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Krajood is economically important to the community in the south of Thailand. It is used
to produce various agricultural products such as woven bags, biodegradable straws, and
glutinous rice baskets. This is wasteful for the environment. This research aims to produce paper
from Krajood waste mixed with office waste paper for the development of community product
by using a chemical pulping method. One the proper paper making formula was obtained, the
properties of the paper were tested, these include the morphological structure of the paper,
standard weight of paper, paper thickness, paper strength, water absorption of paper, and
inflation in the thickness of the paper. The results showed that the best formulation for paper
production, was sample 3 (S3). It exhibits a suitable morphological structure and strength for
use in paper production. The standard weight of paper is 334.12 gram. The density of paper is
283.15 kg/m3. Tensile strength is 8.18 N. Water absorption of paper is 416.70% and paper
thickness swell at 98.55%. The paper product can be developed into handicrafts and packaging

of local products that are environmentally friendly.

Keywords: Krajood, Waste paper from the office, Community products
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Abstract

The purpose of this study was to compare students’ learning achievement in
mathematics Secondary 2 students who were taught through CIPPA and the traditional teaching
method. The subject were 34 Secondary 2 students of Darulfurgan school, Narathiwat in the
second semester of 2020 academic year obtained from Cluster random sampling for 2
classrooms and was used to separate students into 2 groups of one control group and one
experimental group. The experimental group was taught through CIPPA method while the
control group was taught through traditional teaching method. It took 6 hours to learn. The
research instruments were learning management plans for the instruction by using CIPPA
method on quadratic equations and a learning achievement test on quadratic equations. The
data were analyzed by using Independent sample t-test and growth score. The findings were as
follows: the mathematics learning achievement of Secondary 2 students who were taught
through CIPPA method on quadratic equations was higher than students who were taught
through traditional teaching method at the .01 level of significance and students who were
taught through CIPPA Model was a high growth rate. When considering the content of quadratic
equations for each item, the findings were as follows; students can apply their knowledge to
solve mathematical problems by factors, completing the square and by using formulas because
students can interpret and connect the relationship given by the problem to the question that

can be asked.

Keywords: CIPPA method, Learning Achievement, Quadratic Equations, Growth Score
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Diversity of Larvae of Mayflies, Stoneflies and Caddisflies
(Order Ephemeroptera, Plecoptera and Trichoptera) in
Sritaksin and Bale Waterfalls, Hala-Bala Wildlife Sanctuary,
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Abstract

The objective of this research was to study the diversity of larvae of mayflies:
Ephemeroptera, stoneflies: Plecoptera and caddisflies: Trichoptera (EPT group) in Sritaksin and
Bale Waterfalls, Hala-Bala Wildlife Sanctuary, Narathiwat Province. Field samplings were
collected during June to September 2019 and February to June 2020. Samples were collected
using a D-frame net and hand picking. Some physico-chemical parameters of water quality:
water temperature, stream depth and width, velocity, total dissolved solid, electrical
conductivity, dissolved oxygen and pH were also measured using water quality equipments. Six
thousand, eight hundred and twenty-seven larvae were found. Twenty-four families and forty-
three genera were identified. Trichoptera was the most diverse taxa including 29 genera 17
families (67.44%) followed by Ephemeroptera 8 genera 4 families (18.60%) and Plecoptera 6
genera 3 families (13.96%), respectively. Diversity of EPT was found in Bale Waterfall more than
in Sritaksin Waterfall (38 and 36 genera), respectively. The results of this study also showed that
Hydropsychidae (caddisflies) was the most diverse taxa including 7 genera which Hydropsyche
was the most abundant with 1,666 individuals. Hydropsyche and Chimarra were common and
widespread taxa, found at all sites and in every month of study duration. On the contrary,
Hydroptila (Hydroptilidae) was narrowly distributed only in Bale Waterfall. The physico-chemical
parameters of water quality including pH, dissolved oxygen, electrical conductivity, total
dissolved solid, water temperature and stream width were significantly different between

sampling sites (P<0.05). The cluster analysis could categorize the sampling sites into 4 groups
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and the results of canonical correspondence analysis (CCA) showed that the physico-chemical

parameters were correlated with the distribution of EPT larvae.

Key word: EPT larvae, headwater stream, protected area
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Haulafnuiuasingy EPT Tusnudu q lueunaasely
TUITEIAYRINITIY

1. I BAN¥IAINUNAINTAYVDIFIDDULLAITULY LuaNIEAY wazuuasuaulasnuily
WRNASTINBoukaznnuILae Wwasnwiiugdaidngnal-uia
2. indAnwnUSeuieutaden1an1ennLaztAduI9UITENSURIUNTEUINNEDUNANE Ay

ANUFUNUGHRNIINTELAIVBIUNAIUINGY EPT
3BAluN153Y

Fudegefideunnatiingy EPT  sewiiafeufiguisufisfusisu wa. 2562 uay
nuAUSAsfiguIBy w.a. 2563 $1uru 8 afa iHuseesiian 8 ou 9nthena3vindn Afe 05° 47
45.3" N, 101° 45' 55.9" E ﬁmmqﬂmﬂizé’ufﬁma 293 was (il 1) Tudsstinouturuinlnguay
UIANANIIILIUINN AEneuiuTiosiningn wasdnyneunsarauvenaululiiunnidesaniduldineg
Uﬂﬂqu%mﬁﬁﬁmmzﬁﬁuﬁi@aiaULﬂuﬂﬂ LavinenUaE AR 05° 53' 00.4" N, 101° 49' 21.6" E Ay
aensEAUtmeE 80 s fiuvisdndnnfunn vee Vinadssifeufivauianans wazfou
Fuvualng dngneunsavauvenmdluliidnies vinasuilvnunilsvesdssusngsessesnisld
UselesinnAanssuesayed iudogausaniingu EPT tngldaiaiangusad (D-frame net) auiam
119 450 lulasiumsuagifiugaeiio (hand picking) linsaunquitufiuvasededos Tnsiiuaniday 20
& Annenmegveananiavluldiaznznaufiu uaisnwanimmewsanegoanuilutuiosas 95
aTaenanwalaefiasuINdnwMEdNgIIMeIMBUenaUvaNeUNSHIsIRsTEAUaNa Tdailelunis
N LAwA Sangpradub & Boonsoong (2006); Yule & Sen (2004); Morse Lian & Lixin (1994);

Holzenthal, Blahnik, Prather & Kjer (2007) wazdardasenismenmuaziaiives (Physico-
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chemical parameters) laun auEansvuann Tadeiiesiietanisinavestin (flow meter) iqlu
flowach FP111 qamgﬁﬁw ArrAdunsa-Ang (pH) Usunaeandiaufiazanein (dissolved oxygen:
DO) Usinasweudsfiazaneriniiun (total dissolved solid: TDS) wagan1silwinwesi (electrical
conductivity: EC) Snsheindes Portable multi-parameter meter iq'u BENTE 900P A111n313LagA1Y
ANVBIAIG1TINAIUATULLAT

ASAATITHHANIEDR AnwIdvTiANuRaINaneaas Shannon-Wiener’s index (H’) wag sl

1%

AMUALLELD (Evenness indices) IAS1EiAINULANANYDITAININIUATNLALLATUINUTENIT VDU

o w

sywisanfifidnuluwdasifiou Tngldnsmeaeu ttest fisgduanuunnansiuegedifoddymsadai
50U 0.05 (P<0.05) Tagldlusunss SPSS uagnsiasizivaigdakus (multivariate analysis) 909udiu
an1fl (ordination) 91ndeyarlinuagaugnyuuosunastings EPT (EPT assemblages) 31As1e¥
mnuduiusresiadomanieninuaziiiunsUsenmsvestingaeds canonical correspondence analysis

(CCA) myinsendeyameatavaieduusingldlusunsy PC-ORD version 5.10

ansu )

@ neitnga (
aT30°N 54730
007515 3 45 6
caror 5aq N
abada U N Glometers
" \ 1:1,000,000 |

a a aa & U ' LR H ! S N v a H
AN 1 LA UNLLEANENTUNLNUATIDYNAIBBULNEIUINGN EPT TudnnesvinBaazsinnnuiay

lwasnwITUgERIUIeIa-u1aT FJmiussa
NAN1539Y

ANUVAINNANLVDIAIDBULNATUL 1Y LuawnIziiy Lagnusuvasnin ludianasvinSuuas

[
o o

UINAUEY NUIUIU 6,827 i Fuunidu 24 296 43 dna uuaInUsUUasnUIlANNBAINUAIENIN

ign wu 17 396 29 ana (Fovar 67.44) 509891179 LuaTUE1INY 4 294 8 ana (Segar 18.60) uay
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uasNIgiiu 3 1A 6 ana (Fevay 13.96) Mgy (il 2) uuawmueulasn-tihiiaugnguuniige
WU 3,975 ¢ (Seway 58.23) 5e9aunAsuuasiUsNd WU 1,844 ¢ (Seway 27.01) UAUUALNIEHAY WU
1,008 #1 ($ovar 14.76) nuadu (nmil 2) Tasdanunaswuunastings EPT 38 anadinay
annaBIANINTANASN BN 36 ana m']m;ﬂsqmaal,l,umﬁmfju EPT Tuthanunasny 3,795 &
(ynuanniigeluieuiiuiay S 878 ) fanuynguannnitluienaivinSademy 3,032 6 (gnay
unitgaluifeuiquiey 2563 $1uau 554 ¢) nsRnwasaEteduianunannvaneindy 2.57 uagan

AULANUALLENDLNAU 0.68 (A151971 1)

IasTUEY T Suiy Ephemeroptera Wu 4 23 8 ana @na Trichogenia (3¢ Heptageniidae) (A
71 3) ua Teloganodes (13 Teloganodidae) wuldialuuaziinisnszanedn®ie numsaesdsnsuaziiiou
nnieuiiudiedns ana Acentrella (196 Beatidae) firnugnuuazfuanaduluihanuias ana
Caenis (196 Caenidae) nszaneitiesluthanuiay wiludoufiguisy 2562 Wiy (nmfl 3)

LuanN1zAiu SufU Plecoptera WU 3 234 6 @na 23d Perlidae  1TudedAuny 3 @na
ana Neoperla Wz Etrocorema (nwdl 3) finmsnszanesanfanunnidoudiiuiied dluiiaesdss
ana Cryptoperla (39#t Peltoperlidae) WULﬁaunmﬁauﬁLﬁuﬁaashﬂuﬁmﬂﬂ%ﬁﬂ@m winutioelutnn
Unag nulites 1 ddluieuidiunny uagana Amphinemoura (39 Nemouridae) n13nsganesitios wu
dies 3 fwhidludouiueumniisaesinn

wiamueuUaonth Susy Trichoptera Wu 17 39 29 ana WA Hydropsychidae finnunainviany
mnﬁqmwuﬁﬂmu 7 @na 993989U1A8 194 Leptoceridae 9113 4 @na 19A Glossosomatidae,
Philopotamidae Wag Calamoceratidae wu 2 ana 8n 12 wdwuiiies 1 ana laganafidenugnayanniian

A8 Hydropsyche 31U 1,666 f1 (Mwil 3) 58983318 Cheumatopsyche Wag Chimarra MUAIRY ana

iduudlesnanfe Hydroptila (39# Hydroptilidae) wukiies 1 63 (2l 3) Msnuaglusiou

B l
Plecoptera

ALY

14.76%

A
Plecoptera
13.96%

AWl 2 FewazAavaInNviate (A) wardevazmuynyy (B) veadigounuaiingy EPT luanas

€ 6

PINPULATUINNUILAY LIASNEINUTARIUIT181-U1aT JINIAUIITINE

9
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Al 3 éhasmt,l,uaaﬁ'mfcju EPT szeesineau A: @na Trichogenia, B: Rhithrogena (Heptageniidae), C:
Neoperla, D: Etrocorema (Perlidae), E: Hydropsyche (Hydropsychidae) Wwag F:Hydroptila

(Hydroptilidae) (scale bar vuin 1 fadiuns)
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Gﬂi%‘lﬁ 1 ﬂ’J’]EWia'Wﬂﬁﬁﬂ&m@ﬂﬁ?d@ﬂ&ﬂﬁﬂﬁ?ﬂﬁiﬂ EPT Tuﬁflmﬂﬂ%ﬁﬂ@muawjﬁmmLaz
2019 2020 Total
Orders Families Genera
Sritaksin Waterfall

Ephemeroptera Heptageniidae Rhithrogena 0 0 0 0 1 7 0 1 9
Thalerosphyrus 0 13 0 0 0 52 0 7 72

Trichogenia 14 0 12 56 64 74 23 0 243

Teloganodidae Teloganodes 0 8 11 14 12 78 23 2 148

Caenidae Caenis 43 1 0 0 [ 6 1 0 55

Baetidae Platybaetis 0 0 0 0 0 13 5 0 18

Acentrella 7 2 0 12 12 0 0 0 33

Labiobaetis 11 43 0 15 96 0 0 0 165

Plecoptera Perlidae Etrocorema 56 38 59 17 20 34 17 5 246
Neoperla 12 9 59 21 21 11 11 1 145

Togoperla 2 0 32 0 4 9 9 3 59

Peltoperlidae Cryptoperla 37 23 16 8 6 6 2 0 98

Nemouridae Indonemoura 0 0 0 2 6 1 0 9

Amphinemoura 0 0 0 0 0 1 0 0 1

Trichoptera Glossosomatidae Agapetus 0 0 0 0 [ 8 0 0 12
Philopotamidae Chimarra 37 25 8 102 34 33 35 20 294

