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A Study on the Gas Chromatographic Analysis of Alcohols
and Organic Acids during Takju Fermentation

Sun-Hee Choi, Ok-Kyung Kim* and Myung-Whan Lee
Department of Chemistry and *Food Science, Seoul Woman's University

Abstract

Takju, a Korean traditional wine, was prepared by using nuruk and Koji which were inoculated
with Aspergillus kawachii and Aspergillus shivousamii. Those chemical composition such as alcohols
and organic acids were deteymined with gas chromatography to investigate the variation of its content
by the fermentation. Alcohol such as methyl, ethyl, n-propyl, i-butyl, j-amyl alcohol were detected
in the most takju mash samples. Alcohol contents in the groups fermented with KNR and SNR were
slightly higher than KKR, SKR groups. Lactic acid were concentrated and organic acids such as pyruvic,
oxalic, malonic, succinic, maleic, malic, a-keto glutaric acid were also detected in the most samples.
The pH was lowest in the KKR group. The total acid content was slightly decreased at the later
fermentation and was highest in KKR. The content of minerals were highest in the WNR and BNR
groups. Throughout fermentation the content of potassium and magnesium varied greatly with the

tested groups.
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Table 1. Mineral contents of cereal (ppm)
Minerals Ca Cu Fe K Mg Mn Na Zn

Cereals

Polished rice 70.00 0.21 37.54 1100.01 300.27 9.00 50.00 17.50

Wheat 340.21 435 62.58 5220.31 1050.34 7.70 55.21 3151

Barley 220.54 3.02 42.44 2520.93 400.02 1.87 7752 25.03

7] ) ohg AFER A AR5 B 7pd sty
F7pEA & of 3087 FxHg o8 WrhAA 250 md
AtzbZ el ATl A 447t ek’ A kawachii, A. shirou-
samit2] I 18g-S HEsIL 25Co) 4] 44 7}F wl ofsled
Az st}

TE M=
F43 2 1.35kgy} A 1.35kgs 2t & o] &
450 m/ ¢} 550 mi 2. A A) 71 23 U A 5= A ka-
wachii, A. shivousamii 2] - 18gS JE3 F AFE =2
A B2 QYA A Aol 84zt wikstadch
EEE, AZAME Y 2 AT B E
F Ha2 2019 YFIZrY 875 AREE|e
Algellx} 1047 WA SHHA F 2, 5, 8, 1049 Wi
<5 10,000 rpmeij 4] 10%-7H 1’3-‘?- slof A& 4R
Ng FMAER AMg-shoT)
KKR—A. kawachii Koji 1.35kg : % 4.05kg Z#}v] : &
o] 24 9.5/
SKR— A. shirousamii Koji 1.35kg :
i " o] 951
WNR—Wheat nuruk 1.35kg :

2 405kg FA}v)

% 405kg Z3v) g

o] &4 951

BNR—Barley nuruk 135kg: % 4.05kg Zx}v] &
ol.& 95/

KNR—A. kawachii nuruk 135kg: % 4.05kg ZF3}7]
D& ol 951

SNR— A. shirousamii nuruk 1.35kg . % 4.05kg &=}
wl D& o]24 95/

Alcohol &4
A AN 20miE AOACHMo uet & o]

200 mig 713ta 57 SR8k 27 §EY 20 ml——
uto}l GC2 FAslsic). GCeo 25z 7S Hewlett Pac-
kard 5890 series II GC, 10% Carboxwax 20 M, 6 ft X2
mm packed column, oven temp. 70C(hold 1 min)-5
€/min-180C (hold 5 min), carrier gas : nitrogen at 20
m//min, injection 2 p/, detector : FID at 1X4", injector
temp. : 195C, detector temp. : 200C & injection techni-
quel 24+ splitless injection ¥HS AHE3ldx 33
F8F A2 Poxl chromatogram®] 7} peak?] rete-
ntion time 2 ZY¥-E] alcohold &<Qlslx n-butyl alco-

hol$ internal standard 3}e] I peak®} areazlo®
FE Ao

Organic acid &4

Alg AN 2mig Daniel® 2] ¥yl w2} BF;-me-
thanol-& AH&8}¢] methyl esterd} A7) t}& GCE ¥
Aatedct. olw) GCY AEZ2-S alcohol #4137 2o}
oven temp. 100C(hold 1 min)-5C/min-175C (hold 5
min), carrier gas . nitrogen at 24 m//min, injector, de-
tector temp. : 200C% o <ozl chromatogramel A
7} peake] +5% o|u]2] retention time® Z organic
acidZ #913)30 calibration method& *}-&3}o] A ek3}
a0 geRg #AEgch

pH, &4 4 27)& szt £3
A& A NS pH meter(Orion Model : SA 520) &
24/(]7‘1- 7\1—7_:}'_0_5 pH—g— 1743]-93_,_ iA}—_ Ag.;goll 10

