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ABSTRACT

Seed coating is a viable approach to incorporating distinctive markers onto seed
surfaces, enabling the creation of seed identity, owner identification, and safeguarding
against counterfeit high-value seeds. Various fluorescent substances are utilized for this
purpose, necessitating the examination of fluorescent properties on seed surfaces.
Therefore, this experimental study aims to investicate the physical and fluorescence
properties of seed coatings, as well as their impacts on the quality of coated seeds and
longevity on seed surfaces. The study was conducted in the Seed Technology Laboratory,
Department of Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut's Institute of Technology Ladkrabang. A Completely Randomized Design (CRD)
was employed, consisting of four replicates with seven treatments using different types of
fluorescent substances. The seven treatments included: untreated seeds (T1), seeds
coated with a single coating substance (T2), and seeds coated with a combination of
safranine, riboflavin, chlorophyll, rhodamine, and curcumin (T3 - T7). Prepared a coating
substance by following to setting treatment starting by mixing the coating substance (Ceres
International, Ltd) with different types of fluorescent substances. The objective was to
examine the properties of the coatings, including pH, viscosity, film dissolution rate, and
fluorescence. The results indicated that all fluorescent substances used in the seed
coatings exhibited statistically significant differences in their respective characteristics. The

pH levels of the coating substances were moderately neutral, the viscosity and film

A



dissolution rate were within appropriate ranges, ensuring consistency in coating treatments
for both cucumber and tomato seeds. Notably, seeds coated with a combination of
curcumin exhibited the highest consistency in terms of coating quality. Fluorescent
properties of the coating substances were observed under portable ultraviolet light and
spectrofluorometer devices. Then, the prepared seed coating substances were applied to
coat cucumber and tomato seeds using the RRC150 rotating dish seed coating machine at
a rate of 140 milliliters per kilogram of cucumber seeds and 180 milliliters per kilogram of
tomato seeds. Subsequently, the seed moisture content was reduced by employing hot
air drying. The seeds, both coated and uncoated, were divided into three parts for further
analysis. The first part of the seeds was subjected to quality assessment and evaluated
for the fluorescent properties of the seed coatings. In the second part, accelerated aging
testing was conducted by exposing the seeds to a temperature of 43 degrees Celsius for
72 hours to assess seed vigor. The third part of the seeds was carefully stored under
controlled environmental conditions (14 degrees Celsius and 60% relative humidity) to
monitor their quality and fluorescent properties over time. All three parts of the seeds
were meticulously evaluated for various seed characteristics, including germination and
germination index, under laboratory conditions. Fluorescent properties of the coatings
were observed under a portable ultraviolet light device with wavelengths of 254
nanometers and a Horiba Scientific FluoroMax+ SpectroFluorometer with excitation
wavelengths of 535, 482, 353, 314, and 311 nanometers for safranine, riboflavin,
chlorophyll, rhodamine, and curcumin, respectively. The experimental results revealed
that seeds coated with a combination of fluorescent coating substances exhibited
fluorescence on the seed surface with specific wavelength light emission, particularly
seeds coated with a mixture of coating substances and rhodamine. Importantly, all coating
treatments had no impact on the germination, germination index, or seed vigor of both
cucumber and tomato seeds. Furthermore, even after a storage period of up to 12 months,
fluorescence was still observed in the coated seeds. Additionally, statistically significant
differences in seed quality were not observed between the uncoated seeds, the seeds
coated with a single coating substance, and the seeds coated with a combination of

fluorescent substances. Therefore, it can be concluded that the use of a coating substance



in conjunction with rhodamine can be effective and most suitable in coating cucumber

and tomato seeds, providing unique characteristics and safeguarding against counterfeiting.
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AMUTNNIZ AN TUA DT Ukl aiausawn Jayminisuasuudasudaiug b
FUYUINUNAADIVBY Guan et al. (2013) 19 rhodamine B ATAULTUANAULARDUAIULLLAR
Y Y o & a a ' 2 o ea
Wugegu ke lUnTI9aeumINITsoaINANe1IAAN 530-560 WILULIAT WUINUAANUET

2 Y . = a 2 | a = & av vy A
WAABUMY rhodamine B dnsisaquaadudwne wazlununisisaatasdunaanuanflulamdau
FOU1 WAW AU wazAne (2558) Tl riboflavin AU UTUANIAULARDUAIUURIVDILLARA
'y} I3 gj I3 (v =3 S ¥ o a = a
WuGHAINI MNLWAUTIYITUIT 10 Wow wintlUnsIaaeulade sn nUeINISTaIbaIUNED

2 o v = ) P = A
YANAANUTAILLAT ORI aNTILILoLEN NANETIPEY 365 WLULAT wazATasanleg
Waealsiimaslnlafines NA1ue1IAAN 447 urlwwuns wudn riboflavin MAGUAIUURIVEY

& o sw a = = Y @ @ 2 W v = = = = |
wdniugdanedinsFeanadiadiniuinuwaniugluuads 10 wou Bsliiinadeausaniay

[ @ Y4 v a a aa & [ v = | Iy
ANULTILTIVDUUAANUS BUNUNT Tedvn wavynll A3 (2559) wedeuidniuguzlainasiuiu
4131309489 rhodamine B A uiduduiadu ihlunsaasunun mudniuguas n1si3e e
Ineldpsomisnassansillomn NANe1IRaY 365 Ualuwes Ssnuitdnissewandudduuy
a & o & v Y = & ' 5 g v A & o a
AIvRaATUSHarAUNGINLWBWA WaNIINT WUTIa1s rhodamine B ldiadauianiuglad
NARDANIDNLAZAIULTISONIAANUS Visluan wiesUdfnIsuasanInisounnasy waz
AT sty wazamy (2561) Wedaudniugunanitlagly rhodamine B, curcumin waz
auramine O N1AMLTUTUA19N Y WAl URSIFBUNINGLS DILAITIANNENIAAY 610, 540
way 525 UNTULNAST AUAIRU WUINUAATEIUNITLARDUAIEETSIS DalaA Az TATAIL WY
294N1515 090 TUYI19PINE IV IPA ULAMLANAIITY A11750U a5 S adnasunTunuIniely

I [y

msassenanwallitudaiugunsninle daunsideluasiifvhnseiovwaaiunioudu
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2.1 nsnAsuLAaNug (seed coating)
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2.1.1 ANURNBVBINITARDUIANWUG
nsiedouaniug vuneds nsazauvesasludnvauzuInUILaTEANLIBENS
aanesududoununeiauiulivaniragussumdaiuglaghifinisasunlasgusnes
win (ndl newviniin wazAis. 2500) GeliniswauaesiouazdunouIaINgEAMNTINANS
wdevelnglinediwesiiiniumiuazddrunauvesanseenausviamiag (McDonald and
Kwong. 2005) BafuAEmsusuUsamM U tRrededildtusnnlugshamdnitug Tnoasiindou
wianazdeslivinliudaizussiivasundasly wazinagldsandvansdostulsanazuaas 519
9T wazarsUsznauduy Midnalaenssneiudnius (Copeland and McDonald. 1995)
uenanitainisadouierfiueeslau (Greipsson. 2001) fagUszasdusemadidgdnUsenis
wila Ao m3adnanumduendnvaivesudaiugiiield Suunuvasiian viia Wugie viosey
anuduiinves Taealunsadraendnunivesudaiugvililasnisiadeud (Welbaum. 1997)
W30e51309uavlng99 VWANUBIAANIS dIuN159uUNAINIRNIZIRIZae ildlaenisdung
visolduvidaiidauasiifedudnmzseviauetansiFesuasiinisosnuuuianiy viavesasides
wasiiranldiuialy Iéun Dibenzalacetone LAZOUILTYDY Benzaldehyde (Spessotto et al.
2002; Feijo and Moreno. 2004; Hebbern et al. 2005; Xi et al. 2008)
2.1.2 93AUTENBUVRNETIIARDY
2.1.2.1 msaanqw%‘ (active ingredient)
anseongvisTidenifastiuey futngUszasdvosmaindouisansoongvin
fould Ioun ansdesiurdadon arstestumdauuas s1qe1ms sosluu uaraisisenis
Widule Fainldsaiunedinesfiddnvasnnien wWisldiduasianizlianseongnsfniu
wanusliduegad anmsnaaewes (Mal vewintn uasAne. 2540) wuinudaiusiinves
fiadaude captan lifimstudiouaniferuasiarusengsninadnund Ester et al. (2003)
wuImsAdouldaiusnevarudunn uagnevdmensaeansliostulias Imidacloprid Tudng
20-48 g a.i. AowdAug 100,000 LWan TR UNNTT AN UDIRLFLAZINAENE VAN HaENNS

14 Spinosad §m1%1 70 ¢ a.i. fowAALS 100,000 Waa FretlesiunisiatsvemuouLLaLNg



s v

sInnymaaziueuRidsls Qiu et al. (2005) lsmdouluaanus rape M85 Uniconazole @

]

Ju plant growth retardant wuingaelisindanuudauss ﬁma&?&éffsLLazmiLﬁszaUImaaéfu
&I aneam Tea51v (2557) Idedeumdaiususdomaiuiu 1BA udnmadeunmnmuas
AU IVBALAANUGUAINITLAT O ULAZAAAILAMAINTZNINAITAUTIY WUTIRUNINVDY
winruglifinuuandstumeaiindsannsiadey winuiwdaiudiiiunsiadey 1BA 4

o el

I ' <3 M v A [ [ ) P
ﬂ’l’]iJ\‘l@ﬂLLﬁ%ﬂ’J’]ﬁJLL“U\‘ILLN@;Qﬂ’J’]LNa(ﬂWUS 11]1@LF"la’e)‘Uﬁ'ﬁ‘Maﬂ‘mﬂLﬂUﬁﬂ‘U’]LUUL’JaWU’]u 6 LADU

)

6 I

uenant 3510301 Maya3s uaryall A3 (2561) Fmuinadarusuningnuaniiindeudas
gosluufiunan GA; AUNTY 4% waniu IBA maandudu 0.1% iliudniudiianusenuas
aualumssennninudaiusiedeuimtusesluuivsdaien duiuaguléd maedeu
wiaawusunsnfosesTuuianasiliniusenwazmseydulavesiundininudaiuga
inFeuTINAUgesuuNytnRe)
2.1.2.2 &1sgang (binder)

Buamsiduasivlumsuanedeudieliarseonguisieg Saineinly
fuiBaiusléftu wsgdmnarseangrdsnsquaassfagriliinisoengrianas uazaisin
imziannsaldilunsusumsihudiesntanild insemniianienediueseravilviikiu
dindudalallé n1ssenaglaiiintu (Pamuk. 2004) lasnsdenldansBanziiumsmilsdnisdn
Aulsisyminsanstmmsiilifuesruszneuduesanndoudwndriusedainziiigsne dmsu
asitlfinamiiAsamilotuseiy fuhmhanedeunindonldasdameifusdnnizgs
Ylavesa1s8aLn1g laun starch, pregelatinized starch, gelatin, sugar, acacia, tragacanth,
polyvinylpyrrolidone (PVP %38 Kollidon), methylcellulose (MC), sodium carboxymethylce-
Wulose, ethylcellulose, hydroxypopylmethyl cellulose (HPMC), polyacry-lamides,
polyvinyl oxazolidone, polyethylene glycol, precirol (Daengpraset, 1987) Fsa158anzi
Jeuldlunisindaumdanug liun gelatin waz HPMC wain1sld HPMC Wuansdaniglunis

o
§ o U

indauaaiuguaIndnadeasalunsenvesuiniiug dulu gelatin Fefien 1Juansia

]

inglunisiedauludniiuguninaiunnil (Petch et al. 1991) Tudiuvesudniuguzidoimneaiu

feunsld polyvinyl pyrrolidone (PVP) ins1zlifinasionan1mAI1uIontazANu kiausIves

[ v 6 a

waaiug (nsned n1alant uazyeydl A3, 2557) AUdUUNARBIYEY ANRITTA NA1T8N UazYLY

9

1 @3 (2559) 19 Polyvinylpyrrolidone (PVP-K90) A1M3LTuUU 4.0% SauAUgeslaune 3 ¥iin

indavasuudaiuguziowma nullilnanenunmuesdniug Snvsdwilinnuseniiniu

]

dlewSeuiisuiuwaniugnlindousiuiugesiuuiiv waz Wus Amius wazyall A3 (2564) 14



Polyvinylpyrrolidone K30 (PVP-K30) A3Muidytu 7% $28AUa1sAIuANNISiaseysaulnvaaiy
idouatuudniuduniningnaay wulmdsmaiedeulivilinuamueasdaiudiudsuutas
Tngilonsaaeuaunmudaiusneldanimiesufoins waawusiiaenuazananialu
nsseniiudy uarluanimIeunaass dunduminidnnuenivesiu wasimdnuiaduiy
deisuisuiumdaiugiliindeu dnsned nnslany uaganz (2559) wudinisazans

v

Wi U & uvDe carboxyl methyl cellulose (CMC) 851 0.8 ATH WANTIUAU polyvinyl

1% (%

pyrrolidone (PVP-K90) 69151 1 n$u anusaazasunlan asivaauniluanimiesyjifinisuas

1y o

an1neuvnaInUIaanugiiauenifias vinrdnisiadeulaznainisiiusneIuig 6
Wy
2.1.2.3 A7vinazane (solvent)
v o I~ A vt A i =~ a &
Fvagane e vesvaisvwelaasddluaisinfeuiieasarganstnidu
2 A Ao = v & ) & o A v o 4:4 4
voutavsendanunilagdladulefiein venantininvesdiinasate fie luavanevse
biAnn1snsEaIemveInedmeskazanIAn19 udanasuaIlludsiiveundniug ey
& ¢ a e v o Ao = A o g v a
AdeU (Usalumd Aindaaann. 2534) fviagalefifasaziiaiuaunsoasalenseinlnianis
n33978AIvINedBsavduUsTnouduY Tluaisindeuwdanugle azdasliiiaauniiauin
Auld wmsizazneliiisdgmlunssuaunsnanmsiduansiionsinsyinlinias wagldiie
wanziduniwredwandeon davhavarefideulddunin lauwn ¥, ethanol, methanol,
isopropanol, chloroform, acetone, methyl ethyl ketone (MEK) W& ¢ methyl chloride
(Uslung Indnann. 2534; 830UIA ARANERALT. 2548) LABUNAGDIVEY HAYTEY AT
PR = & o v a e A )
AE wazAny (2551) lanauiansiafoutdniugdlne TnsnefwesNAnwAoa Ui us U9
waglad uag hilalnlsdlay uagdvhavargmdenlufie U uaz ueanegea nan1sAnyIMuI?
Y ' A : a a gy a o = 3
wanugvlwanedaunulilalnlsdlnuddnwaginisukazia11191911n1037 1151w
v o o < [ : N v a ada ' ra !
Wudhazargvilmudaiugulneddnyusiananiinisluweancsea wazluiinasanmnin
[ [
ARG
2.1.2.4 wanadnlaas (plasticizer)
Juansiduaslulusinsuresansiedeuiiiolnlaanvauzvesiidufidonis
Al dunladininudeudd wagaudangud Tanununiugs In1sdanzivaisdulad
(Uslamd ANdademn. 2534; a50UIA NRANIEIMLI. 2548) donnaedny Wavd anSensual way

¢

A3l oweNish (2535) laesurgimaradnlawesiduasildadluiiotioiununinluiiy

a IS Y =

ANuBangu (flexibility) vesilay wanafnluwesniuseansamunniigadinasiidnuazadenis



AulAssassveanedwasninisusuanin awuansidnylensondalulaana wu polyols

(slycerol, propylene glycol uag polyethylene glycols) %Lﬂu‘waWaaﬂi%L%a§ﬁaﬁ7iﬁj®1ﬁﬁuwa§
weslungy water-soluble cellulose ethers fifivlansondaludnauiuin Tumismssiudm
#13NQY organic esters (newanzeg98a citric acid wae phthalic acid) sufunanadinlaeesi
aﬁﬁjﬂﬁﬁu wodwes nau cellulose ethers ffltatiesnin (leun cellulose acetate phthalate,
hydroxypropyl methylcellulose ag phthalate) (5913A ARRWIERRILN. 2548) InBs1unNAaDg
VD E‘pﬁ nonEnTIAl Wagamg (2553) 19 Hydroxypropyl methylcellulose, Hydroxypropyl
methylcellulose WaLAU Polyacrylate Wag Hydroxypropyl methylcellulose HaNf U Vinyl
acetate Wuansnefidurilvansindeudiaiaumiauszunn 300 cps faruadianereenis
waou luiinanemusenvauuiniugndiniseiiou wasnuiinmsiadeuriilvanusentazau
udaussonndmiuginnnisdanliléiadeu
2.1.2.5 & (colorants)

Tiloreliudaiudiindeuiaumenutuendnvaliany dsudn
vilvueaiiudeiiloagluiasan desensandrvesnunsnsilfiudnsiug nisasrenndy
lendnuallifudeiulnonisindeudaansolisuunuvaaiiug viln fusiie videszyamdy
Ewes (wawn duna. 2559) uazuseniiduwdaiugieshluliimzugnlimsiluuiinanie
e aildaslu piements wie insoluble dyes Mldaranelusvhazaneiild insnzsiavh

a

o v v & Vg v A v o v ° P = ) o ~
avaneNldazssmelasy dlddnazansludvinesanglanagyilwiidgymineadunisgeiived
° Yy & o a1 a ~ A Aada < "o aa £ a ¢ a
ibiledaiug neunsindeudnisAndniawanluadiaus (Aans gnSersual wasngal
UDLLNBSTA. 2535)

2.1.2.6 @15muues (additives)

