁamqﬂsﬁu (Feyey Junina
wag Ut sUINTIWANA, 2554) @0nARBINUiUTIEIUYBY Primary Care of Veterans
with HIV Organ Systems and Metabolic 1ud 2009 wuin Jadeidesdufidanasie
cardiovascular disease ﬁwulﬁiuﬂfjmﬂizﬂmmﬁam%a HIV TalA A1ZN1TIINATEYUANTDS
(Metabolic  abnormalities U 19ALUIIN) Iiﬂmmﬁ’uiaﬁmgq (Hypertension)
Wqﬁﬂssmmﬁ@‘uqﬁ (Smoking)  wagn1siAANITUNIIN18LeY (Physical  inactivity)
wona Nt ﬂﬁﬁﬁmammﬁ”ﬂﬁuﬁﬂmﬁamgﬂuﬁa@L%@ HIV # dufusiuanudesslunisinlse
naszuuilanaraendenld Tnenudn fenanuidesduing vesnisiialselevnden
1.2 w1 (Relative risk = 1.2) (Friis-Moller N, 2007)

fiheanuduladingalonadeafiosiinniglufuluidongs 3.75 1in (Adjusted
OR=3.75; 95% Cl=2.08-6.75) a@onndasiun13Ane1ued Casino wagAniy 1wl 1993 @1Lue)
anfleanannalnmane e sinematsegefiiadestiuauduiudsewinanylaiy
TwﬁamLLazmmL?iwiammﬁuiaﬁmqq Tnenuin finnsavanves atherosclerotic plaque 7
NIvaALER ﬁﬂﬁmﬁfwaamLﬁawuﬁﬁuumLﬁumu@uéﬂaNﬂuawaamﬁmmmamm Favh
Tdfinauiunusentvasnidenuazieliinausulaiingsliludian (Casino et al,
2004)

MnmsAnwmuhgiheindeintledenddldsuedulsalidaruduiusiunie
lusuluidengs Fsaenndosiumsinuves Chaiyalid  uazAmz @vRe1ALE08N9N
Snwnirfiugiuveandusaogna Tdun Wewd CDA sweznansldsuedula (Chaiyalird
et al, 2013) 91nM15ANEIVOY HomkamuasAnis Wuidinsuasunlasvessauluiuly

Y o

Boandaanlasuedulidaiduian2g sl lilanansainufedeseseiituddgnig

]

annsian1sinngluiuludengs (Homkam et al., 2011)
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THE EFFECTIVENESS OF SAFETY TRAINING PROGRAM IN PESTICIDES
USAGE OF AGRICULTURIST IN MOO 1 THA KHAM VILLAGE, THA KHAM
SUB-DISTRIC, WIANG KAEN DISTRICT, CHAING RAI PROVINCE.

Watsiri Tamdeel, Jidapa Ketputpongl, Kemmika Panthuraz, Supachai Northowz,
Woottichai Nachaivvieng1

1Department of Public Health, School of Health Science, Mae Fah Luang University
2Tha Kham Sub-district Health Promoting Hospital, Chiang Rai, Thailand

Abstract

Background: Occupational poisoning with pesticides is commonly found in
developing countries because agriculturists are often under trained, illiterate and
consider it impractical and expensive to use safety equipment, especially in
appropriate area for agriculture. Greater benefit of safety training programs can be
obtained if initiated in areas that having higher occurrence of poisoning. So, the
present study the prevalence of cholinesterase level and evaluated the effectiveness
of safety training program in pesticides usage of agriculturists.

Methods: This study is one-group quasi-experimental study design to
compare knowledge, attitude and practice score between before and after safety
training program. The sample was collected from 24 agriculturists in Moo1, Tha Kham
village, Tha Kham sub-district, Wiang Kaen district, Chiang Rai. The content of the
questionnaire consists of general characteristics, knowledge examination, attitude and
practice questionnaire about the safety in pesticide usage and screening for
cholinesterase level. Meanwhile, the safety training program consists of the good
practice in pesticide usage, hazard and impact of pesticides, hazard identification and
preventive methods of pesticides. Finally, the data were analyzed through frequency,
mean, standard deviation and Wilcoxon signed rank test.

Results: The screening of pesticide residue in blood revealed that 41.7% of
agriculturists were unsafe, 29.2% as risk, 25% as safe and 4.2% as normal level. The
score of pesticide usage among agriculturists in the intervention group before

intervention was at needs improvement level of knowledge (50.0%) and high level of
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practice (58.3%). However, after intervention, they were at a moderate level of
knowledge (62.5%) and still at high level of practice (58.3%). In this study, we found
that the scores of intervention group at post-test were significantly higher than pre-
test when compared the knowledge score (p-value= <0.001) and practice score (p-
value= 0.001) of pre-test and post-test was difference with statistically significant
level at 0.05. The scores of attitude at post-test (83.3%) were higher than pre-test
(70.8%) but it was not different (p-value= 0.112) with statistically significant level at
0.05.

Conclusion: This can be concluded that the safety training program in
pesticides usage was effective in positive changes of knowledge and practice for
pesticide usage among agriculturists in Moo 1 Tha Kham village.

Keywords: Factors, pulmonary tuberculosis, and successful treatment outcome

Rational and Background

Agricultural area is a fragile area of ecosystems which agricultural area was
used be harshly that could occur a risk of chemical contamination in the area to
agriculturists increase. (EPA, Highlands Soil & Water’s PESP Strategy, 2012) Another
reason from development was increased continuously both of agricultural sector and
industrial sector of Thailand that affect to more import the chemical productions and
hazardous materials. Chemicals such as pesticide are sold widely and be more
influence in agricultural sector to increase agricultural productivity, despite the use of
chemicals in all agriculture had health impact of exposure to acute effect and long-
term effect. According to World Health Organization, reported agriculturists used a
pesticide especially insecticide and herbicide group that have been meeting with
serious health problems of Organophosphate which had high toxocity and may be
death. (WHO, 2013)

Organophosphate (OP) is a substance in pesticide, which are highly toxic, can
cause death and illness is a disease with wrong, unsafe and a long time usage of
pesticide.(He, 2011) A study by He in the People’s Republic of China showed that as
many as 18% of 6,281 deaths (deaths due to acute pesticide poisoning) were due to

occupational pesticide poisoning and 78% of these cases of pesticide poisoning were
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due to OP compounds in the year 2011. In addition, a study by Dasgupta et al,
2007 in Vietnam demonstrated that all 190 participant farmworkers had some ill
health symptoms after mixing and spraying OP. These symptoms consisted of skin
irritation (66%), headache (61%), dizziness (49%), eye irritation (56%), and shortness
of breath (44%). A wide range of measures exist for reducing health risks from OP
exposure. Suratman et al, 2015 demonstrated that farmworkers’ knowledge and
perceptions were two of the factors significantly related to the increase of OP
exposure and OP poisoning both in developing and developed countries.

