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Abstract

The objective of this study was to examine the levels of free amino acids and identify the correlation between y-aminobutyric

acid (GABA)and L-glutamic acid contents in Kimchi during fermentation. During 2 weeks of fermentation, the acidity of Kinchi

increased, i.e., the pH level decreased from 524 to 4.40. The content of amino acids determined using HPLC differed significantly

(p ¢ 0.05) during 7 weeks of fermentation. Over the 7 weeks of fermentation, the content of most free amino acids increased in

the order L-valine ) IL-glutamic acid ) L-glycine, except L-methionine decreased. Initially, the GABA content was found to be
7243 uM/100 g fresh weight (fw), and it increased to 229.06 uM/100 g fw after 7 weeks. This rapid increase in the GABA content

in the initial stage is considered to be due to L-glutamic acid. However, during the period of 0~7 weeks, no correlations were found between

the L-glutamic acid and GABA contents,
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FolthKeDC 2011). FAFS] wiFe Azsld Aih=2 &gt
2H8-S sl A2 4#F glucosinolates(Hong EY %5 2011),
isothiocyanates®} & Ag|&dA EF Qox ksl zhgo]
Q)= quercetin, kaempferol §o] FX3le] I AAZE 1A
SAERF avan deixd doekEeek A3 2012,
Samec D % 2011). Cha YS2} Oh SH(2000= wjF ¢ vy
-aminobutyric acid(GABA)7} &EFi3F 31F o AHithA} &
7 7)5e BEAoR AANAGT nusAEd, 1 2w
35 didom Agejddel tig A7t 2 Jg=Ha
AtH(Hwang ES 5 2012).

GABAE Fo| = mgow ZAsh} woldn] e 7
A, Az, 9F2E F wE A% SdA ok 2 5 ook
GABAE HEH T ofnlieako 2], Altel Al T ]
o] &pol EAEH AFHFEEAR acetylcholines F7HA17]
A, JArles FAAIE T AgEes dthKook MC
2012), &3k A, dF FU2HE 2 A oA, o
o] R/, ditetEkg, olwzhg, BW, 92, B S
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sk A4 &7 2 55 g8l o AP 7wl 3l
o gl JohDhakal R 5 2012). GABAYE Lactobacillus®:
9 frahte] vREolyletl &(Ohtsubo S T 2000) B F
Hhg 2]3FE(Aoki H 5 2003), ZAX](Kim MJ9} Kim KS 2012)
A Z(Park KB Oh SH 2006) FolA Eelgh tpaFslt ikt
E°] GABAE I¥LE AR Zo® HiuHQrh HE
AWM= GABA 87FS AASHARE, =3t W EE A
A A YIS T AE 2F AR AYHF, A
W 2tk oldF} vitamin Bs F0] GABA AAS AAIEH]
uj&ol] REAZA AHFH s ok 3thKang TJF Oh SH 2007).
GABAT L-glutamic acid decarboxylase(GAD)®l| ]3] glutamic
acid7} H7FdH o2 dehitstEo] A HEHM(L HeE Cao
Y 2010) A=AllA o 2EFAR Qe AExAe] =
GADE ¢l&f w27 A 9 4 Y} Breitkreuz KEQ} Shelp
BJ 1995). A W GABAYE Lactobacillus 52 A 2 RE]
A=Y olgfgt GaBARY #FE ®E T35t 54
&E 97 (Kim MJ¢ Kim KS 2012)9Jr Ao FEe] Y=
GABA AL Zslstr] 3t §AkFo tisk EA 7 (Seok
JH 5 2008) 5 GABA QA ZAwz olg} #AHH 71x] A%
o _1{]_—6} Oﬂ-‘rl7]. APz gy =rpdoz L4 wgalE
o7 Jdy AHEE X9 YA JHXE Xﬂl’é}l Skl
GABASL & JF8ad el opnliestel] gk F3AQ A
T7F gL sl Al E old] B AFoM= wiFH
28] s 713k W frE] opn]iilat GABA FHe| WHEkE
BAEte] o]Fe] ME Aol Q=R golr Al skt

1. M2 F X Mz

Aol AFR-3H HH——,—(Bmschd rapa subsp. pekinensis)T A
g g MEEDE A T AATHES oF 3.03 kg
Aek, FAEE AlgdA TYstal 2 ALAES AR
Chang MS %(2010)¢] &3 Zu3dtgjon
i A 3 X Azs fE wFE el 4ty

of 6AIZE Aol F, 33 AHFACE 1A g5
=, vE ExjE = F AR 100 gF % 3.1 g, AxTF
F 23 g "= 15 g, A% 0.4 g, EAAA 3.0 mLE ¥
A PAE Az BF A FEE o 200 2S5
e, 3 71 121 A5
ol

et e,

A= polyethylene —‘E]-,_
02 TS F 4v ALaol 770

2 pH B ME 5

HA Alge] Aok o] FFw/wol Hies A st
of HAR uig § AZZ ofiste] 1PES Al ds
BEHL A2 AMESEYY pHE pH meter(Istek 720P, Istek
Inc., Seoul, Korea)2 ZA3}YaL, Ales= Al 1 mLE 3
st SHFE 508] 848k T 0.1% phenolphthalein A2k

