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Comparison of the reduction in bitter taste of Makgeolli
by enzyme concentration

Joa-Young Her', Eun-Shim Son’, Chul Cheong'
"Dept. of Convergence Industry, Seoul Venture University, BNF Solution Co., Ltd.

Ao 29 Aol vlwstuA

Qs Ao vehdth pH s}

R o ¢ A PAAR FEIL SPLL SEUR AT F Y
=43t 4TS BF 18~20% ALER, | izﬂg} sgas
S5 9% T ded302 Aot ot FEa 9ol FHEL b E}aLE AR L AR
X 048005 WSLos, HE AL SUT W LR §7 G4 7710] o] s 2o
< Qanrt 36} Hw Egow, Z7te] SR BeaLo v 360ppmolA 7148 Ttol 7 ol 27He
o]

4

T

)

i

>

[l

2 g

_t‘)_l"
¥,
o
N
2,
_?_p‘
E
e
i
rIOj{gl‘lﬂ
for oy e
o o 5

o o

2 Yetgth 188N 13 EFE9] Afolle F5I EF¥as 180ppme FUS WA foHos
7P e s Bl v, d=olA= z%hs_ 3600ppm< TdﬁJ A= o]y foHos 7MY ¥2 S
Bolok &% Ao Hole FEH 45 BRoAA st S71EE dastglon], A, 3 %o 715 A v
o = B @Fi 360ppm H7M] 7P 2 M-S Wolth mEbA 2 A7ET g5e ARt E9E4
5% 360ppmO& £ Axshs o] &Mt g0 Rt 2ot

° i‘

Abstract This study compared and examined the difference in bitter taste of makgeolli fermented after
treatment with different fermenters and varying concentrations of mixed enzymes. All measured alcohols
were in the range 18 to 20%, and no significant relationship was observed between the different
treatments with fermenters and mixed enzymes. The pH range remained unchanged (between 4 and 4.3)
in both Nuruk and Koji. The total acidity of Nuruk and Koji was determined to be 0.480 in the samples
not treated with mixed enzymes, with no particular change observed in the other samples. For each
concentration of the mixed enzymes, the total amount of organic acid was 3 times higher when treated
with Koji than with Nuruk, with maximum organic acid content obtained at 360 ppm concentration of
the mixed enzymes in each fermenting agent. Determination of high-quality alcohol revealed
significantly highest levels in makgeolli containing 180 ppm Nuruk and mixed enzymes. The change in
bitter taste intensity decreased with increasing concentration in both Nuruk and Koji. Highest scores for
color, aroma, and taste preferences in both Nuruk and Koji were obtained with the addition of 360 ppm
mixed enzymes. Taken together, the results of this study indicate that fermentation of makgeolli using
360 ppm concentration of mixed enzymes and Koji will yield a product most acceptable to consumers.
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Table 1. Comparison detween mitsul and deotsul according to mixed enzyme treatment

Mitsul Deotsul Total Rate(%)
Mixed Mixed
Division | enzyme | Rice Water Fermenting Yeast | Rice Water | Rice  Water | Water/Rice Ferment-ing enzyme/Rice
mg | @ @ T @ @ @[ @ @ oy ceentRice | (ppm)
(8 (%)
129.6 180 540 57.6 - 540 320 720 860 120 8 180
259.2 180 540 57.6 - 540 320 720 860 120 8 360
Nuruk 518.4 180 540 57.6 - 540 320 720 860 120 8 720
1036.8 180 540 57.6 - 540 320 720 860 120 8 1440
2592.0 180 540 57.6 - 540 320 720 860 120 8 3600
129.6 - 170 110 0.55 610 840 720 1010 140 15 180
259.2 - 170 110 0.55 610 840 720 1010 140 15 360
Koji 518.4 - 170 110 0.55 610 840 720 1010 140 15 720
1036.8 - 170 110 0.55 610 840 720 1010 140 15 1440
2592.0 - 170 110 0.55 610 840 720 1010 140 15 3600

2.3 Mejy
231 B
PE 24e gESY

o1gsto] ARE 1 ml

e 1A

A(ATAGO, Japan ,PAL-1)E
AFste] 38] W1 2okl B

232 &M

FAEE A 10 mLE Fata, olof £ojA 43l &
< 7}519] 100 mLE 3, 1 20 mLE W& QlA|
AAoFo & 3to] 0.1NaOH & %3t AAs}gic).

A
0.1 N ASMEES 1 mL = 0.006 g CH3COOH
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2.3.4 pH
pHE A& 100 mlE #ot] pH meter (ORION

3STAR)S] =S w1 bgakel ghe Z79oiSich

oj3st & HPLC(Waters 2489, UV/Visible Detector)
2 Fotch Column2TSKgel ODS-100 (4.6
mmX250 mmX 5 m, JAPAN)E ARE&sto] 4519
ot E4x74 02+ Column oven?] 255 35C=2 A
g5t aL, o]/ 150 mM NaH2PO4 Phosphates
AREsF o, §4 1.0 ml/minE St &4
ZAL Table 29} Zt}h.

