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BEHSE YEIYYT CO0IZ2UA FEXFYP

Abstract The purpose of this study was to develop the optimal timing and ratio of coffee inputs
in the coffee beer brewing process. Coffee beans used in the process were extracted and used in
a leaching manner with a ratio of 1:2.8 between coffee beans and water. The wort and coffee were
combined in ratios of 1:1, 1:2, and 2:1 before and after heating, and then fermented at 20°C for
5 days, aged at 20°C, and stored at 4°C for 7 days for comparative analysis. The final pH and
brix of coffee beer were 4.81-4.92 and 3.35-4.93 °Brix, respectively, and the total acid and reducing
sugars were 0.55-0.74% and 0.39-0.52%, respectively, showing a significant difference from the control
group (CG). The alcohol content of coffee beer was 5.5-6.0%, the European Brewery Convention (EBC)
was 86.66-493.33, the bitterness was 5.15-7.22 BU, and the yeast cells were 4.89-5.39 log CFU/mL.
The content of caffeine in coffee beer was 0.00-1.74 mg/L, and that of chlorogeftffnic acid was
0.00-3.39 mg/L. Based on the physicochemical analysis, the AB3 brewing process, which showed
results similar to CG, was determined to be the most suitable.

Keywords coffee, beer, characteristics, manufacturing, fermentation

1. ME

[ S

20228 FY FF A FRE 231 29 7|E 9F 9% 9,7009 Yoz 2021 tiH] F 12.9%
et o] T WETE 41.6%F A5, B FFE 28 HS A BT} 37.9%= 7P
EUTHQTFIS, 2024). 3= 5 - A%Z B0t AlACIA 713 o] PRI S85= g43ds
52 IRE YA a4E BAcke AW AT AHE 2 ARs E95) 9 vtee
WE Az 34 € FES YEAA IET] RI7IAE Aoks HE 34 52 Boto] HEolA
£ €°|t(Jung 5, 2015). WFE= 505 Gilehr| o] g Lot A ARESHL ojnf 7]« a
-amylase, B-amylase 52| AAF0] A& Eofs] FHH = ARV} o]-&sl TR EF o] FHEoiZltt
(Koh, 2005). W= TRty & dit, BE 59 vBER Qs AJ&o] EefE 1 Sd=HUA 7]
o] THEOIAT, SEW T} S FE Gl RS A 754, AL FIAUT Whiting
1976). olelg e W W] Thel A S Wiale), SHE B B (argenE LRro} ek
AW kg WEE Saccharomyces cerevisiaes AR&SIH 24to] 73510l ghito] Aow, 3] -2
et} Askal 42 gto] EAolti(Jung 5, 2015). oPH W& WE= Saccharomyces calsbergensis
£ AHgStH, AW EE WaEo W2 2roA A7|7F A 7]7] 2ol -2 B2 glA|gE FAE
20| #of ZEshal AL FFHel EAoIHJung 5, 2015). Wi Ag4to] 4 shd Ha HEI}
Aol FE o] R QIA|NE FT SolA TRt Wof| ek AR BAETL SISk AR
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AANA A Fago HEE Alxshs 5 Hot et WE
7FAZRHAL = AAolH. % g FEES ol87 HEo
£ EA(Kim 5, 2023), A SAHFS )83 AR W30
E4 H7HLee 5, 2020), 52 FEES 7S polyphenol 7
o} W=0) kg E4J0] et AH(Yeom, 2008) 5 7]& W]
E459 ARE A1 A750] B AT Uck. HE
SloREQHIA 4% BA] M AL UFE 1E Aol
L ol S, S8 WS Y15 S it
W, e An, JAREAY, ZAAT, ARz B
(MFDS, 2024). 7{14 o= drd oz 7HQl, 2=, &7
¥, Hel2d 5 fi*é%': | EAIsk=t, ol= A=A
P2 v|A|AL A1) ] ZE]T B = F-oI3HK(Song, 2020).
Ay ZoES A7 5,5’]4 Z4 EA(Jung?} Kang, 2011),
Ay 282 F7RIRE A9E £9 F4 54(Chungt Byun,
2018), ﬂ;q l\gl:,_ _E_UE_}g 7(-]7]—0]— Al Bg-_,] ‘63— 9,]-/\'1 ol ﬁ?ﬂ _E_/H
(Park, 2013) & A E 4]Fof 7kt A
UAE, F5o] ATE F7RE A= U]Eﬁi "a"ﬁo]ﬂr i}ﬁd,
APt esd7lede Aede Ay A S s AY
53 #5202 A ARIES At dhdrs =4 Y
0] Ael FAA[O| AT AF Aje A4k, 7S AE 7ol A
9] gl Aot o] & Ao 7IE W] #A¥E A
7teto], AuE E83 W A LS S5 Ao H 2
7R ske] deko g Au] AlEsh /Y At 7]ofstaAt
.

