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Development and Validation Method for Analysing Essential Amino Acids
for Plant Growth
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ABSTRACT

Analytical method of amino acids was developed for aspartic acid, glutamic acid, proline,
phenylalanine and tryptophan using high performance liquid chromatography technique. The stationary
phase ratio and concentrations of buffer conditions were optimized for amino acids separation including
studing of derivatize time and stability after derivatize. Amino acids were separated by gradient profile
between acetonitrile and 100 mM sodium acetate trinydrate with triethylamine at a concentration of
12 mM. The time of preparation of the derivatives was 10 min. The stability of amino acid after
derivatives was 4 days.

The required validation parameter i.e., specificity, matrix effect, limit of detection, limit of
quantitation, range, linearity, trueness, precision and ruggedness were studied for 5 types of amino acids.
The method is characterized by high specificity and no matrix effect for clearless seaweed extract and
powder extract sample. The limit of detection (LOD) for aspartic acid, glutamic acid, proline,
phenylalanine and tryptophan were 0.78, 0.68, 0.69, 0.05 and 4.76 pg/L, respectively and the limit of
quantitation (LOQ) were in the range 0.5-50 pg/L. Verification of accuracy and precision at all LOQ levels
passed the criteria. The Linearity of the instrument were found between 5-100, 5-100, 5-100, 0.5-10
and 50-1000 pg/L, respectively, and the range were found at 5-60, 5-60, 5-60, 0.5-6 and 50-600 pg/L,
respectively, which correlation coefficient (r) > 0.995 passed the acceptance criteria. The accuracy from %recovery
and precision from HorRat values as intermediate precision were evaluated. Recovery studies using three
spiking concentratons at varying levels showed recoveries of 94.3-103.2, 96.4-102.8 and 95.9-103.5,
respectively. Precision studies using three spiking concentratons at varying levels showed HorRat values
of 0.31-0.61, 0.51-0.93 and 0.30-0.65, respectively. Recovery with in the range of 80-110 and HorRat
values not more than 1.3 according to AOAC,2016 criteria were accepted. Ruggedness verification with
changes the test conditions and comparing amino acid concentrations by statistical t-test, it was found

that all values t. less than taitical.

From the results, it was found that the characteristics of the method the acceptance criteria.This
developed method is suitable for the for determine aspartic acid glutamic acid proline content within
0.005-500 mg/L concentration range, phenylalanine content within 0.0005-100 mg/L concentration
range, and tryptophan content within 0.05-1000 meg/L concentration range. The results given by the
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method are accurate and precise. Therefore, this method can be used as standard method for analysis

of amino acid products in the laboratory.

Keywords: Amino acid Plant growth Validation method

UNANED

Waun3sasadinsznnsnesiilu Aspartic acid Glutamic acid Proline Phenylalanine Uag Tryptophan
o wwlﬂu A High Performance L|qU|d Chromatography 1a8 @ nw1an12e 7 e aﬂummaﬂﬂma ‘Miu
AuLTLTesEaraeTHeS srernaTlumawI sy Wus mmmamwwaammasuauwuﬁ WuENIET
wangzaslunisuennsnesdlulymsusuimana eufiuuu Gradient m1e Acetonitile wazansavare Uninosnaw
5211119 Sodium acetate trihydrate AT 100 dadluansuas Triethylamine AU 12 Sadluans
SEHznARINIWRENELRIS 10 W7 mevdmnmamiueyiusnanesiluflenwasaninlads 4 Tu

Pnmsnsaseumilylaveisinge nsnexiluis 5 ¥iin SwsnsvEey Specificity Matrix effect LOD
LOQ Range Linearity Trueness Precision way Ruggedness wuaisaaseansaeziiluduiimusimnzianzauasla
:ﬁmﬁ‘umuﬁuaqmiﬁuﬁm%mﬁLmﬂ“ﬁmma“ﬁiﬂumiaﬁ@mﬂmmﬁaﬁﬁﬁﬂwmviauawuﬁ@m mMnsEAnsney
#1lu Aspartic acid Glutamic acid ProUne Phenylalanine e Tryptophan fian LOD L‘Vﬂﬂ‘u 0.78 0. 68 0.69 0.05 LLa”
4.76 hﬂ,ﬂiﬂimaam mmmm LLﬁ‘“SJﬂ’] LOQ eyl 0.5-50 lalasniunodng miwaﬁmmmaﬂmaﬂLLavmmmm
52U LOQ WU WAL EBN3U 2MNHANISATINABY Range Wag Linearity wuan3l Linearity vo4in304ilo
Anmgsioglunas 5-100 5-100 5-100 0.5-10 uag 50-1000 lailasniumedns nudiu wazUszidiu Range Turs 560
560 560 0.5-6 waz 50-600 lalasn3u medns mudu Jesmunameensu Correlation coefficient (1) >0.995 M3
Useifluan Trueness 970 %Recovery Wiz Precision LUy within laboratory precision 3InA1 HorRat WU11n13
insgnnsnordlufarnyuuus nanauazga I %Recovery pglutae 94.3-103.2 96.4-102.8 uag 95.9-103.5
AIuE1FU §1A1 HorRat aqlluﬁu"m 0.31-0.61 0.51-0.93 way 0.30-0.65 AuENFU § 3 svunil 9%Recovery
agf[,uszj"aqLﬂmsﬁmiaaﬁmmm 80-110 uawiln HorRat lafin 1.3 snunaumviuses AOAC (2016) MInTIvEaU
Ruggedness I@ﬂﬁmim?{ UuLLUaﬂﬁﬂ’l’J”ﬁﬁ NaRenRdULasS suTsuANLwLT WweInsneyiiiun 83 et
t-test MUWNAN 317 t 4 OB t i

mﬂNamivmaa‘umnanmqmuwmmmaﬂwmuLawwumaﬁl,ﬂulﬂmmmmfmmiaamu LLauaﬁwwwmu
frmumnzaviiazilulelunsinsgmmanuenuresnsnosilu Aspartic acid Glutamic acid Proline oy
Tuw33 0.005-500 fiadnsunedns Phenylalanine ogluras 0.0005-100 fadnsunedns uaz Tryptophan
oglu9 0.05-1000 fadn3unodng lneluaiidanugnassuazusnugieanusatuluduitmasgiudms
nshasginanfunnsnesilulunesufinisla

Aman: nsnezdlu n1saseyulavesiiy nsnsivdeuaulylavesis

AN
ﬁ%uumwmﬂﬂummmﬂam‘umsmamwwaammswwmﬂﬁuu ammﬂmmsmmmamamﬂm%wu
miwwﬂmwmmiLﬂwsLLamuﬂaumhmammmmqmimwm‘wLﬂuumﬂ‘ummwLLauanmaam oy
nsloansanndunss dindndanin arsifinlssansamity uazarsadnainamsie wWuau vilvmauigeu
mi"';’mnﬂwml@?ﬁmiénﬁaaéwLﬁdﬁ;ﬁwmsmwaamzumwmawémﬁzu%ﬁ’uma%u Lﬁaqmﬂmﬁmﬁm%mqﬁaﬁ