Table 2. Organic acid analysis conditions

Waters 2489
TSK-GEL ODS 100V

Column (4.6mmi.d. X 250mm, 5m, 12nm)
Temperature 35C
Flow rate 1 ml/min
uv 210, 220 nm
Eluent 150 mM NaH2PO4 phosphoric acid
Injection volume 2 ul
2.3.6 2788 =4

7S Agilent 7890B GC System(Agilent 7697A
headspace Sampler, Flame Ionization Detector(FID))Z
A5 242 918t columne HP-INNOWAX
(30 m*0.25 mm, 0.5 um}E AHEsIT 28 2=
40°CollA 587 |27 F 200°C7HA] 4°C/ min9] 4
2 2ot 587 |AAFHT. Injector 2=
200°CE2 EA5l9 o, Carrier gast N2 gasg 1
ml/mim2.&, H2 gas®} Aire 22 30 ml/min® 300
ml/mimO =2 ZHFUrE RS FA5ke daR
AR 222 60°CoA 208 B9t wukstaA] HE A1
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Table 3. Chemical content according to the amount of Mixed enzyme input

Mixed enzyme

Division input(ppm) Alcohol(%) Brix pH Total acids(W/V%)
0 »418.0+0.11 413.240.15 »NS4.340.10 °%0.480+0.04
Nuruk 180 518.6+0.05 B9, 7+0.08 4.140.22 %0.618+0.10
360 517.6+0.19 412.940.26 4.240.02 %0.540+0.05
720 €17.440.10 1412.740.04 4.1+0.07 %0.560+0.05
1,440 €17.240.38 *13.040.53 4.2+1.14 %0.610+0.01
3,600 5¢18.140.06 °%10.340.04 4.240.02 %0.672+0.05
0 420.1+0.07 P5.2+0.08 "4.140.01 *40.630+0.17
Koji 180 420.4+0.14 °06.8+0.18 4.240.04 %0.582+0.04
360 $18.840.09 8.5+0.11 4.140.02 40.654+0.06
720 518.8+0.03 *7.740.03 4.140.10 %0.618+0.12
1,440 $18.940.20 7.740.01 4.1+0.02 A0.624+0.07
3,600 420.5+0.07 °6.1+0.03 4.240.04 %0.576+0.06

Each value represents the meanstandard deviation of three independent experiments.
4 ¢ ™ Duncan’s multiple range test in sample(depending on the type of Nuruk and Koji respectively),

ATD, NS

s NS Not significant,

739
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Table 4. Organic acid analysis according to the amount of Mixed enzyme input(mg%)

Division Mi;iif;;zge Oxalic acid Fzzrirlsc I\:ig Lactic acid  Acetic acid  Cirtic acid Succinic acid XOrganic acid
0 "$132.1840.9 - - 3972844232 3519.58+82.3 **1089.18+32.9 119.12+18.4 "°8700.72+18.3

Nuruk 180 ¥222.64£4.9160.3224.9 - 6431542342 “5832.30+63.3 951484614  9.13+3.1  *13607.41£10.9
360 $256.5643.4160.414£9.5 - “9032.14%13.6 “6023.90+90.1 *1077.82430.5 12.62£3.8 *16563.45+26.1

720 € 87.48+3.2 - - 6760.80450.1 45975.16425.6 “*1207.28+34.1  7.43+1.4  “14038.15%58.1

1,440 ®197.56+7.3140.68+3.2 -  "P7043.76+26.2 "°4416.40+88.9 *1298.02+12.8 11.98+0.9 *13108.40+48.8

3,600 #223.26+1.3206.04+8.9 -  “9932.44+62.1 “5490.56+12.4 *1397.62480.3 6.96+2.1 *17256.88+21.1

0 “331.94+0.3 - - P677.92£52.4 P373.40264.5 *°500.96£43.6 - bC1884.22+14.6

Kojt 180 *4398.34+2.1 - - 1445544162 *1369.46420.1 *®748.92+11.9 38.60+3.8 “°4000.86+67.1
360 331.94+1.9 - - 677.92410.2 *2599.52439.5 **605.96+31.9 - $6215.34+56.4

720 383.60+8.3 - - 2620.64+38.9 °2373.40+15.8 “379.46+12.7 18.64+9.3 *®5775.74%23.2

1,440 °102.18+5.4 - - "2487.40+62.1 *1553.78+19.3°°510.72£84.7 - *44654.08+23.8

3,600 305.8249.3 - 3266.20425.2 *1171.76£51.4 **1145.4%£33.4 - 5979.18+66.7

Each value represents the mean#standard deviation of three independent experiments.