Wormaldia 0 0 0 2 0 0 0 0 2

Calamoceratidae Anisocentropus 0 2 2 0 0 1 1 0 6

Ganonema 0 2 0 0 0 2 0 0 4

Leptoceridae Triplectides 1 0 0 0 0 0 0 0 1
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AT19ft 1 m’mvimﬂﬁmmaaﬁaﬁiamt&mfﬂﬂaﬁu EPT luhana3vinSaumastinnnuiay (de)
2019 2020 Total
Orders Families Genera
Leptocerus 1 0 0 0 0 0 0 0 1
Oecetis 1 0 0 1 0 0 0 0 2
Molanna 0 0 0 1 0 0 0 0 1
Odontoceridae Marilia 0 0 0 0 1 0 0 0 1
Polycentropodidae Polycentropus 1 0 0 0 0 0 0 0 1
Stenopsychidae Stenopsyche 0 1 0 1 0 0 1 0 3
Goeridae Goera 0 0 1 0 1 0 0 0 2
Lepidostomatidae Lepidostoma 27 3 1 13 2 3 5 0 54
Xiphocentronidae Melanotrichia 1 0 0 0 0 0 1 0 2
Rhyacophilidae Rhyacophila 0 0 0 0 1 1 1 2 5
Hydropsychidae Diplectrona 19 2 2 9 14 15 3 2 66
Cheumatopsyche 1 0 0 20 0 0 0 2 23
Hydropsyche 7 5 2 181 19 188 309 504 1,215
Trichomacronema 1 2 0 0 0 1 0 0 4
Sritaksin Waterfall
Trichoptera Hydropsychidae Hydromanicus 1 1 1 5 11 4 1 5 29
Bale Waterfall
Ephemeroptera Heptageniidae Rhithrogena 2 0 1 2 0 4 4 0 13
Thalerosphyrus 0 1 7 107 11 0 13 0 139
Trichogenia 32 24 18 1 19 34 54 18 200
Teloganodidae Teloganodes 89 42 39 26 12 8 19 12 247
Caenidae Caenis 6 0 0 0 0 0 0 0 6
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M13197 1 ANUTAINTaNEveIRIgauLIaINgY EPT luthaneSvindauazinanuiee (do)

2019 2020 Total
Orders Families Genera
Baetidae Platybaetis 1 0 0 0 5 0 0 0 6
Acentrella 93 a5 29 35 a6 0 30 32 310
Labiobaetis 61 0 2 0 33 0 a4 20 120
Plecoptera Perlidae Etrocorema 9 3 [ 15 17 9 9 2 68
Neoperla 62 61 15 86 24 29 56 29 362
Togoperla 2 0 0 1 [ 7 0 0 14
Peltoperlidae Cryptoperla 0 0 0 0 0 1 0 0 1
Nemouridae Indonemoura 0 0 0 0 0 3 0 0 3
Amphinemoura 0 0 0 0 0 2 0 0 2
Trichoptera Glossosomatidae Agapetus 0 0 0 2 0 0 0 0 2
Glossosoma 0 0 0 8 0 0 0 0 8
Dipseudopsidae Pseudoneureclipsis 0 1 0 0 3 1 0 0 5
Philopotamidae Chimarra 43 50 6 ar 8 84 85 a1 364
Ganonema 0 0 0 0 0 1 0 0 1
Leptoceridae Triplectides 1 0 0 1 0 0 0 1 3
Leptocerus 1 0 0 8 0 0 0 0 9
Setodes 3 1 1 3 0 2 0 0 10
Oecetis 0 0 0 10 1 0 0 0 11
Molanna 0 0 0 1 0 0 0 0 1
Odontoceridae Marilia 0 0 0 1 0 0 0 0 1
Polycentropodidae Polycentropus 1 0 0 2 0 0 0 0 3
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M19197 1 ANUTAINTAIEYeIiIgauLNaIdINgY EPT TuthaneSyinSauazinanuiag (se)

2019 2020 Total
Orders Families Genera
Stenopsychidae Stenopsyche 7 7 1 87 9 8 8 6 133
Goeridae Goera 0 0 0 18 0 0 0 0 18
Lepidostomatidae Lepidostoma 0 0 0 0 2 8 0 0 10
Ecnomidae Ecnomus 0 0 0 2 0 0 0 0 2
Hydroptilidae Hydroptila 0 0 0 1 0 0 0 0 1
Xiphocentronidae Melanotrichia 0 0 0 0 0 0 0 1 1
Hydropsychidae Diplectrona 31 3 3 12 23 62 10 9 153
Bale Waterfall
Trichoptera Hydropsychidae Cheumatopsyche 173 53 27 179 79 351 58 89 1,009
Hydropsyche 15 8 6 51 17 219 33 102 451
Macrostemum 6 4 0 23 2 3 0 5 43
Trichomacronema 0 0 0 1 0 2 0 0 3
Polymorphanisus 0 0 0 2 0 0 0 0 2
Total number of individuals 6,827
Total number of genera 43
Diversity index (H") 257
Ever\nness 0.68
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msfnwiseulaiingy EPT TuthanadinSauazimnuiay san1siasgdinisdangu

wazn13dindusuaniandeyadnioiy bray-curtis similarity ff1 percent chaining i1y 21.13
Tnefinnsannsnszaesmesiseunuastings EPT luusazaniiuazifoudidny nanisdnngud
sEAUATIILANGNS 76% annsansnnguaniioonidu 4 ngu anafinuldiluaziinisnszaedilu
ﬂﬂLaau‘ﬁﬁ AW baun d@na Hydropsyche, Cheumatopsyche, Chimarra, Diplectrona,  Stenopsyche,
Etrocorema, Neoperla, Trichogenia, Teloganodes, W&¢ Acentrella (mwﬁ 4)

ﬂ?jaﬁ‘i 1 drmnuay (Mueneu 2562) wuana Glossosoma, Ecnomus, Hydroptila,
Polymorphanisus ﬁwﬂuﬂfjmﬁlﬁfhﬁ?u

ngudl 2 hanuay @Quieu NINNIAY FWNAN 2562 LATANNITUS NQUAIAYN kag
Lquigu 2563) NUNNINIEAYHIANG Stenopsyche mmﬁqm

nguil 3 thanedvinn (fugnou 2562 LANUNINUS TuIAY WewA1AY way dguiey
2563) wazthanuay (Eune 2563) s?fﬂﬂﬁjmfﬁm’]wmmmmmLLmaqf’mzju EPT 110 lneianiey
aqaﬁwuiuﬁmﬁ L‘Vh‘li?u A9 Indonemoura,  Platybaetis, Amphinemoura, Rhyacophila,
Helicopsyche way Wormaldia (wuiithmnedeinBes fugney 2562)

ngui 4 thanasvind (Hguiey NTNYIAY wardearAu 2562) wuana Togoperla,

Cryptoperla Etrocorema, Melanotrichia, Lepidostoma, Anisocentropus Wag Caenis

Distance (Objective Function)
9.7E€-02 9.3E-01 1.8E+00 2.6E+00 3.4E+00

Information Remaining (%)
100 75 50 25 0

SriJun 1 l
Group 4 Sridul l 76%
SriAug

SriSep

SriFeb ]

Group 3

SriMar |
BaMar — |

SriMay .
SriJun2. |
BalJun1

BaUunzj

Group 2 BalJul

BalAug '_|
BalMay _,

BalFeb

Group 1 | BalSep

MW 4 LaulaunsuaINSIANgY (cluster analysis) Ageuuuatings EPT (percent chaining =
21.13)
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o @ Yo Y] | . . . v o o & A A
nueme: fdnysyaninAe anfliiudied1s Sri = Sritaksin Wag Ba = Bale warMONYIYANHIAD IROUILAY
738879 Jun = Jgu1eu Jul = NINYIAN Aug = AIMIAL Sep = AUEIBU Feb = AUANUS Mar = fu1Au May =

WquAAN Uag Jul2 = dquigu2

NANISAATIZNANULANAIYDIANTATENIINIBAMLALLATIUINUTENITUBIUTEUINADITN

Anwlunsaziiou Ingldnsnaasu ttest wud1 Audunsaa1e Usunueendiauiazaletin A1nns

<@

iy USunawveaudsiiazangdviande gam)iuiuasadnunineweddisis luaesanidiaiy

o

LANANAUDENTIEAUN19E8R (P<0.05) TuluzNIAMNLEIVOINTLLELN LazAMUANYDIENs1S Ll

>

Y

ANULANANUBEN9T TN

[y

uN9ane (P>0.05) (miwﬁf 2)

]

i ] q' ! N ] ) =~
M990 2 ﬂ’]LQaEJLLazﬁDULUUQLUmﬂGﬁﬁ’m (Mean + SD) m{]%ﬁ]EJ‘V]’Nﬂ’]‘&Jﬂ’]‘WLLaELmJU’NUizmﬂJEN

Yszmineannindnulunsaziiou Iagldnisneasu t-test MseauU P<0.05

Physicochemical Sritaksin Bale
t P -value
parameters Waterfall Waterfall

Water temperature (°C) 22.67+0.78 26.16x£1.21 -11.844 0.000*
Stream depth (cm) 19.90+7.76 20.87+£9.24 -0.396 0.694
Stream width (m) 5.06+0.61 6.44+2.54 -2.580 0.016**
Velocity (m/s) 0.56+0.33 0.50+0.20 0.779 0.440
Total dissolved solid,

9.76+0.51 12.61+0.49 -19.570 0.000*
TDS (meg/)
Electrical conductivity, EC

19.64+0.84 25.22+1.08 -19.893 0.000*
(ps/cm)
Dissolved oxygen, DO

8.47+0.44 7.80+£0.48 4.935 0.000*
(mg/l)
pH 7.52+0.92 6.90+0.71 2.607 0.012**

o w a

e * unndneiuegslideddyneadiiiisedu 0.01 way ** wandiuegeilitudAynisadiansedu 0.05

o

AATIEIANVAUNUSUDIUITINIINEANLALLATUNUTENNTVRIUNNUNNTNTLANEAIVD LAY

[ '
o 1

Wngu EPT Tuusiazifounazandnanwinieds CCA nuiladenisnieninuaziaiiunalsenisves

oY

11 lawn gaumgiun Anuniuarauinueddsns AnuENTeLall Usuiuvesudiaraien
Vavue ANl Usinaeenduasaneuiuaranulunsanne Sanuduiusaenisnszanedi

YDLUAUINGN EPT Bautseonld 4 nguasil (nmi 5)
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naud 1 dmnuag (Migney 62) TA1ANNENYRIE1515ge Wuana Marilia, Ecnomus,
Hydroptila, Goera, Glossosoma, QOecetis, Polymorphanisus, Molanna, Triplectides Wi Polycentropus
ﬂﬁjllﬁ 2 4INAULAY (ﬁqm&m nINHIAY A991AN 2562 LLazqumﬁu'S NOWAIAN LhaE

a

Jguieu 2563) ﬁqmmﬁﬁw Anmailihenit Usinuresudsararstianun uagenuniieves
ﬁ’lﬁ’ﬁﬁﬁ’l@ﬂ WUPNUYNYUVRIENEA Teloganodes Acentrella way Neoperla 110
nguil 3 thanedvinn (Fugiou 2562 LAEAUNINUS Tu1Au WewAIAY kasliguiey
2563) uazthanuiay (furaw 2563) SUinaeendiauazaieni LLﬁBﬂ’J’]EJL%’J‘UENﬂi%LLﬂ‘IE’]QQ WU
d@na Rhithrogena, Chimarra, Agapetus, Hydropsyche wag Hydromanicus ﬁm’lmgﬂsqumﬂ
naudl 4 danedtnBa @quisu ningnau wagdamau 2562) fenisilaiives
Usiamesudsazarsindienun wazarauniiavesdissiios wugana Caenis, Etrocorema,

Cryptoperla, Togoperla Way Lepidostoma ﬁmmﬁﬂﬁqmm wagdna Chumatopsyche WUtoY

o~

f; GI'OUp 4 Crytoper

Group 2

@ Group 3

MWA 5 ATIEFANUFUNUSVDITITENINI8AINLALLATUNUTENITVBIUINUNITNTLINEFIVD

figoustatingy EPT TuthanasvinBauazinanuiiag 9875 CCA
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anUsnena
NRANITANYIRLATNNGY EPT luasslinuhuuasmueutasnthlanunainvalguinign
399A9U1AD LUAITULYN WAZLUALNIZAY AUAIAU H190ULNAIURUYaDNUNTINITASENEFILA

AMadesannaunsaadelulnasafegesnrainuane n1sas1esaazuannaintyig ns1e nsIn

(%
Y

LLazmwﬁmﬁa{]mﬁ’uﬁamﬂﬁﬁhLLazLﬁmﬁ’mﬁfﬂﬁﬂﬁlﬁgﬂﬁmwﬂﬂﬁ’ummmﬁw YIINTNAITINN
Bosnslinsvuaiinarusiondmiunisnisgla frseuursmInasefiogorfou uusisegud
Tngaziuleauduntioiieldsnsuuaznsesemsiivuinfunssuain (Wiggins, 1996; Morse,
Frandsen, Graf & Thomas 2019) msfinwassiiaenndasfiunisinuives Toyatmak (2011) v
LLmamf’maju EPT Lﬁuﬁaﬂﬁww%amwmq@mmwﬁﬂuﬁj’mﬂimumi’m N IAFIVAT NULLAIUBY
Uasnihilenumannuansanniian 13 196 27 ana sesasunfeusasilzam 6 296 15 ana uazuuad
\N1EAY 3 1A 6 @na Thawarorit et al. (2017) An¥IANUAINUAIEVBILLATULVTY UuasnIziu
waziavLeulaani Tuwpshwiugdniviaar-uian Jamiaussna NuLAMLEUUABN T
Hydropsychidae ﬁmﬂwmﬂwmsﬁqm wazana Stenopsyche (1A Stenopsychidae) L‘T]uaqawiu
genndostunsanwluadimuied Hydropsychidae ﬁmwwmwmammﬁqmLLGiLLmﬂGmﬁmiﬁﬂm
ﬂ%ﬂﬁwudwaqa Hydropsyche 1uanasiuuaziinnugnyuuin deaonndoafunis@nyives
Thawarorit & Sangpradub (2016) An¥AuaINTIALEZNITNITZALFIVRIRIDDULLA U UUADN
iluiufitneydndgnenuuisnignazis Sminuae uasiundnwiusdninde Smiadugd w
23A Hydropsychidae ﬁmwwmwawmnﬁqm d@na Hydropsyche Lﬂuaqaﬁﬁmmsqm;umﬂ
uanINi Teh et al. (2021) seuMsAENAIaENTEELaueWaentluhanUla QYR

