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Development and Validation Method for Analyzing Indole acetic acid
(IAA) and Gibberellic acid (GA3) in Chemical Agricultural Substances
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ABSTRACT

The analysis method for Indole acetic acid (IAA) and Gibberellic acid (GAs) in chemical agricultural
substances samples was developed and validated by high performance liquid chromatography (HPLC)
technique. The sample preparation with ethyl acetate combined with solid phase extraction
technique has been developed. The samples from extraction were detected by HPLC-PDA at
wavelength of 206 nm. The separation was carried out on a Nucleosil Cig reversed-phase column,
using methanol/water containing 0.025% phosphoric acid (35:65, v/v) as the isocratic mobile phase at
the flow rate of 1.0 mL/min., the Indole acetic acid (IAA) and Gibberellic acid (GAs;) were eluted at 9.74
and 6.80 min., respectively. Good linearities were found within the range of 0.005-5.0 mg/L for Indole
acetic acid and 0.05-5.0 mg/L for Gibberellic acid (GAs) with the correlation coefficients at 0.9998 and
0.9998, respectively. The limit of detections (LOD) were 0.001 mg/L for Indole acetic acid (IAA) and
0.005 mg/L for Gibberellic acid (GAs), and the limit of quantitation were 0.005 mg/L and 0.05 mg/L for
Indole acetic acid (IAA) and Gibberellic acid (GAs), respectively. Trueness of three concentration level was
in the range of 86.76-106.57 and 81.30-104.70 for Indole acetic acid (IAA) and Gibberellic acid (GA),
respectively. The precision of the method was tested with HorRat value, the HorRat value of Indole
acetic acid (IAA) and Gibberellic acid (GAs) was in the range of 0.30-0.62 and 0.32-0.35 for Indole acetic
acid (IAA) and Gibberellic acid (GAs), respectively. Therefore, this method can be used for the
determination of Indole acetic acid (IAA) and Gibberellic acid (GAs) in chemical agricultural substances
samples with the analytical scope in the concentration range of 0.013-5.00 and 0.125-5.00 mg/L,

respectively, accurately and precisely.

Keywords: Indole acetic acid (IAA) Gibberellic acid (GA;) Solid phase extraction Chemical

agricultural substances

403



UNANED

NSWAIUILAY mmaawmwﬂ%lﬁysuaﬁ%%meuﬁms Indole acetic acid (IAA) Lag Gibberellic acid
(GAs) s[,umamqmamﬂmmmLﬂmmimwm Tnelvinada High Performance Liquid Chromatography (HPLC) ) la
‘vnmiwsuunﬁmsaﬂmmamqma Ethyl acetate waziu1 Cleanup mewaila Solid phase extraction hagyi
MTIATIENAELASes HPLC-PDA laely Column Nucleosil Cis (5 um, 4.6 mm x 150 mm) ) wazly Mobile
phase 10U 35:65 (Methanol:0.025% HsPOq in Water) fignsinislva 1.0 Daddnsnound 91nNan1Nnas
WU11A1 Retention time 989815 Indole acetic acid (IAA) wag Gibberellic acid (GAs) ﬁﬁmswﬁlﬁ?ﬁmmﬁu
9.74 uaz 6.80 W MUFIGIU mmﬂmﬂmgumqagﬂmm 0.005-5.0 uaw 0.05-5.0 Tadn3unedns Aim r 1Ay
0.9998 uaz 0.9998 Aua1du laATns1Aalun1snsaany (LOD) veea1s Indole acetic acid (IAA) waz
Gibberellic acid (GA) a1y 0.001 war 0.005 faansunedns Auasy wazdasiialun1snsraiamds
U3al (LOQ) flmyniu 0.005 wa 0.05 fadniunedng auadu ﬁnﬂmsﬁqaﬁﬂamgﬂé’aq (Trueness) Uag
AL B (Precision) 3893375 HUAUILTY #1 NATS IGELE #U31d15 Indole acetic acid (AA) uaz
Gibberellic acid (GA;) 11 %Recovery 9glu24 86.76-106.57 Lay 81.30-104.70 ATUSTINY WAZIINAS
Uszifiuan HorRat filaannnismageuaailss wuniianeglutg 0.30-0.62 uay 0.32-0.35 deeglurasnom
N158eu3UYDY ACAC (2016) fetudsianunsavlulalunisinsiesinnans Indole acetic acid (IAA) uaz
Gibberellic acid (GA) Tusanwmdnduninguainisinuasiidveunelunmsiemeoglurasnnuuuy
0.013-5.00 @ 0.125-5.00 fiadn3umedns mus1su IG;EJEJIW\TQWQ{ENLLGSLL@JIHETW

Aman : nindulaa-3-uedfn (lewere) nsnduiuaisadn [ie 3) msadaniefinadureds nansdum

[

AQLALINITNEAT

AN

A13AIVANNISLATEYRULAYEINY (Plant growth regulators; PGRs) f{Tmﬁumié“qmi%ﬁﬁﬁﬂmauﬁﬁ
Aanegesiuuiiy (Plant hormones) Tnataluiinas g3onansmuaumnaigydulnvesiion “sosluu” Ssunumn
miivesgestuuiives Lﬂa’maﬂmﬂm%mLmimaﬂwszmaﬁuumaumLmeiqaﬂ NTAMUIVDINY N1TBONADNRNA
HA NSWRILINITVOING NI5EN JuUNTEIIAUAY aasiuuwsuLﬂumiaumwwsuai’]wmaﬂuﬂimmua&Jﬁﬂﬂ 1oy
fgarvasnasiinaniofosniadofedaniuainiousellddnarunils wasiinanenszuiunisms
a3sineriiveunaanzinzaaneluity vseduasiiivardulaseforsviadodetunariinalnenseiu
oforvidailaifeiiug

Indole acetic acid (1AA) WuasnguoenTu (Auxins) fifivannsaassduedls fgnslassamadanind 1
aﬁ’iﬂﬁjuﬁlﬁﬂﬂﬂﬁL?]IEJ’J“ITENﬁUﬂ’ﬁGlJEJ’IEJSUU’]WIJaﬂL%aé nsuwusimegaaluwaden nisvergvunveslu nsiin
9N NITVEILVUIAVDIN Jaﬁuquméwuaﬂu fen wa SuSinsuAnAI1e dauvesiieiiinisasnnie
vshuuageen Yargsin waéauuazu%nmﬁﬁﬂ%mmﬁaL?J@La%zy,agjmﬂ (Meristematic tissue) Usu1au Indole
acetic acid (1AA) luiledofivunazeinasiiuinuesunnmeiuld ddiddsdininasyiivinesdivsuna indole
acetic acid (IAA) 110 wnaufifl Indole acetic acid Oxidase Qd%zﬁﬂ%mm%ﬂ iIndole acetic acid (IAA) #1 ua
fiwaziinalnalunissnwissduusuna Indole acetic add neluiifeifefia Tneflszuunisasuaznishangly
wsauq iy edeiimasdininasydulngiinsasannnmnisihang ahuLﬁaL?jaﬁﬁmqmﬂ%ﬁmﬁﬁ'}ma
1NANITETI (MIFNR, 2559)
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Figure 1. Chemical structure of indole acetic acid (IAA)

Gibberellic acid miﬂéu‘ﬁ“ﬁy’fdsuaiywﬁmama Fesunawinasnady ﬁamﬂmqagwﬁamwﬁ 2
Lﬂuaﬁwmwumﬂumﬁsmmmamaa (Cell elongation) YIIVYIBVUIAVOIHA mawmiwmmmmwsu ﬂimu
N1599NVBILAR ﬂiuGTuﬂﬂiLQiiUSUaQWGUWQG]uLLawNa ﬂiuﬁ]uﬂﬁ@@ﬂﬂ’e]ﬂEUaQ‘W“UU’NEUuﬂWEE]EJ‘UENﬂ’]‘iE]E]ﬂG]E]ﬂ“UEN
figureiia Usuideumanan m’Lmﬂmamwm ﬂisau‘mmmwauwlmuLmamsluwwmmm WHaaiifinsasns
Fuwesadulufiniwy Awidnswsuivinesssings winwasradimdaiaun vsnaiidddadusu Yane
panuazUatesn Tagtiufiansuszneutssiniinnnm 80 wiia (W3dnA, 2559) uafiimsthanlananisinuas
wnfigaieans Gibberellic acid (GAs) daftwanunsnaslauiunauesuin Tasans Gibberellic acid (GAs) 7
thanlemsmanensiulanannsmnsdesdesuiiinuaatnaisoeni eanntagtugaluaunsn