2 100 mi A7EeAFe FHalr COs 5% F
2 o]xL 40 mi2 718 1% PP R AJofS AH4-sled 0.1 N
NaOH ZF-g4Ho = HA3 ol 0.0095 3kl lactic
acid® 3£ A]s}gdc}
F713 geke AR AAd 2mE HIt 2 ool
18 m/Z 3 A3} o} atomic absorption spectrometer
(Instrumental Laboratory Inc., Model AASP 457)&

Abgsle] EZHEtoion, Ayd AHgd FRHe F71A
gtere Table 13} zth
T Y
2SN E alcohol MES| Etist
7+ alcohol®] A FHef-2 Table 29} 725 methyl

alcohol #eke w2 2dels 2wyt el &5 5
ool = trace~192.66 ppmo. 2 7t A3V} Bluy &
spo] & Mol glom whF 8ol 20.62~235.99 ppm
0.7 ZF7} T o7t 7pAsl I whA e g 10Yddl=
21.10~21359 ppme g2 A A|g-77t #gishes A
Yehiiglow, Agds B KNRT7E @3 84l
23599 ppmel HuxF depfisich ol 7 M
300~600 ppm, ©]*12] 51~620 ppm<] methyl alcohol®]
g3 g ZAdltls Raxc opa e X
Methyl alcohol-& &5l WA A Fol| EA)3l= v]PE2)
pectin esteraseo] 2j3te] WAH = Ao $eviz} A
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Table 2. Alcohol contents of Takju mash during fermentation (ppm)
Alcohols
Samples 1DV
MeOH EtOH? n-PrOH i-BuOH 1-AmOH HOAc
KKR 2 - 1.05 5.26 - - 248
S trace 59.98 7.68 3.63 - 6.38
8 2544 85.06 69.44 37.88 - 63.22
10 2494 96.69 70.95 32.87 - 54.62
SKR 2 trace 0.61 2.78 - - -
5 34.15 4791 49.51 28.61 - 33.83
8 20.62 58.89 57.67 23.63 - 32.36
10 21.74 79.35 68.69 30.26 - 42.81
WNR 2 6.20 3.82 12.36 3.66 - 6.41
5 136.91 4433 50.95 33.07 - 57.74
8 38.24 52.18 2743 16.96 - 2542
10 21.10 25.81 23.35 7.35 - 8.89
BNR 2 11.28 9.20 trace 212 - 4.25
5 91.73 51.04 30.25 12.88 - 22.65
8 48.32 38.58 24.45 5.46 - 13.84
10 41.17 35.39 23.06 - - 9.37
KNR 2 8.66 1.57 11.83 4.28 9.85 9.67
5 192.66 82.12 52.21 3297 11.02 80.89
8 235.99 108.25 54.68 39.67 - 91.96
10 213.59 103.95 54.18 33.07 - 80.86
SNR 2 - 0.95 10.28 - 14.95 2.89
5 46.07 47.04 30.70 10.07 - 23.50
8 60.72 94.43 52.95 18.84 18.52 42.46
10 21.61 67.27 30.88 9.64 16.14 2144

UID.: Incuvation days, ?Unit of EtOH: g/

F 2 A7k A6 500 ppm ©|3t2 FAH sl
A AR A LA b A PR Fe]l BF F
HolstZ EAstEZ ¥ FAU} gl Aoeg A=

Ethyl alcohol =& W 2U7ix|= ¥ zlolr} ¢
Hov I 5YRE= 733 Frhete] 44.33~82.12
g/ltel HAE vebld 95 8ol 3858~108.25¢
A2 H2AE Jehliglon, @3 10¥elE KKR#}
SKRE A3 pjA] Aol 25.81~103.95 g/l =
oF) Atk AE e ol 2 £ W) gF
7947, AW g 8dell FA ko] FAF F)
£ HaAed Ealgoia 2agk s v)estgdn) 4
FE 2 B KKRe SKRo] @hg-A)7ke] 7 mgho)) wje}
A4 <l ethyl alcohol WA Ae]& viejuz|nt, KNR3}
SNR-& & 8ol 7H4F B2 k& Jepuigdch gt
& AHEA ¢ Hd) BHEE 52 vkE WNR3
BNR-& AjAdeke] 714 wokch. Ethyl alcohol A§Ad ko]
Ba A7 Wy KNRT 7 ok 2 Foll w)stod
Helg GEHes AAEn A kawachii FF) <3
AV 77} A shirousamii X TRk B A A7) Fie),

n-Propyl alcohole]} i-butyl alcohold 2z} 2|37}
Wbk SAgle] mig dfxle} 9loy n-propyl alco-
hol®] A%, @& 294 trace-12.36 ppmo) L T 10
o= 23.06~70.95 ppmo] ) 2™, i-butyl alcoholS @3-

