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Quality Characteristics and Antioxidant Activities of Traditional Korean Rice Wine,
Makgeolli, Fermented with Etteum Bell Flower Root Variety in Platycodon grandiflorum
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Abstract

This study investigated the quality characteristics and antioxidant activities of Makgeolli (a traditional Korean rice wine)
made with Etteum bell flower root (0.5, 1, 1.5, and 2% with steamed rice) during fermentation. The pH values of Makgeolli
with Etteum bell flower root powder decreased after 3 days of fermentation and then increased after 5 days of fermentation.
Sugar content decreased after 3 days of fermentation. Color evaluation showed the L values of these drinks decreased
during fermentation, whereas a and b values both increased. The alcohol content of Makgeolli increased after fermentation,
reaching a maximum concentration of 7.90-8.07% by the end of fermentation. Total phenolic compound contents and
DPPH radical scavenging activities increased as the ratio of Etteum bell flower root increased. Sensory scores of Makgeolli
fermented with 1.5% Etteum bell flower root ware greater than those of Makgeolli prepared by other treatments. Therefore,
Makgeolli added with 1.5% Etteum bell flower root added considered to be the most suitable for manufacturing.
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<Table 1> Changes of pH in Makgeolli with Etteum bell flower root (Platydodon grandifiorum) during fermentation

Fermentation period (days) F-value
Samples
1 3 7 9 V)

0% 4 47+0.02004 4.09+0.01* 425+0.024 4.50+0.01* 4.58+0.03*
0.5% 4.48+0.01% 3.93+0.02¢8 423+0.019 44440015 4.48+0.00°° il

1% 441£0,01% 3.98£0.01€ 41920014 4382002 445£0,01€ 000 ojii*
1.5% 4.40+0.01°° 4.00£0.02° 4.18+0.01%° 4.35+0.01P 4.40+0.01*° ’

2% 4.40+0.01° 3.93+0.01°F 4.13+0.01%° 4.32+40.01F 437+0.01%F

F-value (p) 328.809 (0.000)***

DEach value is mean+SD (n=3)

**Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
AEvalues with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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<Table 2> Changes of sugar contents in Makgeolli with Etteum bell flower root (Platydodon grandiflorum) during fermentation

Fermentation period (days) F-value
Samples
1 3 5 7 9 @)
0% 9.07+0.1218 7.30£0.00°® 7.07+0.06°8 6.53+0.25%8 6.43+0.21°8
0.5% 8.90+0.10°® 7.4340.06°° 7.17+0.06°® 6.90+0.10%° 6.53+0.06°> 2610
1% 8.57+0.12%4B 7.43+0.06°P 7.0040.10°" 6.80+0.009P 6.70+0.06"P © 060)***
1.5% 8.53+0.15%PB 7.47+0.06°P 7.10+0.10°" 6.90+0.009P 6.73+0.06"P ’
2% 8.63+0.12% 7.37+0.06°* 7.23+0.06°B 6.90+£0.17% 6.73+0.00°*
F-value (p) 963.189 (0.000)***

DEach value is mean+SD (n=3)

**Values with different small letters within a row are significantly different by Duncan’s multiple range test (»p<0.05).
ABValues with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).

<Table 3> Changes of alcohol contents in Makgeolli with Etteum bell flower root (Platydodon grandiflorum) during fermentation

Fermentation period (days) F-value
Samples
1 3 5 7 9 (@)

0% 3.90+0.10"<8 5.43+0.06%8 6.73+0.068 7.83+0.06"8 7.89+0.06™8
0.5% 3.90:+0.10°48 5.60+0.00%AB 6.87+0.06°8 7.93+0.12048 7.97+0.068 4305
1% 3.97+0.15% 5.40+0.10" 6.83+0.12% 7.60+0.10" 7.80£0.17* (0.005)*
1.5% 3.95+0.05°8 5.43+0.15%8 6.70£0.00¢B 7.90+0.10PAB 7.93+0.068 ‘

2% 3.90+0.10%* 5.57+0.06% 6.93+0.06° 7.80+0.10°* 8.03+0.10%

F-value (p) 5005.598 (0.000)***

DEach value is mean+SD (n=3)

**Values with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
ABValues with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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<Table 4> Changes of acidity in Makgeolli with Etteum bell flower root (Platydodon grandiflorum) during fermentation
Samples Fermentation period (days) F-value
1 3 7 9 ®
0% 0.39+0.01"* 0.42+0.02* 0.45+0.02°* 0.44+0.01* 0.42+0.01°*
0.5% 0.41£0.02* 0.40+0.014* 0.44+0.01"* 0.43+0.01* 0.42+0.01°* —
1% 0.4120.02¢* 0.400.02%* 0.42+0.01%* 0.43+0.01** 0.41£0.01°* 00 O Oyeer
1.5% 0.39+0.02°® 0.37+0.024" 0.39+0.02°" 0.43£0.01® 0.41£0.01°" '
2% 0.40+0.01¢ 0.33+0.02 0.38+0.01™ 0.42+0.01°¢ 0.40+0.01°¢
F-value (p) 28.581 (0.000)***
DEach value is mean+SD (n=3)
*dyalues with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
ACValues with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 5. Changes of color parameters in Makgeolli with Etteum bell flower root (Platydodon grandiflorum) during fermentation