2. Mg ¥ Wy

Al

Ol

2. ! M=

=

Ao AgH AFE volaRdA FeRFH QoA
A5H-S olghH|7} A& (Micromax, 2023, Hwasun, Korea)S
B2 AMESERTH(Cho, 2014). Wi A|Zol= 0.7-1.3
mmZ 245 HY ¥ Wok(Dingemans Pale Ale, Mouterij
Dingemans, Stabroek, Belgium)E FYsto] AFEFom, W
Azo= opd 2]t oY #3FQA AR AW (Safale US-05, Algist

Bruggeman, Gent, Belgium)2} Wl efo] Hgjo] &(Yakima
Chief Ranches, Yakima, WA, USA)S ARMZ5FIT.

0

1.
=2

2.2, %5 HZ

= A 27](DM-N40, Foshan Shunde Damai Electric Appliance
Co., Ltd., China)e] &2+ Bot 3 kg & 10 LE ¥ 67°C
oM 147t 57t Yoks AW B3} F= & EE ol
(malt pipe)& BeP7]o FHAA F7H= 67°C9] & 8 LE
ofol 3] FofFrd 77°CoM 1027+ <25t Wole] T
e sl HE(wortye AR

https://www.ekosfop.or.kr

2.3. Am XZx

ZAHL 2 AEZ|(CRF-1600, CEROFFEE, Daegu, Korea)
A& 161°CE d|get =AH7|] AFE R
11E & ZAFSIAT 185-190°Co A Z-AsE 213 ¢l 2

3 vh3 301 & oF 157t Tl E(develop) IS AA =

28-S 475K Cho, 2014). 0]% WZ7](Cooler, CMTECH,

Daegu, Korea)o] 5-7 5<%t @7t A2] & Agho] Q= 475

AAsA. 2AEo] gaH AdFE A" E7](SCODYII,

Anfim, Italy)E 0|83 0.7 mmZ E&5}9 1, E4st d5F+=

Uyt o AZLF A TDSO| TS0 1:22.8(AFE) HIER 4°Co] 24

AZE E<t FESIGinh &3 A= A1 ZHE(Clever paper

filters, Tentok paper Co., Huji, Japan)E ©]-8-5}o] of3}3

TDS(total dissolved solids) &% ¥ AR&5}tt.

>_>$\°mlru

24 YFE HE
SRS Fig. 1] UERRRT motzie olzfat
W29 100°CE AA3H WMF A Z7](DM-N40, Foshan Shunde
Damai Electric Appliance Co., Ltd.)o] €11 1A]7F 59 &0
290k WZo] 100°CoH 37] AZahE 142 12 g9 B8
Sttt B7] AR AHOZHE 358 F 242 12 g2
F2 EUSIAL, 552 F 3N 12 g9 §& T o]
£EAR SEZE §7 25°C2 WA 2N F AR AR
(Safale US-05, Algist Bruggeman)E £¢J5}%ith. a1 H71F
2 A7t 5L Fo2 A7t F air lockS 23| ARAF
oA AlFste aro] APLaRA20°CoAA 597hel wtet
wasio. wE T WelY B9S AN B8 o] A
% Bo} 20°CoIA] 77 SAAALE 4 o] F 4°CoA 142
5ok Ao AR AL A (boiling) 74 AT
S8 %8 U, A8 29 A7) 59 BBGebr
boiling), AB(after boiling), W&} A1 v]&of oz} 1(1:1),
2(1:2). 3(2:1)2.& HE35to] CG(control group), BB1, BB2,
BB3, ABI, AB2, AB3Z ¥ 7719 A&E A%t

W Ax

25 -"IXI EA'I fg-/

T8iE sk al AL
o

2.5.1. pH, 7124 1ge sZF U S

AR 25 24 4] gl thewt o] BAsgon
(National Tax Service Liquors License Support Center, 2017),
2E AYS 33 ¥ 4590 pHE Al 10 mLE F5to]
pH meter(Aquasearcher Ab33Ph Bench Meter, Ohaus, Seoul,
Korea)S A183] 245150t} 7184 T3 gL 24 9%
A(RCM-1000BT, HM Digital Inc., Seoul, Korea)E A&}
24519t 242 AR 10 mLE 3510 0.1 N NaOH(Duksan
General Science, Seoul, Korea) €2 pH 8.30] 2 wj7}7]
=3} AAFA I, 0.1 N NaOH 29| 4H|FS F3) lactic

i
0
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Saccharification
(67°C, 60 min)

Filtration
(T7°C, 10 min)

Boiling
(100°C, 60 min)

Hop added
12 g (after 0 min)
12 g (after 35 min)
12 g (after 55 min)

Cooling
(25°C, add yeast)

Fermentation
(20°C, 5 days)

Bottling

Aging
(20°C, 7 days)

Storage
(4°C, 21 days)

"CG; Control group, add wort only(100% )
BB1; Before boiling, add the wort to the coffee at a 1:1 ratio
BB2; Before boiling, add the wort to the coffee ata 1:2 ratio
BB3; Before boiling, add the wort to the coffee at a 2:1 ratio
AB1; After boiling, add the wort to the coffee at a 1:1 ratio
AB2; After boiling, add the wort to the coffee at a 1:2 ratio
AB3; After boiling, add the wort to the coffee at a 2:1 ratio