* ™ Duncan’s multiple range test in sample(depending on the type of Nuruk and Koji respectively),
A'D-NS puncan’s multiple range test in fermentation (all regardless of Nuruk and Koji)).

n NS Not significant,

Table 5. Fragrance content of Nuruk according to the amount of Mixed enzyme input

the amount of Mixed enzyme input

Item(ppm) 0 180 360 720 1,440 3.600
Acetaldehyde ™45.10+1.1 46.1340.8 %42.67+2.5 4221438 ¢ 41.20+1.9 45.2542.6
Acetone *1.62+0.5 "2.14+0.6 "1.68+0.1 1.64+0.3 ®1.72+0.2 2.06+0.1
Furfural °0.00+0.0 3.97+0.7 °0.000.0 0.00£0.0 °0.000.0 °0.00+0.0
Benzaldehyde 0.00%0.0 2.03%0.2 °1.75+0.1 "1.60+0.1 °1.52+0.4 °1.25+0.2
Diacetyl *10.13+1.9 10.60+0.9 *10.44+1.4 ®7.5240.7 410.51%3.1 ®5.9540.1
Esters
Methyl acetate °0.47+0.1 ©0.71+0.1 *0.79+0.1 °0.87+0.1 1.1340.1 °0.85+0.1
Ethyl acetate ®104.38+7.1 *126.46+5.6  *119.37+11.2 *121.45+8.7 135.20%3.4 135.57+10.1
Isoamyl acetate °16.41+4.4 €10.19+0.9 °16.85+4.2 19.94+1.9 20.97+6.0 14.66+4.9
Ethyl caproate ©1.82+0.1 °0.56+0.0 2.67+0.9 2.6140.2 22.7740.2 °0.93+0.3
Ethyl caprylate .26+0.0 °0.34+0.1 1.41+0.5 11.9240.2 11.67+0.1 °0.53+0.3
SEsters °124.34+8.5 ®138.26+9.8 “141.09+2.7 “146.79+3.3 “161.74+11.3 *152.54+24.0
Higher alcohols
Methyl alcohol 11.23%3.1 "13.59+1.5 °12.7142.4 12.17+1.7 12.88+1.6 16.14+0.3
2-butanol 0.00+0.0 0.00%0.0 0.00%0.0 0.00%0.0 0.00%0.0 0.00%0.0
N-propanol °226.95+4.4 5224.11+83 ®261.76+4.1  ©255.20+13.5 272.24+7.5 3322.11+11.1
Isobutanol 37879459  "302.21+6.4 379.9948.2 “406.66+4.5 %419.85+6.6 400.41+17.7
N-butanol 9.63+1.4 °5.68+1.6 55.54+0.6 “8.07+1.7 °6.64+1.9 P6.65+1.2
Isoamyl alcohol ©1037.9642.2  "892.28410.8  °1111.66+38.2  °1109.04+53  °1170.79+16.5  °1158.17£99.3
N-amyl alcohol ™0.00+0.0 0.00%0.0 0.00%0.0 0.00%0.0 0.00%0.0 0.00+0.0
SHigher alcohols b1 664+8.1 ®1,437431.1 ©1,771423.8 ®1,791+62.3 “1,882+31.8 1,903+66.3

Each value represents the mean#standard deviation of three independent experiments.
@ ¢ ™ Duncan’s multiple range test in row sample.

" Not significant.
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Table 6. Fragrance content of Koji according to the amount of Mixed enzyme input