Color S Fermentation period (days) F-value
difference P 1 3 5 7 9 )
0% 66.68+0.40%* 66.26+0.16**  63.27+0.67% 63.00£0.22°4  59.45+]1.01%
0.5% 62.77+1.28%" 61.40+0.17°® 59.63+2.27% 57.71£0.91°®  59.11+0.57°B 135,020
L value 1% 59.9242.33%C 54.62+1.06"C  53.92:+0.44 56.60+1.86°C  58.79+0.95C 00 0'0)***
1.5% 57.71£1.72°¢ 55.64+1.62°C  54.04+0.45% 55.66£0.56%C  59.44+0.60*¢ ’
2% 57.23+1.14%° 52.53+0.77°P  51.53+2.50%° 53.24+£1.70?  5528+1.18P
F-value (p) 26.020 (0.000)***
0% -1.19+0.06 -2.09+0.04% -0.85+0.02°* -0.79+0.02%* -1.07+0.04°*
0.5% -1.30+0.12* -1.89+0.08%" -1.95+0.08"* -0.70+0.14* -1.07+0.04°* 25 086
a value 1% -1.18+0.18 -2.02+0.14% -0.85+0.01% -0.96+0.02%* -1.28+0.03%* 00 d Oyers
1.5% -1.34+0.06°® -1.63+0.19% -0.81£0.01® -0.62+0.03%8 -1.12+0.02°® ’
2% -1.15+0.09¢ -1.91+0.16% -1.110.02°¢ -0.72+0.01°¢ -0.76:£0.00°C
F-value (p) 365.472 (0.000)***
0% 8.82:£0.08 6.97+0.70 9.2140.14% 10.62+£0.17* 8.68+0.13%
0.5% 7.70£0.648 6.27+£0.26 5.69+0.10"B 9.71+0.17%8 8.67+0.16"8 95208
b value 1% 6.93+0.50°® 4.44+0.388 9.03+0.04%8 9.38+0.08" 7.6140.12%® 00 d Oyers
1.5% 6.30+0.23* 7554041 10.40+0.06° 11.58+0.14% 8.52+0.22% ’
2% 8.08+0.33* 8.13+0.30% 8.19+0.01°* 9.734+0.05* 9.90:£0.14%
F-value (p) 325.329 (0.000)***
DEach value is mean+SD (n=3)
*dyalues with different small letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
ACValues with different large letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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<Figure 1> Total phenol contents Makgeolli fermented with Etteum
bell flower root (Platydodon grandiflorum) during fer-
mentation
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<Figure 2> DPPH radical scavenging activity in Makgeolli fermented
with Etteum bell flower root (Platydodon grandiflorum)
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<Table 6> Sensory evaluation of Makgeolli fermented with Etteum bell flower root (Platydodon grandiflorum)

Samples F-value
0% 0.5% 1% 1.5% 2% ®
Overall preference  3.10+0.85%?  4.00+1.17° 4.05£1.15° 4.85+1.42° 4.05£1.28° 5438 (0.001)%**
Color 4.05+1.28 4.101.21 4.300.57 4.65+0.81 4.55+1.15 1.312 (0.271)
Acceptability Aroma 4.05+1.36¢ 4.10+1.48° 4.40£0.94%  520+0.70° 5.00+£0.86®  4.475 (0.002)**
Taste 3.10£0.97° 3.80£1.28%  420+0.89°  4.70+1.34° 425£129% 5263 (0.001)***
Texture 3.45+0.94° 3.85£1.27%  3.80+0.77%  4.60+0.75" 420£1.06°  3.996 (0.005)**
Color (Whiteness) ~ 3.75+1.65 3.65+1.27 3.85+0.93 4.20+0.83 4.10+1.48 0.670 (0.614)
Turbidity 4.10£1.33 4.00+1.12 4.10£0.85 4.50+0.83 4.56£1.25 1.063 (0.379)
Savory aroma 2.60+1.14° 2.85:1.57"  3.45£1.00 4.40£1.50° 4.55£1.05°  9.630 (0.000)***
Characteristic Alcoholic odor 3.80+1.58 3.65+1.60 4.50+1.15 4.55+1.32 4.55£1.39 1.986 (0.614)
intensityrating Sweetness 2.80+1.28 3.15+1.27 3.00+£1.26 3.50+1.67 2.75+1.45 0.945 (0.442)
Sourness 3.05+1.15 3.00+1.17 3.65+1.42 3.60+1.14 3.60+1.79 1.147 (0.339)
Doraji taste 1.75+1.21¢ 2.90+1.33¢ 4.60£0.94 5.30£0.92° 5.55£1.10°  43.348 (0.000)***
Astringent taste 2.30+1.08° 2.85:1.31"  3.40£1.05"  3.55+1.64%  3.95+1.43° 4,747 (0.002)**

DMean+SD (n=25). *p<0.05, **p<0.01, ***p<0.001

IDifferent superscripts (a-d) in a row indicate significant differences at p<0.05 by Duncan’s multiple range test.
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