Fig. 1. Manufacturing process for coffee-infused beer. NCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort
to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio of wort to coffee is 2:1.

acid(%)2 3HA5FI Tt
252 =Y
32 DNS(dinitrosalicylic acid) H< o]-85to] 4519
ot AR SFTE JAHEE AT T sl4SH Al 89 0.2
mLo| DNS €9 0.6 mLE Z§5to] water bath(Puribath 22,
Novapro Co., Ltd., Bucheon, Korea)ol|A] 557t 2o}
o) ALo WAT ¥ SR 42 mLE Y1 S 2UT
EA(Genesys 150 UV-Vis, Thermo Fisher Scientific Inc.,
Waltham, MA, US)E ©0]-85}0] 550 nmQ] 4L oA LT

2 245t

3

i
I

253. 3T = &4

URE Tl DA £ B4 FA wt Basier
(National Tax Service Liquors License Support Center, 2017).
AR 100 mLE B8] Fste] aZekago] Yo 4ne 5
7 A= SF3te] S/l 60-70 mLo °|=2H FRE F
Stal 15°Co] Hasto] AFo] ARgstgitt. 100 mL HlAA
Blo] %S 93 FRAE 100 mL FE3t] AU A

=

o
o8] 2TE E4E 2L

2

e

254, 2% =4
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5} TH(National Tax Service Liquors License Support Center,
2017). W= E7] & 20°CE FH[SISITh A= 10 mLE F3F
& 6 N HCI(J.T.Baker, Philipsbug, New Jersey, US) 0.5 mL,
2,2 A-trimethylpentane(Daejung Chemicals & Metals Co., Ltd.,
Siheung, Korea) 20 mLE &3}510] 250 rpm, 20°CE A%
ZIE7](Puricell Shaker 80, CRYSTE, Bucheon, Gyeonggi-do)
of 1587F A0jF9ith. o] YAEZ7]|(1580R, Labogene,
Lillered, Danmark)E 0]-&5}0] 3,000 rpmoj|A] 3571 Y41 g]
S AT 5 SRS Fs) ZHFA Genesys 150 UV-Vis,
Thermo Fisher Scientific Inc., Waltham)E- ©]-85}9] 275 nm
ANA FFE=(A)E S745IAH(Jung Chung, 2017). o] & tf
= Aol 95t} £3KBU)S AlAteIit

20KBU) = 50 x A

2.5.5. M=(EBC) £H

MEZ(EBC)E =A% 7 =4 #48< o=t 23324
(Genesys 150 UV-Vis, Thermo Fisher Scientific Inc.,
Waltham)S ©]-8-3] 4513 th(National Tax Service Liquors
License Support Center, 2017). 7}AE A|ASH W3 A& 3
A8 FHEA) 430 nuol 4 Ze12ek. )% T o] e}
o] Mz=S A4t (Jung®}t Chung, 2017).

MIE(EBC) = 25 x SAES x A
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256. 2%

R 27 ADAASE olgd SuT ¥
Yeast Molt agar(MB cell, Seoul, Korea)o]] =550 30°C, 484
ZF ¥jF3E & 15-300 colony?] 2k 44t A48} log CFU/mL
(Colony Forming Units)% WEFH AT

ENl
4>

o

=
=

=
U

J?
i

2.5.7. HPLCE o|8%t FIH[Ql &M

ZHHQl 2482 HPLC(Arc HPLC, Waters Co., Milford,
MA, US)E ©]&sto] EA5IIt Alme HAED]7](1580R,
Labogene, Lillered, Danmark)E o] &5}o] LA4EE & As
MG FHolo] 314511, 0.45 pm membrane filterpaper(0.45
um, Advantec Co., Ltd., Minato, Japan)Z oj3}3f EA4Jo] AR&
SFitHHirao 5, 2024). 7HHQl EE-EHO] A Rof = caffeine
(Sigma Chemical Co., St. Louis, MO, USA)2 ARSI L,
Column XBridge C18 Column(4.6 x 250 mm, Waters Co.,
Milford, MA, US)S A}83}9ch Mobile phase™= methyl
alcohol(Duksan General Science, Seoul, Korea), water(Duksan
General Science, Seoul, Korea)2 Z}Z} 20:800 2 A8-5}9itt.
Flow ratex= 1.0 mL/min, column oven2] temperature+= 40°C
2 AA519 0, A+ 10 uLE injectiond}o] PDA Detecter
(Waters 2998, Milford, MA, US)& E-A35}3tt.