[ [

Wi Ayla-glnaud 3amiausising wudned Hydropsychidae innnuvainvateanian digeu

wasuoulasntimadiuidsiuianuvanvatsuaznszaredalddlunnadmevesUssmalne
fheouasadamunsiuiianenisinaveanssuainazordogluwnaniifilnauss lnednwas
vesfiuviesiuaganuivesnsznatniudafoddgfidna donisnszaeduas anugnay
anﬂﬁzﬂmaﬁaumﬂﬁﬂ%lmxmﬂéfﬁuiumsLLafﬂlﬂﬁamuﬂmwuﬁﬁLm (Boonsoong, 2014) w @
msfnwadsinuisaningunsesiueynmadurdaundninniiae esnndmstsaondudios

a a

ilva farudusuialng Aeufuvuianansuazidn Wuneshdulugidunsin nse dideen

a a s A I 1 a 1 1 g 4 .

dunid Feluunasfieguazunase nisvesuuainuaulaesninied Hydropsychidae,
Philopotamidae Uag Stenopsychidae Fanuiauynyuiin aennaefiun13Any17e4 Kraiphet,
Payakka & Prommi (2011) @nw191msuazunuImn1siuvemisvasnguuuasiludmiieuing

gnaudaen §anTAAIN WULLAIUINGUNTN1TAULUUNTOIAUBUNIAAITBUNTEIeA

Hydropsychidae 1Junguiau



1158153N81A1dn35USAY15T Page |39

NHANIANBINULLAITUEY1? 4 296 8 @na T Boonsoong  (2022) lés1891uAY
nanuatevatkiaiduzrlulssmalneddnuau 19 396 73 ana 165 vl Thawarorit et al. (2017)
senumsinuiseuutastingy EPT luwndnwiusdnithear-uan wuhanafifmsnszanedn
§toldun Caenis wuswau 2 f fihenunias uae Rhithrogena s1uau 1 Saithana3sindes sl
nansAnyassinuiaosanadinszanediluisaesdisns ana Caenis wu 61 fauay Rhithrogena
Wy 22 # Fedumaiiuszernatluninfuiesns dwalimuaumainvatsuasnanszaedies
wasTuzamildnniu wastuzenned Caenidae nszaneianiemuldiluluyssmalne wulud,
ssiidllulinazAunsianse deeufviusynmeaamsduvisdvunman lunguueunaiu ana Caenis
fsen 12 vialutsanalve wadzamanaiininssaesnhmuldiundaihiuasumdan
Iua (Boonsoong, 2022) wonani Sangpradub (2016) Na1171F88ULNATUEVILAaETTNY
odBuLiuTfTdnunsvesiufionds anufin waramnudivesifianziazas

nsAnwassinuuuannziuned Perlidae fanuvannuans ana Etrocorema uaw
Neoperla n32a18%7n174 Tangpairojwong (2020) Na131 WUaIAIZAURA Perlidae Tuuszinelng
firnuviannaiia wusiuau 12 ana lnganafinutesiagianuvainviinfe Neoperla 5184 14
wilo géﬂNﬁﬂ’]iﬁﬂH’]ﬂ%ﬂﬁWULLllaﬂLmz‘ﬁuﬂQﬁﬁﬁﬂﬂhﬁﬂﬁﬂﬂ’lﬂﬁ@@ 18NN Jaihao & Phalaraksh
(2013) AnwiAnuduiussenintegun N AN INTEIEYE KDL LN g L Iuﬁuﬁs‘ﬁqigjgﬂ
iUmusuaaqwmuummaﬁwﬁ'}ﬁq JanTadeslud nufigouluaunIzAu 15 ana 4 2396 294
Perlidae WUAUIUMILIN Pimthong & Sangpradub (2016) $184 UAMUNAINNANEVDILNANIL Y
Tudssiendefeuagiensuuds gneruwisivinun Saiamesysal nufsouuuas
\n1edin 109 10 ana 4 29d Fefinnumainviavesiia 2 §1515uiniu ana Amphinemura A
Nemouridae LHuanaidu uaznusiuausanndian deinsainuanisinuluadsifinuanaiifies 3
fawintu uasnuheunguvesuanme i nnaSina farugnauannninianuias Tae

a A

WalUSeuliigusiuiuAdadenienieninuagziniiueusenisvenit wudnhnnasvinBaulgumaiiung

AN NTELAUIN a5 INILAY A1NTLAUAZANSUNTILINATT 1HBIAINTUSE 8L FTDUYDILUAILNE
#usindesn1svsuiaeendauazaieunuin Joamgiai waznseuauilvairsudiasa (Hynes,
1976; Stewart & Stark, 2002)

a

tanuLagiiaTumaInaeua ALYNYLYULAIIINGY EPT snnindianadindo
dewndnuazdisrsinunine wasaunsadesiald faufiuvuinlng vuianats swndn iy
fiasihiingin ne1e nanfie Jundeiiogendogon (microhabitat) fivannnaeidesentsdsadinues
wwasiing EPT Sstlademarimnzuinisisd®in egrdlsfauidefarsanlasninsy faaes

as1siinnumaInranewarANNYNYNYEITIseULIAaNNgY EPT tduand1afuuinin esendu
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Hydroptila IANUYNYULBULALNTEAUM AU
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1 [y 1 IS a ! =2 o < H 1
LANHNINAUDY NUUYAIALY NIE G (P<0.05) @7UAINUANVBIATITHALAIINLIIVDINTS AU 111

[y

WAINFANINUBE L TudAINI9@D@ (P>0.05)
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JoLAUDLUL

Y '
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° v 3 a A & % = A g Y
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nsranefvednuaniingy EPT lulseindalnauasluedeny Jusenidedlaliiiiuung sy
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Product Development of Crispy Riceberry Snack Bar
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N21504131NN5UTBTUANA MNP WU SEAMFURERETS 9 — point hedonic scale dnwauENIIAY
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= A Y B

a & ¢ PRpp) ¢ ' Aa a

\eduda A1d A a, USHaenudy warasAusenauninall S nnan1sAnyimuingasniduiuiu
v} ] 1 % 4 a‘d‘u a U 4 a b4 U d‘

9n51dWTENININlsi U IR UBUNKEY 60:40 inaaeudulinissensuanureulagsIuuINAgn
‘ﬂl a = (9] ] a v o [ aa [ dy [ o % I3
WalSeuiigufivgnsniuaueg1elded1Agyneain(p<0.05) dnyauzilodudaniuaduuas
(Hardness) 111f1U 119.96 NS4 @umianud@dng (L*) adiead (@*) wazaduase (b*) Wuau YSune
ANUTWANNAY 3.93 Wasidud wazan a,, 11U 0.38 Jasdusznauniaeil fAe Usuiauaisiulawmse
TUshu todu vdule wazidn Sasay 37.35 14.30 25.13 11.22 way 20.15 AMUAIRU basnadIny

¥
Y

PHUUALYINAU 432.87 NlakAanInesiag1d 100 N5y
AEARY: T1LITLUDSS BUVNAN AL
Abstract

The research aimed to study the ratio of Thai - colored indica rice (Oryza sativa cv.

Riceberry) and dried date plum (Diospyros lotus L.) fruits for the development of a crispy
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riceberry snack bar. Four ratios of riceberry rice and dried date plum fruits used in this study
were 100 : 0, 50 : 50, 60 : 40 and 40 : 60. Sensory evaluation in terms of 9 — point hedonic
scale were carried out. Quality characteristic, including textural properties, color, moisture
content water activity and chemical composition were evaluated. The results showed that
the optimum ratio of riceberry rice and dried date plum fruits was 60:40 with the highest
overall acceptability (p<0.05) when compared to control. The hardness of the developed
snack bar from riceberry rice mixed with dried date plum fruits was 119.96 ¢. A color value
of L* a* and b* were increased as the addition level of dried date plum fruits. The water
activity (a,) of the product was 0.38. The content of moisture, carbohydrate, protein, fat,
fiber and ash was 3.93, 37.35, 14.30, 25.13, 11.22 and 20.15 percent and would yield energy
of 432.87 Kcal per 100 g, respectively.

Keywords: Riceberry rice, Date plum, Hardness
uni

Jagiunansdurdnnisymivdaus (Cereal bar) w3eauiinuis (Snack bar) luvisanain
IpSumnudeuiindu lnsenzlunquusainauiialogu uaznquausnaunin 1esaInauneunsou
daunia Isavifvausiu edudanseu iWuvuiiAsnay warsuusenuladie Ingduannsyyid
wiaLvziidunaunanfo wlia1nd1and 117len NI0U1INAINDY NENAUAITIRAUNIIU LY
W U1nna uaznglealesy tudu (ntharathirach, Waewkum, Lao-ong, Payakta & Singtjong,
2021) Uona1NUTINT18971UN15I98909 Lainumngen, Saengprakai, Tanjor, Phanpho, &
Phodsoongnoen (2020) la@nwun1sindilsdiuesundnvunaunsousauissiuiug1mieanias
{7 a1 uilenvn? FI9INNANITNAABINUT VUNNTOUSALIINTMLTIAANRUTU e U
lygnfiuganan sesmanfie 11alsduess Fetilsdeitanulumeasenmaniusslevisiesianie
wnevaneyie lawn wiwalsiiu wnualelseuea Innfiud Inndiv O 1 g¥iu wudy fned 1o

v I3 aa v = v A A | ° ] o °
w1 3 wan Waiuea uazidule Fansormswantl Jaudielunisungesiinieg vrgsatent Unge
5EUUUIEE waranAuLdsInanisiinuzss (Vanavichit, 2021)

a v ) vl 1% 1 a 1 = o s <3 @ =

duvnaudunalingauluimeussiamainrateviin wu wradey damles wiin JUdadey
Woavesa wusngila nosuas wunil@en Iendiusiee laun Indue Iedud 192 9 16 wagianfiu

w1 nsalvlan danslwladunioud (Phytonutrients) laun Wailauess ualsiiusys wagarsusznau
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Huedin uenanidsiileamis Nensedussuutuae JlUsiu wazdimaddusylevdivguan
(Gao et al., 2014)
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A5AUN159Y
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Snen A luswis
1.3 NSLAPUDUNKAY

o a o 19 U 9 val a ! °
u’]f}daau‘mNaNLLUULLﬁQNWMUIVNGUUWW 1x1 LYURLURNT ﬂauu’fLU&LGmUﬂ'ﬁV]fﬂaa\‘i



1158153 N81A@1ansUSAYNEST Page |46

1.4 nsuAnndadneivuadndlsdiuesiounsau
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M19197 1 gasnmsviwdndasivundnilsdiueitounseuiiugiu (Aaudasanvuudilsdiuesseu

AsauNImuleluowang)

, imin (n53)
GRINAGHY

qmﬁugm
Frlsdiuess 46.74
e 16.00
U7 14.29
ﬁﬁma 7.94
¥lan 7.94
WUBWY 7.09

1.6 MIIUAUNTNARBIUALNITIATIEINNNETR
MIAATILINANISANYINITNAFBUNTEBNTUNIUTEANNEURAIN1TIUHUNTS
naasauuuguluudenauysal (Randomized Complete Block Design, RCBD) irdayaitlély
WATINANUMUTUTIUNEDR (Analysis of Variance, ANOVA) UagluSeulilguauunngaves
Aadelne?s Duncan’s New Multiple Range Test (DMRT) fissduupnuidesiufosay 95 lngld
Wsunsumeuiamasdnsagy SPSS Version 17.0
2. WileAnwguaTANIINEn LAz veswEadus T2 lsdiussTaunseauviinuviaiil
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$9100 N5U = 4 GevarUSunalusiu + SesavUSuramsiulewmsn ) + 9 Sewasusunalatiu) nna

nren loun JaAdluseuu CEL , a war b A38iATed Hunter lab u Color Quest XE A118
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WmesuenTian (Water activity | a,) Ingléia3as Aqualab U 3 (Decagon , USA) uazinaanuudanig
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2018)
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405 60:40 fmeaeuTudnlngliniseeusulusudnuaedsing ndu savd Wedula wazanuveu
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M19199 2 NMsUssiuAuAMNIuUsEamdTaveInaniurivundalsdiuasseunsautinuad
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NTIEN .
o e . ANy e = L % . . AMUYU
‘lﬂ’ﬂimUE]iE]'UﬂiE]U a nau F6UIN LUDEUNE
- U370y Tngsay
: DUNNRA
100 : 0 7691020  758+022  714°+024 6504025 7254021 7204020
GLEGRGH)
50 :50 7267+021 7594018 7204020 73074018 6482025 7254024
60 : 40 780°40.18 7654015 789°+0.17 8454019 861°+0.18 849°+0.15
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AuveulnesIL §ail 7.96 7.64 7.88 8.36 8.20 WAy 8.44 ATUUY MNEINU AudnwazLeduTa
PUANULTS (Hardness) Wiy 119.96 n3u AMAMNEING (L*) windu 41.04 Aduag (@) wihiu 2.71
LazAdnane (0% U 9.46 USuaianutuwinfy 3.93 1esidus wazan a,, 111U 0.38
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Abstract

In this research, media sterilization by autoclaving and adding Chlorine Dioxide (ClO,)
at different concentrations were compared to study the effect of sterilization procedures on
the micropropagation of Leb Nok Pattani Rice. Four weeks old seedlings from seed culture
on Murashige and Skoog (MS) medium were cultured on MS medium supplemented with
the combination of 0 and 2 mg/l Benzyladenine (BA) with various concentration of ClO, (0, 5,
10, 15, 20 and 25 mg/L) for 1 week. It was found that MS medium supplemented with a
combination of 2 mg/l BA and 25 mg/l ClO, gave the contamination (26.7%) the highest
survival rate (73.3%) and the highest average number of shoots 2.8 shoots/explant. The
highest shoot length 12.3 cm. was observed on MS medium supplemented the combination
2 mg/l BA with 20 mg/l ClO,. The highest average root number 9.9 roots/explant and the
highest average root length 5.4 cm. were obtained on MS medium supplemented with 2

mg/| BA sterilization by autoclaving.
Keywords: Leb Nok Pattani Rice, Chlorine Dioxide, Plant tissue culture
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M13199 1 M3vhlremsduasieivasaiienieds Autoclave fun1sly ClO, YIRuL1IUNDIMNTANTAN 9 NAINLEes 1 §Uam