the amount of Mixed enzyme input

Item(ppm)
0 180 360 720 1,440 3,600
Acetaldehyde °41.5542.3 26.86+5.4 41.15+5.7 “41.94%1.1 54.7140.7 ©375742.8
Acetone ©1.35£0.3 1.4840.1 *13140.5 *1.48+0.4 1.2240.1 1.6940.1
Furfural °0.00+0.0 °0.00+0.0 °0.00+0.0 *434+0.6 °0.00+0.0 °0.00+0.0
Benzaldehyde "1.30+0.1 *1.86+0.2 2.07410.3 1.74+0.1 2.48+0.1 2.40+0.3
Diacetyl 6.41+1.3 0.80+0.2 *3.0040.6 4 4740.6 5.1140.2 5.43+0.4
Esters
Methyl acetate ™0.62+0.1 0.34%0.1 0.67+0.2 0.59+0.2 0.60+0.1 0.26%0.0
Ethyl acetate ®150.39+9.1 °51.59+0.3 °148.46+2.3 ®125.06+8.3 “216.68+7.2 82.74%1.4
Isoamyl acetate *1.50+0.2 °0.35+0.1 1.4940.3 ©®1.0240.4 “2.60+0.4 °0.5140.1
Ethyl caproate %0.9140.1 °0.57+0.1 1.0140.1 %0.9040.1 °0.61+0.1 °0.44+0.1
Ethyl caprylate °0.49+0.1 °0.55+0.1 0.9940.2 %0.8140.1 °0.64+0.1 0.82+0.1
SEsters ©153.9142.8 53.442.6 152.62+12.3  *128.38+£5.4  "221.13+9.8 b84.7745.3
Higher alcohols
Methyl alcohol °0.86+0.1 *16.73+1.9 *19.6042.6 *18.40+0.6 18.74%3.2 417.77£1.6
2-butanol 0.00+0.0 *1.63+0.9 €0.00+0.0 0.00+0.0 0.0040.0 ©2.74+0.7
N-propanol #157.2544.3 ®139.14+4.8 ®121.47+4.7 “148.11%6.6 °92.7442.2 *131.30413.2
Isobutanol ©324.70+2.4 %399.90+4.7 b266.49+4.3 °209.59+8.9 °226.49+5.9 “384.72426.6
N-butanol “9.45+2.8 b5.04+1.3 b5.7842.3 b5 44+0.9 ©2.90%0.1 b5.7842.3
Isoamyl alcohol “958.80+9.9 1102.33+61.1 °815.17+14.8 °843.68+4.1 °708.25+7.3 “995.68+31.3
N-amyl alcohol ™0.00+0.0 0.00£0.0 0.00£0.0 0.00%0.0 0.00%0.0 0.00£0.0
SHigher alcohols 1,451435.4 1,664+45.1 1 228+41.8 1225473 °1,049+53.7 1,537+45.3

Each value represents the mean#standard deviation of three independent experiments.
* ¢ ™ Duncan’s multiple range test in row sample.

" Not significant.
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Table 7. Sensory characteristics of Makgeoli

according to the Milling degree and Fermentation agent

Division Mixed enzyme input(ppm) Color Flavor Taste Bitter Intensity
0 €3.13+0.63 €3.1240.63  "3.08+0.36 *4.6140.26
Nuruk 180 43 91+0.82 €3 44+0.61  “3.91+0.28 4 4540.67
360 4.0340.52 4112075 “4.08+0.25 D4B41240.14
720 4 .08+0.75 3.87£0.73  "3.52+0.57 553 88+0.27
1,440 "3, 5040.84 €3.19£055  "3.3120.48 €3,08+0.42
3,600 o83 72+0.61 "381+0.16  “3.16+0.25 2.89+0.81
0 3.9440.52 *836340.41  ""3.69+0.14 *4.3140.33
Koji 180 "3, 5640.84 363+0.82  *3.98+0.25 B4 06+0.47
360 €3,19+0.82 “40040.75  *4.24+0.48 "$3,9840.19
720 A3 87+0.52 “3.93+0.63  *4.060.28 o83 7240.24
1,440 "3 56+0.75 ®387+0.52  "3.88+0.27 53.38+0.43
3,600 “3.1140.36 “3.00£0.29  ¥3.53+0.54 €3.0640.52

Each value represents the meanzstandard deviation of three independent experiments.
® ¢ ™ Duncan’s multiple range test in sample(depending on the type of Nuruk and Koji respectively),

ATD, NS

s NS :Not significant

Table 7 +53 U=9] EFas Fol uk& =2
2o A 7F gte] 7|5 s AASHleH oo tisto]
=

29 TS ARG, EPRLS

80 ppmellA 720

ppm FYT Fof &5to] 53} AA 3] FastIl

™, 1,440 ppm=

EYeluie 2% Favt Feo

AA e ol Lee 512319

W30 Bitter

Intensity Aol E T4 Fo] F7HTE &5k

ashe AL ok o Avsk fASI ol
& 2 Jlstel AAE § W Fvheh Wl v
shz Qlsto] 25tol 4lel o] obdzh AR L

L
4

U Az o

1
T

3} 9w gt ge] ]S o)y E5kE4 360 ppm
SRS EQE ) ge srat AsE d4t

A Uerdem(p

(.05), M2 A9 =

ot U= &

5 720 ppm9] FENA 7P =2 HSE Wekth 19
I 9] 713 EoNE FE e BROA =2 T
FAE ARgskaL 23k a4A 360 ppme FUT A9
=2 F4-E Wttt Blinkovsky et
al.[17]2 Sake%9] HEto]=7} Kojioll QlsiA] 7H4=E-5i
2 A= g2 fefo| == v g e,
AR feElo|E B I FHES 2 3RMER, T &

et 2% 2 GHEI ke Holey RS ohi

se] 7137k 7H

742

Duncan’s multiple range test in fermentation (all regardless of Nuruk and Koji)).
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