S 2 F 22 83 A A 297 A 635 (2013)

0.5 mD)< 37k 5 0.1 N NaOH oz #gstlct. At
/% NaOH AB|HL lactic acid(% w/v)Ho 2 a3t
3 GABA 2 23| ofa|rAl S
ot ARRH op)iet BFEMLS amino add 2, 5 £#M/mLO.
2 Sigma AldrichAKSt, Louis, MO, USA)9] A|&< IS \=
1 9] GABA, L-tryptophan, L-asparagine, L—glutamme JJ;_—%W——
A Sigma AldrichAKSt, Louis, MO, USA)2] A& AR
3FICE. GABA, L-tryptophan, L-asparagine, L-glutamine ¥
0.001 mgg AY3] "o} 2 mL tuwbed] 1 mL 0.1
N-hydrochloric  acid& o] g3fAIA 1,000 x g /mL stock
solutione WFEQITE o] 25, 50, 100 pg/mlL &7} HEE
EXste] EFENS vHE 5 HPLCO] Fste] de Fx ¥
peak WHOE BAFAL Aete] ERAARNL Ak
GABA 3 olvl:at §E 243 Sl MEUAE
AZ7)(Freeze  dryer ~ FD5510,  IIShinLab, Co. L.
Dongducheonsi, Korea)2 FAAZ3 H, nldste] E EM&
gk ARZ ARSI 48 AR 8% oEhes ¥l
2 W7 (BF-30S1, Biofree, Co.Ltd., Seoul, Korea)ollA 34|17k
Bt 220 rpme] &= Wb WA F 045 m oFA
(HVLP04700, EMD Millipore Co., MA, USA)Z <ojFA|Z]
3] A7 EE7](NVC-2200, Eyela Co., Japan)E ©o]-&3dle] 5=

i,

A AT} F%E Alg9] 0.2 N sodium citrate buffer 948 7}
3t 38 ol 2S8ulx]g]E Q). Buffer £ = %4:%
AAE Hal As &HE YAl W Seppak  CI8

cartridges(Sep-Pak C18 Plus Short Cartridge, Waters, MA, USA)
9} 0.45 m filter(Nylon syringe filter, Whatman Co., NJ, USA)
2 oggt H, ol HF #H4E& AEE ARESITHKim GH
2003). GABA B! opw|i=ite] Awkg ¢lsf AREEE HPLCO &
A zAL& Table 13 2t}

Table 1, HPLC conditions for the analysis of free amino acids
and y —aminobutyric acid (GABA)

Instrument Agilent 1260 (Agilent Technologies, Santa Clara, CA, USA)
Column Zorbox Eclipse AAA-CI8, 46 mm 150 mm, 5 m

Flow rate 2 ml/min

Detector Fluorescence detector (FLD, Ex. 340 nm, Em, 450 nm)

Temperature 40T
A - 10 mM NaHLPO; pH 7.67.8 with 10 N NaOH solution

Mobile phase

B - Acetonitrile : Methanol : Water (45:45:10)
Time (min) % A % B

Initial 0 0

1.86 0 0

) o 1811 433 56.7
Gradient condition 1857 0 100
22.29 0 100

2321 0 0

26 100 0
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Haz Jepller A3 Ade] FAIA s SPSs(Statistical
Social Science, version 180, SPSS Inc., Chicago, IL,
USA)E A8-3}It}. L-glutamic acid®} GABAS] A#HAd-e 3]
AT Pearson FHEAOR, A7t wE opn|:=At g

Package

ol g
£ 0|83} p0.05 F
A

| ﬂ:‘:l-

i, Zat =

=7k AFolel #2139l z}o]E One-way ANOVA
o)A Duncan’ s multiple range test®

A

HAs TEHY T 45 Easd et o i,
75 AR FoAEe] 2, AgHdEt. o] AN
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Fig. 1.