F1As1evians Gibberellic acid (GAs) lameiimaail (fiswee, 2537)

0
i
oC OH
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Figure 2. Chemical structure of gibberellic acid (GA3)

Jagtfuinwnsnslafinslandnfaumnansmuaunisasyivlnvesfistuossunivats weiiduaylud
nstunsden vievelueunyin Mesmunglunesnatnidudimiunn waslinisensdsasanamiuainag
asmuaunnasgdulavesiivinduingdunsenunainuassiad 3 auwseedygRtngdunonis
Manwns SeinguizasauemsssydRdinaaiionsaaaey muey iy qua invﬂaUﬂﬁ]mﬂwUmeu
wizsiydRiagsunse Militedestusunmeiasifnfuyaaa &7 fiv ninddu uasdainaoy ANATDY
INEAINT uazAuAmyUTEnaUns Seustlevuinuasnaaglasufioly ngdunsefifamnin aneudemed
Ainannslefin aanunulunisndn gszneunislunatasdangvune uazinumsnsgnionimedieulumg
n1sATLBEAY (WIANR, 2559)

Frfudinisnnaiinszumyiiuarsaauauniseigydvinvesiivlusosiamdn fun tngued
nsnuasismenduisilauinsgiu uarannsonsaaoumugNReswesIsiiaTeila delagiuitniinea
APV Indole acetic acid (AA) Lay Gibberellic acid (GAs) Tufoesuanfaumingiafinainunsiiil
TalunesUfiRnisduisfiidunounswisufesnsiigsenn Tynammlunsiesen Tsuamsaiuagd
ﬁﬂazma%uw%éﬁLﬁuﬁwiuﬂ%mmﬁqq s?iqawfiaiﬁt,ﬁmmm?angamLﬁuﬁw ﬂigmqmmwmm;gﬁwmsmam
109 uardialsnegdlunsmiimuendedinan uenmniiimaliesgiuuuiindsasddymmagniunauves
Lw%ﬂ%ﬁﬁaghﬁ’aaﬁm devihmsimszamuSunaastusedusi q fadunuddeisdeinsvauisay
nsmaoualalaresiBiiaTIEnans Indole acetic acid (AA) waw Gibberellic acid (GAs) lusioeewan Snum
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I3

Taguadinisinuas Tndanugness wuugn wideds avantunisildlsiueiedioinsen ensnainse s
MUTUIET Indole acetic acid (IAA) wae Gibberellic acid (GAs) Tuiegnawdnduninguainisinunslasyis
fUszdvSamuazivangay

A5anduns

aunsal
1. 304 High Performance Liquid Chromatograph (HPLC) S0 Water i;u Alliance 2695
poedelimeden 5 sumis
.\A3e3in pH-Meter
nsesTuwiies
. Lﬂémizmamiqwimmﬂ (Rotary Evaporator)
.1A%84 Ultrasonic bath
. YANIBIA1TALANY Mobile phase
8. YAannaNs SPE-Cartridge
9. Nylon syringe filter vu1a 0.45 lulasiuns wag Nylon membrane filter aunm 0.22 lulasiums
10. Syringe YuU1A 5.0 HaganT
11. Vial U9 2.0 {9dans

N U0 AW DN

~

12. Lﬂ%@\‘lLLfT’J vLﬁyLLﬂl INTAUININTVUIN NT8UENANT Teua ﬂﬂLﬂ’e]i‘ AIEUBNAN GZJ’JW;I‘L!ﬂaiJ

13, asunAsgu loun Gibberellic acid (GA5) ANIEAYS 97.9% Wat Indole acetic acid (AA) AMAILIEYE 99.6%
14. @a19.ad 19;,Lml Methanol %1 HPLC grade Wwag Ortho-phosphoric acid Formic acid Ethyl acetate
Hydrochloric acid Potassium hydroxide %1i# AR grade

15. fhegnanandumningaiinisinuns

2513
1. MIWSELANTATAENINTIIU
WILNANTATAUINTFINVBNENT Indole acetic acid (IAA) uag Gibberellic acid (GA;) Tnaww3ey Stock
standard fiAnuvLT UYL 1,000 fadnfunedns NATUINTFIUVBS Indole acetic acid (AA) Lay
Gibberellic acid (GAs) 1t a1 lUn3 81 Intermediate standard (A1 WL Y 100 Hadnfunedng) Working
standard ﬁﬂ’nuLﬁsz%uéNq dwisuvinidu Calibration curve wae Spike adlusieen
2. mamazﬁmmzaﬂumimiw%miwﬁmﬁ Indole acetic acid (IAA) Lag Gibberellic acid (GAs) Gswu'm
WAl HPLC
2.1 anngnsvinnuenaes HPLC (e Water 3u Alliance 2695, 2998 PDA-Detector) i3ailalu
MIATIENENT Indole acetic acid (AA) uag Gibberellic acid (GAy) fai (FPutannanis Tansupo et al. (2010))