Thailand has developed steadily in the agricultural sector contribute to our
productivity to increase to meet the needs of the market and importing chemical
substances into the lot to be used in agriculture, especially the workers in the
agricultural sector, which could affect the safety and health of such as pesticides,
fertilizers growth and herbicides, etc. The import of chemical pesticides increased in
the years 2014-2017 and there were 172,826 tones, 147,375 tones, 149,546 tones,
160,824 tones and 198,317 tones respectively, which are classified as using herbicides
about 76% insecticide about 10% and others chemical about 14.2% from Official
statistic registration system, 2016. The area of agricultural holdings with a total of 5.9
million households (25.9%) and an area holding a total of 114.6 million rai, an
average of 19.4 hectares per person. When considered the number of holdings and
area of holding agriculture found that northeastern region were the most of number
of agricultural about 2.8 million household in the holding area of 53.5 million rai and
average of 19.5 rai and north region with holdings of 1.3 million household in holding
of 27.2 million rai and average of 20.9 rai. (system, 2013)

According to the report diseases and health hazards from occupation and
environment, the Ministry of Public Health in 2016 found that patients with toxic
effect of pesticides that were diagnosed by the hospital of 8,689 patients or
14.47:1,000 and decreased from 2015 found that patients with toxic herbicides, total
10,177 patients (incidence rate 17.12), the most common age group was 44-55 year
olds of working age and mainly do farming about 38.79%. Northern is ranked second
of household holding with 1.2 million household, representing 96.8% of the total

number of holdings in the region because most of northern area are mainly highland
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composed of mountain forest and river sources and climate are hot and high
humidity that appropriate to cultivate for tropical and sub-tropical crops.

Chiang Rai is a province where agriculturists used herbicide, insecticide and
got the impact from working and environment. In 2017, Chiang Rai were ranked in
tenth of province that reported patients with toxic effect of pesticides, found
10.82:100,000 population from the report of Bureau of Occupational and
Environmental Diseases, Department of Disease Control which is public health
problem. From the survey in Mool, Tha Kham village, Tha Kham sub-district, Wiang
Kean district, Chiang Rai, found that population in this village are mainly with
agriculturists and having chemical usage in farming, rice and others plant production.
So, the researchers realized the importance of getting the training program on the
safety pesticides usage in agriculturists by training and demonstrations to acquire
knowledge, positive attitudes and practices regarding the safe use of chemical
pesticides, including more aware of the dangers and hazards of chemical pesticides

as well. And farmers can work with chemical pesticides are more safe.

Literature Review

The study of Wimonrat K. and Manop K., 2016 in knowledge, behavior, and
health impacts of pesticide users in the responsible are of Suk Sam Ran health
promoting hospital, Suwankuha district, Nhong Bua Lam Phu found that the level of
education was a significant factor in relation to knowledge and farmers who are risky
behavior in using pesticides include knowledge that is a factor in their relationship.
Together with the study of Jongrungrotsakul, 2015studied effect of participatory
learning program on knowledge and behaviors of famers using pesticides in Nongtong
subdistrict, Hangdong district, Chiang Mai province found that the knowledge and
behavior of using pesticide of the experiment group after receiving the participatory
program was higher than before receiving the program and higher than the control
group.

Study in factors related to self-protection from pesticide use of farmers in Sila
sub-district, Muang District, Khon Kaen found there was a significant relationship

between pesticide self-protection and pesticide level. The village that have been
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trained have more knowledge than other villages that are not trained about use non-
carbamate, the use of chemicals combined with biological substances and they have
higher education than junior high school in study of Wirat S., Pornnapa S. and Sunisa
C., 2013.

The attitude of pesticide usage in farm crops on health effect. The results
indicated that the relationship aspect of physical and mental health effect were high
level, social and spiritual health effect were modulate level that presented in study
of Samart J., 2017.

Moreover, the study of lJittipat S., Thassanee S. and Chitchapa K., 2018
presented that found that the relationship between behavior and protect
themselves from chemical pesticides, including for age and found that behaving
properly, but farmers do sometimes and not do more than 50.0% such as wash with
soap and water immediately after a chemical spill or drip pesticide, read the label on
the body for its impact on health. The most common symptoms are dizziness,
fatisue, sore throat, cough, sore throat, rash and blisters, and the result of the

enzyme blood cholinesterase level with risk(32.8%) and unsafe(4.9%).

Research Questions

How effective of safety training program in pesticides usage among
agriculturists in Moo 1 Tha Kham village, Tha kham sub-district, Wiang Kaen District,
Chaing Rai?

Objectives
1. To evaluate the effectiveness of safety training program in pesticides usage of
agriculturist in Moo 1 Tha Kham village, Tha kham sub-district, Wiang Kaen

District, Chaing Rai province.
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Specific Objectives
1. To provide knowledge and information about pesticide used with
agriculturists
To raise awareness about pesticide safety used with agriculturists
To measure the level of knowledge about pesticide safety used

To measure the level of attitude about pesticide safety used

AR N

To measure the level of practice about pesticide safety used

Research Hypothesis
The effectiveness of safety training program in pesticide usage can change
knowledge, attitude and practice among agriculturists in Mool Tha Kham village, Tha

kham sub-district, Wiang Kaen District, Chaing Rai province.

Research methodology

The research design was a Quasi-experimental One Group Pretest-posttest
study design to compare knowledge, attitude and practice score between before and
after safety training program by questionnaire.
Population and sample

Population was agriculturists in Mool, Tha Kham village, Tha Kham sub-
district, Wiang Kean district, Chiang Rai.

The sample was collected 24voluntary participants of agriculturists in Mool,
Tha Kham village, Tha Kham sub-district, Wiang Kean district, Chiang Rai by purposive
sampling technique. Inclusion criteria were 1) Occupation with agriculturist and having
history of pesticide usage; 2) living in Tha Kham village; 3) age>35 years old; 4) can

read and write

Data Collection

We collected on 11 April 2018. The content of the 4 questionnaire consists
of general characteristics, knowledge examination, attitude and practice
questionnaire about the safety in pesticide usage and screening for cholinesterase

level.
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Partl: General characteristic of participants had 6 items including gender, age,
married status, education, agriculture time and agriculture work and test the
screening blood cholinesterase level with reactive paper (Sensitivity=77.04%,
Specificity=90.01%, PPV=90.38%)

Part2: For knowledge examination, these are 10 close-end questions and 4
choices about read the label and effect of pesticide, pesticide usage, pesticide
keeping, pesticide container, pesticide, control and protective of pesticide usage.
There are 2 scores; correct answer as 1 score and incorrect answer as 0 score and
divided the knowledge level by Bloom, 1956 which percentage of score was more
than 80% as good level, 60% — 79% as moderate level and less than 60% as need
improvement level of knowledge.

Part3: Attitude questionnaire about safety pesticide usage have 12 close-end
questions in rating scale that there are 3 scales including agree, disagree and not
sure. Negative attitude consists of 6 items as criteria for 1, 2 and 3 scores and 6 items
of positive attitude as criteria for 3, 2 and 1 scores, respectively. Based on Best, 1981
for determine the attitude level including high attitude level as 29 - 30 scores,
moderate level as 21 - 28 scores and low level as 12 - 20 score.

