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ABSTRACT The objective of this study was to reduce Nuruk flavor in Korean rice-distilled liquor using different
ratios of Sumizyme™ and Nuruk. After 9 days of fermentation at 28°C, alcohol contents and pH were 16.0~17.1%
and 3.82~4.16, respectively. An increased ratio of Sumizyme' " decreased alcohol content while increased pH of
the mash. In alcohol contents, there were no significant differences up to 30% substitution of Nuruk to Sumizyme .
A descriptive analysis was conducted with trained panelists for determining the intensity of Nuruk flavor. The intensities
of Nuruk flavor in mashes and distilled liquors brewed by traditional Nuruk, cultured Nuruk, and a mixture of 30%
Sumizyme " and 70% cultured Nuruk were evaluated. The mash and distilled liquor prepared using a mixture of
30% Sumizyme™ and 70% cultured Nuruk showed significantly lower intensities of Nuruk flavor when compared
with those of mashes and distilled liquors produced by the traditional and cultured Nuruk.
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Table 1. Formula for Korean rice- dlstllled llquors and saccharogenic power of Nuruk made by Rhnizopus japonica (RHN) and

Aspergillus oryzae (ASN), and Sumlzyme

Ingredient Saccharogenic power
Sample" Rice (g) Water  Yeast Nuruk Nuruk  Sumizyme™ Lactic acid Nuruk Nuruk o . ™
W mb (@ ®HN) (9 ASN) (@ (@) (mL) (RHN)  (ASN) >Umme
Control 1,600 3,200 20.0 40.9 4.8 0.0 12.0 176,472 46,560 0
S10 1,600 3,200 20.0 36.8 4.8 0.6 12.0 158,825 46,560 17,647
S20 1,600 3,200 20.0 32.7 4.8 1.1 12.0 141,178 46,560 35,294
S30 1,600 3,200 20.0 28.6 4.8 1.7 12.0 123,530 46,560 52,942
S40 1,600 3,200 20.0 24.5 4.8 2.2 12.0 105,883 46,560 70,589
S50 1,600 3,200 20.0 20.4 4.8 2.8 12.0 88,236 46,560 88,236
S60 1,600 3,200 20.0 16.3 4.8 33 12.0 70,589 46,560 105,883
S70 1,600 3,200 20.0 12.3 4.8 3.9 12.0 52,942 46,560 123,530
S80 1,600 3,200 20.0 8.2 4.8 4.4 12.0 35,294 46,560 141,178
S90 1,600 3,200 20.0 4.1 4.8 5.0 12.0 17,647 46,560 158,825
S100 1,600 3,200 20.0 0 4.8 5.5 12.0 0 46,560 176,472

Y$10, S20, S30, S40, S50, S60, S70, S80, S90, and S100 mean the percentages of substitution of Nuruk (RHN) by Sumizyme™
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Table 2. Alcohol contents of mash during 9 days of fermentation (% Vv/v)
Samples” Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9
Control  10.8£0.17 15.120.1°  89+02"  13.3+0.1° 15.6+02° 162+0.1"° 16.8+0.1° 17.2+0.1° 17.0£0.1°
S10 11.3ﬂ:0.1:: 15.8i0.12 8.5i0.2§b 13.1£0.2 16.0i0.2:b 16.5i0.3ac 16.910.22 17,0ﬁ:0.12b 17.1:&0.0:
S20 10.6£0.1° 152401’ 8.6+02° 13.040.1° 1584027 1620.1" 16.6£02"  16.90.1'  17.040.1"
S30 107£0.1°  14.9+0.2°  8.9+02° 13.140.1° 152403 1630.17  16.9+0.1°  17.0+0.1 " 17.1+0.1°
S40 102+0.1°  13220.1°  7.320.1° 13.240.1°  14.840.1°  16.0:0.1°  16.7402" 16.8£0.2" 16.840.1’
S50 8.5£0.3 12503 °  63+02° 9.7402  13.6+03  14.6£0.2° 15940.1" 16.6+0.1'  16.6+0.1"
S60 6.4+0. 2 1265027 6.9+0.2. 103402’ 14.4+0.1°  15420.1" 16,1402 162+0.3 16.4+0.1"
S70 6.1%0. 1 13.0:0.1°  5.3£02 9.8+0. 0 13.2+0.1% 143201~ 158£0.1°7 15.9:0.1°  16.5+0.17
S80 62+0.1% 122403  7.5+02° 105202 13.140.1°  142+0.1%  155£02"  16.0202% 16.2+0.0
$S90 6.8+0.1° 11802 6.0£03° 10.4+0.2° 12.90.3¢ 14.4£0.1%  15.6+0.1%  16.00.1° 16.3+0.1°
S100 5.0+0.1 11.9£0.0°  5.5+0.2 10.0£0.1°  12.5+0.1 14.0£0.0°  15.2+0.1° 15.840.1°  16.0%0. 2g

