Food Eng. Prog.

Vol. 18, No. 4. pp. 348~354 (2014.11)

DOI http://dx.doi.org/10.13050/foodengprog.2014.18.4.348
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

dSME st

Eg|510] M=

Efol

Y

Food Engineering Progress

2y

=
T

o|Adu] . skl - o]SFx*

AlSheta x2]2) 473 %

o3}
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Abstract

In this study, four types of Tukju (rice wine) were developed using different fermentation starters; two traditional
nuruk (SS and SJ), one ipguk (JE), and one crude amylolytic enzyme (HK), respectively. Sample rice wines were
analyzed for ethanol, titratable acidity, pH, soluable solids, and Hunter colorimeter values. The Takju made with HK
showed the highest ethanol level, while the titratable acidity of Takju made with JE was twice that of the other sam-
ples. The volatile compounds in the four types of Takju were isolated by headspace-solid phase microextraction (HS-
SPME) and analyzed by gas chromatography-mass spectrometry (GC-MS). A total of 49 volatile components were
identified, including 27 esters, 3 acids, 10 alcohols, and 9 miscellaneous compounds. Ethyl esters and alcohols such
as ethyl hexanoate, ethyl octanoate, ethyl decanoate, 2-methyl-1-pentanol, 1-pentanol, isoamyl alcohol, and 2-phenyl
ethanol were the largest groups among the quantified volatiles. Although the numbers of detected volatile com-
pounds were similar in the four types of Takju, the amount of quantified volatiles showed a great difference among

samples.
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UTHPark et al,, 2012). o] s WS o] &3 Y=
WE717He SEEAL AFAIRIE 7hHs sk At At o]
st o] e dS WA sk Aol Utk Z2Ey &9
FH7} SEstaL ofm|mqke] gheko] vrow {-7]4ke] At
o] AAA ate] x5t |7t B3 @rlo] 4
Z Sdth(Lee & Choi, 2005; Park et al, 2012). WEhA] &
O o s 7 g5 LS fEixe TaAe
THE TSsietal ol& 83 4= A& A+ Zes)

22t AAZI,

o rlo Rl

lo

5 ¥ ohe} FRe) EAoIN e g Fad 2
Aol GIRE WuE AN E o}, F2Y, £7]

2bol| FHEE A o] FRE o]ZtKKim et al., 2009; Kim
et al, 2011). &9 3 7)ol AHE AT ==
Aspergillus kawachii 75, Aspergillus oryzae T522 &
=35 g 28l 2w Y F I8 IR (Lee &
Han, 2001; Lee & Choi, 2005), E2FF, 98, & &
5 2Ee g =ule] AR EA e A3 AT (Lee
et al, 2007; Kim et al, 2011; Lee et al., 2012) 5 5%
280 745 JAFTH FHoU AEH d5E gysie] &

F9 o) AR AT e B AEA FF AAND
geistel 9EE g0 Ay el Bd A7e
ARE Aot webd B Aol WAl e, #
0 g5 Az 9 AHSEE AEYE 2%, 9 15,
2R2A 152 HYse] 938 A2 T BEAY F
Fol WE GRS BAstel BaA BE FYR

M=z 2 Ak
B Ao A1g3F dhgx] 45088 AU oR A%

N

sto] Aol diEL e AET

Korea)oll Al 27} +A3IG T ZA A NH7F)S =5
22 3] AH(Korea Enzyme Co., Ltd., Hwaseong, Korea)ol
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(JE; sp 60, ¥ =) Z-23 2] (Hwasung-si, Gyunggi-do,

Korea)oll Al Y3ttt & Aol AREH HaAo ALt
A9 2 AFE FA FHRE Table 13 2o d59+=
2013 8Y =AE U= oL AgEleH, =2
A (Jeju-si, Jeju-do, Korea)5 7Y 3te] ARSIt BR=
A% & X (La Parisienne, Saccharomyces cerevisiae, DB
ingredients, UK)E AH&-stiT 3 71339 A
S $ WHEEFEZZ 2-methyl-1-pentanol(Sigma Co.,
St. Louis, MO, USA)S AH&-3F51 T}
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Table 1. Raw materials, production areas and process methods of the four commercial fermentation starter.

Code Raw material Production area

Process method

SJ Wheat Gyeongsangbuk-do, Sangju-si
SS Wheat Busan-si, Geumjung-gu
HK Wheat bran Gyeonggi-do, Hwasung-si
JE Rice Gyeonggi-do, Hwasung-si

Traditional (natural microflora)

Traditional (natural microflora)

Improved (crude amylolytic enzyme)

Improved (4spergillus luchuensis also known as A. kawachii)
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Headspace Solid-Phase Microextraction(HS-SPME)2
0183t LA T W HEHSA