Partd: Practice questionnaire consists of behavior before pesticide usage,
during pesticide usage and after pesticide usage with total 20 close-end questions.
We divided into 3 level including always(4-6 times/week), sometime(1-3 times/week)
and never. The practice level based on Best, 1981 which divided into 3 level; high
level (48 - 60 scores), moderate level (34 — 47 scores) and low level (20 — 33 scores).

Meanwhile, the safety training program conducted about five hours with
power point presentation and demonstration. The topics of 3 sessions consist of 1)
pesticide problem and pesticide usage, 2) classification of pesticide hazard, impact of
pesticide on health and the environment, 3) types of pesticide and guideline for the

use of pesticides.

Statistical analysis
Descriptive statistics were used to describe frequency, mean, standard

deviation, percentage for general characteristics, knowledge, attitude and practice
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level. Continuous data were tested for normal distribution using Skewness and
Kurtosis. Inferential statistic were used to compare the knowledge score, attitude
score and practice score between before (pretest score) and after (posttest score)

training program

Conceptual Framework

Independent variables

Safety Training Program in Pesticides

Individual Characteristic

Usage among agriculturists

*  Gender )
Dependent variables
*  Age
. Status Level of KAP befm:e .and after
intervention of Pesticides usage

. .
Education level among agriculturists

Agriculture work

Pesticide exposure period
Cholinesterase Level

Figure 1 Conceptual Framework

Result

General characteristics

General characteristics of the participants are summarized in Table 1. Over
half of the participants were female (66.7%). The participant’s age was in the range
of 35 to 65 years. The mean (+SD) age was 50.3 (£7.7) years. The majority of
participants had married(95.8%), graduates primary school (66.7%) and more than 10
years (83.3%) for agriculture time. The rank of agriculture work were firstly with rice

(83.3%) and rubber (75.0%).

Screening blood cholinesterase level of participants
We found that the most were unsafe level, at risk, safe and normal level

about 41.7%, 29.2%, 25.0% and 4.2% of participants,, respectively. [Table 2]

Knowledge about safety pesticide usage
The most of participants were at need improvement level as 50.0%,
moderate level as 41.7% and good level as 8.3% of before training program and

changed into need improvement level as 16.7%, moderate level as 62.5% and good
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level 20.8% .[Table3] When compare between before and after training program,
follow by Tabled found knowledge score of pre-test and post-test was

difference(<0.001) with statistically significant level at 0.05.

Tablel Number and percentage of general characteristic of participants (n=24).

General
n Percentage General characteristics n Percentage
characteristics
Gender Education
Male 8 33.33 Primary school 16 66.7
Female 16 66.7 Junior high school 3 12.5
Age Group Senior high school 5 20.8
35 - 39 years 3 12.5 Agriculture time
45 - 49 years 9 37.5 < 10 years a4 16.7
50 - 54 years 6 25.0 > 10 years 20 83.3
55 - 59 years 3 12.5 Agriculture work
60 — 64 years 2 8.3 Rubber 18 75.0
65 - 69 years 1 4.2 Corn 15 62.5
Mean+S.D.(Max-Min) 50.33+7.77(35-65) Pomelo 6 25.0
Status Longan 12 50.0
Married 23 95.8 Rice 20 83.3

Divorce 1 4.2 String bean 7 29.2
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Table2 The screening of blood cholinesterase level among agriculturist participants.

Cholinesterase level n Percentage
Normal 1 4.2
Safe 6 25.0
Risk 7 29.2
Unsafe 10 a1.7

Attitude about safety pesticide usage

The most of participants were at moderate level as 70.8% and high level as
29.2% of before training program and still at moderate level as 83.3% and high level
16.7%. [Table3] When compare between before and after training program, follow by
Tabled found attitude score of pre-test and post-test was not difference with
statistically significant level at 0.05.

Practice about safety pesticide usage

The most of participants were at high level as 58.3%, moderate level as 4.2%
and low level as 4.2% of before training program and still at high level as 58.3% but
had change in moderate level from 4.2% of before training program to 37.5% after
training program. Table3 When compare between before and after training program,
follow by Tabled found practice score of pre-test and post-test was difference with

statistically significant level at 0.05.

Table3 Number and percentage of knowledge level, attitude level and practice level

between before and after training program.

Before After
Variables
n (%) n (%)
Knowledge
Good 2 (8.3) 5(20.8)
Moderate 10 (41.7) 15 (62.5)

Need improvement 12 (50.0) 4(16.7)




mMsuszrivIMiauenanuIdeseauIf
3 i 5 Tl 3 1 3 3 :j‘ 7 y ool gj 7
wsevetudindne wninedesudgnamile afsh 18 uazaU19idy AN 4

Before After
Variables
n (%) n (%)
Attitude
High 7(29.2) 4(16.7)
Moderate 17(70.8) 20 (83.3)
Practice
High 14 (58.3) 14 (58.3)
Moderate 5(4.2) 9 (37.5)
Low 5(4.2) 1(4.2)

Tabled4 The comparison of knowledge, attitude and practice score between before

and after training program

Variables n Median IQR P-value

Knowledge
Before 24 55 3.25, 6.75 <0.001*
After 24 7.0 6, 7

Attitude
Before 24 27.0 24, 30 0.112
After 24 25.0 56, 59.75

Practice
Before 24 56.0 50.5, 57.75 0.001*
After 24 57.0 56, 59.75

Discussion

» Consistent with findings of effectiveness of education program on behavioral
protection from the use of chemical pesticides for farmers in Phetchabun
province (Laddasri Thaijongrak, 2015), which showed that the mean score
after intervention was higher than before intervention about knowledge and

practices concerning the prevention of the pesticides using for farmers.
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» Consistent with the effective of participatory learning program on knowledge
and the use of chemical pesticides for farmers in Nongtong Sub-district,
Chiang Mai (Jongrungrojsakan, 2016), which found that intervention group had
the mean score after intervention higher than before intervention of
knowledge about pesticide usage. Obviously, farmers can remember and
understood until effect to raise knowledge level and practice about hazard
protection of pesticide used be better.

> Not consistent with study of Thavee Lunlach, 2014, page 68-70 studied found
that the attitude before development process was moderate level and after
development process was moderate level which the statistically significant

level increased at 0.05.

Conclusion
This can be concluded that the effectiveness of safety training program in
pesticides usage was positive changes of knowledge and practice for pesticide usage

among agriculturists in Moo 1 Tha Kham village.

Limitation of the study
1. Participants were not randomized into intervention groups. This sampling
can be biased.
2. No control group, the other village was chosen as a control group.
3. Secondly, the intervention period was short. Therefore, the impact and
sustainability of the program could not be assessed. Thus, long-term

assessment is essential for further study.