Eﬂ‘Vﬂi@jﬁi MS ﬂ'li‘lJ‘lJL%E]u ﬁﬂiﬂﬂﬂiiaﬂ%aﬂ a‘hmuaamaﬁ'a/ AJNUYT1YDA ai"m'mrmmﬁ'a/ A1UYIIINN
(%) (%) Fudu \de/Audy Fudu \de/Audu
(Mean £SD) (w.) (Mean + SD) (u.)
(Mean + SD) (Mean % SD)
Control 26.7 73.3 1+0° 10.1 +1.2° 8.6 +1.9° 37 +0.4°
BA 2 mg/l 33.3 66.7 1+0° 12.1 +1.4° 9.9 +2.1° 5.4 +£0.9°
BA 2 mg/l+ClO, 0 mg/l 100 0 0 0 0 0
BA 2 mg/l+ClO, 5 mg/l 100 0 0 0 0 0
BA 2 mg/l+ClO, 10 me/l 100 0 0 0 0 0
BA 2 mg/l+ClO, 15 mg/l 100 0 0 0 0 0
BA 2 mg/l+ClO, 20 mg/l 33.3 66.7 2.4 £0.9° 123 +0.7° 6.7 +0.7° 3.2 £0.3°
BA 2 mg/l+ClO, 25 mg/l 26.7 73.3 2.8 £1.07° 11.9 +1.3° 58+1.1° 3.2 £0.3°

Ao o o 4

' = v ] | A v o w aa
ALRAY = SD NUMIDNWILNUBDUNU UAIULANH NDY NUUYFIA YNGR (p < 0.05)
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At 1 mstedesiudnuuemnsgasea q vdmades 1 dUani (bar = 3 g
A. Control B. MS + BA 2 mg/l + ClO, 20 mg/l C. MS + BA 2 mg/L D. MS + BA 2
me/l + ClO, 25 mg/L

Al 2 ﬁuéauﬁnﬁmué‘%ﬂuuumvmqm MS + BA 2 mg/l + ClO, 25 mg/l

(bar = 1.8 %11.)
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(bar = 3 %3.)

anUsnena

=2 a a 8 v < | I Ao a 1 14
RNNTANYIUTEANTAINNTITIDNVBILEAT L UUN TR wuIRERIIN1SeenAnllusavay

35 Fuduudaniiuszdnsaimniseeniion enafiesnanwingninuliuiwiuld waanldlunis

v
IS !

IS A
NPADIUNDIYUINNT 5 LU
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ANULLTY 25 TadnSusiedns dn1sUulou 26.7% 8ns1N1550ATINgeansesar 73.3 UaviIulu

v
a ]
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The Effect of Herbal Tea Infusion Time on Active Constituents

Contents in Three Herbal Plants
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ANUANLNTOATUOULABATY U 82.26% 81.82% Ua¥ 68.55% ANUANU FHafunmaifeduans
Tdiud szozalunswnanlufiveayulngt fnadeUsinuansddisanein Ssduiusiuns

WABULUAIANUTINYIET AL USEANTNINAITATUEDNTLATUN Y

Abstract

The purpose of this research was to investigate the effect of infusion times on total
active constituents such as phenolic, flavonoid and tannin and to study antioxidative activity
of 3 herbal plants, including Plukenetia volubilis L. (Sacha inchi), Gymnanthemum extensum
L. (Bitter leaf tree) and Garcinia atroviridis (Garcinia). All leaves were dried with hot air oven
at 50°C for 48 h, then leaf samples were coarsely ground and packed in 1 gram per a tea
bag. Tea samples were infused in 100 ml of boiling water at 100°C for 2, 4, 6, 8 and 10 min.
The color intensity of teas was detected by using colorimeter and representation of color
with L¥*, a* and b* values. Three herbal teas were visualized in a low brightness color. Sacha
inchi and Bitter leaf teas showed yellow-brown color, in contrast Garcinia leaf tea exhibited
pink-brown color. The color intensity of tea was dependent on the brewing time. The active
constituents contents were analyzed by using spectrophotometric method. At 10 minutes,
the contents of these active constituents in three herbal teas were significant highest
(p<0.05). Phenolic and flavonoid contents in Sacha inchi leaf were 20.33+0.12 and 3.39+0.04
me/g.dw, respectively, that were higher than Bitter leaf and Garcinia leaf. In addition, tannin
content in Bitter leaf was highest level with 3.01+0.11 mg/g.dw. Moreover, antioxidative
activity was tested at 10 min after infusion time by following the method of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) redical scavenging activity assay. The result showed that antioxidant
potential of three herbal teas (Sacha inchi leaf, Bitter leaf and Garcinia leaf teas) was 82.26%
81.82% and 68.55%, respectively. Thus, this result indicated that the infusion time of three
herbal teas caused significant enhance in contents of active constituents which significantly

correlated with the color variation of leaf tea and capacity of antioxidants.

Keywords: Active constituents, Antioxidant Herbal tea, Plukenetia volubilis L. leaves,

Gymnanthemum extensum L. leaves, Garcinia atroviridis leaves
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wiin drdurdedenvesdiulutfeu fusslevdresmeuarldsuauiouetaunsvas iesain
ﬁwamﬁ%’aﬁLLamﬁaﬂmUsﬂmﬁmmmiwqmmm‘] fianswdluea (polyphenols) fiftauvAniséu
UfAseeendndu Joeiulsauziis fudinsiasaivlavenvadusss anarnudseenisdu

Lseiala uagdudenisiasoyiulnvesqdiunid Wusu Ganed wmnsal, 2556) wenaniifadiassnamu

!

.}

Un3989079 LU gere1ns Yigduau uazdailgndiueuyadasy (vuyun Fugiiyasgia,

'
[y v v a

neuan3, SeySeu ASiAaasa, WuNNT YUY, WasUiMT TunIuINYes, 2558) lngouuadasy

(free radical) upzneunseluianaiiawisavidjisendveznoudug lusenieniaigadle o819

¥
1 [

< a & k4 = ] a a o A a X
FINLIY @Hiﬂa@aﬁgu”ﬂﬁi'NSUUGLUTNﬂ']EJI@IEJﬁiillslﬂ@ URUINEN iU‘V]a'W‘EJﬂﬁg‘U’J‘Uﬂ'ﬁVlLﬂWGUUﬂ’]EJIU

o

a IS

wad winaiseyyadasziinududugeeialudunsiedasiinisuazadisanudeniese
) f A & P o A v ¢ o v a ' ' <
dnulsenaureteas Adue WUsAY 1uBLTRuwas 81N liAnLIARIIY AIUNT WU U85

lsavaaadantila dalsiuas WisAuSU LU danszan wazaaUszainaden Wudu

a1saueuyadasy dgvslumsinuiteriveuyadasy eundewmsedudsanudenieves

' 1%
fal a

AR MANTLAINATEYYADATE F9T1N8VRINYBTAINTINERaNSINUeYYadaTE LN A TIWIUNilY

(%
v 4

PEUAT UvaTlfpe AU IAUOULADATEIINUBNTNNILRLNNTTUUTENIUIMNTETIRLLNEIND

2
a o

msé’ma%a%aiwmﬁLﬂuaﬂsaﬂﬂﬁiimmﬂa WU NSARilu (amino acid), NSAWeaEABsUN (ascorbic
acid),  wAlsyiuawn (carotenoids), Waliuses (flavonoids), knuiiy (tannins) kaglnlawassea
(tocopherols) 1lusu (T395 1d5nY wazAfanval Yozaissal, 2549) wazn133uuszniue1msnd

ansnueyyadaszilussdusznovaztetosiulazanlenianisiialsaainnisiineyyadaszniely

[
a VA 2

$1918 Aeumslasuansiueyyadassagyiisanedianuaiunsalunisdnd veyyadasslanvu

(Mourao, Umeo, Takemura, Linde, & Colauto, 2011)

o A o a

fn18ue (Plukenetia volubilis L.) wuiiwnfisuindalusauuszinaawinile dusslev
wanvane W lwanmanliieed adnuniu viesulsemuduemisvuifes dauluaiuisaiun

Usgnauemsta uenaniiinniduandeliassnandisunlynisesguainaiusiigeg ba

WM axinidu viaeadeniiu dungs dunie 1udu dianduaduiivigalumeamuainig
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Tnauinsfiandey Ae dnsaludunlududnuseneumeaisiomn 3 6 9 finsaordlusudu Tlusau

£ a a o

g9 Tansiueuyadasevangyiln W Indud Inndiud Warliuees wenanddlisieauimuans

lunquindilueadniy (vlons seandy, N3y F3ge wavnanviey Fday, 2560)

U991 S euuNuLRUlY (Gymnanthemum extensum L) \JufivasdniunyTu 1Ju

[y

ayulnsfdnnsuse dneeuddenud ansaiadvedudridunanignsnsequssuugiauiulugiae

(%
LY Y]

Tsaend Turnzfiunsnuddsuandiduinidnafignisudaeadusds anseduimnaluben
fudadounane wasdusyyadass

duuan (Garcinia  atrovidis)  1Jufivusysrdufinuuinlunialdnoudis (Tongboona,
Suwanno, & Saowapark, 2012) ansalgusglesilavalvegne naduwunleuinunldugausieeinis

Tflsawsen Tassnanudisantminiiosainiinsnlansend@n3n (hydroxycitric acid; HCA) &l

(%
YY)

AuaudRviedudveuluilunszuiunisadislefiuainnisuslanemisussianaslulansngs

9 &

UNANUTINNIABUNTIDUY 19U NIATRIA (citric acid), nsalataailudn (dodecanoic acid), na
panAzLAALWBN (octadecanoic acid) kaznsamunziaa1ludn (pentadecanoic acid) 1usiu

ndeyatieruilvinlideiinnuaulanasfinuiusinaasafAnsine wasgrsnisiueuya

daszlumayulnsandiy 3 ¥da lown Tudaanidua Tutdune wasluduwen wielilddoyanidu

Y

anusnaulasunistunsidenuslaaayulnsluguuuuvessuiieguaguamuazidudeyalu

s3vsdusaly

o/

3 a v
nOUITEIANITIY
\efnwnavasssuznatunswmayulnsseUsiaasddy toun arsiiuedn wailiwees

wazunuiiy uazgrsiueandndulumyeainluvesivayulng 3 ¥lla laud §9n18uan Ui

wazduuun Nzziatluntsutrayulng 2, 4, 6, 8 wag 10 w1il
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NSULUIANNISIYY

antuvesivayulng 3 wia lown fnnduan Yidine wazduuun

J

wanulng Wuszezannusieiu loun 2, 4, 6, 8 uaz 10 Wil

J

USunaansangy taun ansiuedn waliuess wazunuiu

uazMSAUDBNTLATY

A5AUN159Y
1. nawnseuyayulng: didivayulng 3 wia Ae Tudinnaduan ludidwne Tuduuan (9
| v v = v < %’ o ) [~ Q’j [ ¥ ) ] ¥ ¥ v
wngluun) inasliazenn wasiduliaziaan dhuiudududng wdhliduazeumedausou
Ngaumnil 50°C w1 48 Hilus thayulnsiiegranouwisuailutadnass uagdualvasidend
un 60 e ntudllussyldlusesnuuudenszauuinnamesas 1 nsu ulilunwuziuuas
‘:‘I a =)
NdraaLarUnaun
2. nMsvevagulng: inayulnsimedraunsvulalag iminfeunaamgll 100°C Ysung
100 fadans Tudnunes Toszazianluniswisninanany As 2, 4, 6, 8 wag 10 W9 Nt AlauN
N303MENTEAI¥NTNUES 1 uarillimsgimUsinuansdrfyiasnaaaugnsiueyyadasy
skl
3. 115308 (Color Measuring): Wiagrsmayulnssausinldlunvusla iaindves
w1 lngltesee Colorimeter 1 CR-400 HauaIMTIndntakanslunn L* a* b* yiin1sneaes 3
31 e
- WAY L* USUonfemuadng (lightness) 1ndan (-L*) audiedana (+L%)
al a a = o
- AW a* USTYELAUE 91NEe7 (-a%) UDIELAY (+a%)

- WU b* USSENeLNUE nAUNNRY (-b*) JUDIEERY (+b%)

4. nsvUSanaansiueinsay: Usinaansiluednsauluinunannauulngsnesne iasien
q

lnudnulaininisees Torres, Mau-Lastovicka, & Rezaaiyan (1987) 111191878819 USNIRS 50

& o

Lulasdng Tdlunaenlulasiwun3iiag viujAsendu Folin-Ciocalteu’s phenol reagent 439319 1:2
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U3u105 200 lulasdns wenung wastuieamgiviendunian 5 wiil ududnarsazaislefen

a A

ANSUBDLUN AMULTUTU20% (WAY) USuas 1,000 lulasans danaliidutian 10 il wielming

'
I A

MAINTUEINNTAAINIRANGUILEINIANENIARY 760 WlUWAT IIN1TNARBY 3 91 WIBUWEUATY
TalatiunsmunsgInaIsazatenIaknadn AUty 1-5 llasnsu/iaddns Ysuuaisiuedni

Tauanslumiig me gallic aid equivalent/g.dw

5. msmusunamiatliueeasiu: Usuaaiswanliuseaswluluiediegne Iiasnzinieis
aluminium chloride colorimetry lnganuuata1n3sees Zhishen, Mengcheng, & Jianming (1999)
thidaegne 500 Tilasans ldlunsonlilaseunifind Wuasararsergiiflounaslsd A
LUNTU 2.5% (w/v) Usuams 500 lulasdns wazarsazatslafounsdinn Anududy 10% (w/v)
U3ums 500 lailasans naulidniu udaidigamgdvesduna 15 wiit whluindinisgandu
Was finuenay 430 Wiluans ¥hnnsmaass 3 99 L‘LJ%EJ‘ULﬁEmﬁ'wmiamﬁuumﬁf@lé’ﬁumﬂw
WINTPIWAITALANY  LARTAU ALY 2.5-12.5 lulasnSu /addns Usunaansnanliuessiy

Flguandlumie mg quercetin equivalent /g.dw

6. N1SVIUTUIULNURUTIN: USunasasenudusivluluiadieegne lneaawlasainisved
Sze-Tao, Schrimpf, Teuber, Kenneth, & Shridhar (2001) Wiw w81 500 lasans ldluraen
Tulastunsing waudu vanillin Tusmniuea ANUTUTY 4% (wAv) Usunas 500 lulasans taunse
TalasAansn ANUTLTY 37% (v/v) 37117 5 s a1ntuunlunidaiduian 10 wid waildinan