7bzf g HEA 4 Fo 8 Fas g5 3 1A
£ F29.2 Headspace SPME(solid phase micro extraction)™
WS AAEIET A& SmLE #H k] 20mLe] headspace
glass vial(Supelco, Bellafonte, PA, USA)°l NaCl 1g,
internal  standard £} (2-methyl-1-pentanol, 10 pg/mL. DW
solution) 0.5 mL2 2L silicon/teflon septum(Supelco, Bellafonte,
PA, USA)2. 2 945 L83tk Viak 7HE 25(40°C)ell A
308 &< magnetic barg ©]-83F] WHESIHA] 3 dH)
o] SPME fiber needle2 23 30% &
oF 3 AES FFAIZIAL, 220°Ce] GC-MS injection
portoll A 5i-7F ©Eete] EA QT Be] AR 3§
5 $18 A3st SPME fiber(Supelco, Bellafonte, PA,
USA)ZE divinylbenzene/carboxen/PDMS(50/30 um)E Al
Aslo] BA-S AAISFATHKIm et al., 2009).

HS-SPMEe°l °3] F&d zhzhe] 7|8+ GC/
MS(Agilent 6890 gas chromatography/5973 mass selective
detector, Agilent Co., Palo Alto, CA, USA)Z 43} t}.
Ago] ALE3F columne DA-Stabilwax(30 mx0.25 mmx
0.25mm film thickness, Restek, PA, USA)E AF&-3}% T}
o]57 71AE helium® 2 #4L 1.0 mL/ming #4151
oh QB 2%+ 40°ColA 5EZF §XA3 F, 185°CTHA]
5°C/min®] £2 FSAZ F 2087 frA ST FU7
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GC-MSel| ¢Jal] F2]¥ 2}7Fe] peak 3] mass spectra
9} Wiley 275 mass spectral database(Hewlett-packard, Palo
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Table 2. Physico-chemical properties of fermented Tukju (rice wine) prepared with different fermentation starters.

Soluble solids Color value

Sample”  Alcohol (% v/v H Total acid (% v/v o
p ( o ) p ( 0 ) (BX) L a b
SS 12.56+0.02>% 4.43+0.01¢ 0.28+0.01° 14.6+0.20° 40.50+1.05° -0.21£0.07° 3.76£0.01¢
SJ 11.87+£0.25* 4.32+0.01°¢ 0.29+0.01° 13.1+£0.21% 42.27+0.01°¢ -0.05+0.00¢ 4.36+0.15°
JE 14.96+0.05°¢ 3.82+0.01° 0.68+0.01°¢ 16.3+0.43¢ 39.15+0.02% -0.42+0.02° 2.724+0.10°
HK 15.66+0.02¢ 4.20+0.02¢ 0.24+0.01* 13.2+0.32% 39.15+0.02* -0.12+0.01¢ 1.85+0.01*
F-value 612.449%*** 1585.750%*** 2508.667**** 23.000%*** 19.882%*** 56.604%*** 445.230%***
DSee Table 1.

PEach value is meantS.D. ***p < 0.001, ****p < 0.0001

YMeans within a column not sharing a superscript letter are significantly different (p < 0.05, Duncan’'s multiple range test).
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o] A IR A A= Table 33 2t g

4FoA FR8E A 4950 2 esterF 27 %,
alcohol & 10 %, acid® 3 =, miscellaneous 9 0] T4 5
ATt B )R] HAY] S (peak area%) esteriF
46.85%, alcohol&+ 49.05%, acid¥ 0.62%, miscellaneous
3.48%% alcoholfi7t 7H¢ A Jelwdth s4E 324
AE ZoA esterF 19 =, alcoholi 6 =, acidF 1=,
71EF 3% F 29 %] A ARl 4T BE NI
oMM A=A

7V Be 25 9] g4 _,40]
2 A ZFo|A] Aol Ho e FHo| Hor) H sok( é)
< THRERE v|F P oﬁ"iiq_ T AN = FRFo) A
alcohol+2} aldehyde T Ht} 7|oJ=rt & Ao =2 d#A 3
tHKim et al,, 2012). ¥ AFoME oz FF3 g