2.5.8. HPLCE 0|85t S22t

S22 AA 242 HPLC(Arc HPLC, Waters Co., Milford,
MA, US)E o]&sto] BA5I3ith Alme Y4EE]71(1580R,
Labogene, Lillered, Danmark)E ©o]&35}o] gAEE & Ars
AS F5lo] 5|A45FH L, 0.45 um membrane filterpaper(0.45
um, Advantec Co., Ltd., Minato, Japan)Z o]3}3f EAo] Al&
StitH(Hirao 5, 2024). ZEE74F EFEH A xRo=
chlorogenic acid(HWI group, Frankfurt, Germany)& A}8-5
917, Column2 XBridge C18 Column(4.6 x 250 mm, Waters
Co., Milford, MA, US)& AR&5}2IT}. Mobile phase solvent
AE 0.002 M phosphoric acid(Sigma Chemical Co., St. Louis,
MO, USA), solvent B+ acetonitrile(Duksan General Science,
Seoul, Korea)& ARESITE. o]5A ZAL solvent AE 0
min-100%, 8 min-100%, 30 min-0%, 35 min-0%, 40 min-100%,
50 min-100%, solvent B 30 min-100%, 35 min-100%2 A
A5t} Flow rate= 1.0 mL/min® & ARESII, column
oven? temperature= 30°CZ AA3}FO0H, A|lg= 10 uLE
injectiono}% PDA Detecter(Waters 2998, Milford, MA, US)
2 Rase,

HI
Jx

2.6. S/
EA A 2= SPSS(27, IBM Corp., Armonk, NY, USA) I

https://www.ekosfop.or.kr

23 Agtel AUA BARAANOVA)OR 7t
gtk AYANE 33 WEstel B BRHAES T
ul, Duncand] T 242 AAst] M2l B 29 %
o4 (p<0.05)& A3kt

3.1.1. pH

WFo] pHE 5] o B2A % PSS bl
S F= 707 BT o] gOH(Kaneda 5, 1997), AT A
7F A7) EoHlge] o2 a4 9 A% 717 59t A
W30l pH Wsk= Table 13} Ztt. ¥d %7] CG(Control
group)= 0¥ 2} pH 5.59914] 2 2} pH 4.4671%] Hoj4 o,
A" FA7H= 09 & pH 4.96-5.330]4 129 2} pH 4.93-5.14
7HA] wlalstA At ol ARE Qg FaIPYoA o]
APt A AL G =7t SV A pH gho] Wobdl A
o7 HolH, Jung?} Chung(2017)9] Aot M3 A
Helth o]% CG+= 4% A, A 7= 3-49 Aofl pH gkol
L=t iRl AL & 4 St AFHCE CGe= pH
431, A3 H7}7= pH 4.81-4.928 Algk AMHEE W320] pH
HR1 4.01-4.773 M FPS o FARRE 22 EAH(Choi 5,
2022b).

r

3.1.2. 7188 1¥=E

ot

=1
o

-

W, S4 9 A 717 B9 AN B 7Hg 1FE
1] H3l= Table 2] UERfATE TR 27] CGY 7184
FE-2 1347 °Brixo|w, 71| H7}7E 9.56-12.66 °Brix
BTk B F 184 1R B dak aust
3% AWt oSS AT o (Park 5, 2023), XE
AR 7H8 TR o] wa g S F435] Ad 59
Aol CGE 3.49 °Brix, 71 H7HE 3.39-5.04 °Brix &
B9tk 0% 7HgH TR Y RuSH Fastel HFH
OF CGE 3.29 °Brix, 2] 4 $ Ax] 7l 3.35-3.59
°Brix, AHH] I+ A A1 H7FE 4.05-4.93 °Brix2 A1 3
7h A719F 27t vlgo] wret xfo] & Heirh 2 Ao wayt
A 5 F40] ZASAT 4 9 AR 717k gtolAl A
PE|= FAS Meng(2022)2] A7IE AV, QhAl WhE
Hgog Qe WAy FHRIF EolEWA 4 4 AF 712t
Zolo|= °Brix 3 W3} uju|st Aoz Holt}

Q.

ol

0o flo kI oo

1R, 54 2 AT 71 5 An W39 F4ke] W=
Table 33} 2t} %7] CGY AMZ: 0.15%, A" H7lps
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Table 1. Changes in pH of coffee beer during fermentation period

Day pH

G BB1 BB2 BB3 ABI1 AB2 AB3
0 5.59:£0.047%4 5.19+0.12°* 5.00:£0.05°5CP 4.96£0.11°8 5.33£0.07°* 5.19+0.07°* 5.29+0.13*
1 4.86+0.03° 4.93+0.05°5¢ 4.93+0.05°°F 4.93+0.03%° 4.96+0.02°5¢ 5.14+0.02*8 4.92+0.01°%¢
2 4.46+0.01% 4.93+0.02°5¢ 5.03+0.08 4,940,055 4.96+0.05™" 5.03+0.02° 4.83+0.01°P
3 4.24+0.07% 4,990,058 5.02+0.01°°5¢ 4.94£0.02°*B 4.98+0.09*B 5.100.035¢ 4.930.03°%¢
4 4.3420.04°P 5.04+0.05™A 5.12+0.03* 4.99+0.07** 4.97+0.06°° 5.02+0.06"F 4.97+0.01°°
5 4.27+0.03"F 5.000.07°% 4.96+0.78"5PF  4.98+0.10"* 4.97+0.12°° 5.000.09°°FF 4.92+0.10°%¢
12 4.30+0.05°PF 4.93+0.02°%¢ 4.97+0.03*3PF 4.9240.01*P 4.85+0.03°P 4.93+0.05"F 4.86:0.01°P
19 4.35+0.04% 4.90£0.02°5¢ 4.94£0.01*P" 4.86+0.05°5¢ 4.93+0.00*°° 4.93+0.06™" 4.84+0.02°°
26 4.33+0.01°P 4.83+0.05"¢ 4.90+0.01°" 4.82+0.01°¢ 4.83+0.03°° 4.91+0.03* 4.86+0.03"P
33 4.31£0,02°PF 4.85+0.01° 4.90+0.01°F 4.8120.00% 4.85+0.01°P 4.92+0.00* 4.81+0.01%°

