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Physicochemical and Microbial Properties of Korean Traditional Rice Wine,
Makgeolli, Supplemented with Mulberry during Fermentation
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“Dept. of Food and Nutrition, Kyung Hee University, Seoul 130-701, Korea
*Dept. of Food Science and Human Nutrition, Dankook University, Gyeonggi 448-701, Korea

ABSTRACT The objective of the present study is to elucidate the physicochemical and microbial properties of Korean
traditional rice wine, Makgeolli, supplemented with mulberry during the fermentation process. Four hundred grams
of mulberries (20% of the total amount of rice) were ground and incorporated into the rice solution (3.5 L of distilled
water, 2.0 kg of rice, 28.0 g of yeast, and 80.0 g of nuruk). The rice solution was then placed in a water bath
set at 28°C and left to ferment for 7 days. The alcohol contents between the control and mulberry Makgeolli were
not significantly different. The pH values of the control and mulberry Makgeolli decreased and the total acidity values
were elevated after a 7-day fermentation. In the microbial analysis, the total viable cell count, lactic acid bacteria
count and yeast count increased considerably through the 7-day fermentation process. For all the samples, the glucose
and succinic acid contents were highest among all free sugars and organic acids, respectively. Forty-eight different
volatile compounds were found in all the samples after the 7-day fermentation process.

Key words: Makgeolli, mulberry, organic acids, free sugars, volatile compounds
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ChFRE AT7E FAE L gleh B3 S = & o
wol anAbEe] A5 &) w'le] 7154 Aol 7154
AFoR WetA e Auad s 2t ddaAdl o
g alo] sobAaL glow o Wik 7|aE gl
upeh ehd e e vhekskel Ayt 8t E Al QIT(13).
L S AR AFE oF 2 em2 AFolE 4
o7t el W AF MR o =th o om Fol FH-3)
A Fol 5of glef sto] AjFaEeti AXF P77}
drh FeARere ¥y, 3, AEE2AL AL @
W, RS v Eate] vEl(A, Bl, B2, D), 24, 9, H
5ol 50l QAL ARV Exeol] wla] i gero] 4~5u
o WRk opye, AbEr|eh e Il nlete] Afae
ghdol & g Aol W, 53] g A 7
T FA A4, A7 2ol i3 AT EE I
515 Y £5016) Sol d=vl, thdd Ay
Hd med Lrel TgE] = FEAohd Aheh v
of rhar FeA glrh olgk & oo e A7
4 LA E st 4 Jheel 8 SRR 4
o glom FAF Aoz AN ol uhE A Eh Aol
vlujste] Aol mhg Auju A Gofrh Ao o] Fof x| il
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43133, 75 NFFS5Korea Enzyme Co., Hwa-
seong, Korea)S Tulsle] AL-&313itt
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z2| 93
Aol ALgE vhdele] AxPye Bhevt gk B
2.0 ke AZ 3ol 347 5 3ol

g
WA 40w Ut 2718 AAslT 2718 AAE 2 A

9 ol gate] 100°CA 4081t SAGEHT F 2087
£9 Eof WEYS WETh LS Auke] WA 54
WEA YA F 10 LY fegel wE, £T 28.0
g, 75 800 g FF4 35 LE Wi 2T HolFo Wa
2 Azstgch ABT 20 FHeE 9v) 4000 g2 T

g A, ER PSS

A7kstglon, HEAFY TS s 7] At 5
T 312 Leb E7tate] Alzsiiich Alxd Uad & £3
g & 69 &<t 28°Ce] geFzolA] HaEAZoH, tE

4549 A|EE o 7A|(Advantec 5B, Toyo Roshi Kaisha,
Ltd., Tokyo, Japan)& AF&3te] o gk & A& A5 =
ARgat o, T e o] Alx WS Fig. 1o YehdTh

Soaking of rice (2.0 kg) for 3 hr and draining for 40 min

v

Steaming for 40 min and cooling for 20 min

v

Mixture of cooked rice, nuruk (80.0 g), yeast (28.0 g),
mulberry (400.0 g) and distilled water
(control: 3.50 L, mulberry Makgeolli: 3.12 L)

v

Fermentation at 28°C for 7 days

Fig. 1. Procedure for the preparation of control and mulberry
Makgeolli.
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AAES B EH

e dFE TS o fgk AR 100 mLE FFEA
o] F7]o] Hg & 70 mLE SHE Roi THTE 718
o] HF &3] 100 mL7} HEF 243 vhg 42 HF
AZ d3E FFW/NV S 53T F 25 HARE o §
stod ghakete] ElATh(17).

