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Effect of Rice Pre-treatment on Enzymatic Saccharification in the Brewing Process
Jin-Ok An, Chang-Ho Chung, and Seung-Joo Lee*
Department of Culinary & Food Service Management, Sejong University, Seoul 05006, Republic of Korea

To produce sweet liquor without artificial sweeteners, 8 traditional rice pre-treatment methods (juk,
beombeok, seolgitteok, gumeongtteok, mulsongpyeon, injeolmi, gaetteok, and godubap) were analyzed in
this study. The formation of sugars with the help of a-amylase, f-amylase, and glucoamylase using nuruk as
a substrate has been previously confirmed. During the early stages of the pre-treatment processes, the
amount of maltose produced (in descending order of its concentration) by a-amylase was observed to be as
follows: gaetteok > seolgitteok > beombeok > mulsongpyeon > juk > injeolmi > gumeongtteok > godubap.
However, changes in maltose concentrations with respect to the pre-treatment processes after 48 hours
were observed to be as follows: injeolmi > beombeok = godubap > gumeongtteok > gaetteok = mulsongpyeon
> seolgitteok > juk. Maltose produced using either a-amylase or f-amylase showed similar results. Glucoam-
ylase produced 10 mg/ml of glucose during the godubap process, which was the highest amount of glucose
among all the methods. Moreover, when o-amylase, f-amylase, and glucoamylase were used concurrently,
glucoamylase increased glucose production in the later stages. Therefore, the possibility of producing
sweet liquor without employing artificial sweeteners was confirmed, even if the amount of sugar in the
liquor varied with the pre-treatment process.
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Table 1. Enzyme activities of Korean traditional nuruks.

Enzyme activity?
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Table 2. Changes in sugar content of pre-treated rice during enzymatic saccharification.

Reaction time

Maltose content (mg/ml)

Glucose content (mg/ml)

Sample

(hr) o-Amylase B-Amylase Glucoamylase 0-, B~ Glucoamylase

Juk 0 342 £ 0.01 3.42 1 0.01 245 +0.00 245 £ 0.00

1 86.88 £ 0.23 5337 £0.19 3.00 £ 0.07 36.64 £ 0.02

2 89.52 +0.27 77.12+0.14 3.11+£0.00 36.90 £ 0.01

3 90.97 £ 0.32 80.50 £ 0.23 3.19+0.01 40.80 + 0.00

6 91.39+0.26 88.96 + 0.22 3.23 £ 0.00 4130+ 0.21

9 93.18 £ 0.26 89.57 £0.37 3.28 £ 0.01 42.71 £ 0.09

12 95.02 £ 0.25 91.12+£0.19 5.07 £ 0.01 43.23 + 0.08

18 95.80 £ 0.21 91.71 £ 0.02 5.10+0.03 43.26 + 0.06

24 98.68 +0.17 95.76 £ 0.01 5.24 £ 0.00 51.43 £ 0.01

36 106.54 £ 0.07 107.19£0.28 5.53+£0.00 57.28 £ 0.06

48 107.59 £ 0.30 108.48 £ 0.32 6.17 £ 0.22 58.50 £ 0.01

Beombeok 0 3.84 +£0.00 3.84+£0.00 2.63 +0.00 2.63 +0.00

1 100.90 = 0.46 98.42 + 0.08 3.65 £ 0.01 30.69 £ 0.30

2 104.68 £ 0.66 98.43 £ 0.05 4.95 £0.02 4246 + 0.37

3 107.09 £ 0.59 101.12 £ 0.40 5.05 £ 0.01 43.75+0.21

6 107.09 £ 0.59 103.56 £ 0.02 5.64 +0.01 4552 +0.16

9 107.54 £ 0.12 106.47 £ 0.06 6.56 £ 0.02 45.54 +0.30

12 108.69 £ 0.07 107.19 £ 0.00 7.03 £0.00 47.70 £ 0.10

18 108.86 + 0.03 109.58 £ 0.14 7.03 £0.01 48.38 + 0.10

24 113.07 £ 0.06 139.36 £ 0.46 7.97 £0.03 50.26 £ 0.10

36 118.84 £ 0.47 146.11 £ 0.35 8.15 £ 0.00 65.42 + 0.05

48 120.52 £ 0.42 149.13 £ 0.60 8.3110.11 65.68 = 0.09
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Table 2. Continued.

