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Evaluation of sour beer using kimchi lactic acid bacteria

Ha Yeon Lee* (), Jae Geel Lim(?, Yun Mi Ko

, Yoon-Ji Goh

, Sung Jin Choi(2), and Jin Kwan Ham

Agro-food Research Institute, Gangwon-do Agricultural Research & Extension Services, Chuncheon 24203, Republic of Korea

(Received November 16, 2020; Revised December 4, 2020; Accepted December 8, 2020)

Lactic acid bacteria (LAB) have been used in souring mash or
wort to produce traditional sour beer styles such as lambic and
gueuze, through spontaneous fermentation. This method, however,
is time-consuming, thus, many brewers prefer a faster method
using LAB starters. In this study, we evaluated the fermentation
properties of 18 LAB strains isolated from South Korean kimchi
for use in a souring starter. All strains were assessed for acidi-
fication, exopolysaccharide (EPS) production, diacetyl production,
hop resistance, and B-glucosidase activity. As a result, three
strains (Lactiplantibacillus pentosus 1213, Limosilactobacillus
fermentum 1.240, Lactiplantibacillus plantarum AFY-10) selected
exhibited low pH, non EPS and diacetyl production, and -
glucosidase activity. Analysis of properties, including LAB
count, pH, lactic acid, and acetic acid of the three kimchi-strain
sour beers were evaluated against sour beer fermented with
Sour Pitch. The fermentation characteristics of each sour beer,
including free sugar, alcohol by volume, pH, attenuation, foam
stability, diacetyl, and free amino nitrogen (FAN) were also
compared. Multivariate analysis of variance of volatile aroma
compounds distinguished the three kimchi LAB-strain beers
from the Sour Pitch-strain beer. We anticipate that kimchi LAB
may be a promising starter for sour beer production.
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ST AAY R B0 HET A 54 U
oFs] 7432 A5 913kol ALgEle] rkHugenholt,
2013). W 4bGof| A f-ARE-S A WH5(Sour beer) & FE
8171 9l5ko] Wol-g ALBkAI 71 AL AV Hol(acid mal)
2 23 ] o} o] A8} Qe AR 2L 2
3}7] Y3t &= 2 AREE o] 2t Lowe ef al., 2005; Ciosek er
al.,2020). &5, 24kt @ Akl = o wl S22 uf
o] Af|(Berliner Weisse), H %]t 7] Z(Belgian Gueuze)2} THH]
(Lambic) 7} 72 H5-4] Ab9] W2 A 28k ALE-E) ek
(Van Oevelen et al., 1977; Waters et al., 2015).

XS] Wiz 9 SlALE 71 Wi sehel % SfUE, 2
o= W A FY LEE Y 5 theEer] gt o2 A
W= FRAEAA MEA 28 AL ok Bokulich ef al.,
2012). -5 Q1 Abg] W= A 2 w2 7N 2 ol 4] k=
= 5jof ool A et B9} AR iz 2AKZO] £
of| Tois}7] ufjitoll WA aHo] EatstaL, Algto] 2o A
v, A gHEA] 952 A 251717} of Ark(Van Oevelen er
al., 1977; Verachtert and Derdelinckx, 2014). Z|Loj|+= o]&]
R4 el B Fusb) SIe oA o a4
F e 2 ol g31o] BUE FUSA 1, WA B % O
L dAlIA fARES AESHeAl 59 d7F Ha it
(Peyer et al., 2017; Osburn et al., 2018; Chan et al., 2019).

AR WiSRo)| AT = S ANF-E B Lactobacillus, Lactococcus,
Leuconostoc, Pediococcus<:©|tHSpitaels ef al., 2015). A%
ul wjolgro] £ 93 Foli= AH] EH(hopping) 11T

Ao A FARES ] E o] Al ZE THSuzuki ef al., 2006).
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Apu] 54 o] o] WolE-E AHEHA7]