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio

of wort to coffee is 2:1.

YAl values are mean+SD (n=3). Different letters [lowercase (*9) in a row, uppercase (*T) in a column] indicate significant differences (p<0.05) by

Duncan’s multiple range test.

Table 2. Changes in total soluble solids of coffee beer during fermentation period

Day Brix (%)
CG? BB1 BB2 BB3 AB1 AB2 AB3

0 13.47+0.107%4 11.94+0.01°* 11.57+0.08% 12.66+0.01%* 10.38+0.38°* 9.56+0.28™ 11.40+0.01%
1 6.20+0.03%8 5.67+0.10%B 5.45+0.02° 5.86+0.01°8 4.84+0.31°8 4.43+0.14® 5.23+0.02%8
2 4.81+0.01% 5.29+0.01°C 5.43+0.01°8 5.02:£0.04 4.21+0.01° 4.22+0.01° 4.24+0.01
3 3.51+0.017 4.93+0.14° 5.16+0.01%¢ 4.20+0.14° 3.66+0.040 3.93+0.00%° 3.51+0.01P
4 3.50+0.01P 4.58+0.04° 5.12+0.00*P 4.13+0.03°PF 3.60+0.05° 3.89+0.019° 3.49+0.01P
5 3.49+0.00°° 4.51+0.00° 5.04+0.12°°8 4.08+0.01°F 3.64+0.02%° 3.63+0.12% 3.39+0.03¢E
12 3.45+0.017 4.35+0.01°F 5.03+0.05"FF 4.04+0.02°F 3.69+0.04° 3.61+£0.02F 3.35+0.01¢
19 3.46+0.02" 4.38+0.01°F 4.98+0.02°F 4.05+0.01°F 3.65+0.01%° 3.60+0.00° 3.35+0.04¢"
26 3.45+0.02°° 4.37+0.02°F 4.94+0.07" 4.04+0.02°" 3.59+0.03%° 3.61£0.01 3.36£0.01™F
33 3.29+0.01" 4.36+0.01°° 4.93+0.02°" 4.05+0.01°F 3.58+0.01%° 3.59+0.00% 3.3540.01F

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio

of wort to coffee is 2:1.

YAl values are mean+SD (n=3). Different letters [lowercase (**) in a row, uppercase (“F) in a column] indicate significant differences (p<0.05) by

Duncan’s multiple range test.

0.27-0.56%2 LFERF O, CGOF #1] F717 7k 994
ol HIthp<0.05). ol Ay & Ak F4t
(quinic acid) 5-9] TFst Ato] ZAto] AL u)x Aoz W
HETHKim}; Lee, 2020). E3E AH0] 3 A AT H7He
0.35-0.56%, AHH] 7 & AY] F7HE 0.27-0.36%2 AHH]

678

A & An] A7l WS 2L Bt 24K 1Y 29
5] Z7)510] CG 0.34%, AT H7} A 0.41-0.6%= e
‘11 ol pH7} HolAL AgHE Y5}, o]F
I

lO o

A S7ERoH, S AR 717 Bz WA Sutst
HolH, & ZARS CG 0.4%, AH] 14 A A

rr J?.i B il _L

T
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Table 3. Changes in total acid of coffee beer during fermentation period

Day Total acid (%)
CcG" BB1 BB2 BB3 AB1 AB2 AB3

0 0.15+0.012® 0.46+0.02°¢ 0.56+0.01°" 0.35+0.01°¢ 0.32+0.01% 0.36+0.00°E 0.27+0.01°¢
1 0.34+0.02°4 0.60+0.08°5P 0.60+0.03%¢ 0.46+0.01°° 0.44+0.03%F 0.4120.02°P 0.43+0.06°°
2 0.36+0.024 0.58+0.03"P 0.65+0.02°F 0.52+0.01°PF 0.53+0.01° 0.54+0.02°¢ 0.52+0.01¢¢
3 0.37+0.01°* 0.59+0.03°5¢P 0.65+0.00°" 0.53+0.04°PF 0.46+0.02%F 0.47+0.02%° 0.41+0.03°
4 0.30+0.03% 0.55+0.06"P 0.69+0.03F 0.56+0.01°° 0.49+0.01°PE 0.56+0.02°¢ 0.44+0.04%°
5 0.34+0.0244 0.610.07°8<P 0.70+0.03*° 0.512£0.03°F 0.51+0.05°PF 0.43+0.06°P 0.38+0.07%°
12 0.38+0.07 0.64+0.029¢ 0.89+0.05"® 0.73+0.04>* 0.77+0.03%* 0.66+0.04°® 0.58+0.019%¢
19 0.39+0.01°* 0.67+0.018 0.83+0.01%¢ 0.62+0.04% 0.60+0.03% 0.75+0.04°* 0.67+0.03A
26 0.28+0.21 0.73+0.02°* 0.91+0.00® 0.67+0.02°8 0.66+0.01°® 0.66+0.04°8 0.63+0.06"*2
33 0.40+0.02% 0.74+0.01°4 1.03+0.02% 0.69:£0.03°A8 0.64+0.02%5¢ 0.64+0.00® 0.55+0.04%¢