Juansndnaanifnenainfind 129196 1wy drsveuwaziiivanu ey

a faa a

(opaquant extenders) \Uuasedunsgniinsazidennn TdiedisanUsunuuesd msgdlsnm
uns wsagldianzidolunoensluiaulus swauviuu wagdsalnladndanuausige as
% a P Ao Yo a A = N . . o § v v &
Roruuaziiuaulounldiuuiniian Ae titanium dioxide isgvilivikazasoudui
@8 wanantugedl silicate (talcum aluminum silicate), carbonate (magnesium carbonate),
sulfate (calcium sulfate), oxides (magnesium oxide) kag hydroxide (aluminium hydroxide)

L3

(WaANS andensual waza13al aueniiesi. 2535; Usilund indaann. 2534; 950UA AnANaY

[

#
WU, 2548) AUTUNUNARDIVEY BIgaYT e wazynd A3 (2562) Tdanswmdeuiudniug

o

Iagagany Gum arabic AT 3% TuUINd Ui gaundves (25+1°0) LANAITIANUAS



Titanium dioxide (TI0,) Aandutu 2% wausmivarsmuaunsasadvulafiviiaududy
uaneefy ansdosnandumafuuss eafaendnual uannrndudves danedeuldn
ugwnana lagly gelatin Wunedwes uwiuwuaudaiugugosaiu aauwsnilunsivaeunis
Zeauadlursnduiannsoueaiiulameniual uaziwdeiugaiuiiaenilunsadeuganin
YDINAANUINATIINNIIATOULAZMEININAITLIIOEY HUIINITATOULLAATRUTUAINIINIENDELY

’e]ii’lllﬁUﬁ’]iL%%NLLﬁ\‘l‘lﬁJﬁf}\laG]l’e]ﬂ’l’]llﬂ’e]ﬂLLﬂSﬂ’)WNL%’ﬂUﬂW‘N@ﬂ%@QL?,Jés(ﬂﬁuﬁ muumsmaammﬁm

9

< Y =

HUTWAINIIAILAITATBULTBIUAIAINITAAT 19AUUUBN TN YUV UUAANUTT4a11130
n339gaUla (Waw1 917 wavAy. 2555) fan UasAn B eua1u wavane (2564) laAnw
AuALURvesansIAdeuanldInayRusaNIsUTINAY Nedngalinuedn (Polyslutamic acid,
PGA) ludnsiduivnzamielfiluarsedovndaiugundomasndd asrvdeuasisoua
o a A 9y a a a v = an Y o
auusANNTU telditu Marker uazwedngmilnuadadanissenvesiuuidemadil uaatly
A5IRERUAMNINNEANLE NuIInedngmfinikeda Tignsin13en 100 Weosidud warAlLade

ANNENITINUALANYIYOAINTY 47.327 = 0.564 BailANAINLINTIGR

2.2 @191309049 uazlaseas 19815150 9uEs
nsideuidniugioarauendnual ssymundudes aaenautiosiumsvasuuas
wdag vildvane s Bnamieiidentd Ae nsldansieanadouasuuivesudniug win
FunavFoldundsiidauasifiedudinnzrevinuosasioas Jsa1sUsznouansSosuasda
InejiinagUsenause
- Aromatic rings, aliphatic Wag alicyclic carbonyl compounds UN4% UM
TneawzegaBadiedl conjusate double-bonds Tyngosisaudle
- unsubstituted aromatic hydrocarbons SLumaazmsﬂﬁanaLﬁaLsﬁu% I H
quantum efficiency Wisguslesuau rings s
- heterocyclic compounds 8813318 laflvingoaisaiwud 1yu ue fused-ring
structures 15 rings imdnil Iinlgooisaimud
anseiuvsddunnliilaas uafluishdalasuaddidodvaisndadly
Entew 1y Ferdalns (Zns) waz uwandlsudalug (CdS) luaniizaewds Wodylessuves
Faes (Ag) roUiles (Cu) uisuuenita (Mn) Usunaties s asliaziinnisilasuasla dau
arsdunidumiafiannsaawandioldSundsu wu lsluraiiu raslsiiad Betalain uals

Au 1 udu @eanus Andauaula. 2545)



2.3 msnsiaseulaeldansfidauaddunsdinnge

Svendsen et al. (2008) l§Fnwnnada in situ hybridization fidesuaniionsasiamide
Rickettsia spp. Tuseteiisausnly Tnensdedaandeuasiildunann Rick Cy3, Rick FITC
way EUB338 FITC Lﬁadqz"i’igfgmf%auLamﬂﬂﬁL%@shﬁ WU 1adLTo9UaAs Rick Cy3 wag
Rick_FITC a13150A539WULT0 Rickettsia australis daudtyananieuas EUB338 FITC d1u13a
ATIINULTD R, Typhi, Legionella pneumophila &g o P. vulgaris OX2 Tutifafu Francis
et al. 2008) 1¥n15130euamnuafiiiansian alkaloids Tudufly (Papaver somniferum) ag
asndifldlunisdaasieiansisesamitall fie Potassium permanganate wag Tris (2,2-
bibyridyl) ruthenium (i) wua1n15ta Tris (2,2-bibyridyl) ruthenium (Ill) NZEUAUNITHTIIN
alkaloid ¥4 non-phenolic mm‘ﬁ' K9 1% Y codeine, 6-methoxycodeine, noscapine e e
thebaine wagn1514 Potassium permanganate ffadAnuniiaalun13msaam alkaloid wila

phenolic morphinan 11 morphine, buprenorphine, naloxone Lag oripavine @4noUNL1U

'
a

Konstantinova et al. (2002) Anwwiia chlorophyll iSasuasiluisdnsuliulsninusenyes

Ly v

udaugtuLed 6 Wug Ingld Seed Scan | Laser Sorter adsyey1au chlorophyll Mi3eduea 3

—

a

il Ao AFUQINNTEAUAIINEIINAU d9 NATY KAZA WAINTITABUATNUIBNYDLUAR WU

[

dyay1au chlorophyll 13euasiisefiuanuenaIndusl wazdiunals ybiwdaiugiainueen

o

al

1NNNd" Barber and Parkin (2003) @nwtnAata tracer Mb399udd LD IAUSUIUANA19UD 81910

9

wuasndanuludu TneUszendldd@don Tinopal CBS-X Mi3suasduimsesiioinusunannadly

a 1

Au nusndledaruasuuiuniafiaiaduiTliusun Tinopal CBS-X flauunnsnsiusgiad
Tad1ftys#n113 Tinopal CBS-X finndslunsaydregradedanulusunusdiuandeiy Tny
Areg1afuiinisazanvesUSuaasandrslufwantes 9miuna Aude (2558) Anw13gnsaa
ansivandsludnnaliifaonisldansioaas Feasdosafiléiduwuuy timetemperature
color Talunisnrsunnd laeld  Luminol fu Fe-EDTA nadsuluinninunanuinaisazaielal
nelilinmuidsensludn uavamnsaiumnuuanaeladnlauseningdues Luminol wag
Fe-EDTA denan dioldsuuas UV meldnaesiivnasesiinsdewaniniy vildaunse
wonAusanesvasludniildsunaslalldsuansiomaddiennuar waglulsoun susde fus
INWUAY hazAME (2559) ANYIMAUN1TLYaT5L3034as CMUL (an aromatic fluorescence
substance) leliUuasUsinsnAsvesasUsatuiidadngiialufivin Tnsnisdanuludn
Azurduluan nulaslgnaleyan1sneass 1) a1savaty CMUL ALY 2.5 mg/L + @13

chlorpyrifos AuINAE 1 me/l, 2) @15 CMUL AMNLUNYY 2.5 mg/l + @13 2%Fe-EDTA + @13



10

chlorpyrifos 1 mg/l asaraeuNIsisednasvedaisazangluluinanelauaauy lunaesanniu
A1 14 74 wunans CMU1L Adlnazladll Fe-EDTA anunsasesuasd@ilaunu 730 nnendenis

o

danu agulaan CMUT Wuanssesasifdnananlunisimuiielududsilunisusnisanaig

% ]

Vs U iuAInAng Y

v ¢

2.4 MITLYLATBINNILASULUAANUSAI T30

9

nsaseenuduendnualresudniiuglnen13seyn3 osmuneaIuuinve ulaniugs UL

[~ 6 @ 1y 3 v L= 1 a a =l a 1y 4 (Y]
Wusvlevdlunisnsivaeuiuaanuguudound Uiaundwdn vilany vlanug Jeeiunis
Uasuluwdniug wazszymiududivssudniuguesusazuiem Jadumaluladdmsugsia
wanuged1ands loun n1sld Audio MarQ dudueiesflefildnssaeuarududiveubn
medes lnawdaiugdasrunisiadeusigasitliu marker ¥99U3EVUUY @111500 590U
RUNANERN NT2ATY QINTEEDY kazdaNsanTIRdeulanReIraIaInUanluulasliuugs 8
FUaAA (NI NVEIU AUZNEAT UIMIANEIFULNEASAIARNS. 2551) AONILNDNISATIVEDU

o ¢ ) v o & @ o A a (— | 3 VY
LenanwalkariUIeIAINIYvBIR U wasuaAN U Y Yuvdns Ygungny (2552) Flamun
luanafouevenenanealuuiugueInIsiawUstuduidued g uundiefid uei
annsoiuUiinalduasldnageundovasuuiaresudaiudusilomeadeiiugdniiing 1 dae

v I d'

Faoindouniaaisdalalusssund nudreududuveduanafduevaniendnualilnunzay
AIIINNT Lpg/L veeUFunsdaneiou uazillondeuatuuinvesudniuuaiaunsafunis
aanefaluansnuipuauguull 4 ssewaled Tuanelaninagieios 6 Wow dmsu
M3nTIvEeuenanvaluazsusasmaduiuguy dndunisuuiugiureesannismeuduees
FAUNMITeMAVDIREWE WuINaWIzlNEaTLTAGaUMBABuaMULTINULIENaUDI7
=3 v 6 A 14 a ¥
DU UBNIBNANYALAZAINITINTIVEUNTIToMALA kay WA U1 wavauy (2553) lald
[ a LY £ ISl [ L3 < v € Y LY =
nanmsingnulunsairanuduiendnualvesudaiugunininivetasiunisuasunie
aonideunuureRNdaiugasiugnawivdInitudariunsindeuseluanavesfdwely
ATIVEOULED NUINAN AU Tndeudieluianavesidueiniunfiuaufoweysing
oA Y a g v A a & o & = o§ v | &
WuAgIULaUYRIsLauleT IindauasuuiIvevuaaug Jevihlvatnsavsvenaudu
enanwalvetudaiugly lnenisiedeuaniugieidueliiinadonnusenuazanuudanss
<3 % s 1 a o a Y YV % Y v [ v s
YOUNAANUT LAEITU WA v uazany (2555) lnadraendnuallviiuianiugunani
Tnanisindoualelsluraniu daduansiinulusssund udrfnwiadesnimuenisisouas

sgimaiusnuluiesildmuauaniniindsn wuin aansaldlslunaiuiioduendnvel
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Tituwdaiugliuardsnstinisdosuaadawiinivsneluuddtia 10 Weu wenaind vuniuns
Fe3v (2559) omdeuwiniiugusiiomane rhodamine B udathluiseengil 42 sarwaided
e 72 92lus nunanusenuazAuslun1saenvesuaniugnaInsndounleasiies

[y < v 6

wad Ludanuwanaeafulun1sad aduiudnnusnluiadau Tian et al. (2013) 14 rhodamine B

9

'
v o

. a & o & ~ 1Y) 2 o ¢ ' a
way safranine T wdoudniiugaiduniedesiunisUasuwuasudniug wuitnisadeu
wanugieansisesualiiinadoniseenvetudniug waznissyiulavessiundi uasanu
71M899U949 Tian et al. (2014) ﬁﬁﬂmﬁmﬁauL@Jﬁmﬁuﬁjﬁaé’uLmi"mﬁ’umiﬁam,t,m rhodamine B
1AUATIVFDUNISHI DA UTZEZAUNAD Wudwmimé"aumﬁmﬁuﬁ:iauﬁumiﬁmLLEN rhodamine
B laifanisausaminusananusilunisian waziinsieiaslusunafiieny 16 Tundaan
TuvpuziAeniy Guan et al. (2013) 158’2‘1’1’5(%@0LLﬂQLﬁ@ﬂaﬂﬁuman@mLUaﬂLMﬁ@Wﬂﬁ:EI’IQU Tne
‘i%ﬂmmﬂﬁmiﬁmLL&Q%&JL#’I@L&J%@ WALLAAD UAIBKIAITHSD9LES WU LITNARBAINLIENAY
LU0 NAnRUS LazN15a3 A ulaveIfiunan feun Thiphinkong and Sikhao (2021) 14

P Y] DXy 2 o & v A a ~ v v ) ' P
asaendnyallitiuudaiuguaenii lngnisldaisefeuiseawaanaanudutdusieiy wudi Ll

I a a =

nasianIssenuazavinIsenvesaaiug Huiuluisiazainuezivszdninm Jenisldans

v
s = U v v aa 14

Sesuanrdouaniug szlinastonun muaaiuguLanA1eiunIty 3ansasisenanuainie

9

< a & o sy aa = = & aad o v A o, 1 3
LﬂjaﬂWNqU‘UUNTU@QL@Jaﬂwuq@jﬁnﬁﬂqiLﬂa@‘Uf\]ﬂL‘Uu’Jﬁ‘V]ﬂ'ﬂﬁu’]ﬂqismwaiguﬁ']’]mL‘IJ'UL';\]']GUENLZJEWW

[y

5 a0 1% yal av W ) w? | v Le
WUﬁqWSUGU'L!@GYNG] 1@]LL'ﬁgﬂ?{L@Nﬂ’ﬁjﬁ]UWWUWLW@ququUQC‘]anﬂiiuLN@WWU@T@Qﬂ‘S%LWﬁIﬂS

¢ A
25 Uﬁ']ﬂ{]ﬂqimLiaﬁLLﬁﬂ/ﬁq’JLLﬁﬂ
= ] & a a o & a 1% 1 ' a
NSRLAIUUANNY WiRen1sisiasuugandulineuvewand iy wmliaiunsaiin
nsvduiiliinvedaseaiela wenlvfinnuasunvadasiaiias fadulianavesansngudl
Feneslay R UNINGIUAINI0NUWIUTIVINIAAANTSTB4EIRUY Fluorescence N15K509
was (luminescence) AasuanUdesuaspanainansuildlnenisnseaualeuas Ujisenaiivie
$9d890lud (ionizing radiation) Ly Sediend n15138uas (luminescence) 31 2 ¥l Aa ¥ges
L5l uY (fluorescence) hag WoanaLsalguy (phosphorescence) W9 88L5aLTUY
(fluorescence) fio N13L3puadnfinsUanUaseuasoanuinduriuiiviulanigluian 108
a = v oA a o ¢ I - a A
TN UAZVYANUNLLBLANNNTNTZAU WaaWaLTalsun (phosphorescence) LUUNTLTDILEAITUAY
n15UanUaRekAIRaNUILANTUNEIRINLATUNITNIZAULEIUIUNTT 108 Jundl Lazn1siTosuas
o a1 = o a A g v e a i 4
adudelusnuiunindadiuvediuniidanganisnsgduua wnnisalilisenin after glow 138

lag WapasawiilunisiSewamdafiiniureanesiildlunisndndumudnedaniu Sadnvh
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TiAnnmuuildudendsnussdiondignuanudesaingvasuazgnaanauliludumudsingds
ansuintiy uasiendanuiivanddosoananeznenlnedunauieuvesndsnuiifluudus
lsiflsna eyniawdiliFend nou Bifinnsoufiooynefiiuszduau nuusgseuliuafoadid
Uszquuvandegvateda wiagieglualaasiuandaiy wdanuialdainszegriisain
fuedea vilididnaseuindsmiluudazseduuandneiu nanlédn Sidnaseufiiadlaasing
nnfluedsaiindsnuinnninadaesindtiedea leerneuldundinuainaisuen didnnseu
wlpassazgnnssduivAsuleglundlansgs ddliiafios fdudidnasouasmmegluadlaasisn
Asuazmnasgiilaasifin Uanudesndsauesninluguvoslineu defifouas  mnuenduves

waanilauegiu UsuauomasuuagiiunineBiinnsou aulunnonvedsau savlssnm

al

wliuasiifianusnaduuaniniiu udoasnd1vin Avesasiuey furdavesesnouniosn
195un1snsgAu phosphorescence Lﬂuﬂi’mgmiaiﬁ@jﬁ'u fluorescence Usanmsaiina 2 ognaid
unnsnafudntiosdaiae fluorescence AonniSeuasmesaasuivesafiasianisidosuanile
Iwdaan 1y eduwmdnliih iessdusimanlndhannseny Wesdanmeusnnyannnszny
n9iFesuasiiaggnviuft d1usu phosphorescence Aansifesuasiiasiintundanniiansndes
waslifundsanny wu Sfulndnlai (9u wasaing wanfloaaiosuadlildSundsanuan
AneuenLd) nsiFesnasidslingelusiufl eztinnisiiesnasislusndninuilswdaFmennis
Zoauas (Piuri and Scotti. 2010) n1spANAuKAIRIEAIUANLAY (self absorption) Wstulunsdl
fuasiaseonunianuenedulnaifssivuasfinnnsznuansiauasnn villnuasgestsa
wueinTuussugngandulafiesmeuesasivdas Mansidewasias (light scattering)
LLﬁQiUﬂ?UﬁLﬁ@%ﬂJWUNWﬂﬁ@Q 5 9iinA® Rayleigh scattering, Raman scattering LA@INANTENU
nAeqdl (secondary order ray) uanszidsanaisdalulanavunalvguazuainszidaiosnin
ALY F9EINITAANNITTUNILMSE LADNTTAINLE1IARULANINNTENULAZAINLENIAA LA
FoIN1TInlmunnzan Rayleigh scattering LﬁwﬁmﬁmmﬂiuLaqalﬁ%’uwé’qmumﬂLmeﬂmsz
vilverneuAnnisiasusesundeau unlufinsgadondeny ﬁqﬁu%waaaLLaanaaLiamm
fflmwemeauniuaueAduLAMnN TNy daazvinanuhlunsiieseianas Raman
scattering 1losa1nlulanavesansazansln fundanuainuamnasznune nsgadendany
vurozmeundugan Uy TelassualgeaisaeueiifiniuenadunnieduLamANENY
Bnuesduinasluinasununisnsiaiasiei wenNNIENUYREgl (secondary order ray) tUu
AMNENAALYBILARNNTEUTTnazAnfinueAAWTY 2 1 YesmNLEIARULARNNTENY