pHE AEE F31F 4o+ T pH meter(Thermo
Electron Co., Beverly, MA, USA)E o]-&3lo] 431
o} FA4ke o3k A]&E 10 mLel bromothymol blue<}t
neutral red& Eg3slo] 9= A A|ekS 2~34-& Hojmg]
I FHeAe] 2FA0 7 W ufj7hA] At ARd
0.1 N-NaOH €9 9] dmL)o 2 s FH4s9on F
XM Ak(tartaric acid)e] AW o2 FA G TH17). pH, &
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FEYE At
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542 AMAA(JC-801S, Color Techno System
Co., Tokyo, Japan)E AFg3le] A3 A rE= He
(L-value, lightness), 2% (a-value, redness) & &4
E(b-value, yellowness) o & JeRQ o, ALR3F &
AT ME= 1=98.48, a=0.14, b=-0.410] it}

A 3 ZA4 2 AAE = Sturm
18)9] W& AHg3) 25 94 7714t g B4
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A=)
LU
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Table 1. Operating conditions of HPLC for the analysis of free sugars in the control and mulberry Makgeolli

Item Condition
Instrument HPLC system (JASCO Co., Tokyo, Japan)
Column Carbohydrate high performance column (4.0 pm, 4.6 X250 mm, Waters, Milford, MA, USA)

Column temperature 35°C

Mobile phase 75% acetonitrile
Flow rate 1.4 mL/min
Detector RI (RI-930)

Table 2. Operating conditions

of HPLC for the analysis of organic acids in the control and mulberry Makgeolli

Item Condition

Instrument HPLC system (JASCO Co.)

Column Supelcogel C-610H column (9 pum, 7.8 X300 mm, Sigma-Aldrich Co.)

Column temperature 30°C

Detector Multiwavelength detector (MD-2010 Plus)

Mobile phase 0.1% phosphoric acid

Flow rate 0.5 mL/min
R 2 24 Zn o o

F7)4F GFE Kerem $(19)9] W< AHgsto] 243}
Atk Al&E 0.45 pm syringe filterE |83k of 3314 A4S S
HPLC +48 A& ARgsiglon, E3=4d2 formic B 7dA en v e aae] das a4
acid, acetic acid, oxalic acid, succinic acid, malic acid, 17.1%, 17.0%5 YEtlo] 7 A8 3rol %8l 2ol 7}t
citric acidg ©]-&3le] QR EFHPOZ AFAE e & YEh}A] 29ktH(Table 3). ¢3S dha a0 W3 A%
ARt e EAAIE 23] whaste] SAe Hargk oF tjEo] vl F4dol b Z dFE vAlE 8 F
o2 Yetlidth #714F 3 Aol AHE-3F HPLC &4 shifolm, wrdele] WEAT e FFS F= T8
Z71& Table 20 YERNITE BE 24 AT = 23] WHE3) g0l th6,20). Y Az Gl AP = e
o =243 FFzoez Y. = = amylased] FE0E YR HES GEOE H

shal, AP E G aRl o3 dag HFo V|HR o

L siEtE B uo] dago] AR By o wef G I

A sgtE A A4S ste] 240 mL screw am- o] A4 Hr). B o] ¢ FFol gk ATl wpEH
ber bottle(Sigma-Aldrich Co., St. Louis, MA, USA)°ll SAdee] ¢2g FFS G4y Ax Al HIke HobEel
A& 20 mLe WH-EFE4 octanal 15 pLE ¥ 3l 50°C el F FFgS e AR RO H(4,21-23), E A
dry ovenoll A 1023+ 7Fdste] 94 7]4#©] head ToA eHE g vrd e o dag ke dixad v
space°l ¥E3}EEE ) A IR A GC- Wkl W Fe A<l ApolE YEtlA] got v e Az
MS(GCMS-QP 2010, Shimadzu, Kyoto, Japan)& A}-&-3} Al oU)e] HUlE dFmE wEd & JTS FA = Ao
Hom, GC ¥x1L AT-1 column(60 m*0.25 mm, W. = Atgddh
R Grace & Co., Deerfield, IL, USA)& AM&3l3on,
oven =X 35°CelA 120°C7hA] 8°C/min¢] HLE=, pH, &4t
180°C7HA] 12°C/min %22, 230°C7HA] 15°C/mine] 4 hdel o) Ak Al FHor PYHER o
=2 A=A AT Injector =X 200°Co] AL detectord] Ze]e] vty ¥ pHe T4k Wisl= g AT E & 5 Ue
L= 250°CY 2 NuoE carrier gas® o] 8319 th. Fo% X qAd oy, dey Wa A F oF ARE

