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1. 48 A=

ATl ARRE AN A Foh A2 FERAFCAA G s
& Pale Malt(Weyermann, DEU), Caramel Malt(Briess, USA), Carapils Malt
(Weyermann, DEU), Magnum  Hop(Hopunion, USA), Cascade
Hop(Hopsteiner, USA), Simcoe Hop(Hopunion, USA)¥} ™S A|x§ X
Safale US-05(Dry Ale Yeast, Saccharomyces cerevisiae)t™ ZLE)ZEHFo]
(Korea, Busan)olA 18t AF-&3F3it).

SAAv Y Ax

Azxg #xAME "7k W] wigH]= Table 1o wheb wjgsk w,
Figure 15 w2} Pale Ale WFE A|Z28kA 0. W59 A|lxo] AFEH X3 =
A A eb wole] Hl&-E 0%:100%, 30%:70%, 50%:50%, 70%:30%% & 47}A]
of 1o g WFEE A=t
o Az WHE g3 g WE 5 L 7]FoZ 70T &5 5 Lol Wo}e}
3 EAANE AHFste] Hrrsta 70CE FASAA 6087 FEet. o
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Basly g gREe A4z 39 A93 & 100C2 7F43e] 60

w2 rde, WFe] #7] A&EE Magnum Hop 5 g& #H7bsbal 558 H

s =]
Cascade Hop 7 g2 #H7}3lt}, o]& 58 5 Simcoe Hop 7 g& Y¥il 7[¥9<&
ZUth 28C 714 €58 9Fa Bz 7)1 ATE 5 LE @E 3 Ax

a X (Safale US-05 Dry Ale Yeast) 5.75 g A% & &33slo] 20Tl 14¢
1A EES v, W5 1L 37 gf] ke AUbeke BE Aee @ F

WAL 3. WFEs BE3te] 20Tl 797 23 BHa s 3tar 4C Yol A



Table 1. Formula for the preparation of Pale Ale.

Content of Rice Rice wine lees  Malt  Dry yeast Magnum hop Cascade hop  Simcoe hop Water
wine lees (%) (2) (2) (2) (g) (2) (2) (mL)
0 0 3,600 5.75 5 7 7 5,000
30 1,080 2,520 5.75 5 7 7 5,000
50 1,800 1,800 5.75 5 7 7 5,000
70 2,520 1,080 5.75 5 7 7 5,000

% means the contents of rice wine lees as raw material for brewing. 0%, malt 100%; 30%, malt 70% and rice wine lees 30%; 50%, malt 50%

and rice wine lees 50%; 70%, malt 30% and rice wine lees 70%.



Saccharification of dried rice wine lees and malt (1 hour, 70TC)

Y

Separation of malt, dried rice wine lees and wort

A 4

Washing of residua

1 sugars with water

A 4

Boiling and hop addition (1 hour, 100TC)

A\ 4

A4

A4

Adding cascade

Adding magnum

Adding simcoe

hop hop hop
(5 minutes (60 minutes (0 minutes
remaining) remaining) remaining)

A 4

Chilling (below 28T)

A 4

Yeast addition and primary fermentation (14 days, 20TC)

A 4

Bottling and addition of corn sugar

A 4

Secondary fermentation (7 days, 20TC)

Figure 1. Flow diagram of brewing process.
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e g F, 2R A ¢ WEE S48 98] YPD agar(Yeast Extract
Peptone Dextrose, Difco, USA) ®vj#]o] Z} H|&wlct} 4719 Alg W5 X
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St 40 S EE Sl 5 HEWS vE S E Figure 29 5 RJ7HAE
A Zkste] Frtsiolh, B Hrb FES WS
"F(sourness), &9 (bitterness), ¥(aroma), &9 7 (smoothness)S ¥ 718t}
12 & d3oA] g Fo 54, Fo 44, BE 33, o 24, w$ ym

Moz ANe Hglor 7 Bt FBe F4T P T, BEe Aol

1
a
o
@)
o
e
>2
T
w
=
(@)
(@)
@
=)
(@)
wn
wn
>~
>,

>

kv

v}

S

2
=

¢l 7]Z % (overall acceptability) &0 2 AAEUTH22). T5 H7te

AEEE A AE FEE Folste] Tiate] WAt



¥ AA % et ol v BAIE SFAUAL.