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio

of wort to coffee is 2:1.

YAl values are mean+SD (n=3). Different letters [lowercase (*%) in a row, uppercase (**) in a column] indicate significant differences (p<0.05) by

Duncan’s multiple range test.

A7HE 0.68-1.02%, AHH] I F AT H7H 0.55-0.64%2
Urehgth

3.1.4. &g

g, &4 9 AR 717 59 A B3] kg g Wt
+ Table 40 HEFJZITE 02 2 CGO| LT T2 0.83%,
Am H7HE= 0.71-1.18%= BB1, BB3, AB3E= CGO H]3]
2 719 Holil, BB2, ABI, AB2E W2 713 HJt} €GO
ST T2 129 Ao FASHA Hastlon, o] Ayt
SHA Aokt A H7s 149 &0 v 1A FE5H
Hasilon, o]S dwtstA Hash CGEF H3t S
Btk ol WH 27] A1 YA Fggo] dTEE gt
slo] gtYdo] 74 Aog HoltkSungdt Lee, 2017). CG
9] F& FLGL 0.37%, AT F7HEE 0.38-0.51%% CGH

T2 3 vEhoH, AR AuddE W] g gl
0.34-0.89%(Choi 5, 2022a)9} S-AlSH 272 B

3.1.5. YIS &4, 20 Y Mx

Ay W3] AFE T4, &9 I ML (EBC)E Table 59
VISt 93-S T4t 5.4-6.0% HYRE An Yol wf
2t ZpolE Hoirh WEI} A1 H|€o| 1:2%] BB29} AB29J|A
55%2 folFoz Y2 ghg Helon, WEIl A n] u]go]
2:19] BB39} AB3E 5.9%E $oFHog =2 712 Hr)
(p<0.05). 7F¢ =2 43S =4 3= Eel BBIZ A1 £<
It e 29 HoloH, ¥3g T4 Wk 3ed 9

https://www.ekosfop.or.kr

FEgT o] JoBE 23 AtoA= olet THH A #
£ 371 24T Eoh HH2 o] 7tsd AeE

th(Jung@} Chung, 2017). £&Uk(bitterness unit)}> FA3H W3
1 LY ZH iso-o-acids®] A(mg)C.& W0 A& W7l
= 8% AHFolt}. vlx F=9 ale, larger W= 5-25
BU 9] &5t 7HAH, & A9] W3 49k 4.00-7.22
BU o2 u|=9] light larger®] 24t H(5-15 BU) Stofj&=
AT ale W] &0t #9120 BU o)h)oll= HIAA] ZRT
(Kwon 5, 2012). 29t A1] Fgo] nzh 592l ol&
Hojon, AE 9z & CG7} 4.00 BUR 7Y W 71e
HAtH(p<0.05). BB32} AB3+= 22 Al7]0] AWE FUT Al
EEHT §9¥08 W2 S HYth(p<0.05). AT #HF9
29t 242 duk W0 A ARRE= 29t 24 WSl dubit
o] thE F9 AY 9 F i 2EER ofyzt A3 9
FAFE 2T ENE 7T ACE wetEt(Lee 5,
2017). W0 M2 5 A, WFo] A xFH, Wz U
4 =4 B0 Hoht ForRE fHid E2HEY Ast
4 Hd s gk Fol s 71dEota B = 9ok Sungdt
Lee, 2017). & 79 ML (EBC)2Q] W= 16.67-493.330.82
7k Aot §2J ARl ZfolE B9 0H(p<0.05), Lyt AW L
a =9 EBC 449l 4.78-93.38 M J(Choi 5, 2022a)9} v
P 0 =2 g B AEE An Yo et folF
Ql o] & HloH, BB29} AB2= 22 Al7]9] AME £R
e AEEET FHORE =N, AT H7FEA ¢4 CG
= fFHo g 22 E HArth(p<0.05). o= A¥ 9 Mz7}
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Table 4. Changes in reducing sugars of coffee beer during fermentation period

