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Abstract The principal objective of this study was to evaluate the physicochemical properties and volatile compound
contents of Moju acquired from 12 restaurants in Jeonju. The alcohol contents were lower than 2.1%, and the pH values
ranged from 3.85 to 4.38. Total acidity, °Bx, and UV absorbance values differed among the samples according to the type
of side materials added. Reducing sugar contents were found to be substantially superior to other commercial fakju
variants. Malic and lactic acid contents were higher than the contents of other organic acids, and the free sugar contents
were as follows: maltose>glucose>fructose. Overall, the high b (yellowness) and cP values were attributable to the turbid
yellow and heavy condition of the samples. The volatile compound contents of Moju were analyzed via GC and GC/MSD.
30 components were identified, including 3 alcohols, 12 esters, 7 hydrocarbons, and 4 aldehydes. Among the alcohol
compounds, benzeneethanol levels were higher than the levels of isoamyl alcohol. Ethyl caprate, ethyl palmitate, and ethyl
linoleate, which were fundamentally attributable to origin liquor, were highest among the 12 esters. (E)-cinnamaldehyde,
which was the most abundant among 7 hydrocarbons, and (E)-cinnamyl acetate contents were attributed to the presence
of cinnamon, a common supplement in the processing of Moyju.
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32 DB-ALC2 column(30 mx0.53 mm L.D.x2 pm

film thickness: ] & W Scientific, Folsom, CA, USA)°] Z2e
GC(6890N, Hewlett Packard Co., Palo Alto, CA, USA)E
3lo] oven 70°C, injector 200°C 2] detector 250°ColA]

A5 pHeF AR 2 ZHz) pH meter(HORIBA
HORIBA Ltd.,, Kyoto, Japan)<}
ATAGO Co., Tokyo, Japan)E ARE-sled SA3IATE F4k AR

10 mLel|
I AM|ERS

o] &
A
D-51,
D= A(ATAGO Pocket PAL-1,

glx]/\]éqag 7¥8te] 01N NaOH §9jo=z Wao}@l

ZS succinic acidZ 3HFste] UERNIAL, o] &
phthalein #] /\]ok_,,} =4 formalin 8
v Ake

mL &

phenol-
89 SmLE 7Hsiel fele of
0.IN NaOH §e1.0% Pgalo] viehd mprix) 24 e
glycine® 2 JERJATHR). A5 3dge Uuv/

VIS spectrophotometer(HP 8453: Hewlett-Packard Co.)& ©|-8-3}]

747}y 280, 550 nmollA FBE SN M, AR Fre FF
E/89] FA(mm)x10x3] A ujol] o] =S o™ (3), ST

£ dinitrosalicylic acid(DNS) WS o]&3l A s tH4).

7Lt

F710 5]

Japan)2 #4130 A8

RElg 24
3o A 8E oJ3}3te] HPLC(Jasco Inc., Tokyo,
column® Z+= 7242t Aminex HPX-87H

(300 mmx7.8 mm: Bio-Rad Laboratories, Hercules, CA, USA)<}
Aminex HPX-87C(300 mmx7.8 mm: Bio-Rad Laboratories)E AF&-
AW Jasco UV975 UV/VIS detector(Jasco Inc.)2} Jasco RI-

930 detector(Jasco Inc.)=

o8-8k A SFATHS).

Table 1. The recipe of Moju with 12 restaurants

gaI5 5y £A

A== A Z}FA|(ColorQUEST 11, Hunter Associates Lab., Inc
Reston, VA, USA)E ©|-8-3}%] Hunter scale] <J3ll L(E%), a(d
AE), bEAE RS E eI A5 H=A(DV-F, Brook-
field Engineering Labs. Inc., Middleboro, MA, USA)E ©]&3}3
o &4 AL 15°CE 1‘%—7(]31 AZE Spindle No. 12 A3}
o] 100 rppmollA 30%27F 4 F 3ESle] Hagke g Yehido

