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Abstract

In this research, a new method for determination of phenylalanine and tyrosine without
derivatization based on hydrophilic interaction liquid chromatography (HILIC) was proposed. The
HILIC separation was performed using guard column (3 mm x 10 mm x 3 pm) and analytical column
(3 mm x 150 mm x 3 pm) with dihydroxypropyl groups bonded to silica gel as the stationary phase.
The mobile phase consists of acetonitrile : 50 mM ammonium formate pH 3 at 84:16 (v/v) with a
flow rate of 0.8 mL/min. Phenylalanine and a-methyl phenylalanine (internal standard) were
detected at 210 nm and tyrosine was detected at 225 nm. The internal calibration curves were
linear in the range of 1-500 mg/L (¥ = 0.9999). Limits of detection of phenylalanine and tyrosine
were 0.7 and 0.3 mg/L, respectively. Limits of quantification of phenylalanine and tyrosine were 1
and 0.8 mg/L, respectively. Phenylalanine and tyrosine contents in eight samples of dietary
supplements were analyzed using the developed method and found in the range of 149-577 and
396-499 mg/capsule with the recoveries of 95-102 and 97-102 %, respectively. The advantages of
the developed method are simple, fast simultaneous analysis (within 4.5 min), and suitable for

quality control in pharmaceutical and dietary supplements industry.
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1. UNUN ANMETUAS FunTau Tsanisaudu Wusdu [3,4]
Aaoza1du (phenylalanine) Ao N3A InlsFuduarsisiuresansdeUssamuay
peiludu “mhelasaadne” vaaldsiu lnguea- Wunseezdlunsranedunsigilaresainiia
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Hfaovanilu (L-phenylalanine) daidunsnaydlu pranilu unuinsenielasuitdasyaniuly

Fdunsrenivasrwecldls deelasuainnig Wigaws sy lisamedunszilnlstulils way
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Haezarduduasiaduvosinlsdu (tyrosine) WasuRidaezardudulnlsduniouauund (5]
wazansdedszamdu o loun uaniilaaniiu  wielumendudu fUaediiinnzvieitdaszaniu
(catecholamine) 8Wtun3u (epinephrine) ussoM A35uUsEMuiiiaosa1fiue13918uITNIN1IY
\wi3u (norepinephrine) Insnfiu (tyramine) uay  viedtlasranduludnfidulsalvisdidels (3,4
Tauailu (dopamine) [2] uena1ni Sadnasld M3SUUsEUNAR A ueEs N My

Aasrandusnuwilsan1ewd  AsaRvsviamila) MAFNULANDUTIIMIIAMITI eI Tanyasiulay/
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#7 FeflouerdemainToneyiusifiolimnzan
n13gAnduwas 101519 ninhydrin [6,7], phenyl
isothiocyanate [8,9], 6- aminoquinolyl- N-
hydroxysuccinimidyl carbamate [10] Wag o-
phthalaldehyde 3-mercaptopropionic acid [11]
\DuanseToueyiusdmsuiiumylaslunesly
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[12], N-methyl- N-( tert. - butyldimethylsilyl) tri
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71AT1%9 (analytical grade) Avinazaledunie
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(HPLC erade) stamun warlduusiaainlessy
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(Merck, Germany) tuv1uea (RCl Labscan,

Thailand) wagtaniuea (RCl Labscan, Thailand)



77 28 avvil 11 waadnieu 2563

5a15memansuazinalulad

2.2 1A39491ASUN NN INVBINAIFUTTOUL

w3 adlasuilvnsfiveunaiaussaus
@9 (Nexera LC-30A, Shimadzu, Japan) Uszneou
f8ins 0adanaeg 198 MUl d (SIL-30AC,
Shimadzu, Japan) J (LC-30AD, Shimadzu,
Japan) A5 parTANBI81N1A (DGU-20As,
Shimadzu, Japan) # 8uAead ui (CTO-20AC,
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Tansandlnsiia (Inertsil HILIC, 3 mm x 150 mm
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Ialono1e (SPD-20A, Shimadzu, Japan) TUsinsu
AIUANNITYINIULAEUSEUNaKa Lab Solution
(version 5.93)
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walga Andaimdniieniminiedgveineues

1945

uiaziAlge antuinsdnSusasue1nis
wonuananlndwdoifoaty wdnfudedns
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2.4.2 msaansmlunsgiuniely

nsrnunsgruaielu (internal
calibration curve) v unsiduananuduwus
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3. NANTITINNADY
3.1 Msmaneiivanzauvesds HILIC

uisedaulamaida HILIC vt ol4
dusunmsueniifassanfiuvasinlsdu lneiivan-
witafl faezardwduarsuinsgrunislu log
denldinnadeiifivylaleasondlnsfiafiasis
fusefUBAnLIa F9n9fn3 (retain) ansfidagaldd
Tnslun1sidonan1iedl munzauaaLnaznis
A1Re538WITUIINAINEINITALUNITUYN
(resolution) 3US19W A (peak shape) @an1nla
(sensitivity) kazi2a1lun1531As18% (analysis
time)

