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ABSTRACT - This study was conducted to investigate of changes for organic acids in fakju during storage con-
ditions. Two types of takju, unsterilized and sterilized, were used. Acetic acid, citric acid, lactic acid, malic acid and
succinic acid were detected in sample. Residues of malic acid was not detected after 7 days storage in room tempera-
ture(25°C). In contrast to lactic acid was increased by times after storage. Acetic acid concentrations was gradually
increased in room temperature but was not changed in cold temperature(4°C). After storage for 10 days, the organic
acid residues lactic acid > citric acid > succinic acid > malic acid > acetic acid in unsterilized takju. Compared to
unsterilized sample, organic acid residues in sterilized sample was not significantly changed. Consequently, organic

acids residues mainly affected by sterilization.
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T AE=HE Fohlo] FAA o] &8 ool &
T, ole] & A FHA & 100%E M-S =
FAASARE (Ft, Bl EF)e d2(25°C) 3 ¥E(4°0)
Z7AoA LA F714F 7 (acetic acid, citric acid, fumaric
acid, lactic acid, malic acid, oxalic acid, succinic acid),
pH % F4lwe] Wt 2AHssTh

R

g AU A 100%E AR FRASAHE At
g} MR EFEET)E AATEANM TL Az
A 8BS FAske] A2(25°0) B W@ Oz At

A1 A5

Al

Aol ALEH 714 EFEZ S acetic acid, citric
acid 2 succinic acide= Sigma-AldrichAFe] #|#-S fumaric
acide= SigmaAle] A3, lactic acide= FlukaAl, malic acid
9 oxalic acide AldrichAle] % 99%°1% A|&& AMS-
AT}, Acetonitrile, dichloromethane, methanol MerckA}
2] HPLCH A|E<& SPE C18 7FE& A= PhenomenexA2]
Strata(l g/ 6¢c) AlFS AT

12

=247(7]

HPLCE autosampler’} F-2H8l AgilentAFe] 1100 series
= AMgsIg o, ALvMFEr]E W8] Hurricane-
ES, ¥41%2]7]+= Hanil unionAl2] 32R Plus, pH meter=
Mettler ToledoAte] MA 235, SPE M * 2] Z*& Varian
Ake] SPS 24, 253 FE7]€ Alo]2EAke] JAC 4020,
71871 GFLAR] DE 3017, 5735 #2271 MiliporeAt
o] Mili-Q RiOs/Elix water purification system, A3 3
Hk7]= ThermolyneAle] Maxi Mixll, H&#]|°]E+= Schott
A}l DE/SLRE AHE-3litt.

AEygy

pH

Z+ A F9 pHE 5 AEE5 3,200 ipmoZ 1087 9
AEE R & S Fste] 33] whE SASTP A8,

e}

Zabe pH 204 e BAF A2 10mlo] 1%
)

F 0.1 N NaOH §10.2 A|E7} vj8ox] A¥Fao0z
Ha 7] At A4 2l 0.0095 skl AR
9] 2k lactic acidZ Al AFSI TP 467,

At
71%ke] ZFEE2 AEE 05¢g8 100ml S/FTE
of AFHS A5
=7} Yo} 04% HCIZ &
£3}o] stock solutione A|Z3 & HEFHFE 3|4 sle] &
e TFEAZ AT

A 52412 Chun'?, LeeP59 WS FHarste] 94lE
23 242 A]E 10 mlE dichloromethane 10 mIZ <}l &
Hjste] MA St 435S SPE FAE AEE ARSI
SPE C18 7FEZ|A|9l| 5ml W&, Sml SFFE T4
o2 7h 44371 & A& 1 mlE loadingslal WA S
F 4mlE £33 U2 RC filter (Regenerated cellulose,
02 pm)E o] #}3l3 HPLCE HAslgon BEAzx7He
Table 13} ¥t}

= x =
BEMY0] 3]3S 9l
Ero| A e] {714k Ao RTFEAS ) 2FoR F
A2 3o 2 AEdh & YeEpfilor EAwe] 34

—
& 3 AFel= ool Table 29 2t

Tabel 1. Operating condition of HPLC for determinatin of organic
acids

HPLC

: Agilent 1100
: YMC Hydrosphere C18(2.0 mm x 100 mm,
3 um)
Column temperature : 30°C
Injection volumn : 3 pl
Detector : DAD (210 nm)
Mobile Phase  : 50 mM KH,PO,(pH 2.8), flow : 0.15 ml/min

Column

Table 2. Recovery and LOD of organic acids in takju

- ; 5
Organic acids Fo(ﬁgfsg)on Ricgl\se(zzgf ) LOQ"(mg/kg)
Acetic acid 15.0 103.7+7.5 7.0
Citric acid 6.0 70.4 £ 10.0 3.0
Fumaric acid 1.0 472+18.2 0.2
Lactic acid 20.0 120.0+9.0 10.0
Malic acid 20.0 102.9+5.0 10.0
Oxalic acid 4.0 78.7+4.1 2.0
Succinic acid 30.0 85.0+3.2 16.0

a) Mean values for triplicate samples with standard deviations
b) LOQ : Limit of quantification
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(A)