Day Reducing sugars (%)
CcG" BB1 BB2 BB3 AB1 AB2 AB3

0 0.83+0.0024 0.88+0.00°* 0.71+0.00%* 1.18+0.00*! 0.77+0.00%* 0.76+0.00™ 1.00+0.00°*
1 0.75+0.003 0.71£0.00°8 0.67+0.00® 0.89:£0.00"% 0.73+0.01% 0.64+0.00%8 0.87+0.00°8
2 0.46+0.00 0.610.00°° 0.610.00°° 0.55+0.00° 0.56+0.00°° 0.51+0.00% 0.48+0.00°
3 0.45+0.00° 0.59+0.00°° 0.55+0.00°° 0.53+0.00°° 0.41+0.00%" 0.45+0.00™ 0.59:0.00%
4 0.44+0.00" 0.57+0.00% 0.54+0.00" 0.50+0.00° 0.41+0.00%° 0.45+0.00°° 0.46+0.00%
5 0.44+0.00°° 0.57+0.00% 0.54+0.00" 0.510.00°F 0.42+0.00™ 0.44+0.00° 0.46+0.00%
12 0.40+0.00°F 0.53+0.00" 0.53+0.00 0.51+0.00°° 0.43+0.00° 0.410.00% 0.43+0.00F
19 0.40+0.00T 0.52+0.00°¢ 0.53+0.00%¢ 0.51+0.00°F 0.42+0.00% 0.42+0.00%° 0.4120.00%¢
26 0.38+0.00%C 0.49+0.00°" 0.52+0.00°" 0.5140.00°¢ 0.42+0.00F 0.40+0.00™ 0.40+0.00°"
33 0.38+0.0081 0.48+0.00° 0.52+0.00" 0.510.00° 0.41£0.00%" 0.39:£0.00" 0.40:£0.00¢!

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio
of wort to coffee is 2:1.

YAl values are mean+SD (n=3). Different letters [lowercase (*2) in a row, uppercase (*') in a column] indicate significant differences (p<0.05) by
Duncan’s multiple range test.

Table 5. Evaluation of alcohol content, color, and bitterness in coffee beer

Sample Alcohol content (%) Color (EBC) Bitterness unit (BU)
CcG" 5.440.057° 16.67+3.63¢ 4.00+0.23¢
BBI 6.0+0.12° 325.83+4.4° 7.100.08"
BB2 5.5+0.06" 493.33+2.2° 7.22+0.01°
BB3 5.9+0.23® 86.66+1.66" 5.55+0.03°
ABI1 5.6+0.17%° 248.33+3.63 5.45+0.01°
AB2 5.540.03° 415.83+9.39° 5.5+0.01°
AB3 5.9+0.06™ 150.83+2.2° 5.1540.02°

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio
of wort to coffee is 2:1.
DAl values are mean=SD (n=3). Different letters [lowercase (*2) in a column] indicate significant differences (p<0.05) by Duncan’s multiple range test.

H| R A Bk E3F o] S B3 U WE &
< o|&df olitatetAet TS AT Ao R T o]
T 54, AR 71IE AAEA HFTH LR CGE 5.32 log
3.1.6. 897 & CFU/mL, A3 #A7}= 4.89-5.39 log CFU/mL &0 =2 7
WE 44 D AR 7] BE AN wre gug S0 AT O S8 AMESHE duhel s ot 2 5
Table 60] UERQIT} e 27] GEF 25 CGL 6.62 log A% ko Y= ol AFo] HE ACE wHHnh

W5O) MIEHT zof Am FUFo] 25F w2 ghe Eol
E Aoz woHE

CFU/mL, A1 H7}E 5.71-6.52 log CFU/mLE CG7} 713
A vebgth FaVI7E 59 AR = F45] S7H A
59 o]l 5.79-6.74 log CFU/mL7HA] Z7}stgict. o]9} Zhe
And 9 F7hs AW da a0 HE UE 59 43
= A7 AgEo] glon, APAT+ ZIKChoi 5, 2022a)9}
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An Wz 759l W S22 A4 FES Table 79 Lheh
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Table 6. Changes in yeast counts of coffee beer during fermentation period

Sample Yeast cells (log CFU/mL)

1 day 2 days 5 days 12 days 19 days 26 days
cG" 6.62+0.03%8 6.66+0.01°8 6.74+0.02*4 5.4140.05% 5.41+0.02%¢ 5.32+0.02°°
BBI 6.31£0.01% 6.37+0.08% 6.53£0.02%A 5.06+0.02¢¢ 5.07+0.05% 5.0340.03
BB2 5.71+0.01® 5.77+0.02% 5.79+0.01¢* 5.36+0.04°¢ 5.36+0.05 5.26+0.02°
BB3 6.52+0.01°* 6.56+0.03% 6.55+0.03% 5.44+0.09°8 5.39+0.09°% 5.39+0.06"®
ABI 6.35+0.02C 6.45+0.02°8 6.51+0.02°* 5.09+0.06°° 5.08+0.01°° 5.06+0.01°°
AB2 5.96+0.01¢ 5.99+0.018 6.12+0.03% 4.91+0.01% 4.90+0.02°° 4.89+0.01™
AB3 6.36+0.04°C 6.46+0.01°" 6.52+0.01°* 5.17+0.01°° 5.14+0.02°°F 5.13+0.02%

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the ratio

of wort to coffee is 2:1.