Column : Nucleosil C18, 5 pm, 4.6 mm x 150 mm

Guard column: Nucleosil C18, 5 um

Temperature : 30 °C

Detector : PDA A 208 nm

Mobile phase : 35:65 (Methanol:0.025% H3PO4in Water), pH 2.83
Flow rate : 0.8 ml/min.
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Injection volume: 10 pl
Run Time : 15 min.
2.2 ynaamEMITUTNASes HPLC WU Isocratic elution 9anan1izae 2.1 e
1) Uudsuaniizdnsnaiuvas Mobile phase #idnsaiu 3 Sasarusaiine snsaau 3070
(Methanol:0.025% HsPO, in Water) #i pH 2.76 §051@71 35:65 (Methanol:0.025% HsPO, in Water) 7i pH 2.83
wAZSRTIEI 40:60 (Methanol0.025% HsPOq in Water) 71 pH 2.86
2) Yfudsuan1izdnsnisivares Mobile phase 7 0.8 1.0 way 1.2 faddnsnauni
3) Ysuwdsummnuennauiislunsnsenansiinuemaaud 206 208 uay 280 uiluinas
3. MawwToudosawdniun inguein1sinuns
3.1 msafinfessneuily Clean-up e Cartridge (finuUasu121n35v09 Tansupo et al. (2010))
nsdiUnansavanefies1aUunns 10 faddns laaslunasn Centrifuge aw1a 50 fadans iy
Centrifuge 7inui5350U 3,500 sounewndl wWuwad 30 wift waddudnnesvuin 50 faddns dhaisazans
freeeusu pH tmdu 2.5 ﬁaaaﬁauawnimlaimﬂaa%ﬂ u,aumsaum&ﬂwLmat,%wlamaﬂisaﬁ Yhanafinne
Ethyl acetate USu1as 20 Hadans 31w 2 ?m ihluszmelmumanienios Evaporator wam‘vm:u 40-42 °C
mmavawmamiavmaﬂiﬂWasmmmwmu 1% waaUSuUsinnsinasu 25 dadans LLmuﬂ,U Clean-up
e Cartridge aely
3.2 13 Clean-up §18819978 SPE-Cartridge Stumausiail
321 1511 ¥UAvD SPE-Cartridge Fimurzaulunisadnans Indole acetic acid (AA) wax
Gibberellic acid (GAs) ¥n15AnEUTIATBY SPE-Cartridge 91131 3 %ila A SSQAX Cartridge HR-XA Cartridge
uag HLB Cartridge wiinaz 3 91 laan1sin3ouansazaieu1nsg U Indole acetic acid (AA) uaz Gibberellic
acid (GAs) AALNYY 0.5 uaz 5.0 Jadn3umeans auddu trlunuay SPE-Cartridge unazuiln Nty
ThandesgmnuSinaasaemaia HPLC
3.2.2 manmzfmnzaulunsatafiegnme SPE-Cartridge laanve (3.2.1) Tngvnsvaaesi
dnmrar 3 91 warnSeudieuismsatasesaiomn 2 38 Tne3s7 1 wWuaanziilaain Tansupo et al. (2010)
wag3sd 2 Wuannedilasnn Cui et al (2015)
3.2.3 mamavﬁ'mmuaﬂumsaﬁmﬁaaéw%EJ SPE-Cartridge lasnve (3.2.2) faif
1) MWMWL‘MJ“U‘LA‘UEN?HS Indole acetic acid (IAA) Lae Glbbereltlc aC|d (GA3) i Cartrldge
¥in HR-XA mmsmlm fienuuwuay 3 91 Tnemsiedeuansas mamm%mm 2 %fln fieruinry 0.5 5.0
10 uay 20 fiadnSumedns neutluruasly Cartridge ¥iln HRXA wardnsemmuSuiaeasnemaia HPLC
2) wmilSaansiegnsinzanilelunisinuasy Cartridge ¥l HR-XA fiu3annsay 3 4
Tnevin1sAnuiiuSunasansdioenamnfu 3.0 5.0 waz 7.0 faddns dluniuasly Cartridee ¥in HR-XA waz
AirsrzaUSinaansanemaia HPLC
0. Wisuieuisiuiilunesufoinisuazisluuitlawauniy
V‘iﬂmimaaumim%auL‘ﬁmﬁ%‘%mevﬁﬁuﬁﬁluﬁaa@ﬁamﬁLLﬁzﬁ%‘MﬁﬁlﬁTﬁmmsﬁuhamsmaa‘u
Sample blank (#1081371fia15 Indole acetic acid (AA) uax Glbberettlc acid ( GA3 ) Tusefus ‘] w3oludl)
mmumimmmu Indole acetic acid (IAA) Lag Glbberethc acid (GAs) mmmmmu 0.10 wag 0.25 faan3u
AeANs AINETU AEUNTAFEUAINIENAdDUTEAAEIES UL 10 51 UINan1SNAdeULAALIETAN
FLIINAINGERR (ttest) TeTnamnITEousU tu < tor TSvAUATUTEITY 95%
5. mimwaaummisgiﬁsuaﬁ%'%mswﬁmi Indole acetic acid (IAA) Way Gibberellic acid (GA3) ‘1711161”
WA
5.1 MU 230090 (Selectivity Wie Specificity) 7835 ivadeu
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yirnsneaeulaenisiivaisazatsasgiuiiannuenty 050 Sadnfunedng asludosadid
Matrix Aunnansfuisunsiuay 3 sindoens nswisuifisulasunlnunsuwes Matrix ﬁagj’tuw{azﬁaaéw
Fisufuansazanenasyufirundy 0.50 fadndunedng S1uiueensii 3 via feil

1) fregsanstiduvivatnainsssumAnvuasdmiidnvasiduasazansla

2) FregnansatinamsoLTuansssuRtdnvaduansazanedsvy wilumia

3) fhoevanTatnaMIIBINsI TN RNALfua ST s lovunefivy nnexiily §ain Tdnues
\uansazanediTen wdes e uavds vu wilomile

5.2 AinwNaved Matrix effect v0935vIndaU

YINN1SNA@BYU Matrix calibration curve L‘USEJ‘UL‘WEJ‘Uﬂ‘U Standard calibration curve ¥84@19
Indole acetic acid (IAA) wag Gibberellic acid (GAs) A429AUUNTY 0.05-0.75 HadnSunedns Immwa
pantdu 2 Y0 “quiﬂLmﬂﬂumiazaw Mobile phase (35:65;Methanol:0.025% HsPO, in Water) LL@%‘Q@‘W 2
widenilu Matrix vefognamandnm inguasimainens (Sample blank) fidunisvaaeumuisnadey ﬁﬂ%@gaﬁ
ivﬁymagwﬂﬁW'iwi’NmmL%mTusuaqmimmgmﬁLamﬂfd (wnu ) fumituiilafinfienulaainaios HPLC
(LU y) MntuthaAnutuanaunsaunsiilaainia 2 YANITNAFDUNNUTUTBUY Toefansamn %RPD
TumsSeuiiou deiinamniseensu < 10% n1a NATA (2018)

5.3 911A1 Limit of Detection (LOD) wazen Limit of Quantitation (LOQ)

MN13nAgaeu Sample blank (fme813iilans Indole acetic acid (AA) wag Gibberellic acid (GAs)
Tusgdudi 9 uelufl) AfnsAuaisarateu1nsg1u Indole acetic acid (1AA) uag Gibberellic acid (GAs)
finruangus 9 adlu Sample blank ALliunsnAgaUALITNAZDU 10 %1 ﬁ’uﬁn%@;&aﬁmmmhmﬁh way
h%ﬁmwummgm (SD) FMuaeeA LOD wae LOQ M11gAT LOD = 3 S\ way LOQ = 10 S\ 0113589
EURACHEM (2014)

5.4 miﬂqaﬂmmgﬂéjaa (Trueness) uazAALTBY (Precision) #Aszu LOQ

Imsnfhmsmaaumﬁmmgmﬁizﬁu LOQ anfiunsnadaun1uisnnaeuans Indole acetic acid
(IAA) ey Gibberellic acid (GAs) ALNTUAE 10 91 TNANTIATIEMNA UMM @aR Useidiuan Trueness
Tnefinnusinnseonsyu %Recovery aglumas 80-110 wagdsuifiuan Precision A2819911A7 HorRat aglugg
0.3-1.3 MUNATNNIEoLSUTDI AOAC (2016)

5.5 MALENTUSLT AR (Linearity) LAZYIANUNTLTANAFDU (Range)

Immmaumimm%m Indole acetic acid (IAA) tag Gibberellic acid (GAs) 31UU 7 52AUAINY
WUTY ANILULAE 3 91 uwa:uawlmmaiwﬂﬂm”mwmmLsuwuwuaamamwLmumsmmmuﬂumwuw
’menwmulmmmmaq HPLC W'«mmmwLﬁuLaumammmﬂﬂamizamﬁammwuﬁ (Correlation coefficient: 1)
mummmmiaamwm r> 0.995

5.6 Waﬁ]ummmmaﬂ (Trueness) LLaummmm (Precision)
mmsmaaumsmmmumumummmmu A1 A9 Az ge AflunmaaeumNItNAaaUAIS
Indole acetic acid (IAA) ez Gibberellic acid (GAs) ImﬂmmwmaummunmLLU‘U Intermediate precision
(FhmsnadpuIILIL 1 gamavageuiisrdunuarune Wunat 10 fu) ren1siaTermuInmig
afiA Uswidiuen Trueness Ineflinamniseonsu %Recovery agluwig 80-110 wagUszidiuan Precision P73
A" HorRat aaﬂwﬁaq 0.3-1.3 MuNUMNTEBNFUTEI AOAC (2016)
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5.7 NNEDUAMNAINUTOIIS (Ruggedness)
¥msnegeulaensUsudeuanneiiinansenunensiasznans Indole acetic acid (AA) uaz
Gibberellic acid (GAs) aenauae 3 d@n1zdill nsnadeuUSinasessilelunisarin msnnaoua pH el
n3aitn wazn1sageuUsina Solvent flalun1saingesns
5.8 Wfiufegnanduntngaiinisinuns Sminssyd Uyuesd uunyd uasugy anssuyd
AUNTEAIATIA AYNTAAT
6. 1ATIEUMUSUIUE15H29879 Indole acetic acid (AA) way Gibberellic acid (GA5) TuF10819939904
mﬁmﬁm%i’mqmﬁmimwmﬁﬁmmﬁiuﬁaqmm@
7. AMUIMHANTNAADY UTEUNg LagIIUTIUNANITNAFDU

