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ABSTRACT

The purpose of this study was to develop and commercialize craft beer through the separation of

indigenous yeast for craft beer and evaluation of fermentation characteristics. Isolation and

fermentation characteristics of native yeast for craft beer were evaluated, and strains election and

fermentation performance were compared with commercial yeast. To select seeds for craft beer, sugar

resistance, alcohol resistance, hydrogen sulfide production ability, fragrance component production

ability, and biogenic amine production were investigated. As a result of selecting and identifying the

first 43 weeks, 13 ale yeasts were obtained. The Saccharomyces cerevisiae AFY-5 strain was finally

selected because of its excellent fragrance components, alcohol production ability, and foam

generation, and the strain was deposited and applied for a patent. For the selection of sour ale and

high—weight beer strains, 930 strains of not—owned strains were selected through a characteristic test.

We have developed technology for mass cultivation of craft beer strains, and technology for

maintaining and preserving the activity of strains. An analysis of the volatile aroma components of

craft beer was carried out. Bl As a result of surveying naming preference for commercialization of

developed craft beer, it was finally selected as GLB (Ganwon Lovely Beer, Gangwon Love Beer), and

a label design was developed based on this. An introduction to the craft beer breweries in the

Gangwon region was published, and a beer brewing program using an experience kit was developed.

Through the implementation of the project, the localization of yeast seeds for craft beer resulted in

an import substitution effect and technology transfer of the developed seeds to local breweries. The

use of local agricultural products has also been expanded through the commercialization of tourism

and reinforcement of marketability through the development of craft beer using local specialties and

experience kits.
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%, cell pelletell FRAE H7Iste] FAAZs Fota AXTh
= a2E 10 mLe YPD broth(2% peptone, 1% yeast extract, 2% glucose) 3-8 A o
o] 30 CollA 2% &% 150 rpmoll Al XgufeFstet, AlZE Y& o 8t cell pellete A&

3 mM CaSO47} 5 50 mM otAlH 0| E k3 M (pH 4.5) 10 mLo @EAIXITH 30 = <t
otal, AW HE N SELEE Seto g IRt S Azt wet M| TS E= AHE

=

AATG(++ SA A, #1015 & Fo o & AAERHeR FUd &), w-1 ARt

w &
M o

2 B

k]

K1 ol

ofN oo mo ofN 2 ju
Ee
2 K

H1

]_

12

2
N
ot

S

i o X
M
1z
Mo

dob o rlob ot
ro oot
lo

olo
i2a)
—

o]-gsto] Z4 gttt
1 mLE Alda&e] ¥ DNS
reagent 1 mLE FUste] EFAIZ &, 100CT Y =0l 1583 SBAIX T Aol ¥23 &7
5 3
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B7ksto] 555 w5 SRS NI LA St W AT 2 A o YA K] Saccharomyces
cerevisiae®] 9] 5+ A YJAIAOF TR S, cerevisiae w7t Urease 54 ¢ EAS o] &3t mE A
2 oA URE %4 #+30385)+= A Qs L-Leucine A=A TFL A4 H7HE S5t
HiLEFo] U= ofojiobdl dEE I S ARSI, cerulenin AR H7ER AT E
a5 Adfgto] AREFS W ethyl caproates LA St #55 APsto] F7AAE 1A +F
4335 RS, F3teaHS) e H“P’HQAE W AEFEs RO JA7F wop W0 E3lgh
F= ’%4 AotEE Fobpa AN 5 T ALkl daAE kg gHEE fisto] ofn|le
WH(His, Tyr, Phe, Trp, Lys) EPEH}QH}Q 3 A (617) = A 9|5t 5‘4%“ o= 915 1i} Avhst
‘5’&‘:}. Eiﬂﬂ‘do A A RH AAAZA AEAd WA o+

Hog RO T8 PR A2H2FRTAHEES) WS %—7}/\
3 = s

Harsh) Slstel ABAY WA 23S Attt

Fll‘

~—

o

# 2 =22 829 AEYHAUY, 54EY, &7 H Ho[A|/Hot2l 4o Zut

wotae 2adFR(F)
- + ++ +++ | | | S
Glucose tolerance (30%) 5 174 67 28 - - 274
2EFA Maltose tolerance (30%) 59 153 43 13 6 - 274
Ay Ethanol tolerance (10%) 260 14 - - - - 274
Acid tolerance (3.0) 29 90 153 2 - - 274
a—amylase 22 89 89 22 38 14 274
B-Glucosidase 115 23 24 26 21 65 274
argg? Glucanase 15 40 42 55 80 42 274
Protease 35 17 19 26 57 120 274
Urease” 236 2 9 9 8 10 274
H2s" 180 25 25 21 18 5 274
¥ TFLY 47 26 25 72 74 30 274
Cerulenin” 117 | 24 55 31 36 11 274
Histamine 69 11 45 77 28 44 274
Hlo] o Tyramine 180 6 14 24 14 36 274
Aol Phenethylamine 45 40 80 49 44 16 274
4 Tryptamine 18 | 25 | 50 | 37 | 21 23 | 274
Cadaverine 51 13 27 51 78 54 274

1) colony size: no result (), 0.5~1.5 mm (+), 3~4.5 mm (++), 5~6.5 mm (+++), 7~8.5 mm(++++),
9 mm ©JAF (+++++)

2) colony size: no result (=), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (+++++)

3) clear color: no result (=), slightly light pink (+), light pink (++), pale pink (+++), pink (+++++),
dark pink (+++++)

4) colony color: white (=), light tan (+), tan (++), light brwon (+++), brown (++++), balck (+++++)

5) colony size: no result (=), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (+++++)
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8 50 100 150 b2 %0 00
StrainNo.
a2 4, 22| §2(274F) 22 H|lw
SHAAT THEFE $AA FLOL, FLOS (cell-cell adhesion, ¥ A A},
(cell-substrate adhesion ¥& +A A}, weak flocculation)= PCR3} £
Z =]
% st

Tt 7 AJER FolM = FRAANA 7MWl AHgshe 5
1

A AR =4 EEE

AL SIS

very flocculest yeast (2)

1= »E0%

maderately fleceulent yeast (190)

son-flocculent yeas: (§2)

strong flocculation), FLO11

FAA wEe BRI, 139

tl

o] US-05 &R &} vl s}o]

FLOA
FLOS
FLO9
FLO1D
FLO1

+ ++++

+
+
+
+

Commercial strain : 5-04, U505 WB-08, M44
Wild type strain @ 13, 34, 61

J2 5. FLO gene family PCR

+

+ + +
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Strains
Time Conwol 5404 US-05 WB-06 Mad
(hn)

13
o

LI
u""l'

Cemmercial strain : S-04, US-05, WB-06, M44
Wild type strain =13, 34, 61

a8 6. Alztgatof o

o R MY 3F 22
e 2X(%) 3% #s
AE WS o ot 12 2, 5,6, 13, 14, 15, 17, 34, 36, 48, 69, 74
#les W3 (Glucose 30%) 10 2,5, 6, 14, 15, 17, 34, 36, 48, 69
744 » 2020H= AEHATEDMN




=
=

25 ¢

foh

WA (Maltose 30%) 7 13, 14, 15, 17, 36, 69, 74
A | &322 WA (Ethanol 10%) 6 36, 58, 70, 72, 95, 96
WAM (pH 3.0) 6 14, 16, 139, 140, 209, 274
1, 17, 18, 25, 27, 29, 33, 34, 36, 37, 41, 45, 52, 54, 55,
59, 60, 69, 73, 74, 75, 76, 77, 78, 157, 163, 193, 194,
AR TP ARSI 05 1= 55 | 204, 207, 209, 215, 216, 217, 219, 220, 221, 222, 224,
233, 240, 241, 242, 244, 245, 246, 247, 248, 249, 265,
A 267, 269, 271, 272, 274
274 a-Amylase 1184 11 215, 216, 217, 219, 220, 221, 222. 224. 267, 269, 271
. _ 17, 18, 33, 34, 36, 41, 45, 52, 55, 69, 204, 207, 209
_ TI3EA] ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
B—Glucosidase 1124 16 233, 272, 274
B-Glucanase 14 9 1, 25, 49, 157, 180, 181, 240, 265, 274
1, 27. 29, 36, 37, 54, 55, 59, 60, 73, 74. 75, 76. 77, 78,
) 163, 193, 194, 207, 219, 220, 221, 231, 233, 234, 235
“Yﬂ/ﬂ £ 9 9 £ E) ) £ E) ) £ )
Protease 1187 4001936 237, 240, 241, 242, 244 245, 246, 247, 248, 249,
265, 271, 274
57, 63, 66, 67, 63, 79, 88, 89, 90, 93, 97, 110, 122, 123,
Urease 9F4 3 124, 125, 126, 127, 135, 137, 151, 160, 178, 179, 186,
e 239, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259,
263, 266
6, 12, 13, 15, 17, 22, 34, 36, 37, 41, 58, 69, 71, 72, 73,
) 74, 85, 95, 96, 99, 101, 111, 146, 147, 149, 182, 183
]: /\].]}\—] [ I =z k] ’ k] El ’ k] k] ’ El k] ’ k]
7N S T 43 194, 196, 200, 204, 205, 207, 209, 229 231, 233, 242,
244, 246, 261, 272, 274
6, 12, 13, 15, 17, 22. 34, 36, 37, 41, 58, 69, 71, 72, 73,
) 74, 85, 95, 96, 99, 101, 111, 146, 147, 149, 182, 183
5 1A » €9, 79, ID, I, ’ ’ ’ , ’ ’ ’
?7 ‘ TFL A% 42 194, 196, 200, 204, 205, 207, 209, 231, 233, 242, 244,
o4 246, 261, 272, 274
Cerulenin &4 14 |6, 12, 22, 58, 69, 71, 72, 73. 74, 95, 96, 99, 101, 229
1S AL 3, 4,7, 8,9, 10, 11, 19, 20, 21, 23, 30, 80, 86, 87, 92,
O3 o) 4q | 102,103, 104, 105, 107, 108, 150, 151, 152, 154, 155,
156, 159, 160, 170, 176, 184, 188, 197, 198, 201, 202,
203, 225, 226, 227, 228. 266
Hlo] @ A o}al(57H)
WAL 6 13, 25, 97, 164, 181, 182
Hholo. 24, 35, 42, 46, 47, 48, 56, 60, 64, 66, 81, 82, 83, 84,
Ay 104, 105, 106, 107, 108, 116, 117, 118, 119, 129, 130,
oful u}o] 9 Al opvl(57H) 61 131, 132, 134, 135, 136, 137, 138, 141, 142, 143, 144,
A4 156, 165, 166, 167, 170, 171, 174, 175, 176, 178, 179,
187, 191, 211, 213, 214, 215, 224, 237, 238, 239, 252,
261, 263, 264




B 4 X HY FF01F) EY
Enzyme activity Aroma Biogenic amines

No. |Strain Glucose/Maltose|Ethanol|  pH - .