[%
LYY

aadulunsdlnTannug AR uLATIgoBLTALIUY NIAINATULAINNNTENUNIN 8133LYNTUNIY
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IMNAFULAIINNTENUNALNTNTOAAULAIINNTENUARENI (tertiary order ray) 38 (A W#l 2.1)

(197 913N AT, 2544)

AN 2.1 n3aRaiUaseanuilelinamnnsenualsUsenaungeaisalsus (Yund 013

INTUETOU. 2544)



unii 3
A5ANUUIUIY
3.1 A5n15NAa09

v A A P LY < v 6 1 1 1J
ﬂ’]iWGu‘L!’]ﬁ'ﬁLﬂa’e]ULi’eNLLE‘NL‘WE]{jENﬂUﬂ'ﬁUaEJﬂJLLﬂaQLNaﬂWUﬁqiﬂﬁﬂ’}’sﬂ\‘i LUININAanwly 3

ASNAADI LAA

MAael 1 MsANBIANANTANINENNLALAARINNNSITBILAIYRIANSIATOU

v

MINAGRIN 2 N1IATIVAOUAMNNVBIUAATUTUAZ N LT IATIR IV LUAATTLS

PAIINNITLAADUY

v sal

MIVeaedil 3 NIINTIABUANNNUAZAAAINNISDILAITBLIARTLENHUNTIAG Y

)
FMINMIAVTIEIEATLS
THHUNINAABILUYU Completely Randomized Design (CRD) d1uau 4 91 Lagilviinves
2 A v & aa v as Yy
ansisouaransiulunssuds Usgnaume 7 nssais taun
350357 1: waeugnladlamdeuans (T1)

aaa 2 o sa A 9 = = i =
ATTUITN 2: LUAANUTNLARDUAIYAILARDULNEIBYNUAET (T2)

|

=

‘"uq'vlmaaumamimaamamu safranine (T3)

‘_’Dn

aa
ATINIGN 3: LY

€

Da

N3IUITN 4: Wdn utf MARBUAILAITAREUIIUTU riboflavin (T4)

€

Da

N3ART 5: iwdniugfiadeusheasiadousauiy chlorophyll (T5)

Z'Dzl

33359 6: WidnugTiadeUseansiadeUTIAY rhodamine (T6)

< Y

N335 7: wiaviugiiedeuseansiadausaaiu curcumin (T7)

3.1.1 AnYIRUEANTUANIINIEAINLATAANINNTTIDLAIYBIHSIARRY (N15NAARIN 1)
wisuasedeulngldarsndoud1saguann Ui s dumesiuduuua d1in

1% A a 1 1% ! b, Y v ¢ @ s . Y Y
HANFEANTII0UAEARN9Y 1iA safranine AALTNAY 0.03 LUoSLHuA riboflavin AALTNTY
0.5 Wostdua chlorophyll Anudutu 1 1Weoskus rhodamine Aududy 0.3 lWosidud was
curcumin AIGNTU 0.2 Wesldud uardsian@nudndiuresaisindeunilsonuautives

9

aswdeu lugluuuveavaiuarauaUAvewsuildy Lazn1siseuaeasiniou fall
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3.1.1.1 mIfnwdnduvesansiadeuiifinenaauiAvesansiadeusUuuuremviad
ihansnfeuiivsutulufesufoinmnussiuanauifvesasiadeulugUuuuvouan Tdun
Taranuniiavesansuazaudunsneaveans

3.1.12 m3AnwidadiuvesasindeuiifienuaudAveausiuiidy wisuusuildy
Y9IAIARBUNNNTINIT Inen1smansindausueuuvesvaiuiuia 20 §addns adduaumie
o (petri dish) Tiazoalagldliiiviesenmeadzduey udnhlveviigaiunuemmgf 50 ase
wadea Wunan 24 $9lus anduasnilduesnanaiumizids (petri dish) wdussdiudnvaw
ysmenTwsesusuidy Tiun nsgedunaturesuNLRidy wagAn Az TeiIdy

3.1.1.3 misfinwdndiuvesansindeuiiinasonumitasevesniadey laons
ithansindouiiwlentunnnssuisunadeuasuuintesudaiusudmsaaouauaiiauoves
nsiARaunIeLUa

3.1.1.4 nsnsadeuAuanUAnIsisouasvesdsinfou nginaisindsulugy
voavamasluamimeide (petri dish) wihlWuisaegamngl 35 ssmivaidos wdniluunl
aziBeadelngsune ntuhlunsadeunisdesuasineiniosnsuasdansilalean uuy
wawn fiAnue1ad 250 Wlumes waziedssanlnsrigeslsfinesinlafines v Horiba
Scientific i;u FluoroMax + SpectroFluorometer ﬁﬂ’smmmﬁlumzﬁu 535482 353 314 uay
311 unlukuns @1m5U safranine riboflavin chlorophyll rhodamine wag curcumin AINEIRU

(Tian et al. 2013; Zulfigar et al. 2019)

3.1.2 N13ASIVEDUAMAINVILUAANUS HASNISISDUATIAIVB LU NUSHAIINANS
iy (NM5NAaveN 2)
= < v ¢ v ¢ < v s = v ¢
LAGOULIAARUS LAINIGINENTLS CUCO87 uazludniugusiiainegnuaunug
TOMO05 310 UTHN 91 Lod 18 919 fMea1adauimssuduanite 3.1.1 Ingldinoundou
LAANUEIZUUUMY LY RRC150 shaednsn 140 Haddns dowwdniudusana 1 Alansy (Tian
et al. 2013) waz 180 Taddns sawdniuduzlowe 1 Alansu (algyayn aered wasygll #3.
2562) antuiinanauduliedlussavlndidssiumnutiuvesudaiugnaunisindeu fae

wseataudou aumuiuvesudniuganadlndifeaiusziuanudiuiy uadwuaudaiugn

WusazliiunisiedeunnnssuiSeanidu 3 dw druusnilunsisdounun NYeuuaniug
v A ! = o A Aa < [V ! d' o
VR4AINNISIAG DU drufiaaninlunsiaaeunsansiseuasiiivedudniug wagdruiiaudily

MTIAEDUANMUUTILTIBANEATUSEITANSTISI81E

El Bl
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3.1.21 quawwdawugvdainnisiadau (duil 1)
tideiusiiunisiedeuseaisindounnnssuisuiasaaeunmnm
widniugludnuaizansg 1iun anusenuazdviinssenvesudadingluaniwiesufiing
3.1.2.2 AsIRERUNMISBAsIRIvISNANTLS (dufl 2)
guidniug7runagliiiunisindeusisansiadouldaiugyn
55035 §1uu 10 wéa wnsaaeunITiSeauasi Arvesudnius Aao1as oaniuas
danshlotanuuunnnn fnme1ndy 254 uiluiuns uaziadesanlnsngeslsiiaesinle
mo3 Horiba Scientific i;u FluoroMax + SpectroFluorometer ﬁmmmm?ﬁumzﬁu 535 482
353 314 way 311 ualutuns @19s U safranine riboflavin chlorophyll rhodamine way
curcumin ANUFINY
3.1.2.3 Anwiaruudansevesudawusdaedsnisiseeny (daufl 3)
iensiadournuuiuswesmdniugndsainmsiadey Sniiudaiugi
siuuazliiinunsiadeusnisieny Tnstuwdn vuglaadunzunsaaafindenly iuldlundos
L.i'ﬂmqftﬁﬁmm‘fﬁas_jsﬁﬂdmmmiqam UTeU0 2 LURLIAS LLasﬁizé’Uﬁﬁqq 2 LURALINT
deludaldsumnutuduivduszann 100 wWeddus ihndesfiussqudalindmadlundes
Ssanguiilarndedliiain nandeusserglilugissengiiniuqugamail 43 ssrmiwaidoa 1y
nan 72 Falus mniudediadeiugiuniagieng udunasvaeuauanvasudaiugly
dnwazingg liud amnenuasduiinissenvewudasiugimeludnmwiosUfinnis
3.1.3 N13NTIAABUAMAIN UazRanIuNTTISasuawanuanwus A uuasliriiuntg
indeuszniansivnudaiug (Mmsnaesil 3)

[ A

dngdaiuguniniuazuzidomaniiuiazliniunisiedouuraznssuisuiussy

saa Y

v a a ¢ v < v @ v < [
@’JEJQQEJQZLIL‘LJSJlI‘W’e]EJaLLa’]LﬂUlﬂu%@ﬂLﬂUiﬂ‘H’]LmaﬂWUﬁWllﬂ’ﬁﬂ’JUﬂllﬁﬂ”IWLL’mamJ (14°C,

q q

609%RH) A1ntuguiiegmanne 2 weu 1Wuan 12 weu etiluasisaeunmuninude

L% 6

wugludnwazdneg loun amnusenuazsvinissenveaudadinzluanmiesufiinis uay
AanuansSesuasiadouasuuimdniugieinissansuasdanshlolanuuunnm Anuen
Adu 256 uiluwns uaztal esadnlnsngeslsiimesllafimes %o Horiba Scientific u
FluoroMax+ SpectroFluorometer fiAuemARUNTEAU 535 482 353 314 Lay 311 uiluluns

@135V safranine riboflavin chlorophyll rhodamine wag curcumin MINEIRU



17

3.2 astuiindaya
3.2.1 pandfvesansindioutazdnuuzinen muetuaniuindminnseiou
3.2.1.1 anudunsaaivesasindeu
thasedeuiildanmaeionuniaaenudunsaaisiieinies pH meter
U PH100 nemansiadevadluininesu3uins 50 fadans dwianmuadluaisafounaisiu
Aitldl whdufinuaananiiusng
3.2.1.2 Anuvilnvedansiniiou
MAIAIUNTATDIA15LARBURIBLAT B Ford Viscosity Cup 1 ASTM
D1200 Tnewnansiadeudsinms 50 faddas Tdludnines nadeu 4 ads InedunadausiEuldes
Tiimsinauasvgaaiieasiadoungalna anmgil 25:1 ssmiwaidea udduiindoyatian
Y83M13la
3.2.1.3 Ansagangvasiiay
ThsiuildusMaaeUNsATans hnzuASITEnIn 3x5 WURLIAT BN
PEunsd 2x1.5 fafiuns Wuwouis 4 dulidarugessana 1 wudums indaimdn &
uuliduldanansiadouiunisounts auwn 4 easuRiung MsULRzenss wiadaimn
thazunssifusuiidugaluiivsssludnneslinalumsquuduiiduadiud 5 wit deasu
nanfifvuminegunssiiiuiuiidulveuiigamad 50 ssrueadea Wuna 24 Falus dadndn

AZUNTINTDUUAUTRUTINEB UNAZUNTY WEIATIUMAINTAEANEYBINALINERS

AIMSaTANEYRNTAN (%) = | dvdndiausudy - dwidnauimiesy | x 100

YIUANALSUHUY
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3.2.1.4 ANUALELDURINTARDU

v e‘d‘n =

duiiegaudniugNNIunsTUILNSIAGBUNINTINITAY 10 WA Lile

9

q

Youaaiugmenal dssaumazuuuruaialeveinIsaiou Al

[ a

5 AYWUY YLD TENYUZRT 100 % VYodNAASIUALILALD

[

4 pzuuy Mo ddnvasi 80 - 99 % venudnSuuaiaue
3 AzLUL MR Tdnuaisin 60 - 79 % vesudnSoudiiaue
2 AU YuNeds T8nvMERe 40 - 59 % vedwAASuUaAELe
1 AzLUY Mneds Sidnuwasin 20 - 39 % YeauanSeuaitEe

0 ALY MUEDe TanwaeRd 0 - 19 % YNAASsUaLLELD

3215 N19L9589a9D9d15LARBY
° - A o X ad - a Y]
UNESLABUMASHATUNNITHITUINTIVFBUNSLTBLEIVBIENT AT UADY

L5998 WEID AN LLBEALUUNNI e dunaniIssassasngadainiglanassansillowan

'
P

1R1Ue1IAGN 254 WluAT wazaTRannsunsmelawmsnsasaUnnmgoslslilnines

898 Horiba Scientific ig'u FluoroMax + SpectroFluorometer ﬁmmm’mﬁuﬂizéju 535 482

353 314 waz 311 WIlULUAST @19%SU safranine riboflavin chlorophyll rhodamine tag

curcumin AINER U lndunuilduunarnssudsalaaniave 3.2.1.3 laaslu solid sample

holder NniuTRaUNASINIsANBLES LT uTnNalduAT fluorescence intensity 1A11812
A

AAURANNE

s

3.2.2 ANAKAZNISSOIUATOANAANUG

9

3221 musenvesuaniugilemzluan it unng

nsRdeulesifudnITIBnTaRNdn LN TR ULz N UNSIAE B

1% A v ad

AILAITLTDILAT U UNAETD between paper 31U 4 919 8y 50 LA 1IVUNTEABNILT

U

£ 24

Fu Foudu 2 $u snthailUluginneinuaugangilif 20-30 esmisadea wasUssdiuna
vosnenvduIng ooy 4 Ju (fuafausn) wae 8 Yu (Wuadsgare) Taonisasatudu
néisenund daunnsnsiaaeutedidudnissenvesiudniuguzidemaisiunazlaiiiunnsg
A OUAIBENTE8LET LUWIZAI8TT top of paper S1UIU 4 T19 BT 50 WER 2IUUNTLATY

P Y
I

A 1 o & Y a o v & & o v Py
LNENVU FRUNUBY 2 FU LAIUANUAIY NTEATUNIE 1 TU Qqﬂuuuqlﬂiﬂu%qug‘ﬂﬂ?Uﬂu

Y
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QaUUNLIN 20-30 semwaldya warUssiliunaratIanvdunIsiiie ety 5 Ju (TuAsawsn)
wag 14 Ju (uaaganie) (ISTA. 2019)

v 6

ANUIDNTBUNAANUS (%) = | S1uruudansanidudundiund | x 100

3

FIUIULAATIINE

3.2.2.2 sinistenvesuaniiug
° & v ¢ 2 o & 2 A ' a Y
Uideiuguaeniuazinaanugisamantiuuasliiunsiadeudme
1543996 LUWIAILITNT wauTIwIudunaInsen Tun1stuaswsnkagnIsuuAsEaving

Y9N (ISTA. 2019) mﬂﬁfuﬁﬁmﬁlé’mﬁﬂmmmé‘ﬁjﬁmsqaﬂmﬂqm

FUTIN15I9NVRNNAR = WaTIX | uIUAUNAIMIanUNALULAas TuNRTI9LU

FIUIVITUTIATIIUY

3.2.23 N3i30euaatuaniug
o < o a1 h'd] A v & aa o
WaaiugneuLagliniunsiniounlgasAdeun NN sUIE 91w 10
WiA ¥1R3IFBUNITIBINATIRNTELUAARUT MBLATeIBaIansT lataauuunnn Tag
dunanssoaasenvaineliuasdansililowan Neueeiy 256 WILLUAT 4aYATIA
awnasunmsanguasmeiaTesanlnsngeelslilaidines 8ve Horiba Scientific Ju FluoroMax

o [

+ SpectroFluorometer #A1M81IAAUNTEAU 535 482 353 314 uag 311 uiluiuns dms

safranine riboflavin chlorophyll rhodamine kag curcumin a1uaIRU Lasduuaanug iy

[ = | aal ! p d' ¥ 0'3 U gj £
waglunrunisirdsuunaznssuislaasly solid sample holder indglviaianenuainiuin

awnnsunisaeuas kaatufinwarduel fluorescence intensity 1RAMLE1IAALANS

3.3 M9IATIzvdaya
TUUHUNTNARBUUENANYTal (Completely Randomized Design: CRD) Usenausiy 7
55133 $1uau 4 91 Wisuiisuaadelngld Duncan’s New Multiple Range Test (DMRT)

MelUsunsuaaTIzRdnsagunneadn SAS
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LS EUAITHAADUITINNUAITLIDILES 5 AFFUANAUUNVDIFTARDULAY

SNYULNIINIYNINVDILAAATDU
- A1 pH
- ANUNLe

- Ansazanglay

- ANMNALLELDUDINITIAROU

A < v s A
LAGBULHANNUTLANNITUASUSLUDINA - NSLSRILAIYRIETSIAR U

| i l

MTIIAUNTNLABNISLIBA A379FOUAILLTILT ANMIUALININLELNITT DA
@ (Y L4 3 Ly} I3 I3 -y I3 [ @ [
WAIUDLUARATNUG YDLUAANUG Yotudniuguaunusnuly
NEINILAFOU (/e35L39918) ANNAIUANEN TNLIAA DY
—— 1Wosigudnnssen - [Uasiusinsean - 1Wasifudnisean
—— YUNN5IaN L AliN15990 L fvfinnseen
AL DILEITIRAVD L NNSLSRILAIINIYDY L A5 0ILENNINIUD
I Y4 [ v 6 <@ Y4
ARG IEANUS ARG

a o a (% I A d' (%
2 f 3.2 leegunsuiaunsaduanunsianasimaeusekasiedesiunisuasuilad

LanuSyaRg




unii 4
NAN1ISNAADY

4.1 NaN1INAADY

4.1.1 ANENUANIINIEATNLAZNITITDILEIVRIETSIARRY
NNMIAngRsasAdeUdsagUn Ui Leisa Sumesiuduuua drin way
mgansiseainnigg 1oun safranine Aandudu 0.03 Wasidugd riboflavin Aududu 0.5
Woesidud chlorophyll nadudy 1 1Wosidus rhodamine Anadudu 0.3 Wasidud way
curcumin AU 0.2 Wadidud dhandnuidadiuvesansiadeviiidenmaudivesans