mimm'}LﬂumsmummimmLmuimwsu u,mamﬂsu’mmﬁmmimumimmimiquumauq aqiﬂma U
nsaezdilu (Amino acid) 393U (Vitamin) nsag1dn (Humic acid) thag miauqmﬂ%mamisumamwaq
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vasUfiRnawu wanfumfiaaninigvanlngiiumsateduniouasasainanamaeiiszyaninmesily
uwnﬁa;aaay 50 Faduansiifinnuddynofi vewsuasafivlmuduss amunulse wazilarsormssidy
mm Afwarursailulelagne AlSaid and Kamal (2008), Awad et al. (2007) na1a3nsnesdlufiug
NN IAE NN BUADAINTTUNNES TINENVBsTiTuas L iuAaslsiaa luity nsneziluunshduduasimu
Tunisasnseestuufivdnaae (Rivier and Crozier, 1987) waznsnezfiluiinuluasatnanamsguinige
4 Susuusn Taun nsmezdlu Aspartic acid Glutamic acid Proline uaz Phenylalanine & sflunndls 35-40%
dmfumsiaszinseesilulaiinsinwueziseisrtuns s eitasasiamusinansaesiluly
mﬁmﬁm%w‘%a’luw%msgﬁhm W 91NN15ANYIYeY Fang et al. (2015) Tavhnsieszrmusunansaesiily
5asy 21 viia Tudhwalal Aaewaila High Performance Liquid Chromatograpy (HPLC) ﬁﬁmsm%uauﬁué
Gg{wmﬂ%aﬁ 6-Aminoquinolyl-N-hydroxysuccinimidyl Carbamate (AQC) nowthlulnszanun Iuij’lwablﬂ
6 vila fUSinmnsnexiludaszogluis 56.97-469.45 fadnsumedns nan1snssaeunyllavesisinsem
nsnozdlu 17 ¥ialuemns wuan 3% Recovery agﬂusﬁaq 87-104 s?faasﬂumm%miaau%’u (Katarzyna et al.,
2017) mm%@yja%ﬁuagwuﬁﬂsﬂazﬁiuﬁuﬁmméﬂﬁ’zyéamsmﬁzytﬁuimaqﬁ% LarMsIATITIUSINe
nsnoeflulundnfaunmenianuesaunsnlinsenmemaia HPLC lwuferfuiunisinseiansaaununs
Wiydulavesiivivesuftimslymeadailumsnsaiese fafueideidfdinguszaniasmanmei
wanzaslumsiesznseesiluiiilundnsanasatnsunie v easannaind oo mlaisinsen
nsmeedilufiidunnsgudmivlelunesfoing armnsotulalunsiinsesnmuinunsnesiluain
ansafindunievidomsataanamnedidsnunemunesman Woludureyadowmilunisvanusuasuusi
inwmsnslunslausslesianansatnduniola

sATIUNIT
gunsal

1. w3esdninlasuilnsnsm (High performance liquid chromatograph (HPLC)) §va Waters iqlu Alliance
finnsarnsaainvia Fluorescence

2. \n3esdioduy Toun wsesdslalvimaiion 5 Fumis wndesdansilaia éjﬁm%a (Incubator) 1A304LEN
13 (Vortex mixer) wazisaaduiies (Centrifuge)

3. Q‘Uﬂiﬂjﬂ’liﬂiaﬂ Taun Pump \3eanINTesEs 1InUSuns waznszaenses 0.22 lulasuns

4. DuUndnludl® vum 10-100 20-200 waz 1000 lulasans

5. A3 EILNIANS q 11 Descicator Volumetric Flask Class A Beaker Syringe kag Recovery vial 9U1A
1 fiaddns Wuay

6. ’3’6@5‘14"‘] ﬁi%luﬁaﬂﬂﬁﬁ'aﬂ’li ¥ Column C18 Syringe filter waz Centrifuge tube Jupu

7. mimmmuﬂsmazﬁiu lawn Aspartic acid 99.7% Glutamic acid 99.6% Proline 99.7%
Phenylalanine 99.7% &y Tryptophan 99.5%

8. ﬁmlmauauwuﬁmmavuiu Usma‘uma 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC)
+ Acetonitrile (Solvent 2A) lLag Borate buffer

9. @swail laun Acetonitrile win HPLC grade ansazanedimasdmiuwmisy Mobile phase (Sodium
acetate trihydrate+Triethylamine) wag @158¥a18 0.1 N Hydrochloric

10.feenmansunnIneziiy

386



28n13
1. nMawdoNasaraBINAT ULz snTeseyus (Derivatization) nsnawiily
1.1 wieuansazaleuInsgiunsaasd Ly Aspartic acid Glutamic acid Proline Phenylalanine &g
Tryptophan luasazate 0.1 N HCl Iaenm3eu Stock standard firnuunrulszana 500 dadndune
8019 wazw3uu Working standard ﬁﬂam%wgusﬁm dmsuyindu Standard calibration curve wag Spike
adlusnenns
1.2 wﬁaumsauﬁugmmasﬁiﬂmaﬂL‘Ummiazmammgmﬁamsazmaﬁaa&mﬁﬂsmshu syringe filter
i Polyvinylidene fluoride (PVDF) u1a 0.45 lulasiwuns Ysu1ns 10 lulasdns Talu Vial auin
1 $addns (Recovery vial) Linansazane Borate buffer USu1as 70 lulasdns uagiin Solvent 2A
U313 20 lailasns wenlmaniu nduiluiverusouiiguvad 55 ssrmisaifea wunan 10
W LLg’JélgqﬁaﬁIﬁ;@uﬁqmmﬁﬁaq neulUiinsevnemada HPLC
13 mMawionanzeaains HPLC dwiudinsznnsnesily (Faulasein Fang et al., 2015) el

Column : Athena C18 (5 um, 4.6 mm x 150 mm)

Column Temp. 35 °C

Detector . Wavelength Aex=250 wlunsg, Aem = 395 wluns

Mobile phase : A = Eluent A (Sodium acetate trihydrate+Triethylamine)
B = Acetonitrile

Elution : Gradient

Flow rate : 1.0 mU/min.

Injection volume 5pul

Run Time : 30 min.

2. msfnwanmziivnzadlunsieszansaesiily
2.1 Ainwusudnmaninisinaveaiandeud (Gradient profile) dmsunisuennsnesiilu
¥msAnman e iinzanvesnisuennsnozdly 5 via lawn Aspartic acid Glutamic acid Proline
Phenylalanine waz Tryptophan lneiiignsvaseu il
Wwisua1TavatsumsgIUnInesdly 5 via laensaesily Aspartic acid Glutamic acid wag Proline
fenanunry 60 lulasnsunedns Phenylalanine finuuwy 6 lulasnSunedns way Tryptophan fina7a
w600 Tulasniumedng thansazanefilaluwisuoyius uarhludaaaies HPLC Tnsnageunisuiu
Sasenuvesandeud nednaens A : @13 B ausnsaiusiil 35:65 45:55 50:50 waz 70:30 muddiu
nansAgeUAlatfinIsananIsken (Resolution) T05e15RBNNTN 2
2.2 AnwarunruiivrduvesEsaraneSies il lumsinseinsnesiily
L@?EJ;Jﬁﬁﬁ angu1nsgIunIaesily 5 ¥ia Immi@a ﬁiu Aspartic acid Glutamic acid uaz Proline
mmmmmu 60 lulasn3unadng Phenylalanine fienuunu 6 llpsniunedns waz Tryptophan wmm
YUY 600 1uimﬂimaam mmiawmwﬂ,ﬂlﬂLmauauwuﬁ wazissLansaraeTilosAuIYLAN e Sl
1) ﬂ’J’lﬁ,JL‘lJmm 140 mM sodium acetate trihydrate + 17 mM triethylamine
2) ﬂ’J’lﬁ,JL‘JmTu 100 mM sodium acetate trihydrate + 12 mM triethylamine
3) mmlfl?m’lju 70 mM sodium acetate trihydrate + 8.5 mM triethylamine
a) m'mlfi’fwﬁuu 50 mM sodium acetate trihydrate + 6 mM triethylamine
3A AT HPLC muanieilmunzauiilnainae 1.3 finsuunnuusuvesaisazans
Flles nannaouiilntunfinnsananisuen (Resolution) ¥89dABINNAIN 2
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2.3 Fnwinavesszenatlunsisnoyiusnsnesily
WIENAsATa1ENINIFIUNIABEdilY 5 Yia Inensnevilu Aspartic acid Glutamic acid #ag Proline
fimnuuuay 60 lulasnumedns Phenylalanine fieunay 6 lulasnsunedns uay Tryptophan e
vy 600 lulasniumedng ﬁwaﬁazmﬂﬁlﬁﬁﬂm?auauﬁuéLLazmaa‘umﬂﬁ;mm;auﬁ'qquﬁ 55 937
waided \uszezinan 8 10 12 uay 15 Wit uadaueies HPLC auannzfiunnzandilasnnue 1.3 fifinns
USumnuswuesansazaneilwlasaute 2.2 nanadeuiilaianmuiamen % Recovery

2.4 FnwiAnunsanInueInInoyluvdinsSeuayius
m?aumsa aeuInsgIunInesiily 5 via Imaﬂsﬂavﬁiu Aspartic acid Glutamic acid uaz Proline
mmmwmu 60 lulasnsumedng Phenylalanme wmmwmu 6 lulpsnsunedng waz Tryptophan wmm
L“UWU‘LJ 600 lulpsndunedns thansas mwlmiﬂLmauauwmmmam’a“wmmvawimmﬂﬁua 2.3 waadan
1309 HPLC muanmsfimnzauilnainae 1.3 uay 2.2 mﬂuummiazmaiﬂLﬂuiuqmwgu 4 A TaLTyd

v

wazthumegeumAnLLTYeInsnosdluluiudl 2 4 uay 6 Fwmanadeuiilaviunduam % Recovery
WisuileuiunueuuuSuny
3. msesrvdeumilalavesidinseinsneviily