L
=35} ulk sk 3urA k7] AEo] A E

L= Shen IR S =2 o0 ©°

& o B2} 2HS Fol7] fIste] ApH| 34 Hof| ALY R
(souring) 3= A o] A5 % 7] %= SFCH(Suzuki ef al., 2006).
2| ghol| A 424 W3 Ak o] STkl whef thekgt
o] w7 | 0w, ARG ol 8k AL9) Bl 7]
Fo] AL QI sHAIFE o] & A £3517] 918l AME-E] = 1
B i )0 ojzEstan glom, T AT AR
olck 2 AT ALY Wi FRo2 A ] A 4k
wfel A} ol el Alg B A

Ko y=|
=2 o
Sfo] whi 54 W] RS BA 9 v stk

7 A w7l HE AR A 455 35k MRS
agar (BD Difco)o]] ='48}11, Gaspak (BD)S o]-235}0] &7 2
2710 8 37°Col| A 3U7F vl ekt v e o o3
Qro & A4, A7) T4 FEisH & S}

, = A3} vl x| o} Z A o) A] 24 H I H(streaking) © 2 425>

2|5 GAHES SIS,

Mr oo

-

o 4=
e S8

P
;

welg ulgEe] BAAFeA AL Slato] AccuPrep®
genomic DNA extraction kit (Bioneer)& ©]-23}] genomic
DNAE $Z3}%1 31, Macrogen©]] &]&]3}o] 785F (5'-GGATTA
GATACCCTGGTA-3"2} 907R (5'-CCGTCAATTCMTTTR
AGTTT-3") primerS o]-8-5}o] 25 & 4 A4 W-S(polymerase
chain reaction, PCR) ©. 2 DNAE ZZ |71 3 DNA £417]
(3730x1 DNA analyzer, Thermo Fisher Scientific) = 16S rRNA
AR A7) A Ee AT F714F 241 Zit=National
Center for Biotechnology Institute (NCBI)oj| 4] A|-8-5}= Basic
Local Alignment Search Tool (BLAST)2] GenBank database
2} EzCloud (http://eztaxon-e.ezbiocloud.net) & ©]-8-3}of Ar

&/3< vl 3 STk

HI
1z

AS
#

oS

it
i

16S rRNA 72} 7] 442 SeqMan software
(DNAStar) & AM-51o] HZ5H 5, NCBI2] Nucleotide BLAST ]|
QJeletel vl mA 11 A2 ke 7] AR Frg
SI3ITE NCBI H|o]EjH|o] A5 F3l 4513t 471 422 BioEdit
program (Hall, 1999)2 o]-&3}o] A3 7, MEGA 10.1
(Tamura et al., 2013)& AR&5}10] A8l D gt £, neighbor-joining
H}H(Saitou and Nei, 1987)2 0]-8-3}o] AlE<E 24519tk

ARS] ZE QAT ErAY

AL =g ARE EAS Qi8] AR A, <A 9 thE
A, TlolME A, & Ul A, B-glucosidase B3-S H 715
o} A AL FH7FE7] €)3ke] MRS v A]of| bromocresol
green (Sigma Aldrich)-20.01% A 7}5}o] 2] o] pH7} Wo}2l
S22 ZAOA w20 2 Mk UelS ol g3tk 74
2] t}d-F(exopolysaccharide) A43-2 2% sucrose S 713k
DME agar (8.5°P dry malt extract, 1.5% agar)ol| A2 %
sho 37°Cof 4] 48 A17F 531 v st F=Y TR A=
Z(slime)o] A E w75 EPS A Fd o= HF5H3
c}. tjolAE XA =4 L formulated fruit simulation medium
(FSM) broth (1% glucose, 1% fructose, 0.5% sorbitol, 0.2%
malic acid, 0.02% MgSO,-7H,0, 0.005% MnSO,-H,0, 0.1%
K,HPO,, 0.01% EDTA, 0.2% ammonium citrate, 1% vegetable
peptone, 0.1% Tween 80, pH 6.1) B} Z] 200 plof| Ak 20 ul
£ HE5ko] 30°Co)| 4] 48 AT a3t 3, A 2=-2- 96-well plate
o] 100 ulE- 27132, 4% a-naphthol solution (w/v)-2- 50 ul 25
3lod HEFSIAL 30% potassium hydroxide (Sigma Aldrich)&
H7FRE %, 30°Cof| A 304 HE-g-5ko] £ 0 2 Wdt= A&
tlolMe Al Ao & W43 tHRuiz Rodriguez ef al.,
2019). & WA 7= ¢81e] iso a-acid®] =7} 1, 5, 10, 20
IBU (International Bitterness Unit, iso a-acid ppm)7} & =%
30% iso-Hop (BarthHaas)-2 715t DME agaro]] -f-A-S A
2£3}0] 37°Col| 4] 48 A 7L v F3HSA ). B-Glucosidase 4]
7}= escuin agarf-2 383} 0.5% esculin (Sigma Aldrich),
1.0% ferric ammonium citrate (Sigma Aldrich)7} 7} DME
agarE A2 &, fihtS 34 E50] 37°Cof| 4] 484|171 5L vl
Fotairt. S-Sk black zone)S AY/dot= AHE YA o