T A TR ARCITH24). 2HE A7 v

SAIXz|

SAS version 9.2(SAS Institute Inc., Cary, NC, USA)E
Abg-ste] FAIAE et om, frolxk= Fisher's least sig-
nificant difference(LSD) ¥ o2 /X0.05 == A A=
st

Table 3. Alcohol contents of the control and mulberry Makgeolli
on the 7-day fermentation period

Alcohol contents (%)

17.0"
17.1

Sample

Control
Mulberry Makgeolli

MNot significant.
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Fig. 2. pH of the control and mulberry Makgeolli throughout
the 7-day fermentation period.
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Fig. 3. Total acidity of the control and mulberry Makgeolli
throughout the 7-day fermentation period.
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2.05%10" 2 1.90x10" CFU/mL, 2+t 55 2+7 1.
10° 2 1.50%10° CFU/mLE & z}o] glo] frAlsHAl Yebs:
tH(Table 4). o]2] gt A= 2 2518
st pH, ko] FAFSHAl UEhd Ad} dXsh= B
gt A8gel we mAE =7 7 Seo §(21)
o] Ao} dAEAT

Table 4. Microbial cell counts of the control and mulberry Makgeolli throughout the 7-day fermentation period

Fermentation period (day, CFU/mL)

Sample Microorganism 0 | 3 7
Total viable cells 1.23x10° 2.50%10° 4.24%10° 2.88% 107

Control Lactic acid bacteria 1.10x10° 1.70X10° 1.15x10° 1.50x10°
Yeasts 1.26x10° 2.38%10° 3.56%10° 1.90% 10’
Total viable cells 1.65%10° 3.25%10° 430%10° 3.23%x107

Mulberry Makgeolli Lactic acid bacteria 1.08 X 10° 1.78 X 10° 1.21x10° 1.48%10°
Yeasts 2.56%X10° 2.89%10° 420%10° 2.05%107
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Table 5. Color values (L, a and b) of the control and mulberry
Makgeolli throughout the 7-day fermentation period

Sample Feqnentation Color values
period (day) L a b
0 65.29 1.12 3.22
1 66.40 3.02 6.30
Control 3 68.66 3.27 6.50
4 68.93 3.32 9.30
7 69.01 3.79 9.70
0 36.33 6.64 5.31
1 37.21 7.30 5.08
%Z}:;f;i 3 3897 7.20 5.11
4 38.54 7.75 6.48
7 40.42 8.26 7.74
M
g7t el wel o) weeh izt e] HE(L),
A% (), FAED)E BF F7h5HE 23S dehidn
(Table 5). M=ol 49 2v] 2|} = ‘:cff_ 144
Z¥7k 36.33 ¥ 65.29914 &a 74A 77 40.42 2 69.01
2 RE Zleiglon AAacE 194 242t 6.64 2 0.1290
A 7dA 247 8.26 2 0.792, M=+ 194 531 ¥
1.22014 794 7.74 2 97022 7V A S e
At Park 5(23)¢] 1155 A7k o] uhd 2ol A
a2 b e dart 1ygel wel A2 Sk oy L
e mF kel weh vhael S74e Bty By
om, Kim#% Yi(6)& B3} vt H7he 47k i e
WE Al L a, b gto]l BE 77 SUHE &, 2| 7]
i AL A3 FES fAE A8 el
3 waske] vaele] Are wEd g gAw bk
B A Aue TR, AlE SOl we Wt 5
% 4 Ak
=g
89 5 glucose 52 Ta 194 or] wde e} o