3.1 MINANLTNNIZLAZ (Specificity) VosITNAdDY

WIBUA1TALa1eNINIFIUNIARENLY 5 vila lnansaesiluy Aspartic acid Glutamic acid #ag Proline
ﬁﬂammyu%u 60 lalpsnsunedng Phenylalanine ﬁﬂ’smmTNEJu 6 lulasnsunednsuay Tryptophan fimnu
wuay 600 Tulasn3umedns ansavansuuase uavansazanesesnnsaesily 3 dnwvas lown fegnsnesd
Tuiifidnwmrla vuniln uazsilans 7 Spike ansavansinnsgiunsnexiluiis 5 via dasavaneilalueden
awﬁuﬁsmmmwﬁlmmxauﬁlﬁuﬁm%a 2.3 uaIdAUASes HPLC muanmisdivansauiilnainge 1.3 waz 2.2
IORPRIRIGE TR Ima@’iﬂﬁimmﬂwLmimﬁmsﬁumﬂaamﬂw’%aiumuimmimLmimaqmi Aspartic acid
Glutamic acid Proline Phenylalanine wag Tryptophan viely

3.2 miﬁqmj Matrix effect

LG]?EJiJaﬁazmﬂuﬁmigﬁummazﬁiu Aspartic acid Glutamic acid Proline Phenylalanine L& ¢
Tryptophan 88198% 5 AMAUULTY $1UIU 2 0 lagyedl 1 luiAuansazatsfiosns auyed 2 iuansazane
fhogns thlwdsueyiusmuansiunzauilaainve 2.3 wardawnaies HPLC suanmigiungandila
21N79 1.3 uar 2.2 wanhraanududilauduiaman %RPD dafinusfivun < 10 A1uuAsgIL NATA
(2018)

3.3 mamm%mmﬂmiumsm’mwu (Limit of Detection; LOD) wag@adninlun1sin@susunad (Limit of
Quantitation; LOQ)

LATHUANTALAIBUINTFIUNTAD LT LU Aspartic acid Glutamic acid Proline Phenylalanine wa
Tryptophan Auswusiig laadlu Sample blank $1uau 10 91 ﬁwlﬂm%maqﬁuémuamwﬁmmzamﬁl@:
918 2.3 warthludaades HPLC muan1ieilmunzauiilnainve 1.3 waz 2.2 Ine3insnenuuy
Intermediate Tan 10 91 vimanatu wenageuilathufmuameiade ANDBUULINATEIL A0
A1 LOD tag LOQ m3gns

LOD =35,
LOQ =10S, EURACHEM (2014)
3.4miﬁaﬁ1ﬁmmamym (Trueness) LAz (Precision) fiszeu LOQ

Lmsaumsaumammmuﬂimauﬂu Aspartic acid Glutamlc acid Proline Phenylalanine tag Tryptophan
sy sample blank fiflaranay sedu LOQ $1uau 10 1 mmiaymsﬂ,‘uLmsamauwuﬁmmmammmuau
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Alnange 2.3 LLaquﬂUamﬂmmaa HPLC mudn1eilmunzauilnainae 1.3 uay 2.2 laediase ‘VTLL‘U‘U

Intermediate lais1n31 10 &1 fivha1sartudwImmaa u ureinsnesdluuas Uiumummmmm

Tnefiansanan %Recovery agluma 80-110 uaztsvdiuananiies Taefiansanainan HorRat < 1.3 AOAC (2016)
3.5 MANgeALLTuLEURASS (Linearity) LLazsmmmﬁmﬂumgmu (Range) 99475

Wi uuaNTay ANYUINTIIUNIABY qu Aspartlc aC|d Gtutarmc acid Proline Phenylalanine lLag
Tryptophan Tu SampLe blank $1U3U 7 ANMULUTY AMUTNTUEE 3 51 ThaTay awiﬂmaauauwuﬁmm
anmsfimnyauilaanue 2.3 waniludmeneies HPLC amuanmsivnzaniilasinae 1.3 uway 2.2 910t
aéywﬂiwwiwiwmmLsszTuﬁummi (x) Aiu Response (y) fosanvaediiudunssiunaandudssavaavduius
(Correlation coeff‘ cient: r) Faflnamniseeusuiian r = 0.995

3.6 miwmummmmm (Trueness) wazAATiEs (Precision)

S euaIaY awmmﬁﬂumma yalu Aspartic acid Glutamic acid Proline Phenylalanine lLa g
Tryptophan Tu Sample blank FAMULTUTTAUR nane uaz g Unansay malﬂmaamauwuﬁmmma“w
wzaudilaanee 2.3 waahludnaies HPLC muamammm awlmmﬂﬁua 1.3 waz 2.2 Inevinnig
NAABULUY intermediate precision (Y1N15nA@DU 1 %mﬂﬁ‘ﬂ@ﬁ@ﬂ‘ﬂi”fﬂ‘U(ﬂN“} Wuran 10 Tu) Auwiam
ALNTLTensRoEluLaY inLuummmmaﬂﬂawmsmm Recovery mma&ﬂ,umq 80-110% wazUsswiiu
Aaiedlaefinnsanaina HorRat < 1.3

3.7 YAFDUAUAIUYDITS (Ruggedness)

¥nsMAdeu Rugeedness 109353nszunsnesiilulneusuilasuannsiifinansenunenisinsza
nsmowiilu laun svezailuns Incubate foes viavesivhazans uavsilnvesiansesdaiiansedl

3.7.1 wisa Sample blank fifimaiuansavaeumssunsnerilu 5 wila lgiiunsneyiilu Aspartic acid
Glutamic acid wag Proline ﬁﬂ’nuLﬂTwJu 30 lalpsnsunedns Phenylalanine ﬁﬂmmﬁumjyu 3 lylAsnSumodns uay
Tryptophan ﬁmWLﬁgﬂﬂTu 300 lulpsnSumedns

3.7.2 thansazaneanue 3.7.1 Mm%‘wmﬂ’ﬁmmmwﬁmmzauﬁiﬁmﬂ%a 23

3.7.3 3 uASes HPLC mudngiuinzauilaninve 1.3 uag 2.2

3.7.0 FLIMMANIIINTY ANLAY ﬁamﬁmwummgm wazSouiiounmsanalnely ttest
4. mwemnUsinansnesdlulusiess

fegnsndndumingiesinisinuasiiasinszalasanlnyaziduiiesnsarsatndunisarsadinain
amsne wazimindanmiindnaniioviedn AdewnUszneunainuans fivadnesneiliuasazanslasuds
fregniiiuresvavuniin uavansatnanamsesiane fauazaesinsniouiednduasavanei
wngauneudaLAIes HPLC Lﬁaszj'wﬂuaaﬁumiqmﬁuﬁuaﬁaaﬂﬂiﬂmﬂﬁaa&hﬂuﬂaé’mﬁumLﬁaLﬂumsﬁm
svezanslanuvesneduume Tneiiamswsenfioena el

4.1 DUndnes1aU3unns 1 fiaddns Talu Microcentrifuge tube wuna 1.5 fadans

4.2 thludusiemeries Centrifuge finnugasou 12,000 sounawit Wuan 10 wi

43 YumiegnaBanns 1 fadans Talu Volumetric flask wun 10 fadans UsutSinasmaeansazans 0.1 N HCl
4.4 L%aﬁm'msasmﬂiﬁagﬂuﬁmﬂﬁ'ﬁ/\lmmg’mmaqﬂsmaz:ﬁimw{amﬁm

4.5 $1311n583M1U Syringe filter ¥fia PVDF awin 0.45 lulasiuns

4.6 thansazmeiilaluwSoueyiusuazdnanieies HPLC

4.7 Munanysinameinsaezdluwnayyia
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STYLLIAT FuAu AanAu 2562 Augn fugieu 2564

GRRINT e HEREERE

1. aonufidmanazfuiesawdndunnsnosdily Saminsays Unusd uuny3 uasugy awssayd
HUNTAIATI UALAYNTAIAT

