Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

1 26(6), 631-641 (}

| https: //d0| org/10 110 2/kjfp.2019.26.6.631

R LERIRMBX YL GO
The Korean Society of Food Preservation

Quality characteristics of barley—-Makgeolli fermented from yeast Y204
with different fermented agents

Sun Hee Kim, Ji-Young Mun, Joo-Yeon Kim, So Young Kim, Soo-Hwan Yeo*
Fermented and Processed Food Stience Division, National Institute of Agricultural Stience, RDA Wanju 55365, Korea

LE2ME Sttt =2 Y204

Ae8 - BAY - AFA - Q2 - gy
SETSEH YUY SAERHE YEIts3A 0
Abstract

In this study, we compared the quality characteristics of barley-Makgeolli prepared with different nuruk fermentation
starters for Saccharomyces cerevisiae Y204 at various temperatures (15, 20 and 25°C) and for different fermentation
periods. The pH of the barley-Makgeolli produced by the nuruk of A. oryzae 75-2 (AO) was in the 6.4-4.9 range,
which is significantly different to that (3.7-3.3) of the barley-Makgeolli produced using the nuruk of A. luchuensis
74-5 (AL). Barley-Makgeolli exhibited 0.2% acidity when prepared using AQO, and 0.8% with AL. The amino-acid
content increased on the second day of fermentation and was smoothly maintained to the end of the fermentation
period, except when fermented at 25°C. The sugar content of AO Makgeolli was significantly higher than that
of AL Makgeolli. Saccharomyces cerevisiae Y204 showed good alcohol fermentation (15-16%) at 25°C for both
AO and AL barley-Makgeolli. The malic acid content of the organic acids increased with increasing fermentation
temperature and the citric acid content was the highest in AL barley-Makgeolli when fermented at low temperature.
The aroma component patterns of each barley Makgeolli was able to predict the diversity of each flavor pattern
on the basis of differences in the AO and AL fermentation groups and temperature. Therefore, barley-Makgeolli
produced by Y204 is expected to exhibit superior quality due to the good alcohol producing ability of the Y204

yeast.
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Fig. 1. Changes in pH and titratable acidity of barley-Makgeolli by different fermentation agent nuruk of Y204 according to the various
fermentation temperature and period.

(A) shows the pH and titratable acidity changes of the fermentation agent AL muruk (B) shows the pH and titratable acidity changes of the fermented agent AO muruk The
straighted lines represent the changes of pH and titratable acidity for Fermivin. The dashed lines show the changes of pH and titratable acidity for Y204. Data are presented
as the mean for 3 independent experiments. Error bars indicate SD (p<0.05). I, pH; @, Titratable acidity.
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Table 1. Changes in amino acidity of barley-Makgeolli by different fermentation agent nuruk of Y204 according to the fermentation

temperature and period

Fungal murk” l(:gz)) Sample Fermentation periods (day, %)
0 2 4 6 8

5 Control” 0.00£0.00 1.8620.15™ 2.56£0.50° 3.074036" 3.0620.00°

Y204 0.00£0.00 2.1820.60° 226048 220£0.12° 2.29+0.26"

Control 0.00£0.00 193:045° 2158007 2.51£025 2.37:0.30°

AL 2 Y204 0.00£0.00 1.47£0.03¢ 185£0.12° 2.26+0,09° 2.150.18°
s Control 0.00£0.00 2301043 3.30£0.09° 3.74£0.29° 3.65£0.57°

Y204 0.00£0.00 1.55£0.15° 2.85:0.07° 3.17£0.06" 278031

Control 0.00£0.00 2.33+0.32° 2.65:0.16" 2.69+0 47" 2.68+0.40°

B Y204 0.00£0.00 1.8420.14° 2224029 2052022° 2.7720.62°

0 0 Control 0.00£0.00 2151067 2.03+0.03 2412024 3312026'
Y204 0.00£0.00 193£0.24° 1.96:045° 1.931045° 303+1.23°

Control 0.000.00 1.82:0.18° 2.50£0.38° 3.8310.17° 4.660.51°

= Y204 0.00£0.00 1.53+0.20° 1.99+0,04° 3.180.15° 3.1540.61°

YAL: Aspergillus hichuensis T4-5, AO: A. oryzae 75-2
ET: fermentation temperature.