=) t:l' dll o soj a
NNIPANFULEIVDIANTAZAIENEN NIANUEIAAY 500 WIlULUAT M1N15NAE0Y 3 91 UTuaa1suny
TusumlnanMshAINSAANGULAIYRE SR TBUAUNTIMLINTFIUVEIAITAL AL NTALNY

i AnudNtU 2-10 Jaansudefiadans Usuanlalanslumiag mg tannic acid equivalent/g.dw

s

7. N15ATILRNENITATUIYYADATLAI8TT 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity: NMIMAABUANSNIAUOULADATEAIETS DPPH lagdinuuamiuisves
Perez, Caleron, & Croci (2007) \Sus8n1sNaut¥1f10813 500 lulasdns vinufasendu DPPH
gy 0.01 M UY3uas 500 lulasdns aenisliluifinidunan 10 wiil wazihluinAinisaaniu

P = = a ! a a Yo

IasrasasAEaefinNeIAAY 515 wiluwns Wisuiileuainsgandunasilaiunsmainsgiu
YosanTHInIgIulngasnd Anududy 0.5-2.5 lulasniudediaddng nuuasansauduRus
3% %Scavenging activity AUANUITNTUIDIEITAZABFIDEN AIUALNITAI

(Ag — Ag) x 100

%Scavenging activity = :
0
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log?l A, fie An1spanaulasvesiiagenIuay (nduuniansfiegis)

A; fla ANsganaulaIresansaratefmeg1aviuisenduaisazaty DPPH

8. NFAATILINeEDA: Uszaanatoyarisiunmelusunsy SPSS lnawUSeuiieunadiunie
78 One way ANOVA #sgsiuadsigedu 95% waziinsienveyaUSuuliigunnnuunnsnveasiiaie
»1175 Duncan’s Multiple Range Test (DMRT)

NakazanUusI8n153Y

1. NAYBITYZLIIAN IUN15VIVIRBATEVRIUITIR Nt UNIADUAT Ungmian wazluduwun
INMTUIRaLUlngiia 3 ¥lia luthSeugamgill 100°C wui dhnlaanayulnsudas

35in TeanianuaIey Tranunneenu Ineuimannluainndusiwazlul1g1en duulluud

Tumad@mdes-ina dnanluduweniunldudluniedvun-uinia etk nssesiaiuy

Ju lown 2 4 6 8 wag 10 U U leaslREINTUANLIAITIANTL AIANELLANTIN 1

M13197 1 Advesthayulng 3 vile

IPYLLIANVIVT (W7) AN Tuthnnduen Tuthdimn Tuduian
(+SD) (+SD) (+SD)
2 L* -71.35+0.16 -8.58 + 0.57 1.86 £ 0.43
a* 4.88 £ 0.20 8.23 £ 0.59 4.47 £0.04
b* 16.10 £ 0.78 22.02+1.33 -1.86 £ 0.17
4 L* -9.02+0.14 -11.66 + 0.65 1.06 £0.12
a* 599 +0.42 9.99 £ 0.65 529+ 0.56
b* 1953+ 1.03 2428 £0.74 -1.35+0.10
6 L* -10.25+ 0.36 -13.38 + 0.50 0.32 +0.08
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319 1 Andvesimanulng 3 «in (o)
STYLLINNVIVT (WT) ANd Tuihaniduen Tuthdgimn Tuduian
(+SD) (+£SD) (+SD)
a* 7.09 £0.43 1.93+0.09 5.86 £ 0.62
b* 21.28 £ 0.56 21.54 +£1.27 -0.39 + 0.05
8 L* -11.16 £ 0.11 -14.58 + 0.30 0.23 £0.05
a* 7.11+£0.22 3.79 £ 0.68 6.19 £ 0.40
b* 21.53+£0.27 26.41 £ 091 -0.36 + 0.11
10 L* -12.18 £ 0.15 -17.83+ 1.24 -1.25+0.18
a* 7.78 £0.29 591+£0.73 5.83+£0.25
b* 22.62 £ 0.71 27.18 £0.80 -1.04 £ 0.10

naewmen N3indlauandlunin L* a* b* laed L* Aaanuadnedan 0-100 (A1-117), a* fie A1ETen

(-a*) UDIALAT (+a%) WAL b* AB ANAUEU (-b*) UDIFNEDY (+b%)

2. navasszEzanlunsvsRe B naEsiuednlurveanludaanadum Tuthdmen
wazludununaae3s Folin-Ciocalteu colorimetric (Torres, Mau-Lastovicka, & Rezaaiyan,
1987)

mﬂmiﬁwﬁwwagulwsﬁgﬂ 3 ¥iln 1 MARBIMILAT Folin-Ciocateu colorimetric Litaw
YSuauansiluedn lnaeuiunswuinsgiunsauwnadn (y=0.0917x, R’= 0.9997) USsnaudilatiumn
nnnsifluiUnamsiuednviansaunadn dsiednduasiuednanfiwiivsznoufensfitue
an Dnuanstanludanniduan Tuddnen warluduwen sedoudluthdougangd 100°C 4
syogle1inag fu i 2 4 6 8 uay 10 unit wudn Tuthenayulnsdl farsfuednegluuiunuil

unnsnaiu Tnguinanlumandum dusunauasitueingandrluditine uagluduuun muddu
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(il 1) wazaia 3 vfiail Tiansfluoaiingean fiszerinaise 10 wift uandliifiudn USua
ansiluedndilanysiunsetussezianiiveg
3. nAvBYsTEzIIAN luNs VI IHEUTINaE sWa lauedlurvsanludanaBun Tuthda
W wazludunan
f\]’mﬂ’liﬁ’lﬁ’m’mgﬂmﬁgﬂ 3 9in WINAaIn1U3s Aluminium chloride colorimetric wan
yUFanaansrlanluesdlutimding TneLflsufunswannsgiumeiseiu (y=0.0498x, R'=
0.9974) Ynauiilathunannsifisusinsinaaisiatliusedfuaisieeiseiy 91nrNan15yIe
anludamduan luthdinn uasluduuun sevidoutlutnfeugumnd 100°C fisvezinansineg fu
¥ 24 6 8 uar 10 Wit wuth Tuthwayulnsd fansvlalwesdegluTumiuandieiu da
anludannaduan fUsuaaliueedaainitludidwme wazluduwen arudidu (A7 19)
wazavia 3 9 WansTlueadngean fiszeriansen 10 wift wansiisiudn Unaaswanlauesd
Fleulsiunsstiussozanfivs
4. wavasszeznaunistessUSinamsunudulurvsanludannaduan luthdume
wagluduuan
Lﬁaﬁﬂﬁwmagﬂmﬁgﬂ 3 ¥1ln U MARBINNITVDY Sze-Tao et al. (2001) ke UTUIUATT
wuiuluinedanan lnegiieuduns nuInggIunsanuln (y=0.0156x, R°= 0.9927) USuaufilel
ThisnanmadisuwihUSinaesunuiuiunsauwnudn 9nnanisimnantudanniduan Tudduma
warluduuan avFeusluthfouguund 100°C fAszeziaansineg fuldud 2 4 6 8 uaz 10 il

a

wud lushnayulnsve 3 ¥liedl Jarswnuivegludmnaiuandieiu lneuinainlulrdune &

a

YSunaansunuiiugandiluiinmdua wagluduuwen auaieu (GUi 1a) wagliaisunuiiugagn

SEELIANBIY 10 U WAL USunavesansunuduilanustunsatusseziia v
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22.00 - m lufaaadum
20.00 - @ lvthdman

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

o éuuan

Total phenolic content (mg/g.dw)

2 4 6 8 10
Time (min)

4.00 -

@ Tudaanadum
350 - @ Tutrduun

o Tuduuan
3.00 -

2.50 -
2.00 -
1.50 -
1.00 -
0.50 -

Total flavonoid content (mg/g.dw)

0.00 -

2 q 6 8 10
Time (min)

350 - @ luianadum

@ Tutrduuan
3.00 A

o Tuduuan
250
2.00 -
1.50

1.00 -

Total tannin content (mg/g.dw)

0.50 -

0.00 -+

6
Time (min)
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i 1 Usuailuedansiy (n) Usunaaiswaliuses (1) kazUsunasanswnuiu (a) Tudhwnainiu

amdua Tuurtmnen wazludunun Nsseziailunissenieg laun 2 4 6 8 waz 10 Wi

5. navasssEzalunsYsrIRegnsAtueayyadastlurvanluatniduat Tudrdunan

wazluduuun #2835 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

dishthwayulnsvs 3 vla MIneadeugnsnITANUeUYadaTEaIe s DPPH Tnadnulas

M13ITVeN Perez et al. (2007) Ingiguiunsvinasgiulnsasnd andwhnisindinisganduses

A d‘ o g o ! I a o [ 9/
NANNYIAAY 515 WILULLAT T1UIY 3 91 LASUIATINTTAANAULEILRGEY AU UUSoYUAY

Ayanunsalunsdudteuyadase DPPH vasinanluginmduan lutdine wavludunun fs

M15199 2 nud dnantufinniduen Tuditme wagluduwen danuaiusavilveinisganiu

LEvedDYLAdasTE DPPH anaslaluusunadiuansneiu uansbiuithmanludiinmdua luddn

w1 Tukasnadununiianuannsalunisiueyyadaselawandiaiu N5seeiIa10159997 10 U9

TuthSaugaumgil 100°C

M13197 2 AINITAANTULENTIANNENIREY 515 nm ke Y%scavenging activity (%SA) ¥8U1Y1IN

Tuaandue TuUnt e wazluduwan Avaseazian 10 w9 Welginiwusunsaienu

Usuns TudaanaBum Tuthdman Tudunn
‘iji'ﬂﬂ (ul) OD515 (£SD) %SA OD515(£SD) %SA OD515(£SD) %SA
100 0.345 £ 0.003 34.84  0.368 + 0.004 30.50 0.369 £0.011 30.38
200 0.270 £ 0.002 49.06  0.259 + 0.008 5277 0.317 £0.007 40.13
300 0.188 £ 0.002 64.59  0.180 + 0.008 66.10  0.267 £ 0.005 49.56
400 0.137 £ 0.005 74.15  0.105 + 0.008 80.19  0.210 + 0.008 60.31
500 0.094 + 0.003 82.26  0.096 + 0.003 81.82 0.167 £ 0.009 68.55

d3UuazanuseNan1sidY

nuATsilavinsAnwuiusuaasdray laun asiuedn Wailiuews wazunuiu way

Anwgnssueandndu Tuywayulnsanluginmdun luddme wazluduwen Inediluanun
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<

auilgaumall 50°C 1uaan 48 Pl antudnwaduiim leeldvusdazeinU3unm 1 nfu sein

'
a =

$9u 100 §adans Nounnd 100°C WINIIINTZELIANIAY A 2 4 6 8 Ay 10 U WU WaAIE

9 Y
1%

vosmanulnsiis 3 vladaranuainades Ingludnnduauazlutidine Suudldudlumed
Waes- e E"{"Jmﬂf\ﬂﬂiU?’ﬁJLLﬁJﬂﬁLLU’JIﬁiJ%l‘U‘VI’Nﬁ?IZJWJ—ﬁ’]W]ﬁ NaNsANYUS NN SE R Lazaws
AueLLaBaTYAIYTS DPPH wuhivsnaasddiiuandstuegnaditeddymeadn Tneluaid
dumilansiluednuazailiuess Usinagenitluldumanasluduuenaudiiu Tuvas -

o w 1 a

Hunvluluthdimengandluluninnduauagluduwen auddu diugrsdiueyyadase nuily
daanduan Tutman warludununilianlnaidesiu aannsidetuanslimiugi seegarlunis v
a 1 a o % 1 d‘ a a A o Y o 1 1 a o o %
91 UnasiaUunaeansdfgsne Inefivian 10 uii selivSunaansddyinaniasgnegeiidedfgy
aa -d! ¥ LY a o a U & d‘ b4 1 % 1 1
9adii FeaenaaediuuIdevesnes nsndda (2559) Nlas1891ud1dnTdIuTEnINenenaInan
wagianlunsvninaseUsaEsaAyLarnsEaNsUTeUsina Weviwsiguuaigumngil
100°C Toglutaalunisyarn 5 way 10 Udl wudn ¥1m1van 5 05U ve 10 wdl JUSunadndilusasiu
Ysunaeulnleeiy Usuadnniiug wazgnsnisiueendinduasgaed1elidedAgniaia
LRI UMITevRINIUY Wnsty, g Shnund uwazenliun s vusanne (2561) NlAATIEN
asanAywarianssunsiueyyadassvesiivayulnsvesdulumamile 10 wia lawa wWailvgy
Y v Y a [ a '3 v a 4 4 - (Y] [~
Wantes nodwan Au (9afv) bl Y1usill s1engne naeiu gl wazvgly iiewmundue
ayulnsdsagy uaznuannzimuizanlunisyenayulnseiiai Ao gamgll 100°C waziian 20

Wi IvSunalnanueageiign Ao 130.88 ugGAE/ml Beilnarausuananssunisiueuyadasyea

Doy

paludng feilumslesgiansddyuesivauulnslundumesivoss faduasuseneviifions
maen ilelnauiilunissnwlen sasedseloviideguam Snuddomnusldsmenunadl
mMsfnwauantRimaaiveslufamduen nuasddylunguiuedn watluesd uavansduq il
@mamﬁﬁéfmawa@mzLLazﬁwumnﬂmﬁmwmmaémﬁq (Souza, Pereira, Queiroz, Borges, &
Carneiro, 2012) iotirludinnidunn ANARIBAIIIaTaI1ua199) LaA 11 Lemuea Lwnuea
aaelsWesy uazeny MndessiesiUsznaunaniisaemaia Thin layer chromatography
wudaselullu (saponins) @15Usznauiiuedn (phenolic) Watliuows (flavonoids) wanas
yaaeUgVEFNuoyLadasHieds DPPH Sr1usvana 62.8%-88.3% Snviansadaiiadamewmmiuen
LALENITY A111308AN15N5818M04 Hela cell 1agatia 54.3 uag 48.5% audau Tuniesnauiu
asafaiatnssenuLariiaunsamieihnsnszaesveueas Normal fibroblast-3T3 14
(Nascimento et al., 2013) uaﬂmﬂﬁé’awujﬂuLmﬁmmaaﬁamwaﬁuﬂwé’fﬂL‘flul,méasuaaaﬁﬁwﬁzyﬁmaw
wiin lawn nsaladu (fatty acid, FA) Iwleaimesea (phytosterols) walsiussnsau (total