' (30%) | (30%) | (10%) | (3.0) %My BlGIuc Gluca | Prote Urease| H2S | TFL Cef”' His Tyr | Phe | Trp Lys

lase |osidase| nase | ase enin

1 1 ++ ++ - ++ - ot |t | - - +++ - - - ++ - -
2 2 +++ ++ - + ++ ++++ ++ ++ - - +++ - - - ++ - -
315 +H+ ++ - ++ + | | A - - +H+ + - - ++ - -
41 6 +H+ + - + L e - - - | A - - + - -
50 12 | +++ | +++ - + HHHt - i Rannad LR e e I - - - -
6| 13 ++ +H+ - + | A - + - - +HHt - - - - - -
T 14 | +++ | ++++ - L I = ++ + - - +H+ ++ ++ - +H+ + +H+
81| 15 | A - + ++++ - ++ + - - ++++ ++ + - ++ - +
9 | 17 | +++ | +++ - + L e + - - +HHt + + - ++ - +
10| 18 ++ ++ - ++ + | - - - + + + - +++ - ++
111 22 ++ ++ + ++ + bt | A | A - ++ | A - - ++++ ++ +++
12| 25 + - - ++ - = | | A - - + - - - - - -
13| 27 ++ + - ++ +++ - | A - - + + - - - ++ -
141 29 ++ + - + - +++ ++ | - - + - - - - - -
151 33 ++ ++ - ++ + || + - - +++ + - - FHHt | A |
16| 34 | +++ ++ - ++ + | |+ ++ - - e+ - 4+ - | A | A
171 36 +++ +++ + + + +H+ + -+t - - | A | | ++++ - 4
18| 37 ++ ++ - + ++ | A | A - - e+ - 4+ - + |t
19| 41 ++ + - ++ ++ | At - - - - +++t |+t +++ - ++ ++ ++
20| 45 ++ + - ++ + +H+ + ++ - - +++ - +H++ - +++ - ++++
21| 48 | +++ ++ - ++ + ++ + e+t - - +H+ Rl IR B I I
22| 49 + + - ++ + - +++++ + - - ++ - +++ - S e
231 52 ++ + - + + +H+ - - - - +++ - ++ - + + -
24| 54 + + - + + + + [ - - ++ R e I e e I I e
251 55 + + - ++ R R I e e I e e - - +++ - +++ - +++ +++ ++
26| 58 +++ ++ + ++ | A | | A - + | A ++ - ++++ - ++++
27| 59 ++ + - ++ + FHt | b | | - - +H+ | | - e+t - e+
28| 60 | +++ | +++ - + L e I e - L I e R e e I I e
29| 69 +++ +++ - + | A A + - - || A - ++ - ++++
30| 71 | A - ++ + - [ | - LR e e e e e e S 4+ - o+
31| 72 | +++ | 4t + + + - =[] - [ | | | | - -
321 73 +++ ++ - ++ + - | A - - | | A - | A |
33| 74 ++ +H+ - + ++ +H+ + [ - = || - - = ||
341 75 ++ ++ - ++ + - + [ - - | | - FHE | R |
351 76 ++ + - + +++ | + -+t - - +++ ++ - - + - ++
36| 77 + + - ++ + +H+ e e - ++ - e+ - FHE | A |
37| 78 ++ + - + R I I I e - ++ + - + + + ++
38| 85 ++ ++ - - +++ - | A - - +HHt | - - - +H++ +
39| 95 | +++ ++ + ++ | [ | - + bt | | A - e+t - +HH+
40| 96 | +++ ++ + ++ L R R e e e + Rl I e N - -
411 99 + + - ++ | A | A | - ++ | A ++ - ++ - ++
42 | 101 + + - ++ | [ | A - R R e I e e S - ++ - ++
431 111 + + - + | ++ - - - | - - + - ++
44 | 146 + + - ++ ++++ - ++ - - - ++++ ++ - - ++ - +++
45| 147 + + - + +H+ - | A - - |+ | - | A
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o |stan GlucoselviatoselEthanol| pH - - Enzyme activity Aroma Biogenic amines

' (30%) | (30%) | (10%) | (3.0) al amy |B—Gluc| Gluca | Prote Urease| H2s | TRL | OO | i Tyr | Phe | Trp | Lys

ase |osidase| nase | ase enin

46 | 149 + + - - et - + - - - | +H+ ++ - + +HH+
47| 157 + + - ++ + - | - - ++ - + ++ - - +++
48 | 163 + + - ++ + - | A - - - - +++ +++ ++ - ++++
49 | 180 + + - ++ - = || - - +H+ - = | - +
50| 181 + + - ++ + R e - - +H+ - - - - - -
511 182 + - - + + +++ +++ ++ - - +H++ - - - - - -
52| 183 + + - ++ + + | A - - ++++ - - - - - +
531193 + - - - - - + |t - - - - - - - - -
54| 194 + + - ++ | + |t - - o+ - 4+ - ++ ++ -
551 196 + + - ++ ++ +H++ + +H++ - - +H++ - +++ - ++ ++ -
56 | 200 + + - ++ R e e e R e - ++ | A | - R e I e
57| 204 + + - ++ - +ttt |+t +++ - - ++++ - +++ - | A |
581 205 + + - + ++ | A | - - +H+ - ++ - + - -
59 | 207 + - - ++ + | | - - +H++ - +++ - ++ - -
60 | 209 + - - ++ | A | At - - - ++++ - - - ++ - +++
61| 215 + + - ++ || ++ + - - +++ R e e e e i e I e I e
62| 216 + + - [ ++ - - - + ++ +H+ - | A |
631|217 + + - | - + ++ - - +++ ++ - - + - -
64 | 219 + + - + -+ - | A - - + ++ +++ - + ++ +++
65| 220 + + - ++ |+t - ot |t - - +++ ++ ++ - + ++ +
66 | 221 + + - + ||+ bt | | - - +Ht+ ++ ++ - + ++ +
67 | 222 + + - + 4 - | A - - + ++ - - ++ - +++
68 | 224 + + - + -+ + +++ + - - +++ | A | | | A
69 | 229 + + - ++ ++ +Ht |t | - + - e+ttt - - ++ ++ +++
70 | 231 + - - + ++ ++ R - +H++ - - - + ++ -
711 233 + - - ++ R e e e e - - 4 - - +++ 4+ +++ -
72 | 234 + - - + ++ ++ | A - - ++ - - +++ + + -
73| 235 + - - ++ ++ +Ht | | A - - +++ - ++ +++ + + -
74| 236 + - - + ++ - t+t |ttt - - - - +++ +++ ++ +++ -
751 237 + - - ++ ++ - | - - - - R e e e e I e I e
76 | 240 + - - ++ ++ - | H - - - - +++ - +++ | A
77| 241 + - - + ++ - | A - - - - +++ - - - ++
78| 242 + - - ++ ++ R I I e o I - +H+ - ++ - ++ ++ -
79 | 244 + - - ++ ++ | A | - - 4 - +H++ - | +++
80 | 245 + - - ++ ++ | | A - - ++ - ++++ - ++++ - +++
81 | 246 + - - ++ ++ | | A - = | - 4+ - | 4+
82| 247 + - - + ++ - bt | | - - - - ++ - ++ + -
83| 248 + - - ++ ++ | | - - +++ - ++ - ++ +++ -
84 | 249 + - - ++ ++ ++ | - - - - + - +++ ++ ++++
85| 261 ++ - - ++ + Fttt |t | A - - ++++ - ++ +++ +++ +++ +
86 | 265 + + - ++ ++ [ A - - - - ++ - + - -
87| 267 + + - | - ++ ++ - - +++ ++ ++ - - - ++++
88| 269 + + - + -+ - + ++++ - - +++ ++ +++ - +++ - ++++
89 | 271 + + - + +++++ - ot |t - - +++ ++ ++ - ++ + ++
90 | 272 + - - ++ R R e e e - - +H+ - ++ - ++ + ++
91| 274 + - - ++ + | A | - - 4 - +++ - - + ++
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(% 2) $AUFE F7 A% D Awamoe] Ba% Ha

PR L o 435 AR ITS 1,4 AR B915 PCRE SHAI &, Q71824 24 %,
BLASTE &3t #58 49 e, HFEHoRE 12579 Y8 &H Saccharomyces cerevisiaes

H 5. 1At MUSH(43F) 16S rRNA S™HZ 1t

No. gt Sxz No. it sxz
1 6 Torulaspora delbrueckii 23 146 Saccharomycopsis fibuligera
2 12 Saccharomycopsis fibuligera 24 147 Wickerhamomyces anomalus
3 13 Saccharomycopsis fibuligera 25 149 Saccharomycopsis fibuligera
4 15 Saccharomycopsis fibuligera 26 182 Saccharomyces cerevisiae
5 17 Saccharomycopsis fibuligera 27 183 Wickerhamomyces anomalus
6 22 Wickerhamomyces anomalus 28 194 Saccharomyces cerevisiae
7 34 Saccharomyces cerevisiae 29 196 Saccharomyces cerevisiae
8 36 Saccharomyces cerevisiae 30 200 Wickerhamomyces anomalus
9 37 Saccharomyces cerevisiae 31 204 Saccharomyces cerevisiae
10 41 Saccharomycopsis fibuligera 32 205 Saccharomyces paradoxus
11 58 Saccharomyces cerevisiae 33 207 Saccharomyces cerevisiae
12 69 Wickerhamomyces anomalus 34 209 Saccharomyces paradoxus
13 71 Millerozyma farinosa 35 229 Wickerhamomyces anomalus
14 72 Millerozyma farinosa 36 231 Kluyveromyces marxianus
15 73 Saccharomyces cerevisiae 37 233 Kluyveromyces marxianus
16 74 Wickerhamomyces anomalus 38 242 Kluyveromyces marxianus
17 85 Meyerozyma caribbica 39 244 Kluyveromyces marxianus
18 95 Wickerhamomyces anomalus 40 246 Kluyveromyces marxianus
19 96 Wickerhamomyces anomalus 41 261 Kluyveromyces marxianus
20 99 Wickerhamomyces anomalus 42 272 Saccharomyces cerevisiae
21 101 Wickerhamomyces anomalus 43 274 Saccharomyces cerevisiae
22 111 Saccharomycopsis fibuligera

auete] was vush] e (DF AN ZHBAT2NH ARG HolEwor) & A5t
AREm 250 oY RE 1252 ol§3ke] 20TelA 159 134 U F, W4 A4S 919 27 w3

| Z5tgic EtEe 43S =45 243 Ay A BAR A= 6.2% BE 5.8%% UE
= 341 (6.0%), 37TH(5.4%), T3/(5.5%), 196 (5.2%) +57F A BEL $F02
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BT AIRAR A= 7AsFol AAl A=A, Be 2 om AAE o, ATan FojlA 344, 379,
589, 1949, 1969, 2729, 2749 w74 Azo] Wol A= et