3’Symbols: Control, S cerevisiae Fermivin, Y204, 8 cerevisize Y204.
4
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Fig. 2. Changes in contents of alcohol and sugar of barley-Makgeolli by different fermented agent nuruk of Y204 according to the various
fermentation temperature and period.

(A) shows the alcohol and sugar content changes of the fermentation agent AL muruk (B) shows the alcohol and sugar content changes of the fermentation agent AO muruk
The straighted lines represent the changes of alcohol and sugar content for Fermivin. The dashed lines show the changes of alcohol and sugar content for Y204. Data are
presented as the mean for 3 independent experiments. Error bars indicate SD (p<0.05). I, Alcohol content; @, Sugar content.
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Table 2. The content of organic acids in barley-Makgeolli by fermented agent AL nuruk of Y204 according to the various fermentation

temperature and period

1(:%1)) Veast? Onganic acid - . Fermentation peri(xj1 (day, mg/100 mL) - -

Malic acid 8.19+0.84 22424084 46.69£0.89° 80.1720.89" 59.620.69°
Lactic acid nd” nd 10.89£1.11° 38.00:0.28" 25.57+0.79°
Acetic acid 14420.15° 9.47£0.09° 9.3320.14° 31.23+0.89" 20.15£0.86°
Contl Citric acid 132.17£1.05° 294.16+1.05° 240.76+1.07° 493.01£1.00° 253.07£1.23°
Succinic acid nd 3901021 nd 59.44+0.77° 3428+0.73"
Fumaric acid nd 2.74+0.40° 2.19£0.30° nd 239+0.41®
Propionic acid 2304043 12.78+0.56" 9.10£0.69" nd 3,09+0.12°

s Total 144.12 34547 31895 701.85 398.16
Malic acid 8.38+0.75° 27.200.39° 33.69%0.95" 24.59+1.09° 71.28+0.76"
Lactic acid nd 398+0.15° 15.95+0.75° 17.31+0.90° 56.54+0.85"
Acetic acid 1.0120.12° 17.65:091° 13120.12° 15.24+0.35° 59.81+1.00°
- Citric acid 129.07£0.12° 392.43+1.42" 348.79+1.10° 253.75£1.04° 293.70£0.89°
Succinic acid nd 3.39:0.16 21.12+0.89" 14.87£0.18° 33.36:0.88"
Fumaric acid nd 3224023 nd nd 1.83+0.73°
Propionic acid 3.184031° 11.59+0.76" nd nd 1.161.05°

Total 141.63 459.46 42087 2575 517.67
Malic acid 7.29£0.36° 70.6120.94° 25.06£1.21° 50.93+0.97° 47.66£0.96°
Lactic acid nd 31.4140.90° 19.03£0.98° 40.93+0.96" 42.020.99*
Acetic acid 27240174 18.900.79° nd 27.87+1.04° 36.93+1.04"
Control Citric acid 99.64+0.93° 331.08+1.01° 337.29+1.06" 280.97+0.96° 263.38+0.85°
Succinic acid nd 2735:091° 2725+1.10° 4831£1.10° 4.03£0.18°
Fumaric acid nd 226037 nd nd 1.52+0.51°
Propionic acid 1492048 5.6640.68" nd 2.3540.67° 0.9420.82

2 Total 111.14 48727 408.63 451.36 396.48
Malic acid 7424057 59.47+0.68° 41,371,081 67.66+0.40° 53.14+1.13¢
Lactic acid 130£0.01° 35324093 46.40£0.79° 41.56+1,00° 37.18+0.84°
Acetic acid 52040314 930£0.18° nd 50.90+0.56" 61.341.11°
V04 Citric acid 114.08£0.96° 313.35:0.94° 349.77+1.01° 396.11£1.18° 244.46£1.23¢
Succinic acid 1.44+0.09° 17.89+0.88" 20.830.95" 027+0.12¢ 1.29+0.16“
Fumaric acid nd 2474042° nd 2.28+0.50" 221£043"
Propionic acid 2.57£0.59° 49521.04° nd 6.78£0.78° 8.66£0.55"