STOZLIAN 3usu AAAY 2562 Augn fugiou 2564

#01UNIINTINARBS

1. anufidrmauasifuieswdasuntngiaininneas Saninvys unusd uunyd uasusy
ANTIUYT AYNTAIRTIN AYNTAIAT

2. vosUfiRmanauauiiessitefietagiadinnnwnsuas Tuedesmataninnuns nauideinuasied
NI NAIUITITYNTHANNIINITNYAT

wamsmaamazﬁmmﬁ
1. amwﬁmmzamamém HPLC FLumﬁmswﬁma Indole acetic acid (IAA) tlay Gibberellic acid (GAs)
1.1 Saaiuves Mobile phase fvangzaslumsuenans Indole acetic acid (AA) uaw Gibberellic acid (GA3)
IINHANTIINAADUSATI@IUTDS Mobile phase 7ilalun15uenans Indole acetic acid (1AA) waz
Gibberellic acid (GA) Feuavy 3.0 fadnsunedns 1948R5187U Methanol meansazals 0.025% HsPO4
W 3 Smsraan
Table 1. The results of mobile phase ratio for separation indole acetic acid (IAA) and gibberellic acid

(GA3) by high performance liquid chromatography (HPLC)

Mobile phase Retention time (Ry) Retention time (Ry)
Ratio Gibberellic acid (GA3) (min.)  Indole acetic acid (IAA) (min.)
30:70 10.99 14.63
35:65 6.80 9.74
40:60 4.82 7.02

WUIER51EIUVDe Mobile phase #ilylun suenans Indole acetic acid (AA) waz Gibberellic acid
(GA) Tmnzaniigafodnmanu 35:65 fisamanu 30:70 Tunarlunisusnansa 2 elineeninAeduuuuiuly
wazfisnsnay 40:60 lavianlunisuenasia 2 silneenanaeduiiniulusiilv Base line lumsiasiznans
Tudls (519 1)
1.2 ensimisiraves Mobile phase Fimnzaslunsuenans Indole acetic adid (IAA) wag Gibberellic acid (GAs)
nnanIIMaaeusns1n1sivases Mobile phase #ilalun1suenans Indole acetic acid (1AA) way
Gibberellic acid (GA) Tirnuaay 30 fadnsunedng fisnsnisinaves Mobile phase fiuananafiy
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Table 2. The results of mobile phase flow rate for separation indole acetic acid (IAA) and gibberellic
acid (GAs) by high performance liquid chromatography (HPLC)

Flow rate of Mobile phase Retention time (Ry) Retention time (Ry)
(mL/min.) Gibberellic acid (GAz) (min.) Indole acetic acid (IAA) (min.)
0.8 8.44 12.11
1.0 6.80 9.74
1.2 5.66 8.09

wuEns1mslmaves Mobile phase 7 1.0 fiadansmeuit Tunalunisuenans Indole acetic acid (AA)

uaz Gibberellic acid (GAs) aaﬂmnﬂuwamLLaviﬂJLaaﬂiuﬂwsamemiumumulﬂ (M15797 2) mu‘wamwmi
wafl 0.8 faddnsnewil Iuwaiumil,wﬂmim 2 %fin senandulen uslsanlumsieseiunwiull uasi
Fasnnsluadl 1.2 Dadansmound nnalunsuenaisesnaniud warlonailunsinsenaisuesni 2
Fnsmslna wailvededearlednsinisinaves Mobile phase quﬁulﬂwﬁﬂﬁuiqﬁu (Pressure) 98335 UU
1389 HPLC QNLﬁulﬂLﬁaaéaﬂﬂsﬁwqﬁLﬁammaqméaqﬁaimwﬁ waznanilalunsinsizvensia 2 wdalila
WANA1991NSRTINNSIMaTes Mobile phase #i 1.0 faddnsnawit wniAuly

1.3 mmmmﬁuﬁwmwauﬁlﬁtﬁumimiaﬁﬂﬂ%mmmi Indole acetic acid (IAA) wag Gibberellic acid (GAs)

mami‘maaummmmﬁum%iumimn’iﬂﬂ%mmaﬁ Indole acetic acid (IAA) wag Gibberellic acid
(GAs) ALy 3.0 maaﬂimaam wmmsmﬂaumm ‘wmmmmmmau 206 uiluans n Sensitivity Tu
nsnTIaIaUSHnaIEns i 2 mumwaamuﬂauwm druiirnuenaay 208 wiluwas n Sensitivity Tun1s
ATIVINUTLUENT Indole acetic acid (IAA) g LLG]I‘VI Sensitivity Tunsnsa9inUSuuans Gibberellic acid (GAs)
U1unans wasfinnuenindu 280 wiluwns 1‘1; Sensitivity Tun15921971AU310Ua1S Indole acetic acid (IAA) G
unlyr Sensitivity lunsasia¥au3unaians Gibberellic acid (GAs) o
2. nan1sine1ianisataseensluni1sasIznans Indole acetic acid (1AA) waz Gibberellic acid (GAs) Tu
WAn S Ingueginisinens

2.1 wiaued SPE-Cartridge fwanganlunisaiaans Indole acetic acid (AA) uaz Gibberellic acid (GAs)

nuanIsAnwImaliaves SPE-Cartridge fitmunzaudmduildlslunisafnans Indole acetic acid

(AA) uag Gibberellic acid (GA;) 97UU 3 ¥ila Aowln SSQAX HR-XA (Tansupo et al, 2010) Wag HLB
Cartridge (Cui et al., 2015) Han1sy AABINUIIAY %Recovery 994815 Indole acetic acid (IAA) ag
Gibberellic acid (GAs) frnrunisuenaae Cartridge ¥Um SSQAX Taan %Recovery WU 67.83 way 101.26
auasu 3iia HR-XA lamn %Recovery WU 81.86 ay 101.00 AuENy uazuin HLB Tnan %Recovery
AU 99.73 wag 21.18 AUy §991nn15RNINAT %Recovery Tunsuenansin 2 ¥iln ae Cartridge
iin HR-XA A 9%6Recovery ffign (15137l 3) uagmitladsogluinammssensuues AOAC (2016)
Table 3. The recovery of indole acetic acid (IAA) and gibberellic acid (GA;) were eluted from SSQAX,
HR-XA and HLB Cartridge

%Recovery
Type of cartridge Indole acetic acid (IAA) Gibberellic acid (GAs)
SSQAX Cartridge 67.83 101.26
HR-XA Cartridge 81.86 101.00
HLB Cartridge 99.73 21.18
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2.2 amwﬁmmzamm Cartridge ﬁi‘giumiaﬁ'mmi Indole acetic acid (IAA) way Gibberellic acid (GA3)
Mnsnaaeuanefiazinlulslunisainans Indole acetic acid (AA) wag Gibberellic acid (GAs)
A28 HRXA Cartridge 91U 2 @N1IENITNAADY NaNINAREINUINIER 2 Tnan %Recovery ¥84d13 Indole
acetic acid (AA) wag Gibberellic acid (GAs) An11387% 1 Feiian %Recovery fianifu 99.49 waz 96.90
audU uariidunounssdunuiineuarsinginm s 6)
Table 4. The recovery of indole acetic acid (IAA) and gibberellic acid (GAs) were eluted from HR-XA
Cartridge by two methods