Ho =
}\(_b]'ft‘%_

F4H esterFe IHFH o

A, AELs 2 gt vdEe] Aol HEHes  JE AE7F F esterFOl FEFO] 1291.77 mg/Li Ve
2He-sle Aoz 4 A JTthKim et al., 2009). S YeiWlon, Agrseg Xﬂ}_?& SS AlE+= 120.61 mg/
L, ZEA2AE AZ3 HK AlEE 11625 mg/L, AE5F52
HISHIE 2|6t EF| gl s |ME 2 Ax3 S) A] 27} 70.16 mg/L &2 2 UEFTE ethyl
HS-SPMEH & Alg-ste] W aAE gl 933 e esteri 3FEEL 2] XU ethanol®] esterdl = <13l A3
Table 3. Volatile compounds (mg/L)" in fermented liquors (n=2).
D)
Code K1? Volatile compound® Sample 1d°
SS SJ HK
Ester
esl <800 ethyl acetate 2.14 0.03 0.62 1.05 A
es2 1076 ethyl butyrate 0.23 0.08 0.25 1.94 A
es3 1179 ethyl pentanoate 0.09 0.25 0.03 1.78 B
esd 1253 Isoamyl formate 40.78 - - - B
es5 1282 ethyl hexanoat 0.34 5.64 3.85 45.34 A
es6 1373 ethyl heptanoate 0.24 0.6 - 4.5 A
es7 1464 ethyl octanoate 14.94 16.7 31.59 380.59 B
es8 1482 Isopentyl hexanoate 0.17 0.24 0.17 3.72 B
es9 1561 ethyl nonanoate 0.42 1.28 0.23 37.8 A
esl0 1569 butyl octanoate 0.09 - 0.26 4.53 A
esll 1569 ethyl 2-octenoate - 0.3 - 1.02 A
esl2 1594 ethyl 4-decenoate 0.22 0.55 - - B
esl3 1644 ethyl decanoate 13.9 19.97 30.24 303.42 A
esl4 1660 3-methylbutyl octanoate 0.29 0.53 0.79 11.63 B
eslS 1678 diethyl butanedioate 0.12 0.33 0.31 6.58 B
esl6 1727 ethyl benzeneacetate 0.72 0.79 - - B
esl7 1743 Isobutyl decanoate 0.15 0.07 0.14 0.92 A
esl8 1772 methyl 2-hydroxy-benzoate 0.35 0.27 0.29 4.08 B
esl9 1786 ethyl 4-hydroxybutanoate 0.95 0.62 0.51 20.09 B
es20 1800 2-phenylethyl acetate 26.92 0.59 8.54 46.41 A
es2l 1821 ethyl dodecanoate 3.29 3.99 7.64 87.48 A
es22 1835 Isoamyl decanoate 0.21 0.13 0.29 2.16 A
es23 1987 ethyl tetradecanoate 2.29 1.77 8.64 90.09 A
es24 2213 ethyl hexadecanoate 8.4 3.93 19.26 206.79 A
es25 2254 ethyl 9-hexadecenoate - - 1.18 2.88 A
es26 >2300 ethyl 9-octadecenoate 1.11 0.06 0.35 8.9 B
es27 >2300 ethyl linoleate 0.97 0.23 1.09 14.12 B
Total ester 119.33 70.16 116.27 1287.82
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Table 3. Volatile compounds (mg/L)" in fermented liquors (n=2) (Continued).

Sample?
Code KPP Volatile compound” 1d”
SS SJ HK
Alcohol
all 1024 1-propanol 0.16 0.04 0.90 7.37 A
al3 1097 2-methyl-1-propanol 1.63 0.20 1.98 45.46 A
al4 1194 1-butanol 4.27 0.07 0.35 9.36 A
al2 1215 Isoamyl alcohol (3-methyl-1-butanol) 5.13 2.17 41.80 23.55 A
al5 1274 1-pentanol 22.02 40.20 - 559.13 A
al6 1388 1-hexanol 0.28 0.69 - - A
al7 1411 3-ethoxy-1-propanol 0.14 0.13 0.73 6.00 A
al8 1585 2,3-butanediol 0.11 - 2.80 10.25 A
al9 1710 3-(methylthio)-1-propanol 0.42 0.16 0.27 - B
all0 1881 2-phenyl ethanol 92.33 44.80 57.93 685.71 A
Total alcohol 126.49 88.46 106.76 1346.83
Acid
acl 1478 acetic acid 0.21 - 5.42 13.52 A
ac2 2000 octanoic acid 0.24 0.23 0.40 0.45 A
ac3 2100 nonanoic acid 0.29 0.13 0.05 - A
Total acid 0.74 0.35 5.87 13.97
miscellaneous
mcl <800 acetal - 1.77 - 54.37 B
mc2 1083 2-fluoropropene 0.03 0.06 1.19 34.51 B
mc3 1141 1-(1-ethoxyethoxy)-pentane 0.03 - 0.04 1.60 A
mc4 1388 methyl cyclopentane 0.19 - 0.08 - B
mc5 1455 1,3-bis(1,1-dimethylethyl)-benzene 0.14 0.12 0.10 3.39 B
mc6 1477 1,2-dimethyl-hydrazine 0.09 0.09 0.08 - B
mc7 1968 dihydro-5-pentyl-2(3H)-furanone 1.25 - - 9.83 B
mc8 1983 4-pentylbutan-4-olide 0.11 0.19 - - B
mc9 2101 2-methoxy-4-vinylphenol 3.36 1.13 0.09 4.72 A
Total miscellaneous 5.20 3.36 1.58 108.42

1) Average of the mg/L (n=2)

Area of each compound x Amount of internal standard

Area of internal standard x Amount of sample/10°

2) Kovats indices of unknown compounds on DA-WAX column
3) Compounds by order of their Kovats indices in a chemical class
4) See code name in Table 1.

5) Volatiles were identified based on the following criteria: A, mass spectrum and retention index consistent with those of an authentic standard: B, mass

spectrum consistent with that of the Wiley 275 mass spectrum database.
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