Total 132.01 442,74 45837 565.55 408.28
Malic acid 17.06£0.29° 52.71£0.76° 64.5620.67° 78.200.47° 40.61:081°
Lactic acid nd 27.93+0.99° 38.37£1.06" 53.37+0.88" 38.87£1.01°
Acetic acid 4.28+0.50° nd nd 4046+0.92° 30.380.64°
Contrl Citric acid 239.96+0.98° 282.84+0.91° 316.80+1.11° 319.82+1.01° 237.82+1.07°
Succinic acid 0.62+0.14° 28.110.99° nd nd 53.50£0.78"
Fumaric acid 1.75£041° 2324051° 2344045 1.830.72° 2.02+0.69"
Propionic acid 6.530.48 5.00+081° 4644075 5234034 16.15%0.86"

2 Total 27020 30891 42672 498.90 419.34
Malic acid 33.24+0.74° 54.81+0.88 87.8320.89" 89.20£1.09* 42.92+1,04°
Lactic acid 10.07£1.06° 53.510.62° 109.85£1.05° 106.66£0.77° 37.27£0.93¢
Acetic acid 2827+0.35° nd nd 29.0240.54° 67.06£0.61°
-— Citric acid 275.67+0.92° 288.65£5.07° 384.48+1.01° 346.236.18° 245.68+0.79°
Succinic acid nd 23.50+0.69" 1.150.14° 4.00:0.81° 47.54+0.76"
Fumaric acid 1.6540.24° 2.62+0.09" 1.88+0.51® 1.8540.54° 1.90+0.59
Propionic acid 6.92:0.42° 3081041 7.61£0.80° 7.72£0.71° 5441057

Total 355.83 42617 592.80 584.68 44780

I

'F.T: Fermentation temperature
2
)

w

“Not detected

Control: Saccharomyces cerevisiae Fermivin, Y204: S cerevisiae Y204
Means with different letters in the same row are significantly different (p<0.05) by ducan’s multiple range test.
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Table 3. The content of organic acids in barley-Makgeolli by fermented agent AO nuruk of Y204 according to the various fermentation
temperature and period