%Recovery
Test Method
Indole acetic acid (IAA) Gibberellic acid (GAs)
Method 1 101.22 94.18
Method 2 99.49 96.90

v v

2.3 HANISANYIATMUVLVLVDIENT Indole acetic acid (AA) waz Gibberellic acid (GAs)T HR-XA Cartridge
a30gln
YININAADUAINULILTUYD9ATS Indole acetic acid (IAA) wa g Gibberellic acid (GAg)ﬁ HR-XA
Cartridge m;mmgﬂ‘%mmmmLszjyu%wuaamiﬁga 2 wiinllu Cartridge ln wadilaannnisnaaosuansdimnstait 5
Table 5. The recovery of indole acetic acid (IAA) and gibberellic acid (GA3) at different concentration
were contained by HR-XA Cartridge

Concentration of %Recovery
GA; and 1AA (mg/\) Indole acetic acid (IAA) Gibberellic acid (GA5)
0.5 103.91 83.27
5.0 104.28 87.81
10 100.54 91.24
20 93.88 97.87

NANNSNAABINUINAT %Recovery Yaans 4 szuauLTLiivhnmsvageuddlvan %Recovery agﬂu
aNN3E0LSUTET AOAC (2016) FetuFsnanlaniimuauwy 20 dadnsunedns Cartridge viim HR-XA
A111309U3an04a"3 Indole acetic acid (AA) waw Gibberellic acid (GA) Talu Cartridge lnoenaiiszansam

2.4 YBsnmansseensiimmnzauitlylunisuiuasiy HR-XA Cartridge

‘v‘hﬂWimmaauﬂ%mmmamié’aaéw Indole acetic acid (1AA) waz Gibberellic acid (GAs) ﬁiﬁgiuﬂﬂisiwu
a3l HR-XA Cartridge Lﬁ@lﬁﬁmmmmmzamﬁummmmiaiumifgmwaq Cartridge Faagvilvnisuenansil
Usavisnn nafilaennnsmeaeLansiansei 6
Table 6. The recovery of indole acetic acid (IAA) and gibberellic acid (GAz) in different sample volume
were eluted by HR-XA Cartridge

%Recovery
Sample volume (ml) — . —
Indole acetic acid (I1AA) Gibberellic acid (GAs)
3.0 75.77 103.66
5.0 98.11 103.34
7.0 101.81 109.85
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NANNIVARBINUIYSLNNE5HI8873 Indole acetic acid (AA) uaw Gibberellic acid (GA3) U393 3.0
fiaaans Tan %Recovery WU 75.77 waz 103.66 auawu ivsunns 5.0 Saddns Taen %Recovery Wiy
98.11 war 103.34 Aua1du uarfivsuins 7.0 Sadans laad %Recovery WU 101.81 wag 109.85
AUEIFU 91NN15AAITANAT %Recovery Yo 2 wia unazUSinnsuaInun ivSinaveEsiioend
5.0 fiadans 1A %Recovery ﬁﬁqm WavA1 %Recovery é’aa&ﬂummsﬁmiaau%’wm AOAC (2016)

3. wansIouifiouisiaudilunesu filfin1s (Rivier et al., 1987) uazdsilamunduiidauUasmainisves
Tansupo et al. (2010) wag Cui et al. (2015)
mﬂmammﬁa‘uLﬁ&JU%%LamﬁﬁiuﬁmUﬁﬁamiLLaﬁ%ﬁ”l,GTﬁwm%u Tnefinnsananameada (ttest)
WUIA tstatVlmmmimmﬂmuﬂiwm&m’gﬁmwﬂwawgumn’mm uﬂ%wlmwwuwwﬂmmi Indole
acetic acid (IAA) Laz Gibberellic acid (GAs) Iwm tstat > toritical m 2 mﬁ LLam’nm 2 ’Jﬁiwmam'ﬁmaaumi
Indole acetic acid (IAA) wag Gibberellic acid (GA3) ummLLmﬂmaﬂuammuamﬂagmzmmmmauu 95%
(A9797 7) TneABiAnditlumesufiAnislun1siiasnznans Indole acetic acid (AA) o Gibberellic acid
(GA) T11A1 %Recovery aglutae 81.19-88.68 uay 81.74-89.32 A1ua 1@y uardsdlatmuiiuluan
%Recovery asﬂuszm 92.22-102.37 W@y 91.48-99.07 AIUEINU 21NN15RIIA1 %Recovery v 2 33
WUANT9a893551A1 %Recovery agﬂummsﬁaau%’umm AOAC (2016) waaiilasimuniulvan %Recovery
fanisduiluvesufiins fefulsilawantuiennsadumeuwdsiuiidlureswjiinslunsare
#15 Indole acetic acid (IAA) waz Gibberellic acid (GA3) 19;
Table 7. The comparison of analytical method for determination of indole acetic acid (IAA) and gibberellic

acid (GAs) by laboratory method and new method developed

t-test Value

Type of plant hormone Comparison
JEstat tCritical
Indole acetic acid (IAA) 9.87 2.11 *S
Gibberellic acid (GA3) 5.68 2.10 *S

ns = non-significant at 5% level; *S = Significant at 5% level

4. mamimmaaummiﬁnlmaq 331A518Ma13 Indole acetic acid (1AA) wag Gibberellic acid (GA;) #ila
WainnTu
4.1 MANUTUWIZLNZ (Selectivity 139 Specificity) 1093aMAdU
ynsmaaeulngn19fuasu1nsgIu Indole acetic acid (AA) waz Gibberellic acid (GA;) a7y
LT 0.50 fadnduneans asluiiosnsdiil Matrix umnanafusiuiy 3 viadesnslaun fognsensiadunie
ARAIINSI T ATTLAYEN) F0ENIENSARMENMSIBLTUIINGSTUTR WasiIDE19ENARnaMIN891N5TTUIR
nanfuansisiusylevunedia siunisnageunudanagey ntuilasuilnunsuiinsiatalaainedes
HPLC-PDA 1138 uttg uiulasu lnun suedansuinsgiu Indole acetic acid (IAA) wag Gibberellic acid
(GAs) Hamsnnaesfilanansdanmd 3 aanisiiansanlasuilnunsuiilavesiiesisunas Matrix Wieufuans
1AL ‘Wuiﬂmm‘l‘wLmimaaf?hasj'lqaﬁ%’gﬁuﬁéaﬁ’ﬂmﬂﬁisumaﬁml,auﬁm’gﬁmmﬁwL,wuiumﬁmmﬁ
mmﬁumﬂmm Luawmwnﬁuaqms Indole acetic acid (IAA) wag Gibberellic acid (GAs) lmmumumﬂmi
aum:uasﬂ,u Matrix ve3saee 19wl mumamamsaﬂmmmwaL%umumﬂﬁ'ﬁsmwmm mamqmiaﬂmmmw
ﬁ]’]ﬂﬁiiiﬂﬂG]NﬁiiﬂUﬁﬁVlll‘Ui%IEl“UumaW% WUMANVEIE Indole acetic acid (IAA) leIQﬂi‘Uﬂ’m LARNYBIENT
Gibberellic acid (GA3) Qﬂiumumﬂa’lsguﬁﬁaﬁu Matrix 9951081995 2 wilad v lvIehluaansanenans

v ¥ ¥ a ¢ U o gj a yd U a s . .
E]aﬂﬂ]ﬁﬂﬂu1®ﬂ']ﬂiﬁﬁﬂ’]’38ﬂ’]i’JLﬂiWSMLaEJ’Jﬂu AetuAB NI WMUNTENAUNITIATIENETT Indole acetic acid
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Figure 3. Chromatogram of a) Standard solution of indole acetic acid (IAA) and gibberellic
acid (GAs) b) Sample of bio-organic extracts from natural plants and animals ¢) Sample of
concentrated seaweed extract from nature and d) Sample of natural algae extract mixed with
substances that are beneficial to plants