Reaction time

Maltose content (mg/ml)

Glucose content (mg/ml)

Sample

(hr) o-Amylase B-Amylase Glucoamylase o, B-, Glucoamylase

Seolgitteok 0 2.37 £0.02 237 £0.02 2.01£0.01 2.01 £0.01

1 101.71 £ 0.91 87.94+0.62 2.92 +£0.00 36.55 + 0.44

2 104.08 £ 0.47 88.08 + 0.03 3.54 £ 0.01 43.60 £ 0.01

3 104.97 £ 0.03 88.59 + 0.06 3.54 £ 0.02 4441 £ 0.02

6 105.99 £ 0.47 91.26 + 0.44 3.831£0.01 4464 +0.14

9 106.22 £ 0.25 92.08 £ 0.26 3.851£ 0.00 45.06 + 0.02

12 108.79 £ 0.02 95.34 + 0.41 3.94 £ 0.00 4512+ 0.02

18 108.88 £ 0.01 100.34 £ 0.03 3.94 £ 0.00 45.20 £ 0.01

24 109.04 + 0.06 107.93 £ 0.41 4.14 £ 0.00 46.85 £ 0.04

36 110.00 £ 0.04 116.09 £ 0.37 448 £0.17 57.83 £0.07

48 11042 £0.28 123.07 £ 0.38 4,64 £0.00 64.80 + 0.07

Gumeong- tteok 0 3.17 £0.02 3.17 £0.02 2.341£0.01 2.34£0.01

1 83.28 £ 0.07 83.96 + 0.30 2.61+0.03 36.55 £ 0.02

2 84.79 £ 0.07 84.24 £ 0.07 2.81£0.02 37.25+0.18

3 87.01 £ 0.28 88.61 + 0.06 2.90 £ 0.00 38.25£0.01

6 97.95 + 0.40 91.23 £ 0.04 2.90 + 0.00 40.04 £ 0.02

9 99.47 +0.27 91.47 £ 037 2.97 £0.00 40.41 £ 0.03

12 99.84 + 0.36 91.89+0.12 298 £ 0.02 41.00 £ 0.21

18 100.14 £ 0.35 91.94 +0.30 3.07 £0.01 43.23+0.10

24 101.73 £0.52 100.15+0.33 3.31£0.02 44.94 + 0.08

36 115.54 £ 0.35 104.65 £ 0.40 3.32+0.01 52.96 + 0.08

48 118.69 £ 0.37 106.43 £ 0.22 7.27 £0.23 57.61£0.20

Mulsong-pyeon 0 2.28 £ 0.00 2.28 £ 0.00 1.97 £0.00 1.97 £ 0.00

1 88.20 + 0.06 100.29 £ 0.05 2.36 £ 0.00 40.81 £ 0.04

2 89.07 £ 0.09 100.35 £ 0.03 2,51 £0.02 41.88 £ 0.01

3 89.99 £ 0.17 100.40 £ 0.43 2.52+0.00 43.11 £ 0.02

6 90.13 £ 0.05 100.49 £ 0.40 253 1£0.01 44.67 £ 0.20

9 90.28 + 0.03 100.68 £ 0.04 2.78+0.01 44.92 £ 0.02

12 90.29 + 0.28 102.01 £0.82 2.88 £ 0.01 45.05 +0.03

18 90.40 = 0.01 102.23 £0.10 2.92 £ 0.00 45.09 £ 0.01

24 100.23 £0.29 104.94 £ 0.63 3.03£0.01 46.51 £ 0.03

36 11042 £ 0.61 131.00 £ 0.10 3.331£0.01 55.99 £ 0.06

48 11335+ 0.84 133.77 £0.22 3.91+0.03 62.71+£0.29

Injeolmi 0 2.60 £ 0.02 2.60 + 0.02 2.11 £0.01 2.11 £0.01

1 8248 +0.17 89.63 + 0.06 291 £ 0.00 39.31 £0.00

2 85.18 £ 0.35 9242 +0.27 2.95 1 0.00 39.42 £0.00

3 85.40 + 0.07 95.30 £ 0.03 2.95 £ 0.00 39.77 £0.01

6 101.61 £ 0.55 100.43 £ 0.31 3.05+0.01 39.99 + 0.01

9 103.61 £0.38 101.75 £ 0.56 3.06 £ 0.01 40.10+0.10

12 104.47 £ 0.57 104.44 £ 0.30 3.10£0.01 42.27 £ 0.21

18 107.37 £ 0.56 104.72 £ 0.00 3.3210.01 45.66 +0.13

24 113.62 £ 0.03 107.41 £0.21 3.79 £ 0.00 48.63 £ 0.01

