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Comparison of Free Amino Acids in Soybean Paste (Doenjang)
by Different Extraction Solvents and Analytical Methods

Ok-Ju Kang
Department of Food and Nutritional Science, Kyungnam University

Abstract

This work was conducted to obtain a rapid, accurate, and precise procedure for free amino acids analysis in
Doenjang with HPLC-OPA (high performance liquid chromatography using-phthalaldehyde) and AAA (automatic
amino acid analyzer) methods. Different sample extraction procedures among water, 0.1 M perchloric acid, and
0.1% meta-phosphoric acid were also compared. The optimal extraction solvent was 0.1% meta-phosphoric acid for
both the HPLC-OPA and AAA methods. Good recoveries for glycine and methionine were observed using the 0.1%
meta-phosphoric acid extraction with HPLC-OPA method. Method precisions (% relative standard deviation) for the
free amino acids ranged from 1.62% to 8.27%, in which the HPLC-OPA method with water extraction showed the
lowest value at 1.62%. Inhibition rates of the free amino acids in Doenjang were greatest with an addition of NaCl

at a 1% concentration.
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chromatography E-A¥lxRch =7t #3124 AIzte]
2 AAHE AdrkBidlingmeyer BA 5 1987). Qdukbgo
2 $EH 2= o-phthalaldehyde(OPA), 9-fluorenylmethyl-
chloroformate (FMOC-Cl), phenylisothiocyanate (PITC),
1-fluoro-2,4-dinitrobenzene,  1-fluoro-2,4-dinitrophenyl-5-L-
alanine amide, dansyl-chloride F°] A}g-H o, 28
o= FE PITC, FMOC-Cl, OPA T°] ©o] ALgHt}
(Antoine FR 5 1999, Fabiani A 5 2002, Briickner H
9} Westhauser T 2003). ztzte] S5Ale Aebdo] )
ou B4 Vey deEE FAa dE A=V FEEa
9 tHGonzélez-Castro MJ 5 1997). whela] thokgh R4
1 T 7 AE AT fElotn =it BAE g
Agaa A%d 24 Slge FRe e on) gl
Yolm E3 ¥EEA] B HFolrt

ol B AFdAe 89 AT AEFA
AlEZ fElopnite] F &g £
wj 3 2 HPLC-OPA$} o}n] Ak
otu| kAt S FS EASAT E3, R ofn] 4
A Al A, Fell g Y BEE Fetsie 4
F48 FEotr| et B9 A& FIEHE T
staixt st}

1. A= 2

0
('Y
el

1. M2

£ 93] A8F DA AENF FAV|ES 35
e AFARNLY, DHE)eE A AaA
A9} wpANA P

2. £

g THE SFolnedt & WYL B F&,
0.1 M perchloric acid $%, 0.1% meta-phosphoric acid
FE2YE AHESAT A8 7%, 0.1 M perchloric
acid, 0.1% meta-phosphoric acid Z+2}9] £u|E XS
o 102 ¥ & 42 T uFFELAA 7tdsha
Al 38 BHE F&9th o] £ 942 (Supra 22,
Hanil science, Korea)Z 4,000xgellA] 1583t £ 3t]

- 151 -

Jo

= 151

AEdure FHaHch od FFF 0.1% meta-
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(Leu), isoleucine(lle), lysine(Lys), methionine(Met),
phenylalanine(Phe), proline(Pro), serine(Ser), threonine
(Thr), tyrosine(Tyr), valine(Val))Z} OPA reagent,

Borate buffer(50:50=0.2 M boric acid:0.2 M sodium
hydroxide)+= Agilent technologies(Palo alto, CA, USA)
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Table 1. HPLC operating conditions for free amino acids
analysis in Doenjang

Items Conditions
. A: 40 mM Na,HPO, (pH 7.8)
Mobile phase B: ACN:MeOH:Water=45:45:10, v/v/v
Column ZORBAX Eclipse-AAA(4.60x150 mm)
Column temperature 40T
Flow rate 2.0 mL/min
Detector 340 nm and 450 nm
Step Time(min) Eluent A (%) Eluent B (%)
1 0 100 0
2 1.9 100 0
3 18.1 43 57
4 18.6 0 100
5 223 0 100
6 23.2 100 0
7 26 100 0
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Table 2. Free amino acids contents of Doenjang extracts prepared from different solvent types by HPLC-OPA and AAA methods