2. vealfuinmanquaulinszideiiningefinnnvnswasiundesmaianisineas nquidoinumsiad
NBIIVYNAUITIILATHEANNTNYAT

Namsmaamaﬁmmi
1. nansenwannzfivinzadlunsienznnseesily
1.1 wan1sdnwususasaunsivaveanaindoud (Gradient profile) dsunisuennsnesilu

NHaN1ANW Gradient profile fivnzanlunisuenfinvesnsnesiilunay 5 viinsenainaisyiia
’Sl‘u‘] lfgﬁmiﬂé’uamazL%'myuimaisz? Solvent A tJu Eluent A (Sodium acetate trihydrate+Triethylamine)
uay Solvent B 1du Acetonitrile mm’amLLavé’mﬂéuu el WIiT 0-10 : (95:5-90:10) Wikt 10-19 : (90:10-
80:20) WN#i#l 19-23 : (80:20-80:60) Ui 23- 25 : (40:60- 95:5) W 25-30 : (95:5-95:5) uagin1anaNT
1INIFIUTDINIAREIlUNEN 5 vHARINANTIIY PUAUNUI daneienanansavilnfinvesnsnesilufiauls
ANUILYNDDNUIA ﬂuﬂiﬂauuiu Aspartic acid Glutamic acid Proline Phenylalanine Wa¢ Tryptophan
AUBIFU T IRNUD Aspartic acid wag Glutamic acid Leneenaniins ulas wainnsnezily Proline,
Phenylalanine waz Tryptophan 8:luanunsausnesnaniinaulaswhnisususasainveunandsudiluwi
7 23 \iolviinves Proline Phenylalanine wax Tryptophan weneanainfindulaadduduilnlaainisuen
(Resolution, Rs) Fauanslumnsnsd 1

Table 1 Resolution values of amino acids at various ratio of mobile phase

Resolution values of amino acids as various ratio

Amino acids
40:60 50:50 55:45 65:35 70:30
Aspartic acid 59 6.1 6.2 6.1 6.0
Glutamic acid 5.1 5.1 5.1 5.1 5.0
Proline 1.6 1.6 1.6 2.5 24
Phenylalanine 1.8 1.4 1.3 1.2 2.2
Tryptophan 0.0 1.6 1.3 1.6 2.0

21nM15197t 1 asdiulamannsiloneaeulneusudnsiaiues Eluent A ne Acetonitrile 1y 70:30
mmsmwﬂﬂmawuiu Aspartlc acid Glutamic acid Proline Phenylalanine way Tryptophan aamrmwmaulm
finn Retention time 11781 7.60 8.63 15. 59 25.11 uay 25.34 mumﬂ‘u LazAINISUENINNNT 2 Bermunam
A9un meaumiammimmwma‘] 1 wuandallarseuinduainns Derivatize mmqaqiuﬂaauuﬂﬂj
Anszamilminnisavay asmasumuiiniiaulahivluaunsodnananmsieseile dofufmesdinis$u
Gradient profile ileannsavauvesanssulunedinilagifiunisarsredinine Solvent wieladvanysneenan
reduuneuiinsanasnely Felanan1susu Gradient profile wanssamsnait 2
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Table 2 Gradient profile for separate 5 type amino acids after adjust mobile phase ratio

Time Flow rate Solvent A Solvent B

(min.) (mU/min.) (%) (%) curve
0 1.0 95 5 6
10 1.0 90 10 6
19 1.0 80 20 6
23 1.0 70 30 6
25 1.0 95 5 6
26 1.0 95 5 6
27 1.0 30 70 6
30 1.0 30 70 6
31 1.0 95 2
35 1.0 95 6

9 ns19it 2 1Ju Gradient profile Aifin15USUSAs1dULIT DYA LT IARE UL NT U Savinln
svEzAIMIATEmRY LLazmﬂm3wmaauammsmmimﬁmmLézjymjusmS] wanee 91 wuniiniiaula
Anwansougneananiulaniu luiifinduq sunufinfiauladnw sofudslmhannedlulaslumsdne
AnuLIUTNzauvesEsaraneSleslunmmeinsaeriluneld

12 mamsfnwanuaLruiivinzavesasavane tilleslunsiesevinsaesily
MnMsAnTIALIT LTI zELTesdsarateTines lumTsznnsaesdlu lneUsusnsaiy
mmL‘Ju%usaadaﬁazmﬂﬁ'wL‘V\I@%Namwa‘ﬂﬂ Sodium acetate trihydrate iU Triethylamine Fadunisides
ﬂ’]ﬂsgﬁwma%ﬁﬁﬂmm%u%uqa viafinnudunsneeug mnlsluuug e1sszifansasananindevesivilos
muqﬂmmﬂ%@éammm%q HPLC ﬁﬂiﬁlLﬁﬂﬂ’liQﬂﬁu%aW{aLL@B?TE]G]IEJVLG? Jeflmsuuanuuvuvesasazay

Tinasivanad FINaNISNAaEBULANAITUINAINITHENVBINTADLTILY AILEAILUATTIN 3

Table 3 Resolution values for study of buffer concentration for 5 type amino acids analysis

Resolution
. . 50 mM sodium 70 mM sodium 100 mM sodium 140 mM sodium
Amino acids

acetate trihydrate + acetate trihydrate + acetate trihydrate + acetate trihydrate +

6 mM triethylamine 8.5 mM triethylamine 12 mM triethylamine 17 mM triethylamine
Aspartic acid 5.6 55 57 5.6
Glutamic acid 4.6 4.6 4.8 4.8
Proline 1.6 1.8 2.0 2.2
Phenylalanine 39 3.1 3.8 3.5
Tryptophan 1.9 2.0 2.0 2.0

a5 3 LLammﬂﬁLwﬂ%ﬂLﬂumﬁﬁquaﬂiwﬁﬂmaqaﬁﬁgﬂaaqﬂﬂﬁaQamﬁ’mwﬂaaﬂmﬂﬁ’ulﬁymﬂ
woaiosln Inefinamnisseusuan Resolution 11ANI1 2 91nRan1sNAdeUNUILloluasazanetresi
ﬂ’nm{fm]’u 140 mM Sodium acetate trihydrate + 17 mM Triethylamine LAsAAINYY 100 mM Sodium
acetate trihydrate + 12 mM Triethylamine 1Jua1sagane Mobile phase Vi’ﬂﬁ;ﬂﬂsumnimazﬁiunﬂﬁaLLsm
senaniulad uadloanamwuvuLdy 70 mM Sodium acetate trihydrate + 8.5 mM Triethylamine il
138N Proline Lﬁﬂ%{uiﬁa ?i’.]umibl“gmmtfa’m%u 50 mM Sodium acetate trihydrate + 6 mM Triethylamine
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v v

Vlﬂ‘mmﬂima“uiu Proline LLﬁ” Tryptophan fin1 Resolution #Nn31 2 muma‘wmmwLaaﬂiﬂjmmwmmaa
miaumaw\nwgimmmmmu 100 mM Sodium acetate trinydrate + 12 mM Triethylamine Tumsinsza
nanowdlusis 5 9dia Feviluan Resolution wesnsnezilunndinmuinmmeeusy
13 wansAnwiszegnaivanganlunssdouaseyius

mnmﬁmmawsnmﬁmmzaaﬂumim?waﬁm‘gﬂ’uﬁ‘ Imaﬁﬂlﬂﬁmmg@uﬁ'qmmqﬁ 55 931
L%L%&Ja uszeznan 8 10 12 way 15 undl auddv WeldunmmageuszeznafvngadluniseIeouas
auwuﬁ suwmﬂw'ﬁwmmimﬂgmmmammmaammamﬂmmmmﬂwau:uiummmﬁamamiﬂlmnﬂ
uatLiiesle Luaiﬁjiuaunaﬂum'ﬁmauwumwmu %4W9158419N % Recovery Fauanslumsnad 4

Table 4 The comparison of %recovery of amino acids at derivatize time

%Recovery
Amino acids

8 min 10 min 12 min 15 min
Aspartic acid 98.71 100.24 92.66 84.79
Glutamic acid 98.77 100.42 95.00 87.75
Proline 99.33 100.33 94.06 93.45
Phenylalanine 98.64 100.42 96.96 95.20
Tryptophan 100.01 99.86 97.69 96.41