ME W3 631 BE WE 717
A L4
JEE 2 ug oL eFS uE oheLte
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Total acidity = 0.1 N NaOH(mL) X F X 0.4

F = 1.001 (F : 0.1 N NaOH¢] 97h
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HETergel A oke ® ue s1e 9 sd &
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% ¥ 2 Folin-Ciocalteu Al@gel wreb a8l vh(24,25). Alwe] 5
F2 99% ethanols A& W} W A5 9] 7} 10w} H]|&=E 7hate] 2041%F
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Y. ABTS &dZ &2AF &4

AlEe F52 99% ethanole A& el W5 8o zh 100 vl&= 7}st
of 20A1%F FF ket F o }ste] 5% F ARESSITh. ABTS" A9k Wang
Sl we} 7 mM ABTS(Glentham Life Sciences, GBR)¢} 2.5 mM potassium
persulfate &N 77} A|xsko] 95:5(v/v) H&O| HESF A S Az H
4TCoA 16417 Ft A wkg A1 5§ ARESHSITH26). ABTS™ AJeFe] 735
nm 33 %A (Ultrospec 2100 pro, Biochrom Ltd., GBR)e|A F3d%7F 0.7
+ 0.157F @ uj7bA] SH= g4}, s4s ABTS" AleF 500 pLe} A=
F= &9 100 pLE 7sk ¥ #4238 § 3083t A2 hhdA REEAZIH
Blanki= 70% ethanol 100 pL9F ABTS" AloFe 9]¢} s &3S 7ls] &%
stom st & 307 AL dAioA HEEAIZITH26). ©]F Microplate
reader “FH](SPARK 10M, Tecan Ltd., CHE)E ©]&3}4 735 nmollA 3%
ot S43 F3Es ofglel Aoz ABTS oz &AAGSES 3Akst
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i
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DPPH radical scavenging (%) = {(Ass — Ay X At X 100

A. = Blank 1 — Blank 2

Ag = Absorbance of sample — Blank 2

. DPPH &dZ &A%5 &4

DPPH &9z 2A% AL OxiTec™ DPPH Antioxidant Assay
kit(BO-DPH-200, Biomax Co., Ltd., KOR)Z &stgom A&dHES ursho}
A8 ==& 99% ethanols A& W3l Wiz g 7+ 108 HS =2 718

20417 Feb mwkek H olabse] % F ARSI AR FE9 20 L
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assay buffer 80 plL, DPPH Al¢F 100 uLE 7}3F
99% ethanol 20 ul.¢} assay buffer, DPPH A]2FS 99} &<

=33tk 96-Well plateo] 3+ 5 30%7 A2
sel 517 nmeld FHEE SAAUY. BER

ut

Microplate reader #H|E o]&
A& TroloxE AF&3lom 0 pg/mlL, 10 pg/mL, 20 pg/mL, 40 ug/mlL, 60 p
QI

O M—
w2 fNste] HEgRom AR A9 A 24

2 =439, =A% TP ofgle] 2oZ DPPH

= ps

g/mL, 80 pg/mL &
o7 RFEHY FIHE
goZd AATE AT

ABTS radical scavenging (%) = {(Aconrol = Asample) / Acontrol) X 100

Acontrot = Absorbance of blank

Agample = Absorbance of sample

© AY Ay 33 whgete] Ha ¥ AR meantSD)E YERYSITE A

T Ao FAEAL Statistical Package for Social Sciences(SPSS, 30.0, IB
M st one-way ANOVA test® #2138}

, Chicago, IL, USA) softwareE o] &
dom Alg 7+ #9148 Duncan’s multiple range test® X0.05 G0l A
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2T 50%] W& R Az wae] Mol 7hg dlon

2 Ao] wre AR &3 WFo] $x 54 9 =

A At Aol FARE e YERATHETD).
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Figure 3. Manufactured beer by adding dried rice wine lees at variation
ratio as raw material.

% means the contents of rice wine lees as raw material for brewing. 0%,
malt 100%; 30%, malt 70% and rice wine lees 30%; 50%, malt 50% and

rice wine lees 50%; 70%, malt 30% and rice wine lees 70%.
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Figure 4. Variation of yeast population during beer fermentation period.

The population of yeast is expressed as colony forming unit per milliliter(CFU/mL). % means the contents of rice wine lees
as raw material for brewing. 0%, malt 100%; 30%, malt 70% and rice wine lees 30%; 50%, malt 50% and rice wine lees
50%; 70%, malt 30% and rice wine lees 70%.
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Smoothness Sweetness

—Control
—0%
—30%
—50%
e 70%

Aroma Sourness

Bitterness

Figure 4. Radial graph of sensory evaluation results.
% means the contents of rice wine lees as raw material for brewing. Control,
commercial beer; 0%, malt 100%; 30%, malt 70% and rice wine lees 30%;

50%, malt 50% and rice wine lees 50%; 70%, malt 30% and rice wine lees
70%.
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Table 2. Sensory evaluation results of manufactured beer with rice wine lees.