Recommendation
1. Should be a study of the effectiveness of the training program on the safe
use of chemical pesticides, such as the satisfaction of the community
leaders, representatives of the organization, stakeholders and related

parties, etc.
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2. Should be study factors related to knowledge, attitude and practices of
farmers about the safe use of chemical pesticides in daily life

3. Should be study about the design of the training program on the safe use
of chemical pesticides that appropriate with farmers or other occupational

groups, long term intervention to evaluate the effective and follow up.
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Abstract

Water quality improvement is very crucial in ornamental fish nursing ponds.
Ammonia from fish waste in pond water is danger to fish. This studies aimed to
investigate the effects of crude extract from tea leaves on the reduction of the
ammonia content. Crude extract was prepared by soaking tea leaves and survival
rate of ornamental fish larvae infancy stage in water which was added by crude
extracts from Assam Tea leaves. From the study of the effects of crude extract from
tea leaves equivalent to tannin 0, 3.5, 7, 21, and 56 mg/l in ammonia solution 1
mg/l. The results showed that All treatment of crude extracts from Assam Tea leaves
reduce ammonia solution 56 mg/l and the concentration of tanin was high efficiency
to reduced ammonia concentration which reacted to tannin in the ratio of 0.0062
me/l per 1 mg/l. When study the survival rate of ornamental fish in the water added
by crude extracts from Assam Tea leaves that has tannin on the concentration of 3.5
mg/l comparied with the control (Assam Tea leaves did not added) , The effect of
tea leaves extraction on ornamental fish culture was conducted in aquarium. The
result revealed that extraction of tea leaves could reduce ammonia concentration
and could increase fish survival rate.

Keywords: Assam Tea leaves, Tannin, Ammonia, Fish Culture.
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Flrdnidninnnuasen waventdmanonsasaiulald annismeassiianii
nsldunuiuanududu 3.5 mgl deanfindlunsifissuatndu anunsaeuny
woalndleluile Tnevhnsutsnsnaaendu 2 yansmaaes 4 ag 3 91 ldud Ees
vanwuuliinansatnneiuanluyides (5ﬂﬂizﬂw)1ué’ﬁ 2, 4, 6 uazdeaaIuuy
nansadavervanluriflesdiflunuiunnududu 35 met Tudi 1, 3, 5 lae
wisaanan$ul dviin 5-8 ¢ e Faed1iaem 7-9 leufuns udesluduan 6 ¢

£

q Ay 5 i Taviavn 30 i wisuthidssanlnedinisstiaduguai 6 dias
15 | sioduooniauuaininly 24 Halus udrudesuanasluguan dax 5 i finuan
14 12 d2lus Aowfnansatavervainlurides Wsumiunuiuaududu 3.5
mg/l aﬂug’fﬁ 1, 3,5 ﬁfmi’m’;uﬂmﬁiam%ﬁmiuLwiazm'ml,%’m%’unﬂ 24 Flug 1Hu
nan 1 1fing dudmnulaiseadisluusazmnuidutu duufesaznisegsen
Ya3uan
2.2 AnviBinauvssueuludefifatuludidssatasey

WUINISNIAGBY 2 YANITNARDY 9 ag 3 41 lun @osauuulsiifuansain
speruanluridiss thuseon) Wi 2, 4, 6 uasissauuuiivansataneuainly

gudeanfiunuduanududuy 3.5 me/d lughn 1, 3, 5 ivfmegraindeslamn 24
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) & A ¢ & ] o 8 o | | o
‘(j’ﬂllﬂ Wulan 1 iae LﬂUIWEJﬂqﬁLLGULLSUQ ﬂauuquqm?aﬁﬂﬂLLWa%ﬁﬂﬂ'TiVlﬂaaq "L‘LJ'J@

! a a N o =
ﬂqﬂﬂﬂauu’aﬂ 'Vi']ﬂim']mLL@ﬂJIﬂJLUEJ@QLEUu AN 1.2.2

NAN15IY
nsnaaasdi 1 AnwnavesansatavieruanluvidlssienisanuSunaseuluie
1.1 Mmelwszdvinnaunuivluasatanenvanluedies
wamsi’mm@mnﬁul,t,awaamﬁasmaﬂsmLmuﬁﬂmmgmﬁmmvﬁwﬁu 0, 6.25, 12.5,
25, 50 uaz 100 mg/l lfpanduuasit 0.002, 0.069, 0.110, 0.218, 0.414 uay 0.857

pudey (ms1e 1) daflallaiadunsminasgiuvesansazatensaunuiea

M1319 1 AYANTULANYBIANTAZANENTAUNUTANNATIIUAAMTNTUR9Y

AMudutunsALULn me/l AIANGULLES
0.00 0.002
6.25 0.069
12.5 0.110
25.0 0.218
50.0 0.414
100 0.857

HansinFgAnAuLatues ansadane1uainluyleddedans 100, 200 kag 400 L

lé’m@jmﬂﬁuuaqﬁ 0.157, 0.298 wag 0.563 Auafu (115192)

M13192 ARANGULANYRIETANAYEIUAINTUYNIEATDIN 100, 200 Wag 400 i

ansafnrerunlur e ARANTLULEN
1309719 100 i1 0.157
1399719 200 i1 0.298
139919 400 i1 0.563

WAflauieuiunsNInsgIuTesaIsazatenIaLuba (AN 1) WUl a1sana
ne1uNIUT g USHLnUTEUANLINTY 7,600, 7,000 Lag 6600 me/l mua1au tay

donAanuduTuilnalfesaeisfeanududy 7,000 meg/! Tolun1snaassroly
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005 NIMNINTFIUVBIETAZANENTALNUTA

0.9 |
085 = 0.0085x + 0.0059 9
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07
0.65
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0.4 e
0.35
03
0.25
02 -~
0.15

01 g

0.05 +—
0 T
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#1988a1UNIAULNUUANINITZIUAIULTUTVUANE)
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ANRANAULAS

AN 1 ﬂstmmgmmmafﬁazmammLmuﬁﬂ

1.2 wavasansafaneruanlurdfissfinnududusinge donmsaauiunauaulade

NnmsEnyINansiasatnrerunludesiiumuduanudidu 0, 3.5, 7, 21
waz 56 me/l asluansavareweuludonnnududu 1 mg/l ihluinApandunasiugiua
30, 60, uaz 180 unil nuiryaMIAAssTiANasatavetuaInturLeefiiunuiunm
WutY 3.5, 7, 21 wag 56 mg/L Tlunnyanisnaaewibivsunauesluilvanas newieuiuye
nsnmassitlillipuansatnnevanluridlos (Rudndw) Sanasein 1 me/d wde 0.83
me/l fisveziian 30 Wil

Taglugansnaassifansatavetvainlurudlesiifiunuiu 56 me/l amnsnan
woslaieldfign Usinauenluifivanasmde 0.36 meg/l fiszezinan 180 Uil sesasnfie
yansnaassiinansafeuanluruisusiumdy 21 me/l fusinaueuluifuanas
Wae 0.63 mg/l fiszaziaan 180 unil yansvmaesiiAnasataveuanlur e Ui
u 7 mg/l fsmnamenludvanasmdo 0.71 mg/l fiszoziian 180 Wil yanIsvAAe LAY
ansafaneruanlurifieuwiunuiy 3.5 med fusuauesludoanasnde 0.70 me/L 7
szeziIAn 180 WF muddy annsvnassmui Tugenisvaassiiinansadaveuainly
yudlpsiifunuiuluaududuiigedy Viinawenludefianas minnsinuraananiion
wouluieldffian Aosveznan 180  unil Falawlndifssiuiuszesnaisesasnie