A v 1 = ' 1 = va a6
Lﬂﬁ@‘UquULLUUGUENLWa’J IWLLﬂ AULTUNTAANNE ATAIIUNUA QMﬁMU@‘U@QLLNUWﬁEJ A3

alaNeYBINITAREY UarNITLIBIAINBIAITATBY NUIAN pH YotusazgnTansindeuila1ey

Y

581N 7.1 - 7.3 Yngasansinfiey Anuvilavesasindeulniegsendne 11.4 - 11.8 m/s enniu

a13wAaeuIIUAU chlorophyll @sliAnAuninAoutsgainiy 17.84 m/s uaveimsazaneilay

a1 1

! A [ 1 ° v & = 5§ < s
YosudnzgnIasindeunaeInnaaautliiinauluig 5 Wi ddsening 23 - 29 Wesidud
gNLINASIAGEUTINAU riboflavin warasiARaULEsRE 1AL AAIN1Tavatelanas 37 - 38

s & ¢ = =~ ° & e \ " 4 &
LWasgun (15199 4.1) LllEJG]'ﬁ'JQﬁ@‘Uﬂ?qllﬁiJ’]Lﬁu@m@\iﬂ’]ﬂﬂﬁ@‘ULN@@‘WUQLL@QH'}WLLazﬂJ%LGUEJVIﬁ

a v I~

Inamsfinwdnyasiurinussursadaiugitpiovaisienlal nuaudaiugnadeu

]

s

AEa13AABUIIWAU curcumin danuadnanainnian 91.66 LWasidus s9va3uAe WaAWUG

I

A A 9 A ' ) > . A Y ¢ & @ o ea
YILAFBUMIYATLAADUIINNY safranine LLay rhodamine UAILNINU 91.25 LU@'ﬁLsﬁu@, LUARMNUIN

3

=) b4 =

RO UAIYEANSIAT BULTIB9BE1AE, WARTUSALAGOUAIYENSIAZEUSINAY chlorophyll uay

wanugNndeumeansiadouTaniu riboflavin mud1Ay diuAuEiELeTeINsAGaULER
Wuguzlowa lnenisfinudnuasiuiiussuresudaiusiwiovasienilal nuiiuda
L% s A ¥ =

Wugiedaudieasindousaindu curcumin dauainaueiniign 91.66 Wosidus 59983

= <@ Y ¢ a = 1 = ' v . . a1 1 [

Ao LNﬁﬂWUﬁ‘VILﬂa@UﬂjﬁJaqﬁLﬂaaU'ﬁ?Nﬂ‘U safranine Llay rhodamine ¥A1LN1AU 91.25
s & ¢ & o sa A Y a P | a & o sa A 1Y = ] o

L‘U@ﬁL"Uum, Llla@W‘Llﬁq‘V]Lﬂa@U@naniLﬂa@ULWUQ@UWQLWSU, LN@@WU@‘WLﬂa@U@'ﬂUa’]iLﬂa@Ui'ﬂuﬂU

chlorophyll waz wanuiNndeumeasaousIniy chlorophyll muaRy (m15197 4.2)
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A15199 4.1 Anudunsaeng (pH) Aunile wazAnsazaneduvosansindounnaznIsuis

gnsansintiou pH Aumie (m/s)  msavaneilau (%)
A3LAADULNENDENILAEN 7.32a 11.40c 37.69a
a131AaaUTAU safranine 7.26b 11.78b 29.76b
asiAdaUTIAU riboflavin 7.3ab 11.69b 38.81a
A13LARDUTINAU chlorophyll 7.32a 17.84a 23.73b
@13LARRUTINAU rhodamine 7.17c 11.85b 28.70b
a13LAABUTINAU curcumin 7.27b 11.76b 25.93b
st W e .
C.V. (%) 0.35 1.28 12.95

** fauuanansiueg1eitudfynisainnseaiuanudedu 99 wWesidud 1ne3s Duncan’s New Multiple Rang Test (DMRT)

a ° & a ‘3 C LY o i aa
MA1919N 4.2 ﬂ'}’]ﬂJﬁll']Lﬂll@sU@ﬂﬂ’]iLﬂa@UmNTﬂ@ﬂLNa@WUﬁqLL@Qﬂ'JWLLa%NgLW@LWﬂLLWaSﬂﬁimjﬁ

gnsansiafeu Awasiiae (%)
LA UEUAIND wanugusdawme
A9LAROULNE90E19LAY7 90.00 90.00
A3LARBUTINAU safranine 91.25 91.25
A13LARRUTINAY riboflavin 88.75 88.75
a15LAABUTINAU chlorophyll 90.00 90.00
A13LARDUTINAU rhodamine 91.25 91.25
A15LARDUTINAU curcumin 91.66 91.66
F-test ns ns
CV. (%) 5.51 551

ns = hiuanEneiuneena
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Tudruvesnuantinisisesuasvesarsiadouli sateaoias oanrouas
dansillelannuunniniianaeneau 254 uilusng Wefinnsannelduassansilloanans
Ao ULiB0g 1AL lUNUNISIT DAY dIUaTTARUIINAUENSII DA TnmA199) Hn15i50duas
DONNIANA AU LABEITIARDUTINAU safranine, riboflavin, chlorophyll, rhodamine WLag
curcumin wunsseanduddy, Avdesendes, Andosaing 3y uaz Andosaing auddu
(il 4.1) wazilethansiedevannsnaevanmiunsaenasneinsssanln sugoslsiula
finosiAueInaunTEAY 535 482 353 314 wag 311 ualuluns wuidnismeuasivasay
smﬂé"ul,awwﬁ 568 560 639 603 WAy 620 UILULLAT d19%5U safranine, riboflavin, chlorophyll,
rhodamine wag curcumin mad iy Sslinumsmenasiinusnaauisnaniugnsasindou

aa = PN ! = a
NUATLAABDULNY D898 (NN 4.2)

P a Y A Y] N ! ax
AN 4.1 ﬂ'ﬁLﬁﬁNLLaﬂﬂ’]fﬂfﬂLﬂi@QQWULLaQ@amiqlfJiaLaG]LLUUWﬂW']GUE]\‘]a'TiLﬂaEJULLﬁlagﬂiilnﬁ

1R8AINUALY T2 A8 @15AA0ULN 899819A87 hay T3 - T7 Ao d@15.Aa0USUAU

safranine, riboflavin, chlorophyll, rhodamine &g curcumin ANUAIAU
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1

AMNE1INAL

2025000 T3Ex535 309000
—T 259000
1625000
209000
1225000
159000
825000
109000
425000
59000
25000 ~ e 9000
540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700
180000 B35 c18000
—T5
o~ 160000 518000 4
-]
(O 140000 418000
N—
o
W 120000 318000
=2
&
& 100000 218000
%
A
—=° 80000 ' ] f 118000
% LR i ) 14
& o0 = 1 A R N\ ZA L B oo oy
540 550 560 570 580 590 600 610 620630 640 650 660 670 680 690 700
320000 -
i
280000
|
|
240000
200000,/ 4
|
160000 l
120000
80000
40000 AL

540 550 560 570580 590 600 610° 620 630 640 650 660 670 680 690 700
'

T4Ex482
—T4
= =
520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700
T6Ex314
|
—T6

A W Al _ o @\ .

AL SN W

AN i " R
540 550560 5T0. 560 590 600,610 620 630600 650 660 670 630 630 700
—TTEx3 11

iy

&y

(nm)

A 4.2 anesunsatsuasnelainsesaiualasigealsliledines vesansindouuravnssuds

Taemuualy T2 Ao @15.Aa0ULN 898N

WAYI hay T3 - T7 A8 @15AABUTIUNU

safranine, riboflavin, chlorophyll, rhodamine W& curcumin ANUAIAU
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& o g = Sa & o ¢ o 4
4.1.2 AMATNYDIUAANUIUAZNITLIDILEIVINIVDANAANUTWAIIINNITAFDU
4.1.2.1 AMATNKAZNISLTDIAINRIVDUUAANUSUAINAEIIINNITARDY
4.1.2.1.1 AMAINVBINAAWUGHEIIINNSIATOU

AUAIMIAATUS LRINTH kel unsIndeudeansiadiou

[y

\edpgufgauazaIsndeusuivaisisaduaiinnie nuinlesidudnnusenvoudaiiugi
fu

wnzluanmiiosufiRnag lufiannuunnanaiunisada lnewdaiugiedeuseaisindousiy

chlorophyll (T5) #AnUesidusinissenasiian (94.50 Wesidus) sosawn fe winiugindeu

a1 1w

fa1sAAauTINAY safranine (T3) F9TAMNNAY 93.75 LUasSIFUA @onndsiufvstnIsionas

wanug Jalinuanuuanaeiune@dfAseninemnnssuds lnswaaiugnindeusmealsiadey

a

33U chlorophyll (T5) fidndaiinistengeiian (14.68) sesau fie wintugnliliadeuans

q

(T1), winiugndouseaispdeusiuiv riboflavin (T4), safranine (T3), curcumin (T7), Wén

Wuginfounlealsad o uiileeg1used (T2) wag WanNugndounlgalsad ousuiu

rhodamine (T6) AudsU (M157991 4.3)

P v = % a wa & o & A
N15199 4.3 ANIeN (%) LLagﬂéﬁuﬂ’ﬁ\i@ﬂmLWW%IU&QWWV@QUQU@ﬂqﬁsU@QLﬁJaﬂwuﬁqLL@ﬂﬂquW’]u

warlinunnsidauAigalseaausINiuaT SIS aakasdafneiy

nswdeuLAnLgY ALeN (%) aiin1saen
T1 91.00 14.12
TR 86.50 13.00
T3 9. 5 13.34
T4 92.00 14.06
T5 94.50 14.68
T6 91.00 12.75
T7 91.50 13.31
F-test ns ns
C.V. (%) 5.85 7.80

ns = Lluanensiuneadia

1/‘du(d'1|1!l4 bdu(d‘dl!l A& oA A .ﬁv(d‘ﬁy A W
T1: waaugnldldidovans, T2: wanwudindoumeasindouiissediaien, T3: winiugindouseaisindeusiuiv
safranine, Td: ludawugiitadeuseaisindeusiudu riboflavin, T5: waanugfindeusieaisiadousauiu chlorophyll, T6:

winiugiadieumeasiadeusiuiu rhodamine, T7: wiaiugfadieusisansindeusiuiu curcumin
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4.1.2.1.2 N15L3DILENVDANAANUTUAINUAINITLATOUAIENT LATDULSDIUAS

yiagneiu
derudaiusunsnifiiuuazlirunisiadeudigaisiadeuyn
nssuislunTeseumsFoaasneiniesansuasdanllaanuuunnn Wefiarsannielduag

I

Y] & o Ay My A = = \ & o cd A P
dansliletan wasiugildldedeuans (T1) nunsdeswandudii dauwdniugfindeuse

[ o

a1sndeuliietadafien (T2) ldnun1sisedwas wazwdniugniunisadeusiuiuansisauas

A ¥ I

vilasinee Innsi3eanaseenuiunnaeiu Inswdawusindousieasiadous iy safranine
(T3), riboflavin (T4), chlorophyll (T5), rhodamine (T6) wag curcumin (T7) nunsespananuy
A&, Adeseuden, Bnansadis, Adu LAy AWaesEIng musIRU @ Wi 4.3) uaviiietiude
fiugunsnnlunsaaevansiunsmeuaimeissaUnlaswgoslsinlalinesfiniueiadu
n3TFU 535 482 353 314 uag 311 Wluming nudnismeuasiivaemiugneduamsi 568
560 639 603 Wag 620 UILULWAST &35V safranine, riboflavin, chlorophyll, rhodamine lag
curcumin Muddu Felinumsmeuasiianiseneausananiumaniuslildiedou waziudn

NAADUMIYAITHAAD UL (AN 4.4)

Al 4.3 msissaanglaasemisudedansililaianveaudniudunan eyl
a v = ] o = a 1w ° v & o Ay My
nswRdeumeaIsRauTINiUATSTaIatna ey MUl T1: waanugnlyle

& & o ga A 1% - = ' = = I
LAGOUATS, T2: lWAATUGIARBUAIENIATOUNIRELALD, T3 - T7: LAGOULWER
WUSAI8EITLAR BUSIUA Y safranine, riboflavin, chlorophyll, rhodamine wag

9

curcumin AUAIRU
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720000 T1Ex535 700000 T1Exa82
610000 T2EG35 650000
620000 T2Ex482
—T3 600000
570000 T4
520000 550000
470000 500000
20000 450000
370000
320000 400000
270000 350000
220000 300000
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250000
120000
70000 200000
20000 150000
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16532000 T1Ex3s3 12640000 T1E:314
3 T2Ex314
15032000 20355 11240000
13532000 77 | —T6
9840000
< 12032000 |
3. 8440000+
(G 10532000 l
o> 9032000 7040000 4
[\
=5 7532000 5640000 -
7z 9
@ 6032000 22o0ed
g 4532000 |
3 2840000+ 0\
§ 3032000 : |
1440000 iy K
{3 1532000 L s o A I
| I
g 32000 40000 J-- —_—— = e - - — -
540 550 560 570 580 590 600 610 620 630 680 650 660 670 680 690 700 340 550 560 570 580 590 600 610 620 630 640 650 660 &70 680 €90 700
S EE —T1Ex311
16019000 - L T2Ex311
14012000 7
12019000 -
10019000
8019000
6019000
4019000
2019000
Log0g T 3R S e -

540 550560. 570 .580 590 600 610.620.630.-640 650 660 670 680 690 700

a
AUEIAAU (nm)

auil 4.4 nsSeangliniesaalasngeslsivlndinesveudaiuguniniiuwazlinig
n1sAdeunlgasindeusiniuaisiewadan1aiu duald T1: waawug i lale

= 2 o osa A v d = | = = = <
Wwhauans, T2: Wwinugiiadeunigansiatouiiesag1aded, T3 - T7 Aon1siAdouwlan
AIYAISLAABUSINAY safranine, riboflavin, chlorophyll, rhodamine wag curcumin

AUAIAU
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4.1.2.1.3 anusdaussvasudanugunsnnitiuuazliniunmsindouiauiuans
1309UAITTIARI99 NEIRINATTLIIREY
Wlensrvaauam muaaiuguainfcuLarliiunsedeuiieas

imdeuLiissagafenazansiadeusauivansisouaingnag ndaseny nuinlesidudaiy

a I

JAn1s lufianunaneieiuni1eada laswdanusnedou

)

sonvedudaiugimnzluaniniesy
MeasndeusIuiiu chlorophyll (T5) IA1UesEUANITIBNEINER (94.50 %) 5098317 Fia Wan

WugTndeuieansiadousiuiy safranine (T3) Gsldvindy 94.00 wWesidud aenadasiudail

% [

nssenvaNaniug Fekinuanuunnaeiuneaifszninmnnssuds lnawaaiusiiadeusie

asiAdousIniiv safranine fiA1dviinissengafian (15.37) sevadun Ae waaiuiindeumeans
AU chlorophyll (T5), wapiugTndouseaisinaeusiuiu riboflavin (T4), Wanug

nluldindeuans (T1), waniugiadauseaisiadeuiiiesagufen (T2), waniusiadausie

A15.AaBUSINAY rhodamine (T6) wag curcumin (T7) MINERU (A15199 4.4)

=

= v A A v a va 2 o ¢
A13197 4.4 AA9EN (%) wazdviiniseenimizluan et uinisvesuaniugunani
H1ukazliNILN1sAGoUMBA AR o USINAUAISS BIULEIT AN U NF S 90187

aamndl 43 asmwadua 1Wua 72 Falus

maedoumaniug AH98N (%) Aiin1saen
T1 93.33 13.91
T2 87.50 13.43
T 94.00 15.37
T4 91.50 14.12
T5 94.50 14.50
T6 93.50 13.06
T7 91.50 12.62
F-test ns ns
C.V. (%) 2.65 7.13

ns = Lluanansiuneaiia

& o A MYy A & o fa A& v A& A A & o A A v A 0w
UT1 wéeiugilaldndevans, T2: waaiugfivwdeudeansiadoufisseg1afen, T3: waaugiiadoumeaisndousiuiu
safranine, Td: waaugfindeusisasindousiuiu riboflavin, T5: winwugiindeusieaisiadousauiu chlorophyll, T6:

winiugiadieumeasiadieusiuiu rhodamine, T7: wiaiugfiadieusisansindousiuiu curcumin
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4.1.2.1.4 m3Fawuasiiinvaamdauguninainiiuuazliiiunnaiaudae
d13130auaerlaf19 UnARINNI5LT91Y
derdaus unsninfiiuuazlinunisiadeusigarsiadeunn
n3suItvdsnisssenglunsaaeunisieuaweiai ssansuassansliletanauuunnm e
fnsanneliuassanslloan wisiudilildiadovas (T) wunisiFosmaadudi dwu

A ¥ A

wiaiusndoufeansindouriistogiaiien (T2) lunumsiSeuas uazwdniusiiiunns
\dousnfuansiFosuasiinsngg dnrsiFesaseenuunnsiistu Inowdniusitndousieans
WAABUSINAU safranine (T3), riboflavin (T4), chlorophyll (T5), rhodamine (T6) Wag curcumin
(T7) wunsisesnanduddy, At Bwdedadny, ddu waz Anaesadng mud1au (1w
7l 4.5) uazidlothudeiugussnanluaseseuainpdumsmsuassiaeinissanlnsvigeslsluls
fimesauyedunszdu 535 482 353 314 uag 311 Uiluing wuiiinismeonasizasni
m’m?%ummzﬁ 568 560 639 603 way 620 WULLANS @11SU safranine, riboflavin, chlorophyll,
rhodamine wag curcumin AuaIsy dslinunisaieuasiinmeadusanadfumansiugi

llAARaU waslaniAdaumigasiadaulieaeg1umen (nTwn 4.6)

