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Abstract

Korean traditional rice wine, Makgeolli, has been widely consumed with increasing popularity in Korea. Also,
there has been an increase in the varieties of Makgeolli for the younger generation. In this study, we examined
the physicochemical and microbial properties of Makgeolli supplemented with cucumber during fermentation.
Four hundred grams of cucumbers (20% of the total amount of rice) were grinded and added to the rice solution
(2 kg rice and 3.12 L distilled water) along with the Nuruk (40 g) and yeast (14 g). After mixing the solution,
it was fermented for six days in a water bath (28°C). During the fermentation, the pH value of the cucumber
Makgeolli fell from 5.88 to 3.94 on day-1, and steadily increased to a pH value of 4.48 by day-6. The total
acidity of the cucumber Makgeolli sharply increased from 0.02 to 0.20% on day-1, and then slowly increased
thereafter to 0.28% by day-6. After the 6-day fermentation, the L. values of the control and the cucumber
Makgeolli were similar. The total viable cell, lactic acid bacteria and yeast count of the control and the cucumber
Makgeolli increased considerably after the 6-day fermentation process. Free sugar analysis showed that glucose
contents decreased with increasing fermentation periods. The succinic acid content was the highest among all
the organic acids. Thirty—-nine volatile compounds were observed on the final day of fermentation in the cucumber

Makgeolli.
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Soaking of rice (2 kg) for 3 hr and draining for 40 min

b

Steaming for 40 min and cooling for 20 min

b

Combination of cooked rice, Nuruk (40 g), yeast (14 g),
distilled water (control: 3.50 L, cucumber
Makgeolli. 312 L) and cucumber (400 g)

b

Fermentation at 28°C for 6 days

Fig. 1. Procedure for the control and cucumber Makgeolli.
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Table 1. Operating conditions of HPLC for the analysis of
free sugar in the control and cucumber Makgeolli
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Table 3. Alcohol contents of the control and cucumber
Makgeolli on day-6 of the fermentation period

Item Condition Sample Alcohol content (%)
Instrument HPLC system (JASCO Co., Tokyo, Japan) Control 16.3
Column Carbohydrate high performance column (4.0 Cucumber Makgeolli 16.2
um, 4.6x250 mm, Waters, Milford, MA,
USA)
Column 35°C F3E B3-S SRV} BAAITIE oA dekgo] THEo
temperature A or5 L Sake] olx = 2] BB ol 213
Mobile phase  75% acetonitrile 1e3s 9 ov] el ]7ﬂ< Aot e} 1- a7k wel A%
Flow rate 1.4 mL/min H5E 43 E FqFFo| TS HH, 2855y F AdEHe
Detector RI (RI-930) elo 2 e MAEE 7E2 wE AEE $oto g 39
g F Utk B ATl dxed o] AT ¢4Is

Table 2. Operating conditions of HPLC for the analysis of
organic acid in the control and cucumber Makgeolli

Item Condition
Instrument HPLC system (JASCO Co., Tokyo, Japan)
Column Supelcogel C-610H column (9 pm, 7.8 X300
mm, Sigma, St. Louis, MO, USA)
Column 30°C
temperature
Mobile phase 0.196 phosphoric acid
Flow rate 0.5 mL/min
Detector Multiwavelength detector (MD-2010 Plus)

A

, X528 oxalic acid, citric acid, malic acid, succinic
acid, formic acid, acetic acid® ¢F - EFH-E o] &3t A
A A & AgaFetar, HPLC £4) 27L& Table 291 2t}
23] WHEste] g3 i gpro 2 et

¢
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N
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(Sigma-Aldrich Co., St. Louis, MA, USA)°] ¥ 50°C dry
ovenol Al 107 344 7|78 2Z3AH. 3 &
717334 #4918 GC-GC 2010 GC/MS-QP2010 MS(Shimazhu,
Kyoto, Japan)E& AF&3t¥on, GCe FAEFZAL ATl
column(60 m x0.25 mm, Shimazhu, Kyoto, Japan)& A}-&
3l 35°Col A 120°C7FA] 8°C/ming] £ =2, 180°C7HA] 12
°C/min $E 2, 230°C7HA] 15°C/ming] £E2 QELEE
AeAAY FYE719 25E 200°C0|a AEVY 2=

250°CR 2.1 carrier gas® NoE AM&3t)

SHME

SAS version 9.2(SAS Institute Inc., Cary, NC, USA)E
ALl BAAE e, -9 XF= Fisher's least sig-
nificant difference(LSD) W .2 p<0.05 F+EAA HS3}
At

232 B
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Fig. 2. pH values of the control and cucumber Makgeolli
throughout the 6-day fermentation period.
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Table 4. Microbial cell counts of the control and cucumber Makgeolli throughout the 6-day fermentation period

(Unit: CFU/mL)

Fermentation period (day)