(unit: mg %)
Ref."” Water 0.1M vperchloric acid 0.1% meta-phosphoric acid
AAA HPLC-OPA AAA HPLC-OPA AAA HPLC-OPA AAA

Asp 160 203+4.5% ND? 11+1.2 ND 202+5.5 186+2.3
Glu 570 496+5.0 433449 47423 ND 502+5.6 4014.5
Ser 190 157+2.7 155+4.5 26+0.8 101+2.5 156+3.1 148+4.0
His 300 ND 1312.6 ND 15+1.2 ND 14423
Gly 120 75+0.8 72+3.8 29+0.7 69+2.1 75+0.5 68+3.3
Thr 140 142+1.5 103+6.1 26+0.7 ND 143+2.2 101+1.0
Arg 30 266+2.0 260+5.1 71+1.1 246+4.0 258+2.9 238+4.3
Ala 350 180+4.4 181+2.3 27+1.2 177+5.5 183+3.3 172+2.6
Tyr 80 109+3.8 168+2.0 15£3.5 99+3.6 108+3.2 97+2.5
Val 310 152+5.5 162+4.2 13+2.6 160+6.6 154+5.3 152+1.6
Met 70 52+0.7 58+1.5 7+0.9 58+4.0 35+1.1 54+1.9
Phe 200 205+1.3 229+3.3 3542.1° 207+2.0 208+1.8 205+2.8
Ile 220 151+1.3 150+2.6 15+1.9 145+3.6 154+0.9 143+2.5
Leu 380 325+2.5 368+2.9 32424 35143.6 329+4.5 327+3.1
Lys 340 311+4.2 25245.5 50+1.7 245+4.5 31415.6 237+4.0
Pro 270 168+3.3 183142 ND 181+2.1 182+3.0 179+3.8
Cys 80 ND ND ND ND ND ND
Total 3,730 29,963.52 27,928.5 4,063.1 20,585.3 30,078.5 27,266.5

Y Park SK, Seo KI, Choi SH, Moon JS, Lee YH 2000

? Mean+S.D,(n=8)