= o va ¥ a

carotenoids) nagnaua1sUsENauiiuenan Fuilnuaudinueuyadaszanme dwludidunavse

9 9
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¥

muwanis dnaitedungnumansiutiuiisenunsldivilulssmasouienini fidlugy
ayulnsifsinagmveayulnshannsofuuimnu fnwieinisaauld ondou ieemsle
(Yeap et al,, 2010) Lwimﬂsl%azguiwﬁimmmqm wuludninaass As Aun 2,000 dadnsuee
Alansu uaandunudadenunsasegaiveddy wasideoldenluvuiatosas fia 500 uaz 1000
fiodnsusienlansu Snavilifussdunsagiafiutu Wadleunnguauauegsdidoddey Tunds
fanssdesudnidnisidaudlngd idesnfionAfelfsenuhaylnsdansafiunisdufves
viouly (AFaums USivsy, u.1) dunsdnuluduuansisluasardu nuansddy Téud ansfiue

an Waluesauay LmuuuImEJm3Wuaaﬂszmmamwuﬁﬂuqwﬁmimuaumaaaiw waibsldusiusiun

o v
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Abstract

A film sensor for the detection of Fe(lll) was developed by the immobilization of the
extract from purple sweet potato in films produced by natural rubber latex. The films were
characterized by using Fourier-Transform Infrared Spectroscopy (FTIR), and the color intensity

was measured using a color intensity meter. The analysis of film found that the purple
sweet potato extract can be immobilized in the natural rubber latex film. The films
exhibited an irreversible color change from moss to yellow in response to the presence of
Fe(lll) at two-hour contact time, which was correspondent to the concentration of a metal
solution from 12.5 to 100 ppm. Therefore, it can be seen that the developed natural rubber
film containing the purple sweet potato extracts has the potential to develope as sensor for

the determination of iron (lll).

Keywords: Sensor, Extract, Purple sweet potato, Iron, Natural rubber film

Introduction

Iron is the fourth most abundant element in the earth's crust and the most abundant
transition metal in the human body (Weber et al., 2006). It supports a range of physiological
processes such as oxygen transport, electron transfer, respiration, and gene expression
(Dixon & Stockwell, 2014). Iron deficiency leads to anemia (Kew, 2014), whereas excess iron
can increase the production of reactive oxygen species, resulting in oxidative stress cascades
that lead to lipid oxidation and DNA damage (Dixon & Stockwell, 2014; Chang, 2015). The
determination of Fe(lll) is traditionally conducted using methods such as inductively coupled
plasma optical emission spectrometry (Rahman et al,, 2012), flame atomic absorption
spectrometry (Mashhadizadeh et al, 2008), and inductively coupled plasma mass
spectrometry (Martinez-Lopez, Sakayanagi, & Almirall, 2018). Although these methods
provide high sensitivity with relatively low detection limits, disadvantages include operation

costs and high equipment acquisition, as well as difficulty in performing in situ analyses. As
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an alternative, the use of sensors can provide simple and inexpensive detection of the
metal (Piriya et al., 2017).

There are various methods to determine iron metal ions, such as photometric and
electrometric methods. In addition, most of these methods require expensive equipment
and time-consuming, trained operators. The determination of metal ions in environmental
water samples by using inexpensive measurements is widely interesting. To meet this
challenge, color development is one of the popular methods that have been investigated.
Various reagents used as chelating agents for the determination of metal ions must be
synthesized, and it is usually not an environmental friendly process. Moreover, the
synthesized compounds would be costly.

Anthocyanins are water-soluble pigments most commonly present in flowers, fruits,
and vegetables. They are responsible for the red, blue, and purple coloration of plants
(Chaiyasut et al.,, 2016). They have considerable potential for use in the development of
colorimetric sensors, due to their ability to change color according to changes in the pH of
the medium or by complexation with metals ions (Khaodee et al,, 2014; Khaodee et al,,
2018; Majdinasab et al., 2018). It is found in many plants such as flower of roses (Ogata et
al.,, 2005), berries (Kang et al., 2021), red cabbage (Khaodee et al., 2014; Majdinasab et al,,
2018) including purple sweet potato (Khaodee et al., 2018; Wulandari et al., 2018).

Various polymer matrices have been used as supporting materials for the
colorimetric sensor, with a selection of the matrix being dependent on the intended
application of the sensor (Kaur et al.,, 2018; Nam et al., 2018). Natural rubber (NR) is known
for its excellent tensile strength and elongation properties and becomes one of the most
important materials for tires, gloves, and other NR products. The application of NR may be
explored further once it is subjected to modification. Samples of modified NR, such as liquid
natural rubber (LNR), degraded and shorter NR chains have been shown to be useful as
compatibilizers (Mounir et al., 2004; Dahlan et al., 2002), reactive plasticizers (Srilathakutty et
al., 1996), adhesive (Wayakron et al., 2013) and coating (Mathew et al., 2010).

The objective of this study was to create an environmentally friendly colorimetric
sensor for detecting Fe(lll) by immobilizing purple sweet potato extract in natural rubber

latex films.
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Materials and Methods

2.1 Preparation of the natural rubber latex films with the purple sweet potato extract

The purple sweet potato extract powder was purchased from Kenko, Japan. 60 %
concentrated latex is fresh latex treated with a 60 % concentrated ammonia solution
purchased from LB Science. The natural rubber latex films were produced using the casting
technique. The films were synthesized from natural rubber (NR) in the form of concentrated
latex at 60% by weight since it has high latex as well as low protein, carbohydrate, and
nitrogen (Ali Shah et al., 2013). To prepare the films, the concentrated latex 60% (w/w) was
mixed with vulcanizing chemical reagents as shown in Table 1. The mixing solution was
prepared by mixing concentrated latex 60% (w/w) with sulfur, zinc diethyl-dithiocarbamate
(ZDEQ), zinc-2-mercaptobenzothiazole (ZMBT), Wingstay L, zinc oxide, and propylene glycol,
respectively. Individual chemicals were mixed into the solution after 5 minutes of stirring at
75°C. The purple sweet potato powder (1, 3, and 5 g) was added and stirred for 10 minutes.
The 3 g of the resulting solution were poured onto the prepared petri dish containing 9.0 cm
in diameter, followed by drying in an oven at 50 °C for 24 h. The films were cut into 1x1 cm’
pieces and stored in a desiccator until used. The characterization was performed by Fourier

Transform Infrared Spectroscopy.

Table 1 The natural rubber latex films formulation.

Ingredients Mass (g) Functions
50 % Sulfur 0.8 rubber stabilizer
50 % ZDEC 0.4 rubber maturing accelerator
50 % ZMBT 0.4 rubber maturing accelerator
50 % Wingstay L 0.4 rubber deterioration
50 % Zinc oxide 1.8 catalyst stimulant

33 % DPG 0.4 rubber maturing accelerator
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2.2 Evaluation of the purple sweet potato extract solution as sensors for iron

The buffers pH 1-2 were prepared from hydrochloric acid-potassium chloride, pH 3-6
were prepared from acetic acid-sodium acetate, pH 7-9 were prepaed from hydrochloric
acid-disodium hydrogen phosphate, pH 10-11 were prepared from sodium hydroxide-
disodium hydrogen phosphate and pH 12 was prepared from sodium hydroxide-potassium
chloride. All buffers were prepared with deionized water treated with a reverse osmosis
deionized system (Millipore, Bedford, USA). To find out the detection pH condition that is
selective to iron, the pH of the buffer was first tested. The color-developing method was
observed by adding 100 pl of buffer pH 1-12 and 40 pl of Fe(lll) solutions at 100 ppm,
followed by 20 pl of purple sweet potato extract solution. The color change was observed
with the naked eye at different pH related to the iron-purple sweet potato extract formation

complexes.

2.3. Evaluation of the natural rubber films with the purple sweet potato extract as

sensors for iron

The time of contact of the film with the metal solution was an important parameter
that should be considered in establishing the best conditions for use of the sensor. In order
to evaluate the films containing the purple sweet potato extract as sensors for Fe(lll), they
were immersed in 5 mL of 50 ppm Fe(lll) solutions at pH 11.0 for 30 min, 1 h, 2 h, and 10 h
at 25 °C. After exposure, the films were collected and washed with deionized water. The
excess water was removed using filter paper and the color of the central region of the film
was measured using a colorimeter (CR-10, Konica Minolta, Japan). The CIE (Commission
Internationale de Eclairage) color system was used, obtaining the parameters L*, a*, and b*.

The experiments were performed in three replications.


https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
https://www.protocols.io/view/hydrochloric-acid-potassium-chloride-buffer-hcl-kc-bfycjpsw#:~:text=Hydrochloric%20Acid-Potassium%20Chloride%20Buffer%20(HCl-KCl)
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Results and discussions
3.1 Incorporation of the purple sweet potato extract into the natural rubber latex film

Low solubility in aqueous solutions is an important property of solid sensors because
it can prevent the loss of the sensor molecule during the identification of the analyte. Fiure
1 shows the natural rubber films (a) with and without purple sweet potato extract. The film
remained homogeneous in the presence of the natural dye, with an intense moss color
indicating that the purple sweet potato extract had been incorporated into the film (b-d).
The different concentrations (1, 3, and 5 ¢) of purple sweet potato extract provided different
colored films and were less homogeneous when the concentration of purple sweet potato

extract increased.

Figure 1. Films produced using a natural rubber, without (a) and with (b) 1 ¢ of purple sweet

potato extract, (c) 3 ¢ of purple sweet potato extract and (d) 5 ¢ of purple sweet potato

extract.
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(a) Natural rubber latex solution

(b) Purple sweet potato extract

(c) Natural rubber latex film
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Figure 2. FTIR spectra of (a) the natural rubber latex solution, (b) the purple sweet potato

extract, (c) the natural rubber latex film without purple sweet potato extract, (d) the natural

rubber latex film with 1 g of the purple sweet potato extract, (e) the natural rubber latex
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film with 3 ¢ of the purple sweet potato extract, and (f) the natural rubber latex film with 5

g of the purple sweet potato extract.

In the spectra for the purely natural rubber latex solution (Figure 2a), a broad band
centered at 3329.73 cm was observed, which can be assigned to the stretching mode of
the hydroxyl groups of the natural rubber latex chains. A band at 1653.41 e was due to
C=C stretching vibration. Characteristic bands of natural latex at around 702.44 e could
be attributed to C-H stretching vibration. The results are consistent with other research
(lorahim et al., 2014). The spectra of the purple sweet potato extract (Figure 2b), a peak at
3628.55 cm |, 1653.28 cm ', and 1507.10 cm* which were caused by the elongation of the
-OH, C=C, and C-C bonds of the phenol group of cyanidin anthocyanins. These peaks
showed the characteristics of the aromatic rings of flavonoid compounds. The results are
consistent with other research papers (Silva-Pereira et al., 2015). The same bands, with small
shifts, were observed in the spectrum of the natural rubber latex film with the purple sweet
potato extract at different concentrations of pigments, with small peaks at 2500-2300 cm’
due to the vibrations of the carboxylic group. It can be seen that the bands of the purple

sweet contain films (Figure.2d-f).

3.2 Evaluation of the purple sweet potato extract solution as sensors for iron

The pH of the solution is a major parameter affecting the purple sweet potato
extract. The pigment solution appeared in a pink-red color at pH 2-4, purple at pH 5-7, blue
at pH 8-10, and green at pH 11-12. In buffer solutions, the complexation of purple sweet
potato extract and Fe(lll) was investigated. The purple sweet potato extract clearly formed
complexes and the color change can be observed by the naked eye at pH 4-12 as shown in
Figure 3. After the chelating agent interacted with the metal ion, the bathochromic shift
occurred due to the interaction between the metal ion and the ortho-dihydroxyl group at
the B-ring of the cyanidin molecule (Khaodee et al, 2014), as shown in Figure 2(b).

Therefore, pH 11.0 was chosen for further analysis of iron (Ill) using the film sensors.
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Figure 3. Qualitative determination of Fe(lll) at different pH buffer solutions.
3.3 Evaluation of the natural rubber films with the purple sweet potato extract as

sensors for iron

Purple sweet potato extracts are widely used as pH sensors because they can
change color according to the concentration of hydrogen ions in the metal medium
(Wulandari et al,, 2018; Choi et al., 2017, Ma and Wang, 2016). Moreover, the time of contact
of the film with the metal solution was an important parameter that should be considered
in establishing the best condition for use of the sensor. The contact time of the film sensor

to the ferrous metal solution was studied, as shown in Table 2.

Table 2 Images of the films after exposure to the blank and Fe(lll) solutions with difffferent

contact times at 25 °C.

Solution tested

Film types Blank 50 ppm Fe(Ill)
30 min 1h 2h 10h 30 min ih 2h 10h

NR film J |
H R B R B
3g PSPE-NR composite film . - . . .
| I B B

s

1g PSPE-NR composite film

HEN
H AN
ry

5g PSPE-NR composite film

There was no color change of the natural rubber latex film under the blank and the

50 ppm Fe(lll) solution when the contact time increased, as well as the natural rubber latex
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film with the purple sweet potato extract at different concentrations in the blank solution
when the contact time increased from 30 min to 10 h. There is a significant difference when
the natural rubber latex film with the purple sweet potato extract is immersed in a solution
of 50 ppm Fe(lll). The change in color indicates the interaction between the anthocyanin in
the pigment of the purple sweet potato extract and the ferrous metal solution. This might
be because anthocyanin has a dihydroxy group. Therefore, it is possible to create complex
assemblies or react between metals. (Castaneda-Ovando et al, 2009; Li et al,
2016). Therefore, a contact time of 2 h was chosen to continue the study under the
conditions of a buffer solution of pH 11. It was clear that the contact time of the film in the
metal solution was an important parameter.