Auil 4.5 msiFeaudenigliiniesnneuasdansililon AwuunnnITeLUA AN UEUAINITHIY

wazldunsiafausiga AR T WA UA ST 0aln i UNALTIe Y Mvuali

= ¥ A

& o Ay My A & o sa a | a
T1: LN@@WU@WIQJI@L@@@U&']% T2: LUAANUSVILARDUAIYANTLAADULNEIDY LAY,

]

T3 - T7: \AG0ULLAARIBAITIAABUTIUNU safranine, riboflavin, chlorophyll,

rhodamine Wag curcumin MIUAINU
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720000
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520000
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i
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ANEMAAL (nM)

630 640 650 660 670 680 690 700

T1Ex482

T2Ex482

—T4

-T1Ex314
T2Ex314

—T6

—T1Ex311
-~ T2Ex311

T7

7l 4.6 nssemaniglinissaalnsngeslsivladivesveaudanugunnifiiuwazlinig

NsLAdeUMIEA1SARBUTINAUEI LT DL EAA AU U907 MVUALE T1: Wanug

s

]

nlildindevans, T2: waniugiedourmeansindouiiiedeenies, T3 - T7 fensiadou

WansEasAAaUITINTU safranine, riboflavin, chlorophyll, rhodamine &g curcumin

AUAIAU
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4.1.2.2 AMATNVBRUAANUSHAZNIIIZ DILEINIIVDANAANUTULTBMANAINNT

WA

L 3 [ =)

4.1.2.2.1 @zumwmﬁmwuswmmnmﬁmaau

9

s IS

AN AT usawmaTiiukazlinunsedeudivansiadeu

9

\gsegufigiuarasiadausiuiuasiotuariingiag wuin aruenvedaiuginizly

an el uRnislufiauunnsd1aiunisada lnswdanugidousmeaisiadousiuiu

P s & ¢ e{'

safranine (T3) war cucurmin (T7) AAnUasigudnIsiongafidn (97.00 %) 5898911 Ao Luan

= =

Wug 7 Wliedavans (T1) wazwaniugindousisaisiadausauiu riboflavin (T4) Fedian

9

WU 96.50 Wesidud aanndostudvinissenvaamaanusdlinuaiuunnd1afun1ead

Ly I~ v A

' ax & s al | Y] . Al U oA
38‘1/1']']31/!ﬂﬂ531|']5 IWEJLlla@‘W‘L!ﬁ‘VlLﬂaa‘UWJEJﬁ'ﬁLWaE]UTJQJﬂU curcumin (T7) Nﬂ?@?ﬁﬂﬂ’]iﬂ@ﬂ%ﬁﬂ

9
ign (7.48) 5938907 Ao WwaaiugNAGaUMIvEISLAR oUW riboflavin (T4), waawugnladle
wdauas (T1), wannuginioumeaisindaulioseeused (T2), safranine (T3), chlorophyll

(T5), waz WaniugNAFaUMEaIsIAaBUTINAU rhodamine (T6) Amud19y (#1517 4.5)

z:i v oA = 4 a va [ [N =
A197°90 4.5 A1U99n (%) LLaﬁﬂ‘UUﬂ’]iﬂaﬂ‘WLW’]Sﬁiuaﬂ’]‘WMEN‘U{]UWﬂ’]SGUBQLiJﬁGlW‘L!ﬁqll%LGUE’JWIﬂ

'
a

kel uUN15 AR UMEEISIARBUSINUANSIS DIASTRARAIT Y

MsiAfeuaniugY AU8eN (%) friinnsean
T1 96.50 7.15
12 96.00 gy
13 97.00 6.92
T4 96.50 7.21
T5 96.00 6.92
T6 95.50 6.88
T7 97.00 7.44
F-test ns ns
C.V. (%) 3.14 4.49

ns = lluanAreiunsana
& o Ay My A & o A A v A& oA A & o ed A v a0 W
VT waausililiedovans, T2 wanwudiindoumeansinfouissegiufien, T3 winiugindeudisaisindousiuiu
safranine, Td: waaugfindeusisasindousiuiu riboflavin, T5: winwugiindeusieaisiadousauiu chlorophyll, T6:

winiugiadieudmeansiadieusiuiu rhodamine, T7: winiugfadieusisansindousiuiu curcumin
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L= < [ -4 =~ o/ = 14 =~ L=
4.1.2.2.2 N13LIDILLEIVDUUAANUIUSLUBINANAINTITLAADUAIYEATIILAADULIDN

e UdARI9NY

6 A

detwdaiuguziomaniiusazldiiunisiadeuiieaisiadounn

]

N55U35 LUNTI9@BUNISH30ILEINIULAT BIRIULAID ARSI LBLARALUUNAN LiaN1TuNelAKES

I

Y @ o Ay MY A = = | & o cd A P
danslilowan winiugildldedeuas (T1) nunsesuandudii dauwdaiuifindeuse

v

asdeuifissednaien (T2) luwunsiBeuas waswdaiusiiunsiedeusuiuamsiFoaas
vilasinee Innsi3eanaseenuiunnaeiu Inswdawusindousieasiadous iy safranine
(T3), riboflavin (T4), chlorophyll (T5), rhodamine (T6) Wag curcumin (T7) nunsesoanaady
A&, Adeseuden, Bnansadns, Adu LAy AmEesEIng sudy (e 4.7) waviiletiude
fuguzdomalunsiaaeuarunaiunisasuaietniasanlnswgeslslulafinesfinuen
AAuUNTEdU 535 482 353 314 uay 311 uiluluas wuidniseeuasivasanueneduenizy
568 560 639 603 Lag 620 WILUUAS @11SU safranine, riboflavin, chlorophyll, rhodamine
uay curcumin MRS Felinunsmeuasianuenedufsnaniuaniusilildindou was

WAATLARDUAILAISIARDULNEIDENLAEN (AT 4.8)

Al 4.7 Mssetaanaliiniaieuadansililolawuunnnveudaiuguzilowmanii

wazlllIUNI AR D UMEAITIRADUTIUAUAITIS 0ILAIBTARIAY A1uusls T1: Lwae

U A v A

wugnlilaedevans, T2; waniugindeumisaisiaiiouiiesed uies, T3 - TT:

3

AR ULAAMITANSARBUTINU safranine, riboflavin, chlorophyll, rhodamine &g

curcumin ANUAINU
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720000 T1Ex535 700000 T1Exd82
§10000 T2Ex535 650000
620000 T2Ex482
—T3 600000
570000 Ta
520000 550000
470000 500000
120000 450000
370000
320000 400000
270000 350000
220000 300000
170000
250000
120000
70000 200000
20000 150000
540 550 560 570 580 590 600 610 620 630 640 650 660 670 68O 680 700 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700
16532000 TiExas3 12640000 T1Ex314
. |
15032000 TZE353 11510000 T2Ex314
13532000 T —T6
— 9840000
< 12032000
|
:§ 8440000
(O 10522000 }
N—
o 9032000 7040000,
|
g 7532000 5640000 4
7 ) |
@ oo 4240000 <
§ 4532000 |
2 2840000 -
E 3032000 \
% 1440000, RAPRFE “”“"“T ) S ‘
— 1s3z000 | il
g 32000 40000 o — e L W

540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 T0O
18019000

16019000

14019000 &

12019000

10019000 +

8019000

6012000 &

4019000 |

2019000

19000

540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 VOO

ALY (M)

540 550 560 570 580 550 600610 620 (630 640 650 660 670 6BO 690 700
T1Ex311
- T2Ex311

T7

muil 4.8 msdeaanmeliinsosaalasrgeslsinlafinosvosudaiuduzilowmaniniuuaz ity

N13AA0UAIBAIIARBUTINA VAT IS BIkasTlnm9i Y Avuald T wdauglyld

A ¥ A

= & o e = 1 a = = I3
LARBUANT, T2: LNaﬂWUﬁqWLﬂaaUﬂ')ﬂaqﬁLﬂaaULWENE]EJ']\TLG]EJ'], T3 - T7 ABATLAADULUARA

v = 1 (% . . .
AIYAITLAABUIINAU safranine, riboflavin

AUAIAU

, chlorophyll, rhodamine W& curcumin
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4.1.2.2.3 ANULBIMTVDINAEANUGUsTamANH Uzl unsIn UMY
A131309uaeTnr199 ¥83RINN19L5901Y

Hlansrvgeunun muaaiuguzlamaiiniuwazlinunsndeunieg

< (3

A19AFRULE0E1AEIMALANTATOUTINAVAITS DAt uTiaf199 NausI8Y NUINUesIgud

1y

Awsenvaudaiuginzluaniniesufiins Tflauuananeiun1eada Tnewdaiugy

\ABBUAIBATSIATBUSINAY safranine (T3) wag cucurmin (T7) dAdesidudnisseng fian

q

[y

(97.00 %) s9%a3u fie waaugTldlawedovans (T1) Laswdniugiedoumeaisindousiuiu

riboflavin (T4) &sfiAwvinfiu 96.50 Wesiiud aenadosiuaviinissenvesuiniugdalinuainy

A 14 A

wanAeiUNNERRsEnINAIINIs lnawaniugiaousieansiadausauiu curcumin (T7) &
ARvTinssenasiian (7.44) sesaeu fie whniugfiedeudeaisiadousauiu riboflavin (T4),
U A v A

winnugnldlmadevas (T1), waanugiiadoudisaisindouiiased1afien (T2), safranine

v = %

(T3), chlorophyll (T5), uag Lmﬁmwuﬁ:ﬁLﬂaaumamsmﬁauimﬁu rhodamine (T6) M1u&a16U

(mswﬁ 4.6)

1 IS

a v a v a wva < £
A157991 4.6 ANUIBN (%) wagaviiniseniwizluanm ol fURNTveRLART T BN A

9

MeusasliEIUNITPR o UL TP U IV TS DA HAAN UG 101E

Mgl 43 ssriwades [Wua 72 Halug

mMaadoumaniug A8 (%) fuiin1seen
T1 96.50 7.15
12 96.00 7.11
T3 97.00 6.92
T4 96.50 7.21
15 96.00 6.92
T6 95.50 6.88
7 97.00 7.44
F-test ns ns
C.V. (%) 3.14 4.49

ns = lluanAreiunsana
& o Ay My A & o fa A& v A& oA A & o ed A v a0 W
VT waausililiedovans, T2 waniudiedoumeansinfouiissegiufien, T3 wiaiugindeudisaisindousiuiu
safranine, Td: Wwaaugfindeusisasindousiuiu riboflavin, T5: winwugiideusieaisiadousauiu chlorophyll, T6:

winiugiadieudmeansiadieusiuiu rhodamine, T7: winiugfiadieusisansindousiuiu curcumin
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a aa & v g = a ' =
4.1.2.2.4 n19i3euasnivauuanRususilamANi uuazlitun1IAfau
AagansiTasarlaf1aiuNaRINNISISIeny
detwdaiuguzilewmenniuuazliiiunisiadouiisaisiadeunn

N55U35 LUNTI9@BUNISH30ILEINIULAT BIRIULAID ARSI LBLARALUUNAN LiaN1TuNelAKES

I

Y] @ o can MY A = = | & o cd A P
danslilewan winiugfildldedeuas (T1) nunseswandudi dauwdaiugfindeuse

[ o

a1sndeuLiiesadafien (T2) ldnun1sisednas wazwdniugniiunisedeusiuiuansisaauas

A ¥ I

¥iaf199 dn15150auaseonUIANANAY TaBluaaRUS A aUA8aSIAGUSINAY safranine

9

(T3), riboflavin (T4), chlorophyll (T5), rhodamine (T6) wag curcumin (T7) nunsespananuy
A&y, Adeseuden, Bnansanis, Adu LAy AWMaesaIng sudsu (i 4.9) uaviiietiude
wuguzidemalunsiaaauanniunsmeuasseiaiosanlnswgeslsinlafinesfianuem
AUNTEA 535 482 353 314 Lag 311 wiluwas wulndnisaelasivamnugnaduane
568 560 639 603 Lag 620 WILUUAS @11SU safranine, riboflavin, chlorophyll, rhodamine
uay curcumin MRS Felinunsmeuasianuenedufsnaniuaniusilildindou was

WAANLARDUAILAISIARDULNEIDENUAL (ANA 4.10)

Al 4.9 Masoangliaiaansuasdansilalaaanuunnnivedudniuguzilowanii
wazldliIuNSAGRUMEATSIARDUSINAUANSLTR AN 1AM US98y MVUALA
2 o oAy MY A & o s A v 44 =~ ! =
T1 waniugnldlandevans, T2: wiaiugindeunlgarsindiouiisseumes,
T3 - T7: \AA 8ULNA AR 8E15LAG BUS AN U safranine, riboflavin, chlorophyll,

rhodamine Wag curcumin HIUAINU
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720000

T1Ex482
670000
T2Ex535 650000
620000 T2Ex482
—T3 600000
570000 T4
520000 550000
470000 500000
20000 450000
370000
320000 400000
270000 350000
220000 300000
170000 250000
120000
20000 200000
20000 150000
540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700
16532000 T1Exas3 12640000 T1Ex314
15032000 T2Ex353 {\ 546000 T2Ex314
13532000 suli 1 —T6
— 9840000 L
< 12032000
|
) 8440000
(O 10532000 |
~ }
o> 5032000 7040000 T
ey I
—5 7532000 5640000
7 32000
@ o300 soaeoth:
|
g 4532000 ] i
B 2840000
§ 3032000
1440000 = g
EE 1532000 L —«-J B e S | 1
g 32000 - 40000 ———— L —_— L .
540 550 560 570 580 590 600 610 620 630 1640 .650 660 (670 €80 690 70O 540,550 560 570. 580 590 600 610 620 630 640 650 660 670 6BO 690 700
- - — T1Ex3it
15018000 § L T2Bx31
14019000 ax
12018000 (-
10019000
8019000
6019000
4012000
2019000
19000 = NS sttt e

T1EX535 700000

540 550 560 570 580 590 600 610 620 630 640 €50 660 670 680 690 700

AUE1IAAY (M)

Al 4.10 maSauainieldimsesalalnsrgeslsivlndnesveaudaiug usilameaiinuuayly

HIUNISAGBUAIUANTLATOUTINAUAITIOINA LA U NG WI9818 Avualy T1:

= ¥ =

waniugnlilawdovans, T2 wasnugnndausisansiedeuiiiosedafes, T3 - T7

]

AaNsAReUILAnMEENSIARRUTINAU safranine, riboflavin, chlorophyll, rhodamine

LAY curcumin ANNAIRU
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4.1.3 auAWLAzNIS LB EaNug TN uuazliH unRAfausEndneng
wusneuaanugluiosnuguaninwingdou 1uaan 12 oy
4.1.3.1 aunmvasudanusunsniiuuaglsiitunsiadauiaunasndensiiu
$hwn
4.1.3.1.1 AMANVBUNAANUS
MnmIaseaeuiesiduinisienvoandniugunsniiuuas
HIUATSLAR DUA ARG BUTINAUANTLAG DULS 8 9UalAn199 wdsaniiusnwnduan 12
ou nuindesidudnisienveaudniuginiunisivsnwifeud 0 uiaznssishidaiy

L2

uwanenaiun1eata Inewaniugnlildindouans (T1) Swesitudnisiongefian 98.00 wWesidus
- R 1% = =~ | = a0 o c 3 ¢
seanAe Wannusindouslansiadouiieseg1aufie (T2) TAniidu 94.75 Wesigud,
chlorophyll (T5), cucurmin (T7), rhodamine (T6), safranine (T3) Wag riboflavin (T4) A1uaI9y
AouMnuSN T IAnRUguAIN IR uLazliiunsndsumeansindeusiuduaisiadeuizes
a & a ! & o sa A Y a | ) 2 a s & &
waallanee Weull 2 nudnuiniusiiiadeuiigansiaaeusauiy safranine (T3) fiUasigus
= s 2 & & 2 o ea A v A = 1 = =
NM39eNEWER 92,50 Wasidud se3awfe waaiusinieusisd1snaeuisseduaed (T2)
AIIAY 92.00 LWasLEUA, riboflavin (T4), waawus 7 kildadauans (T1), cucurmin (T7),
chlorophyll (T5), k& rhodamine (T6) aud1siu nsiusnuLdniuguaIna il uwaz Y
- v = ' @ - = a & P i & o ea A %
NMIAFRUAIEATARoUTINAVAIAR S 09kATHinm1Y Lhaull 4 nuTnudaiugNndeusae
a13wnAousIniu riboflavin (T4) Tilesidudnnssangeiian 97.00 wWoesidud sesamfe wan

o ea & Y

Wugndeuseasindeusauiu safranine (T3) Fainiu 96.25 Woskdud, waaiugindeu
AwansARaUIieseeLAea (T2), chlorophyll (T5), cucurmin (T7), rhodamine (T6) uay Luan
wugilliedouans (T1) muddu nmsusnviwdaiugumenifiiuazliiunisindeusae
= ' Y a = a = i | 2 v sa A 1% =
a1sindeusiuivalsiadoutTea a9 weoul 6 nuinuaaugniAiausigaIsiaiay

[

33U safranine (T3) fllUasidurnissenasfian 97.00 Wosidud s09a%Ae WwaANUgNAGeU
AeaNsAaaUsINAY riboflavin (T4) fiAwwindu 96.75 wWesidud, chlorophyll (T5), cucurmin
(T7), rhodamine (T6), wannugAGaualaIsAaoULiEI8g A7 (T2), chlorophyll uaz
< v ea M v A o w [ 13 [ 4 a [
wanugnlilandeuans (T1) audidu msiusneudaiugunaniiiukagliniunis
- Y = ' 9 a a a = = | 2 o e A Y
\nFeuREaTAioUTINAUATAGaUToAwTingie Weull 8 wudlwdaiusindouniuans
\AEBUINAY safranine (T3) Hosidudn1stongeign 93.50 LWasidud sedaunAe wWanwugh