JzEEiIan 30 Wil daussezial 60 wil aslvsunauenlunloiingauantos
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A199 3 NavesaEnsanane 1uIn U ILlesNALdNTUR19Y son1sanusuiaeuludly

1193374 1 mg/l

wnuduluansanaveuantu AedsweUluleNanas
W me/l mg/L
0.0 0.86
3.5 0.74
7.0 0.71
21 0.67
56 0.41
Navasansananeuanlusananluie
1.2
== 11NAU
1
_ H pRp a
> s M —t —o— 1 U Afunuiiu
=2 3 A 3.5 mg/l
-2 —t y e -
”Té 0.6 Y lumAdiunuiu
:é \/\ 7 mg/l
g 0.4 \ o '
s == 1Nl U TR NUTU
0.2 21 mg/l
=1 lumiitunuiiy
0
0 30 60 90 120 150 180 210 56 mg/t
SyeLLIan (W19)

AN 2 HavesaTananeIuNTUB LI IANLITNTUAY AantTanutenliLily

UsgAvdammesansatnnenuanluriflesienisanuiinauenlundeinnsgiu an
nansvaaesansataneunturssiieududuinge annseanUinauenludsld §e
Tuusiazganismaassmuiiivunauesludefianas ieeusunauenludoiuynnns
naaeafilildifuasatanervaniurudes (Hudindu) fedusuauenlais 0.86 me/t
nnmsiSsuiiisunui Tugansaassitinansatameruanlurifleaiiflunuiu 56 mg/l

fusgansamlunsanwenlufiglenuiniign Wneauisaviujisendusenlantels 0.43 N-
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ppm saqaqmﬁasqmmimaaqﬁ@ua'ﬁaﬁwmumﬂsl‘usn'lLﬁmﬁﬁLmuﬁu 21 mg/l @150
UfAsefunesludeld 0.19 me/l yanisvmassiliiuansatavetvanluvflesdislunudu 7
mg/\ anunsaiufisenduienlutels 0.15 me/l LLazsqmmimamﬁLammsaﬁ’@mmumﬂiv
yudleafifiunudu 3.5 me/l ansavihufitendunenlindeld 0.12 me/l muddu (115194)

wazillawSeuiieuiuyamuay wuiirkedlalledanuuansimieaia (P<0.05)

A1519 4 UszansSamvasknuiduluansanavevuaintuslealunsaukeuluie

LLWuﬁuﬂLuﬂWiﬁﬁlﬁ‘lﬁB’WUﬁﬂﬂi‘U“U'] LL@MI@JLﬁUﬁaﬂaQ
e mg/| mg/L
3.5 0.12
7.0 0.15
21 0.19
56 0.45

MNsUsEANSANYea1sananeuaIntusileeranisantauluile Taedasien
nUsasenludenanasluusaranudutuvewnuiy WafisuiugnaAuAunuI wnu

Huanansadaveivanluvridles 1 mg/l Tussansamlunisiufisendusenlutleludng

0.0062 mg/L
UszAnSamvesarsaianeulunisinuisendu
0.5
< y=0.0062x + 0:0911 4 g as
S
S oa R? = 019795
(™
(S
(=
&
vg /
z 03 —— U
S / waul e iivin
2 ., e .
= 47019 UnseInuunu
g il u
& .12
€ 0.1
%
qu
>
0
0 7 14 21 28 35_ 42_49 56 63
asanaveuIInlurduvuiiy me/l

A 3 Ysgansnmeesnuiivluansadanervanluyidedunmsyiujiserduienluiy
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Msnaaadd 2 WsRnwravesEnsafavenuanluriissenisidssatais

2.1 $nsnnssenvasUanareay TuiiAuansasavervanluridies
NNNSANEIEAIINNSIERvRUatA T sswuUldfuansadaneuanlur e

(s wasnuuinasataeuanlurdssidunuiueududu 3.5 me/l wuiins

Ao duuuliifvansafanenuanlurides (hussun) Sensimssenluiuil 1-3 See

av 100 wasilsnsinissenanasion 9 Tufudl 4-7 Aedeway 93.33, 86.66, 80, uar 73.33

ALY NaTINMsEaAsILUURNaNsaRaeuanlurflssitiunu iy gy

3.5 mg/l WUNTBRTINITIOALUTUN 1-5 Sowaz 100 LazldnsIn1Tenanadsos  Tuiud

6-7 AB3DUAY 86.66 LAY 80 AUANU (NN 4)

110 ®n31M3IanvasUarnsWluiduasananeuanlus i

100 160
pL 93.33
G
s 90 8 86.66
@
80 8
=
=70 7333
((g | a o
& 60 \Q%—ee,—o-lummmsaﬂwmu
s 53 ¥
g 50 (Wuszdn)
S 40
@
£ 30
= 20
&
@

o

10

o 1 2 3 4 5 .6 7 8 9 10
UIUTU Ndwelan

AN 4 9nTIN1TTenTesUataisay TulhilAuaisadaneruaintugiiley NTsezlIainige

v
=

2.2 AnwUBinamewenludefifatuluiidewanaieny

MnmsfnuUiinavsuenTudeiistunnindesaaiv lasganimaaesi 1
Apsuuulsifuansadaneuanlusdes huseun) YANITNARBIT 2 Apsuunifisansarn
wenuanturdlesiieuwiunuiu 3.5 me/l wuhmsassUauuuliifsansatareruannly
yufies (useU) fsmamenlndesaaluiuil 1 Ao 0.26 me/l uasiiengeanluiuil 3 Ao
0.53 mg/l Ineilnadsvouenludefintuluiudl 1-7 Wi 0.32 me/l Feiiu3unay

wenluiledaduiivseuaigenit dunanisideslauuivaisadaneivaintuyiiieand

a1

wnufiuaududy 3.5 me/l NiUTIawenlidefanluiun 1 fie 0.23 mg/l uazilAasan

q
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Tuwiud 5 Av 0.41 my/l lnsilaadevesuenlindeifietuluiui 1-7 wirdu 0.27 mg/L (AW
5) gaflvSunaueulullotosndt wazllowSeuiguiugaaiual wudiAweuluieiniy

LANANYNSADRA (P<0.05)

USuamauluiisludiaesuan
0.6
‘_ 0.53
G
£ 45 A
Z / \
ang | a 9
“% 04 04t —o—LiilAnansann
‘E’ PYIUIINLUTN
£ : 0.34 4w
2 0.3 032 Wes@husedn)
= >~ 026 e LANATANANYIU
=2 ’ A da
= 0.2 Anlurilesnil
2 813 unuily 3.5 mg/l
= 0.1
qu°
]
0
0 1 2 3 4 5 6 7 8
uuTuNGagalan