Hato ABV
B B
& &
. ay
mz e . = e bersiniaion
T o —————— 2 I o e on
204 2
E E
R 182 W =
ﬁ 184 E 184
182 : 182
T h T2
EE ' ES
w : w "
8 - S
=) | 4
-] z 4 L] & w 1z 14 ] 1 2 3 4 E L] T
Flato Alchohol by volume [%)

O 8. SEES} ¢I=E =5

AR
HFEHS 34 36 37 58 73
HEHE(cm) 4 0.5 9 7 0.1

HEAHH 18.38£0.37 69.22+8.67 37.72£3.94 99.09£10.64 13.58+3.13

ArZ
:
=
FrEHS 182 194 196 204 207
HE MM (cm) 4 4 4 - -

HEAHH 78.21£0.79 66.31+8.33 92.71£4.99 82.50+£13.24 38.35£2.97




aFHS 272 A B
HE8E(Ccm) 6.5 7 0.2 2
HECHHMYN 102.74£15.14 77.98£1.60 60.40x1.01 68.00£10.12
wort A B
34 36 k)
L 13 82

0T - FiF] T4

12 9. SPME-HS-GC-TOF/MS &0|23Z20tE 17

SPME-HS-GC-TOF/MSE ©]&3sto] A F71dis w48 23 5 31059 &40 s4=HA

oS BAEAS F3te] VIP(Variable importance in the projection)@ke] 1.0 01431 8 3444
]

23707} AR = AL, WopFol A= 2,4-DI-Tert-butylphenol, 2-methylbutyl isobutyrate, cyclomethicone 5,
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cyclomethicone 4, 2-pentyl propionate, humulene 67 &2 o] %1, Y] 17719 LA JEES
HaE WA w4 ey Taygs Foto] oaHE ADY FEAd Aol t AdEHE A
5 sholshgich, 12709 AMER 2 3 FAAFY-5) ATER Bot Hlweko] /g AR 314
w Z20YE Yo, Ethyl laurate (1.84H), ethyl-9-decenoate (5.78H), decyl acetate (1.6 H)
2-pentyl propionate (1.18)), isoamly decanoate (12.98}), ethyl palmitate (2.58) 67} d&-2 A&
Hoh #A veglth
- 5000 -
13 0 [
H ' T g O108
1} i 1
R 2004 x: ~ i
z 4 By = | 2.8
: ﬁnl e Ve % 11 owe
e o =l % - g8 o - S0l
] ] B om _ee
& = 182 o 2"“"&\.‘\!’“ om O e
;'?g‘ | e
18 “ﬂ- o
5 %p 300040 - O
i |
w W w0 W m W e MR e aew o woos  won
PC1{40.3%) PC1(38.3%)
3% 10, CHARF SASA(ZH PCA, 91 PLS-DA)
H7 ANEHER ¥ ME52o o 87|48 Hlu (EH9l: Peak area)
No Compound synonym description VIP B 34 36 37 58 73 182 194 196 204 207 272 274 274
L Odor:sweet, waxy, fruity, apple,
Decanoic acid, Ethyl caprate grape, oily, brandy 8.11177
ethyl ester . -
Flavor:waxy,fruity,sweet, apple
Odor:sweet, waxy, floral, soapy,
Dodecanoic acid clean
byl * Ethyl laurate Flavor:waxy, soapy and floral ~ 5.66906
ethyl ester : Y .
with a creamy, dairy and fruity
nuance
Odor: floral rose sweet honey
Acetic acid, fruity tropical
3 2-phenylethyl Phenethyl acetate Flavor: sweet, honey, floral, rosy 4.89654
ester with a slight green nectar fruity
body and mouthfeel
Odor: Sweet, fruity, pineapple,
waxy, fatty and estry with a
Hexanoic acid, green banana nuance
ethyl ester Ethyl caproate Flavor: Sweet, pineapple, fruity, 4.33538
waxy and banana with a green,
estry nuance
5 Phenylethyl 2-Phenylethanol Odor: floral, rose, dried rose, 416843
Alcohol flower rose water
9-Decenoic acid,
6 Ethyl 9-decenoate cthyl ester 4.16149
Phenol, J, 24-DI-tert-butyl 111775

7 2,4-bis(1,1-dimet phenol

ylethyl)—




No Compound synonym description VIP W A B 34 36 37 58 73 182 194 196 204 207 272 274 274

Odor: green, earthy, mushroom,

herbal waxy ) 408594
Flavor:waxy, fatty, cognac winey,
mushroom, citrus, citruspeel

3 Acetic acid, octyl

ester Octyl acetate

Odor: fruity, green, apple,

banana, sweet

Flavor: fruity, green, fresh, sweet, 3.62297
banana, peel, apple and pear

9 Acetic acid, hexyl

ester Hexyl acetate

Propanoic acid,

2-methyl-, 2-Methylbutyl . .

10 Z*E;}gf]butyl isobuiyriteu Y' fruity ethereal tropical banana  2.44179
ester

11 Cyclop entasik_)xane Cyclomethicone 5 2.09292
, decamethyl

QOctanoic acid,
3-methylbutyl Isoamyl caprylate
ester

sweet oily fruity green soapy 203715

1 :
pineapple coconut

S

Odor: waxy, clean, fresh,

Acetic acid, decyl Decyl acetate laundered cloths, citrus, soapy ~ 1.96376

1

w

ester Flavor: waxy, soapy and fatty
14 Cyclotetasiloxane, ¢y icone 4 1.91009
octamethy!
Odor: mild, fatty
15 Hexanoic acid  Caproic acid Taste: sharp, acidic, cheesy, fruity 1.6846

notes

Nonanoic acid

Waxy, cognac, estery, fruity apple 1.60583
ethyl ester E

and banana, tropical, winey

1

5N

* Ethyl nonanoate

17 2-Pentanol, 2-pentyl 1.58243
propanoate proplonate
18 Ethyl tridecancae Lfidecancic acid 139149

ethyl ester

Pentadecanoic Odor: waxy, banana, fruity,
i sweet with a dirty green nuance
!} . 1.33106
Flavor: waxy, fruity, banana,
ester green, creamy, cheesy

1

o

acid,
3-methylbutyl Isoamy! decanoate

Odor: mild, waxy, fruity,
creamy, milky, balsam
Ethyl palmitate ~ Flavor: waxy, fruity, creamy and 1.23212
fermented with a vanilla,
balsamic nuance

Hexadecanoic

2 acid, ethyl ester

S

Benzeneacetaldehy
& 1.22589

2

=

3-Methylheptyl ~ 3-Methylheptyl
acetate acetate

2

(S3

1.21424

Odor: woody, oceanic-watery, | 10640

2 :
spicy—clove

w

Humulene Alpha-humulene
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g o] 1 vhol @AKot Aol e R AET AFY-6]
& AFEAT 2

7|53} vhol 24

T Adan Cl, C2of Blste] ZhdgFo|ib= o AH =Sl ethyl caprylate, ethyl

caprate &0l a1, Au]gFo] U= phenylethyl alcohol o] =2 A2 RIS
H 8 &7|4E Hm (&9 mo/L)
T = 7 EE RT. ol Ct  C2 AFY-6

Ethyl caprylate  Fruity, sweet apricot banana brandy pear 11:20.7  0.02

1.37  1.66 1.81

Ethyl caprate Fruity, apple, grape, brandy 14:06.4  0.04

041 034 046

Phenylethyl alcohol sweet, floral, bready, rose, honey 10:07.8  0.02

0.16 0.17  0.31

# Cl, C2 AYam(Zg2)

H 9. HO|2KH ottlF EA (EH9l: mg/L)
o 2 Trytamine Putrescine Cadaverine Histamine Tyramine g Al
HolH 7.03 0.58 6.79 0.85 0.84 16.08

cl1 440.84 0.96 10.16 0.18 0.31 452.45
C2 527.74 1.18 11.71 0.24 0.47 541.34
AFY-6 384.14 0.60 5.21 0.02 0.26 390.23

% Cl, C2 Adan(=Zgn)

Hro] oAy ofRl T e Adar Cl, C2 Hlalste] "AFY-6" wt7F @A st A& &

A 409 22AN A FAY Ro2 ATk 3

H 10, MEER22 AFY-7 #F9| 2S5 Hluw (2 g/L)
T2 HOtE C1 C2 AFY-=7
Maltose 4429+1.15 0.84+0.07 1.27£0.08 0.70x0.05
Glucose 12.83+0.73 1.58+0.09 0.53+0.04 0.25+0.04
Sucrose 2.04+0.09 - - -
% ZAH7] WA % (apparent attenuation): (27[HE—UHlE)/(27145-1) x 100
H 1 YIS T4 ZEY| USE
op=p-il
T8 AFY-7
C1 Cc2
diE =5 (%) 5.06 4.35 5.30
2H7] Ha% (%)(Apparent attenuation) 77.05 66.27 80.77




(Ad 3) A&EA 43E f% BL ¥ 2hd Ad

A

ylolw A LB(Gangwon Lovely Beer)7} |
T AREUY FETH
%

o] 7} Ao g wehgo] AR

JH‘UO

O|lEH =H (%)

GLB 44 2444

7y 36 20.00

e aLS-EfH]o] 32 17.78

| o 25 13.89

= Stk ZFPEEND.1 12 6.67

i S| 11 6.11

*9 GloE 10 5.56

SAN 3 1.67

eI 2 1.11

AELUE 1 0.56

o o 1 0.56

B 1 0.56

A YL 2l 2L 1301, ofere W 1 0.56
2018 SH7y HdlgoF WA 507 P TTES 1 0.56
AE2AL At 3 A 180 100.00

O 1, 2HYE oy MEE =AL At

12, #HUE 22 H0|Y JESE MBXA

2 e Akl wet Bl A5EdEe fAbelthe A4S W
1 G L B So7t Slof S SRelRt AAS ofuolof o 4+ 918
- Aduto| e H| A GLBT (5EH3s 40-0858181)