36 134.16 £ 0.38 114.86 £ 0.38 494 £0.02 55.14+0.12

48 134.65 £0.20 115.57 £ 0.14 5.17 £ 0.00 55.36 £ 0.00
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Table 2. Continued.
sample Reaction time Maltose content (mg/ml) Glucose content (mg/ml)
(hr) o-Amylase B-Amylase Glucoamylase o, B-, Glucoamylase
Gaetteok 0 2.78 £ 0.01 2.78+0.10 2.18 £ 0.00 2.18 £ 0.00
1 101.59 £ 0.30 69.91 £0.32 2.31 £ 0.00 36.59 £ 0.76
2 102.16 £ 0.38 91.45+0.29 2.51 £0.00 41.79 £ 0.02
3 103.59 £ 0.42 91.72+0.34 2.67 £ 0.01 42.31 £0.01
6 10545 +5.28 91.78 £ 0.34 2.68 +0.02 42.74 £ 0.06
9 107.87 £ 0.02 92.13 £ 0.00 2.94 +0.02 4294 +0.01
12 108.72 £ 0.26 95.13 £ 0.04 2.97 £0.00 4590+ 0.14
18 109.65 £ 0.26 95.23 £0.03 2.99 + 0.00 47.84 £ 0.06
24 111.18 £ 0.14 95.31 £ 0.04 3.03+0.03 48.77 £ 0.00
36 11250 £ 0.23 111.03 £ 0.53 3.04 + 0.00 56.73 £ 0.08
48 114.08 £ 0.26 114.08 £ 0.02 3.27 £0.02 59.95 £ 0.01
Godubap 0 1.74 £ 0.01 1.74 £ 0.01 1.75 £ 0.00 1.75 £ 0.00
1 70.89 £ 0.03 20.90 £ 0.15 2.53+0.01 42.04+£0.13
2 73.86 £ 0.21 49.34 + 0.02 2.55+0.00 4295 +0.12
3 74.29 £ 0.22 61.60+0.13 2.58 £ 0.00 43.27 + 0.05
6 91.26 £ 0.23 84.07 £ 0.14 2.59 + 0.00 43.35+0.08
9 93.43 £0.29 86.85+0.12 2.66 + 0.00 4338 +0.13
12 97.28 £ 0.38 88.60 £ 0.27 2.98 +0.03 48.24 +0.04
18 106.90 £ 0.14 88.80 £ 0.35 3.06 £ 0.00 50.11 £ 0.08
24 109.46 £ 0.01 94.20 £ 0.09 3.56 £ 0.05 51.05 £ 0.01
36 116.80 £ 0.31 98.01 £ 0.24 8.62 + 0.04 65.41 £ 0.05
48 120.09 £ 0.14 103.74£0.14 9.78 + 0.00 66.69 + 0.09
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7o I gEtet waE
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Fig. 1. Changes in sugar content of suldut during fermentation. ®@: maltose, O: glucose

G BEA B £RER] ob U YL By
Z£0 72 A3 €59+ maltose 16.17 * 0.18 mg/ml, glucose
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7.80 = 0.08 mg/mlo] o, WHL 8.63 £ 0.24 mg/ml,
4.63 £ 0.10 mg/ml, A7) H-L 13.44 * 0.16 mg/ml, 6.65 +

10



0.07 mg/ml, +YHL 15.14 *+ 0.02 mg/ml, 7.36 + 0.01
mg/ml, E4$HL 11.74 £ 0.13 mg/ml, 5.94 + 0.06 mg/ml,
oldul 17.78 + 0.11 mg/ml, 8.47 + 0.05 mg/ml, 7}
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+ 0-9 B-amylaseo] 93 7hpE Hol A7 T
glucoamylaseZ} 28510 glucose®| o] S7H= et &
R F g HIE B A MAE o] wet F 3t
T gl AolE Hof AuRE HUIeHA ¢ WEERE o
gro] Botd &5 AT 4 e widH g AlxFAol 7t

S3HA = i
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