A 5 UsunaweululeiAnduludideslainsn Aszeziiaisiigg
MnNanIsaaesnuIUTuaLeNluleiinuduiusiusnsinisseaveslal Taglu
gansnaaesiliivasataervanlurnleseilszd) ssivsunasenludeniduiiv

wde 0.32 me/l demalvidldninnissensoegay 73 Walllwuiuyanisnaassiiatansaiaveu

a

nlurdlesitiunuiuanududy 3.5 mg/l agilusunamenluileonduiviaioias 0.27

mg/l LazildnIN155eMETU Souay 80 (MW 6 UaAMN 7)
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Ginameuluilefiintuainnisidssanin

0.33
0.32
0.31 -
0.3
0.29 -
0.28 -
0.27 -
0.26 -
0.25 -
0.24

0.32

i Aedoueuluiily me/l

USunauwenladle mg/l

ﬁﬁ 24,6 (EuszUn) ﬁﬁ 13,5 GRuthluwn)

A 6 AnagvadwanludgluinMfuansanaretuantus e

o s % da o =
aﬂiﬁnﬂiiaﬂ%aﬂﬂaﬁﬂﬁmuu'mLﬁuﬁﬂiﬁnﬂ%ﬂﬁUmﬂU‘lﬂmm
82

80

PRIIGH

78

1%

Jan

76
74

i Aade

BRINNIITDAVDY

1Y

70 -

68 -

7 24,6 (UszUY) g7 1,3,5 (Fsiilua)

AN 7 9R51NN5TEARIUANE89U TuLRNaNSANAreNUANN UL

dsduavanusnena
nsaruaurun i duladeddglunsidesaratsnulasaniznisanalsie
= H = Y 8 a Y v N A 1Y) o § w 1%
wonlufleluin Wesandhdanududuwenludefiseduasenavinlilaiaield a1n

nsAnwasainudt arsadanervanntuylleslunnainududuaiunsaanaisavany
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wolutileld wazarsneruanluridesiseAuaTuduYnULdl 56 mg/l @u13nan
wenluilelafnign Weweusuiuganiuny denndesiun1svnasived (eRfnG afsetl,
2559, u. 42-43) laaguiansadawnuiuanuininluriaunsoandsuauelulalavily

1130 wardnses Mduuilinszunuiuluduiunenluiedasy wazansuriuasumngsly

(% ¥ '
o o

W1 Mlvluanadvwinivgau wisnhlvinnaznaugdideddns uiauuudsdatu aun (qie
Soil WesAuf, 2551) LardonARBINUNANTTIAY (Yol dundewa, 2554) wuinianiey
WiRevesivnilvsinauednuaziinewnudunuiiugelinuaudilunisanazneulusiu uaz
AUl (Mahanato et al, 1982, pp. 959-978) l@@nwimuinasaiaunududuasusznay
° = Ao a @ o = YY) A | a
vnilueaninylonsenda  Wudrwiunin Fsansaluduivluanadus wu TUsiuy
wnna aduansusznaudadouindudeunnazneusenuly auauditansaldluns
anaznaulusiuld Fahluldlunisanmznouinluveds vystan viliuiasenn aanemdadu
UNNNUNEITTINYIRABAATDITU (FU101 F1I599ENUI, 2558)
LazN1sAnwIUsEANEAnveansaiave1y densaawauluiile laedasnenain
Ysuawanlufenmeldluwdazanududurssunuiuiiaifiguiuganiuay wuln
welanflevvngly gnyiuisenmeunuiiulugnst 0.0062 mg/L sio 1 mg/l kagAadudy
v IS % (% Y a < r-:ll A e a I !
Yasansanianeu danuduiusiuliunawenludenanas WeAnwiUsuaweuluiese

an51NssenvaIUaasnulagfualsanaretuanlusleandwnudulalamnuugy 3.5

mg/l Wiguiiguiuyaliiivansaiavetvainluyiies nulgandisansadaveiuainiuyn

q

[ '
= IS

A A a = =1 o = Y =
deadivsinawenluileluiidesaanauasiidninissengudieifiguiugamuay 191u
a  a v o a § a & a =2 L2 4 a oo
nAaed (H7al nisle uwagfingaus WuWLa, 2557, w. 7-10) AnwiAududurounuiiui
IanUanngnenen3eanila ( LCso) AU 296 mg/l wagauiduduiininudasnseie
Wiy 29.6 mg/L usinnnisnasesasiysauenludediautntuligann dsaadinis
Tdunuiiumnudutu 3.5 mg/l sieaniindlunisidesuains aunsaatuauweanluiyluin
¢ gaduarududunvasndeuazlidmadanmuaini msizganududuwnuduiuinnid
35 mg/l agludwmansznumen pH vlsiAn pH 28sinanased1esins vldniduia
AULATYEA WazDIdINasanITIaTYLAUlale LaznaniTnaeldidonndany
(Suwanpakdee et al, 2016, pp. 11-13) &e51897U@TaAALNLILIINNITULNNIT
U3 0.1 me/l anunsaanuenluieludidmedadled Weswindagtuiinisviswnuiuly
sURan19an1sAn tieldluniseivaulsaludniundstuisanunsaldunuiiuuuunaly

o o vy P < @ a - a Y =
gaaunssudniiile wdegrelsinunisussendldunuiuainiiywiinduazieadinsfnw

Useansnmeald
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AnAnIIuUITENA
YouaUAnANEINALlUlagNTUTELMAENTNEIN TN W Inendeualld uazeud
UURNITeasTInewasaueIneImans uininendedissinl Ndsioao uinaass
& IS = IS W X a v o aw av o &
iwseelle wdwEsalng q Nldlun1side naenszuzialun1sinidy aunuidednse
ganmuingusvasd
YavauAM LssssuayuIanua1as dnamautadivanuesdiass Natvayu 1

Tonalunisldinavinide auaidedisaganeinef
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Determination of Gallic Acid in Herb by Square Wave Voltammetry
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UNANED

nsinuUiAseeendinduresnsaunadalaeldinlifiunaadnsuoududald
vhaou Ifnessunudnvarsomedalsadnhauwsnuninuujizeeendindundndlin
0.45 V uag 0.70 V Tuansazanedidninslaseamntvives (pH 7.0) msamiaiansaunaan
Tuszuuiifautulaedonldinadaauai-n aunuund wutwesnuduiusiiu
Hunssegil vhmsieneildtimesnuduiusiidudunsiegsening 0.1 - 0.48 mM uaz
0.48 - 0.83 mM wasfuvtisvesdnglniieandiatu 0.45 v uagiimumisdnglud 0.70 v
Pravpanmduiusidudunsiogi 0.10 - 0.91 mM annsansrainlusednaayulnsass
5]

Adfny: nnwnada wadllnih ayulng

Abstract

The electrochemical oxidation of gallic acid investicated by glassy carbon
electrode. The electrochemical oxidation characterized by cyclic voltammetry. The
results indicated that the electrodes showed excellent electrochemical oxidation
with two oxidation peaks appeared at +0.45 and +0.70 V in pH 7.0 phosphate buffer
solution. The electrochemical analysis developed quantitative analysis by the
square-wave voltammetry technique. The results showed linearity as 0.1 — 0.48 mM
and 0.48 - 0.83 mM at the anodic peak +0.45 V. The linearity of anodic peak at
+0.70 V was 0.10 - 0.91 mM. The development method applied to determine gallic
acid in Herb.