Zto]l 447 32.022 2 49.855 mg/mLE AA F9F F
7 Egom wg 7dAdE ov] T242(10.493 mg/
mL)¢ tZ7(29.831 mg/mL) BF FoAH o2 7FAFA
tH(Table 6). A2 o] amylaseol] 23] ®3l%+= I3} A
< F3) AAE glucoset Ta 144 Fdze F2 fd
Foz yetgtov, ark g et fAkrolv &

3.
&

4

A& -8 & st

o o3} o]& =]
glucose o
tizatol v 8|
et A2
ER 7 gz R 2
H glucose’} &R & dx& thoJ o7 EH EE\:}
U @ol ARE JJri AFE AT Sucrose IS o)z atd)
oy gy 27 Iart JAPEHEA FejHow FIhekqd
ok 53] o] Hde]e] 49 Fa 194l sucrose’t HE
H A ekgron} 74 A o= 0.385 mg/mL7t A& oW,

=13
E

fZzao A= 2 g 194 0.114 mg/mLo| A 744 0.679
mg/mL= YElY o] wEe B sucrose ol =2 7
= u}

© 2 et} Fructoses o] Hdd ¢ i 2 &5 W
g 197 A& A ko), vy 744 Z+2F 0.0507
0.103 mg/mL H&FJon, gzxzite] o] dgnc 2
v o] A =A YEltE Maltosed] 32 144 ot] 24
g9} izl 42 0.553 mg/mL, 0.834 mg/mL=Z e
Wi 7A 4= o] whE 2)(1.253 mg/mL)9F thZEw(1.686

mg/mL) 25 oF 29 %7 WEbs o™ lactoses @Y A
2ol 49 Wi 194 0.640 mg/mLolA 7IA 5.641

mg/mL=E Fojdor Z713 vk ol dE HE 1Y
A 0.326 mg/mL AEHAQo} HE 7dA = HEHA

st

714t

udele] g g F 714 HPLCE 419 Zabe=
Table 73} 2t} Acetic acidE 2.t] 2Hd 9} tj 2ol A
g 1dAle] 242 0.885 % 1.256 mg/mLol A &g 7 A
of 747} 1.314 ¥ 1.696 mg/mL=Z E5F o8 o= Z7}38)
%t} Oxalic acid L 2o La 194 AZH A
grokout v 744 0.003 mg/mL7F AEHAoH, 2t

Aol = wa 1949 794 25 0.003 mg/mL=E

o)A zto] 7k vERHA] eF k. Lactic acide ra 194
e 2ot gxzatolA 242 0.174 % 0.082 mg/mL
AEHF o, g 7dA = 27 0.092 ¥ 0.440 mg/
mLZ g Z2wdAE S7he vk, oo vt oA+ A
oh &S YERlIth Lactic acide] @&e] ov] 2z
Hop gizwol A A vEhd 22 v vt {2kt

22

Table 6. Free sugar contents of the control and mulberry Makgeolli on day-1 and day-7 of the fermentation period

Samples Fermentation Free sugar contents (mg/mL)
P period (day) Fructose Glucose Sucrose Maltose Lactose
Control 1 NDV 49.855+0.513" 0.099+0.114° 0.83440.050° 0.326+0.003°
7 0.103+0.001° 29.831+£0.221° 0.679+0.016" 1.686+0.016" ND
Mulberry 1 ND 32.022+0.223° ND 0.553+0.025° 0.640+0.018°
Makgeolli 7 0.050+0.004° 10.493+0.107° 0.385+0.019° 1.253+0.027° 5.641+0.141°

Values with different letters within the same column differ significantly (P<0.05).

YND: Not detectable.
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Table 7. Organic acid contents of the control and mulberry Makgeolli on day-1 and day-7 of the fermentation period

1687

Sample Fe@entation Organic acid contents (mg/mL)
period (day) Acetic acid Oxalic acid Lactic acid Succinic acid Malic acid Citric acid
Control 1 1.256i0‘021: ND" ) o.oszio.ooz‘: 7.698+0.009° ) 0.174i0.006§ 0.155i0.004:
7 1.696+0.008 0.003%0.000 0.440+0.002° 24.587+0.0467° 0.201+0.012 0.127+0.001
Mulberry 1 0.885+0.025°  0.003+0.000°  0.174+0.002°  4.423+0.001®  0.188+0.001°  0.642+0.018"
Makgeolli 7 1.314+0.047°  0.003£0.000°  0.092+0.008° 20.007+£0.034>  0.260+0.001°  0.195+0.001"

Values with different letters within the same column differ significantly (P<0.05).

