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Abstract

To investigate the effects of three different yeast starters (Fermivin, Y204, and Y283) in MNuruk prepared with
Aspergillus luchuensis 74-5 on the quality of glutinous rice-Makgeolli (GRM), physicochemical properties and volatile
flavor pattemns were evaluated. GRM prepared under different fermentation conditions was analyzed for pH, total
acidity, amino acidity, sugar, alcohol content, organic acids, and flavor patterns. Overall, the pH was very low,
ranging from 3.11 to 3.82. The acidity of GRM prepared with Y283 increased by 0.96% at 15°C and, by 1.02-1.07%
at 20C and showed the greatest increase of 1.11% at 25°C, relative to the GRM prepared with control Fermivin
and Y204. Moreover, Y283 resulted in a significantly increased alcohol content of 16% at 15C and 17.8% at
20°C, which corresponded to a sharp decrease in sugar content (p<0.05). Additionally, organic acid analysis revealed
that the content of citric acid (540.98 mg/100 mL) and malic acid (105.92 mg/100 mL) in GRM prepared with
Y283 was higher at 15°C. The 92.71% contribution ratio of the first principal component identified by an electronic
nose corresponded to different flavor patterns according to the fermentation temperature. Thus, different yeasts and
temperatures affect the physiochemical and flavor characteristics of GRM, and Y283 may improve the quality of

GRM.
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Table 1. Changes in pH of glutinous rice-Makgeolli according to different fermented starters during fermentation temperature and period

ET"

Fermentation periods (day)

) Samples? 0 ) i P ”
Control 3.61£0.12% 3.8240.07° 3.2840.12¢ 33740.13¢ 3.2840.06°
15 Y204 3.550.06° 345+023" 3.35+0,04° 3.35+0.06" 342007
Y283 3.72+0.10° 363029 3.510.14° 3.72+0,04* 3.62+0.06"
Control 34120.13° 3.39£024° 327+0.04° 335£0.25° 3.5420.06"
20 Y204 323012 33240,13% 3.22+0.06° 34610.10° 3.530.10°
Y283 3.710.10" 3.5440,06™ 3.090,08 33540.11° 34140.14™
Control 3.11£0.02° 334+022° 347£0.10° 3.70£0,04° 3.670.14°
25 Y204 3.17+0.06° 3.49+0.06" 346+0.16" 3.61+0,04* 3.59+0.04*
Y283 3.6540.09" 3.3520.08 33620.17° 35320.11° 3.57+0.06"

YR, fermentation temperature.

IControl, S cerevisiae Fermivin; Y204, S cerevisize Y204(KACC 93237P); Y283, S cerevisiae Y283(KACC 93238P).
IMeans with different letters in the same column are significantly different (p<0.05) by Duncan’s multiple range test. All values are triplicate determination. Results are shown

as meanSD.
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Fig. 1. Changes in total acidity and amino acidity of glutinous rice-Makgeolli according to different fermented starters during fermentation

temperature (15°C, 20°C, and 257C) and period.

Data are presented as the mean for 3 independent experiments. Error bars indicate SD (p<0.05).

@, S cerevisize Fermivin, W, S cerevisize ' Y204; A, S cerevisize ' Y283.
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Fig. 2. Changes in sugar and alcohol contents of glutinous rice-Makgeolli according to different fermented starters during fermentation

temperature (15C, 20°C, and 257C) and period.

Data are presented as the mean for 3 independent experiments. Error bars indicate SD (p<0.05).

@, $ cerevisize Fermivin, W, S cerevisize Y204; A\, S cerevisize  Y283.
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Table 2. Concentration of organic acids in glutinous rice-Makgeolli by different fermented starters according to the fermentation
temperature and period