¥ ND=not detected
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2} ghEk7he] xFo]E B &=d], 0.1 M perchloric acid2 £ 0.1% meta-phosphoric acid2 FZ ¥ HPLC-OPAH
>& 5 ol :AAFENVE o) &5ty BAG B oz BN Aotk
aspartic acid, glutamic acid, threonine, cystine & 47]¢] 24w Qg e dolRy] $8te] RSD(relative
geloluledt ggo] ASHA L W, 01% meta-  sandard doviation, %)E HEF A%}, B FF ¥
phosphoric acidZ2 $%F F opr| =R EN7|E o] & HPLC-OPAY .2 33 FAS 7 ALsted He
3 BA A& cystineTho] AZEH7] sttt Cystine2 RSD7} 1.62% 2™, 0.1% meta-phosphoric acidZ FZ&
Pt RE BEAHA HAEHA ¢ok=d, Park % ¥ HPLC-OPAY .2 EA A] RSDE L78%=E the
5(2000)0] AlE HE4] FFY EFZE vue A o)tk AR E & & F HPLC-OPAR 2 &4
A 1529 AH JAZ F cystine o] AEHR & 3 A RSDE 0.63~3.62%FY whdH, olu| =2k}t
AE 2%, F F&E AFE 2522 diste A% BEA7]E & BHAAE 0.79~5.92%=2 4% +&
AEE Aol ez wddnh AR FE24 239 YHAME BA7])710 whet PGl ztelE Bt
Z frEotr =4t AF(Table 2) £ A7 AFAEG 24 7Y F /M ARG AdEE 9 PE2 01 M
o A vgtont, 4 Alg7ke] 1.1~3.7819] ol & perchloric acid2 % & HPLC-OPA #p{oz RAG
Bo Al wet Felobreyt FF Aolg B A$-2 RSD7} 1.55~23.33%2] WHZ HI 827%=
% 09 2 BAYV wek RESF B 2 felomnd B0 AR g Puge AAsd
ot it SHE Aol B, E FF F ok o A2fd oz feou| it EAE sl HPLC-OPA
AASEA7IZ BAF AFlE  tyrosine, valine,  EA7]71E 0]&F FF, F FEIY 01% meta-
methionine, phenylalanine, leucine, proline®] -8-2]o}u] = phosphoric acidZ F& A] ¥4 AL J+-g=
A HEFl 7HE A Utk a2l 01% meta- E2 PEYE & 7 e, o AREENTE
phosphoric acid2 2% 3% HPLC-OPAZ EAM3F AL ol &t EAstRt & A9l 0.1% meta-phosphoric
lutamic acid, threonine, alanine, isoleucine, lysine]
& utaml(; iCI _f_ E]:reo]l-une 2 amilel:jo eucmea }E‘C'L 1: Table 4. Precision(% RSD)" for HPLC and AAA methods
gotulidt FF FEI M wdTh o1E I3 4 in free amino acids of Doenjang
stz sk FElobH| =4ty FHel wE & Wy 0.1IM 0.1%
% Water
2 BA7)7] o] o]Fo] Aok AE3 BAo] A A:)A perchloric acid meta-phosphoric acid
. - HPLC-OPA AAA HPLC-OPA AAA HPLC-OPA AAA
O o} 2= Q]9 o B Al oLFEE Qe o) E
= %T Mﬁ“ui’ e 1 dEAE A= e Asp 222 ND? 1091 ND 272 124
T8¢ 80 €& & F ATk Glu 101 LI3 48 ND  L12 112
Ser 1.72 2.9 3.08 2.48 1.99 2.70
2. HPLC-OPA®} Ot|icit RS £4{7)9| gEND 20 YD R0 ND e
A ol JHSA Gly 1.07 5.28 2.41 3.4 0.67 4.85
ErE H el B The 106 592 269 ND 154 099
F2dd F 220 =49 E FE7 01% meta- Arg 075 196 155 1.62 112 1.81
phosphoric acidZ %% % HPLC-OPA' T} o}m| 2t Ala 244 127 444 311 1.80 151
AEEM7= ol &3t Brgo v ety 98 Tyr 349 1.19 2333 3.64 2.96 2.58
olnlAl = WlwA A= & Gord o Val 3.62 259 200 4.13 3.44 1.06
Pel=dt 3 viu HE A IRNE gycned 0 135 250 1286 690 304 352
methionineg FHLZ 3|4&E AN A Table Phe 063 144 60 0.97 0.87 137
35k gt} g4ge] MR =S ARXNE T Wy e 08 173 1267 248 058 175
Leu 0.77 0.79 7.50 1.03 1.37 0.95
Table 3. Recoveries for glycine and methionine in Doenjang Lys 1.35 2.18 3.40 1.84 1.78 1.69
by HPLC and AAA methods Pro 1.96 2.30 ND 1.16 1.65 2.12
Water 0.1% Cys ND ND ND ND ND ND
% meta-phosphoric acid Mean 1.62 3.55 8.27 3.11 1.78 2.86
HPLC-OPA AAA  HPLC-OPA  AAA Y Relative standard deviation (%) =
Glycine 108 86 109 86 (Standard Deviation / Mean) x 100
Methionine 93 90 110 101 ? ND=not detected
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Table 5. Inhibition rates from 1% soybean oil, 1% glucose,
and 1% NaCl in free amino acids contents of Doenjang
% 1% Soybean oil 1% Glucose 1% NaCl
HPLC AAA HPLC AAA HPLC AAA
Asp 5.45 ND -11.39 ND -14.36 ND
Glu 4.38 -1.50  -1335 -1446 -1554 -16.71
Ser 5.77 270 -1090 -14.19 -1346 -15.54

His ND 35.71 ND 7.14 ND 0
Gly 5.33 411 -1067 -1029 -1333 -1L76
Thr 3.50 0 -1329 -15.84 -1539 -14.85

Arg 6.59 084 -1047 -1471 -1395 -13.87
Ala 3.28 233 -12.02 -1628 -1421 -12.79
Tyr 1204 619 -1296 -1031 -1481 -15.46
Val 325 395 -11.69 -1579 -1494 -15.79
Met 5714 7.41 3429 -1852 2857 -14.82
Phe 337 195  -125 -13.17  -1635 -15.12
Ile 3.90 070 -1234 -1608 -1623 -16.08
Leu 3.65 581 -12.16 -8.56 -15.50 -9.17
Lys 4.46 380 -1274 -13.08 -1592 -13.50
Pro -1.10 056 -1429 -1341 -2143 -1341
Cys ND ND ND ND ND ND
Mean  8.07 497 -9.10 -1250 -1246 -13.26
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