Faam- Oxalic acid
>am7 - Lactic acid

Organic acid STD 1

&5755 - Suceinic acid

(B)

182 - Malic acid
'3.659 - Acetic acid

684 - Citric acid

5.263 - Fumaric acid

Organic acid STD 2

©

3.445 - Lactic acid
3.608 - Acetic acid

2972 - Malic acid

4664 - Citric acid

Unsterilized sample

$.270 - Fumaric acid

5.762 - Succinic acid

Fig. 1. Typical HPLC chromatogram of organic acid standard (A, B) and unsterilized sample (C).
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Fig. 2. Changes of pH in unsterilized (A) and sterilized (B) takju during storage. Values are the average of samples from each of three
experiments; error bars represent standard deviations.

FE2 YL

H]= fumaric a01d4 3|4
el = A=A (0.2 ppm)
Zetstd BAo] BAZ} gls Aow JJru’rrrqgioE]
4 9 A5e ARvEIHLS Fig. 19 e AT

A

it

S 71
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A= 0.2~16.0 mgkgS 2 UERSTE
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FANE AE9A 2
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e

Fo AR Aol We

o 2,

AeF2] pHE %7] 3.19904 30¢ A3 5
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Fig. 2
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o7 ok FUleHITh W] AR EFE AgeEd 4
Aglo] 271 364004 30 B F AL R YAAF =
T 3.687ECR A9 Wt gloiM AdEFe] A=
=5 ﬁéﬂfﬂﬂoﬂ—t— pHel S4& 2 9nt gle Aoz &

e 599 279} Ao,

Lee 5 pH% FAe BEY AYPEE & 5 e
Az A4 F AT AR, B AT AN e
FE HeARA 538 359 A Aol F43] S718

DL(Fig. 2(A) FAAZANE R F7tshe AT U
B2t ole AEFE A AN A&Hor wEv)
QAL Yrks 21e JeRle], A2EFE 304 23 F
A% pHel W7 Y Ao Hol vigEe] o Wy
7HAYEA e AS & 5 Aen AFE FLRA

2 98 AFLEst Fasithy BoFin)

SME

FANEE NS 2719 ddsieE AREA ASF
o ub WAl g 3uby )RS #do] o BREA
o= FIFES FI Jor B3] FAle] =0 Alnte] 7}
3}7] W&o A 1} calcium carbonate 58 H7fske] &
RS Y EE W] ARgEThaL g,

2 2y

A3 FAees 27 AT da4gF EF
o 10d A AHAA 040 FFOF
o= thAl 0.30~039

F F7FsA e 309 A Fol
Fog Z zo|7} Tt
ol Hw AF T2 FE FFRoIU AR fEE
U g ot APEEA 28l Fo] aRY 4t o]
AeE Aoz AE 75 f7Iiteo] 7RiFRR 4t
Fol S7FeHAIRE, f71to] dFE T3 AFste] ester

o)
=
E]Ei 7= 4" A
1B
AN

035
030
0.25
0.20
015
0.10

Total acidity (%)

0.05 —e—Roomtemperature  —A— Cold temperature

0.00
o 1 2 3 5 7 9 10 12 15 20 30

Storage time (days)

I zo] & Ao AAe WRT AdE
T3 Oh 599 ArdzE FARE HEs B

o

) 45k Fele AEe] Waso] ST A3
FAGLRE 0392 UEsT o= A3 B
F9) F27120) 052 4] slze) HFF oz 5
A YErg.

ek Bao AEe FL 71ES B lelE tha
v EShThe PEsol Rtk FFo) Fu ke ARAA
AR e Fawst AEe] WATE 2ABPAN AH
o= %707]_%0 AAE g g Ao 2)\1:]._’1‘7_ qu ;‘<_]1:],

Moo

Merzol QA wis)

& FAAZZFAA HEH F714FE acetic acid, citric
acid, lactic acid, malic acid, succinic acid ©|1.2H, ©]&2]
Aol w2 W3l Fig. 49 2t
ek A2A A4 malic acide 7] 352 ppmeo] 4
ZHov 79 A T FHE HdESHA Ut o]He]
Ao Yehd Aol A malic acid7} L7 Laoﬂ/\i
= AZE AHI7E dvke Baoa 2 A AR
] 7F & 100%E A ZE O] malic acid HZ©| ”OLHL}
e 5 uAEY bt YFHeRE o] &VEER
%}%ko] F71e A AR FEHEM I UL A8
E AHESE §E ol &St HluAddS & F87t At
A actic acide= 7] 719 ppmollA A A3 F71sict
7F 59 A HH F43%] Frksithr 309 A3 9l
2,089 ppme] HEZE o] 4 do] malic acide} A wid]e] &
Ko wge ofste] AHEE B e Fa f7IMES
& = AT Acetic acide A-2AFANAM = 271 154 ppm
oA M3 A S7IsIA] 304 A3} Foll 1,214 ppm
o] AZEHAUAIR WA= 304 FH Foll= W3t
7F A8 glojd %9 S 7P A e Aew

tjo

0350
045 | (B)
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Fig. 3. Changes of Total acidity(%) in unsterilized (A) and sterilized (B) takju during storage. Values are the average of samples from

each of three experiments; error bars represent standard deviations.
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Fig. 4. Changes of organic acid(mg/kg) in unsterilized takju during storage room (A) and cold (B) temperature. Values are the average of

samples from each of three experiments; error bars represent standard deviations.