2y SlEE MR B4

LA SFE ARS AR 20mLe 60°ClAH HF F
SPME(solid phase microextraction) WHO 2 3juky E2S ¥H
3l Stabilwax-DA  column(30 mx0.25mm LD.x0.25 um film
thickness: Restek Corp., Bellefonte, PA, USA)°] “2t%E Hewlett-
Packard 7890A GC/HP-5973N mass selective detector(MSD)
(Hewlett-Packard Co.)& ©|-8-3te] #4313t ARS-E GC2 oven
L5 50°CAA 200°C7HA] A<SAI AL, injector L 250°CS,
©om carrier gasZ heliume A3}t

23y o&
2% NE WY
AF A 7 SAFORRE BuEE me) APy

ZAVe AF= Table 13 o). 9FQ D43 E vlgo = sl
U, A% 22 Ay T kel dye] FEHoz vt
B St gepxle] H7h i ARe] TR B
24 ZALE QT 2 o|9)ol zF LA E Q1M T, B,
=i, 44, 371, $9, 9L Zriskied 5 = ﬂ.gao}
Al WHE7] S8k }é}ﬂég— H7pstAY duks Zxs] $lste]
BRE Yol Alxdte M= AUk 2 Xih Al Bole Al
7k AL 4050)M AAE 6AI7EOR UEREon #Zol7|E v}

Moju" ?crllug(l)rrl Water Ginseng Llsggtce Sugar Jujube  Ginger Cinnamon Danggwi Toraji Deodeok Etc
HKK 140L - - 67g (raw) 15.0kg 2kg 2kg 2kg - - - -
KKHK 18L - Fresh3-4 67¢g 2.5kg 1 kg 1 kg 300 g - - - Hwanggi 5 roots
Tiny-sized (white) 1.5 kg
SMD 18 L 1L 170g 80g (raw) 1.0 kg 220g  400g 400g trace - 20g -
GG 150kg 15kg - 300 g 13.0kg 500 g 3kg 1.5kg 300g - - -
HKJ  18L - Sroots 67g Gellow 1304 60g  310g 560 - - Eomnamu 5-6EA
(White)
Dried ” Samultang
BY 40L - 300 g 300g 5.0kg lkg 300g 500g 300g 300g 500g materials 800 g
HIK 40 kg 2kg - 1kg 8.0kg 1kg 1 kg 1kg - - - -
Fresh Burdock 500 g,
KJHK 25L - 100 g 1.5kg 2kg 1.5kg 60g 100 g 2kg l1kg  Black taffy 2 kg,
1 kg
Lotus root 1.2 kg
FJ 20L 5L - 100g 3.0kg 200g  200g 500g - - - Rice powder 2-3TS
KNR 18L - - 67¢g 1.5kg 160 g 160g 310g - - - -
WI 18L - - - 1.0kg 1 kg 1 kg 100 g - - - -
(yellow) 1.5 kg
SIK 18L - - - (raw) 0.6 kg 100g 100g 50g - - - -

DInitial name for 12 restaurants in Jeonju
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Table 2. Chemical contents of Moju