WA BUA8EN5IAABUTINAY chlorophyll (T5) dAwiniU 92.50 Wastdus, cucurmin (T6),
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rhodamine (T6), wanwugiladeuseainiadouifissegaden (T2), riboflavin (T4) uay Ludn
fiuglallfiadouans (T1) sudidu msiudnvisdaiuunainniiiuaslibiunsiadouse
asiadoudiufuansiadeudeaawianiieg Weudl 10 wuinwdawusiiadeufemsiadon
$20/y safranine (T3) fiefidudnisengaiign 93.50 Wedldud sesannde winriugiiadou
AeaNsAaeusIUAU chlorophyll (T5) favindy 92.50 wWesidud, cucurmin (T7), rhodamine
(T6), riboflavin (T4), Lmﬁmﬂ’uﬁ:ﬁLﬂﬁauéfaaaﬁsLﬂﬁaULﬁwaﬂmﬁm (T2) way Lmﬁmﬂ’uﬁ:ﬁlﬂlé’

a

wdaUaIs (T1) uag Wowil 12 nuanudniugiedounlgaisiaiausauiu safranine (T3) &
s & & a s 2 ¢ a 2 o ea A Y a ] Y]
LU@iL%u@]ﬂWiﬂ@ﬂq\imq@ 93.50 LUDILYUN iaﬂﬁﬂmﬁﬂamﬁﬂwuq%Lﬂa@‘U@’JEJﬁ'ﬁLﬂa@Ui'JllﬂU
cucurmin (T7) #AWvinAy 92.75 wWosidus, chlorophyll (T5), riboflavin (T4), rhodamine (T6),
& o ea A Y A = ' = @ U cav My A o o
wanusNRaeUMEaIsIndoUisIaE1Aed (T2) wae wanwusililsipdouans (T1) smuasy

(msm’?i a.7)

a § < I3 < v ¢ A 1 A ¥ A
N340 4.7 LU@iLGZJUGIﬂ’]NE]ﬂGUENLNGWWNﬁqLLGNﬂT]‘VINWULLﬁ%lMNWUﬂWiLﬂﬁ@U@’JEJﬁ?%'Lﬂ’ﬁE]‘U

%

PufvasEoawdanieiy neuwazraInsiiusnwlueunusneuaniugng

k% < A
NIAIUANTNTNLINGDI Wunan 12 oy

A1198N (%)

mimﬁamuﬁﬂﬁuﬁ:“ » S PRI S| PR P o K =
LABUN LABUN LABDUN LABDUN LABUN LABDUN LADUN

0 2 a4 6 8 10 12
T1 98.00  88.50  81.50  77.25 88.50 88.50 88.50
12 94.75 9200 96.00 8575  89.00 89.00 89.75
T3 90.50 9250  96.25  97.00 - 93.50 93.50 93.50
T4 90.00 = 91.00 97.00 = 96.75 88.50 89.50 91.50
T5 94.50 ~ 86.50  95.75 96.00  92.50 92.50 92.50
T6 91.00 8550 9425 9425 9150 91.50 91.50
T7 91.50 87.00 95.00 9525  92.00 92.00 92.75

F-test ns ns ns ns ns ns ns
C.V. (%) 4.30 6.22 3.51 4.30 2.48 2.38 2.62

ns = lluanAreiunsana

& o Ay MY A & o A A v A oA A g v fa A v a o
UT1: wieugnldldidouans, T2 wiaiugfimdeumeasindouiiistegiufies, T3: waanugiiadousie asndousiuiu
safranine, Td: waanugfiiadeusisasindeusiudu riboflavin, T5: whaugfindeusivaisiadeusauiu chlorophyll, T6:

winiugiadieudmeansiadieusiuiu rhodamine, T7: wiaiugfiadieusisansindousiuiu curcumin
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drwsviinsienveaudniuduniniiiusazliiunisiedeudeansiedeusiuivans
I L) a | LY [ [ < A | [ o ea 1
AFeUSBa a1y vdniiusnwluien 12 new nudweiinisienvesuaniugini
<3 A A ! aay 1A ! LY aa [ U oA MYy A
nsiusnefeun 0 wiaznssuislidanuuanssiumeada lnewdaiusnlilaadeuas (T1)
fifwiinissengsiign 15.25 seaunfe winiugindeuseaisimdausauiu chlorophyll (T5)
fidwintu 14.68, riboflavin (T4), waaiugindouseasindouiiiesetudes (T2), cucurmin
(T7), safranine (T3) wag rhodamine (T6) AUAINU HOUNIINNITAUTNHILUAANUTUAINITIKIY
waz LN AR UMBANSLARDUIINAVAITIARDULBILANETRNA1IY HouTl 2 wulirwdnissen
YouUANNUGTILAGoUMIBaNsIARB UMY riboflavin (T4) geiiga 19.50 so9a9u1fAe WAANUGT
LARUAITEITLARBUSINAY chlorophyll (T5) danvafiu 18.81, cucurmin (T7), safranine (T3),
@ o o A v A = | = & o eay MY o«

AN UE NiAd e UAI8aIsAdoULNEIaE 197 (T2), Luaanug 7 Lildiadauans (T1) wag
rhodamine (T6) auansiu nisnusnwwaaiugunsn i uwazldiunsndeumeaisiedeu
FufuasedouEouainmad weull 4 nulsaiinisienvetiaaiugiindeumeaisindeu
$30AU riboflavin (T4) gefign 18.72 setaswnfie winiugnndeusgasindeuiiesnd1aies
(T2) dAwvinAu 18.45, chlorophyll (T5), safranine (T3), cucurmin (T7), rhodamine (T6) wag
waaiugnlildiadouans (T1) audau nsiusnewaaiuguaaniiuwazliniunsniou
v = ] ) ::4 = NN = a v oA 2 o ca A
AILENSARBUTINAUANTARDULTLANUTEARINY RBUN 6 WUIIRTTinseenvatudniiusiiadou

= 1% =

meansiadeusauiu riboflavin (T4) geiign 18.65 50taIfe WAANUGAGoUMIEETSIAG DU
52uAY chlorophyll (T5) AAVIAY 18.52, safranine (T3), cucurmin (T7), rhodamine (T6),

& v sa A v 2 = 1 ~ @ W oA My & o w
anugNPGoUMEasATRUIENeE14AEY (T2) way waniughluilmefouas (T1) auddu
msiusneudaiugumsmiiuagliiunisindoudisansindovsiuduaisindouisewuas
Wilasnge) Woun 8 wulwirlinistenvenudaiusindeusisd1smaeusaniu safranine (T3) g9
fidgn 17.50 s99a9ufe lwanug fivadaudiea1siadausiudu rhodamine (T6) daviafiu
17.37, cucurmin (T7), chlorophyll (T5), riboflavin (T4), Ludnug AAdouniuaisiadouiias

1 = [ U A My N o w ! =3 < v ¢ a
pegufed (T2) way wanusnlilodouans (T1) mua1au dunsnusnvIuaniugunIng
i L d % d ] ) d 2 a d - v
iusaglinunsindeumeasiadeusuivansindousoauwauilng 19 Weun 10 nuindull

& o ea & 9 a ] Y] . A a I3

NsenvenIAnuSIiaFeUMEaIsIARBUTINAU safranine (T3) guiign 17.50 589a911PD LuGA
WUG N 1ARDUAILAITIARBUSIUA U rhodamine (T6) TA1MAY 17.37, cucurmin (T7),

v 6

chlorophyll (T5), riboflavin (T4), WAWUETIIAdaUSBENsIAA D UBseg1aAen (T2) uay wwan

9

o sal

wugnldlepdouans (T1) auddiv wavgavnensiiusneiwdaiugunnaniiiuwazldniuns

]
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1

indaumeasdeusivansiedeusouaiinfige Weoudl 12 wuddaiinisenveuniniug
Mpdaumeasadausauiu cucurmin (T7) $A1idv 17.56 seaunfe waaugiadousie
a131AAoUsIUA safranine (T3), rhodamine (T6), riboflavin (T4), chlorophyll (T5), lwanaiug

imdeusasAduistefe) (T2) way winiudnlildadouars (T1) audidu (m15199
4.8)

= v oA 2w ¢ o o cs v cs ' 1Y)
M19197 4.8 ANV BUAANUGLAINIMNIUAZ LEINIUNSLATOUMEAN SR UTINAUENS
Soauasrdasneiu noukazndinisnusnuluiesiunviudaiugninisaiuau

annndey Wunal 12 ey

AUUNITIDN

nsLedauLanugY/ ——————
WOUA  Weuil  wheufl  wheudl  Weudl  Weuh  ieoud

0 . aq 6 8 10 12
T1 1698 91480, 'R, ) B3 ki2 1k 16.12
T2 13.78 = 18.06 1845 1578 16.18 16.18 16.37
T3 1293 ~18.18 1831 1850 1750 17.50 17.50
T4 1381 1950 1872 1865 1637 16.62 17.12
15 14.68 18.81 1837 1852 1712 1712 17.12
T6 1275 16.18 1793 18.06 1737  17.37  17.37
T7 1331 1862 18.06 1812 1737 1737 1756

F-test ns ns ns ns ns ns ns
CV. (%) 6.00 10.77 3.33 4.19 5.46 522 5.06

ns = Liuansnaiunsada
UT1: widaug7ililindeuans, T2: waniugindeusisansindouiiisiagrasies, T3: waanugindeusie a1sindeusauiu
safranine, Td: Wwanwugindeusieansindeusaudu riboflavin, T5: wanwugfideusieaisindeusauiu chlorophyll, Té:

wanugndeumeasedousiuiu rhodamine, T7: waniugiindeumeasindousiuiu curcumin
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4.1.3.1.2 nsiFesuaswasudnwusunsnnititunazliniunisiadoudaeans
i3suasrlinfneiy fouwazudansiiusne
devudaiusunanandsiunaybiiiunisiadeudganadeunn
n3suisudannnsAusnen iuian 12 1ieulunsiaaounisiiesuasdioins esatouas
dansbilatanuuuwam Wefinnsanmelduassanslleanveandniusilailiiadevans (T1)
wumsiFeauaniudi dusdaiuiiindeusemsadouliiviegufion (T2) linunisiFosuas
Lazldniugiinunsindousauiuaindeanasiiagieg dnsiSesuaseonuuansiiaiu Tng
Lmé‘ﬂw‘”uq‘ﬁ'mﬁaué’u BAISLAABUTINNU safranine (T3), riboflavin (T4), chlorophyll (T5),
rhodamine (T6) wag curcumin (T7) wunsiSadkanduddy, fudeseulen, Amaeeaing, ddy
uay Andesaing muddu (rmil 4.11) uaziilothuwdeiusunsnnlunsaaouanaiunisaeg
nasfesesanlnsigoslsinlafiinosiinmeninaunssdu 535 482 353 314 wag 311 unly
593 WUIMIMELAITITIIAINEIAAUINET 568 560 639 603 LAy 620 UTluluAT A3y
safranine, riboflavin, chlorophyll, rhodamine Wag curcumin AINAIAU Falanunisaeuasdi

pemedusinaniudniuinlilaedeu warasindeuliivsegindes (nami 4.12)



a2

ALARIA

T3 T4

TL T2 T3 T4 T5 Té6 T7

T2 T3 T4 T5 Té6 T7

T4 T5 T6 T7

a & v A Y} & o ¢ A
AN 4.11 ﬂqiLiaQLLa\Tﬂ’]Eﬂ@Lﬂﬁ@ﬂaqﬂLLaQaamiqirJI@LaWLLUUWﬂW'TGUENLiJa@WUSqLLGNf‘I'JrW]N’]u

wagluk1UNSLAR o UABANSIATDUTINAUATII 0 UA A9 Y NOULATNEINT
Wusnen 1Wuan 0 (a), 2 (b), 4 (0), 6 (d), 8 (), 10 () uag 12 (g) iy T1: AR
wugnluldiedeuans, T2: winugiedeudivaisindouiesegiaien, T3, T4,

T5, T6 wag T7: ladoUllanmeaIsiaaausIny safranine, riboflavin, chlorophyll,

rhodamine Wag curcumin AINAIRU
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&
LARBDU

SEULNANISAUSNE (HoU)

a A v A a s [ [ A A A 1% A ' [y A
AN 4.12 ﬂ']iL'ﬁE]\‘iLL?{QJ‘I’]EJGL(F’]Lﬂﬁ@\‘iﬁL‘UﬂI@ﬁWQ@@IﬁIWIGmLG]EJS‘UENLiJﬁﬂW‘uﬁqLLG]Qﬂ’JWV]N']‘L!LLaﬁbLlINTHﬂ’]iLﬂaE’J‘Uﬂ’JEJﬁ’ﬁLﬂaE]Uﬁ’]?,JﬂUﬁ’]ﬁLSENLLﬁ\‘1

a YR Y] < W & & A v v a a al
yilannsiunsukasraInIsUSNELTuNan 12 1hou WAL X A AMIMUTUYIBINITISBILEY (a.u.) WNU y A ANNEIAAY (nm)
T1: waauginluldiadovans, T2: wiaiugfindoumeaisindouiissegaied T3, T4, T5, T6 uaz T7: N15AABULLANNIUEIS

WMABUSINAU safranine, riboflavin, chlorophyll, rhodamine &g curcumin AUAIAU

1%



aq

4.1.3.2 quamvsswdaugundamaiiituuazliiunsndsunsunazudnisiiu
Snunluaniwatuauanwwinden WWuian 12 wiau
4.1.3.2.1 AMATWYDUUAANUS
Mnmsnsadeuledfduinmuenvesydaiuduzdomaiinazll
HIUATSIAR DUA2ENSIAG BUIINAUANTIAG BULS BaLas a9 dsanniusnwnduian 12
Fou wudefidudnissenudaiugiiiunafuinuiieud o udaznsnislifeuuand

I~ g

[y aa <@ v eal = 1 (%) . < v ea = [
Aun1eada lngldniugniousigansiadousiuiu safranine (T3) uag WaaNugAZoUAE
a13wndousaniu cucurmin (T7) ilesiudnissengsiian 97.00 wWosidud sesawfie wan
wugnldlepiouans (T1) wag riboflavin (T4) SRty 96.50 wWasidud, wanusindousae
ansiAaeuLiaseE1aien (T2), chlorophyll (T5) kag rhodamine (T6) A1uE1RU N1SLAUSTA®N
< [ S A [ A 1% A ! [ A = I~ r-zl'
WAANUS UAININHINKEElINIUNISIAT D UAIANTIARB UTINAVAITIATOULTB LAY LiouR 2
wundniugnindoumeaisiafausauniu safranine (T3) uae WaaugAdeusisaIsniou
F3AY cucurmin (T7) Sosidurnissengfign 97.00 wWesidud sedawnfe waniugilila

= ¥V A

\wAaUaNs (T1) wag riboflavin (T4) TAVAAU 96.50 Wasidud, wasnuiniedeumeaisiaasu

9
s

WWe9aE19LR 89 (T2), chlorophyll (T5) wag rhodamine (T6) ANEIAU mnﬁu%’ﬂmmﬁ@ﬂ’uq
a L = v = ] Y a = = A ' <
LN NN HIULAE LUHIUNITAT D UATIEANSIAT DU INNUAITARBUIT BT LADUT 4 WUILUER
Wugiiadeudieasiadieusiuiu cucurmin (T7) Woesidudnissengafign 93.75 wWesidud
599890170 LaaNugindeunlsaIsiadousiuAu riboflavin (T4) wag rhodamine (T6)
Wi1AU 93.50 1Wesidud, rhodamine (T7), chlorophyll (T3), wanwugalildindovans (T1),
. @ o sa A 1% A =~ | = o o & o
safranine (T3) Way waniugniafeumeaisinfsuliietegiufn (T2) muddu n1siusnw
WwanTugLAINTRuKar U SRR e UAIBEISAGBUTINAUAITIAG B ULTBILEY WouTl 6
WUINNAAN U TiAd oURIvasiAdouTauiY riboflavin (T4) Wesidusdnissengsiian 97.25
Wesiius sesasunfie wannugitedoumealsnasusuiu rhodamine (T6) IAvinfiu 95.00
\Wasidud, chlorophyll (T5), safranine (T3), cucurmin (T7), wanwudildldindeuans (T1) waz
2 o oA A o = =~ 1 = o w 2 o 2 o &
wanuS AR UMga AR UTEIE ALY (T2) MUAIRU wag NMSAUTNYILEANUSLAINTT
a o - 1% - ] Y = - d A | 2 o ed
Anuskazliiiun1sadousiea1sAdousuAuaIsAGouLT oAl HoUN 8 NUTNNAANUT?
iwdousgansiadousiuiiu riboflavin (T4) Wesidudnssenasiign 97.00 wWesidud sedaunfe
WAAWUS 7 LAd o UAI8a15IAG 8USIUAY chlorophyll (T5), safranine (T3), cucurmin (T7),
rhodamine (T6), lwaniugladaumieaisindouiisang nden (T2) uaz waanugnldlandou

13 (T1) muaau sexmsiusniudaiuduninafiiusazliiiunisndeusisaisiadou



a5

Pufvarsiadeuisotad Weull 10 nulnudaiugindeusmeaisiniousiuiu riboflavin (T4)

s & ¢ 4' s & & 2 & o ea A 1% a ] o
LﬂaiLsﬂu@ﬂqi\iaﬂQQW?j‘@ 96.75 LUBTITUA T9989UAB LN@@W‘UQV]LﬂaaU@jﬂaqiLﬂaanjﬂﬂU

chlorophyll (T5), safranine (T3), cucurmin (T7), rhodamine (T6), Luﬁmﬁuiﬁmﬁauﬁwms
indeuliieseg1nied (T2) waz wannugnlilindiouans (T1) muddu wazgavinedioun 12
WUINNAAN UG NLAG B UMEaIsIAdauTIudY riboflavin (T4) Wesidusnisiengefign 96.75

