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Brewing Characteristics and Condition Setting of Beer Using Rice
Flour
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Abstract This study was conducted from August 2017 to May 2018. Beer was prepared by different ratio of rice
and malt and different types of beer, and quality analysis were conducted. The ratio of rice and malt was divided
into 0:100 (S0), 20:80 (S1), 40:60 (S2), 60:40 (S3) and 80:20 respectively. We compared the characteristics of the
mashing methods(infusion and decoction method) and investigated the characteristics of different types of beer (lager,
ale, wheat beer) using yeast (bottom and top yeast). Even with different ratios of rice and malt, normal infusion time
was observed and the iodine test was confirmed to be normal. Also, the mashing proceeded normally and the sugar
content of the primary wort was between 21.0 ~ 21 °brix. In mashing method, the mash concentration, color and
flavor of wort were the highest in the three mash method(decoction method). During the fermentation period of beer,
the sugar content, pH and yeast number did not differ significantly depending on the ratio of rice and malt, and the
type of yeast. Higher alcohol and esters also had no correlation with the ratio of rice to malt, and wheat beer was
somewhat higher. The higher the ratio of rice, the more the color intensity(EBC) decreased, the bitter unit(BU) and
the preference decreased. When the rice ratio was higher than the malt rate, the degree of preference decreased
significantly. Based on the results of this study, it is expected that the rice ratio will be less than the malt ratio and
the flavor of the wort will be improved by using the deccoction method. If the malt is supplemented with the use
of the special malt and the various hops according to the beer type, it may be helpful to manufacture rice beer.
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Fig. 1. Mashing process by infusion method
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Table 1. Quality of wort by mashing method

Decoction method

Mashing method Infusion method

Single mash Two mash Three mash
Extract(°P) 11.2 114 11.1 11.5
Colour(EBC) 11 15 20 28
Slightly stron Stron, Very strong malt
Flavor Malt flavor n%altyﬂavorg malt ﬂa%or 1’yﬂavorg
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Table 2. Quality characteristics of lager type beer
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Lager type beer(rice flour : malt)

Mashing method

S0(0:100) S1(20:80) S2(40:60) S3(60:40) S4(80:20)
Apparent extract("P) 2.56+0.02" 2.69+0.21° 2.75+0.10" 2.68+0.11° 2.65+0.14"
pH 4.4+0.2° 4.4+0.7" 4340.5" 4.4+0.3" 43+0.2"
Color(EBC) 5.4+0.7° 5.2+0.6° 4.7+0.3 3.840.2° 2.2+0.6°
Alcohol(v/v%%) 5.26+0.1° 5.11£0.2° 5.10+0.3" 5.07+0.1° 4.99+0.1°
Real extract(°P) 4.25+0.6" 4.54+0.7" 4.730.5° 4.42+0.6" 4.35+0.3"
Original extract(°P) 12.60+1.1° 12.45+1.5" 12.50+1.8" 12.3541.2° 12.17+1.6"
Real attenuation(%) 66.3+1.6° 63.542.0° 62.242.4" 64.243.1° 64.33.9°
Apparent attenuation(%) 79.7+4.4° 78.4+3.6" 78.0+£5.1° 78.3+3.5" 78.242.5°
Bitterness(BU) 15.3+1.2° 14.5+1.6" 13.8+1.0° 11.9+1.1° 10.442.1"
Total nitrogen(mg/100ml) 80+1.6" 79+1.8" 78+3.1° 83+2.9" 81+2.4°
Lactic acid(ppm) 212.4£10.6° 203.4+8.3" 176.9+18.5" 178.3+7.8" 206.4+9.5"
Acetaldehyde(ppm) 13.11£0.2° 11.20+2.6" 12.26£2.3° 11.86+1.1° 11.76+1.4"
Ethyl acetate 10.79+0.9° 10.02+1.2° 8.54+1.1° 10.86+1.8° 9.47+2.0%
n-propanol 0.30+0.0° 0.27+0.1" 0.24+0.2° 0.2120.1° 0.18+0.0°
Iso-butanol 12.93+1.3° 12.16+1.3° 8.99+2.0° 9.27+2.1% 8.79+1.2°
Iso-amyl acetate 30.0143.1° 36.7942.2° 34.38+2.8" 34.79+2.0° 31.3142.1°
Iso-amyl alcohol 93.86+5.2" 117.80+6.7° 107.13+8.2" 145.6245.5° 149.92+4.9°
S Higher alcohol 136.82.1° 166.75+7.9" 150.5+6.1° 189.68+7.3 190.0245.14