5y Reducing sugar

Moju Alcohol (%) pH Total acid” (%) Amino acid® (%) °Bx UV absorbance (me/mL)
HKK 2.0 4.17 0.20 0.68 14.6 36.9 112.77
KKHK 1.7 4.14 0.20 0.69 14.0 6.0 102.89
SMD - 439 0.18 0.65 254 324 52.70
GG 0.9 4.10 021 0.82 13.6 33.8 26.58
HKJ 2.1 4.02 0.30 1.10 17.7 10.7 66.06
BY 1.2 4.16 0.10 0.35 12.8 11.1 20.24
HIK 0.9 4.12 021 0.71 12.3 344 12.68
KJHK 1.2 427 0.15 0.54 14.6 13.4 98.32
FJ 0.3 432 0.14 0.53 14.6 17.1 23.08
KNR 1.4 4.03 0.26 0.81 16.4 8.8 74.33
WI 1.1 391 0.12 0.33 42 16.2 14.98
SIK 0.8 4.07 0.19 0.63 15.7 50.8 32.96
DTotal acid contents described as succinic acid
YAmino acid contents described as glycine
9 Absorbance at 280 nm
Table 3. Organic acid and free sugar contents of Moju (mg/mL)
Moju Citricacid  Malic acid Succinic acid Lacticacid  Acetic acid Pyrogilil(;amlc Maltose Glucose Fructose
HKK - 3.05 1.07 1.36 0.53 0.32 6.10 62.17 52.85
KKHK 0.06 3.46 0.89 1.55 0.55 0.27 6.27 55.23 46.63
SMD 0.15 2.08 0.88 0.90 0.94 0.28 121.92 25.44 22.14
GG 0.12 1.46 0.69 2.03 1.05 0.39 79.34 12.39 10.26
HKJ - 2.09 027 4.50 0.92 0.39 82.83 35.79 31.27
BY 0.16 1.01 0.09 1.34 1.36 0.09 81.11 8.72 7.79
HIK 0.47 0.71 0.51 1.74 0.92 0.38 76.57 529 3.99
KJHK 0.48 3.09 0.53 0.57 0.66 0.18 17.00 43.18 3221
FJ - 1.44 0.32 1.27 0.57 0.86 90.14 10.55 7.35
KNR - 2.86 0.72 3.62 0.85 0.28 58.76 41.62 36.94
WI - 0.96 0.04 1.40 0.17 2.68 5.99 8.64 6.67
SIK 0.17 0.84 0.34 0.94 0.26 0.23 73.39 11.93 10.43
A NFost RS /M Wel BAUth 7 9o 8ol A/l AEnh AR Frsh BUF FFe 7 AR wet O @
A, st deplel A7k A, AR WY FE BE 7] & UERifed AR FE SK 2RO 5082 b ¥
e Ao AT Al, KKHK BEFo)A 6002 7P YA vebyth 43 28

ool oltety S4

B3 123 st gt 848 3 A3 Table 20 e}
et &=28 ke HKKS HKJS 2F7) 2.0% oo 1}
Ehd WHA GG HIK, FJ 283 SIKS EFE 1.0% 9|9 o}
ERiR e 2 99] 6% EFE 1.0-2.0% Alole] kS 1Y
oh 2E BN AAEEE /714 Sk 2 71E A B
o] S Wk=(6) pH= WI B4 3912 12719 A& & 7}
U e A 1 99 EFE 4.00 o9 e e
Aok F4ka) olm sk HKI BF7F 22 030, 1.00 ©]2439]
e BHow PR IS SMD BFI) 254°BxE =74 U
ERd WFE Wl 237 42°BxE 7P @A UETE o)X " &
H|zte] 7|s%el] ZA 7]oshs F4b) 92 diEHE 1Y
geFo]l Zhzhe]l B mE zpol7t v olfe AFel 24
o Hrtshs FAES} dee &, Eole A7 5ol gE7]
FOo 2 AtRHECh Eg FAk] H|sle] T2 Fg HQl opv|b
2 FEAY dAH R Fsa FAL ghE Ad Aoz A

i
2]

o] 71AR o]&H HrEe IS F= Fasgh AEoH(T)
A, ZHEut S5 xstEo] g 5531 gl 7]ojsh=(8)
AF FFe HAAH SR Antk g5l vl w2 S U
Wled ole 23 Alx Al F7ishe ngdE] dio]l A5
szl g8 Ak Goll § wkgsle] Exgw o
aElo] ghelge] AA HEE ZoE AlEEY 127 F HKK
9} KKHK 237} zHzb 112,77, 102.89 mg/mLE ¥4 el
F71b feldel AF Azl Table 39 YERNITE f714t
% citric acide= HIKS} KIH EF7} 047-048 mgmlLE =4 U
Ebtom HKK, HKJ, FJ, KNR 28|32 WI EFIME 7AE5
A ¥kt Malic acide= HKK, KKHK 22|37 KJH REFol|A
3.05mgmL ©]de] S R S™ succinic acide 1.07 mg/mL
o] S Hel HKK EFE A9strE 1.00 mg/mL ©]&ke] 3k
< YERNIT Lactic acide HKJSF KNR EFol|A] ZHz}h 4.50,
3.62mgmLE EA YeEon I 0]29 BF= 2,00 mgmL ©]
ate] ZHS BAATh Acetic acide GGF BY ®FuHo] 1.00 mg/
mL ©]/d9] o] HEEJN, pyroglutamic acid = WI ZF7F
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Table 4. Physical properties of Moju

A=A A 41 A A 5 5 (200)