Keywords: Gallic acid, Electrochemistry, Herb
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uni

Hagtuayulnsineduiifoufuorauninarednadaislulssnanazaiasenea
weUszrdldsunsuimaivesayulnsuazdesifaveseunuiagiufuinniy auulng
vanguindsgniunuilaeluguvesemsilivsslovisosameiioliguamsraneondonss
Tusuvesomnsilisgloviisosameiiioliguamsraneondonss uenanidadudiunis
voe15nwlsa (Neamsuvan, Komonhiran, & Boonming, 2018) Demiawanduniey
auulwsifielviaganuinisuilnauagldsavanudaninl ﬂa'maamiéfﬂuauuaaaizmuimj
Anuluayulnsliun ansuszneuituedn ualsiiuoes Watlwesduay Inniludieg og1ansa
unadn (Gallic acid) daduasuszneviluednifnuaudidueyyadasyidanuddyiu
$9nevesInTaGu, Zhang, Meng, Xu, & Xie, 2018)

n3AWNaAA (3,4,5-trihydroxylbenzoic acid) flassad1afianing 1 m’jumsﬂssﬂadw

1Y

ﬁﬁuaaﬁﬁmmﬁﬁagmahmm i vl wazlituas WWuansiueyyadasei fidnen NG
411150714 DPPH (Diphenyl-1-picrylhydrazyl) 3sfiuseansaimuinnindaniug n1s@nw
daduldsenuiotuanuasiselunistlosiussuudsyam qmmsmumsa qw%f U
A15onLEU Yasnuiilawasaamann Uaeiusu wartaanussuunauiue1ms (Gu et al,

2018; Zanwar, Badole, Shende, Hegde, & Bodhankar, 2014)

O+~_OH

HO OH
OH

A 1 1AS985719909N5ARNARR

Nnusglovivosayulng uaznsaunadaidegluayulnsilsiidodanualaiioy
Anwimdsuiunsawnadaluayulng nsnsginsaunadnainisadnseilamemnaia
awalnsues (Lu et al, 2011) wazinaiialasunnsnslaussauras (Denderz & Lehotay,
2014; Lin, Lin, Liang, Lin-Shiau, & Juan, 1998) \Jusiu ilesanmediasenandedliaisiad

L4 (%

LazIrezIaIlunIsmseufIeg1uY Usenaudusuulunisingergs anulunuideds

Y
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WanynsiaunIsiaszilagldmadaniwad i Alnsiasizindewasldasiaiites

aunsaUszenansziUsansaunade Tusaegsayulnsla

UIZHIAVIINITINY
iemUsunansawnadatuiivayulnslagldinatinaua-van laaunuwmsmetali

wWNAAAAISUDY

FW/Atun153e

\3esilouavgunsalite iedostluimies (Centrifuge) : B HERMLE Ju Z206A 971
Uszimalgesiu 1A3eawg1ans (Vortex)  iaadlmmudloaunm (Potentiostat) :  3u
PGSTAT204, Netherland LA3osniuansaasusmdnliin (magnetic stirrer) 42lniinvianu
wnaad1suey (dusnaudnate 3 mm ) Flniherdedanes/Faneinaslsd 3 M KC)

wazvhreduauauanada nsindagadiadlii Tasening 2

Electrochemical analyzer —‘
L ]

Glassy carbon

Salt bridge Ag/AgCL

Stainless steel

AN 2 99pUsENaUYaadLAdl biHn

aaadifildlunisneass Gallic acd  uwag Sodium phosphate  dibasic
dodecahydrate (HNaPQO,"12H,0) 21nU3¥" Sigma Sodium phosphate monobasic
dihydrate (H,NaPO,*2H,0) 21nUTEw Fluka dsreanlossu (DI water) WARAINLAZO
Ultrapure water (8We: Adrona ju: Crytal EX 31nUszinadniie)

nswSEaiaegne nsinwassilldmetnaduluvesivsenn (Ocimum basilicum)

waglume (Pandanus odorus) taesiegnsnananlavinisduinuiiegsaindivatiunaes
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gneles Jminfiwalan Tuiun 25 wwieu 2561 Mnduthaviavazen fuinliui

v 1 : < o w 1 y L% a 14 d' y gj U o 1 o v Y
wazdnLduduiany idegaluiuliaziBeamentaslu andudidiedis 1 nsu adase
ansazateneamaduiies (pH 7) Nazaelu 20% laeUsuinsvaseniuea Usuins 2
fiadans Tuadauuunyulvaiumeieses Vortex Wuia 10 wnil arndudilumyuamiesing
\A384 Centrifuge A113L57 4000 seumau? WWuian 10 wdl antuAvdunlaldninin
U3ums vnsaiagndn 2 ase tiuamizdula YsulSunslvinsu 5 fadans wagviinis
ApszRTuRely

a

A159As1zIUSHInsaLnadaN1aall i asataaiameiialendnliaunuiuns
wazmadnaum-tnliaunuwed dewadieiilniirlussuy 3 Sl fannd 2 Tusudsed
Ténsaunadaliuasuinsgiu uasldasaranevoamndviles (pH 7) Arududu 0.1 M 9
azanelu 20% lnguSunsvasenuea Wuasasanedidninsiad anzveanaialeniniy

ALNULUAS A5TATNORTIAWNL 0.05 V/s a5 Tnfvsuasdngliiln -1 vV ie 1V

NAN1599Y
=3 a ¢ a a & & ) & a
PNMsANYINTIATIERnTaLnaaatudianinsladneamaduines (pH 7) Navanslu
20% Lo usameawadalaaanliawnuiwss lasldtrlndwnaadarsuswdudainiiinau

wunaunsainufiseneendndula 2 duwvsesdnglui 0.45 V wag? 0.70 V

10
—0 mM Gallic acid
6 |
R R 0.1 mM Gallic acid
£l
~ 2 1
-+
c
v
5 2 |
(@)
6
10 | | | |
-1.25 -0.75 -0.25 0.25 0.75 1.25

Potential (V)

21w 3 Taunulunnsuaisazatensaknadanaulduty 0.1 mM Tuansazatedaninslad

0.1 M Weaadwinesn pH 7 anaiamediliiiunaadaisusunismaialeadnliaunii

v

A3 NOMIINNTAWNY 0.05 /s
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Tun153A518MT9US U URSITANSALNARANIEMATAALATI I TIawnuLuns 1ae
A5I9IRATNINTFINATIINYIG 0.10 — 1.07 mM lenadsnindl 4 Wiednmugeveenseud
NUBVIAMUALTUS T T U A Un TSI unusdng WA lwdY 0.45 Vv 2 99tfufe 0.1 - 0.48

mM 1ag 0.48 — 0.83 mM wasisuwuuafngluiy 0.70 V ¥uesmudunusniduidunsa

'
ral

2N

Y

waz 6.61 LIa/mm mddiu ansilalunsnsiaingegaegiivasuesmnuduiusidudunss

F33usn Marulunisiesigrivsuiunsawnadaluiiedvayulnsdsdmseilagldaunis

dunsavasdnglihiiinufizeneendndun 0.45 V

0.10 — 0.91 mM fan it 5 gheaullunisasiate 8.24 Lamm 4.11 Ua/mm

—0 mM

9 J4---0.20 mM
-.0.38 mM
7 1—057mm
—0.74 mM

4--091 mM

Current (uA)
(6, ]