3.1.1 Anueneauiildngiate

i osnfiTaszardu Inlsdu
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aandunasdansililoian winuaiunsalunis

040 4
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pandunadlundazainuennd ulsvindu oy
nuAteiSudenliindemeatnanganduuas
vilalnlalalonensd FensrainAinisganduuas
Ifnanganugndunieuiu viliarnsaiden
AL MIAALTRNSgANAULAYEIAnvDIA SIS
ags ilelldanmlinazenudunzindan (su
i 1)

Han1sNAfeInUIIf daszanily
wardan-lwiaildaszarludAinisganduuas
gegafimueInaY 210 ulues waglvlsdudl
AMsgANAULAsgIgafiANeIAAY 225 uily
wns fadu Fadenamatamsisanueindini
gnnAuvan wiolrldanmlagean

3.1.2 3pniALdeui

(1) aqﬁﬂigﬂawaﬁgmmﬂ?{auﬁ
Fpmandouilagiluveunada HILIC Uszneu
Freivinazansdusanmildagefiazanetlén
W ozdlalulasduasiumueasuimieans
aranediiiles [15) iesanildaszariuuas

N a =]

davin-lufiaiiilasyanily An1sganfuuasgaaad

——Phenylalanine
Tyrosine

——0-methyl phenylalanine

195 215 235 255 275

295 315 335 355 375 395

Wavelength (nm)

Figure 1 UV absorption spectra of phenylalanine, tyrosine and a-methyl phenylalanine (internal

standard) at 200, 200 and 150 mg/L, respectively
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(g) 90:10 (v/v)

v
25 .4«,{»_——;—/\7 (f) 85:15 (v/v)
£ 20 | (e) 84:16 (vAv)
% 15 (d) 83:17 (vAv)
E 10 A\ N (©) 82:18 (VA
B 0.5 A

0.0 4

-0.5

(a) 80:20 (v/v)

(b) 81:19 (v/v)

10 12

Retention time (min)

Figure 2 HILIC chromatograms at 210 nm for the detections of phenylalanine (#) and a-methyl

phenylalanine (*) using acetonitrile: 50 mM of ammonium formate pH 3 at (a) 80: 20, (b)

81:19, (c) 82:18, (d) 83:17, (e) 84:16, (f) 85:15 and (g) 90: 10 (v/v) as the mobile phase

35

| (9) 90:10 (V)
3.0 e —
25— —\- (f) 85:15 (vv)
g 20 ] J (e) 84:16 (V/v)
% 15 (d) 83:17 (VA
é 10 : A (c) 82:18 (VA
05 (b) 81:19 (v/v)
00 (a) 80:20 (v/v)
-0.5 T T T T T

Retention time (min)

Figure 3 HILIC chromatograms at 225 nm for the detections of tyrosine using acetonitrile : 50 mM

of ammonium formate pH 3 at (a) 80: 20, (b) 81:19, () 82:18, (d) 83:17, (e) 84:16, (f) 85
:15 and (g) 90: 10 (v/v) as the mobile phase

v

f3adenltey

o

AUEIAAY 210 wiluns 1udey
Falulasadusvhazaredunss Wosanilan uv
cut-off 1 190 ulutums redutiidenl¥lusmuis
Auanusany pH lalugae 2-7.5 delagund
d15.fuun sleeau (onic additive) 4ol

el ouor T L AnuS o luLT suNDST LUA

1947

Wesnawnsaazarsluezdlalulasdalad [16]
Lﬁlaﬂ’mﬂu pH Wag ionic strength maﬂfgﬂﬂﬂ
wAoufl Fetlloduilnidmanean ndvesans
inbidinasengAnssunisusnlumaida HILIC
[15,16] 914 Heianen pH 83a1sazateUvines

(pH 3-7) Inethawauivesdlalulnsanonsidu
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wosladouwosium pH 3 lWNTW 50 mM WUl
dlaiuvsuinsvesezdlalulasdezvilviiaves
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AUl auddu esnaisazarunsalelns
AaesA Wty 0.1 M fanmdauas pH munza
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Judenarsazarensalalasaassa Wudu 0.1 M
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lafnw15ann (agitation method) 3 38 lnsunay
FBlaAnwnaanadia (extraction time) fimuzau
Snee wall

(1) 35n5lnd wdosaudga
(ultrasonicator): 5, 15, 30 wag 45 U9 (E‘Uﬁ 5a)

(2) A51v81 (horizontal shaker): 1,
5,10, 15 Wag 30 wn¥t (3U7 5b)

(3) 3 Vortex: 0.5, 1, 2, 3, 4 Waz 5

Y7 (gﬂﬁ 5¢)

v
v @

NANISNAABINUINISANANG 3 35
TinanisnaasslUTukumaiendu fe wWeldian
Tunisatauruduazvinlilausununanauindu
wavdvAsiLilefisaniizauna lneilleadiney
aa P a a | a aa 1