28l 0~4.28 ppmol i wF 10¥olE 0~33.07 ppm<
depisieh ol o)r) g3 %
ppme} n-propyl alcohol, 51~725 ppm<| i-butyl alco-
#2 % ehliglal KKR, SKR,
KNR, SNR A8 77} WNR, BNR-+ 2.t} o]59] alcohol

hol9] R iwrh o

o}

3 ol 1.43~466

ghefo] wiwA 9t} n-Amyl alcohol®} i-amyl alco-
hol¥ t}& alcohol¥= 2] n-amyl alcohole] &k
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SNR Algelat HEsEx 2 9 AlgPolre AE5A
Wokth 1 ek ME w|sested HaArt 77 11.02
ppm# 1852 ppmo]gie}. ol &2 75~104 ppm
i-amyl alcohol®] W iRt o £3& ehfc)
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vepie] Al B T g & Aele Qe
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Table 3. Organic acid contents of Takju mash during fermentation (ppm)
Organic acids
Samples LDV - -
Lactic? Pyruvic Oxalic Malonic  Succinic Maleic Malic a-keto
glutaric acid
KKR 2 0.50 1.8 2.2 19 1.6 8.6 trace -
5 0.57 1.8 2.2 2.5 2.1 1.2 - -
8 0.69 0.5 - 35 3.3 - - -
10 0.75 04 3.0 4.2 3.9 - - trace
SKR 2 0.79 32 15 2.6 14 - - -
5 0.79 34 48 2.7 19 4.1 - trace
8 0.82 04 - 3.7 2.3 — - -
10 0.92 0.2 3.5 5.0 2.6 14 trace -
WNR 2 0.43 11 - 1.6 1.2 6.0 - -
5 0.62 0.4 - 2.3 2.3 2.2 - -
8 0.75 - - 3.8 2.5 - - -
10 0.74 0.4 - 4.6 3.8 - -~ trace
BNR 2 0.64 0.3 - 2.5 10.0 - 0.1 —
5 0.97 0.3 - 2.8 1.7 - 0.2 -
8 1.26 0.4 — 35 10.0 - 0.1 -
10 147 0.9 4.9 4.0 2.3 - trace
KNR 2 .60 1.9 2.8 2.2 1.2 1.8 - -
5 0.73 0.9 - 2.5 14 2.5 — 0.1
8 0.85 0.8 - 4.7 2.6 74 - 0.5
10 0.77 0.7 — 39 2.2 - - 0.3
SNR 2 0.55 14 - 2.2 12 40 0.1 -
5 0.76 1.1 - 2.7 15 - 0.1 -
8 111 0.8 34 44 2.5 0.6 - trace
10 1.34 0.7 3.8 2.0 1.2 — -

VLD.: Incuvation days, ?Unit of lactic acid: ppm

g Fr71Abke] AR @RS Table 33 2o lactic
acid®] e oF 299 043~0.79 ppmol 4w
10def 0.74~147 ppme & HAH o2 Zr}a} 2k
Holw, Ag82 »w BNR# SNRe] 7zt 147, 1.34
ppm®] H x5 el gicl 53] lactic acide A}
gbs] Al Ee] o2 friaeo 2 ko] JMy @
(il—c], o]% ;d-(9) 01(34) 7}. 5(35)0] O]: Q-_J': %tﬁ\-% GC,
HPLC=Z ®A% A lactic acid7} 713 2o] &85 o]
the B} vjseatg ot o gkl B A En) g
ol ol @ wby e wigt vl g 5o oo
o3t Ao 2 A7relc} Pyruvic, malonic, succinic acids
oxalic, maleic, malic acidel= e8] HaAHY] £ vE
Al F-oll A 7 &= ). Pyruvic acidy 92 26 0.3~
3.2 ppboll 4] &3 540l 0.3~34 ppbel ™, 3 10l
02 ~09ppb WYE Al Fulc}l ofr zolE Holx|uk