Color

268mg/mLE 7HE =A UEEOH 2 o]&9 RFdXE
1.00 mg/mL °l3te] 7hs Btk fElede 714kl vigte =

Moju Viscosity o Flako] A= o £33 w=E7io 2} LS
L a b (cP) = w0 ] u?ﬂ%———tq '1‘1:1?1’ = Zl'—’] ZV} T3t 3-71] ]’}E}
KK 670 15 541 1L W}l Maltoses SMD EFol|lA 121,92 mg/ml‘:i 7 =AU
et WA HKK, KKHK 223 WI EFAE 7.00 mg/mL ©]
RKHE 46.33 > 2042 1713 ate] S EAth Glucose:= HKKSF KKHK 2514 55.00
SMD 40.06 6.49 17.51 45.67 me/ml, O3] =e ke wAow By, HIK 227 WI BF
GG 46.66 4.20 18.61 4547 M= 9.00 mg/mL °]3e] 7S H AT} Fructose= glucose?} P
HEJ 44.88 553 19.47 16.87 AR HKK, KKHK EF904 46.00 mg/mL. °]do 2 =4
BY 40.00 5.46 16.24 26.93 Eptom BY, HIK, FJ 223 WI 2%04E 800 mgmL ©|3}
HIK 41.52 5.36 18.14 12.40 o] Fere maT)
KJHK 44.96 5.63 20.33 17.97
Soosnommn o em s
' ' ' ' FPP BFE §U0E #F A AAHoE P 2M9 o
WI 43.85 4.82 17.65 8.14 A Aot = o 4as 7zt Eeld E49 oolmy] 9
SIK 48.69 4.08 18.23 53.77 Sod Awel AEe BAsH] Table 49 LrERICH A% = v
Table 5. Volatile compounds of Moju (Peak area %)
Moju
No" RP? Compounds
HKK KKHK SMD GG HKJ BY
1 <1000 ethanol 0.78% 9.01 ND 6.73 12.10 2.27
2 1050  camphene 1.20 4.92 1.35 5.03 0.59 0.18
3 1200  2-thujene 1.51 2.35 1.18 2.48 0.40 0.04
4 1208  isoamyl alcohol 0.48 0.50 0.47 1.65 1.12 1.26
5 1326  dodecamethylcylo-hexasiloxane 0.22 0.28 0.44 0.37 0.22 0.40
6 1440  ethyl caprylate 1.31 0.82 0.19 0.50 1.89 2.67
7 1529  benzaldehyde 0.30 0.44 0.15 0.25 0.22 0.14
8 1591  B-elemene 0.37 ND 1.10 0.26 0.28 0.04
9 1640  ethyl caprate 6.66 7.11 4.06 7.03 9.19 13.29
10 1658  3-methylbutyl octanoate 0.42 0.25 0.25 0.34 0.21 0.45
11 1749  a-farnesene 2.20 0.18 0.65 0.60 0.06 0.06
12 1756  (+)-8-cadinene 1.58 0.98 0.69 1.21 0.15 0.19
13 1769  B-sesquiphellandrene 3.31 0.58 1.64 223 0.09 0.23
14 1774  a-curcumene 2.44 0.58 1.24 1.25 0.06 0.28
15 1830  (-)-calamenene 0.61 0.42 0.16 0.47 0.05 0.05
16 1841  ethyl laurate 3.12 3.06 443 3.92 3.78 6.58
17 1858  isopentyl decanoate 0.27 0.29 0.38 0.33 0.27 0.54
18 1908  benzeneethanol 1.69 2.17 2.15 1.88 1.50 0.94
19 1931  (27)-2-phenyl-2-butenal 0.46 0.36 ND 0.44 0.34 0.09
20 1940  2~(4-methylphenyl)-1,3,2-dioxaborolane 0.04 0.29 0.08 0.27 0.07 0.04
21 2040  (E)-cinnamaldehyde 29.47 30.05 15.09 25.36 25.55 6.09
22 2044  ethyl myristate ND ND ND ND ND 2.85
23 2152 (E)-cinnamyl acetate 2.60 7.13 1.58 0.99 4.17 0.17
24 2255  ethyl palmitate 18.09 12.14 28.99 17.83 18.00 29.37
25 2435  2-methoxy-cinnamaldehyde 1.11 1.17 0.12 0.44 1.33 0.24
26 2445  coumarin 1.01 0.83 0.44 0.79 0.18 1.01
27 2453  ethyl stearate 0.78 0.43 1.03 0.50 0.69 0.65
28 2474  ethyl oleate 3.48 2.46 5.84 291 3.17 5.73
29 >2500 ethyl linoleate 14.01 10.81 25.47 13.53 13.86 23.34
30 >2500 ethyl linolenate 0.47 0.37 0.83 0.43 0.47 0.84
Total 100.00 100.00 100.00 100.00 100.00 100.00