YND: Not detectable.

F7F 2T H FARI Sl 8 FEd 5 Akt
#7142 glucose®] o] tizaelA o] 2hdeHt
28l o] ol FAketo] lactose WAl glucoseS ©]-83}A
7] “Hvt’:ii FZ ¥ H(Table 6). Succinic acide] &
g 194 o] B9} hxato] zHzE 4.423 2 7.698
mg/mLoﬂ/ﬂ Wty 7AA 247 20.007 2 24.587 mg/mLE
Fo]d oz F715 ) o] Parky® Lee(24)2] A+ Az
9} 7R 2 succinic acid7} @& ol o5t A E = 9
7_1a,] =q 07];\]_010 ;g]_o]al./\o1040u:1 HE‘H /‘\_U}
S W= malic acid®] -, @8 144 2 744 25 QoY
A2 (242 0.188 % 0. 260 mg/mL)7} tl w22 0.174
2 0.201 mg/mL)E Tt oA o2 =gt HFEe 5
+ tartaric acid®] A, 20 FHg= 2a 1¢4 0.058
mg/mLol A &a 7L O 051 mg/mL= YEelg o, thx
ol A% 2+ 0.036 2 0.035 mg/mLE 2 F el x}o] 7}
AT, Citric acide= 2t 224 2a 17t 745
o Z+ZF 0.642 % 0.195 mg/mLo|il, ZToA= T a
14 A<} 7L Ao 242+ 0.155 2 0.127 mg/mLE 2% o
2 7asks gele 4= At o] citric acid7} @& A
o Al M A& o] Ak Tjrzé ¢l TCA cycleol ©]-&¥ o] ko]

=

@
g O
9,

| AFEE 239 WHEE oA F 4759 31U
3}3tEo] A&EE A2, 3-methyl-1-butanole] 2.t] =2
2](38.090%)¢} Z+(31.717%) EFol A 7F =2 H]‘%
S A 3R o7 g t(Table 8). 1 th&
2 g5 Yo AEd TS 2 oA hex-
ane(22.135%), ethyl acetate(18.762%), 1,1-diethoxy-
ethane(2.762%) o= Webston, bzl A=, 3-me-
thyl butanal(20.933%), ethyl acetate(18.667%), octa-
nal(4.707%)9] =02 A=t}
3-Methyl-1-butanol& 113 432 & BF(26), W5
27), AF28)NA Fa3 7] AEo 2 FrlEes JEL
2 484 o). Acetaldehydet™ oEH-E9] AF8lE T3 A
AEm WS Ao P Hofdle TR AR ORA
(29) B AFoAE v 928 0.243%, iz 0.533%=
A JT. Ethyl acetate 352 2] 4 glol|A] 18.762
%, NEo A 18.667%= Uebst=dl, o] w2 Ha s

o

e}

oA A A ALo] & 1)

2ghu]of A, i
s A7 AA7E QEHE0).

acetate™= B9 £Q3) &

3 waste] o)l g F7h4Q) 977}

o,
o
)
Kl
1)

tH(31).
2 o

oA E eUE Hrtske] Alx ff& w4 o] o] 5184
D uAESH A4S Hrbsigit). wE vdAe das
Fe o A (17.1%)%t EHZ?L(l? 0%)3t +21 4 Apo
7F YebA] egekom, pHe wa 194 5438 #4ad
ket FUHE Holw wha 7R 747t 448 H 4512 fAb
SHA bk, $AS F AlR B Ra 19§48
S7bekaL, 2 o]% $nts] Frleldith & o, &R T
At e dart el wel Axf %7}0 Romn et
sl g 7R F A5, &R F, A e R
7 2 ApolE YERA] etk M=, a, b HaEvE 18
Holl wpe} iz ov wde] 2% Frkske 43S B3
o frEl® F glucosew B HAF AN 7MY & TS
et on wrart AastiA ATk 1714 3
£ succinic acid7} 2t 289 2 5 M =2
Ao g = on wart AYPHAA F713dth 2t
2] 9t Eﬂii*oﬂf‘i AEH 47E9] A 35 5 7V
ol BAF AEL 3-methyl-1-butanole] it}

REFERENCES

1. Park SS, Yoon JA, Kim JJ. 2010. Quality properties of
Takju (rice wine) added with kidney bean. J East Asian
Soc Dietary Life 20: 575-581.