])SIO S20, S30, S40, S50, S60, S70, S80, S90, and S100 mean the percentages of substitution of Nuruk (RHN) by Sumlzyme
IDifferent letters within a column meant significant differences at P<0.05 by Fisher's least significant difference test.
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% % pH+ 3.82~4.160.2 ‘JrE]r‘X;tEltq ]E‘ 7kl
217} EA A tHF=52.81, /<0.001). z271d=
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Table 3. pH of mash during 9 days of fermentation
Samplesl) Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9
Control 3,25io.03‘;2}j 3,53io.05jf 3'33i0'03: 3.48+0.11° 3.5440.02° 3.66+0.08° 3.72+0.02 3.75i0.06dd 3.83+0.03°
S10 3.2810.02i 3.52+0.02 3.32+0.02, 3.45+0.04° 3.62+0.03° 3.6710.023 3.77£0.01°  3.80+0.02° 3.8210.022
S20 3,30io.03‘°h 3.50+0.02  3.33+0.01 3.49£0.05° 3.61£0.03° 3.71+0.04° 3.7610.03? 3.83+0.03° 3.90:0.04
S30 3.29¢o.02gf 3.6320.05 3.38+0.03° 3.5010.043 3.5910.03:l 3.6810.033 3.72+0.03 3.8510.042 3.90+0.04
S40 3,35i0.04°f 3.58+0.03° 3.38+0.03° 3.60+0.03 3.68+0.01'  3.76+0.04  3.89+0.03 4.01+0.03 4.03+0.04°
S50 3.33¢o.055dg 3.691—0.04; 3.65¢0.02; 3.68+0.02° 3.700.03 3.8910.012 3.99¢0.o3°b 4.08+0.04"  4.05+0. 04°
S60 3,42io.03:1 3.78£0.05’  3.58+0.05 3,69i0.01z 3.7240.02°  3.95+0.03 " 4.0810.022 4.06£0.04" 4.11=0. 03"‘
S70 3.38+0.03° 3.691—0.01; 3.700.03] 3.7210.022 3.8040.04° 3.89+0.04° 4.06£0.03° 4.09+0.05" 4.08+0.03™
S80 3,46io.03; 3.76+0.03 " 3.69+0.03 ¢ 3,78i0.04ab 3.81i0.03; 3.92+0.03° 4.10:&0.021 4.1240.03" 4,15io.04*‘b
S90 3.5240.01 3.78+0.03 3.82¢0.022 3.79+0.03" 3.88+0.01 4.1210.03: 4.09+£0.02" 4.09+0.02" 4.11%0.01°
S100  3.60+0.04"  3.89+0.04" 3.72+0.03° 3.85+0.02" 3.97+0.03° 4.00+0.03° 4.11+0.03" 4.12+0.04" 4.16+0.02"

l)SIO S20, S30, S40, S50, S60, S70, S80, S90, and S100 mean the percentages of substitution of Nuruk (RHN) by Sumizyme™
IDifferent letters within a column meant significant differences at P<0.05 by Fisher's least significant difference test.
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Table 4. Total acidity of mash during 9 days of fermentation