2991971 4 wandlmiunsrezalumawsueyiusninesilusudiaudidaun mafneyius
flauysaiaziinlalusroziaa 10 Wil (Waters,1996) mnlwszaziaiishng mafineyiusenaasssluauysal
IINNITNAGBINUI N Aspartic acid Glutamic acid Proline ey Phenylalanine Lﬁﬁauﬁuélﬂy 98-99% lu
seozim 8 W7l wamdala 100% Welyszozia 10 it a Tryptophan mmauwusammaﬂlﬁgummw 8-10
annsniinoyiuslaunis 99-100% LLauﬂmaquunﬂmmmu,miumaamimmauﬁ‘wuﬁa@aq e 919
\ownnszsznaiivauuinll anuseufiavauorahlnansiiineyiusiuaaeslula fafunismaaesd
Famadlamuszings Tadesszernanlunsieueyiusnanesilulmnn

14 wansfnwimnuaEnmaesnsnerilundanisvheysius

nanerdluiila Derivatize umluannsafiubiladussernannu adduegivarsiiunlelunsne
ouiius ansnoaytusue Y lviauasanimlannEUnn wansuieatylviiaunsanin
owtaslufiund fefufmesdinisinunanunsanmeesninesiluiivih Derivatize uan ilelwmmuasseziaandl
annsaeeiiafuinuninesilufianiuengmnuiinalalaeinsienginesdluwnazeie
AEVEI1NN15Y1 Derivatize wazifiufiosdlugamgil 4 ssewaidoa anduiuiesesunsluiud 2, 4
waE 6 Fanadnswiilaanidy %Recovery yosnsneriluunarsiaduandlunsiei 5

Table 5 %Recovery and difference results of amino acids analysis at various time

%Recovery Difference of %Recovery
Amino acids
2 Days 4 Days 6 Days DO-D2 DO-D4 DO-D6
Aspartic acid 99.51 97.32 96.69 0.49 2.68 3.31
Glutamic acid 99.46 98.93 97.01 0.54 1.07 2.99
Proline 99.20 97.87 94.98 0.80 2.13 5.02
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%Recovery Difference of %Recovery

Amino acids
2 Days 4 Days 6 Days D0-D2 D0-D4 D0-D6
Phenylalanine 99.31 98.88 98.84 0.69 1.12 1.16
Tryptophan 99.47 98.45 96.47 0.53 1.55 3.53

INANST 5 wans %Recovery BanInasiilunay 5 viiafivhn1shnsizsuluiudl 2 4 uaz 6 Wisuiu
U%mmmmmﬁiuﬁmﬁ WU’hﬁmmﬂimauﬁIuﬁ%Lﬂi%ﬁwé’qmﬂ Derivatize Was¥8E1Ia1 2 4 UaE 6 Sy 1l
wuiluuanasdes s unasdivlaainsnezdly Phenylalanine ﬂaumwmmmaas uﬂimmamamwauaﬂuaa
mamﬂﬂimmmmﬂmaymiu Aspartic acid, Glutamic acid wag Tryptophan mamaqamwm AUTTYY L’Ja’W]
Wiy audsinamesnsnozily Proline muﬂuuamaqamqmnm 5 Wosifun deviulisvezina 6 Tu ‘mu
prfnnmsaaesivesnsaesilumussezaiiivly duiundinms Derivatize nsmeviluii 5 sfiauan
Mgt AT wavanusaiuansimasndmelulanielusrezingt 4 Su fel3namensnezily
dansanmoglaia 97.32-98.93%

2. wan1smsaeunltlavesislnsinsnesiiy
2.1 HAURIWAABUANNINLNIZLAIEN (Specificity)
NANIINAFDU Specificity Yasnsavzilunay 5 ¥ia Ineiia1sananlasuilnensuvedasazals
Luden a1sazatennsgiunsnevilu uagdiee1ansada 3 nvay Adn13 Spike a1sazaBUIATIIU
nsnoziily 5 ¥in Falinanismedeuduansluning 1
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Figure 1 Chromatogram of a) Mix standard solution of 5 type amino acids b) Clear seaweed extract
sample c) Seaweed extract powder sample d) Sample blank and e) Viscous seaweed extracts sample

nnmd 1 zdiulanlasunlnsunsuvesiiesnadiossuifisuiulasunlnunsuvesansazans
wnsgrunsaordlunay 5 vdanuin dresnarsadnainamiteiddnumsla uagyidans ludans
wlandaauduuisuniuniegeuiulasunlnunsuvesnsaosdlui 5 ¥ @uaisainaina ns1ofsl
Snwaizauniln wuniiinduinsunauiinuesnsaeziily Glutamic acid way Tryptophan #efiansanan
ANNSILENTS 2 FndAnsuenUBENIT 2 @runsaezily Aspartic acid Proline waz Phenylalanine lul
finv89dNsBUTUNIUMI BT Uy TulanIsiiausNIzngasdmsunsiaeinsaesiluluans
afmanamsieffidnvarla waveiinne arvluasatnainavseiddnvazruninazianuding
lnzasfunsaeziluuneiami iy

2.2 wWan1sneg@eu Matrix effect
INNINAFBY Matrix effect vosmsiasiznnsnozilunay 5 viialushossarsatnainamseisl

v

[ = I3 [ ¥ a ! o o
amﬂﬁuﬂa ‘mamﬂmiwaamﬂﬁ%lmimmgm 5 SEAUAINULVUVUY WAZWANTUIAIUANAUNNG (90RPD) D9
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ANTUYeInIINIInTgIunInedlusie 5 vila nua1 nsaezdilu Aspartic acid Glutamic acid Proline
Phenylalanine uag Tryptophan # %RPD 111U 9.64 9.62 4.25 6.18 Uag 1.35 ANa16U ¥9 %RPD a8 luy

naNAIMUA (%RPD < 10 ) MunInsgIu NATA (2018) wanannisiasizunsneziiluludiesnsiiduaisarie

namsenianeuslalull Matrix effect FINANIITNAADUBAAIFININGA 2

Aspartic acid Glutamic acid
800000
16,5 26,343
700000 y =7,190,318.6131x - 30,981.6934 - 2 D gc; 343.7153 .
2= e R e
600000 R = 0.9979
500000 ) ._,'1""‘ ..
400000 014 . .
300000 P [ 6,545,414.2336x+ 3,839.1168
200000 y =6,528,979.9270x - 5,587.0365 ey
27 R? = 0.9995 e
100000 o 4 8
.
0
0 0.02 0.04 0.06 0.08 0.1 0.12 0 )06
® peakarea ® peakarea .
--------- v (peak area) «+-----+ LiloL&U (peak area) TR
Proline Phenylalanine
¥ = 2,535,460.9489% + 10,767.4745
. R = 0.9978 -
-25,180.4234 i e
% = 05578 R
. . o
. - 2,383,388.6861x + 16,291.3431
® = 3309,087.5912x - 27,304.2044 R = 0.9966
e R* = 0.9938 50000 -
e L)
o
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140000
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Figure 2 Results of the matrix effect for amino acid analysis of a) Aspartic acid b) Glutamic acid
c) Proline d) Phenylalanine e) Tryptophan in clear seaweed extract sample
TwauvesnsAnwn Matrix effect iumiaﬂmnﬂmmw&mmﬂwmumwuﬂ wu nsneedily Aspartic
acid Glutamic acid Proline Phenylalanine wag Tryptophan & %RPD WA 10.14 12.39 45.15 33.64 waz
0.36 AUETU 1 %RPD vosmsmsnnsnezdlu Aspartic acid Glutamic acid Proline Phenylalanine San
AUnaaIfnun (%RPD < 10 ) wane1n1simsiznnsaesiluludesneienannd Matrix effect fiifieansn
9z3lu Tryptophan filufl Matrix effect
2.3 AAIAALUAITATIINU (Limit of Detection; LOD) wazdadnnialuni1sinidsusuneas (Limit of
Quantitation; LOQ)
nN1sMAITasAalun1smIany (Limit of Detection; LOD) Imammﬁumimmmuﬂma 1lu
Aspartnc acid Glutamic acid Proline Phenylalanme GH Tryptophan wummmmumﬂ adlusesneiilud
miwmaamimaau (Sample blank) LmemmLuums:}Lm’luwmmmaa HPLC waiilathunAuiaau
Lumwummgw A1 LOD wag LOQ nua1nsaedilu 5 wfiafia1 LOD wnfu 0.78 0.68 0.69 0.05 wag 4.76
lilasn3unedng muddu wazaA LOQ annsewindanimdu 2.6 2.3 2.3 0.2 uag 15.9 lulasniunadng
AUEFU FelinansnadeuLAnIRIn1197 6
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Table 6 Limit of detection and limit of quantitation for 5 amino acids analysis