2. Woo KS, Song SB, Lee JS, Ko JY, Kang JR, Oh BG, Nam
MH, Ryu IS, Seo MC. 2010. Physicochemical character-
istics of Korean traditional wine made from proso millet
(Panicum miliaceum L.) at different addition rates with two
kinds of nuruk. Korean J Crop Sci 55: 119-125.

3. Lee DH, Kim JH, Lee JS. 2009. Effect of pears on the qual-
ity and physiological functionality of Makgeoly. Korean J
Food & Nutr 22: 606-611.

4. Jeong JW, Park KJ, Kim MH, Km DS. 2006. Quality char-
acteristics of Takju fermentation by addition of chestnut peel



1683 AL A& - A& - &S

Table 8. Volatile compounds of the control and mulberry Makgeolli on 7-day of the fermentation period (Peak area %)
) Sample
Mo RI Compounds Control Mulberry Makgeolli
1 362 Acetaldehyde 0.533 0.243
2 367 Methanol 0.154 0.017
3 373 Ethanol 2.841 0.664
4 383 Diethoxyethane 2.489 0.201
5 600 Hexane 4.041 22.135
6 603 1-Propanol 3.920 0.011
7 623 Ethyl acetate 18.667 18.762
8 650 3-Methyl butanal 20.933 0.025
9 670 2-Methyl-1-propanol 0.053 1.874
10 676 Acetic acid 0.005 0.003
11 699 1-Butanol 0.017 0.087
12 727 Propanoic acid, ethyl ester 0.360 0.539
13 730 Acetic acid, propyl ester 0.360 0.129
14 750 2,4,5-Trimethyl-1,3-dioxolane 0.071 0.066
15 754 1,1-Diethoyethane 3.791 2.762
16 770 3-Methyl-1-butanol 31.717 38.090
17 775 Ethyl isobutyrate 0.865 1.052
18 786 Acetic acid, 2-methyl propyl ester 0.303 0.756
19 790 3-Methyl-1-butanol 0.006 0.006
20 794 1-Hexanol, 3-methyl- 0.255 0.384
21 795 Hexanal 0.255 0.384
22 797 3-Methyl-1-butanol 0.255 0.384
23 799 Isobutyric acid 0.089 0.028
24 801 Hexane, 2,4-dimethyl- 0.088 0.005
25 806 Butanoic acid, ethyl ester 0.494 0.849
26 831 Heptane, 2,4-dimethyl 0.004 0.010
27 860 Ethyl 2-methylbutyrate 0.532 0.607
28 864 1-Propanol, 3-ethoxy- 0.018 0.010
29 870 4-Methyloctane 0.613 2.367
30 882 1-Butanol, 3-methyl-, acetate 0.259 2.618
31 885 2-Methylbutyl acetate 0.259 0.651
32 901 Pentanoic acid, ethyl ester 0.026 0.029
33 937 Oxime-, methyoxy-phenyl- 0.014 0.000
34 958 1,1-Diethoxyisopentane 0.014 0.017
35 961 Benzaldehyde 0.224 0.059
36 976 Pentane, 1-(1-ehtoxyethoxy)- 0.112 0.061
37 996 Octanal 0.112 3.531
38 1046 1,8-Cineole 4.707 0.001
39 1061 3-Ethyl-3-methylheptane 0.001 0.000
40 1068 3,8-Dimethyldecane 0.009 0.004
41 1096 Silicic acid, diethyl bis(trimethylsilyl) ester 0.004 0.005
42 1100 Undecane 0.031 0.022
43 1107 3,8-Dimethylundecane 0.019 0.020
44 1124 Phenethyl alcohol 0.150 0.065
45 1195 Octanoic acid, ethyl ester 0.565 0.392
46 1799 Tetradecanoic acid, ethyl ester 0.013 0.006
47 1995 Hexadecanoic acid, ethyl ester 0.061 0.027
Total 100 100

YRI: Retention index.
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