YAl values are mean+SD (n=3). Different letters [lowercase (*%) in a row, uppercase (*F) in a column] indicate significant differences (p<0.05) by

Duncan’s multiple range test.

Table 7. The contents of caffeine and chlorogenic acid of beer
added with coffee

Sample Caffeine Chlorogenic acid
(mg/L) (mg/L)
CcG" 0.00+0.002" 0.00+0.00"
BBI 1.17+£0.33% 2.4140.04°
BB2 1.74+0.07* 3.39+0.08"
BB3 1.2120.11% 1.67+0.06¢
ABI 1.21+0.21% 2.10+0.01°
AB2 1.41£0.14° 2.51+0.16°
AB3 1.08+0.04° 1.43+0.02°

YCG, control group; BB, before boiling; AB, after boiling; 1, the ratio
of wort to coffee is 1:1; 2, the ratio of wort to coffee is 1:2; 3, the
ratio of wort to coffee is 2:1.

YAl values are meantSD (n=3). Different letters [lowercase (*') in a
column] indicate significant differences (p<0.05) by Duncan’s
multiple range test.

# UniA] ARES Fol80l FolE HolA ATHp<0.05).
Z22A49] F=FE 0.00-3.39 mg/LE A" £} A]7]9]
whet folHQl Xolg HHOT|(p<0.05), #HE WA ¢
< CGOMb SAEA &gtk Ay FYgol €2 BB2o}
AB2OJA & u%_y_ on, A EQlZko] H2 BB3%}
AB3E e L Bk B3 A Y A AT AR
1.67-3.39 mg/L, X}H] A T An FH7MHE 1.43-2.51 mg/L
2 A 34 A Ax GAAolA £ FFS Bk 43t
u|Ee) e ) FREAMO] B2 AT FUE B2 AL
9_].0101- 2 01041—4, iiiz—]l]l\l, ﬂﬂ]&-—. §]:61—U_,] 01}_0

tigol EAsk= vld=ol Asf 7keEsiEo] i Wi frolet
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o] o7hs B3 2N (Kimh Lee, 2020) T4 xS
F43 do] IS AYTH Ao] YFH/E stk
(Kang 5, 2011). S22419] gFo] &= A4St G5
S B2 5 gout olst vate] 7ol FFE FolA|
WA mxe] gngst wed B 37 e43 5 #3Ha
AU 2T 27t ek ofel A S WA 2
ZEANY UL A0 F7HH9 A7 AW oz
Belt},

I8

. 2%

2 dAoAe MEdk AGES} F5 ﬂﬂl% &8st o

F AFL st flste] Az 34 E}ﬁlt‘f‘ 4 E4S
Wok= AFE Yottt A vl&:1, 1:2, D 2:1)3} ZH|
Iy ALz Am FY AZ7IE @85t CG(control group),
BB1, BB2, BB3, ABI, AB2, AB3Z % 771X 9] A|l2E A%
stttk AN E Sttt W] £ EA4S gRlst] #sh pH,
7 1B E, T4 Y, ¥FE &S, ML (EBC), AR
5 B4l 1 Ay}, Ax JA7Y 7R 13w I
L 3.35-4.93 °Brix, A 3FFL 0.55-1.03%2 ﬂu] HSEE
Hlﬂé‘ﬂg o ZpH] I o] BYTF AlES0] B 2 A2 B

Fom, pHe CG 734 pH 431, A3 79| 3% pH

4 81-4918 AW A7I7} CGET & g Hth CGY
27] S 0.83%, AY H7H 7] TeF2 0.88-
1.18%=E CGHT} =& 72 X9l BBI, BB3, AB3: 47
T4 ESF CGRE foF o &2 78 B th(p<0.05). &
gk 4.00-7.22 BU o2 ADE ¥4 &2 CG7} 4.00 BUZR
T R 2 Bylon, An RYFo] s &9 B3
=2 7S Btk MZ(EBC): 16.67-493.3302 7 A|En}
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o 794 Aol HACH(p<0.05), A¥ F7He Sto®
FQIstox o] &8 Mg w9t A £5 4 A3,
B 27]9% 5.71-6.62 log CFU/mL H9E Hgom IR 5

A o] 5.79-6.74 log CFUMLZIA| 2715194t} HEZ o=
4.89-5.39 log CFUmL ¥9& Ect 718919 =k 0.00-
1.74 mg/Lo|H SEZ 4] 1L 0.00-3.39 mg/LE A9 &
AT Al710] whet 722l ZolE Hith (p<0.05). AYE
F7IeE W] o|3fehy BA AnE Fof AW W 9 g
T2 CGot Bl WP ) Brix, F4h, AT 9 &utoflA] 2]
g & A" J7H7F vt S HloH, 1 5 WEy
73 H]&o] 2:1%0 AB3 Al&7} tiE2Ql CGol FAROH,
o|F &3l WA A BE TFeAE 1T o Slith
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