2 ekt chShim ef al., 2014).

AR B RZ=

H2) % Wo} Pilsen Malt 2-Row (Briess malt & Ingredients
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co.)E Fekxo] Wil FRTE HH3] Fof 65°Co 4] 45,
72°Col| A 155, 78°Col| 4] 227} ¥H-3-A| A (Dysvik ef al., 2019)
H]5-0] 1.040 ¥ =5 FosHRAT: 100°Cof| A 527 tofs24F
T F, Y2712 0185101 40°CT} EE S W2AIK The, 88%
lactic acid (Sigma Aldrich) & 7|5lo] Mol5o]pHE 452
A5} th. DME broth (8.5°P dry malt extract) | A 40°C, 24
AlZE AvfjoFst A A] GAF D A3 §ANF Lactiplantibacillus
plantarum (Wildbrew Sour Pitch, Lallemnad)-& 1 x 10’ CFU/ml
%5127} |2 5 o} 5] HE3HTh. AH1 (Souring) 14 &
40°Cof| A 40X 7 52t =3 5HQATh AF P o] B %, & A5l
(Citra hop, 13.1% a-acids)2 0.4 g/L =& €31 100°Coj| A
602 5t FHQF, Y2715 08510 25°C w|iko 2 Mol
YA R L G F2 W a5 Q8to] A|H AW Saccharomyces
cerevisiae US-05 (Fermentis)Z 1 x 10’ CFU/m]l S =2 Z%
sho] 20°CollA] 149171 W slo] AL B2 A|z5tolc

[UT 4

0.85% NaCl solution &2 3|43} A|& 1 ml= Lactic acid
bacteria count plate (3M)9]] %3}t & Gaspak (BD)S ©|-&5
] 37°Cel A 2907} vk sto] A5tk

pH, S2IE, YAS =, HIF

pH+= pH meter (Mettler Toledo)E ©]-8-3to] Z7g31lch
E2HE = Plato 57 7] Al(Atago) & ©]-8-5te] Z7g3k3ict &
A& =5 HF2 AR YAS FRER o TelA] AHE-S)
QL A& 50 ml F FEE 0.5 g H7FE T, oATH|(SA,
Adventec) & A8-5F0] ARt £, P32 54 7|(ALEX 500,
Anton Paar) & 0|-&35}o] =439}

Hal.; E

4T =A7]|(ALEX 500, Anton Paar) & o]|-&-3}0] W£9]
%7] ¥]Z(original gravity, OG)x} 2] H|Z(final gravity, FG)
= Z7sto] ol Aof| tjdste] Alibegitt.

W (%) = (OG-FG)/(0OG-1) x 100

CIOfMIE

T oA 5= 420 nm T30l A £33 AEPOCH,
BioTek)E o]-83F v © &2 =251t} 0.175 M isoniazide
Lo 10 mlo] acetic acidE o] A3 7] &, 2.9 x 104 M
diacetyl solution 5 m12} 0.15 M ZR (IV)g 1 ml A7}51%