Identification number as seen in Fig. 1.

PRetention indices determined using C,,-C,s as external reference

dAverage of relative percentage of total peak area
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Table 5. Continued (Peak area %)
Moju
No" R Compounds
HIK KJHK FJ KNR WI SIK
1 <1000 ethanol 3.65” 1.33 2.05 7.08 7.75 425
2 1050  camphene 1.52 6.57 2.04 1.54 2.51 0.47
3 1200  2-thujene 1.61 1.75 2.62 1.60 0.83 0.01
4 1208  isoamyl alcohol 0.32 11.24 0.72 0.90 0.50 045
5 1326  dodecamethylcylo-hexasiloxane 0.31 0.35 0.38 0.31 0.66 0.69
6 1440  ethyl caprylate 1.70 1.14 2.66 1.14 0.10 1.39
7 1529  benzaldehyde 0.19 0.03 0.33 0.22 0.19 0.17
8 1591  B-elemene 0.32 0.12 0.06 0.04 0.32 -
9 1640  ethyl caprate 10.66 0.24 13.99 6.94 4.72 14.99
10 1658  3-methylbutyl octanoate 0.39 0.36 0.42 0.18 1.49 0.39
11 1749  o-farnesene 0.11 1.15 0.10 0.15 6.53 0.12
12 1756  (+)-6-cadinene 0.36 0.66 0.16 0.17 3.56 0.07
13 1769  B-sesquiphellandrene 3.30 2.11 0.42 0.30 15.27 0.05
14 1774  o-curcumene 0.86 1.34 0.31 0.18 15.27 0.11
15 1830  (-)-calamenene 0.10 0.15 0.10 0.05 0.67 0.09
16 1841  ethyl laurate 531 4.34 6.31 3.11 2.70 7.83
17 1858  isopentyl decanoate 0.45 041 0.05 0.28 0.58 0.57
18 1908  benzeneethanol 1.24 1.59 1.22 1.65 1.97 3.33
19 1931  (27)-2-phenyl-2-butenal 0.41 0.06 0.17 0.25 0.65 0.12
20 1940  2~(4-methylphenyl)-1,3,2-dioxaborolane 0.35 0.06 0.09 0.15 0.17 0.09
21 2040  (E)-cinnamaldehyde 28.68 3.97 23.66 19.89 14.42 21.49
22 2044 ethyl myristate ND 1.82 ND ND ND ND
23 2152 (E)-cinnamyl acetate 2.09 0.30 0.97 13.79 ND 0.17
24 2255  ethyl palmitate 16.56 30.19 19.41 19.52 0.25 0.65
25 2435  2-methoxy-cinnamaldehyde 1.25 0.11 2.18 1.26 0.11 0.90
26 2445  coumarin 2.32 0.14 1.47 1.37 0.36 0.41
27 2453  ethyl stearate 0.68 0.95 0.74 0.70 0.33 1.07
28 2474  ethyl oleate 3.44 5.11 431 3.23 3.42 7.17
29 >2500 ethyl linoleate 11.45 21.71 12.71 13.56 14.40 32.00
30 >2500  ethyl linolenate 0.36 0.68 0.35 0.44 0.27 0.95
Total 100.00 100.00 100.00 100.00 100.00 100.00

DIdentification number as seen in Fig. 1.
JRetention indices determined using C,,-C,; as external reference
9Average of relative percentage of total peak area
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Fig. 1. Total ion chromatogram of volatile compounds of Moju with 2 restaurants were analyzed by GC and GC/MSD. Number

corresponds to the identification number in Table 5.
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