2 GEE TUTAN Sofy ATz dusol 498 27
2 7}°Ju4x %‘}o - T 6 = = 7<‘|—‘
I 3]

B AR U 53t pisle] fARE AEEAE} Wrse] AR5 o)
olele Aoz Pt

3 |:||-_E_IE_I H| 0-| ~ Mountain Dew (S2H3 40-0517011)
- Mountain Dew (52H35 40-0446291)
- Mountbeer (5235 40-1275735)

SAWE B shurisel A Bl W SpATAE ARste] AFHOE FUES A s
=43 AATFS HFOR B oluAE AL,
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a8 12 £HUF B Y 2

nE
o
Pl
ro
J
==
e

A 2) & o]& WFFx AT 7WI(Eto]HE)
dAE Lol A AT B 4FF(ew, o, L, AH242) 1} 2R N S5ES(EFE, o
o T FIE st & A= 200 mesh® #4 & AR
, Mot A HAGE TPk, A+ a-amylases 0.2%, Gluco—amylasex= 0.15% s==2
> WEAZE AN AEAG (L, 4FE o7t ofH ey, e, e FF
g B ) - s=E0B0%, 50%) WF 4T, di2Lo2 wof
100% AHEH T 152 Alxsto], HsB7E FHARA A AT

°= =g mErE 2424



CE T

==
1111“!"2

3} ol

& uF AZE g5l e
1) & & 2o / 30~50% 347H200 mesh =4)
(2) Wot: Pilsner, Wheat, Carahell, Acidulated malt: Weyermann)
(3) & Hallertaur, Cascade, Saaz: Joh.Barth&Sohn GmbH@Co.KG
(4) AE: WB-06: Fermentis, G4 H}0] .7)
(5) B2 a—amylase(0.2%), Gluco—amylase(0.15%)
6) B3k AH7E 45CA0E) — 52C(40E) — 63T (60, F3hH — 78C(108)
() oz 13} ojzk — 230l
(8) AHH]: 100C(60E, & F) — =& & Iz
9 2a: 18T, 7¢
oHof, A 24 =2 ES z o7t
(l}\/IiIIing) H »[ (Mashing) }»[ LaL(J):‘ertng }»‘ (Wort Lohling) }
s KA Gl AN =
} »E Stor;ge/Mat:Jratlon } »‘ (PrcjldEuct)J

o FOHER |
(Wort cooling) (Fermentation)
J% 15, RN EI ™
= A Controlimalt 100%)
+B.Oryun 30%
C.Oryun 50%
D.0Orae 30%

1060
_&J..oso ; i
2 1040 S
21030 i
= X
¥ 1020 S
4 S
Y 1010 —_,>— !
1,000 E.Orae 50%
ohr 24hr  48hr  72hr 96hr 120k 144hr
Time(hr)
J8 16, N= Wx H|E =™Zt
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ko3

)] o]-z_ Xﬂ %z

%7181 (Original Gravity, OG)> 254 50%141 1.050, 2% 50%1 4 1.049,

QO FH 30%0141 1.048, L& 30% 1A 1.0462 2 YERGET, BE AJRO|A 96AIZF A E AHZ o

Al HlFgko] 1018 % WotA= Ag FlEo] Tae A drEe Ao Y E4E 9
A AR RS Holk AL slstgich ek, WEe T BAAT fEee BE AR
AEEA ggor, d3ag FFe LER 50%04 5.6%2 7FE A vEtbt HFHo2= 7FY
oA gho] AujEla, WETFFA o] Atsi, dE iyt &olg FEOR Q4 edS A
steict.
14.0
120 .
& 100 :
:% BG = Alontmolmall 100%)
g 6.0 = B.0rvun 0%
_;'? 4.0 i
1.0
Timeghr)
I 7. Mz WE E2E s3ZEn
H 13, M3 55 Oet2, HEZS o 2o
- Control
Slst=2 Z M % _%_Aér % Aél- % Aél- %
AlEe= BHOF 100% QEM 30% QEM 50% QM 30% QM 50%
B
ol 48 % 53 % 5.6 % 50 % 54 %
(%)
ek
ND ND ND ND ND

(mg/ml)

WsH 7t SAWY A BAFL, St (A RWEA YA, ZHL Y 5 20~40t) 257 A
o= Ao, FAEAL (P)AEFFHATAE oF st {336‘}&"&} NEE & 650,
AW E 4F(QLER 30%, 50%, LB 30%, 50%), 100% Borrtg W 135, AldH (B =eto]A) 1
Fom Agsialc, B RIE G4 A Wl e SR, ohz, Eu, dere] Ly, AeAel
4ol djskel B7skec.

14, NEHS 8 ME
z g ANEHS Bl o ABV(%)
R 97 Al 5.0
= 306 Mo}100% control 48




T = ABHS H T ABV(%)

AgE 105 AW (2.5)30% 5.3

AT 107 A ZE(2F)50% 5.6

Add 203 Al 229 7)30% 5.0

AT 205 A (2.3)50% 5.4

H 15, MR 6F2| HsHA At
AERSY
E ]
97 306 105 107 203 205

ol 2.16£0.55  2.44+0.65 2.68+0.48° 2.56+£0.51" 2.84+037°  2.52+0.51°
ofgu} 6.52+£2.52° 7.72+1.70°  7.36+£1.08° 876+1.42°  6.68+141° 7.96+1.40°
=] 10.04+3.41¢  12.00+£3.43° 13.64+1.70° 15.64+2.84* 11.84+2.21° 13.84+2.23"

olere] 71 336+0.81°  3.56+0.65  2.72+0.54°  3.524096° 2.76+0.93"  3.20+0.82%
AREAQl QA 5724179 6.32+1.25  5.60+1.73  6.16+1.49°  544+142°  5.60+1.73
23t Wi 27.847.059 32.04+6.39* 32.00+3.88™ 36.64+555 29.56+3.20¢ 33.12+3.48°

97: AJTHZE(z), 306 FAWMFE(EHRD), 1050 BWHFE(2F)30%, 107: BHF(L2F)50%,
203: BWZ(QH)30%, 205: Awz=(e#)50%

* 2k B+ EEHEA n=25

* gol7 dE: BEZ) p7t 0.052 AL o {27 Ao|7t 92

olFto] thgt Hrh= oA 7HA] AlE BEF 2,008 oo HriEoH, 203H(LH 30%) 0] tHE
O 7HA AFET 9802 w2 A0R Yeon, 97H Y o3te] fo¥or JF2 Aoz 1}
eyttt ofEnmfe] it Hrts 107H(LE 50%)0] 8.76H R HytEglon, 97H, 3061, 1054,
203 oo r =A HrtE At Fulol et 7k 107R(E 50%)°] 15.648 0= H7}E]
dod, o2 oAl 7HA] AFET foH0R £ AR HU EAT YAt = gigh Hrhes
97H (AT () 21)), 3060 (AW F(HZ21), 107H(LF 50%), 2059 (22 50%)°] 3.364, 3.563,
3.52%4, 32082 HriEglon, o] & 974 3069, 107¥0] 1059, 203¥1Ht} §oHog =2 A
o2 HrrE Tt ARl Qldoll tigh H7k= oA 7HA AlFol st 594 Zfol7t gl AR
urepstet, 97 (A () 2h) 2 306 (A () 2h) 1k du]ste] 107THAIES FoH o s =7
H7tE o] Avjzto A FgA AR wetEy Iyt A3t HFH A e 107TH(QEE 50%) HER

HAE ek, 659 W] B WA ol F ujFo] fhg HBRAS At

H 16, 3HE WFE OtA= S+ ZAHZD (B )
T = 20ty 30t 40tH
1~23] 0 0 0
3~43] 1 5 2
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T o= 20CH 30CH 40CH
53] o4 5 7 5
A 6 12 7
H 17 AYE SHUF MBI A 2 THAN(ESSME) (SHel: &)
+ 2 7t He ot & 7|Et g Al
20H 0 2 5 2 0 9
30ty 7 8 13 6 1 35
40H 3 3 6 4 0 16
H 18, HPE MWWMR JO{OA} (SHel: &)
7 2 20ch 30tH 40tH Al
Fujslge] Qlek 4 11 5 20
T3] glck 2 1 2 5
H 19, Y WuR 20 3Y MR(SEME) (SHel: &)
Sl Rep =592 WMz MIE gol £E2 7] B
20tH 2 4 1 0
30tH 5 9 2 4
40tH 0 5 1 0
H 20 AFE AUE FAof 5|Y YA(SEME) (Sl &)
Sl FHUFE HMEH CHAHOLE 19|
20tH 2 4 3
30ty 6 9 6
40H 0 5 2
FA W gt Au|RE Q1AL mPo] g Fatt deaclo] Hu ‘HE' Fo] I tgFow
Aeisfo] Zulgerh pAw o vlsf By} o HEwTt A HH FHA g Ao wd
Qe Ao et Fuj oAb #A BrHE AU, o AL ARt o] A7]RE of] thgt o]

7t EeoR Er40R )
so WA Mg Bas

A FobhA g 4

(/)v]\

A5

kel
s
e AoR

oAl olol A
AR g A=

o
L o] 7V B MEE 9o, 1 e

T

Fol o) 3y gazs

T AEE AEHQ] TR} 4u|2t9] 7]

Y uE 9} ol 4

o “Helgo] Ale=grt. 54
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AZeiA
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BF40dol A= A AT Adde] 022 YEhy Aol seas 54 AholA Fske
o

(A 5) Atk o]-§ wAUE F= FAjg g
AR FFELRE YR FF01UA FHAGAA wol AL e ot TR FES
dote] Yz ARG ARRO] Ao 3 o fFASHY] fiste] AbpArE e 7@]55'5}3'13’—
HE JAE $18 Ascorbic acid 0.1% H7tsto] Akt Abate] pH"
FFe A 5 dom, AR AR e FA8] Hste] AE Y

RIS

N b:)l,
ofd
o
o
e
2
o

o
= =
2 5430l Wrketel dlAlmE Austodrt Az Bolge] wES A7
of2l, T2 BF AUAFAS 247 $EF 5%, 10%, 20%2 Hrst] o

dr_‘.lzw

H 21, Atopeiz= gA|m sped

HH &t H| = (%)

Ws =y e
Typel Type2 Typed Typed Typed Typeb Type7
1 RLES 4.8% 100 95 95 90 90 80 80
g nEgE _ _ -
2 OFl5)  10%004 ° 10 20
AR g . . -
: @2 10%0)4 ’ 0 2
Al 100 100 100 100 100 100 100
Y FsHA 89S e AXEH O sample2 AR T 0~4TCo B3t ATH T 7S4S
Uehs B5d 042 A, 53, %, AAHQ /| 5EE 2ASI AFs 2 vnete]
= o FEoEH R AR A1{-9) g o] zof| AR o Wi dalE, B, AEL ofgt A
oz BlEch, AR (ype2~TE HER(ype) T M LBAAS uf, Mk o2 AlntaFEel H7}
FEoEHORE g o] A LAF oY, RHH dAE, SARE AEFE 9