] =32l A Alsed Al4%

t}. 3 M HCI13} 4 M NaOHE &35} pH 1.72 243t 3, A
23§12 S0 ml g §u) Zepazio] §A AR 514
3}t Al& 25 mle} NaCl EZ3Rg-o 70 mlE £33 o
isoniazide 8-M o] 20~30 mlE Z R = w7}#] Z&F35}9c) o
742 calibration curve 2} t Z5}o t]opAE ol =45}
THGarcia-Villanova and Estepa, 1993; Guerra®Hernandez et
al., 1995).

o Lot

32

Foam stability = 230/{2.303log[(b + ¢)/c]}

FE[op| A EA

Sejobu AV AFAN) SES Z437] 9Jsto] A RS
Hat 3742 504) 3]431 & Free Amino Nitrogen Assay Kit
(Bio Assay Systems) S AR5k vl Wit 2 S48
t} 50u =2 3] A3k A] & 5 plof Reagent A 150 ul2} Reagent B
S 1S EaH-8) 150 WS H7he 5 100°Co] 4 10371
A AL OA] W2E T, 1 o] 4] Helako] 96-well
plateof] 100 W% £5=3}31 575 nm 3Pl A 23 F=A|
(EPOCH2, BioTek) & &35 2 =4319ic}. £2 49
glycine (Sigma Aldrich)& AM8-3}% Tt

rlo

71 24

A& 2912 0.45 um fiter 2 o] 7k3k 5 ALE-3FSCE 247
7]+= HPLC (1260 infinity II, Agilent)& AM8-3}%1 0, A
2 Kinetex C18 (4.6 x 250 mm, 5 um, Phenomenex), 7} = &
H-2 UHPLC C18 (AJ0-8768, Phenomenex)2 AME-3} it
A 255 25°C, Al & Y 10 plo]m, o] 57225 mM
potassium phosphate & AF8-5}4] 0.7 ml/min -3-4&0 2 A 20}
Edg)uE A}, UV detecter 2 210 nm <] mhAfol| A &
B 2959

[y 37| M2 2

ey =
SPME (solid phase microextraction) ¥ © & 3|34 37|
S EABHATE A& A 0.45 um filter = o 1}9F 520
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ml vialo]] A & 5 mlZ $]3}¢] sodium chloride (Sigma Aldrich)
1 g 93160°Col| 4] 500 rpm ©.& 30 5 E2+65 yum PDMS/DVB
fiber (Sigma Aldrich)¢]] S-2FX| 71 3-of] GC-TOF/MS (7890A,
Agilent Technologies) 2 45} t}. AH-2ZB-WAX (30 m x
0.32 mm x 0.25 um, Phenomenex)E- ©|-8-5} Al & FYU
250°Cof| A S 59 SAAIF AL, 0] F4] 714l He 7FAE o]
£510] 113 mUmin G408 Bk 0H ol
8°C/min 4% & 240°C7HA] L)1 387 44| 81 = & 519

ol &% 250°CE A5t TOF/MS AL
230°C, 15 spectra/s, 35-501 m/z2 A A5}t A& 228
NIST (National institute of standards and technology) library

£ Fgto] FH5ock

H

2~
s

O
Gl

A 24

7h A% ATk 39 whE A Avle] e Be NAR
e a7, IBM SPSS statistics software (SPSS 12.0, IBM)
2 Duncan’s multiple range testE 5-3}0] p <0.05 =0l A
& AFSHTh A B2 A B s wEs Wt

Adsto] Pearson @] 4k A2 LEh 21

Table 1. Strain properties of lactic acid bacteria isolated from kimchi

AT

CHeZE S 2M
SIMCA software (SIMCA 14.0, Umetics)= AR&-8Fo] PCA
(Principal Component Analysis) @ PLS-DA (Partial Least

Squares-Discriminant Analysis)E A A] 3} %1t} PLS-DA £-4]

Znt o o
Atg) B x| QA B

7+ A ol A =18t AR ol A Lactiplantibacillus pentosus
8, Lactiplantibacillus plantarum 67, Latilactobacillus curvatus
33, Limosilactobacillus fermentum 155, & 184-52] -S4kt
S Relaholk AF9) BIG 71A) AR TS 9lato] A4
A, w4 9] thd-F(exopolysaccharide) YA, TloAE 234,
& WAL, B-glucosidase EA1-S H7|5}o] Table 19] YERH L
Ch AP & A, SR o= 48417 oy of mk2] 7] w<