Bsldndudesnnudaaduna 30 wil g
Wwan 15 wil wagds Vortex WWuwian 3 il 3

Junanatafifnigaveusazisanatu awnse

] ACN:50 mM ammonium formate pH 3 (84:16) [ 50 mM ammonium formate pH 3

I Type I water W 0.1 MHCL

25 o
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1.5
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Peak area ratio
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0.0

Phenylalanine

Tyrosine

@ Phenylalanine [ Tyrosine

'rE

Extraction time (min)

(a)
25

20
1.5

1.0

Peak area ratio

0.5

0.0

45

(c)
25
2.0
1.5

1.0

Peak area ratio

0.5

0.0

0.5 2 3

Extraction time (min)

1949

Figure 4 Effect of extractant on the

extraction efficiency

(b)
25

20
15

1.0

Peak area ratio

0.5

0.0

3 5 15 30

Extraction time (min)

Figure 5 Effect of agitation method and
extraction time (a) ultrasonicator,

(b) horizontal shaker and (c) vortex
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(method validation) e1dBLnugiann “Appendix
K: Guidelines for dietary supplements and
botanicals, Part I: AOAC guidelines for single-
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ada o =

[17] Aeldan e Nvaneauual SANAUITY 129

A dudunsaardudszdns nsiasnesd

(linear range and determination of coefficient)
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INT1NANIIMIIA (limit of detection) AAIAA
n15IUsNIaL (limit of quantification) AULITAYY
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AN5199 1 WU
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=% a o 1 a

e 0.7 uaz 0.3 fadnSusedns wasymuSuals
#1ie 1 uaz 0.8 fladnduriedns auasu 3504
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% way 1.75-1.76 % wean1svginnelusuiion
LaYN15E1SENINTY AuENFU vinleian HorRat,
agjuaﬂ‘mﬁﬁmum Tngnan1sasvaeuaulala
voediiiaunduinuidieglurisnisoensuld
289 AOAC

3.4 nMssgimusunuiddaszaniiy

@ ¢ a

wacnlsdulundnineiiasuans

v
o =
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Table 1 Method validation of the HILIC method for the analysis of phenylalanine and tyrosine

Results
Parameters Criteria®
Phenylalanine Tyrosine
Internal calibration curve® 1-500 (r* = 0.9999) 1-500 (r* = 0.9999) ¥ > 0.99
Limit of detection (LOD)" 0.7 0.3 35/N
Limit of quantification (LOQ)” 1 0.8 10S/N

Precision (%RSD)

- intra day®

0.73 % (HorRat, = 0.18) | 0.93 % (HorRat, = 0.23) | HorRat, = 0.5-2

- inter day*

1.75 % (HorRat, = 0.29) | 1.76 % (HorRat, = 0.29) | HorRat, = 0.5-2

® Criteria of appendix K: Guidelines for dietary supplements and botanicals, part I: AOAC guidelines

for single-laboratory validation of chemical methods for dietary supplements and botanicals [17];

® mg/L; © Ten replicates (n = 10)

1950
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Table 2 Phenylalanine and tyrosine contents and recovery studied in dietary supplements

Phenylalanine Tyrosine
Samples Labels Contents Recoveries (%)° Labels Contents Recoveries (%)°
(mg/capsule) | (me/capsule)® | 10 mg/L° 50 mg/L® | (mg/capsule) | (mg/capsule)® | 10 mg/L° 50 mg/L°
A(lot No. ) ” 500 500.24+1.00 99.04+0.73 98.71+0.23 < nd. 101.10+0.01 | 96.78+0.23
A (Lot No. II) * 500 501.50+1.38 97.64+0.39 96.38+0.46 n.d. 101.83+0.32 | 99.08+0.74
B (Lot No. ) n.d. 101.22+0.28 | 96.56+0.08 500 497.36+2.76 99.68+0.91 97.19+0.44
B (Lot No. II)* n.d. 97.75+0.07 98.20+0.27 500 499.20+1.17 | 101.45+0.56 | 100.89+0.42
C(LotNo. ™ 576.45 573.79+1.01 99.58+0.27 96.20+0.76 n.d. 101.53+0.08 | 96.55+0.86
C (Lot No. I) ™ 576.45 577.40+3.88 95.48+0.52 | 101.84+0.92 n.d. 101.97+0.10 | 101.16+0.14
D (Lot No. )™ 150 150.71+2.09 | 101.31+0.73 | 101.06+0.40 400 400.72+3.55 | 101.85+0.50 | 98.95+0.99
D (Lot No. I) ™ 150 148.70+0.41 98.34+0.04 | 99.69+1.43 400 395.76+2.75 99.28+0.94 | 101.89+0.37

® Three replicate injections (n=3) (mean+SD); ® Fortified concentration; € (-) is not labeled; ¢ n.d. is nondetectable; ~ Single nutrient

formulation; ~ Multi-nutrients formulation.
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Figure 6 The HILIC chromatograms of sample D (Lot No. 1) (a) phenylalanine (#) and a-methyl

phenylalanine (*) at 210 nm and (b) tyrosine (@) at 225 nm.
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