acid; —¢g—, Malic acid; —gg—, Succinic acid.
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Fig. 5. Changes of organic acid(mg/kg) in sterilized takju during storage room (A) and cold (B) temperature. Values are the average of

samples from each of three experiments; error bars represent standard deviations.

acid; —¢g—, Malic acid; —gg—, Succinic acid.

ERt}. Citric acide %7 467 ppmo] AZEHAA T A&
A7 A A A 3] SRR WA G A= & skt
21T}, Succinic acid% citric acid?} F-ASF HEHE B Y
A ¥E A2 ol A 53] 209 o]l F43] F7lstitt.

MTEIFO KA HEL

bt ere] A wE {714k WskE Fig. 5o YE
Bibel=s

AgTot g AdETe fr1ite] Hebt 34 ver
A 294t Lactic acidite]l ¥st7F gliohzb 204 o] 59

|

1,127 ppm #5272 2F7F 7H48k ). Succinic acids W
sh7h vkt 309 A Fofl ot ottt = AE e
AZ lactic acid®} succinic acid7} a7 F F2 /7]
2o 2 B Song™e] A % B B Lee'99]
AEAE dEste] @5 g5 e8| /714 d3e}
AR X st webA {714 ®istel] w 2= 7HE
2 8212 MAES] AT F At vl Zpolo]
o AdgoAe AdERA(RE) IE 7]k
ztol7t A IS WIAA e AR YET

, Acetic acid; —g—, Citric acid; —g—, Lactic

(o] OF
a =

B AFeA s At A 100%E AR & FERASA
F (G, HEATFET)S A2(0) B WACO)ERAAA d
AE 2 F7)AF 73 (acetic acid, citric acid, fumaric acid,
lactic acid, malic acid, oxalic acid, succinic acid)2] ¥H3}=
ZAbs AT

2 A3} acetic acid, citric acid, lactic acid, malic acid
23 succinic acid AZF AT AEF= A4 A
malic acid’} %7] 352 ppm¢| HEFHI oY 74 HAF &
FH= AEFA %O lactic acid= Z7] 719 ppmol| A
AA8] F7rsitht 59 A E 5H 48] St 30
o A ol 2,089 ppme] AEE o] TEe ofste] A

= 78 F7I S € & AT Acetic acide A4
oA AA8] F7FsIRA R WA Gl = 309 A &
N Ws7F dojutA] ZoE Hol &0 J3FS 7}
Z AA we Aoz Yeltt Citric acid®} succinic acid
= AAGAA A S7kehe diES Bt g
Fo FEIE AAT WF 1040 Fr14te] B
lactic acid(722 ppm) > citric acid(454) > succinic acid(299) >

o
R

[SIASN
o 1



132 Gyu-1l Choi, Hyun-Jeong Kim, Ho-Jin Kim, Hyo-Rin Kim, Dong-Ho Kim, Jong-Sung Ahn, Young-Gyu Son, and In-Ho Song

malic acid(177) > acetic acid(83 ppm) =22 e}
st g AdeFe f71e] w24 st

o™ lactic acid7} 7] 1,621 ppmO.2 A YEREA| T 20
o o]Fol 1,127 ppm 2 7+ 7Faakit). wakA %7]4

of Wale] wA= 7P 2 89S nAEe] EART S
darel Fioln A EFolM s AR =)l Fﬂr—E—

f712ke] gEFAtolrt AA] e ALSE e

ojare] f-7|AF B Ao acetic acide A|EF2] WA
o] gl AEFot AdEs BT A WA gl &
Ash= ol 0~200 ppm FEolR oY A4 594
5 AlFol tEélO] ﬂb A ZNA 350 ppm —’F—ngi e
\/L

]

350 ppm FEORE ﬂrﬂﬂ *301 Atk ol& s 3t
7] 2ol Folle AlES tdgstete] 23S B Aot

AEF9] pHE é%xﬁw 3.199014 309 73+ F 4.52
2 MM3] STRIAAR AdEFE 3.65 FEAA 2 ¥
37 It FAE(%shE 27]) AT ddET =
F 035 o|lert 10 A AlelAM 040 FE2E T
T7F F 30% A F oA 030039 FEORE Z AbO]
7b (ASATh 53] 30 7 d ALmEg GEFIA Ae
7F 0397 A & F49

01 Z7139] (.59 HIgs Aoz
Ueht} AZo] 24 71202 Hrshrlole thik nEs)

¢

>
ﬂ

o sl $F s AROIH Agage Fae
o AF) MAEE AN BA71FE) ARl &
FE 9T
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