4.2 NaveIN13ANY Matrix effect U893avn@0U
INNITNAAOU Matrix effect ¥89N153LAT1ZNV8IA1 Indole acetic acid (IAA) ey Gibberellic acid
(GAs) nuNdlAN %RPD Wnifu 7.78 uar 8.09 mud iy Gefimegluinaumnisseniu < 10% mu NATA (2018)
Fadulunishinsnemiten1U3uaans Indole acetic acid (AA) uar Gibberellic acid (GAs) @11130LATEY
Calibration curve lu@nsazany Mobile phase 1a %alﬁmamﬁmwﬁlﬂLLmﬂéNﬁJu mamiwmamﬁlguamé’ﬂ
AN9797 8
Table 8. The comparison slope of the straight line equation from standard solution of indole acetic acid

(IAA) and gibberellic acid (GAs) and spike standard solution in sample blank

Type of Equation Slope
plant %RPD
Solvent Matrix Solvent Matrix
hormone
Y=64620.47x-494.14 Y=59782.98x+752.89
IAA 64620 59782 7.78
r=0.9999 r=0.9985
Y=14140.50x-248.16 Y=15333.44x-11.58
GA; 13536 14272 8.09
r=0.9999 r=0.9991

4.3 11371A1 Limit of Detection (LOD) wag Limit of Quantitation (LOQ)
¥N15MAEaU Sample blank MLANa15U195§1% Indole acetic acid (IAA) uag Gibberellic acid (GAs)
AuNYL 0.01 wag 0.05 fadinsunedng mua1du Adun1snaaeunisnaaeuduiu 10 91 Tuiinveya
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AIUIUNIATRAY ﬁ%ﬁ&mwummjw (SD) wafilauansfsn1sneit 9 91nrANITNAGEUNUINAT Limit of
Detection (LOD) ¥849@15 Indole acetic acid (IAA) Lag Gibberellic acid (GAs) flAumifu 0.001 way 0.005
fadn3unedns mud1iu uazA Limit of Quantification (LOQ) #ilaa1nn1s Predicted LOQ wum Sanmiu
0.005 uag 0.017 fadnsunedns mua1sy

Table 9. The limit of detection (LOD) and limit of quantification (LOQ) for Indole acetic acid (IAA) and
Gibberellic acid (GAs)

Indole acetic acid (IAA) (0.01 mg/L)  Gibberellic acid (GAs) (0.05 mg/L)

Number of
" Sample Concentration Sample Concentration
repetitions
blank (mg/L) blank (mg/L)
1 0.00 0.0142 0.00 0.0580
2 0.00 0.0131 0.00 0.0485
3 0.00 0.0110 0.00 0.0470
4 0.00 0.0124 0.00 0.0446
5 0.00 0.0140 0.00 0.0480
6 0.00 0.0132 0.00 0.0560
7 0.00 0.0150 0.00 0.0480
8 0.00 0.0111 0.00 0.0570
9 0.00 0.0120 0.00 0.0460
10 0.00 0.0110 0.00 0.0570
Mean 0.0129 0.0503
SD 0.0014 0.0053
S 0.0005 0.0017
LOD 0.001 0.005
LOQ 0.005 0.017

wneing So = DA

4.4 NNINTIIAOUAT Linearity wag Range v043oMAdaU

4.4.1 Nn@dy Linearity 1Agn1sW3euansuInggIudIua 7 sePuAMINYLRE @15 Indole acetic acid
(1A8) fiaruwuay 0,005 0.05 0.10 0.50 1.0 2.0 ua 5.0 fladn3unedns uway Gibberellic acid (GA;) iy
|y 0.05 0.10 0.30 0.50 1.0 2.0 uay 5.0 fadn3uneans sidunsvagoumLiEnagey uwamamimmaiw
ﬂﬁfmlimmmmLﬁumumaqmsmmmuﬂuwwimwa (Peak area) floruanlaainiA3es HPLC nan1snadey
WERIFIANT 4 waznnd 5 ArsaneasfidudunssiauaduUssavsanduius (Correlation coefficient : r)
Imaﬁmm%mi&mm%fu r > 0.995 mﬂmimaauwuimﬁ Correlation Coefficient (r) 984815 Indole acetic acid
(IAA) wae Gibberellic acid (GAs) fianIfu 0.9998 waz 0.9998 AINEIRY FedA1INNINAUINITHEUSY

AOAC (2016) Aithnaumniseeusuan r = 0.995
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Linearity ¥849815 Indole acetic acid (IAA)

400000
350000 -y = 70,394.6861x - 951.4463

300000 7 r = 0.9998
250000

200000
150000
100000

50000

Peak Area
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A duduvasdns IAA (mg/L)

Figure 4. The graph shows the linearity of indole acetic acid (IAA) at a concentration of 0.005-5.00 mg/L

Linearity 9949417 Gibberellic acid (GA,)

80000 -

y = 14,450.3752x - 326.2884

60000 7 [ = 0.9998

Peak Area

40000

20000

0

0.00 1.00 2.00 3.00 4.00 5.00 6.00
anududuvesans GA, (mg/L)

Figure 5. The graph shows the linearity of gibberellic acid (GA3) at a concentration of 0.05-5.00 mg/L

4.4.2 Agey Range lauN1SW3ELAITUIATFIUIIUI 7 syfuANTUSE @15 Indole acetic acid
(IAA) firnsiwu 0.005-1.00 Sadn3unedns uay Gibberellic acid (GAs) AATMIWLTY 0.05-1.0 Sadn3unedns
ALLUNIINAGDUALITNAZBY ﬂﬂ%@gaﬁlgma%qﬂiﬂWﬁszmmLﬁgmszj”uﬁuaﬂmimmgmﬁuﬁyuﬁlgﬁﬂ (Peak
area) fiouAlnanLAes HPLC NansnadeuLanssansad 10 Ransanvasidudunsiiuinedulssans
andusius (Correlation coefficient : ) Tnefnauinseausy r > 0.995 PINAISNAFBUNUIIAT r Va9a3 Indole
acetic acid (IAA) wag Gibberellic acid (GAs) fiAwAfU 0.9995 wag 0.9991 AuATFTU Fetlanunnnanannis
geu3U AOAC (2016) Tifnasmmsaeusuan r > 0.995
Table 10. The straight line equation and correlation coefficient (r) of working range standard from indole
acetic acid (IAA) and gibberellic acid (GAs)

Type of plant hormone Straight line equation Correlation Coefficient (r)
Indole acetic acid (IAA) y = 67,813.35x - 29.38 0.9995
Gibberellic acid (GAs) y = 14,475.55x + 152.93 0.9991
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45 ﬁqaﬂmmgﬂ(gmLLasﬂaﬁuLLﬁuéwViizﬁu LOQ w94a17 Indole acetic acid (IAA) waz Gibberellic acid (GAs)
vn13nageu Sample blank lagifinasuinsgiu Indole acetic acid (IAA) wag Gibberellic acid (GAs)
finnnuwnry 0.005 war 0.02 fadndunedns AudIRy sudunsadeunLdTNAFEUSILIL 10 91 Auda
ALady %Recovery mlﬁmwummgm (SD) uA¥A1 HorRat 91ANANITNAZEY WUINENT Indole acetic acid
(1AA) fiennsue 0.005 ﬁaﬁﬂ%’maam ﬁf»ﬁ 9%Recovery asﬂusﬁaq 91.19-107.11 wazdlan HorRat WU 0.30
mumi GubbereLUc aod (GA3) wmmmmu 0. 02 uaaﬂimaam ‘wmmm %Recovery a&f[,umq 66.55-80.19
wazA HorRat fiAmaiu 0.30 mﬂmamiwmummmmum mmmummmu LOQ v849@15 Gibberellic
acid (GA;) NUTMANSVAdDUTAILLILE Lmluummmma losanen %Recovery Alaarnnsnagouiion
aefLwU’N 66.55-80.19 m:umamlmmumm%miaamwaﬁ AOAC (2016) wmmimaauwﬂ’mmmmwimeuu
Ao mmmmmu 0.05 uaammaam wamimaamammmﬁw 11 mmmamwmaauwum fianuany
O 05 uaaﬂimaam fien %Recovery aﬁiuma 81.91-95.93 uazA1 HorRat Wiy 0.33 Fslvnanisnadeuiid
mmmmmmLLavmmwummva LOQ
Table 11. Truenes and precision at the LOQ level of indole acetic acid (IAA) and gibberellic acid (GAs)