Organic acid F;T” Starters? Fermentation period (day, mg/100 mL)
(©) 0 2 4 6 8
Control 24.17+1.019 52.88+0.13" 89.49+0.53" 32.79+0.88° 22.2240.89%°
15 Y204 16.98+0.38° 79.81£0.80° 40.6520.88" 27.89+1.04° 18.58+0.65°
Y283 15.37£043° 105.92+0.92° 21.78+1.29" 75.3120.66" 31054047°
Control 35,040,18° 45.66£0.52" 37374058 25.8520.95° 17.86£0.82°
Malic acid 20 Y204 20.89+0.23" 38.26+0.66" 38.37+0.78° 21.8240.56° 747071
Y283 27582061 53.890.92" 47.0240.93° 32954033 21.82£121°
Control 23.1120.86" 35.960.24° 20.77£0.81° 13.630.65° 11.30£1.00°
25 Y204 20.7740.78° 35.27+0.34¢ 9.50+0.56° 17.9640.95° 12.1740.95°
Y283 11.36£0.01 67.2320.50° 32171078 20.124031° 11.65+0.87°
Control 11.71£0.84° 28.912091° 19.13+1.08° 42.012092° 4407094
15 Y204 11.47+0.59° 59.62+0.62° 74.17£0.93¢ 91.45+1.28" 82.55:041°
Y283 38.61£0.59° ND* 4.6220.76° 30.13+1.02° 15.83+0.62°
Control 2340061 4351£1.01° 68.43£0.60° 58.87+0.87° 4225+0.78°
Lactic acid 20 Y204 1227£0.73%° 74.11£0.85° 94.73£0.69° 75512051° 31632074
Y283 19.92+0.94° ND 49.740.97° 85.2320.78" 84.71£0.26"
Control 16.10£0.86° 47.82+0.74° 37.17+0.29° 34.95+0.69° 332240514
25 Y204 24.5310.78° 78.8240.85 36.0140.44° 88.13+1.02° 6732037
Y283 7.11£0.30° 55.99+1.05¢ 87.67+0.95° 94.57+047" 84.84+0.95°
Control 12.2310.78" 12.69+0.48 25.21£0.45" ND ND
15 Y204 18.040.34° ND ND ND ND
Y283 15.15£021° 63.10£091° 7.012022° 34.79+1.00° 5612037
Control 5.49+0.10° ND ND ND ND
Acetic acid 20 Y204 1454022 ND ND ND ND
Y283 20.09+1.00° ND ND ND ND
Control ND ND ND ND ND
25 Y204 ND ND ND ND ND
Y283 546+042° ND ND ND ND
Control 20347£1.10° 259.47+0.80° 391.5740.69" 289.09+0.96" 268.55+0.50°
15 Y204 228.12£0.7T 412.23+0.34° 387.2520.01° 349.95:1.02° 321.35¢1.29°
Y283 210.65+0.94° 540.98+1.06" 416.590.56° 483.06:0.07° 299.56+0.58°
Control 208430.51° 382552075 365.80+0.85" 231.74+0.81¢ 239.35+0.88°
Citric acid 20 Y204 223.61£0.90° 374.6520.60" 257.891.00° 272.46+0.90" 145.6310.75°
Y283 254.49+045° 458.86:0.07° 331.81£1.40° 345.97+0.74° 314.05+0.98"
Control 222.4240.65° 35941143 276.1240.94° 215.9620.56° 252.44£0.69°
25 Y204 225224033 359.6920.71° 164.36+0.81° 213.590.60" 232.44+0.84°
Y283 226.90£0.99° 438430,69° 323.58£0.58" 321.02£0.50° 276.270.74°
Control 3.77£0.08" 2.030.18° ND 15.9720.60° ND
15 Y204 5.004021° ND 17.69£1.10° ND ND
Y283 ND 46.8310.79" ND 3.83£0,08° 11.26:0.81°
Control 9.69+0.52° 21.03£031° ND ND ND
Succinic acid 20 Y204 6.37+0.03" 11.35+0.89" ND ND ND
Y283 ND ND 12.350.93° ND ND
Control 9.240.10° 20.09£0.93" ND ND ND
25 Y204 3.94£0,05" 6.64+0.28" 135£0.15° ND ND
Y283 ND 14.00£023 ND ND ND




Quality characteristics

(Table 2. Continued)

of glutinous rice-Makgeolli with Korean yeast isolated from Muruk

ETV

Fermentation period (day, mg/100 mL)

Organic acid o~ Starters?
5 (©) 0 2 4 6 8
Control ND* 51540237 ND ND ND
15 Y204 ND 1.80£0.03° 3.20£0.05° ND ND
Y283 2.06x0.08° 18.9241.12° ND 13.6320.39° 1.9340.06°
Control ND ND ND ND ND
Fumaric acid 20 Y204 ND ND ND ND ND
Y283 ND ND ND ND ND
Control ND ND ND ND ND
25 Y204 1.84+0.08" ND ND ND ND
Y283 1.89+0.18" ND ND ND ND
Control ND 1.4040.01° 8.160.07* 200023 ND
15 Y204 1.630.09° 1.63:0.04° 4.35:0.13" ND ND
Y283 ND 58.460.87" 12.48+0.53° 11.50£0.52° 436003
Control ND ND ND ND ND
Propionic acid 20 Y204 121£0.11° ND ND ND ND
Y283 1.30+0.07° 11.98+0.59" ND ND ND
Control ND ND ND ND ND
25 Y204 ND ND ND ND ND
Y283 141:0.07° 10754074 ND ND ND
UET, fermentation temperature.
2Control, Saccharomyces cerevisiae Fermivin, Y204, S cerevisiae Y204 (KACC 93237P), Y283, S cerevisize Y283 (KACC 93238P).
IMeans with different letters in the same tow are significantly different (p<0.05) by Ducan’s multiple range test.
‘ND, Not detected.
40,000
LY
o 30,000 ‘O
~ ® Control
S 20000 N
@ Y283
7 10,000 K
8 Control Y204
*®, a8
0 [ ]
A~ ys3 4 " "ma o m, .
-10,000 Y204 *on o Y204
25C Control
-20,000
ZOnC Y283‘~

-80,000 -70,000 -60,000 -50,000 -40,000 -30,000 -20,000 -10,000 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000

PC1-92.705%

Fig. 3. Principal component analysis of changes in the pattern of multiple volatile components for glutinous rice-Makgeolli according to
different fermented starters during fermentation temperature by electronic nose. A different colors was displayed by according to different
fermentation temperatures.
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