HEE SINEE X She] AS Hofshsd) phot
£ ol2 Ut S48 iFaRe] AR Agsa
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%]\

MC 2012, Park SH®} Lee JH 2006). BiFAXE 4C
oA 733k XWL}DW ARe 47, pHe Wsle 27] 5.24
oM AF 27 T 44002 TAEReH o|%2 =gA 7
A3k RS HYthFig. 1), pH TAhE 4734 5 oY
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Changes in pH and acidity of Kimchi during
fermentation at 4°C for 7 weeks

F71°l pHe| W} =

M Z9| y-aminobutyric acid (GABA) X ojo|=4t E2ko| Hisl 673

AL g opnlts BrjojeEe] daahgd ot A
2 HOlMKang SS 5 1988). & At pHEE ¥R A
27 036%A 7Tl 1.23%2 7Pk AES Bt
(Fig. 1. HA9 & =4 F e AA9 A=rt
0.5~0.6%(Park HS®} Lee CH 2008) F5CoF. o]#3l Ho=g
HFo] & o, B H3e] AAe 35747} “ﬂM B
sTAOlE B Axe] defetal oty E=§H Noh JS &
(2007)e]] w2 Hg7|7e] AFE Atwrt %—7}0}5- Zﬁ}%
Tt golds =d AES Hdval e, 4TolA A
A8k Lim JW 520042 Aol 7] 0.29%004 26U o
= 0.85%E B A7re] Ade} vt 4] IUEEE o
R, 2¢Col AE Chang MS 5201009 A Alg+=
2 e Aw 7} & wrh =Y 2 lslt B2
o AgEe] A A eFte] 2tz AolE HolE A #
Aze] olglsty 54 zto] wiEl FoZ ALEETHKiIm
JTW 2008).

d
o

2. 72| ofo|icitol izt

HFAAE 773 Adete B fEl opvate] Sk
ekly Ter Table 20l YERSIOH, 27]7E 757 A%7]
SRt frofulgk S| RstE B AtHp(0.05). 775 A9
3lAL Lvalined] 7} =2 S Yepfley 1 o
L-glutamic acid, glycine®] 3teFo] &=t} Iz} f-8] olm|=
A SRS A Almitt Adeldh AR Hofithlee YK T
2004). Hong EY9} Kim GH(2005)& L-threonine, L- alanine,
Lprolined] o] @e Aoz HUEGYOH, Jang MS &
(2011)2 hydroxyproline, T2 2 L-glutamic acid, L-proline
£o8 B G ol wiFHAE sAstEA tde F
Aset BAETE of A opwlt S H Aol JdF
S Fe Aog AdtEtkLim JH 5 2013, Cho Y9} Lee HS
1979). H3ZF Lee YK 5(2004)2 2] ofn|sto] of2] RAz
o H7tel FRWN ot SA7IRE, &% o] Wt whet
A gebata sl AR el 2Alss fel ol
 REU el A Uas) 13 30 fuas v
9] A4 JekS n|Ft}gang MS 5 2011, Lee HO
1994). H AFoA] Laspartic acid, L-glutamic acid,
Lserine 59 §Ho] Z7lolle sttt 2 & FHoR
Z7V= dHE 1yt dxdAdge F= Lglutamic acid,
L-valine, L-arginine 5¢] ¥3E o] J=U|(Kim JS 5 2006) ©]
ggh ofmiedbo] 27 fAkTe el dagk JIde=m
2ggk Zolgkal M Hm, I olF ikt freff AARTH
Fre] oplieito]l A& og YA H Zog AbrEthlee HO
S 1994, Cho Y9} Lee HS 1979). & rg] opvl:=At ghake %
7] 126567 p£M/100 g fwollA] 75ERoll 1967.1 #M/100 g fw=
A %408 Ba S22 wEsd A40R Sl
Oh YES} Kim SD(1997)¢] QoM 271 2] ofnieat o
Fol BE T 31955 mgndld 7Y 369.80 mgh, 219
550 mgh F7eHE B AW S A% man 19
U Nam HG 5(2013)@ Lee HO 5(1994)°lx F e o}n

ri o

offt rJ rl
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Table 2, Changes in free amino acid contents of Kimchi during at 4C (Unit :x M/100 g fw)

Fermentation (wk)