Samples”  Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9
Control ~ 6.20£0.09°” 6.90+0.03° 2.60¢0.08f:d 3.00£0.01° 3300027 3.30+0.01° 3.10£0.03° 3.20£0.02% 3.23+0.05"
S10 6.5010.032 7.10:&0.042 2.7oio.o7b° 3.09+0.05° 3.20£0.01°  3.40+0.04" 3.5010.042 3.40i0.032 3.4010.022
S20 6.4lﬁ:0.04fc 7.02+0.04 2.72:i:0.04b0d 3.22i0.03z 3.31:&0.03; 3.42+0.02° 3.31+£0.04  3.2440.04° 3.25+0.03
S30 6.11+0.04. 6.84+0.05° 2.71io.o3d° 3.04+0.07° 3.13+£0.04 3.2310.04; 3.23i0.02: 3.14+0.03°  3.06+0.04°
S40 6.06£0.02 66410066 2.6110.01: 2.81i0.01: 2.84+0.01% 2.90+0.08  2.81+0.07 2.92+0.07°  3.03+0.03°
S50 6.23£0.04°  6.54+0.05' 2.5120.07 ~ 2.73+0.04 2.75ﬂ:0.06z 2.9120.03 2.85+0.03 2.92:&0.04? 2.8210.02:1
S60 6.23i0.012 6.31i0.07d 2.63i0.06;e 2.82¢0.0SZ 2.84£0.03  2.75+0.03 2.9240.01° 2.82+0.02 2.93+0.02.
S70 6.2510.062 6.74+0.03 2.7210.01; 2.92+0.03°  2.8440.02 2.82i0.02z 2.7440.04° 2.74i0.03z 2.700.03
S80 6.42j:o.02“d 6.73+0.02 2.63ﬂ:0.OZZC 2.82&:0.02; 2.9420.02° 2.93+0.02° 2.93£0.01° 3.00£0.03° 2.95+0.03
S90 6.33+0.02° 6.62¢0.032 2.74£0.03 " 2.92+0.01 2.7310.02e 2.8310.022 2.93i0.02: 2.9310.01? 2.8210.022
S100  6.23+£0.03°  6.73£0.05" 2.91£0.04' 2.71£0.05' 2.8120.04% 2.93+0.02" 2.84+0.04" 2.81+0.03 2.90+0.02

])SIO S20, S30, S40, S50, S60, S70, S80, S90, and S100 mean the percentages of substitution of Nuruk (RHN) by Sumizyme™
Different letters within a column meant significant differences at P<0.05 by Fisher's least significant difference test.