= 54 ¥z @ F 38U = 7}6%’47} 1 ¥ A
7‘3]'_1\.3} 2 Ffeke A 8uje} zjo]7h ¢ 2 WNR, BNR
R} KKR, SKR, KNR, SNR7} -1 &2ko] wslc}. Malo-
nic acid¢} succinic acid= A& H]5:3F H8-S Kol
malonic acid+= KKR, SKR, WNR, BNR ] & ol 4] v
10l 4.0~50ppbe] Hwh=S vfehHSlR, succinic
acid= 2.3~38ppbo] HAE vjehigierd, KNR}

SNR+= &5 8Y4ll 4.7~4.4 ppb 2] malonic acid, 2.6~25
ppb2| succinic acid®} A& zZtzh vehdidch 2
9ol oxalic, maleic, malic, a-keto glutaric acid 5-&
Alg o] whel zte]E Holuwl WNRS oxalic, malic
acid”}, BNR-& maleic acid”}, 2]z KNR-& malic
acid?} z+Hzb S =7 ¢skeh Lactic acid ©] 9]¢ §7)
- WNR, BNR 4|85} KKR, SKR A3 ol A4 o
AAAEE Aoz FAE 29 AWWo] &F Fof la-
ctic, oxalic, maloic, fumaric, succinic, maleic, malic, cit-
ric acid 5] EMgci Bugt FAxpe} Ao} Faldt
A vehdok
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Fig. 1. Changes in pH of takju mash during fermenta-
tion
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2 2AF 1A FS Table 49 et

Cat WaA|Zke] A wle} vlzd Friske
FS el 2 A1y P8 2= KNR7} SNRol 2.95~6.33
ppm, 295~9.71ppm< el 7P w@gtenm,
WNR#} BNR-& 29.99~36.76 ppm, 26.61~36.76 ppm.2.
2 g} AT b8 =8 S vehggith ol= o]
S We| oF &% Fo 724~84.1pg/mo] EAIhE
Bavche ¥ £x9gch Cue 74 AFTFEC] MR
£ Zolgle] nlsd & ey, FHx 001
ppmel A A 0.14 ppmS el iz WNRe] 0.14 ppm
22 thh ¥ e el a gk ol o] 0.22~
0.25 ppm, Z® ¢} 27.8~50.2 ppm Hrhe thd W
243t} Fex 0.71~3.23 ppm$ b 9l o) WNR}
BNRe] 1.07~2.60 ppm, 1.61~323 ppm 22 €} A&7
o wla) ¥& 35 Uehlch o) o]} g £ Tl
1.60~2.10 ppm& YehliEs s v]ed =& ey
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Fig. 2. Changes in total acid of takju mash during fer-
mentation

gdth K& 110.89~517.33 ppm o 2 W& A| 7o) 7 3}3el)
ual AL Frbshe Agelglod AdEE EHH
KKR, SKR77} 110.89~182.61 ppm, 110.98~177.82
ppme g 7b3 e §Feks vjehdigiy, BNR, KNR9
A 455.17~517.33ppmo2 HUE Jeligch
Mge & A|zto] Zrighel et A% Zrbste Alg+
W2 KKR, SKRT7} 34.78~37.03 ppm, 38.15~46.01
ppmo. & 714 ko vl WNR, BNRT7} 78.59~122.40
ppm, 105.55~119.03 ppm 2 2 Hd =& Jehligich &
3 ¥EL ubEo] e A@7elM Ca K, Mg &
gko)] E9ki=d] o] Table 37 o] ol us) Ax 2}
Yol o] 52| Frako] Ads] Wokew], HO7 ¥y
Wo) wrr) o 2~5u)9) Ca, K, Mgz} @eo] &559l
the AFe) Bast el g5 o A8 Aol 7]
A3k Aoz AR

Mn¥ 0.56~5.98 ppm.2 & A|7ko] ZAglel e}
A% Z7)kshe Hgo)w AP E 2= WNR, BNRe) 2,65
~508, 140~5.56 ppme.2 HHAE vehligict ole
A®e) wxe} wlsyk FEFg Jehigich Nag 019
~1436 ppmo 2, o2 Fr]@%3E= @] WNR, RNR
9} defo) el A& Fel w3 53] A2 0.19~0.33, 0.19
~031ppmeolgich. ol 27 UM Navtk €9 &
o7 A& oA B§ o AY7tEct Znd 090~
571 ppmo.2 HEA|ZYe] ANAPE chir Frhehe 2
b Jehe] AjyPE2E WNR, BNRe] 1.22~5.71
ppm, 2.50~540 ppm o3 Hox& b gich

o)4e) ANE Fgsld 714 2 WNR, BNR
F7t Nag A3 o8 Frghede] woked o e
FA4E iz K>Mg>Ca>Na>Mn>Zn>Fe>Cul &
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Table 4. Changes in mineral contents (ppm) of takju mash during fermentation