T F3(ype 24,6008 T2 FF(type 3,5, vl A= ofg]4 FFo] B, HA A 7] S w4
AR o2 2 Ayt ERIE Gt AR Q] 71T E o= type 4(ote] 4, AFFEE N 10%) W50l 4]

A w2 A0E glEo] HA HATE AFE Q) oflehE, e e BAAT 2T Ao
& AL 4402 ZRIE o, WeES AEEHA guth

Al e flel 459 wEn oAl RSk, AT =AM Bt
2 E B type(420 mL) &2
sko] 2+ X3y

by 3

ﬂ
L ol
%

760 » 2020H= AEHHTEDM



W 7| iRt 45

18.

a3




A wiA 2 2ee 9fst
a5t AxFA] 7MY ot AAYC R Yeast extract 1%, peptone 2%, tyrptone (0.5%, 1%),
ammonium sulfate (0.5%, 1%) 27 2= 2|3t A3} yeast extract 1%, peptone 2%, tryptone 0.5%
7H¢ $-48F13L, amonium sulfate F7F 3= WkTh 77182 KH2PO4(0.004%, 0.008%), MgSO,4
(0.02%, 0.04%), ZnSOy4 (0.02%, 0.04%), Biotin (0, 0.0001%) &A= He|gt A}, KH,PO, 0.004%,
MgSO4 0.02%, ZnSO4 0.02%(Biotine F+A ) 7H¢ $-otqdch. & x2S 2 A maltose 4%,
tryptone 0.5%, KH,PO4 0.004%, MgSO4 0.02%, ZnSO4 0.02% Z71& A3kt

A9 Maltose 1~8%°14 AE&21S v]st A3+ Maltose 4% A

H 22 BAY XMe|R7E Ms Hln
e X 2 E3=(0D600nm)  MF4(Log CFU/mI) AX 2 g/L)
1 Maltose 1% 2.31£0.01 7.91£0.02 5.02£0.02
2 Maltose 2% 2.31%£0.00 7.9940.02 5.94+0.01
3 Maltose 4% 2.34+0.01 8.08+0.04 6.09+0.02
4 Maltose 6% 2.40+0.01 7.71£0.06 6.31+0.02
5 Maltose 8% 2.42%0.00 7.44%0.06 6.58%0.04

T e X 2 S38=(0D600nm) H#s(Log CFU/mI) XA Z(g/L)
1 Tryptone 0.5% 2.44%0.02 8.48+0.01 11.97+0.09
2 Tryptone 1% 2.33%£0.00 8.43+0.02 11.98+0.12
3 Ammonium sulfate 0.5% 2.2410.02 8.20+0.02 6.25+0.01
4 Ammonium sulfate 1% 2.28+0.00 8.21+0.02 5.92+0.01
s Tryptone 0.5%, Ammonium 2.37+0.03 8.21+0.04 10.19+0.04

sulfate 0.5%
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H 24, B7|& XMo|xHE MS Hn
4 &8 X 2| E2=(0D600nm) Mzd4(Log CFU/mI) HETFH EHg/L)
KH,PO4 0.004%,
1 MgSO4 0.02%, 2.48+0.00 8.19+0.01 10.29+0.10
ZnSOy4 0.02%
KH,PO4 0.004%,
MgSO; 0.02%,
+ + +
2 70804 0.02%, 2.49+0.00 8.17+0.01 10.01£0.16
Biotin 0.001%
KH,PO,4 0.008%,
3 MgSO4 0.04%, 2.47+0.00 8.15+0.01 9.85+0.08
ZnSO4 0.04%
KH,PO,4 0.008%,
MgSO; 0.04%,
4 70804 0.04% 2.45+0.01 8.15+0.00 9.75+0.01
Biotin 0.001%

Y A2 AE g e R taxds dgsty] Yste] % rpm 20 A 4 Ziiv‘fiﬂ%*:%
Hlastdch L% 27 20T, 25C, 30CoA BSS vlwd dx}, 30CoA Aol 71 S454% L,
227t ASSeE AXAATF S S Btk WS EE 100 rpm, 150 rpm, 200 rpm 371X
27082 AAste] wast A7} 200 rpmoll Al 5ol 7Y - bS] mE AXGA T FH A,
| 20 Zpol7h Hrh A wjA=A
H 25 2% MS H|ln

4B =252(TC) 4 =(0D600nm)  MHF(Log CFU/mI) HZEZHZH(g/L)
1 20 2.21+0.06 7.64+0.05 4.50+0.09
2 25 2.21+0.06 7.73+£0.04 5.00+0.07
3 30 2.27+0.03 7.80+0.03 5.47+0.11
¥ 26, mEtSEEH M2 Hlm
T &2 wEtE e (rpm) S3=(0D600nm) A7 4(Log CFU/mI) AR A (g/L)
1 100 2.06+0.03 7.49+0.04 3.1340.06
2 150 2.23+£0.02 7.79+0.09 5.59+0.44
3 200 2.35+0.03 7.87+0.04 6.27+0.17
2 A E Foto] AL ERanE FHOE AMESLY] 9okl A disAAl 34-S SHelekoict
500 L Ha7|(&H vo] eAAXE)E o] 8ot S st i, dAEE st AxF
T 5 SEESAE HUtet sAAXRE o FIAE HUbet HF T AAEES LT
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HAZEG wrhe 9go] TAAYe] Dto AR Golste] HEHow R gHom
At thepore Fole] AxT F AABL SHo] 4% oldt AxI T EHglon] e
$50 75 Aom ARG BEsE ARane vastiel fAE $EOE el

ANEHE2 HHZ=Y 7

B 22 RHME o|8st A

L
Iy
fo
o
>
oo
LOL

S Y

S00L WE [
EH %h I:’I'l %t 30°C, 72 hr, 0.5 vim

MEZzls o BEREY YA

4y &2

on
it
ry!
b4

X8 SHH 37

st =2 spec,
Az 2914 kg
T 3.37%
aug 1X1010 CFU/g
At =74
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AE 8) FANFE T BHFA - HE7|s

TARSA FRe AF2E tE FH9 LAARAL EEYS FHUkstr] Yste] Skim milk,
maltose, lactose, trehalose, E491, F+A4 2] 2AANA 67FE7F 4= -70TC, 20T, 4C, 25Cx2AANA
Hysto] A& vlaskir *Pi"ﬂ Me FEESA F Maltose 7 Al Aot AE2&0] 71

=wokow, FAREA TR} AHglo] AFEEE -70C, -20C7F M £45191aL, Ad2olA= A
47} Aol A 4 @i L AL foletodth, Aol Fitol B nEo] o]
= Aoz Hojn -70CE 2ALYEi7l dastuez Fto AYSE flot YHUC) E= ¥F
( 200)0] 5 E Ho] fed Ao AtrHT
u 14
2 12
Ew P S . S S e S E o - .
= e = [ s s
R Lo | BT 2
o P . =
= Comirai - e
4 a
° 1 1 1 4 8 % ] o 1 ] 3 4 5 & T
Stoaragee pariod (Maonth) Storage penod (Months)
[-T0C ] [-20C ]
u u
- e
-
u = o Tree
E t; ] m‘\-“"«_ _‘_’-t...__h’-_ =
L] L] bR T =3
ol . “\\\D——hc;_c,:“\a
4 1 * ] 1 1 3 5 & Y
Stoerage pariod (meonths) Storage panod (Fonths)
[4c] {25101
a7l 23, EZESH 57 ¥ MEZAY 424 uE

# 28 SZESH EF ¥ M2 OE s I YES Hu

T8 ex
Mita(Log CFU/g) MEZ2(%)
-70C 9.45+0.01 99.76+0.08
. =20 9.24+0.011 97.56+0.08
FAE
4T 8.46+0.06 89.36+0.65
25T 7.95+0.01 83.90+0.11
=70C 9.31+0.08 101.194+0.91
£401 =20 9.42+0.07 102.34+0.73
4T 8.55+0.00 92.92+0.04
25T 7.74+0.02 84.14+0.20
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e MY

T2 2c
MA4(Log CFU/g) MEE(%)
-70C 9.77+0.01 107.85+0.06
. -20C 9.66+0.07 106.58+0.80
Skim milk

4C 9.02+0.17 99.56+1.84

25C 7.91+£0.03 87.31+£0.35

-70C 9.67+0.01 97.61+0.12

-20C 9.67+0.05 97.57+0.46

Maltose

4T 9.69+0.04 97.81+£0.41

25C 9.38+0.02 94.63+0.23

-70C 9.73+0.02 99.42+0.19

-20C 9.57+0.02 97.74+0.16

Lactose

4C 9.114£0.08 93.11+0.84

25T 5.27+0.07 53.81+£0.70

-70C 9.79+0.00 98.36+0.04

-20C 9.73+0.01 97.77+0.14

Trehalose

4T 9.26+0.02 92.99+0.18

25C 7.50+0.02 75.30+0.25

(N 0) SRR g B4R BA

HA| NI S=ZH (Solid phase microextraction, SPME) o]-&ato] AW 2] 7| JH EAZAS
Aot F71E AERAE FHoty] st F5F 2= Phenyl alcohol, ethyl caprate, ethyl caprylate
g3to] BAg Ant kEIA 0] R? gho] 0.99%014 2 & yeht Aol 2 SdEl= AL Felshe

J
uu o

c

2

¥ 29. SPME GC-TOF/MS &4 =%

Sample 5 ml into 20mL SPME vials

50/30 umDVB/CAR/PDMS flber at 50C. Incubated for 10 min, 500rpm.
Extraction for 30s, 100rpm

Auto Sampler

Front Inlet Splitless mode
Injection SPME desorption for 15s @ 250C
Carrier Gas He @ 1.0 ml/min
Column Rxi—5ms, 30 m x 0,25 mm id x 0.25 umcoating

Temperature Program |2 min at 40°C, ramped 10C/min to 250C, held 2min

Transfer Line Temperature set to 250

TOF/MS Conditions 33-510 m/z at 15 spectra/s with source temp of 250C
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W i I et g el 1

v ca- war p—
o

Ethyl caprate Ethyl caprylate
a8 24, 79 §J7|4E2 SPME-GC-TOFMS ZAZM

Phenyl alcohol

SPME-GC-TOF/MSE ©]&3dto] At AR E o] &3t AU Fr S E43 2} F 131

o A F7IAEY HEHAY g $A £45 F5te] VIP ) 1.0, p < 0.05°]
aAE 105 Adstglet. 2ddFo] L= Fthyl caprylate, ethyl hexanoate, isoamyl acetate, 23|
U= phenylethyl alcohol, 2-phenylethyl acetate, %3] U= 2-methyl butyl isobutyrate,a—myrcene,
humulene®] Fo4< 2= S22 AR B b SAEAS St =4t Aldam(3

et Helsk wE(SAo] Fao] FHEE AL st

0
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% 25. SPME-GC-TOF/MS 0|23 Z20tEH

1}“

Wiy ou w B2
) Mi"'-
s " 'ﬂ‘.,li " s
i
LE

POH19.5%)
oy
3
PCH16.07%)

ey

1500
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e
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A
g
\','.. | oo S .