1.07 mM

1.23 mM

.« 0.10 MM

0.29 mM

—0.48 mM

—0.65 mM

.. 0.83 mM

--0.99 MM

0.2
Potential (V)

A 4 auAd-1 TauvulunnINYeIENTazaIunIALNaaAANLTLTUAISE) AU Tu

asavarwdianinglad 0.1 M Weaadwinesn pH 7 asradametaliiunaadaisueu

y = 8.2446x + 0.7028

i
l
T

R? = 0.9938

W
Il
1

@

Current (pA)
N \

d
T

0 1 ! I

0 0.1 0.2 0.3

[Gallic acid] (mM)

Current (pA)

N

(@)}

=Y

W

Ty=41112x + 25119

R?z = 0.9931 B

L 1 Il Il

0.4

T T T 1

05 0.6 0.7 0.8
[Gallic acid] (mM)

0.9
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y = 6.6137x + 0.8905 .
< 61 RZ = 0.9906 e
: . .‘-.
e e
v g 1 =
E -
O o

2 1 r

.
C
0 } : i ?
0 0.2 0.4 0.6 0.8 1

[Gallic acid] (mM)

A 5 nswlnananuduiusudunswoinnututurensanaaatunsealniiluansazatedidn
nslad 0.1 M WeamnUWiwesh pH 7 ve4 Linear vudalwiunagdaisveuninnainmemaiaauais-
nawnLRs (A) way (B) nsewanfnelniin 0.43 V wag Q) Afndlud 0.71 v

a & o 1 o a € v
n1saas1giitegeayulng lulusenn wagluime viinisiasiedidig standard
addition TwmAfA @kA-133 TIakNULLATIUNITAATIENANAAININT 6 (A) wag 7 (A) Ya9ty
sy wagluwe auaau Wieihnseuaauad-an awnuluwnsuilaanngvuimasnnsm
F 7Y ‘NI a '3 o L o
wlARININT HaN1TIATIE 6 (B) way 7 (B) veodluluseni warluime aua1nu Auan
ANUTLTURINIALNadals 0.011 way 0.010 mM WerulaUSuuveInTaLnadnAnLTy

1,003 uag 850 mg/Kg wasmngnalulusem wazlume auanau famisien 1

4 1.5
;
= 8.8128x + 0.103
3.5 :r ) 12 1Y
23 4 N dl 2 R2 = 0.9883 .-
- ] I’ \ ,’\ s =1 0.9 ,-’.
= i SN p = 09 + :
EZ'B 4 / \\ Y, E
7] | i N ,’ < (7]
= P _}‘ P ~-7" 3 % 0.6 4
3 \ i O e
15 4 ' 0.3 + 7
A | - B
1 — 0 : | : |
0.1 0.1 0.3 0.5 0.7 0.9 1.1 0 0.04 0.08 0.12 0.16
Potential applied (V) [Gallic acid] (mM)

a6 (A) Thawnuluknsuvesn1snsiaiansawnadaludiagraluluseniuuy Standard addition a) 1Hu
doyauvessiegvansanatulngent lnen1sifnansuinsgiu b) 0.049 mM c) 0.099 mM uag d) 1.4
MM Kag (B) N31MkanAuduRusveInnuTutuvasnsawnadaiuiunsewaliii Tuaisazaedian

nslad 0.1 M Weaadwiwesn pH 7 vutalwiunaadasveuiinmainniowmaiaauais-tanliaunu

)

2]
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w
no
o

, | y=13.173x + 0.1304 .
— q ~ 1
fEE‘: :f:} ol R? = 0.9657 .
c 3 c o
2 g 1 1
- ) ...'
3 2 G 05 4 '
B
1 — o 1 | : |
01 01 03 05 07 09 1.1 0 0.05 0.1 0.15
Potential (V) [Gallic acid] (mM)

A7 (A Taunuluknsuveinisnsiaiansawnadaludiogialumeuu Standard addition a) 1Hu
dyrvasitegarsanalumg 1nensiuaIsuInggIu b) 0.049 mM c) 0.099 mM uaz d) 1.4 mM
waz (B) N9 mkansmnuduiusvesanududuainsawnadaiiuiunsewalniy luansazaredianinslad

0.1 M Woamatiwesn pH 7 vutrlwiunaadasusuiinsainmemaiaawais-nnlaunumns

A1519 1 YSunaunsawnada Tululusenn wazlulume

yilpayulng Usuunsawnaan (me/Kg)
Tulusgmn 1,003
Tuiy 850

a < 4 A [ a ¢ a o
M399 2 Wunsmafesasnsfundurainsiiasginsawnadatuayulng laevin
NsNasINIgIUNIALNadnadluiegivinnsaianuieyarNsAUNAUREN 82-100 A

M13999 2 Faagluyiiiveusule AatuIsn1sieseilsaunsainuUssendiiaTeiniegnd

anulnslaass

M3 2 SogaznsAUNaUYeIRIDE1ayUlng

R ANUDUTUVBINTAUNATA (MM)
yinves — .
. . L. | aswespusudu | SevaznisAundu
TPLERN lusega | ansunsgIunLAy L
TPLERN

0.049 0.058 96
Tulnsgmn 0.011 0.098 0.107 98

0.146 0.137 86

0.049 0.06 100
Tune 0.010

0.098 0.091 82
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dsduazaiusnena

MnuaMIENUIIMInTTIansaunadedemaiamaaidinil lefidlniunag
aansuemdutaludiwiney annsaiauiitereendinduld 2 dumisidndlui 0.45 uas
0.70 V shmsiasgilstisuesnuduiudiiiudunsiogszning 0.10 - 0.48 mM uay
0.48 - 0.83 mM washuvsvasdndlwiloondiatu 0.45 v uazfisumisdnglylin 0.70 v
PravesnnudiiusTidudunssegil 0.10 - 0.91 mM nuisrUUMTIATIaBNTaRTIa TR
Tudageayulnsasle Tnenunsawnadndl 1,003 me/Ke waz 850 mg/Kg ieviinis
ATIIFRUANINYNFBITRINTIATEiNUFosazAsAUNEUYBINTALNAGADET 82-100 Feat)

Tutsveanseausule

Jalauauue

1nmsifeannaiinUsssndinsedldlusegsayulnsléate fafuisnas
Uszendldluayulnsdus sely wardsfimsianndoasimunliiinaunsansainldd
arudutusnitlumsiseiifoanunsaihluvssendliesgialusedeiifinnuduiuses

nIaunadAsiale

AnAnssuUsTNA
n1533eilasunuatiuayuaINIuUsEIIUWNLAY 3%, U 61 Y90 UAMAIYIIVLAL
ANgINgIeansuazmalulad wazaudIngimans W IngdesvAiyaaensIN Nvnns

o A o« a v
advayuasesilo uavaUnsallun1ide
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