Indole acetic acid (IAA) Gibberellic acid (GAs)
Number of (0.005 mg/L) (0.05 mg/L)
repetitions Concentration %Recovery Concentration %Recovery
(mg/L) (mg/L)
1 0.00522 93.34 0.04460 90.65
2 0.00537 96.02 0.04120 83.74
3 0.00591 105.68 0.04270 86.79
4 0.00570 101.92 0.04460 90.65
5 0.00510 91.19 0.04500 91.46
6 0.00519 92.80 0.04540 92.28
7 0.00599 107.11 0.04660 94.72
8 0.00580 103.71 0.0472 95.93
9 0.00585 104.60 0.04030 81.91
10 0.00596 106.57 0.04100 83.33
MEAN 0.00561 100.29 0.04386 86.74
SD 0.00035 0.00242
%RSD 6.25 552
HorRat 0.30 0.33

4.6 mimaaummmﬁyaa (Trueness) LasAITies (Precision)

NAgU Sample blank mmm'ﬁmmﬁ'm Indole acetic acid (IAA) Lay Glbberettlc acid (GAs) mmummwmu
A ﬂa’m u,aum IG]EJV]’]ﬂ’]ﬁV]@ﬁEJUWJ’]&JﬂﬂG]@QLLauﬂ’ﬁlJLVlEJ\Wl 3 smummmmumu ang Indote acetic acid (IAA) 91
mmmmu 0.013 1.00 @z 5.00 maﬂimaam kagdns Gibberellic acid (GAs) wmmmmu O 125 1.00 wag 5. OO
fiadnsunadns mummu m’nuumsmaaummﬁmaawmmLﬂJmushas] ANUILLTYAY 10 91 mmamimaaw
immmu’;mmmmaa mummwummam %Recovery LAZAN HorRat HansVnaeUuTilaLansianseft 12 uay
ms1edl 13 mﬂmamiwﬂaaummaﬂma\umvmmmwuanﬁmaaumi Indole acetic acid (IAA) ke Gibberellic acid
(GAy) mummmwmumﬂmﬂwwamsmmaawmmmmaﬂmaaLLawm'mmm Luaammnﬂsumummmmuﬁma%
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T3 %Recovery mQQﬂﬁmaawﬂumq 80-110% G HUINEeIN38eLSUTDI AOAC (2016) wazA HorRat AilaiiAn
asﬂuﬁm 0.3-1.3 ‘1/1ﬂimUmmlfuuﬁuuwmm'ﬁwmaau masiumm%maaamwm AOAC (2016)

Table 12. Trueness and precision at the low, middle and high concentration level of indole acetic acid (IAA)

Number IAA (0.013 mg/L) IAA (1.00 mg/L) IAA (5.00 mg/L)
of Conc. % Conc. % Conc. %
repetitions (me/L) Recovery (me/L) Recovery (me/L) Recovery

1 0.0131 93.34 1.02375 93.70 5.4288 99.37
2 0.0134 96.02 1.03650 94.86 5.3700 98.30
3 0.0148 105.68 0.96725 88.53 5.3175 97.34
a4 0.0143 101.92 1.03925 95.12 4.8506 88.79
5 0.0128 91.19 1.03250 94.50 5.4013 98.87
6 0.0130 92.80 1.03325 94.57 4.9125 89.92
7 0.0132 94.59 0.96050 87.91 5.0425 92.30
8 0.0145 103.71 1.03875 95.07 4.8988 89.67
9 0.0146 104.60 0.97025 88.80 5.3163 97.31
10 0.0149 106.57 0.97150 88.92 4.7400 86.76

Mean 0.01385 99.04 1.00735 92.20 5.1278 93.86
SD 0.00084 0.03479 0.26433

%RSD 6.06 3.45 5.15

HorRat 0.30 0.33 0.62

Table 13. Trueness and precision at the low, middle and high concentration level of gibberellic acid (GAs)

Number  GAs (0.125 mg/L) GAs (1.00 mg/L) GAs (5.00 me/L)
of Conc. % Conc. % Conc. %
repetitions  (mg/L) Recovery  (mg/L) Recovery (mg/L) Recovery

1 0.11150 90.65 1.1455 99.26 5.9425 102.99
2 0.10300 83.74 1.1390 98.70 6.0563 104.96
3 0.10675 86.79 1.1555 100.13 5.8063 100.63
a4 0.11150 90.65 1.1463 99.33 5.9450 103.03
5 0.10575 85.98 1.1815 102.38 5.6225 97.45
6 0.11350 92.28 1.1500 99.65 5.7338 99.37
7 0.11650 94.72 1.1253 97.51 5.8063 100.63
8 0.10675 86.79 1.2083 104.70 6.0113 104.18
9 0.10075 81.91 1.1373 98.55 5.5988 97.03
10 0.10000 81.30 1.0638 92.18 5.9125 102.47

Mean 0.10760 87.48 1.1452 99.24 5.8435 101.28
SD 0.0055 0.0374 0.1570

%RSD 5.14 3.26 2.69

HorRat 0.35 0.32 0.33
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4.7 wan13Anw Ruggedness 19435vMAdBY Indole acetic acid (IAA) wag Gibberellic acid (GAs) Tngvinns

nadouTadenen Tuisnedeussl
4.7.1 vageuUSinamesinessilelunisarin
WN1Iaaau Sample blank ﬁLaumimmgm Indole acetic acid (IAA) uag Gibberellic acid (GAs)

firuaTy 0.010 wax 0.25 Tadndunedns AUy siunsnadeunaianeaey Tnednsiwasuudas
Usumsanssaesnsiilyannaniazndivsuins 10 fiadans Wasuwlasannuduuiuing 20 fiadans vinns
NAFDUSIUAY 10 91 HANISWIBUBUNISNAdDULARIF A1 14 91nn1sW3EUfioudn1aEnTaEey
USinauwesiesnsiilelunisaia Indole acetic acid (AA) uaz Gibberellic acid (GAs) i@n12zsfanan T
ATIATIZAR LA AILIANNSERR (t-test) 9INNNSRINSANATMNSERR (t-test) Aidnwiailaannnsnagoutia 2
40172 WU21a1s Indole acetic acid (IAA) Lay Gibberellic acid (GAs) 1‘1;@15 totat <tcritical LLamngq 2 @1y
Tnansageuasne 2 3da launnaei
Table 14. The comparison of sample volume for extraction of indole acetic acid (IAA) and gibberellic
acid (GAz)

Type of plant t-test Value .
Comparison
hormone tstat teritical
Indole acetic acid (IAA) 1.375 2.101 ns
Gibberellic acid (GAs) 0.492 2.101 ns

ns = non-significant at 5% level; *S = Significant at 5% level

4.7.2 vegauAn pH Aalumsarinansiosns

NIN15nAaau Sample blank ﬁLammimmgm Indole acetic acid (IAA) Way Gibberellic acid (GAs)
fiauuwy 0.010 war 0.25 faan3uneans amudwu sudunmageumudsnageulneiinsdsuudas
anmzan pH Mlwlunisainanssiesns Indole acetic acid (AA) uaw Gibberellic acid (GAs) fidgn1zUnd pH
2.5 wazannadsunlasaniigiia pH 2.7 ynsveadeusiuau 10 $1 nansieuiiteunsageuLEnd
Fa15197 15 91nnsiUieuiisuaniisvesan pH ilalunisatnasiiesns Indole acetic acid (AA) uaz
Gibberellic acid (GA;) fidn12zfanans TnetnadinsizudilauAulanaIvmieadn (ttest) 91nn1siansan
ANNNERR (t-test) AiRunalaaInTa 2 an1g WUETT Indole acetic acid (AA) wag Gibberellic acid (GA3)
ARt <tormea WEATI9T 2 dnnazlamanisnagouansie 2 via luusnaneiy
Table 15. The comparison of pH value for extraction of indole acetic acid (IAA) and gibberellic acid (GAs)