Rep. Concentration of amino acids (ug/L)
Aspartic acid Glutamic acid Proline Phenylalanine Tryptophan

1 11.50 11.48 9.48 0.98 88.7
2 10.76 10.67 9.67 1.01 99.5
3 11.13 12.51 10.51 0.99 94.7
4 10.12 12.65 9.65 1.00 99.3
5 10.43 11.23 9.03 1.02 94.7
6 9.54 11.10 11.58 0.92 87.2
7 10.62 10.65 9.59 1.03 97.5
8 9.07 11.98 9.98 1.12 96.9
9 9.48 10.93 10.55 0.96 88.4
10 11.23 11.15 9.67 0.99 87.3
mean 10.39 11.44 9.97 1.00 93.42
SD 0.82 0.72 0.73 0.05 5.02
S’ 0.26 0.23 0.23 0.02 1.59
LOD 0.78 0.68 0.69 0.05 476
Predict LOQ 2.6 2.3 2.3 0.2 15.9

2.4 ﬂqf\]ﬂmmgﬂé’aﬂ (Trueness) uazAMLEs (Precision) Aseu LOQ

1A Predict LOQ fidruaailalusnsnadl 6 ﬁ’]ﬂlﬂ‘mé’ﬂ]ﬁ’lﬂ’]iﬁ@jﬁ]ﬂﬂ'ﬂ’mgﬂg}laﬂuazﬂﬁ’mLﬁ&&ﬁi%@fU
LOQ Tag¥ians Spike ansunsgiunsnesiluanuianvuiisedy Predict LOQ vaansneyfilunnasiatly
A138881868819 MINTUAIUNTIATIZRAIELAS B9 HPLC WU maﬂ’]ﬁl,m’wﬁﬂsmavmu Aspartiic acid
Glutamic acid Proline Phenylalanlne LLa” Tryptophan mm %Recovery WU 78.73 77.17 70.44 T8, 37
uaz 75.45 mumm mm‘wmummmwLﬂm%miaam‘u 7 80-110% AUNIRTFIU AOAC (2016) 4035711
AUNYURINIT 10 fadnsunedns mumﬁ]mmsuulmmimamamimmgnwmmm danavilananis
Ansgneaaindoulags drduivihnmeaeulnenafuasasgunsnerilufienusauiigedu tiefigan
ﬂ’J’liJQﬂf;aﬂLLﬁSﬁ’J’]ZJLﬁENﬁi%ﬁU LOQ lnensmeeillu Aspartic acid Glutamic acid kag Proline nadoUnIL
wuy 5 lulasnsumedns Phenylalanine nAFOUTIALLY 0.5 lailpsn3umedns wax Tryptophan nndouil
aenay 50 lulasn3umedns wu 4 %Recovery WU 103.65 100.90 96.29 94.94 ua 86.92 AINEIFU
ﬁ'}ﬁiﬁ?@gﬂuﬁauﬂmﬁﬁaaﬁuﬁ 80-110 % flA" HorRat 111/ 0.17 0.22 0.27 0.20 uaAw 0.32 MuAIRU ey
\nqumeauuAT HorRat < 1.3 AULM5§1U AOAC (2016) namsvadeUTlauansiinTIIn 1

2.5 weranluiaunse (Linearity) way ¥9nuauiileny (Range) 10938

251 nmsanevseuiuEunss (Linearity) gy eNansunsgIUNsnesiiluNEy 31U 7
mmLGzTMyu Fansnexdly Aspartic acid Glutamic acid ez Proline Lﬁauﬁmm%m%u 510 20 40 60 80 wag 100
lulpsnfumeang Phenylalanine wisuilaanuwuy 0.5 12 4 6 8 uaz 10 lulasniumedng uaz Tryptophan
WweufiATsLTY 50 100 200 400 600 800 uaw 1000 lulAsniunedns anuuiluTAs1enaaewes e HPLC
rafilatsnasteansnlsEmeAnILT WRIn snoily (Mg/L) (HnU x ) AURuAlAfin (Peak area) (W y) WU
fian r iU 0.99931 0.99950 0.99934 0.99973 0.99927 maidiu Fananslussedt 7 efinnsanan Correlation
coefficient (1) vosns MlERLELTS §1A7 r > 0,995 FurmuarTANMMTEEYSY
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Table 7 Linearity and correlation coefficient of 5 type amino acids analysis

Amino acids Concentration range (ug/L)  Correlation coefficient (r)
Aspartic acid 5-100 0.99931
Glutamic acid 5-100 0.99950
Proline 5-100 0.99934
Phenylalanine 0.5-10 0.99973
Tryptophan 50-1000 0.99927

2,52 91NNSANYITIATLTUALTIY (Range) Tagvinisinouansinasgiunsnesilusau
$1uau 7 Auaeu Sansnezdlu Aspartic acid Glutamic acid wa Proline w3suanuiLTy 5 10 20 30 40
50 uaz 60 lulAsngunedns Phenylalanine WisuAUwLYY 0.5 12 3 4 5 uaz 6 lulasniunedns uas
Tryptophan W3euA2LLwLTY 50 100 200 300 400 500 way 600 lulasniunedns sntuhlvimszrnie
1309 HPLC nafilathanassnsivlssmnemnuwseuvesnsnesiiy (me/L) (uny x ) fufiuiladin (Peak area)
(WA y) WU TA7 1 1918U 0.99960 0.99949 0.99926 0.99970 waz 0.99970 MUAIFU Fananslun1sIed 8
dlefansainan Correlation coefficient (1) vasnsWAUERLS A7 1 > 0.995 FerunaNnITEoLSY

Table 8 Range and correlation coefficient of 5 type amino acids analysis

Amino acids Concentration range (ug/L) Correlation coefficient (r)
Aspartic acid 5-60 0.99960
Glutamic acid 5-60 0.99949
Proline 5-60 0.99926
Phenylalanine 0.5-6 0.99970
Tryptophan 50-600 0.99970

26 ﬂ’J’liJQﬂGT@Q (Trueness) LazALLTBS (Precision) Y9435
2.6.1 mmgﬂéﬂaq (Trueness) uageaiies (Precision) fiaraauuszdush
mﬂmiﬁqaﬁ Trueness Tnan1511A1 %Recovery lufiieg19ansatnainansef i uaisazans
mmg’]ul,wiazﬁuﬁmaqﬂsmazﬁiuﬁﬂmul,{fm%uizﬁuﬁw $1uau 10 91 Teensmeziily Aspartic acid Glutamic acid waz
Proline ngoUTi mwLvL 0.5 Ta8n3unedns Phenylalanine NAFBUT AMIYNTY 0.05 TaAn3unedns uay
Tryptophan NAFOUT AU LYY 5 Ta8nTUADEAT NANISVAROUNUI Aspartic acid Glutamic acid Proline
Phenylalanine uag Tryptophan fien %Recovery Wiy 10324 10320 99.59 9434 ua 95.39 iy Fomitle
mwmaaiumqmm% gousuil 80-110 % lA7 HorRat w1ffu 0.31 0.43 0.57 0.40 A% 0.61 AUAINU WINQT
gausuA HorRat < 1.3 AOAC (2016) GmumamiwmaamwawmumwmﬂmaaL,Lam'mmmmmﬂumswmmﬂ 2
2.6.2 mmmmaq (Trueness) LazAITIBT (Precision) fimuumuseiuna
mﬂmiwmu Trueness In&n15w1A1 %Recovery "Lumamqmsaﬂmmﬂam%mﬁ@umiauma
mmmmmawumaqmmavﬂwmmLszjymjyuimmma §1uau 10 1 Imaﬂsmaumiu Aspartic acid, Glutamic
acid ez Proline maaummmwmu 100 fiadnSunedng Phenylalanine maawmmmmu 20 uaaﬂsma
803 wag Tryptophan NAFUTiANLLTY 200 SadnTUReAnT NANSNAFEUNUIT SA1 %Recovery WU
96.40 102.82 101.79 98.68 uag 98.51 auardu Afilaeylusranumeeuiuil 90-107% waxiin HorRat
WU 0.93 0.56 0.82 0.53 WAz 0.51 Auddy ATilaRTUNamEBaNSUAN HorRat < 1.3 AOAC (2016) eiika
msmaauLﬁaﬂqﬁ]ﬁmmgﬂﬁamazmﬁmﬁmﬁqLLamiummmu'm 3
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263 mmgn@?@a (Trueness) wavAaLTIEa (Precision) ﬁﬂ’ﬂﬂJL%ﬂJ“gﬂJiSﬁUQQ
%’lﬂﬂ’liﬁﬁmj Trueness In8n1591A" %Recovery ‘Lu@haéwaﬁaﬁ’mmﬂam%wﬁ'@mmiayms
mm%mumaumumamima MIUVIWJ’]&JL‘ZTM“ZTU%WUZ‘N $1u9u 10 91 Tnensnes uiu Aspartic acid Glutamic
aC|d hay Proline maawmmwmu 500 fiadnsumedng PhenyLaLamne maa‘ummmmmu 100 uaaﬂiu
3N wae Tryptophan NAFOUARUILTY 1000 Hadn3uneans HansA@eUNUMElA %Recovery Wiy
95.86 99.16 98.91 97.39 uay 103.55 audrfu ardilaoglutianameousudl 95-105% wazdian HorRat
WU 0.30 0.60 0.57 0.65 way 0.31 AUAIRU ATlAHUNAMEaNSUAT HorRat <1.3 AOAC (2016) Fsilna
mi‘mmaauLﬁaﬁqﬂﬁmmgﬂg@maxmmLﬁm@w’mamﬂumiwmmﬂ 4
2.7 AMNAINUTOTD (Ruggedness)