Wesliud sesawnfe WanwusilAieuAlgasindausauiu chlorophyll (T5), safranine (T3),

9

cucurmin (T7), rhodamine (T6), lwaaugfipdeumeaisindeuiiissedinien (T2) uaz Lwan

wugnlidlaladeuas (T1) nud1diu (15199 4.9)

a § & I3 < [V A a [N A £ A
f13190 4.9 L‘UaiL"U‘LW]ﬂ’]iﬂ@ﬂ“Ua\‘lLM@@WUQ@J%LGUE]L'VIWWIN’IULLagbLlINWUﬂWiLﬂﬁ@U@’JﬁlﬁﬂﬁLﬂa@U

Ly

Pufvaszeaaianiu noulazansiiusnuluiosfusnviudaiugnd

i 4 @ a
NIIAIVANFNINLINEDI Wuan 12 hau

AL9DN (%)

mimﬁamuﬁmﬁuﬁ:“ = L 20 ] = i . W N = N4 2
LABDUN LAIBDUN LABDUN LABDUN LABUN LBUN LABUN

0 2 aq 6 8 10 12
ol G950 ) 96BN OO\ "9 0:8=rrre9-00 89.00 89.00
T2 R6WO  QRRIRITIRREAD £ 34| [ W20 92.50 92.50
Pt 97.00  97.00 ~ 90.75 9450  95.00 95.00 95.00
T4 96.50 9650 9350  97.25  97.00 96.75 96.75
© 96.00  96.00 93.00  94.75  95.50 96.00 96.00
T6 9550 9550  93.50 95.00  94.50 94.50 94.50
T7 97.00 97.00 9375 9425 95.00 94.75 94.75

F-test ns ns ns ns ns ns ns
C.V. (%) 3.14 3.14 5.55 a4.10 3.47 3.34 3.34

ns = hiuanEneiuneena

1/441/(&1!1&/4 ‘dva’Aay ] A .duxd‘aw a0
T1: wisugnliladevans, T2: wianuiinfeudmsasindiouiistedaie, T3: waaugindouriy a1siaiousiuiu
safranine, Td: ludaiugiiiadeudia1sindousiudu riboflavin, T5: wasnugfindeusisaisiadousauiu chlorophyll, T6:

waniusfiadeumeasindeusauiu hodamine, T7: waaiugindeusigansindousiuiiu curcumin



a6

drudviinissenvenudaiuguzilowmeniiunazliiunisiadeusisaisiniou

1 U I

sufuansiadeuisosuariafiag ndsniivsnwndunan 12 Weu nuidwinnssenveaudn

o ea 1 @ I~ a 1 aal =) ! v aa < v sal I
WUTNHIUNTILAUINBUABDUN 0 LLG]aBﬂiiiJ’JﬁllliJﬂ’ﬂiJLLG]ﬂG]’Nﬂ‘LW]’NﬁﬂG] I@EJL@J&@WU@V]L@@E]U
&

Arga1sadeusaniu cucurmin (T7) Iawdnissengsiian 7.44 sosasunfe winugindieu

]

sheansidauTanf riboflavin (T4) ey 7.21, wasiusildlfiedouans (T1), wénstugh
AADUAILENTIARDULNEI8E19AYY (T2), safranine (T3), chlorophyll (T5) wag rhodamine (T6)
pudiu nmsivvindaiuguzidemafiinuuarliiumsiadeusisasindeusiuiuans
\douidosuas Weudl 2 nuirdriinssenvesmdeiusiindeumemsindouliivseguien (T2)
fifviinissengsiian 13.17 seaunfio wasiugfindeuseasiadeusruiu hodamine (T6) 3
ANy 11.43, wéaugiedaudeansindous sy riboflavin (T4), wansiudiilildiadeu
@13, safranine (T3), curcumin (T7) #a% chlorophyll (T5) mudsiu nsnusnuudniuguzide

WANNULAE UNIUNIS AR D UMSAITIARUIINTUAISIARDULSDILAT AU 4 WUINFIHNISIan

= 1%

YouNiniugindeunigaisiadeusauiu rodamine (T6) fnwfinisienasiian 10.34 5838947

q

Ao lwaniugndeunieaisiadausauiu riboflavin (T4) AWy 10.05, cucurmin (T7),
chlorophyll (T5), wiaawugiiedeuseansiadeuiiissegiusien (T2), waanuginluliadovans

(T1) uaz safranine (T3) sudiu Mmsushvnaaaiuguziomaniiuwasldiunisindeuse

& ] o a 2 = Ql' I U oA & o ea A v
FANLARDUIIUAUAITLARDULIDILLAY LADUN 6 ‘WU’J’]@%Uﬂ’]ﬁQ@ﬂ%@\TLﬂJa@WUQ‘V]Lﬂa@‘U@nUa’]i

\AFBUIIAY rhodamine (T6) wlin1ssenasdian 10.57 sesaande winiusnpdoudieans

]

L\ABUSINAY riboflavin (T4) HAWWIAY 9.87, cucurmin (T6), chlorophyll (T5), safranine (T3),

A I

& o A A v ' a @& o osay MY A o w
Lﬂaﬂwuﬁquﬂa@UfﬂﬁﬂaqiLﬂa@‘ULWEN@‘EJ’NLWED (T2) Loy LN@@WUQWVLNVLWLQ@@UﬁWi (T1) auaIpu

waz MsnuSnviwaniusuzilemaiunazlidiunisiedeuiisasiedeusiuiuaisiadeu

A a a v oA & w o ea A % A ' ) . a

1399Ua aUR 8 wudnsitinsienvenuaniudiiAdouMIgaI RGBS INAY cucurmin (T7) &
=

v a a & o ea v & ' ) . . a
@EUUﬂ'ﬁQ@ﬂ?JQ‘Vl?jﬂ 7.43 92989U7AB LUAANUINLAFBUAINENTLARBDUIINNY riboflavin (T4) 1A

3

WU 7.38, safranine (T3), rhodamine (T6), chlorophyll (T5), Lmﬁﬂﬁuﬁfﬁ,ﬂﬁaué’wmsmﬁau

v sl

I~ 1 a |3 v v = o v J <3 [ |3 v s
WeIg19nel (T2) hay LM@@‘WUﬁVIlNl@Lﬂﬁ@UﬁWi (T1) guannu FBUINTTNUINYILNANNUY

9

1 A

A a ' Y & ] 1Y) a a a PN v oA
U TaANHULALINIUNNSARDUAEESIARBUTINAUANSARDULS BILET LADUN 10 WU Aa
< v ¢ I~ 1% P~ 1 [y . N v oA dl
N1599NVBRUAANUT NLAT BUAIBATAGBUTINAY cucurmin (T7) Hdviinsiengefian 7.38
F99RNAD WanNUTTLAGoUAIBaISLARDUIINAU safranine (T3), riboflavin (T4), chlorophyll
(T5), thodamine (T6)anugAndaumsasindeuiiiesagnuien (T2) waz wianugildled

iwdeuans (T1) muddu wazgavnenisiiusnviudaiuduziamaiiniuiazliiunisadeu



a7

F8EITIARRUTINAUAITLARDULSOILAY HBUT 12 WU AUlin1SI8nNTuuaaNusAeaaunle

asiAdeusaniu safranine (T3) fdvfinissengaiign 7.6 sesasunie waniugindouseans
WA OUTAUAY cucurmin (T7), riboflavin (T4), chlorophyll (T5), rhodamine (T6),Lu§ﬂﬁuﬁ:ﬁ
indoufeasiadeuiiesediafien (T2) uay waanugilildiadouans (T1) auadu (as1ed
4.10)

v 6 =Y

= v [ A [N A v A | [y
$1919% 4.10 W%Uﬂ’ﬁ\‘l@ﬂ"U’eNL%Ja@‘W‘UﬁlISLGUE]L‘VIﬁWNWULLaz‘lﬂJNWNﬂ’]iLﬂa@UW}EJEI’]ﬁLﬂa@Ui'JlIﬂU

]

Ly

ansiesuaw ety Aounarndinsinusneluieufiusnwiwdaiugninig

¥ I A
AIUANTNINLINA DY Wuan 12 oy

fuln159on

mimﬁamuﬁmﬁuﬁ:“ = o ~ = = JA o = A % o
LABDUN LD UN LABDUN LAOUN LABDUN LBUN LADUN

0 2 4 6 8 10 12

T1 ' 11.06 797 7.90 6.67 6.67 6.77
T2 7.11 13.17 8.19 8.30 6.99 6.99 6.99
13 6.92 10.98 7.76 8.45 7.36 1.36 7.46
Ta 7.21 11.32 10.05 9.87 7.38 7.33 7.33
T5 6.92 9.45 8.44 8.76 7.20 7.30 7.30
T6 6.88 11.43 10.34 10.57 7.26 1.26 7.26
7 7.44 9.86 9.52 9.56 7.43 7.38 7.38
F-test ns ns ns ns ns ns ns
C.V. (%) 4.49 13.72 9.80 10.43 3.69 3.69 3.92

ns = llunnAnefunieana

1/4501(5\1“1!14 ‘du(d‘ay &4 oA A -dvfdlﬁil a0 o
T1: waaugnldldndevas, T2: winiudmedeussasiafouiissedauies, T3 wanugiindeusmeaisiadausiuiu
safranine, Td: lwananugiiadeusigaisniousauiu riboflavin, T5: waanugfitadeusieasindousauiu chlorophyll, T6:

waniusfiadeumeasindeusiuiu hodamine, T7: waanugftndeuseansindousiuiiu curcumin
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4.1.3.2.2 M3i3pudsvasuaanusuzslamaniusazliiunisiniaudieansizasueasuiia
ANl AouuAzWEINITNUINEN

6 A

douwdaiuguzidewmeanunazliniunisindouiieansiadounnnssuisnas

nsiiusneduna 12 Weu lUnsiaasunisisasnasiiewmsasonasdanstilatanwuunnng

Wonasannelduasdansililoanvaaudaiusnlilaedavans (T1) nunisisesuaadudi

]

o

dudniiusiindauseansindeuriissediafin (T2) liwunisiFowuas uasiudanugiiiunis
idousimiuasidesuasiiniieg fnsdesuaeenuunndeiu Taowdnitusiedeusoans
L\ABUTINAY safranine (T3), riboflavin (Ta), chlorophyll (T5), rhodamine (T6) wag curcumin
(T7) wunsiseskanduddy, avasseulen, Awdesadny, dau wae Sraesaing mud1au (An
7l 4.13) LLﬁ%Lﬁ@ﬁ’lLNﬁﬂﬁUﬁ:mgL%@L‘Vlﬂi‘UGl'ii"\]ﬂaual,ﬂﬂ@%mﬁm&LLEN@]I’JEJLﬂ%@ﬁﬁLUﬂI@iWQ@@
Tsllndimesimnugnnaunsedu 535 482 353 314 uag 311 urluiing NUITNsAoLANTITIe
mmmmﬁ'mawwﬁ' 568 560 639 603 kay 620 WIlULUAS E1%SU safranine, riboflavin,
chlorophyll, rhodamine ka2 curcumin MNSITU FenUMsAIBUATiAINETIARURINERY

& o Ay MY A & o A 1 a4 a | a -dl
LN@@W‘UQWVL@JVL@LV’I@@‘U LAZLUAAYVILARDUAIYAITIARDUINEIRY19RD (A1WW 4.14)



a9

e Qo0 P

T1 T2 T3 T4 T5 T6 T7

T T2 T3 T4 T5 T6 T7

T1 T2 T3 T4 NN BN

= a v A ) 2 o ¢ = a
AR 4.13  Mssesasneliiniowgiasdansihilemaluunnnvesudniugus e e
Nuwar llE1UANSIAR B UNIEANSIARBUI NN UASHS DILAITLAANIY NOULAEAY
msiAushw Wuar 0 (a), 2 (b), 4 (o), 6 (d), 8 (e), 10 (f) uay 12 (g) Liiou T1:

& o eay MY N 2 o ea A 1% a P | a
winnugnlilldiedovans, T2: waanusnadeumeaisindauiiieed1usie, T3,
T4, T5, T6 waz T7: tAABULNE AR IUEISLAA DU 1N U safranine, riboflavin,

chlorophyll, rhodamine wag curcumin AINaINU



a3

&
LARBDU

SEULNANISAUSNE (HoU)

a A v A a 3 < [ S S a [ =~ v A 1 [y A
AN 4.14 ﬂ’TﬁL‘iENLLaﬂﬂ’]EJFLG]Lﬂi@ﬂﬁLUﬂImiW@@@IﬂWlmﬂJLG]?J‘:?‘UENLN@@WMQ&I%LGUBL‘V]ﬂ‘V]N’TuLLa%J"lﬂJN’]‘Llﬂ’ﬁLﬂa@Uﬂ’J‘&Jﬁ’]iLﬂa@Uﬁ’mﬂUﬁ’ﬁLﬁE]x‘iLL?N

a 1w o @ Y I = -~ Y v = = dl'
yipsnsiunounarnanisiiuinwiluigl 12 6o Wnu x A ANUUTUYeINITiTosad (a.u.) kN y A ANE1IARY (nm)
T1: wiaugnluildndevans, T2 wisiugiindouseasindeuifiesoenufen T3, T4, T5, T6 waz T7: N15AS0UNEAI8E1S

LAABUSINAU safranine, riboflavin, chlorophyll, rhodamine L& curcumin AUFINU

0g
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4.2 8AUTIBHANTINARDY

AnaNTRNIsBAMLaTNssuaesmsAfey AuanTRvesasindouiisadadasnss
TuRaunmdniug (Franca et al. 2013) dnwazvesansiadeusiosdmnuniindeudssuaznng
azaneiianlid iesnfiduenafuguassasensunsveseendiauseninenissen (Kim and
Taylor. 2004) Weadaendnwal svyanuduiiives nasaaunistesiunisuasuulassdn
g Msnwigasasiadeudiaguain Uit wisa Buweslutulua 91 naudeasiFes
wassilngngg laun Safranine, Riboflavin, Chlorophyll, Rhodamine, ag Curcumin Fulaid
nansenusonandniug Tnegnsansiadoviidunulvian pH Amanvaueglute 7.1-7.3
AnuniinvesansiAdoumng1 300 cps wavmsazaelauegi 38 wWosidus Faamuves Tian et
al. (2013) Madoumdnsiuginsiufuasidasuas hodamine - B (RB) uay safranine - T (ST) Tu
Snsfiunndneiu semuithifinanenissenwaznisasaivln veaiund uay naun warAe

(2557) WUIN3LAGEULLAANLGRAINITAIY riboflavin AR TuwansneiulifinadonunIw
< v ¢ E % [ a [ a a a2 a &
YoLuAANUEHAINIT Lag riboflavin WuasignanauiainInndiud Faulalusssuwns wazidy
ansfifiusglevi (ampro, 2017) Fseyunuladtliidulnusefivegwuueu ndll uazmue (2561)
NA1TINHATBINISIAGOUAANUGUAINITINAY curcumin Suualiuameentasauslunig
=y a a ) = & v : = ) = 1Y)
IeNge WatUSeuiisuiunisiadauludnsig auramine O Li18997na13 curcumin lJuansann
L oo a o 3 a o =t v [ 1 & <
nviiudulundnduniannsssunmduasitdlunmstosiu uagshulsnieg saumslsausss
(@an¥edl wazamy, 2555) Visinsideuaniugimeansaininaaslsiadduinuafsoniseen
& o ¢ o a ¢ & A Ada A da o ¢ o v A =
Yaawaniug iiesnaaslsiladiluasuseneuduniddleinfivduaseniuimiiganiiu
[ a ¢ VYV Ve Y O [ | d' < H ‘:l'
WA IUBand uwadsafisunasulilaanan1e auvdsuduaisiulamsauazinluign
(Croft and Chen, 2017)
N13ANYINAVOINITLAG DULIAANUT WAINITMAZULLT BINAAI8EITAGBUTINAVATAT
AasaNURluNTSIToIuaLar Tn HORMATMNAATLTUAINI WASNLTDMANSINISIAGEU WU
waaugNkuNsndeUTINAva T easkifnarnuseniinzluanmiesUjuRin g uas
v oA & o & A o ) & o eav My A d 1% = =~ 1
Arlinssenvenudniug Weweuiuwaniugnlulandeunazsindounigansiaiiouliieatng
WAed Fedosidudnisienagil 93-94 Wesidud (n15197 4.3 uae 4.5) e1awlleaunainilduluans
iwdeusauivanseengrshunlifisnsimunzannowidniug ian1sazanseg19Ins3dma
1 dy a v [ [~ & 1 1 a 1 .
soAnuyuilungludanagliiduguassdsanisunsnszaneeondiauseninemisen (Kim

and Taylor, 2004) uenanflarsifinuautilunissewuaunazedadaduansnldduiviagld

q

v & v 1

TulSunanteeasasesamdaius saaduiinisneasunisly rodamine B tialdu biomarker

]
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lugasinlsafivgriutn uaeiagudmSudnivn (viynsed wagdse, 2544) vaued Yl wagns
171 (2556) Anwinisiedeuudaiuguziamesiuiuansisoaua riboflavin Tugnssiee
seunavusuieltuIinsedsuliiinadoniusenuazanusilunissonvewuaniug

Usingnisalddamulaludundnenguilindeusae Safranine T (Guan, 2013) duduanslumng

o

Fanmildluinenazigadine safranine I duddeululusinneanisdonduredvosaad

[

a = < = v ¥ & v | A s a 3 a = (= a 1 < v
Jumdvadudung wasdaddiduiiusisnend lunisiasiginiand QQIMLUUWHWBLNﬁﬂWHﬁ