Row, o] Ay i o] §lo] ek A<l wa HE) A7} & 7+ 1P TS A A LR e
g HAFE FoR odAXY da T8 F 2 g2 oo 3R ke Park 5(8)0) Hadk wrAg o] v}
AAF e A7l vl gste] 7ZAastdth(F=191.23, X £ 1R 38E(13.27~14.37°Brix) ¥ SAMsI on, &
0.001). Huh 5(201)® Kong 5(23)2 @& 34 5 F4t 2o o) Ao Jatrhgol = vka ek
stego] wislrl whg & AAE A {714k kel o s
Aolgta Bustdal, 53] BE 27](3~4Y)dl 4+ gk FEF BA EY
o] Wy} & Aoz B A Ade}l FASIGITE A4k sheF g 9 9 TR v5FH ARE ksl HAF &
& pHet 73k 3o AaeA(r=-0.838, /40.001)E 71X A& stk BEAF B4 ol Abg® A A E 2 (Sumizyme ™)
= Aoz et pHeF 4 UHE BAE 7R A 9L 5 o] 83 AEE UFRTHY 553 43 E AdES Hols
I AekE Sumizyme™ 30% A A E(S30)E A}83st9T) wha <ul
(F=0.001, 72=0.974) ¥ SF7(F=0.921, P=0.348)2] ®t&
7124 g2 & Hrle BAALE Fox7) flenz F5FH ) v o
AAaxre] d5S v st A €59 /M4 1 o] FHL FH3| o]Foyon, dade vtEAdS A4Sl
3R o] &uko] WMl Table 59 2T} 13 95 5 7184 ok A5 ide] AaaA B4 Ay, 2g <u(F=1.844,
1 E sk 18.8~19.6°Brix® UrE}M__U% g7k A3y P=0.080)3 =7FF(F=1.829, P=0.082)°4 =F ZA4
H5E 7 ¥R 9 gAsSgla, vE TR 59 ° 2 [FYA7} glo] Al=e] Bt QlojA] s 3he] ke
7143 g Eo e 13.5~14. 3°Br1x t}. o9} ¢ Fojn 3R] g Ao Z e
g Ay 7|7kel] wE shgA g ko] Hae 2v AEF2 ANFEA 2 30% AAEA(S30)E AFE-51]
g=S 3 Kim 5(24)9] A A3kt fAFs) g 9 Azgt g #8094 & FHTY 753 4 Table 67
74 A E SRS AR Fholl fo]H o= zpolt Ao 2o wg 59 F5F A AlE It felx ez at
H(F=7.76, /X0.001), A& 3o =&+= =2 718 o] 7} I tHF=31.49, /<0.001). AEF5S AL&39 S
A IR FHE U FAKSE 40%Y GAaL T o] g <8l 23 4wt 9.002 P Bgom, Ak
Table 5. Total soluble solid contents of mash during 9 days of fermentation (°Brix)
Samplesl) Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9
Control  19.6+0.2"  16.640.2°  16.4+0. 23 15.0¢o.2ff 14.4£0.1° 14.1i0.1j 13.8+0. 1‘: 13.61:0‘22 13.5+0.1°
S10 19.6ﬂ:0.lab 16.5£0.2°  16.5+0. 1 15.240.2° 14.610.2: 142£0.2 13.74037  13.6+0.1) 13.6&:0.2;
S20 19.4£0.1°  16.6£0.2°  16.4+0. 2, 15.4+0.3° 14.610.1de 14.150.1°  13.74027  13.6+0.0  13.8403 ¢
S30 19.6i0.2i 16.6£0. 22 16.440.1 15.4¢o.2ecl 14.5£0.1 ¢ 14.0£0.1 13.620. 1; 13.4+0.2 13.5i0.22
S40 19.2:&0.1: 172402’ 16.8+0. 1° 16.0i0.lz 14.8+0.2° 14.6ﬂ:0.2; 14.3£0.2, l4.2:|:0.1; 13.840.1"
S50 19.0£0.1°° 17.340.1" 16902 162+0.1"  15.840. 2" 149:02"  14.7£02 14.4+02"  14.120.1°
S60 19.0¢0.2Z 17.240.1 16.840.1°" 16.6i0.12 16.0+0. 3: 15.5i0.2ab 15.2+0. 32 14'5}0‘1; 14.0£0.1°
S70 19.1£0.1°  17.6+0. 2“ 16.2£0.1°  15.8+0.1 L 155802 15.2io.3z 147401 14.5+0.1 ¢ 14.2+0.2°
S80 19.0¢0.2i 17.4+0. 2a 16.0+0. 1° 16.310.2: 15.9+0.2° 15.040.1"  14.8+0.2/ 14.&0.23b 14.2+0.1°
S90 18.6+0.1 17.3¢0.2b 15.8+0.2% 158+02"  15.2+0. 23 15.0£0.1/ 14.6i0.1b 14.5¢0‘3z 14.3+0.3"
S100 18.840.2°  17.3£0.2°  15.6£0.1°  15.8+0.2 14.8+0.1 14.240.2° 14.6£03° 14.3+02° 14.2+03"

l)810 S20, S30, S40, S50, S60, S70, S80, S90, and S100 mean the percentages of substitution of Nuuruk (RHN) by Sumizyme™
IDifferent letters within a column meant significant differences at P<0.05 by Fisher's least significant difference test.
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Table 6. Intensity of Nuruk flavor from mash and distilled lig-
uors fermented by traditional Nuruk, cultured Nuruk, and 30%
SumizymeTM+70% cultured Nuruk

Sample Traditional ~ Cultured  30% Sumizyme' "+
P Nuruk Nuruk 70% cultured Nuruk
Mash 9.0£3.3")  6.842.2° 4.842.0°
Distilled 12.043.3" 8.0+1.7° 7.0£3.1°
liquor

"Different letters within a row meant significant differences at
P<0.05 by Fisher's least significant difference test.
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