¥msegeumLAmMUTeiTaszunsaerilulaginsiasunlaasuitinanonisnnaousiel

2.7.1 nswasuuwdassseznanlunis Incubate foen

nmsdsunlasannzusinmseieuiiesnsdaeinisusussesnaivenis Incubate F1o819970
Bnsiaserluannzunilanailums incubate 10 Wil wWaswdu 11 wift Tagvinsneaeusiuau 7 91
MNTUHANTAADULTIATIEVINAWNARR t-test WUIA tym UBINTT tergca ynan dauandlupisnsil 9
wansassanslnanadeuliunnaaiy daunisiasunlassseznanlums Incubate fogneddlaiing

fupdmsennsnozdly Aspartic acid Glutamic acid Proline Phenylalanine wag Tryptophan

Table 9 The comparison of incubation period for 5 amino acids analysis

t-test
Amino acids comparison
J[sta‘t tcriticaL
Aspartic acid 1.412 2.179 ns
Glutamic acid 1.752 2.179 ns
Proline 0.313 2.228 ns
Phenylalanine 1.805 2.179 ns
Tryptophan 1.310 2.179 ns

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

2.7.2 nmswasunlassinvesdvhazaty

nmslasunlailnvesiivhazargluniswisudiesansnezily I@mﬂﬁ&uwmﬁ”aﬁwavma
maawmiﬂuam’avﬂﬂmaavmstsJ 0.1 N HCl L‘ﬁumsavmama H0 Immmsmaaummu 7 1 91niu
Ynansneaaudilauniase wwmmqaam f-test WUIIAT tyt UOHND toriical vmm Fauandlunsned 10
waneEesannlananaaeuluunnaieiy fafunisinseinsnesdly Aspartic acid Glutamic acid
Proline Phenylalanine uaz Tryptophan anansalaansazans 0.1 N HCL way H,O Wushvhazanglunsiwses
feenansnozilula
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Table 10 The comparison of solvent type for 5 amino acids analysis

) ) t-test )
Amino acids comparison
T stat T critical
Aspartic acid 0.636 2.201 ns
Glutamic acid 1.229 2.201 ns
Proline 0.343 2.201 ns
Phenylalanine 0.385 2.262 ns
Tryptophan 0.988 2.201 ns

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

2.7.3 maasuwlaswindinsesansazans

fmﬂmmJ5sjuLLanﬁmaﬂéhﬂimmsaumaﬁlsgiumiL@%‘&mmiavawﬁ’saéwﬂimuﬁiu neudaLn
\wioe HPLC Tnewlasundasiansesansaratsiilaluanzuniie ﬂiaqmamﬂﬁawm Polyvinylidene
fluoride (PVDF ) \uvila Polyethersulfone (PES) Imammimmaaummu 7 81 ntuthwansneageuiile
YA IEAAINGERR ttest WUINAN tu UOBA toeat vmm Faandluansnad 11 wansdesannegln
navaaavullunnaaiy muummmswwmmazﬂu Aspartic acid Glutamic acid Proline Phenylalanine Wag
Tryptophan annselasansesiiviuuiia PVDF uas PES lunsnsesansazaneiiiewseusosnansnezilule

Table 11 The comparison of filter paper type for 5 amino acids analysis

t-test
Amino acids comparison
t stat tcriticaL
Aspartic acid 0.436 2.262 ns
Glutamic acid 0.079 2.201 ns
Proline 0.813 2.179 ns
Phenylalanine 1.432 2.179 ns
Tryptophan 0.302 2.201 ns

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

Han1sAnYIUTINNIAoEElY 5 GnﬁmG?ha8"1&mamﬁmsﬁﬂimazﬁiumaﬁjmﬁumﬂ;’mﬁwLﬂﬁmwm wuaty
2 mjm@’aﬁy

1) fewdafunasatninameilussymiuuruiiidnvugla S1ua 14 Fro819 nuand
USunaunsaezdilu Aspartic acid Glutamic acid Proline Phenylalanine wag Tryptophan angqu'N 0.39-135.50
1.07-326.33 1.11-91.25 0.09-4.34 Uag 46.67-029.58 fiaan3umeans muddu

2) fregmansunasatnnamseiisneasiduns $1uau 4 frees nuandiviinansaesiily
Aspartic acid Glutamic acid Proline Wag Phenylalanine aqlimilw 4.25-24.70 0.98-11.13 0.18-6.20 Lag
7.61-48.96 Tadn3umedns auddiu arunsaewiilu Tryptophan SUsuasnaan LOQ
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dyUunan1mMAaaLazUaLaUBLUY/ALULLN
AIwRLILazasIaaeunulyla veaisdinsneinsnexdilu Aspartic acid Glutamic acid Proline
Phenylalanine itag Tryptophan a§U1§ﬁﬂﬁl
1. mMsTwsiznnsnesdlunauis 5 vinaruisansiatalaelainaindainlasualnnsdl (High
Performance Liquid Chromatography, HPLC) ﬁlﬁmmgﬂﬁmﬁﬁ]ijmﬁnﬁﬂ Fluorescence Imﬂ“ﬁymmmmﬁlu

(Wavelength) Aex winifu 250 wnluiuns, Aem wnafu 395 urluinas loneduueila C18 Arme1a 150
Haduns ﬁﬁl,auushu@jusjﬂmq 4.6 fiadluns oyna 5 luaseu aedouiduasaranetrimlesuause g
Sodium acetate trihydrate+Triethylamine k&g Acetonitrile TnezasoananABduULUY Gradient qquﬁ
vesmeduy 35 swnwaidod Tunatlunsiesiz 35 udi

2. PIMsAnmanTIET AN skeniinuesnsaez ilulnesnainiu Tnefinisusuandoufivuy
Gradient a8 Acetonitrile wazansazateTrliesuanszmIng Sodium acetate trihydrate ANLLLYY 100
fladluans uaz Triethylamine Auauwy 12 dadluans doniniinuenandulas fA1n1suenuInna 2
srpvnaeTeisueyiusAngaulyiig 10 il mendminnianisueuiusnsnesiluiinnunsanin
lauufls 4 Fu egnalsinunisiemeinanosfiluddsfivedrinluFosmosszernailunisvoyiusdaayly
annsofvansiidalaumblauuuaransilefinagaimosimenausummagevassd