Values with different letters were significantly different at p<0.05 by Duncan's multiple range test. Each value is expressed as

Mean+SD(n=3).
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Table 3. Quality characteristics of ale type beer

Mashing method Ale type beer(rice flour : malt)

S0(0:100) S1(20:80) S2(40:60) S3(60:40) S4(80:20)
Apparent extract("P) 3.01+0.01" 2.97+0.01° 3.03+0.01° 3.05+0.05" 3.00+£0.01°
pH 4.4+0.5" 4.1+0.4" 4.1+0.3" 4.240.3" 4.4+0.2°
Color(EBC) 10.2+0.6" 8.9+0.7" 7.240.3" 5.30.1° 3.6+0.6'
Alcohol(v/v%) 5.59+0.2° 5.54+0.4° 5.81£0.4° 5.67+0.5" 5.65+0.3"
Real extract(°P) 4.67£0.5° 5.00£0.3" 5.130.6" 4.830.6° 4.90+0.7"
Original extract(°P) 13.67£1.5° 13.55+1.6" 14.12+1.5° 13.87+1.8° 13.78+1.1°
Real attenuation(%) 65.8+1.2° 63.1+1.5° 63.742.1° 65.242.4° 64.442.9"
Apparent attenuation(%) 78.0+2.5" 78.143.5° 78.5+1.6" 78.0+3.0° 78.2+2.2°
Bitterness(BU) 20.1£1.5° 18.741.1° 16.340.9° 13.6+1.0° 12.0+0.4°
Total nitrogen(mg/100ml) 7842.3" 75433 68+2.7° 85+3.9™ 79+2.0°
Lactic acid(ppm) 200.311.1° 199.3£13.6° 185.6+11.6" 170.5+5.8" 220.4+12.2°
Acetaldehyde(ppm) 12.90+0.2" 11.76+0.3* 10.67+0.3° 12.87+0.9" 8.45+0.4°
Ethyl acetate 11.89+0.6" 12.87+0.2" 7.90+0.7° 11.05+0.8" 8.45+0.2°
n-propanol 0.21+0.02" 0.25+00.2" 0.45+0.01 0.36+0.00" 0.63+0.00°
Iso-butanol 13.87+1.3° 14.84+1.0° 9.89+0.9" 10.78+1.3" 7.89+0.6"
Iso-amyl acetate 33.03+2.9" 32.76+1.2° 38.92+1.7° 32.69+1.4° 32.90+1.5"
Iso-amyl alcohol 87.97+3.5" 120.67+4.2° 106.7+8.7° 134.76+6.2° 139.64+8.0°
S Higher alcohol 134.87+3.8" 168.27+2.2° 155.51+7.6" 178.2348.1° 180.43+9.3°

Values with different letters were significantly different at p<0.05 by Duncan's multiple range test.

Table 4. Quality characteristics of weisen type beer

Each value is expressed as Mean+SD(n=3).

Mashing method Weizen type beer(rice flour : malt)