1(:%1)) Veast? Onganic acid - . Fermentation pen(xj1 (day, mg/100 mL) - -
Malic acid 6.1240.3" 5331045 3.30£0.65° 4.98:021° 1.50£0.11°
Lactic acid 1.050.08° 1.5720.10° 5.99+0.02° 58.95+1.03" 22.84:0.72°
Acetic acid 3.2920.40° 6.2620.37° 7.10£021° nd 10.6420.37°
Contrl Citric acid 13.11:090° 11.35+0.66° 8.8340.04¢ 25.610.98" 5.7540.14°
Succinic acid 0.2920.06° 13240.09° 4824071 3434+0.89° 10.9540.46"
Fumaric acid 1.82+0.49° 1.66+0.55° nd 1.7240.62° nd
Propionic acid 1.1240.89* 2.06£0.61° 2.0320.86" 5.01£0.78" nd
s Total 2681 2955 3207 130.61 51.69
Malic acid 8.950.22" 6.06+0.54° 6.25+0.40" 10.08+0.95" 8.96+0.73"
Lactic acid 1.08+0.27° 1.30£0.21° 1.98+021¢ 4.47+0.20° 3.34+0.39"
Acetic acid 1.11£0.50° 10.7440.59° 12.05£0.52° 20.39+1.00° 18.48+1.03°
V04 Citric acid 22.56+0.78" 12244035 8.041.12¢ 11.5120.50° 9.1120.50°
Succinic acid 155034 098049 4.550.32° 11.24£0.90° 9.17£0.95
Fumaric acid 1.77£043° 254067 nd nd nd
Propionic acid 2.60£0.41° 2.04:031° nd nd nd
Total 39.61 35.89 3288 57.69 49.06
Malic acid 7.10£047° 5.77£0.70° 7484052 11.012030° 28.19+0.39"
Lactic acid nd 3531003 96.53+0.78" 4.26£026° 19.81£0.53°
Acetic acid 3.620.28° 2.09+0.50° 11.97+0.98" 5.11+030° nd
Control Citric acid 16.324091° 8.62+0.11° 4.61+026° 4.13+0.32° 19.12+0.41°
Succinic acid 2.04£0.10° 8.78+0.59° 4.5620.45 7.00£0.29° 39.4920.80°
Fumaric acid 1.97+0.50° nd nd nd 291+0.92°
Propionic acid 127029 nd nd nd 2.84+0.50°
2 Total 3033 28.79 125.16 3151 11234
Malic acid 11.08+0.30° 34.6340.66° 10.27+0.86° 48.84+0.90" 35.18+0.84°
Lactic acid 6.29+0.51¢ 12.154044° 2494035 33.410.60° 2445085
Acetic acid 2.03+0.48° nd 5032027 53.8240.93" 3.50£0.18°
V04 Citric acid 20.43£1.04° 8.5540.54° 4.5320,08¢ 24.28+0.52° 20.96+1.03°
Succinic acid 1274038 8.84+0.28° 7.63+0.52° 29.43+0.58" 2.2+1.11°
Fumaric acid 1.77+0.54° nd nd 273039 2.55+0.54°
Propionic acid 1.6610.35" nd nd 1.3740.64' 1.2310.23"
Total 4454 64.16 29.94 193.89 110.09
Malic acid 4.100.10° 19.30£0.84° 5.36+0.52° 51.19+0.96" 7.94£1.05°
Lactic acid 1.76+0.10° 9.56:0.11° 2.8120.12 41.25£1.05° 6.11£0.22°
Acetic acid 5.66+0.12° 3954039 1.4320.16° 58.91+0.60° 0.74£0.61°
Control Citric acid 9.68+0.31° 9.51+028" 227+0.10° 22.64+0.86" 5.98+0.14°
Succinic acid 093030 12.97+099" 7.61£0.50° 1.77£0.54° 9.09+0.20°
Fumaric acid 1.62£051° nd nd 2.98:0.61° nd
Propionic acid 1.530.88° nd nd 2.53£0.52" nd
2 Total 2528 5528 19.48 18127 29.87
Malic acid 11.30£0.52° 15.69+0.90° 11.68+0.49° 51.19+0.98" 8.98+1.01°¢
Lactic acid 4.0120.11¢ 8.45+0.44° 9.98+0.42" 4125:053° 8.06:0.39°
Acetic acid 17.87£1.04° 8.58+0.13 11.15£0.17° 58.91+1.00° 9.4120,04°
-— Citric acid 25.38+1.11° 6.3740.58° 7.344034° 22.64+093 6.56£0.33
Succinic acid 5.12£022° 3254009 5264048 1.77£0.62° 4.70£0.69"
Fumaric acid 2.00£0.51° nd nd 2.98+0.39" nd
Propionic acid 18310.18" nd nd 2.53+048" nd
Total 6751 433 4541 18127 3771

ET: Fermentation temperature
Control: Saccharomyees cerevisiae Fermivin, Y204: S cerevisize Y204
'Means with different letters in the same row are significantly different (p<0.05) by ducan’s multiple range test.

“Not detected

w
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Fig. 3. Principal component analysis of changes in the pattern of multiple volatile components for barley-Makgeolli by electronic nose.

(A) shows the analysis of changes by AL muruk of Y204 according to the various fermentation temperature. (B) shows the changes by AO muruk of Y204 according to the
various fermentation temperature. @, control (Fermivin), Hl, Y204.
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