Amino acid
0 1 3 5 7
L-aspartic acid 80,57+14.01"" 59.37+16.09" 105.41%14.92 99.98+575™ 124.53+17 63¢
L-glutamic acid 244.49+21 32" 163.98+30.95" 246,00420 42" 235.68+6.55 26943425 25"
L-serine 176754898 148.53+23 61' 177.247.17b 17491415 87" 181,39+525°
L-histidine ND.” ND. N.D. ND, ND.
Glycine 1614045 94" 145 94420 91° 204.17+11.59" 184914452 216914183
L-threonine 83.94+2.11" 85.4619.96" 112.19+164” 107.43%1.66° 117.63+851°
L-arginine N.D. N.D. N.D. N.D. N.D.
L-alanine N.D, N.D, N.D. N.D. N.D.
Lyrosine 30.9040,79" 33,0743 44" 54.69+0.83” 54.90+0.94” 70.26+2.05°
L-cystine 40,09+2.41" 38.52+15,64° 51.48+11.29" 42.85+4.05" 56,79+17.04"
L-valine 193.78+6.83 204.64%20.79 292.16+4.57 261 314567 N.D.
L-methionine 18.48+0.87" 16.65+2.75" 28.0142.27" 2681157 15.04+1.30"
L-phenylalanine 77894477 81.66+7.31" 12544277 115054313 147.9114.83°
L-isoleucine 83.61+2.91° 84.68+9.81° 125674332 107.30+1,52° 139.19+4.17°
L-leucine 102184365 103.03+10.62 169.28%5.00 163541223 214.90+8.07
L-lysine 108.02+2.39" 101.48+13.75" 167.38+25.77" 171102245 228.68+14,14°
L-proline N.D. N.D. N.D. N.D. N.D.
L-asparagine 134.6617.91 122.09£19.19 ND. N.D. N.D.
L-glutamine N.D. N.D. ND. ND. N.D.
L-tryptophan 11,460 42° 15764195 27.07+1.15° 22.48+0 11 27.68+1.61°
ryptop
GABA” 72.45+1 40" 143 32417.61° 186,367 30° 197.1524.46° 229.07+9,51°
Total amino acids 1625.67+86.71 1548181224 38 2072.56:120.01 1965.4160.48 1967.14244.6

Y The values are means+SD of three experimental data,
? N.D.: not detected
¥ GABA: ¥-aminobutyric acid

*d Means with different superscripts in the same row are significantly different at p(0.05.

b gl 27 F7h F AAAoR fasilde wus)
= 3

3. 7-Aminobutyric acid9| gzt

A=l A% 5 HPLCe] ©|gF GABA &4 ZIE Fig. 29
et AAAZ & gYe 7243 #M/100 g Fw. <] §
WS Hon A 3F F 186,40 #M/100 g FW. o2 F7}
aF9lal W7ol 220.06 #M/100 g F.W. S UERfo] 44 7]
Zrol A3t wet Fbshes A Eoh A wiFe
GABA 3HES 1205 #M/100 g fwSE Cha YS9 Oh
SH(200009] 4.69 #M/100 g dry weightoll H|3] Ta =7 =
4 HAY AAE F27] A Al A wiFe] caBa §HEF
& 2139 #M/100 g fwo B Ao ZeHTt o F7lekA
<, ole gt AN B2 548 2Ef=R <l
HjFo] AXYO 2 HE L-glutamic acid decarboxylase(GAD)2]
g4o 7 GaBaZt A&sH AAE Aow FAEHKang 1)

S 2 F 22 83 A A 297 A 635 (2013)

9} Oh SH 2007). GABA®} L-glutamic acid9}e] W3S E
= Fig. 30 YERIT Lgluamic acid®] 3HgFe 27
23lt} olF FUPhE AFS B GABAE AFHOE
7¥ele FAE Bk AES cAaDEAL o 279l
$-oll GABA AAteko]l =A YERtal pHZE £OW GABAE
transaminase®l] &3} succinic semialdehyde® ZH3HBEZ 71|
of Wy 3 FolA GaBA Aol I HE Aog Alsd
Ch(Streeter JG2} Thompson JE 1972). Seok JH 5(2008)¢] <
Fol| = GABAY] o] %7]o] 2.84-4.06 mg/100 g AEE
BT MSGE 718k A=A oA 35 Fol 18 mg/100 g9
w2 Z7HESE BHAAR MSGE A7IEHAl G A el
= 6 mg/100 g2 F7}¢] Zo] =X Ykthal HIusIE
4], GABA®} L-glutamic acid®] 44 912 93] IJHEA]
S AAIBE A3} 0~75F7F Lglutamic acid®} GABAS}] Shefol
A felHel ool gEBAE HolEx egkth GaBAS)
L-glutamic acid®] Zg#aA ] tiaire o @2 d77t 119
wojo} & Aoz Atz Hc)

on, ofN oY m
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Fig. 2. HPLC-FLD chromatograms of vy —aminobutyric
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Fig. 3. GABA and L—glutamic acid contents in Kimchi
during fermentation at 4°C
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Lvaline ) L-glutamic acid ) glycine <02
AR B e WEaY AHoE e *
B th GABAE AAAZE T %7] 72,43 #M/100 g fwA
2o Holon WrlolE 22006 #M/100 g fwE LERY O]
7 713kl A3 Fel wiet Sk BEFEE UERlSIH
719] W2 GABA AL GAD| EX4o=2 <l L-glutamic
acid2 FE A @ Ao2 HARY 0757} L-glutamic acid

o} GABAStY] kel FolFHQl ol udAlE SIHA
i
V. ZAe 2
B oEge 2012d G4oAnsn mldT el o
A 5 Hgem olo] AT
D23
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