15000

e

Tign

- e AR e el L)

=

‘3 L]

¥ 1
PCA2AE%) PCIAE1%)

T2l 26, CHHEF E7| 2A(xh: PCA, 2! PLS-DA)
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=
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=
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T
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=
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Hu)

¥ C o2 3 Ml

Y.
Hoxe
o &
4
)
L=
N
=2
kol
N
AL S
== o 2
53
ol filo
NS
o P
o
5 @
2 s
o 1S
)
N ne,
() L
o rx
fot
H
N
>
a)
JEI
N
=
El
glr‘
£
Hir

P
a
m
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¥ 30, #FE Ho A
AN2Y Al S-04~1 S-04-2 US-05-1 US-05-2 WLP002-1
S-04 US-05 WLP002-1

AlEB o]

wol 2= _ wol 2=
2712 ek ofd T L0, mol 3 s3x T L0
7t g2, A TS ET oo iy

wol 3%, §3% ol 3%, §1%

T 4.6 5.1 4.9 5.0 4.9 4.8
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g Al 8 ™
T = Al S—-04-1 S-04-2 | US-05-1 | US-05-2 WLP002-1
9 1587+1.13  14.4+135 15.8+0.94 | 15.33+£1.05 | 13.53+0.83 14.07+1.09
ofZu} 16.33+£0.90  14.47+1.41 1553+1.30 | 16.47+1.25| 14.80+1.26 14.93+1.03
< 1 16.47+1.19  13.93+0.70 15.93+1.16 | 15.93+0.88 | 14.53+0.83 14.73+1.16
erel =4 14074162 14274149 1527+0.59 | 15.13£0.99 | 14.53+1.12 14.13+1.60
AREA QL Q1A 15.33£0.72  14.27£0.80 15.33%£0.72 | 15.13£0.35 [ 14.60£1.05 13.87+£0.91
T A 78.07+£3.63  71.33+3.88 77.87+3.4 |78.00+3.50 | 72.00+2.92 71.73+4.02
H 32 UE V|7t MSE XA
s 7|2t
= 3y 6 14
o 13.33+2.44 15.00+2.07 13.87+1.92
o}Zu}f 10.93+1.98 14.27+1.94 13.27+1.39
s 10.00+1.13 14.67+1.76 13.60+1.60
kel =7 11.60+1.99 14.40+2.23 13.07+1.94
ZAREA L QA 11.73+1.71 15.33+1.91 13.07+1.39
T A 57.60+6.87 73.67+8.18 66.87+6.67
H 33, md 7|78 MSE XA
=4 7|zt
- 2
ES 23 35
o 13.73+1.44 15.60+0.74 16.27+0.96
o}Zn} 13.80+1.26 16.60+1.06 16.80+0.56
o 13.27+1.53 15.80+0.86 15.67+0.72
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=9 71

?‘ T'__
1% pES 3%

Aere] =7 13.67+1.45 15.00+0.65 15.40+0.74

Akl el 14.00+1.20 16.07+0.46 15.87+0.834

34 68.47+5.67 79.07+2.49 80.00+2.73
FU7BA FRETHEY sAFDT LA AT AFY-6 Sate o835t HA Y A=
27e gAY Alans Arksde 2elsty] flske o OPEE} 0], Aok =4, ARk
2] elato] thste] MBE A §F Au} AwarnE Ax3 fdojdn vwste] AFY-6 EHOE
AT ddod e FH AR Yebdth S U A BAFA Wi A 58S dideR an
Aol w2 A HARE AT A3l ARE AFY-62 ZAT AldE 2 ASEE BgoH, |

A3 & 6=
W o]9)e] AgrSol ARt Ll ohg ARt L7lk Hlgo] Eol EF FF4l AFY-67)
T DR X

i AT ALY U F28

o,

# 34, MY Mz =A

oHO} Pale ale malt, Vienna
= Simcoe, Cascade, Amarillo
22 US-05, AFY-6
st opEel 9l §4(35C) — 7FE(50T, 202) — FBH67T, 0 — 77T, 158) — ol
WL 101TO0E, & =) — o= & Y7
E &= ax B9 % 18~20T, 64
=d 2 NF | 1€, 2%
UIAE = |52%

H 35 ZF(AFY-6) 2 A|LMS2 2 HEs HYUNY MSE H

T =2 Us-05 AFY-6
9 & 15.13+0.35 15.20+0.94
ofZu} 15.20+0.68 15.8+0.94
< v 14.93+1.10 14.80+1.26
Ute} =7 14.53+0.83 14.40+1.24
AHEE Q1 QA 14.27+0.80 14.13+1.60
z A 74.06+3.76 74.33+5.98
H 36, 22 Ao @E FAHE HA
HIIxt M IR e
1 100 9 100
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gItxt i It o
2 100 10 75
3 75 11 75
4 75 12 100
5 100 13 50
6 75 14 100
7 100 15 75
8 100 g 87

AArZdnt 52

AEda= 7= e

1x} 2%t 3%} 4%} sxp HE

g A guig AN, o am s e

1 AAAF oju] - o] 27} 9lS. K e e ] kT S E - o1y
2 ESR(V/NV%) 5.2%+0.5% 53% 51% 52% 53% 51% A
3 W& (mg/ml) 0.5¢]3}F =HE =2HE =HE =HE =HE 8%
ol ECtg|s]| &= ~ -

gy CHIEEs 1018} 06 05 06 04 07 A%

(mg/ml)

Ad 1) AdE sAYE A= 71E Y

AT WE7|Eo] AEY, 714, 85, 9N A, B F5%, 7IE dAARE] AlE EHE& 43S
ZASFGIEE dutA o g F|EQ 7|2 FAAEL Wax Yo gnE P Qlon FrtHoR
AzE FAYEE FS 5 e Y HEYE7|S =8 S4617] A vSA 94 2F A S fg
a5 A Sol A FAE AT
H 38, AT MEI|E FF

S[EN: =Y HA(E)  gEx Y 2% F2((™)  27|1(8) 7|Et

WU EKit | 69,000 38¢ - - _ 2E|,
ua]q

BeerNara iy

W Tt 2 149000 38¢ 1.5kg X2 2 a3,
H| 27
HAT|E

Hhg A 139,000 23¢ - - 30
T A+ F4,
Sk P Sl 195,000 230 1.7kgx 1 1 30 Hl%‘—ﬂl,
Hedy

FHAHEES
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HIZ= A HNE2d H4(8) Ysx N 23 2™ E7(") 7|E}
WolgWOEAE 269100 850  1.3kgx9 9 9
BHloP71= 87000 850  13kgx1 1 8
MR.BEER CEES) . : 8 ENSE
%H 1=
o712 62000  8.50 - - 8

(2] 802

Al AE FAHmalt extract) @b A ES Wopel go] gk
Azsth 13} HAE 230 HaR o]-&3ke] AF2oA |
< Arbste] WSt &, 24 HEE Aot AdE W
UAZHA] FAFSFL AL, 18UA} o] o= Al W 7| EX T =
Z A 257 W ashe HS7F wol

g3

NN

IS MsE7|E AEStHo]
rix 7R BZ= g ==

a7 20, BF YAOIG BF KX
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o NIRRT My oz e
=7 HI S =4(%) HIZ Z4(%)
27| % 1.03 - 1.035 -
593} 1.022 1.048 1.024 1.441
622 1.014 2.096 1.012 3.013

7A2HE ) 1.014 2.096 1.012 3.013
1422 1.007 3.668 1.007 3.668
182} 1.007 3.668 1.002 4323
19912 1.007 3.668 1.002 4.323

T B Algh oizx 7|E WY w7 E
o 15.40+0.98 15.20+0.94
ofZn} 15.20+0.68 16.33+1.047
< 14.93+1.10 13.47+1.25
o] »7 14.47+1.13 14.40+1.24
9”1 QA 14.87+0.99 15.00+1.00
3 74.87+2.99 74.40+3.36
Al W 7 E ] BESHA =AY FuE NS flske] dAlg A5k F7HAel =
gto] ZE F4jo] Faslo| 2etste] Erto] ZE & 2Asty] 3t APS APt EtolE
EZS 712 Hrtelole o |9 of2nprt F7bsls S Eoy. EgolZEE 1.5kg F7ts)
Re Al QY] =Ao] £ oFom, o] it LS wWol Mgl HFTHOoR 7|E A4 Al &t
o] ZEE lkg F7tetelch A WS 7|EE o] &sto] W5 A|lxsto] A HAME AAIRE A5
24 B 7122 o Agskolt
H 41, E2t0| SE Y MsE ZA
T8 HE Wz 7|E E2to|] EE 1kg F7} =2t0| EE 159 7t
o 15.87+1.13 15.8+0.94 14.93+1.10
ofgu} 15.53+1.30 15.93+0.88 15.87+1.13
el 14.07+1.62 15.33+0.72 15.33+£1.05
QIoke} =7 14.27+0.80 14.53+1.12 13.93+0.70
AakEQl A 14.27+0.80 14.93+1.03 14.73+1.16
33 74.01+5.65 76.52+4.69 74.79+5.14
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gz StE
Nk IE a=
X et B8R 4mt  s®  EE
o] et Fujs
1 34 7WAaL, olm] - o]Z7F At 23} A3t A} A5 A
r
=2 _
2 VIV 43%+0.5% 43% 42% 42% 43 % 41% A3
e . Az HAZ DAz wAz DAz ]
: (mg/ml) 0.5°]3} HE EdE =2dE E2HE EHE A%
ol EQHHIFl &
,  CHIELHERIE 1o]5} 0.7 0.5 0.7 0.6 0.5 25

(mg/ml)

o ZHA(AFY-6 X, 5g), Eeto| &=
(500g), HIEAl, MAde 2 FAstgch W Az Thoj sl s 7HE‘=}6}°4 ARE 71EE 7H‘ﬂe*o}3‘i4.