No. Strain name Species Acid production® EPS production® Diacetyl production® HopTolerance! p-Glucosidase activity®
1 L193 Lactiplantibacillus pentosus 3.47 - - A+ -
2 L196 Latilactobacillus curvatus 3.48 +H+ - /- -
3 L198 Lactiplantibacillus pentosus 345 - - /- -
4 1208 Lactiplantibacillus pentosus 3.39 -+ - ottt -
5 L209 Latilactobacillus curvatus 3.45 - - - -
6 L210 Lactiplantibacillus pentosus 3.50 - - - -
7 L213 Lactiplantibacillus pentosus 342 - - /4 +
8 L217 Latilactobacillus curvatus 3.46 - - /4 -
9 L221 Lactiplantibacillus plantarum 3.49 - - A+ +

10 1222 Lactiplantibacillus pentosus 345 - - /4 +

11 1229 Lactiplantibacillus pentosus 345 - - A+ -

12 1237 Lactiplantibacillus plantarum 3.46 - - A+ ++

13 L1240 Limosilactobacillus fermentum 342 - - A+ ++

14 L241 Lactiplantibacillus plantarum 343 - - 4+ -

15 L257 Lactiplantibacillus plantarum 3.46 - - /4 -

16 L258 Lactiplantibacillus pentosus 3.47 - - /4 -

17 L261 Lactiplantibacillus plantarum 345 - - 4+ +

18 AFY-10  Lactiplantibacillus plantarum 3.40 - - A+ ++

 pH value.

® Slime production : no result (), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (++++).

¢ 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 (+++++).

¢ Black zone size : no result (-), 1 mm (+), 2 mm (++), 3 mm (+++), 4 mm (++++), 5 mm (+++++).
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of A AT A g ALY 7MY 2% 54 5 5t
UE 1873 % 2 pH7E3.5 kel SARFS- 1208, 1213,
1240, L241, AFY-10 wF5=0] QIt}. T3t 2] ¥l f-Akto] W=
Foff g E R 28-Sk 2elsk7] fiste] EPSeF HopAl"
A BRIk A}, L196, L208 w527+ EPSE A8/ 513,
ot E & B wteofl A A A ¢ A= Yt
W Foff nj ez Al AR FARES W 1Sl &

b Q15211 BE o] U= HoAld S AAdskaL, 715 2
2291 EPSE A4Jolo] Wiz EAE Aot AT 1
tH(Van Oevelen and Verachtert, 1979; Pittet et al.,
). &3] Pediococcus <2 t]otA| €1} EPSE AYAJStctal
A on, FE Lo o S-S Hol 7] wZe A
oF oY Gz oA &3 2 o] F 4 glem(Jespersen
and Jakobsen, 1996), 7} A} H2] 5= W3 | n| Y E2

L % 9FASt Levilactobacillus brevis, Fructilactobacillus

Kl oflo 1@ 4
o
2

g
2

[\
(=]
—
—_

lindneri, P. damnosus, 13 )<t Pectinatus cerevisiiphilus,
P. frisingensis, Megasphaera cerevisiae = 7] % THSuzuki et
al.,2006). & YA H71 A= B, 5IBUS & 5o 4] 18
#5 2% 50| S5akglor], 29 el 10 BUGIA =

£ F50 Agol s 201 ol B it £el

FAFFEO] Bol 9l BANA A PR3H Rt AL
ORI X2 BU7} Z7H5H91& o) o] grsti AOR B
o} 0] ot & Tt (hop-sensitive) & ZH= 0.2 A}