Type of plant t-test Value '
Comparison
hormone Lstat teritical
Indole acetic acid (IAA) 0.598 2.101 ns
Gibberellic acid (GAs) 0.981 2.101 ns

ns = non-significant at 5% level; *S = Significant at 5% level

4.7.3 naaeuUSinames Solvent Alalunsarindaosna
nagau Sample blank ﬁLaumimmgm Indole acetic acid (IAA) LLay Gibberellic acid (GA3z) ﬁﬂam
v 0.010 way 0.25 fadn3umedns auddu sdumsnegeunsisneaeulneiinsidsuulasanioyms
nndouUsInawes Solvent Alwlunisadn Indole acetic acid (AA) way Gibberellic acid (GA) idnnazUni
U315 20 fIadans uazaannnsiUasunladn1nzuiunns 30 Sadans ¥insmeaeusiuIy 1091 Hants
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WaUlBuMsnndeuLansiinns el 16 mnmsi3euiiieuannznsmageutiinames Solvent filalunisaria
Indole acetic acid (IAA) wag Gibberellic acid (GAs) fidnniziinas newiai ATENT L AINFIA YN SER
(t-test) 9INMIAITUNAMNEDR (t-test) Fignwallaannisneadauiia 2 @12 wu Indole acetic acid (1AA)
wa Gibberellic acid (GAs) ANt <t WEAII9 2 anglvnanisnaaeuansia 2 via Tuumnanaiu
Table 16. The comparison of solvent volume for extraction of indole acetic acid (IAA) and gibberellic
acid (GAs)

t-test Value

Type of plant hormone Comparison
J[stat JECritical
Indole acetic acid (IAA) 0.575 2.101 ns
Gibberellic acid (GAs) 0.196 2.101 ns

ns = non-significant at 5% level; *S = Significant at 5% level

5. MU HIMETIH 29874 Indole acetic add (AA) wag Gibberellic acd (GAs) lufa0819udnfmumn Yngiadl
MINAS

1NMFI AT IEIUNAIE3HI9819 Indole acetic acid (1AA) uag Gibberellic adid (GA) udneenan@nfnm
foqudinainues TaduiesndnsunasiBuioadannsumifivasdniddnvasduasazaisla
lawillen uarlugunila foundiuu 20 feens TINMFATEINUTINNE 087 Indole acetic acid (AA) wag
Gibberellic acid (GA) Wu"iiU3una15 Indole acetic acid (AA) aglu9 0.005-5.26 fadniunedns uazans
Gibberellic acid (GAs) o174 0.05-540 Hadn3unodns LALAINNITNAGBUINAT %Recovery WUIENT Indole
acetic acid (1AA) ogflum 82.62-103.01 waw Gibberellic acid (GAs) aglun24 90.00-98.84 F3m1 %Recovery Tilaves
ansvia 2 vl eglunamnseensuTes AOAC (2016)

ayUunan1mnaaLasdalauaLuL/AwUELN

NNTHRIULDY mmaaumml%lﬁymaﬁ%‘imevﬁmi Indole acetic acid (IAA) wag Gibberellic acid
(GAs) Tushesnandnfauminguainisinums Tnglonadia High Performance Liquid Chromatography (HPLC)
amav‘wmmvaﬂuﬂmwﬂmsm 2 %iin pananfunariinausnnzianas (Selectivity) lun1snsiadinsen
mi‘m 2 wilm mmmmmmaumamalmﬂizqﬂmslﬁuaﬁmsaﬂmmsmEJ Ethyl acetate (Tansupo et al., 2010)
s2ufuns Clean-up Freenwemaila Solid phase extraction & Al Cartridge wila XR-HA (Cui et al,, 2015)
Tunsafneans Indole acetic acid (AA) ua Gibberellic acid (GA;) MnNansasIadauANLlYlnvedSins ey
Wuiwlﬁuﬂ'ﬂmmLﬁuLgumqag"LuﬁN 0.005-5.0 WA 0.05-5.0 fadnSumedns Ja1 r iy 0.9998 wag 0.9998
auasu lapnTasiinlun1snsaada (LOD) ¥84a1s Indole acetic acid (AA) uag Gibberellic acid (GAs) SAn
WU 0.001 waz 0.005 Jadniunedns mudeu wasdasitrlunisasaiadauSuia (LOQ) fanmfu 0.005
waz 0.05 fiadndumadng muedsy ﬁ]’]ﬂﬂﬁiﬁaaﬁﬂaﬁmaﬂéTQQ (Trueness) wazAUfies (Precision) 19433
maawimumﬂmgwgu AN naNg WaYEa WUES Indole acetic acid (IAA) wag Gibberellic acid (GAs) Mm
%Recovery agﬂuﬁma 86.76-106.57 way 81.30-104.70 Aud1§U wazannsUsydiuAn HorRat Alnannis
yaABUANT B1sTIATIEN WuTmeglurag 0.30-0.62 wag 0.32-0.35 auandy eilareglurasnam
n158ou¥U AOAC (2016) fatiuiidarunsarrlulelunisitasiewnnans Indole acetic acid (AA) was

Gibberellic acid (GAs) lusiteenandnduningiaiinisinvasidvevuiglunisiasizveylurieninuiunuy
0.013-5.00 Wa 0.125-5.00 fadniunedns nua1iu lnee1agnaes uuued uaginnuueiie
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nsiwanuideluldussleed

1. vosiRnsnauamidinneidefivingiaiininnuesuazduededimaiansinuns a1u1sauiisd
lailluloduisinasgulunisasadiesizians Indole acetic acid (AA) uay Gibberellic acid (GAs) luseens
nAmAuTTngedinnsinuas

2. Lﬁuﬂizaw%mmazﬁﬂaﬂwwiﬁﬁ’uﬁaqﬂﬁﬂ’amﬁLﬂiwﬁmimmumm%mLauimaqﬁﬂ'ﬁ;nﬂéaﬁﬁu
LazgaInIENealnITlinTgadananlnunaiunfivesdinidonasiauinsinuasiunil 1-8 oz
wnenudug iaulale

3. aansnisn e seaiilafauntul lWgsveuiglunisveiusesesufiRnismummnsgu
ISO/IEC 17025 a1

LONE1T919D

vARNA uasens. 2559. a15AIURNNISISYAUIANUazuUIN NS IEAU NG, aanTuideiivany nsadeinig
LNYAT NTANN. 88 .

fiswn viessln. 2537. gasTuuuazarsdunsizyl uuanrnslduselsmdludszmea. Adonsfam nganme.

AOAC. 2016. Appendix F: Guidelines for Standard Method performance Requirements.

Cui, K., Y. Lin, X. Zhou, S. Li, H. Lui, F. Zeng, F. Zhu, G. OQuyang and Z. Zeng. 2015. Comparision of
sample pretreatment methods for the determination of multiple phytohormones in plant
samples by liquid chromatography-electrospry ionization-tandam mass spectrometry.
Microchemical Journal 121:25-31.

EURACHEM. 2014. A Laboratory Guide to Method Validation and Related Topics, The Fitness for
Purpose of Analytical Methods.

NATA. General Accreditation Guidance-Validation and verification of Quantitative and Qualitative Test
Methods, 2018.

Rivier, L. and A. Crozier. 1987. Principles and Practice of Plant Hormone Analysis. Vol. Il. London:
Academic Press INC.

Tansupo, P., P. Suwannasom, D. L. Luthria, S. Chanthai and C. Ruangviriyachai. 2010. Optimised
separation procedures for the simultaneous assay of three plant hormone in liquid biofertilizer.
Phytochem Anal. 21 (2):157-162.

420