]

#1911 Sikhao et al. (2014) Na13I1@N5ARBUIIUN VAT DILaaTL BN LER a9 bl uATINITIS D IMes

A v Y] = Koy v oA a & o sy =
Lll@a@\iﬂqﬁﬂ,@LLﬂQaﬁfﬂi'ﬂfJIaLam %QIHQWUW@@@QUﬂl@WU?WL@JaLﬂa@ULNa@WUﬁ@'ﬂﬁla’ﬁLﬂaaU

9

579UAU safranine (T3), riboflavin (T4), chlorophyll (T5), rhodamine (T6) wag curcumin (T7)
yliAnn1sSeananduddy, Andeteulen, Anaetaing, 44u way 8Ma09da379 ANUASU
(NN 4.1.3 way 4.1.9) TedanAaeNUNUNAaesuad Tian et al. (2013) 7lY rhodamine B way

. A <@ v sU w = (Y 13 v 6 1 A @
safranine T Lﬂa@ULNaQWUﬁO’JauLW}L‘W@ﬂ@ﬂﬂuﬂ’ﬁ‘dﬁ@mLL‘U@QL&I@WWUQ NUIINTILAABDULNARN

]

Wugaaduwnsgasisosuaddifinasonisienveandniug waznisasyiiulaveadundn
wennidsmuindundiimasosuaadudun edoardosduuideves Sellei (1941), Guan
et al. (2011) wag Guan et al. (2013) M1N1319a8 TULANYIGULALINAAAIISBINEIIINNTT

& v Y ' 2 ~ & & oy A Y v a
M319d0UNT5I3RIAlUAUNET U1 rhodamine B finsiesiandudduilognnisiusieueasd

a
bUE3

= 1 [y

AU INIIWBINGATUTLAINT wazuzlamaTnuazldiIunisAdeunivass o

o oal

LAIYTAR 1Y) AIDINNITLT 1818 WU NUBT LFUs A210s8NVBLUE AR ug Al zluanin

9

Wosdjuans lifiauunnaisiunisadfegi 93-94 Wesidus (15797 4.6 Lag 4.6) 391U

Y
s

VAa03vad unLuas wazugd (2559) lisisrudisiesunisiedeudaiuduzsilomasiuiu
rhodamine B fipautdudu 0.20% Lifinasionunimudniuguzidemedonsivaouluanin
A . (=S a J [ v ¢ Al o [ 1

ISounaaed Ine rhodamine B laiiluiwsaiudniug waziauluisaeny wudn Anusentas
s lunissenlufianuuand1anieaia dennaeaiuiuyad Almeida et al. (2005) Falavi
nswndeuaniuguianladnie hydroxyethyl cellulose (HEC) WUI1AQATWILAATUEAIUNTT
sonuazanuslunsenvetudaiuglidnnuuandrmiead uazlusnuneaswes infid waz
Az (2562) wdsuluaniiuguninii lagld Polyvinylpyrrolidone (PVP-K30) fianududy 7%
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counterfzit of high value seeds. Intermnational Journal of Agricultural Technology 17{6):2429-
2438,

Abstract The quality and fluorescence of seced after coating with fluorescent compound on
cucumber was investigated. The results showed that the coated seed with all types of
flunrescent compound had a flucrescence when examined by using a portable ultraviolet light
projector. The coated sced with coating substance mixed with Rhodamine had the clearest
fluorescence. All the coated seed with coating substance mixed with fluorescence compound
were specifically emissions spectra observed from a spectroflucrophotometer. In addition, there
were also not affected germination and permination index of seed. In summary, coating with
coating substance mixed with Rhodamine is an effective and convenient to mark any cucumber
seed lot for provide identity and other qualifications as well as preventing counterfeiting of
seads.

Keywords: Seed coating, Fluorescent compound, Seed quality
Introduction

Sceds are a key fundamental factor influencing quality and quantity of
agriculture products. From an cconomic point of view, sced production can
gencrate 45 million US dollars in intcrnational trade worldwide (International
Sced Federation, 2021). The secd industry in Thailand has been continuously
orowing duc to the suitable climate for producing sceds. Thailand is also an
agricultural country and Thai farmecrs have cxperienced and cxpertised in
cultivation. According to statistical data, the cxport revenucs of controlled
sceds from Thailand has increcased cvery wear. In 2020, the amount of
controlled sced exports were 1,742.813.44 tons, which was cqual to
261,318,057.85 million baht. However, the amount import of controlled sced
was only 203,280.67 tons or cqual to 46,624 878.87 million baht (Office of
Agpricultural Regulation, 2021). In today's sced trade, there are cxploitations
without regard to valucs, morality, and cthics. The cascs arc sclling poor, fake,

*Corresponding Author: Sikhao, P_; Email: potjana sifgkmitl.ac.th
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or imitation sceds, stealing sceds from other companies' ficld plots, and stealing
parcnt breeds (Guan et af, 2013) which ncgative cffects for good sced
producers. Although, the use of fluorcscent coating imposcs the high cost of
sced production that can prevent sced counterfeiting. This technology is not
only applicd a thin and uniform coating on the sced surface without changing
sced’s shape, but also increased sced's adhesion to active ingredients which
helps for protecting sccds, absorbing active substances, and promoting growth
(Siri, 2015). The sced coating techniques and tools have been developed from
thc pharmaccutical industry using polymers with an approprate level of
stickincss and a combination of uscful active ingredients to improve sced
quality. Increasing pereentage of germination can be done by coating the sceds
with plant nutricnts, growth regulators, plant hormones and pesticides.
Preventing adulteration can be donc by coating them with distinctive colors.
Nowadays, the coloring technique is just for giving identitics about sceds or
owners, which 15 not sufficiently specific to prevent counterfeit or imitation.
Farmers still have risks to buy sceds with poor quality from fake lots resulting
in low vicld in crop production. The success of crop production relics on the
quality of the secds uscd for planting, so coating the sceds with a more specific
substance might solve a problem of secd forgeries. As in the experimental work
of Guan et al. (2013) they used Rhodamine B with different concentrations to
apply as a coating on tobacco sceds. The seeds were then cxamined for
fluorescence property at a wavelength of 530-560 nm. They found that the
sceds with a coating of Rhodamine B showed a red fluorescence and the sceds
without a coating of Rhodamine B did not show red fluorescence. This rescarch
showed that coating and additional markers on the secd surface using various
fluorescent substances can be helpful. The fluorcscence must be examined for
cmission spectra under a spectrofluorophotometer, it provides a unique hidden
identity about sceds and ownership to prevent counterfeits.

Materials and methods
Preparation of seed coating substance

Sced coating substance was prepared by using a ready-made coating
(Ceres International Co., Litd.) mixed with various fluorescent substances such
as safraninc (PanReac AppliChem ITW Reagents), Riboflavin (Loba Chemic
Pvt. Ltd.), Rhodamine (Loba Chemie Pvt. Ltd.), Curcumin (SK Herb Co., Ltd.)
and Chlorophyll from in-lab preparation. Brietly, chlorophyll was obtained by
cutting 150 g of mango leaves into small picces, grinding with 80% acctone as
a solvent, adjusting the volume to 100 ml, and putting it into a beaker covercd
with aluminum foil, respectively. The beaker was stored in the dark room
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immediately at room temperature for 24 hours or until the green color from the
lcaves had completely dissolved.

Cucumber seed coafing

The experimental design was done using a Completely Randomized
Dicsign (CRD). Diffcrent types of fluorcscent coatings were used for coating
hybrid cucumber seeds (TSA Co., Ltd)). The coatings and other mixing
substances for fluorcscent propertics were prepared in 7 different ways
including 1) coating sccds with only a coating substance (T1), 2) coating sceds
with a combination of coating substance and 0.03% safranine {T2), 3) coating
sceds with 0.5% riboflavin (T3), 4) coating sceds with 1% chlorophyll (T4), 5)
coating sccds with (1.3% rhodamine (T5), and 6) coating sceds with (.2%
curcumin (I6). The uncoated sced was used as a control (T0). The coating
process was performed by using a rotating disk sced coating machine {model
RRC150) using 140 ml of coating substances per 1 ke of sced (Tian er al,
2013). After that, the coated sceds were dehumidificd by a hot air oven at 35 T
to reduce the moisture content to close to the level before coating. The
fluorescence property was then examined on the surface of the sceds with a
portable ultravielet light projector at a wavelength of 254 nm. and the cmission
spectra were obscrved with a SHIMADZU spectrofluorophotomcter {model
RF-6000. The propertics of sced including moisturc content, germination and
sermination index were also examined.

Fluorescence examination on seed surfoce

10 coated and uncoated seccds were observed for fluorcscence on the
surfacc of the sceds with a portable ultraviolet light projector at
a wavclength of 254 nm. and for the emission spectra with a SHIMADZU
spectroflucrophotometer {model RF-6000) at an cxcitation wavclength of 300-
600 nm. All coated and uncoated seeds were randomized into the solid sample
holder, spread evenly, measured their emission spectrum, and then recorded the
rcsults as fluorescence intensity valucs at different wavelengths.

Seed moisture content

Sced moisture contents were checked by the RHINO RR Moisture
machine (model HC2-AW-USB-5W) which calculated the sced moisture by
mcasuring Water Activity. The coated and uncoated sceds were loaded into the
probes. Then, the probe scts were placed into the Sample Holder and the water
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activity valucs from the machine were reported. The Water Activity values
were converted by the software application namely Sced Viability to the sced
moilsture content in percentage and recorded as results.

Germination percentage of seeds in laboratory conditions

The percentages of germination of coated and uncoated cucumber sceds
were checked by the between paper method with a number of samples of 50
sceds in quadruplicate. Bricfly, seeds were put on a stack of two damp planting
papers and placed in an incubator where its temperature was controlled at 20-
30°C. The germunations were cvaluated by counting normal germinated
scedlings at 4 days old (as a first count) and B days {as a final count) (ISTA,
2019).

sced permination (%) = | number of normal scedlings | x 100
number of secds

Germinaiion index

All coated and uncoated cucumber sceds were cultivated according to
the method of sced germination examination in the laboratory. Counting the

number of normal germinated seeds was performed on day 4 (as the first count)
and day & (as the final count) (ISTA, 2019).

secds germunation 1ndex = daily seedlings
~ number of days after cultivation

Results

Effect of different fluorescent substances on the quality of cucumber seeds
ffter coating

When inspecting the quality of coated and uncoated cucumber secds, it
was found that the percentages of moisture content of cucumber sceds were not
statistically different in different coatings. A combination of coating substance
with curcumin on sceds (T6) showed the highest moisture content (12.50%)
followed by only a coating substance on sceds (T1), a combination of coating
substance with chlorophyll (T4), uncoated sceds (T10), a combination of
coating substance with niboflavin (T3), rhodamine (T5), and safranine (T2),
respectively. The cffects on permination of sceds prown in laboratory
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conditions were not statistical difference. Sceds coated with chlorophyll (T4)
had the highest percentage of germination (94.50%), followed by sccd coated
with safranine (T2), which was 93.75 percent, cormresponding to  sced
scrmination index. There were not statistical differences between all coating
trecatments. The effects on germination index showed that sceds co-coated with
chlorophyll had the highest germination index (14.68), followed by uncoated
sceds (T0), seeds co-coated with riboflavin (T3), safranine (T2), curcumin (T6),
only a coating substance (T1) and rhodamine (T5), respectively (Table 1).

Table 1. Sced moisture content, sced germination and germination index of
uncoated and coated sced with coating substance and coating substance mixed
with diffcrent type of fluorescent compound after coating

Coating substance”  Moisture Content  Germination (%) Germination index
(%a)
T 12,18 9100 14.12
T1 12.42 8650 13.00
T2 11.73 93.75 13.34
T3 12.17 200 14.06
T4 12232 4,350 14.68
TA 12.15 9100 12.75
TG 12.50 a1.50 13.31
F-test s ns ns
C.V. (%) 452 5385 T80

67

ns = non statistical significant difference.

"“T0: control, T1: Seed coating with coating substance only, T2: Seed coating with coating
substance mixed with Safranin, T3: Seed coating with coating substance mixed with
Riboflavin, T4: Seed coating with coating substance mixed with Chlorophyll, T5: Seed coating
with coating substance mixed with Rhodamine, Té: Seed coating with coating substance mixed
with Curcumin.

Figure 1. The fluorcscent of cucumber sced after coated with ultraviolet light,
TO: control, T1: Sced coating with coating substance only, T2, T3, T4, T5 and
TH: Sced coating with coating substance mixcd with Safranin, Riboflavin,

Chlorophyll, Rhodamine and Curcumin, respectively
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Figure 1. The ﬂunrcsc\cncc cmission spccua from a spectrofluoro photometer
of uncoated and coated cucumber seceds. The X axis is a fluorescence intensity
{a..) and the Y axis is a wavelength (nm). The letters a: control {T0), b: Seed coating
with coating substance only (T1), ¢, d, e, f and g: Seed coating with coating substance
mixed with Saftanin (T2), Riboflavin (T3), Chlorophyll (T4)., Rhodamine (T3) and
Curcumin (T6), respectively
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The flaorescence properly of cucnmber seeds after coating with different
types of fluorescent substances

The coated and uncoated sceds were cxamined for fluorcscence by
using a portable ultraviolet light projector. Under ultraviolet light, the uncoated
sced (TO) emitted a bluc fluorcscence and the sceds coated with only a coating
substance (T1) showed no fluorcscence. Other sceds were coated with various
typcs of fluorcscent substances emitted lights differently. Sceds that co-coated
with safranine (T2), nboflavin (T3), chlorophyll ({T4), rhodamine (T5) and
curcumin (T6) were cmitted fluorcscence as orange, greenish vellow, bright
yellow, orange and bright yellow, respectively (Figure 1). The cucumber sceds
were examined for the emission spectra by using a spectroflucrophotometer at
the stimulating wavelength of 300-600 nm, the uncoated and coated sceds with
coating substance only wcere emited lights at similar wavclengths. All the
coated sced with coating substance mixced with fluorescence compound were
specifically obscrved cmissions at these wavelengths in groups of uncoated
sccds and only coated with a coating substance (Figure 2).

Discussion

The rescarch was investigated the effccts of coating on cucumber sceds
using a coating substance and scveral combinations of a coating substance and
fluorescent substances, including safranine, riboflavin, chlorophyll, rhodamine
and curcumin, which provide identity and other qualifications. From the
inspection after coating, it was found that coated sceds with fluorcscent
substances did not affect moisturc content, germination in laboratory
conditions, and germination index when compared to germination at 93-94% of
uncoatcd sceds and sceds that coated with a coating substance. It is possibly
duc to the film from combinations of a coating with active ingredients could
dissolve quickly and did not block oxygen absorption during germination (Kim
and Taylor, 2004). Also, cach fluorescence substance is non-toxic and nceded
in small quantities, therefore it is safe for sceds. Chaiwicha (2016) reported that
tomato sced coatings with 0.20% rhodamine B did not show any effccts on sced
quality when examined in greenhouse conditions. Rhodamine B is not toxic to
sceds, as it was tested to usc as an oral rabies biomarker and vaccine for
wildlife (Mitchanthac and Thepsumethanont, 2001). Sin and Simakhon (2013)
studied sced coatings with a fluorcscent substance, riboflavin, at various
concentrations, they reported similar findings that the coating did not affcct
germination and germination rate. Sikhao et af. (2014) found that coating
cucumber sceds with different concentrations of riboflavin had no effects on
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sced quality. Riboflavin is extracted from vitamin B which is a nutricnt that can
be found in nature {Ampro, 2017). Therefore, it can be assumed it is absolutely
harmless to the plant. This finding is also obscrved in tobacco scedlings coating
with safranine T (Guan et al., 2013) which 15 a biological substance used in
cytology. Safranine is used in cell staining protocols to dye the nucleus to be
rcd and as a redox indicator for chemical analysis. Thanomkwan er al. (2018)
said that co-coated cucumber sceds with curcumin had a higher tendency and a
higher speed of germination compared to sceds coated with auramine O. This
might be because curcumin is an extract of beneficial turmeric which is a
natural product that is used for protecting and treating various discases, such as
cancer (Onsurathum ef al, 2012). The sceds were coated with chlorophyll
cxtract showed a positive cffect on sced germination. Chlorophyll is a green
organic compound that plants synthesize for absorbing solar cnergy and
transmitting to receptors in chain reaction to generate molecules of cnergy like
carbohydrate and water (Croft and Chen, 2017). Furthcrmore, Sikhao et al.
(2014) reported that the coating substance of choice had not obscured the
fluorescence under the ultraviolet light. The experiment showed that when
sceds were coated with a coating in combination with safranine (T2), riboflavin
(T3), chlorophyll (T4), rhodamine {T5) and curcumin (T6), fluorcscence was
obscrved in orange, greenish yellow, bright yellow, orange and bright yellow,
respectively. This 1s consistent with the experimental work of Tian et al. (2013)
using rhodaminc B and safranine T to coat green pea sceds for preventing sced
counterfeiting. Coating of green pea sceds with fluerescent substance had no
cffcct on permination of sceds and scedlings. Later, Chaiwicha (2016) studied
the coating of tomato sceds using rhodamine B and found to be a clear orange
fluorescence. Rhodamine B was uscd in biology as a fluorcscent dye and in
biotcchnology for many applications. The study from Sikhao ef al. (2015)1s
consistent with research by Scllel (1941), Guan et af. (2011) and Guan et al.
(2013) on ecxperiments in tobacco and marigold sceds. They showed that
rhodamine B cmitted orange lights was stimulated by green fluorcscence.
Sikhao et al. (2015) coated the sceds with polymer together with riboflavin and
cxamincd under ultraviolet light. They found that only coated cucumber sceds
with a combination of pelymer and niboflavin emitted orange. Riboflavin is a
fluorescent substance which cxtracted from vitamin B can be found naturally
and does not showed any negative cffects on seed quality.
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