B2 debd o 2 o] 255 = & 9] iso a-acids 4

A
Faff v ES 8] & WA = vlske] 8~20v) w2 &
A& 7HA W] Ralj 5 o 0 71tkal H a1 g QITK Teuber
and Schmalreck, 1973; Simpson and Smith, 1992; Simpson,
1993; Sakamoto and Konings, 2003). A9 W20 ARR-E]=
SR ES ECR LR R PR TS
o E7] whol] F g FRECHE U 257t e
CHPeyer et al., 2017). 184t 25 & WS Ho|X| Qo i
7 2] /R AL Qs AL R AT p-Glucosidase= ]
FAE Eolte] HHiRA| 2 A AT= = 9l A
204 B-glucosidase B/ 0] U= FALES o] UHA] o=
glycosidic aroma precursors 2 5-E] 37|17} U= H|H|FA| =
AZEA 7)== 5o Stk R E At Boio ef al., 2002,
D’Incecco et al., 2004; Matthews et al., 2004). AL ME A =
o I 34t 2] B-glucosidase EH4g o] §F7] AJE AYAd o FS

62, Lactiplantibacillus plantarum TW57-4 (KJ026699)

63 | Lactiplantibacillus plantarum AFY-10 (MW320455)

100
100

99

Lactiplantibacillus pentosus 1.213 (MW327045)
Lactiplantibacillus paraplantarum AZZ6 (KY584254)
Lactiplantibacillus pentosus CS2 (MG976651)
Levilactobacillus brevis BFE 8266 (EU147302)
’ Companilactobacillus paralimentarius MT-1077 (NR_025045)

Ligilactobacillus salivarius 124 (EF412986)
Ligilactobacillus murinus LMG 14189 (NR _042231)

45 Latilactobacillus sakei BAS0117 (MF688992)
{ Lacticaseibacillus rhamnosus SLDL-016(MH773159)
100 \_r Lacticaseibacillus paracasei 1532 (AB330933)
81 L Lacticaseibacillus casei DSM 20011(KP326371)
—[— Limosilactobacillus mucosae JCM 12515 (LC383823)
100 ‘ [ Limosilactobacillus fermentum CECT 562(AJ575812)
100 { Limosilactobacillus fermentum 1.240 (MW320457)

99

Lactobacillus helveticus IMAU50040 (FJ749441)

. ;
Lactobacillus acetotolerans DSM 20749 (M58801)

100 [ Lactobacillus gasseri DSM 20243(M58820)
100 Lactobacillus acidophilus BMF 6Lb6 (M99704)

Fig. 1. Phylogenetic tree of three strains isolated kimchi used in sour beer in this study with reference strains based on 16S rRNA gene sequences. GenBank
accession numbers are indicated in parentheses. Distance trees were constructed by the neighbor-joining (NJ) method on a set of 1,000 bootstrap replicates.

] =32l A Alsed Al4%
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£ 70 2 AL 7 E| o] B-glucosidase B3-S H 718l 1 AT}
745 1213,1.221, 1222, L.237, 1240, 1L.261, AFY-10 -84+
o] B-glucosidase /go] Q= A& YetHT] HFH o=
B oAl WG gAE B4 ATIE o 1213, 1240,
AFY-10 5 AF A4 50] §-=5}31, EPS 2} Tl obA| 2-& A
A1A] ko, Bof tiat wlzHAd 7} B-glucosidase B43-LS L1}

o] AFg] W A o] 2§ TR Aol B ROR ALRE ]
AFS) B T R AR, A B A B2 Fig |

off ER Atk

AR ARZI 2 RAE =, pH, F71 St

AP WG A A3 :
SA A A S 3T S AR
RUs TspH’TL]:s E/I\_]:%‘—E‘OJ %— g

& A7ph= AT A A
o A Abe]| kg el
Fig. 2] Wb it
HA A =(Fig. 2A) E RE 45 E
Ul W A7) ABEE GAHE S SHsIec
A1) B AHOIA L213 FF2 A2 AR wle] 5

ARE 42711 x 10° CFU/mIZ 71 whkal, AFY-10 3¢ xﬂL
AF9] 7 x 108 CFU/m, L240 55 Al 2 A e 5
( A) 2e+9
=) —®— Sour Pitch
E -0- 1213
= . —y— 1240
E 2619 —A— AFY-10
)
8
-
£ let9 |
<
=)
o
5
S Se+8 |
S
<
-
O * v v
0 10 20 30 40 50
Time (hrs)
10
(C) —@— Sour Pitch
—O—L213
8r —w— 1240
— —&— AFY-10
=
2
Ei
g 4+
E
—
2 F
0