J8 30, BF JIE AIKIE 7Y

DE2to|EE(Tkg) @QEFEZ(281) QHIS
@=2(AFY=6, 59) @UFHAY @AM

774 v 20209 AEHATETA



U SENL W2 FER
S &7l Y

LS EmM HE F W AiE L ReE e ¥
TR 1APO AN FEME.

i s

a3 31 J|ES 0|8F BFE HZ Jto|=atel

(A3 12) ML SARZ 267} 7|55 2A}

7t MutE 3|

o PAHL
- YA 2019 FHT FAAEET 7| AA LAY AR 3
- A]:2019. 12. 17(3H) 13:00 ~ 17:00

- & ADFANCLHEATE 35 WA
- AAY%Y
FAT ¢ aReEY 1GAUA Bl L 2a719 AA9
AT 7194 999 9 FAZ AR
AT HURAN YA A5
R, AsAEA 5 FUL 215 FADY
- WA FFoR AT HuF AU =R 4w Hdold

Lt AHIZHHG Chat SAIE ARIE AN HAE xFE7|E

e
P

o PAHL

- YA anRd g SAE AAIE AR HAE A

4, SNEATA « 775



I
e

ALt 2019. 12. 18.(%%) 13:00 ~ 18:00
E #% FTHAEE 7%014‘104% AR

E4H7E A4 7HE, 2GS 5 A dS
11 ol it A4 J&%— 7t AE

=
DO, Abp (g o] EntE opey 7]

| |

o, BN AN ox
> fo
oL éT: B
H‘E

N
-
f",:
_‘4

2 = o ——

m S MBS W UM B AW EAMY Jguyeg £
o soxgE IR ) 4

M7 J_I-M

0192128 17% @ r14:00-17:00 "7'

@ DR ANI YIS 2 y-N
£RRWATY A
' B w =
- A, O X
o SUHOESEEAL NS AlE
-.r.. F | T ol E W =
- ' -1 ] [ EEEE]
— =10 @ FEF) « 0 v, S e ¥
P =1 0] T
= -agfs o ¥ AERAT) - i"u‘_"'f p— L
— A - e
s peme 39| Yoem e ::::
- |'.'f|.

OE 31, dutEas d SAE UME AZY HAE UE

776 » 2020 AEHTE TN



ATt Z= ot Lol a= o) H|W g €
gt
BENIER
BMCE ol w5l e [} BHAE AR RS » [} B mal w0 meodd
A g Zt 284 33 Hlu

W g AR A3 AEE AAE wRs AYE AnkEe Autuze] v AAA 7 EEs
wopon] 3 opmul L7lo|4 2 Aol S Herh o] TE HBEL dART o4 B A
SRS BT Ao e AR 30 olstlA A tshon, ddo] HoldsE HBEs}
oron] % AEH AY A A AHEL dACR T Y Tl Pasithn woEt

(A& 13) Aol & T+ A
AL g TS A
ot e A4, & WA, B-glucosidase SzWoﬂ 1‘410}01 Jﬂ7}o}°ﬂE¥ AHB‘ =T A, %*JA
AlZE olfol] ukx]7] wj o] A A5 AMYH TS FAFY] TP F8% EA & SR 18
= 2% pH7F 3.5 vgkQl fARES 1208, 1213, 1240, L241, AFY-10 5%t =3 &
o] W3 Huf njZE Agst=x &lsty] ¢lste] EPSet totd AHE gt
1208 w57} EPSE A4S, Hotf g2 nE g0 AAEA o= Aoz yehgt & WA
W7t AaE B9, 5 BUY & wE0A 18 5 BF Ko 43}3;34 2 H
DE #59 Aol 1/5 +EOZ Fof T ﬂAoWE} el faktEo
A&3HA Zoke A2 oY ]JI U7} S716t9le o Aol F4she 3
F WA (hop-sensitive) & 2= AR AlRHT 48 & WAL 2 W3 29 vjPE2 4] F WA



ul 2o Hsto] 8~208] w2 & AFAHS A
U= & WA #37F Asdrt, 18 #5 25 & WS 2ol
o2 ARHET B-glucosidase= HIFAIE =allsto] HHIFAR HEAAFE BARE 3] A XA
2 3ol YA o= glycosidic aroma precursors2H-E F717F U=
Ut B EQITH AME S A 2o = [F4kte] B-glucosidase B4
ol F7I1E Aol dFE& & AR AREO] B-glucosidase B H7ISHATE 1 Ay} 7 5
1213, 1221, 1222, 1237, 1240, 1261, AFY-10 f+Ateto] B-glucosidase B4J0] = ALE UEly:
o FFAor E AWEE AR B A0S B9 R 1213, 1240, AFY-10 #+5+ 4F 8450l
S-=otal, EPSeF tlotAE Al ghom, Fof ek WA B-glucosidase E4S UrEY o]
AR Aol AE 7ol & ALRE ALRE O] A WEE FH FFE AWsHeith

a3 34,

B 43 YROIM 223 RMRO| FF SN I}

No Strain Species Aciq , EPSl ) Diacet.yl ) Hop . B—gluc.o.sici)ase
name production” | production” | production® |tolerance activity
1 L193 Lactiplantibacillus pentosus + - - /4 -
2 | L19% Latilactobacillus curvatus ++ +Ht - /- -
3| L198 Lactiplantibacillus pentosus +H+ - - +HHt/- -
4 | 1208 Lactiplantibacillus pentosus ++ et - +HHt/- -
5 1209 Latilactobacillus curvatus +++ - - /- -
6 | L210 Lactiplantibacillus pentosus +H+ - - /- -
71 L213 Lactiplantibacillus pentosus +HHe - - +HHEt/+ +
8 | L217 Latilactobacillus curvatus e+ - - /4 -
9 | L1221 | Lactiplantibacillus plantarum et - - b/t +
10| L222 Lactiplantibacillus pentosus et - - HHHHt/+ +
11| L229 Lactiplantibacillus pentosus et - - +HHt/+ -
12 | 1237 | Lactiplantibacillus plantarum +HHtt - - /4 ++
13| 1240 | Limosilactobacillus fermentum | —+++++ - - /4 ++
14 L1241 Lactiplantibacillus plantarum et - - HHHHt/+ -
15| L257 Lactiplantibacillus plantarum et - - +HHt/+ -
16 | L1258 Lactiplantibacillus pentosus e+ - - +HHHH4/+ -
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No Strain Species Acid EPS Diacetyl Hop B—glucosidase
name P production” | production? | production |tolerance® |  activity®

17| L261 Lactiplantibacillus plantarum et - - /4 +

18 | AFY-10 | Lactiplantibacillus plantarum | —+++++ - - /4 ++

1) reaction color: no result (=), slightly light green (+), light green (++), pale green (+++), green (++++),
dark green (+++++)

2) slime production: no result (=), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (+++++)

3) reaction color: no result (=), slightly light pink (+), light pink (++), pale pink (+++), pink (+++++),
dark pink (+++++)

4) colony size (5 IBU/10 IBU): no result (=), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm
(++++4+)

5) black zone size: no result (=), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (+++++)

@, Lechplanatbaciis plantarm TWST-4 (KI028600)
& LactiplanirhacWos planfersm AFY-10 [MWI20455]
W0 actiplantibecdius pentasas L33 MAVIZTO4ST
Lactiplanhibacivs paraplantarum AZZE (KY584254)
Lachiplantbacilius pan'asws CS2 (MGETES51)
Leviactobuacalius brsvs BFE 8268 (EL1AT302)
COMEAnTAEOOSCTIUS PIrairTentanss M |- 0F 1 INE M)
[ Lighactobaciics selevanus 124 (EFR412688;
Ligifacntobacilus munnes LMG 14188 (NR_042231)
q. Latiaciobaciive sscer BASOT1T (MFRES0EE1
Lactcaseddedis Marioasus SLOL-G TGRS 155)
100 Lachcasi-bacdus paracase 1532 (AB330U33)
81 - Lactcasabaciius casey DSM 20011(KP326371)
Liroslactabacdive mecosae JOM 12515 [LCIRI823)
10 Limosssciobacdius fermentum CECT SB2(AISTS312)
100 Limoslaciobacilus fer L2340 [MWI2045T)
] Laclobacilus hevebcus IMALISOC40 (FIT46441)
L Laciohacilus aoetoolerans DSM 20748 (M58801)
HL Lactoboclus gassen DSM 20243 H5E8HT)
wa Lactobacilius scidaphiiug BUF SLBS IMEET0H)

{Lihls]

O 35 AOIYE MY BEOl IS4

o Lb. plantarum Sour pitch 22 o] &35fo] ALYHES A Rsto] EAJS vt
5

T A4S, Maltose A5 5294 2fo]7

FAN &= 7M4 =0kt A 3} g wotar, totAE
sheF 71 ol Exo] X S 12407 GAMFO R ARG AAYWMIFELE Bar 7P 9455 A
ok AE PAA ol 7P Wtk AFY-10T AL 2 A RS A uEE pH 7P WE, AE HHA



E 44, 25 HA0f G2 #3E oY
F2/g (g/L)
& PR
Glucose Fructose Maltose Maltotriose
Sour Pitch 5.57+0.02d 5.55+0.01d 50.12+0.05d 10.93£0.03e
PRI L1213 4.46+0.02a 5.27%£0.02¢ 51.61£0.53¢ 11.12+0.31e
(FArE) 1.240 4.75+0.00b 5.14+0.03a 43.46+0.38¢ 8.5140.23d
AFY-10 5.39+0.02¢ 5.21+£0.01b 41.09+1.12b 11.14+0.11e
Sour Pitch N.D. N.D. 0.27£0.00a 0.49+0.01a
adHLe L213 N.D. N.D. 0.20£0.00a 1.78+0.01c
Ta 1240 N.D. N.D. 0.26 £0.00a 1.42+0.02b
AFY-10 N.D. N.D. 0.25+0.00a 1.97+0.01c
A B
7 2e+3 5.0
g $ :::I; Flch 1 :g:l; Flch
g 2e+3 1;2;(610 4.5 Ihzrfrﬂm
2
E Te+3 T a0
z
; S5e+8 3.5
L v
| 3.0
o 10 20 30 40 50 0 10 20 30 40 50
Time (hrs) Time (hrs)
C D
o —8— EourFmch 08
ar e Bour Fch
L T, ~ os St
Q 5 . e BFVAD
€ T
'E T 0a
i i
2 E 0.2
o L 0.0 L
0 10 20 30 40 50 0 10 20 30 40 50
Time (hrs) Time (hrs)
J% 36, At M=o 2 EM H|W(A: FAHRS, B pH, C: |4 D =4
E 45 SAHES 2alst Atoe xE HE EY
P
E A
Sour Pitch L213 L240 AFY-10
ABV (%) 4.24+0.01c 4.11+0.01b 4.10+0.00b 3.86%0.01a
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EN
M
g