3. 9inmsanedeuanalelavesidiinsennsnesilunuin Fe3nTernsnesiiluianudimzianzas
dmSushesansataanameitidnvaslawazuuunaniiu innadeuNavenuringlufiegiasalie
Mnamsefiidnuuzarsazanslanu i %RPD ayluvas 1.35-9.64 Gsagluinaumimun (%RPD < 10 ) A
1m5571U NATA (2018) dmsunsiianevinsnosilulusosnsansadaainamaefifidnumsyuuazaunia &
%RPD iiunasmiisun snaunsaesily Tryptophan eienaasaesiasznlngdavi Standard addition ua
91nM3MIAN LOD lmegluw 0.05-4.76 Talasnsusedns da LOQ egluwis 0.5-50 lalasniumedns §ans
ﬁmﬁmmm@?aa (Trueness) Was mwmﬁ'm (Precision) 715/ LOQ ﬁﬂ'wﬁ'aalluézmt,mm?aam%’uﬁgagu
miﬂﬂmmmwmﬂumuma (Linearity) LLaJU’N“UENﬂ’I‘J’J@ (Workmg range) ﬂiﬂE]u@JIuIﬂEJWﬁ]’ﬁmWﬂ’]alIUiuaVlﬁ
awau‘wuﬁ (CorreLa’uon coefﬂoent r Wmmnmmumm%amu A1 Correlation coefficient (r) > 0.995
mswmummmmama AaiesfisyiummaLTy f nans wazas lnguseidiuain %Recovery Guaqmma“miu
74 5 e WU mmﬂwgmuﬁv@um A9 Wawas & %Recovery asﬂumq 94.34-103.55 uag miwmummmm
(Precision) laA" HorRat og1uv23 0.30-0.93 %aﬁulﬂmmmmmaamwm AOAC (2016) @1115UNTTATIVEOU
Ruggedness Imaﬁmsmﬁauuﬂmamavﬁﬁwaéam‘mmaa‘u wardalieuiieumuiruresnsaesilung
FBV9aBA t-test wumNAT TlA1 toy UBINI toenl IAY

4. Fenennsnesdlufiveuremsiansy Aspartic acid Glutamlc acid wag Proline EJEJSL‘LJ‘UN 0.005-500

a

fiadnsumnodng Phenylalanine ag_ﬂmm 0.0005-100 fadnsunedns uax Tryptophan agiumﬂ 0.05-1000

fiadnsumedns
mﬂmiﬁmmLLazmafuaaumwﬂﬁglmy‘uaﬁﬁimesﬁﬂmaxﬁiuwuﬁmmauﬁ@Lawwsmaﬁ'%l,ﬂulﬂmmﬂmvi

nsveufu fatuisannsniisinseniluldlumsliesennesdludinanilnesagnmes uuguazdu

YFeiioln
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Appendix Table 1 Accuracy and precision at the LOQ level of 5 amino acids

Aspartic acid Glutamic acid Proline Phenylalanine Tryptophan
Rep. Conc. Conc Conc. Conc. Conc.
%Re %Re %Re %Re %Re
(bg/L) (pg/L (pg/L) (pg/L (bg/L)
1 5.59 107.62 5.50 99.62 5.48 98.15 0.57 102.58 52.24 90.85
2 561 108.10 5.74 105.22 5.46 97.66 0.50 85.88  51.82 89.82
3 5.63 108.59 5.70 104.28 5.57 100.36 0.49 83.49  48.52 81.77
4 559 107.62 481 83.52 5.38 95.70 0.50 85.88  48.88 82.65
5 5.08 95.20 557 10125 4.78 80.98 0.54 95.42  47.82 80.06
6 5.39 102.75 5.48 99.15 5.22 91.77 0.56 100.19  53.24 93.29
7 5.06 94.71 587 10825 549 98.40 0.58  104.96 56.70 89.46
8 547  104.69 567 10358 578 105.52 059  107.35 49.87 85.07
9 529 10031 558 10148  4.99 86.13 0.52 90.65  49.47 84.09
10 5.55 106.89 5.63 102.65 5.89 108.22 0.53 93.03  52.77 92.14
mean 543  103.65 556 10090 5.40 96.29 0.54 9494  51.13 86.92
SD 0.216 0.286 0.336 0.036 2.729 4.730
%RSD  3.928 5.154 6.219 6.662 5.338 5.442
HorRat  0.17 0.22 0.27 0.20 0.32

Appendix Table 2 Accuracy and precision at the low concentration level of 5 amino acids

Aspartic acid Glutamic acid Proline Phenylalanine Tryptophan
Rep. Conc. Conc Conc Conc. Conc
%Re %Re %Re %Re
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 0.525 10247 0494  98.08 0461 9152 0.046 84.827 5066  98.28
2 0.535 10430 0.518 102.78 0.490 97.40 0.049  90.793  5.041 97.81
3 0.535 104.32  0.527  104.57 0.483 9589  0.050 93.403 5128  99.50
4 0.515 100.50 0.484 9596 0.441 87.65 0.048 89.488 4726  91.69
5 0.515 100.46  0.529  104.97 0507 100.70 0.053  98.623  4.998  96.98
6 0.501 9r.71 0547 10858 0.513 10195 0.052 96572 4897  95.01
7 0.562  109.57 0.480 9514 0514 10201 0.051 95,640 4707  91.32
8 0.512 9983 0531 10542 0538 106.89 0.051 94521 4408 8553
9 0.546  106.55 0.537 106.55 0549 109.04 0.058 108.131 5267 102.19
10 0.547  106.74  0.554  109.93 0518 10288 0.049  91.352 4927 9559
mean 0529 10324 0520 103.20 0501 99.59  0.051 94.34 4916  95.39
SD 0.019 0.026 0.033 0.003 0.247
%RSD  3.590 4.994 6.629 6.626 5.033
HorRat  0.31 0.43 0.57 0.40 0.61
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Appendix Table 3 Accuracy and precision at the medium concentration level of 5 amino acids

Aspartic acid Glutamic acid Proline Phenylalanine Tryptophan

Rep Conc. Conc. Conc Conc Conc.

%Re %Re %Re %Re %Re
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 92.70 90.45 99.92 99.13 96.24 95.57 20.68 96.39 193.14 96.00

2 102.16 99.68 103.74 10292 10550 104.77 22.08 10291 198.66 98.74

3 101.98 99.50 108.08 107.23 103.10 102.39 2232 104.03 201.23  100.02

4 94.16 91.87 100.02 99.23 98.98 98.29 2184 101.79 191.78 95.32

5 102.28 99.79 106.38  105.54  106.26  105.52 20.76 96.76  197.64 98.23

6 96.90 94.54  104.02 10320 108.08 107.33  21.08 9825 19632  97.58

7 104.58 102.04 104.04 103.22 103.00 102.29 21.44 99.93 204.62 101.71

8 95.24 9292 10654 10570 10230 10159 2056 9583 20334  101.07

9 93.10 90.84 99.16 98.38 95.16 94.50 19.92 9284 19198 9542

10 104.90 102.35 10444  103.62 106.34  105.60  21.04  98.06 203.18 100.99

mean 98.80 96.40  103.63 10282 10249 101.79  21.17 9868 198.18  98.51
SD 4.849 3.048 4.411 0.748 4.844
%RSD 4.908 2.941 4.304 3.535 2.444
HorRat 0.93 0.56 0.82 0.53 0.51

Appendix Table 4 Accuracy and precision at the high concentration

level of 5 amino acids

Aspartic acid Glutamic acid Proline Phenylalanine Tryptophan
Rep. Conc. %Re Conc. %Re Conc %Re Conc. %Re Conc. %Re
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 494.00 96.40  510.10 101.21 506.30  100.56  105.60  98.43 1029.12 102.30
2 485.10 94.66 506.70  100.54  493.70 98.06 102.20 9526 1047.14  104.09
3 495.30 96.65 502.70 99.75 507.10  100.72  108.60 101.23 1036.94 103.08
4 484.20 94.49 510.90 101.37  489.40 97.20 99.60 92.84 1013.34 100.73
5 499.00 97.37 507.40 100.68 514.40 102.17 10240 9545 1039.36 103.32
6 484.70 9458  488.60 9695 49180 97.68  104.80 97.69 1050.86 104.46
7 492.50 96.11  487.40  96.71  506.10 100.52 108.80 101.42 1053.86 104.76
8 489.50 9552 51250 101.69 488.60  97.04  103.20 96.20 1048.00 104.18
9 494.70 96.53 49520 9826 47590 9452  100.20 93.40 1043.80 104.76
10 493.60 96.32 475.90 94.43 506.60 100.62  109.40 101.98 1044.00 103.78
mean  491.26 9586  499.74  99.16  497.99 9891  104.48 97.39 1040.64 103.55
SD 5.126 12.364 11.869 3.567 11.973
%RSD ~ 1.043 2.474 2.383 3.414 1.151
HorRat 0.30 0.60 0.57 0.65 0.31
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