In order to evaluate the capability of the developed sensor to identify iron (lll),
colorimetric analyses of the film were performed after its immersion in metal solutions. The
color of the film was determined by the nature of the cation, while the intensity of the
color depended on the time of contact of the film with the metal solution. The intensity of
the natural rubber latex film in the blank and 50 ppm Fe(lll) was the same over the times of
contact. The films maintained a white color, with a high intensity of the parameter L*. On
the other hand, the natural rubber latex containing the purple sweet potato extract film
maintained a moss coloration in the blank solution, with a higher intensity of the parameter
L*, compared to the film immersed in Fe(lll) solution. This was reflected in significant
changes in parameter a*, together with small changes in parameter b*. The results are

presented in Table 3.
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Table 3 Colorimetric parameters obtained for the films after immersion in blank and 50

ppm Fe(lll) solutions at the contact time of 2 h.

Solution tested

Film types Blank (contact time, 2h) 50 ppm Fe(lll) (contact time, 2h)
L* a* b* L* a* b*
NR 87.9 £ 0.66 142 +0.12 1141+ 0.70 8750+ 148 177 +0.25 1198 +5.65
1 g PSPE-NR 81.46 +0.89 042+ 0.11 1206 +1.49 71.04 +1.06 150+ 038 18.73 +3.04
3 g PSPE-NR 66.20 + 4.12 1.63+049 1720+ 440 5677 +0.11 151 +006 13.13+0.12
5 g PSPE-NR 58.06 + 5.97 133+ 056 11.64+ 3.48 4260 + 3.17 175+ 0.63 10.86 = 1.38

Table 4. Images of the films after immersion in metal solutions containing Fe(lll) at difffferent

concentrations.

. Concentration of Fe(IIl) (ppm)
Film types

0 125 25 50 100

1g PSPE-NR composite film

3g PSPE-NR composite film

4y
EE B

5g PSPE-NR composite film

The purple sweet potato extract composite with the natural rubber latex films
exhibited an irreversible color change from moss to yellow in response to the presence of
Fe(lll) by the naked eyes, corresponding to the concentrations, from which it can be
concluded that the prepared sensor films can analyze ferrous metal solutions. The images

of the color changes were observed by the naked eye and are presented in Table 4.
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Suggestions
1. The application of purple sweet potato extract sensor film with other metals.
2. Study the effect of interferences and real sample analysis.

3. Study the film morphology using scanning electron microscope (SEM) and film thickness.

Conclusions

This research was to study the synthesis of the films from natural rubber latex
composited with purple sweet potato extract. The functional group analysis by FTIR
technique was able to confirm the preparation of the purple sweet potato extract contained
in the rubber film, and when applied as a colorimetric sensor for ferrous metal solution
analysis, it was found that the color change of the films from moss to yellow was related to
the concentration of the metal solution, indicating that the developed sensor film was able
to detect the amount of ferrous metal. This developed technique is easy to use,
convenient, and fast. The materials used were derived from natural extracts and are non-

toxic and environmentally friendly.
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msiineuadanuslunisquadiessergavnedliiemedugUassanddelunisguagUae.........
Ep)
Y a a4 ya y oy
n138199%efisuvinedanny
unudgeeneiiintu luln.e. 2548 Sevay 6.4 Tul w.e. 2553 Wndwludosas 7.5 way

pailud we. 2578 aziiindu Hu Sooaz15.9 (Innuazusiland, 2553)

Aasorefendeluduinauysn Ysemeawesiiu dwlvglidenissunivaundnlunseunia
Py p < | | ' A ' a v o a
Worndianuwind ynsviatu dlngsenidinuasnnsesnee venuesiiagnasuiantey
(Erichsen & Bossing, 2013)
-3 d'd [~ [y 1aa 1 o a aa o gj %
A5UIALRUN AT Wk bl T U URS1BWLATIR WATUNIUMSANLTUTINUSZINTL NaN19nIu
p1sunlauSanlygyuasdiay dawalvinunindinanas (Erickson & Theeler, 2012)

iy o

3. 11591999 ATLU 3-5 AU
nsfignedensausn (lugentnneaii) ldvedideuns 3-5 au
8077, AUFNA, Useuay, wazauad (2553) Wuin anuidudinainnislaesestiemela.......

uuARDIiA, Dalauuazsesd (McCormick, Ilgen, & Roy, 2001) Wu31 Useaunisainiseae



115815381 A@nsSUSAYI6S Page |110

msmanasiiefamunudulunaendens dnan.. (813, auns, 2907, wasusid,
2553)

wé’ﬂé’%’u%’unwmﬁéfmpﬁﬂwﬁﬂ%ﬁmiﬁ?ﬁﬁ%mLU?{sJuLLﬂaalﬂmmam ....... (Petterson,
Mattsson, & Bergborm, 2009)

Aunfvesemusulunaendond daunarsiivszduld.... (Wood, Roy, Scales, & Smith,

2010)

Ay a g’l = 1 Y A (% = Y 19 v v v « ) =
n3fing1edensan 2 (udeninmeaiu ) Taveiliouauunsn 13u 1 M8nys ALy “uazane” vise
“etal”

dovuazAne (2553) wud Hasenglsalumnusindl 2 illaneidesienisiialale
o a o
15939 ANGANTIUGUAMN......

wuARasiiALarAny (McCormick et al,, 2001) N&1331 WayARARDLNTYTU A1IEANAIY

AN AzANTEUIUNTRBUAUDWIUT WUgIEN15IANTS. .......

Tun15teeiu AMENINYDURINATINILAS. ... (BRI ATANLE, 2553)
nswaniasumnudniiuusiazyaraiiunisiidnenmusazyarasenuly (McCormick
et al,, 2001)

4. N1591999N3FALN 6 AW %38 WA 6 AuBULY Td¥erlTuuAusn LI 1 fidnws

Y

a

') « oA " NA Y v ' v ANAY a d va )
MUY “UAzANE” Y30 “et al. 7 NINING1BWRNUUNUTIAIN LagnTiiNoBsuerl deunaa
YA

¥15URE wazAny (2554) WU MIUININEAINNTAUTIIVIEINITUIN TuUletinfsusiuy
= = v
Auasunale

199 wazAng (Cheng et al,, 2010) WU 81N1TVBINNITUNINTOUNNUUDY AB 81NNV

/%0 USNNAAIINNNTEARUVRIRUGEN. ...
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ED
Jagvnsguarasenglunsaunsiiazyuyuii ﬁmmﬁwﬁmawﬁﬁuﬂwgﬁq ........ (YiFun
wazALg, 2550)
fuaelsavaemidenunsieesiniludesiodlames Alfunssidnuuudndannwdinngs
rrdnegluseiu Weafuriuiinedilssumsidauuuaeslavasmideniouriiunsangau (Lederle

et al,, 2009)

5. n13d19daenasvatgatuandidunaie au liSeadun1seeBanuaiuRInys

Wy UnoU-NAaTILINTENINELTLUMBLATOMILNEIRINA () 11U

ey

Y aa = « v a ! a d‘ ! 2/ (% a
Atrenfionnadeetms aduld endeu deunde wilesdie Jaanizeentos anuduladin
a9 v Mlane 11 viauden FuvTevueaiuazludUliensnwliviveraudedinla..... Shuiuasusy

1599,2550; 398, 2551; @3NS, 2529; Alan, Brown, & Smith, 2003; Gordon et al., 2001)

6. N138198LNAITNININNT 1 1399 Vvasfilsunufe iy waslinuvitfaiu Talddun
AevIne (suffixes)n, U, A (LONE1TNTWIINE) %30 a, b, C,... (DAAITNTYIBINGY) LTU
PNATNUMIUNUITY (813, 25480, 2548%) WU ........

ANNSNUMNUNUITEVRY Bifaau (Edeline, 2001a, 2001b) WU .......

7. msgnedaenasiigiliswdussdng aunau dandu wieau vselifiyana iszydewiy

1 IS

& P PR 9 A Y = Y a o | Y a I v
YNAST anviunsainivede syyvede niautaiiu Tun1sdn9deasausn dmnisonedenissiely Tuld
dl 1 v 1
Youale U
N1991999AFIIN

4

NNsdTRTeyalaeyatisantuideuasimungaionglng (2549) wuin matninendelu
¢ & A Ay 5 =
anuauaTzviauynludaiggiongliddaanisunnian......
aeAn1seudelan (World Health Organization [WHO], 2013) ldnanafisnisguauuuy
UszAuUszaesd lunisquaiionselidsnanndinliunnsiieuazaseuasuieliaiuisoiudey

Aulgymanudulie waganaunnInsi.........
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ED)
) & v A & a A Py aa o <
nsAnnsadlsAu v dunsrumueraidulsassezusnisy Welvlasunsidadelaeso
waglin1s SN ASUAEIY ...... (EOTUITHUALWRIUNTZUUUANYUYY, 2552)
Tsadannuanannulaussndd dadulsanfnsusu 1 Tu 10 vedsannelmannsiduiie

15939 (NTUGFUANAR, 2556)

nsAnnseslsaum vilivsendaeldarsuwazmslininenslunisguasnuilse (World

Health Organization [WHQ], 2003)

n1591999AsIsalU

nsUsEAURUSAUan UYL TLLazAINTIUNAAY vosyuvw Tiussv g

Y

NILUIUNISANNTBIDEINT (WHO, 2003)

8. N138199NaINagIENIENaN Wildad1 “Mdssedfiud” (tlenansmwilne)
138 “in press” (1ONA1SAYISINGY)

IINNITNUNIUNUITY (YU, MEITORANN) WU ........

1INNITNUNIUIIUIY (Smith & Adam, in press) WU ...

Yy a Ay ad v a v o A = ° R =
9. MssnsBaenasnliivedivey TiszyvaiTaunias 2-3 Ausn (NSalNTelTosE™) vise
4 4 e & < o « » Y aa e
Forsoududus aelunIeamunedyusznia (“...”) waganumeUiuiigu
TunsquagUhewnlsassuumaiumela........ (“n1sweuia,” 2550)
(@orseuu: MsneualUeiniifianuRaunfnefussuunuiumigla)
Tadenianuduiusiunizauan......... (“Protection Against,” 2003)

(%aﬁa\‘ilﬁm: Protection against inflasmation during the chronic and acute)

10. N1581999NA5IENSARaNTaANNN Taaluldunuseuiseslng TrRuivedideu

&
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AumsURLN LA nTNTARanNT nTtidenNidnasnuItesni 40 A1 Tildvennuiu nelu
LATDINLNEBYUTZNIA (“..7) 1T
Y (2550) N8 “wareen1sinewnlan silveinistiemelunielu 1 wi” (i 41)

nMduna1vin “naveanisiigiuiyan vilreinisviameliniely 1 ui” (yud, 2550,

U1 41)

11. N13819899UL¥BuALBY (secondary source) liilidnedalnense vive 81989370
fiualu (original source) Tunsalnluiinsiinnitenansuda (out of print) lulausaAunenans

Auatuls wiisliflatuiiuiiduniulng wie nmwidsnge Tildrrin “dremu” dmsuonans

Mg ¥39 “as cited in” dmsulenasnwdIngy

Faunsdredevinedy vse ussanynsu Tildienansdrdavesdideuiisnuun (secondary
source) lildanansdnedevasgillisuanaisiualu (original source) 1u

MnmsAnvesdaan (2547 Sremm dignaen, 2553) finuiufoAnanssunisquadidulse
Inamiitulnesansziugs fanadususmeuan. ...

nsAnwvedlunudsnuazuunauaun (Seidenberg & McClelland, 1990 as cited in
Coltheart, Curtis, Atkins, & Haller, 1999) wum......

30

Aouadeiondndignimualiuvueu 1Wu fusvnsigiamia viegnanenaiinand inly
nsguartae (lWsuns, 2543 §19mu d1e19, 2550)

E:\Jllﬂ’JEJ%mLﬂ%ﬁlﬂﬁmﬁE]E[,umi%’ﬂ‘w’]ﬁﬁﬂﬂﬂﬁﬁ@ﬁ’]ﬂ’ﬁﬁ’]L%UGE?”] 9 18 i1 (Maneesakorn et al.,
2007 819013 599 waziieyunn, 2556)

UNUMNETUIRIUNSAAAINAIAURY aeaLdans @9unans....(Silva, 1978 as cited in
Ward & Decan, 2004)
2.153198998LEN %39 UsIUIYNTH (Bibliography)

Wun1357U51518n150198997 9989 luilan vse s1en1seneBeiAeTeaiu e Al
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duneENveNaNEININIGg Meldvite “UsTanunsy” TnedniEedsnenisoneds amudanunys

VoW 138 Yoies (NTaliTvellew) dnSeeTensondniwmineneusen15eneds

U

AYDINYY

wdnnaiia lumadsuussanynsuuuu APA atfufiaiadedi 6 (@ a.a. 2010)
1. fidgu (Author)
1.1 {llsuaufgn
AiTsuaulne hTsuanzde wwanalsifiosszyfumismainns 1wy
Uselarigd.
e aunena.
y1eUsena Talduana mmé’wm‘%ammagamﬂ (,) DU 1 FPNWs AUALE
Snwste Fefurameinsomnauinnn () susesnuste Fenans @) i
Deming, D.
Victor, N. M.

Larson, J. R, Jr.

1.2 g 2 A
v ya oA va =i % o % v v '
Ay 2 Au IAWsWvRilleuAui 1 ANNAT8LATRMINIEan1A(,) 11U 1 FI8NYs fo
o « w1 v v a = 1
My “wag” llIuIssn mMumedeunui 2 1y
Junn anniase, uazuseln Jud.
adah fiuana, wazlnea osdunn.
Y1IANUTENAITYULINANS MIUAILLATEINUIEANTIA () 13U 1 fdNuInunIe
) A Y d' 9 % B €0 % v o
SNusLaYRALTINANN (X)) UALIATEIMINEUTINATA () MUAILLATOIMNNY “&” UazlIU 1 FIdNyYs
AumguINanaAun 2 uinldiaieaanggania () mumednusde Jedu Jonane (i) uagdosie
LATBIMUBUTNATA () LU
William, R., & Sales, B. D.