Sample Microorganism 0 1 3 6
Total viable cells 1.48 % 10° 2.67x10° 450%10° 3.02x 10
Control Lactic acid bacteria 1.42x10° 2.00x10° 1.68x 10° 1.99x 10°
Yeasts 150 % 10° 2.88% 10° 2.05% 10" 2.50 % 107
Total viable cells 3.25x10° 4.00x 10° 5.10x10° 3.25x 10
Cucumber Makgeolli Lactic acid bacteria 1.56x 10 2.88x 10 1.84x10° 5.21 % 10?
Yeasts 350 % 10° 470% 10° 2.80% 107 6.23% 107
035 Table 5. Color values (L, a and b) of the control and cu-
0.30 cumber Makgeolli throughout the 6-day fermentation period
= — Sample Fermentation Color
0.25 A P period (day) L a b
020 0 56.33 1.09 0.03
1 56.58 1.49 1.28
0.15 Control 2 59.98 1.69 1.16
3 60.91 1.78 1.78
0-10 6 61.35 2.00 211
:Z: . ——Control -5 Cucumber Makgeolli Cucumber (1) gggg (1)8613 (1)(3)2
: . 2 59.80 1.26 1.38
’ 1 lfermentation3 eriod (da4) ’ ° Makgeoll 3 59.56 1.z7 1.38
' Y 6 60.15 1.40 1.40

Fig. 3. Total acidity values of the control and cucumber
Makgeolli throughout the 6-day fermentation period.
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Table 6. Free sugar contents of the control and cucumber Makgeolli on day-1 and day-6 of the fermentation period

(Unit: mg/mL)

Sample Fementat1on Fructose Glucose Sucrose Maltose
period (day)
Control 1 NDV 62.738+0.002" 0.177+0.011° 0.944+0.001°
6 0.063+0.001 37.763+0.078° 0.618+0.031° 0.469+0.041°
) 1 ND 67.153+0.168" ND 0.796+0.031"
Cucumber Makgeoll: 6 ND 92,216+ 0,062 0.196+0.010° 0.217+0.023¢

UND: not detectable.

Values with different letters (a-d) within the same column differ significantly (p<0.05).
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Table 7. Organic acid contents of the control and cucumber Makgeolli on day—-1 and day—-6 of the fermentation period
(Unit: mg/mL)

Fermentation

Sample . Oxalic acid Citric acid Tartaric acid Malic acid Succinic acid Acetic acid
period (day)

Control 1 0.002+0.000"°  0.271+0.080"  0.036+0.003°  0.117+0.005 5.153+0.005° 0.788+0.010

6 0.0020.000"  0.049+0.001"  0.053+0.008" 0.081+0.001° 10.344+0.624" 0.407+0.508"

Cucumber 1 0.002+0.000*  0.611+£0.004*  0.097+0.002" 0.184+0.001* 4.163+£0.004° 1.513+0.014*

Makgeolli 6 0.003£0.001"  0.132+0.030°  0.043£0.004 0.176+0.007" 23.4435+0.742" 1.609=+0.456

Values with different letters (a—d) within the same column differ significantly (p<0.05).
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Eo] A=H QA =, 15 3-methyl-1-butanol®] grzFo] oj
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Table 8. Volatile compounds of the control and cucumber
Makgeolli on day-6 of the fermentation period
(Peak area %)

Sample
No RI” Compounds Control Cucumber
OMION Makgeolli
1 362 Acetaldehyde 0.533 0.702
2 367 Methanol 0.154 0.222
3 373 Ethanol 2.841 0.643
4 600 Hexane 4.041 0.463
5 603 1-Propanol 3.920 0.195
6 623 Ethyl acetate 18.667 19.947
7 650 3-Methyl butanal 20.933 0.329
8 670 2-Methyl-1-propanol 0.053 23942
9 676 Acetic acid 0.005 0.957
10 699 1-Butanol 0.017 0.272
11 727 Propanoic acid, ethyl ester 0.360 0.435
12 730 Acetic acid, propyl ester 0.071 0.125
13 770  3-Methyl-1-butanol 31.717  36.729
14 775 Ethyl isobutyrate 0.865 0.154
15 786 Acetic acid, 2-methyl 0.303 0.577
propyl ester
16 790 3-Methyl-1-butanol 0.006 0.028
17 794 3-Methyl-1-hexanol 0.255 0.285
18 795 Hexanal 0.255 0.285
19 797 3-Methyl-1-butanol 0.255 0.285
20 799 Isobutyric acid 0.089 0.285
21 801 2,4-Dimethyl hexane 0.088 0.154
22 806 Butanoic acid, ethyl ester 0.494 0.406
23 831 2,4-Dimethyl heptane 0.004 0.008
24 860 Ethyl 2-methyl butyrate 0.532 0.192
25 84 3-Ethoxy-1-propanol 0.018 0.192
26 870 4-Methyl octane 0.613 0.008
27 885 2-Methyl butyl acetate 0.259 0.357
28 901 Pentanoic acid, ethyl ester 0.026 0.041
29 961 Benzaldehyde 0.224 0.306
30 996 Octanal 4707 4.803
31 1046 1,8-Cineole 0.008 0.017
32 1061 3-Ethyl-3-methyl heptane 0.001 0.010
33 1068 3,8-Dimethyl decane 0.009 0.010
34 1100 Undecane 0.031 0.022
35 1107 3,8-Dimethyl undecane 0.019 0.021
36 1124 Phenethyl alcohol 0.150 0.014
37 1195 Octanoic acid, ethyl ester 0.565 0.279
38 1799 Tetradecanoic acid, ethyl ester 0.013 0.012
39 1995 Hexadecanoic acid, ethyl ester  0.061 0.058
Total 100 100

DRL: retention index.
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