Minerals
Samples LDV
Ca Cu Fe K Mg Mn Na Zn
KKR 1 1647 0.05 0.80 110.89 34.78 0.56 6.85 141
3 19.85 0.07 0.80 144.36 35.91 1.40 8.04 1.86
5 19.85 0.07 0.89 149.14 35.91 2.23 9.62 2.50
8 26.61 0.07 1.07 173.05 37.03 3.06 10.08 3.14
10 29.99 0.08 1.25 182.61 37.03 3.90 12.78 443
SKR 1 16.47 0.03 0.71 110.89 38.15 0.56 449 1.86
3 19.85 0.05 0.71 130.01 40.40 1.40 4.88 1.86
5 2323 0.05 0.89 153.92 43.77 2.23 6.85 2.18
8 2323 0.07 0.98 163.49 43.77 3.06 8.04 2.19
10 26.61 0.08 1.07 177.82 46.01 3.48 11.36 2,50
WNR 1 29.99 0.03 1.07 311.72 78.59 2.65 0.19 1.22
3 29.99 0.05 2.15 316.50 99.93 3.06 0.24 3.79
5 29.99 0.07 2.33 345.19 110.04 348 0.27 4.11
8 33.38 0.12 251 359.54 120.15 5.56 0.39 5.07
10 36.76 0.14 2.60 359.54 122.40 5.98 0.33 5.71
BNR 1 26.61 0.05 1.61 326.07 105.55 1.40 0.19 2.50
3 29.99 0.07 1.70 335.63 111.16 2.65 0.24 347
5 29.99 0.07 2.33 383.45 113.41 3.90 0.28 3.79
8 36.76 0.08 2.87 407.35 116.78 431 0.29 5.20
10 36.76 0.10 3.23 455,17 119.03 5.56 0.31 5.40
KNR 1 295 0.01 0.98 287.81 61.74 0.15 10.01 0.90
3 2.95 0.03 1.34 311.72 68.48 140 11.20 154
5 6.33 0.05 134 359.54 69.83 1.81 12.00 154
8 6.33 0.07 1.61 512.55 81.06 181 12.78 1.86
10 6.33 0.08 2.15 517.33 99.93 348 13.96 2.18
SNR 1 295 0.01 0.71 168.27 5344 0.98 8.82 1.22
3 6.33 0.01 0.89 278.25 59.49 1.81 9.62 135
5 6.33 0.03 0.98 302.16 60.62 2.23 10.65 154
8 6.33 0.03 1.25 335.62 71.85 2.23 13.96 1.86
10 9.71 0.05 143 373.88 8241 5.14 14.36 1.99
VLD.: Incuvation days
vlelydct 950 qlelon, lactic acid o199 F7]Ak2 A ka-
wachii, Ashirousamits A3 Foll A o] A= A
2 o g el

A. kawachii®} A. shirousamiiE A3t Kojigl
& e A AAdE o Ex3E= TR o8 Be
g5 wta sty 5 alcohol, fr714F 2 7714 kS A
v] w3hed ek

Alcoholf+= ethyl alcohole] 0.61~108.25 g/io|gl L
methyl alcohol& 0~235.99 ppme]glen] AT 2=
KNR-7} ethyl, methyl alcohol ko] wtch -19) n-
propyl, i-butyl, i-amyl, n-amyl alcohol, acetic acid=
trace-70.95, 0~39.67, 0~1852, 0, 0~91.96 ppmo. &
2w FEe] Ak

7]+ lactic acid7} 0.43~1.47 ppm & k2 §-7]
Abel] w3 Wol -850 9lglaL, o))l pyruvic, oxalic,
malonic, succinic, maleic, malic, a-keto glutaric acid 7}
Alg ol wpe} ofa Zol glont A E 0~3.3, 0~
4.9, 1.6~5.0, 1.0~3.8, 0~86, 0~0.2, 0~0.5 ppb& 3-8

pHe 5 1ol 3.82~5.260]%02.9, HA}F 7hay, o4
Z7)5he] g5 106l = 342~3.69¢| %k AlHTHEEE
KKRo] 7+& wisirh

Z4e whE 1ol 029~082%om ©F 6l
1.75~253%8 #Hugte Jegen 1% 7hastd
w2 102ole 1.61~2.34%%tk A T77belE KKR,
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