S0(0:100) S1(20:80) S2(40:60 S3(60:40) S4(80:20)
Apparent extract(’P) 2.75+0.01" 2.85+0.02" 2.81+0.06" 2.79+0.02°" 2.72+0.00"
pH 4.240.1° 4.5:0.1" 4.4+0.6" 4.3+0.2" 4.0+0.3"
Color(EBC) 7.9+0.5° 6.8+0.3° 5.5+0.8° 3.840.1° 2.0+0.0°
Alcohol(v/iv%) 5.00+0.2° 6.00£0.4° 6.230.1° 5.67+0.4° 5.7240.1°
Real extract(°P) 5.01£0.5" 5.06+0.2° 5.1240.2° 4.95+0.5° 4.91+0.2"
Original extract(°P) 12.78+0.1° 12.98+0.1° 13.00+0.1° 12.90+0.1° 12.8140.1°
Real attenuation(%) 60.843.2° 61.0+2.8" 60.6+4.2° 61.6+3.2° 61.7+4.4°
Apparent attenuation(%) 78.5+5.1° 78.0+6.1° 78.4+2.6" 78.4+7.1° 78.8+3.2°
Bitterness(BU) 16.9+1.1° 16.1£3.3" 14.6£2.5" 12.6+0.8° 11.8+2.8°
Total nitrogen(mg/100ml) 105+1.7° 101£6.1* 100+4.8" 97+2.8" 102+3.9°
Lactic acid(ppm) 198.0+10.3" 200.6+6.1° 188.3+5.1° 192.0+4.8" 206.0+6.9"
Acetaldehyde(ppm) 12.99+0.1° 11.85+0.3" 10.78+0.2* 12.87+0.1° 8.67+0.5
Ethyl acetate 29.0+0.5° 19.45+0.6° 22.98+0.2" 10.86+1.0 9.47+0.6°
n-propanol 0.89+0.0° 1.090.1" 1.05+0.0" 0.99+0.0° 0.64+0.1°
Iso-butanol 12.93+1.0° 12.16+0.7" 8.99+1.4° 21.90+2.0" 18.90+1.7°
Iso-amyl acetate 37.98+3.0° 44.90+2.4° 54.89+6.1° 39.90+2.9° 40.98+1.5
Iso-amyl alcohol 134.91+4.3° 178.90+4.8" 128.08+4.1° 157.45+8.9° 182.0+9.1°
> Higher alcohol 185.82+1.6" 235.96+2.6° 191.96+5.1° 219.25+7.1° 241.88+8.8°

Values with different letters were significantly different at p<0.05 by Duncan's multiple range test. Each value is expressed as MeantSD(n=3).
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Table 5. Sensory evaluation by type of beer

Treatments
Type of beer Sensory S0 S1 < 3 ”
Taste 43+0.2° 42+0.1° 4.0£0.4° 4.0+0.4° 3.740.1°
Flavor 4.4+0.3° 4.3+0.3" 4.0+0.1° 4.0+0.1° 3.6£0.1°
Lager Bitterness 4.4+0.1° 4.340.1° 43+0.5° 4, 1i0.5: 3.810.0;
Carbonated mouthfeel 4.3+0.4" 4.3+0.4" 4.3+0.3" 4.0£0.2 3.8+0.1
Forming stability 4.340.3" 4.4+0.5" 43+0.5" 4.0+0.6" 4.0+0.5"
Preference 4.4+0.2" 43+0.2" 42+03° 4.0+0.1° 3.740.2°
Taste 4.4+0.5" 43£0.1* 4.1x0.1° 3.9+0.2% 3.8+0.1%
Flavor 4.4+0.4" 4.4+0.1° 4.0£0.2° 4.0£0.3° 3.7+0.4°
Ale Bitterness 4.5i0.1:d 4.4i0.7f 4.2i0.1: 4.0i0A1: 3.9i0.3:
Carbonated mouthfeel 4.4+0.3" 4.5+0.3° 4.1£0.5 4.0+0.6 4.0+0.1
Forming stability 4.4£0.1° 43404 4.1403° 4.1£0.2° 4.0£0.4°
Preference 4.4+0.1° 4.3£0.1° 4.1£02° 3.940.6° 3.7£0.1"
Taste 4.4£0.6" 4.2+0.6" 3.9£0.1" 3.8+0.5" 3.6+0.4°
Flavor 43£0.1° 4.4£03° 4.1£0.6" 3.60.3° 3.7+0.1°
Wheat Bitterness 4.4i0.4f‘ 4.4i0.5f‘ 4.0io.4: 3.5i0.7: 3.6i0.l;
Carbonated mouthfeel 4.4+0.3" 4.3+0.1° 4.0+0.6 4.0+0.3 4.0+0.5
Forming stability 4.3+0.1° 4.440.6° 4.0+0.3° 4.0+0.6° 4.040.2°
Preference 4.3+0.5" 4.3+0.4" 4.120.4° 3.7+0.7° 3.6+0.1°

Values with different letters were significantly different at p<0.05 by Duncan's multiple range test.

Mean+SD(n=15).
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