Hamosh A., & Brinker M. R.
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1.3 §\l8u 3-7 A
aulneldte unnana Auselriesinegania () wagtiu 1 fdnwsnihgidounnau
wagldindn “uaz lagliliuissn mihdileuauanying 1y
U578l Adums, elleg) wee, uavlasei daseandy.
nws yadiins, Uledujy , Ssaan uaasasnn, wazassAdng Jelsmy .
yisUszma Weuuedude 1.2 wagliniomnegania () du seritadounnauy
uazldiadomng “&” 1 1 fdnws mihiiTouaugevine 1y
Salmon, M., Earman, J., Wilson, R. T., McGarry, D. D., Hopman, D.
Burke, D., & Bogduk, N.

(%
1Y a v

nuewn: Tdleuns 7 au
1.4 {ilguannda 7 Ay
Aulveldve winana voIfllisu 1-6 AUKIN AUMBLATOMUNLIANIA() 13U 1

1 ¥

MSNWIADMYIN 390 LU 1 FI9NYs Lavdamey Jo uNanavesllguauanying 1y
3 [

gand 9wne, Useln Juf, derSfana, Ussnus Seauny, aursisosdnag,

LEYAS 9ENA, .. AUNT 130989,
Y1INNU TN
Salmon, M., Earman, J., Wilson, R. T., McGarry, D. D., Hpoman, D.,

Dynaraki, S., ... Smith, D. C.

nsainlilivefiveu

e

Tildvesos \luiudeunuitoideu aumewrsesmaneuinnn () semeUiuiuuaies
MNEIUAU LYY
ToAnTIna. (2549).

Mosby’s dictionary of medicine nursing & health. (2009).
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a

2. U WU (Date)

2.1 190 it w.a. w3 a6 luaSosnenadu susiendemuneuinga () seainde
A

Tnena gansed. (2550).

Thomas, W. (2006).

a I

2.2 neAlaiftRuildi ) Tuefemuneindu Ae laisingd fiui vie (n.d.) Ae
no date §MTULBNANTATYSNGY MTUAILATBIMUNEUTNAIA () HOINTBRITEY 1TU

Yorindn1eauds. (...

Wilson, D. C. (n.d.).

2.3 nadiftdsiusiiy lisunsmeusudieffisniudy uideglusemiamsdafulsazydii
“pg3znIN1SARNA” dmsulenansnieing “in press” dmsulenansnmwdenge Lilusanduunu
Uit Ly

AnA1 A9IUNA. (BYTENINIANUR)

Gilbert, D. G. (in press).

3. Y1304 (Title) vawilado UNAUITETT Bonsuseyn WWudu
A o Yo O A A o ° = | o o
Po1309 WLH1LDe9 NI lne Lazn1w19Ingy dusutelsesnwdinge Tild
FENBIRUNIVE laN1ZoNYIFAILTA
Y Ao a A oA a4 oA v A a o v v 1
AIAND5UNBTOLTDY YiTD BBL309993 HldATINIeINIA () AULAU 1 A8NET AN
(% Y 1 U a 1 gj Y a ¢ @
dnwsssnidusaiusilveg wontu Todfuian

dnwidiunlug TianzdnusfmusntoiTes LagdnEIRILINTBITD9T94 TITRTBLANE W

UAAa Javiieau Yege Yeglimansviniy wentiu 1denysduan 1y

MANNITNEIUNR: LudRnuaz U UR.

Nursing care: Principles & theory.
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Fandroff and Martin’s neonatal perinatal medicine.

4. ASINUN (Edition) vanilede

[V [V
a ¢ v A v o [ v A

Tddmsunisdniiuniased 2 Wuduld wu Tildan fAnviedsn2 dmsunildeniwlny
3o 2nd ed. dwsunilidenwsinge ldanelursauneanteoses wwu
A0l wasiisy. (2550). LBUIURINGH (WNHASIN2),

Sharma,P. (2015). Digestive system (3rd ed.).

5. @0UNNUN (Place) wag d1uniun (Publisher) va9viieda
5.1 piladaniwlng TAlE¥e9In AUA8LATMLIeNINIA () FRduTaaniud LU 1

FITNBIAUABTDENUNAUN LALLATDIMUIBURNANA() LU

n3amn: lowieuales.

A998 NMAITINGITINGT AUSLNNYAIENT UNINYIBYAIVAIUATUNS.

5.2 wilsdonwdangy liszytaies \uaouiiiind nsdinvediasliilunidnlildyesy

]

30 YausumaAnidiaslunad Tneauyailios uasdasy/Ussma AdeLA3amNIeanIA () oy

Sudbury, MA: Jones and Bartlett.

Oxford: Basil Blackwell.

St. Louis, MO: Mosby.

Princeton, NJ: Princeton University Press.

é"m%'mﬁmﬁﬁluﬁé'ﬁn 13J€1'aa°ld°’?ia%’g M“a%aﬂ'szmﬂﬁl,ﬁmﬁuﬁaagj 1#wn Baltimore,

Boston, Chicago, Los Angeles, New York, Philadelphia, San Francisco, Amsterdam, Jerusalem,

Milan, Mosco, Paris, Rome, Stockholm, Tokyo, Vienna
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'
v A A =)

5.3 ns@iinilsdedvoliewaradeslildteflemusng luteusniduaaunfiun

o w

5.4 dridnfunt THlddeddnRuifiusngluniunluminduy lnedad Ysgnoudue il
J1dueen U Publisher, Co., Inc, Wefududin, uien...3100 eniudrtdnfiusives
an1dugauAny n3e Fodinfusiniiain Associations, Corporation, University Press, Books,
Press Lau

dilnfuiwisgansaliming de.

TneFaumwai.

ISOULAINTANA.

Lsafianiinesases.

McGraw-Hill.

Big Picture Media Corporation.

Oxford University Press.

Penguin Books.

5.5 psdlddnfuidutoniisny / aadu Wilddenmhenuseawdnusedenuissundn
dvsuienansmwine AU 1 §5nes serinsontieeusestu nieuman 1wy
UUNYT: NB3guAnw) nsueude.
A9UAT: NPV INGITINY NAUS LN NYFNEATUNINY QY AV UATUNS
Iuﬂmjﬁﬁlmaﬂmﬁmmé“mqw Iﬁi%’Lﬂ%aqwuwaﬁganWﬂ () AU SEMIN9T0MUIE9 LU
Geneva: Epidemiology Division, World Health Organization.
5.6 nsdifintnes / oy iuieidou uasddafuniluduvosdafiunilifladose
M%@Iﬁ%}@ﬂ’l’méjuﬂ Tudruvesdtinfuigu NSy, 1Inende, The Association, The Society tusiu
World Health Organization. (2008). Report of mortality. Geneva: WHO.

UM INYIAYAIVANUASUNS. ASWNNYFNENS. NAIVINGITINEN. (2552). 5189115837

2551. @981 YNNINgNag.

nsueule.nedlnvuINg. (2545). ULAALTEILNOAYNIN. UWNYS: NI,
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American Nurses Association. (2009). HIN1 (Swine Flu): Information for nurses. Silver
Spring, MD: The Association.
nsuAUANlsA. dtinsruradnen. (2552). asusenumaiiseTalsauseanU2ss1. uumys:

A34.

v '
v )

5.7 nsdinlifanuifandlildd fail uwuitanuiifa
w. Uy, vneds ivsngaodifuidmiunidonwilng
n.p. #1884 no place of publication dnsunilidenwdangy
L
anUUTRIULAL SUTENTFIU. (2548). LHUNNELTINgUIARMATIN: ALlEN1ITTEUSLA

UURNT (atuusulsensan2). udm.: aandu.

NUIBR: NINNALINENTIN9BY UTTALINVBUAaETIwNT NNWTnvaudieila ussiasaly
a 4

NUNTU

W lUUsz 5 A29nws

JULUUN1TA19BeNaTUsSEANANS (1ATBMNNY v Visnea LI 1 fidnys)
1. unanulusas Uournal Article)

sULLUU
U

a

Forlew.v U fam). v Founanu.y ¥esans, v U fiadu), v viusn-vithannie.

1.1 25arsmaly

Asdnuel 1¥IAnsaY, wardnsUial aFansTand. (2551). msuwidymseaunzia ludengs.
ANUUaDANULaTEILInaeY, 18(3), 26-31.

nwaun douana, anuadl NUA, 3N duanw, Uil inena, 1d anuws kavadas Sna.

(2550). mSQLLaE:\JIJ‘U"JEJIiﬂLUWWNU. MFANSATUDUY, 25(2), 56-60.
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AT AL, Landuns naddns, uazdnvan asas. Amzaunmuazdadefifinnuduius
funnag guamveainfisuUINsTEne A AnUsI T NsansweIUaaIYaN
uATUNG, 32(1), 11-25.

Mellers, B. A. (2000). Choice and the relative pleasure of consequences.
Psychological Bulletin, 126(3), 910-916.

Koulouglioti, C., Cole, R., & Kitzman, H. (2009). The role of children’s routines of daily
living,supervision, and maternal fatigue in preschool children’s injury risk.
Research in Nursing & Health, 32(2), 517-529.

Johnson, M. E., Dose, A. M., Pipe, T. B., Petersen, W. O., Huschka, M., Gallenberg, M.
M., ...

Frest, M. H. (2009). Center prayer for women receiving chemotherapy for recurrent

ovarian cancer: pilot study. Oncology Nursing Forum, 36(3), 424-428.

1.2 unAnuNIEsHaneavatiuisis (Supplement) Tildd1i1 Suppl. asdae
vnean Blunadu ndedfivesnsans i
Regien, A. A, Narrow, W. E., & Rae, D. S. (1990). The epidemiology of anxiety disorder:
The epidemiology catchment area experience. Journal of Psychiatric
Research, 24(Suppl. 2), 3-14.
Weiden, P. T. (2009). Treatment in the prodromal phase of schizophrenia improves

patient outcomes. Journal of Clinical Psychiatry, 70(Suppl. 1), 27-31.

1.3 M3arsnlasunisnauiunmsanuiuazegluszndtesafinun TilddA1dn “in press”
AMSULENANINIHIBING Y Y50 “BETENTNMSANUN” dmSuienansawilve unuid fius
Zuckerman, M., & Kieffer, S. C. (in press). Race differences in face-ism: Does facial

prominence imply dominance? Journal of Personality and Social Psychology.
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1.4 unanuMsasisianwaziitay Wisyydonnuiivendnuasfimsesunaniu 1y
[Editor], [Editoriall, [Letter to the editor] 1usu iluaduwden [ ] ndsdouna i
Lee, E. (2009). High-risk groups for charcoal-burning suicide attempt in Hong Kong,
China, 2004 [Letter to the editor]. Journal of Clinical Psychiatry, 70(3), 431.
Mershall, D. R. (2009). Evidence-based management: Linking the data and AONE
Resources [Guest Editoriall. Journal of Nursing Administration, 39, 197-199.
Lanzino, G., & Boccarchi, E. (2009). Posterior fossa dural arteriovenous [Editorial].

Journal of Neurosurgery, 111(1), 887-888.

1.5 unanusansiiweunsuudumnasiidn Tddin “Auain” dmsuonaisnwing wie
“Retrieved from” @1 #3ULBNAINME89NYY foa1nawnin Inelidesldiuignis

sULLUU
Y

-2 I

Porew.v (U fum). v Founanuy Jensans, v U A@dud), v viusn-vihgaing.y Auain

VYV http://

%8s http// lalldn3osmuneuinnia ()
f79879
NANLMBUNEINS, AU 1ag A, waznun Siugnunde. (2550). M3l endoxylanase 210
alkaliphilic
. v 6 a £ A & 1 a < ¢ 1 goj
Bacillus sp. angwug BK Usgvishazautalunisdninizuasgasnadudnanlsailliasaneun .

Thai Journal of Biotechnology, 8, 33-35.A1a1N

http://www.thairesearch.in.th/about.html

a o a U Qo U L 1
Wi Junslani, a3 e, uazaiyn Usdayana. (2555). naveanisatduayunsdinusie
ANUAUUIlUNMIAREARAZNNISUUSTAUNSAINIS AN UBINAR DA T TUATIALIN.
WeIUIAAIT, 39(4), T1- 84. AN

http://www.tci-thaijo.org/index.php/cmunursing/article/view/7365/6372
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Fredrickson, B. L. (2000). Cultivating position emotions to optimize health and well-
being. Prevention & Treatment, 3, Article 00001a. Retrieved from
http//journala.aps.org/prevention/volume3

Feig, D. S., Cleave, B., & Tomlinson, G. (2006). Long-term effects of a diabetes and
pregnancy program: Dose the education last?. Diabetes Care, 29(3), 526-530.

Retrieved fromhttp://care.diabetesjournals.org/content/29/3/526.full.pdf+html

1.6 wm'm'mmi‘ﬁLN&JLLW%’EULLUUSLﬁﬂmaﬁﬂé naueunsiuatunuw wazd
wu1ELaY DOI
(Digital Object Identifier) ffulildian DOI seanaanth Tnglidosldirdemuneuinainl)
#alay DO

sULLUU
Y

Forlluu.y (U fiun). vaounANL.vYI9375573, vITRIUN). viaunii.vdoi: visngwa

Y a

Fonsansuazd THiiides
F0E19
Vanderwee, K., Clays, E., Bocquert, I., Verhaeghe, S., Lardennois M., & Defloor, T.
(2001). Malnutrition and nutritional care practices in hospital wards for older
people. Journal of Advanced Nursing, 67(4), 736-746. doi: 10.1111/j.1365-

2648.2010.05531.x

2. unanulutlneans wie nilsd@enun (Magazine / Newspaper)

ALY

Yorewv (Tu e U). v Yeunauy Jeinegars wie midediud, v U7, wi.

=

Yalneans 3o vusd@enun waz U 7 Taddes
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AnAned 353396, (12 werAnIgw 2557). NSHAILIBIANTANLLLINIG TQA. NTIVNGIAA,
12, ¥t 11. Bilton, N. (2014, November 12). Artificial intelligence as a threat.

Bangkok Post, p. 8.

3. vil9da (Book)

sULLUU
Y

Yorlleu.v (U Wu). v Jomdede v (ASeNfam). v anuiiius: v dndniiu.

Fowtlsde MHudes
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