Content of

Rice wine lees Color Sweetness Sourness Bitterness Aroma

Smoothness Overall accept ability
(%)P

Control 4.05 + 0.87°3.05 + 1.24*3.00 + 1.18%» 2.55 + 1.20* 3.75 + 1.21° 3.13 + 1.24®® 19.53 + 4.70"

0 3.60 £ 1.13" 2.80 + 1.18" 2.78 £ 1.00° 2.75 + 1.20* 3.13 + 1.16% 3.35 £ 1.14* 1840 + 4.75°
30 3.85 + 1.12° 343 + 1.17% 3.13 + 1.23®* 3.15 + 1.21" 3.83 £ 1.08" 3.75 + 1.19°  21.13 + 5.36°
50 4.00 + 1.00° 3.38 + 1.07" 3.28 + 0.94* 2.79 + 1.06™ 3.87 + 1.08" 3.63 + 1.08>  20.82 + 4.28°
70 2.25 + 1.22* 2.78 + 1.21* 253 + 1.62% 2.80 + 1.24® 2.75 + 1.17* 2.73 + 1.18*  15.83 £ 5.54*

Means with letters (a—c) in the same column

are significantly different according to Duncan’s multiple range test (/0.05) presented as means *
SD (n=3).

D Control, commercial beer; 0, malt 100%; 30, malt 70% and rice wine lees 30%; 50, malt 50% and rice wine lees 50%; 70, malt 30% and rice
wine lees 70%.
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Table 3. Physicochemical characteristics of manufactured beer with rice wine lees

Content of Rice

. L . . Specific Color Sugar content Alcohol content
wine lees Total acidity Amino acid content . pH om
" gravity (E.B.C) (°Brix) B, v/v)
(%)
0 34.57 + 4.05% 1.93 + 0.21° 1.02 4.07 + 0.01° 24.31 + 0.98" 8.10 4.30 + 0.26°
30 36.30 + 6.75% 2.37 £ 1.01° 1.01 4.40 £ 0.01¢ 23.91 + 0.96° 5.10 2.10 £ 0.12°
50 41.37 + 1.41° 1.57 £ 0.21° 1.01 4.32 £ 0.01° 14.68 £ 0.59° 7.10 2.20 £ 0.10°
70 30.43 £ 2.44° 2.17 £ 0.06® 1.01 4.22 + 0.01° 20.45 £ 0.82% 7.10 2.20 £ 0.05*

H

Means with letters (a—d) in the same column are significantly different according to Duncan’s multiple range test (/<0.05) presented as means
SD (n=3).
1) Control, commercial beer; 0, malt 100%; 30, malt 70% and rice wine lees 30%; 50, malt 50% and rice wine lees 50%; 70, malt 30% and rice

wine lees 70%.
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Table 4. Evaluation of antioxidant activity of dried rice wine lees and malt for brewing raw materials used in this

study.
Total phenolic content ABTS free radical scavenging DPPH free radical scavenging
Samples D
(mg GAE/mL) (%) (%)
Dried rice wine lees 126.11 £ 5.05% 87.11 £ 0.32° 85.65 £ 2.67%
Malt 92.82 + 4.74° 102.13 £+ 0.18° 81.96 + 1.89°

Data presented as means * SD (n=3). Letters (a-b) in the same column are significantly different according to Kruskal -Wallis H and Friedman
test (/<0.05).

D mg GAE/L, milligrams of Gallic Acid Equivalents per liter.
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Table 5. Antioxidant activities of manufactured beer with rice wine lees.

Content of Rice

. Total phenolic content ABTS free radical scavenging DPPH free radical scavenging
wine lees 2
b (mg GAE/L) (%) (%)
(%)
Control 101.55 + 3.23P 89.35 + 0.35° 62.50 + 3.05¢
0 91.94 + 2.16° 64.57 £ 2.18¢ 55.72 £ 2.77%
30 98.99 + 1.86° 60.14 + 1.25°¢ 47.76 + 1.34°
50 43.18 £ 6.82° 52.26 + 0.54° 50.59 + 2.26°
70 30.35 £ 11.44% 41.30 £ 0.91% 38.37 + 4.27*

Means with letters (a-e) in the same column are significantly different according to Duncan’'s multiple range test (/X<0.05). presented as means
+ SD (n=3).

D Control, commercial beer; 0, malt 100%; 30, malt 70% and rice wine lees 30%; 50, malt 50% and rice wine lees 50%; 70, malt 30% and rice
wine lees 70%.

2 mg GAE/L, milligrams of Gallic Acid Equivalents per liter.
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