= @ Sour Pitch L213 L240 AFY-10
pH 3.27+0.01c 3.2740.00c 3.2440.02b 3.17+0.00a
Attenuation (%) 80.73+0.20b 78.36+0.10a 82.54+0.22¢ 79.89+1.96a
Foam stability 22.30+6.78b 30.01+5.40b 12.62+0.91a 48.58+1.24c
Diacetyl (mg/L) 0.63+0.00b 0.72+0.01d 0.65+0.01c 0.50+0.00a
H 46, RAHS 2E2le ArYolYel RelotolEA S
g FAN (mg/L)
T Sour Pitch L213 L240 AFY-10
HolZ 172.43+0.78d
AH) 283.16+0.52f 273.67+0.52f 204.07+0.90e 294.24+1.48f
AL WhE 109.15+2.22¢ 83.84+0.39b 49.04+0.20a 75.93+1.22ab

A B4 7F AR AAISH A3t 53] AFYE dAOA Ak s o] ofste] AJAE fAtol
W3 Z Agte] YL vAe AR Yegth fAF] $E7F SRS pH (1=-0.771), €32E
E4 (=-0.721), WEE(=-0.704), OIS (=-0.844) o FHAAZ B A (p<0.05)

H 47, AIuE SN 7 4B

Correlation — Lactic —Acefic ABV  Afenuation Maliose Malioiriose Diacetyl ~ FAN | o2m

analysis acid acid stability

Lactic acid 1 0241 -0771** -0T21%* -0704* 0119 0327  -084** 019  0899**

Acetic acid ~ ~0.241 1 0208  -0125  -0420 -0879** 0581* 052  -0268  0.108
pH  -0771%* 0228 1 0918%* 0339 -0245 0572 0907** 0363  -0.656*

ARV -0720%* 0125 0918** 1 0564 0132 -0832** 0718** 0463  -0.760**
Attenvation  -0.704* 0420 0339 0.564 1 0501*  -0561 025 0200 -0.880%*

Malose 0119 -0879** -0245 0132 0591 1 -0590%  -054 0126 0246
Maltotriose 0327 0581*  -0.572  -0832**  -0561  -0.500* 1 0215 0637 0555

Diacetyl  -0.844** 0532 0907** 0718** 0254  -054 0215 1 0057  -0.621*

FAN 019  -0268 0363 0463  -0200 0126  -0.637* 0057 1 0.110

Sfa%ﬁy 0899%* 0108  -0656* -0760%* -0.880** -0246 055  -0621*  0.110 1

SPME-HS-GC TOF/MSE ol-&3dto] 3 71 E4stalen, 544 J714E 5 drldle
F7dEE 471 f18ke] 71 =(VIP) ghol 1.00] 'e 37148t &3kl 8 82 & 9?



acid, ethyl palmitate, ethyl 9-hexadecenoate, n—decanoic acid7t A&5 . &
U= Phenethyl alcohol2 VIPZEo| 5.072 7F %9k 2™, Phenethyl alcohol &3
Zrsten ol mme due WA F AMHE Fo PINE F Shtm v

Color Kay

m Souring Alcohol Fermentation

o & o & o
fomsan & & PSP

Octanoic acid

n-Decancic acid

Pheneihyl alcokol
Phenethyl acetata

Ethyi & .

Ethyi dacanocate

Ethyl kautate

o SAEA A FAE 19 x5 29 UFdAE g dazk AT x50 F9

Foll A= AP AT =4 BEE AT SA A EoA dRE WaE A5l wet |4

o] 75t Ad} Aol = Aoz FrhEth PLS-DAY FAE 19 x= 4o WaFo A A E=

& BE AE o] T AUl F3E Zpolrt AR o WM xF 29 WEkolA HHE= o

< HE F AR YRS FFE Aol 7t AR HETh A o] gel= 3l
T

Abat 1213, 1240, AFY-10 352 A|R3F A=

Rt p O H Y Fr o
Am
ol
N

dH= =
AElo] YA AR A xgh A0 gF7]g 8] Sour Pitch® A| 23+ ARgW o} F5i5HA
= As skl

Alcahal fermentation

= % o N s | A aaom, ™ Seuring
A ghisa |5 pEidsowen Pk WA i
§ AF [ . ”“‘-ﬂr; H ‘}: i‘:‘ ." e 'I_wﬁ'n;: B
2 o {40 1 H T e %u«
5 : I 5 ! i
g sk sew  spAnboe | g i i
- B ALy ] Souring 0000 !
e ] ;ﬁn i ) F
e i 20000+ 1\_"—"'/'

A — — | — . . | . . . )
%5 2 .8 48 5 06 5 b 45 o0 25 6000 40000 20000 0 13000 40(00 6000 BOCO
PC1(41.9%) PC1(66.8%)

O 38 FFE AN XS AY0IY IIME (A PCA, B: PLS-DA)
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A& 14) 1v|FHFEE T4 A

SAFATAE 7RG AR 764575 APt W, d2E WA, 84 ZA(a-amylase, protease,
B-glucosidase), POF (Pheolic off-flavor) A4, H2S A4, totAd A4, AEYd ¢ TFL WAS 3H
7beto] 1AH o2 YEER QA Hileit A& Hilso] S5t 4379 an ¢35 Ads (s,
cerevisiae 404, 416, 542, 687), F7FH & 7|7 E AFY-6 +5% &/ HlIL o2 HFE st
At

P P Malto | Mal Ethan [a—amy|protea B-glu Diace | Ceru
72| TT | Hao e triose | tose N Y|P cosi | POF | H2S U TRL
Hs ol 18%| lase | se tyl | lenin
10% | 40% dase
3135| 4
1| 405 | 24e S. cerevisiae  |tHH[HHE | A | A | - + - - 1462 ™ - - -
growth
2| 416 | WA | S cerevisiee | - | - | - | 4+t | o+ | - | #+ | eee | - 1665 O | - | - | -
growth
3| 542 | 94y S. cerevisiae |t [FHH| +H | At | bbb | bbb |+ - + [ 1602 + - - |
41 687 | w4y S. cerevisiae |HHH[HHE [ A | A | - ++ - + | 1506 | + - - | At
AFY-6 . no
utz 4 [ |+t - - - - - + +++
5 41 | 4z S. cerevisiae 1.674 growth
6 | K-97| =~ S. cerevisiae |+ [HHE[ | | | - + - ++ | L137| ++ - - 4+
7 [WB-06 ki S. CCTEVISIAC VAL | |y | i | st | bt | 4t | - + - + | 1073 + - - | +++
diastaticus
BE- | S. cerevisiae var.
8 ZgA L | | | - ++ - ++ | 0.808 | +++ - - +++
134 diastaticus
9 |HA-18| =g S. cerevisiae R I I I + - + | 1122 ++ - - 4+
(+glucoamylase)
10 WLP o)t S. CCIEVISIAC VAL | ol b | ot | bt | 444 | - ++ - - | 1647 - - - 4+
001 diastaticus

Al amel A aRE ogsto] 1HjF WEE Axste] EAS Bt 47E TaE A
T AR 55 6.14~10.93%, A9 A1 5% 515~6.40%0.2 Adtanw F 405 anvt M 54
UERGTH BaE = AT AR E 59.7~99.7%% YEFHAL, AW S5 47.01~61.3%°2 Al AR H|
ato] W Ho laiswﬂ, 405 BR7E A aRF 7P =0kt totd dEF 0.75~0.83% WHHRE

e, obu] l= A A (FAN) &F-& 56.22~295.18 mg/LE w#FE = Ao|gh Zl o= et



T = Riales pH LIAEZ =4(%) HEEZ(%) CIOFME(mg/L) FAN(mg/L)
405 4.21£0.00 6.40£0.02 61.31£0.06 0.82+0.00 93.71+1.21
416 4.14+0.01 5.49+0.04 53.55+0.07 0.80+0.01 156.18+3.25
;EJH;P 541 4.05+0.01 5.58+0.03 52.46%0.14 0.80+0.00 106.20+2.89
542 4.31+0.00 5.17+0.03 47.09+0.17 0.80+0.00 129.63£2.28
687 4.05+0.01 5.15+£0.01 48.04+0.04 0.81+0.02 145.25+1.77
K-97 3.57£0.01 6.14+0.04 59.70+0.08 0.83+0.01 184.29+2.02

WB-06 4.07+0.01 8.45+0.03 79.61£0.20 0.84+0.01 56.22+3.23

A+
‘_glg BE-134 3.54+0.01 8.75%£0.02 81.20+0.11 0.75%0.02 295.18+0.89
HA-18 4.21£0.01 10.93+0.08 99.70+0.19 0.78+0.02 248.33+2.41
WLP0O1 4.30+0.01 6.86+0.02 63.78%£0.09 0.83£0.01 143.69+1.84
FFEEE AR a8F R g S ST 23, Maltosew= Al F anskglal
| 2% 2wk Ao g Jehyth Maltotriose S

0~0.27 g/L2 Yepta, Adan 405 =
‘405°0] 71 7HEAdol = z

decanoate T AFo] 7P A1, FFHER AFolgt Ao ® Yeyth T A
AR 405 BRIV o2 Adane] v FdHoR Amanet 7Py fARE Ao® yeyt

o
>
o

H 50. #F¥ TH|E WF Fag

=2l (g/L)

= Maltose Maltotriose Glucose Sucrose Fructose

g A 134.63+£0.93  24.40%0.68 21.24+1.04 10.58+0.36 3.15+£0.1

405 - 0.34£0.00 - - 0.88+0.02

416 0.73+£0.01 17.92+0.12 0.68+0.01 - 0.89+0.01

gg 541 0.23£+0.00 21.20%0.56 0.31£0.00 - 0.9540.04
542 - 35.81+0.31 0.71£0.02 - 1.0440.05

687 0.73£0.03 35.59+0.35 0.46+0.01 - 1.25+£0.01

K-97 - - - - 1.00£0.03

~ WB-06 - - 0.13£0.00 - 0.95+0.01
;—lg BE-134 - - 0.3840.01 - 1.1740.03
HA-18 - - 0.37+0.01 0.13£0.00 0.96+0.00

WLP0O1 - 0.27£0.00 - - 0.88+0.02
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FHSE A7, AR ko Wl AN R e R PR 4
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SR R L U A B T SRS, iy AR E Ao
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< 202
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. ez ot 1
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T TR )2, .

2) pXUFE VS woBY AL

TSP SRR SO PTPE WIshol AN w8 1,
T, S, A, Bpoh G5 o184 1Y B4 SN YL AT
32 giek 4P 3 Hias) Wob Aol flehol Tige] B A,
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