50

Time (hrs)

10® CFU/ml, A| 2 §-Ak Sour Pitch 2 A 231 A} =) x
10° CFU/mIZ UEPgTh AFY-10 5= Al 52 AF2-5]
+ Sour Pitch®} 54 £ Yo &= E4L51aL 30| o| A} Ae-3l= A
2 BhIBhITE A9 WS fATaRol] ol A ElE 0
AR AR Q] -G-AF W 2of] Algboe] Ui (Makanjuola e al., 1992;
Lowe and Arendt, 2004; Abdel-Rahman et al., 2013; O’Bryan
etal.,2015),pH+=3.3~3.9, FAt s E==9F3~6g/L el Ao &
B 3151t Tonsmeire, 2014; Peyer, 2017). AP Ho| 875
°]% pHe 2= ARY W0l A 3.3 mrte 2 LepytthFig.
2B). 7} w2 &= 2 pH7F Qo2 A2 AFY-10 -2 164
7ol o]u] pH 3.5 T=25}3iet. Sour Pitchi= A & 20A]
ol pH 3.50]| T2t AFY-10 wf5=0] H] 5o 44 7bo] B 4
QE AT} L2139} L240 o#5F= 40417t A3 &, pH7|F 242
3.37,3.330]QT, L240 227} 7P wHe 4w & pHL wol 3
o, AR 2ALS HHE AJ7bo] uje} SRl ATK(Fig. 2C and
D), Sour Pitch®} L240 52 A| X3t A1 WF0] GA s
L 16/\]7P0ﬂ 7}242.24 ¢/L, 2.15 /L2 LJERFO.1, o] = A7t
GAE2 Levilactobacillus brevis WLP672 (White Labs) .2
A}-r.] 3} Ciosek $(2020)2] Aol A AFYE 24X 7F &, &
AFE7L ok2 g/L o] wekek Aztel SARSRITE L213 st

(B) 5.0
—@— Sour Pitch
-O— L1213
45 L —w— L240
: —A— AFY-10
T 40}
35
30 1 2 1 1
0 10 20 30 40 50
Time (hrs)
) o8
—@— Sour Pitch
—0O— 1213
0.6 F —w— L240
3 . —A— AFY-10
E
=)
S 04+
2
D
Q
< 02t
0.0 1 I L L
0 10 20 30 40 50
Time (hrs)

Fig. 2. Change of LAB (A), pH (B), lactic acid (C), and acetic acid (D) with different LAB strains during souring.
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L.240 $#3= AFY-10, Sour Pitch 5 w#-320| ¥]8}o] pHR}--A}
517 GAF A 2w LTk A Elo] Bk 40 4] 7kl SAF
Ll T 30 g/L oAl o, AFY-10 (4.43) > Sour
pitch (3.65)> 1213 (3.44) > 1240 (3.17) & YesIth 24 %
T4/l 2 A 2T AR W 203 g/L Hrp wgkon,
40A7F 24 A= 1213 (0.27) > AFY-10 (0.17) > L240
(0.13)> Sour Pitch (0.05) ¢ ©.& Q1| Itk AFY-10 #5=

Sour Pitch®} & Fol AWt 24t 57} 3u) o] 4 =kt

A9l B4 s £

A ERE DT A U] A9lE W Qe W
259 fejS SAsto] Table 20f Uetfigich Glucose,
fructose, maltose, maltotriose 450]) th gt -G-8~ v w5k A3},
Bl 5] 012 0% g o] ShelE ik S8 L240
TF2 A Z3F ALY] W S20) A fructose, maltose, maltotriose 7}
BE gom o s W eh} 95e wE WA ol A &
mol utg w7} 71 =8 Ao @ oAk Qi) Sour Pitche}
AFY-10 =2 A 2T AR W= F it 77F 5 Soll= &
T+3}aL glucose, fructose, maltose 2] L7} 722 0 &2 2}o|
7} 532 ™, maltotriose 7o 3-2]4 Q1 2}o|7}F $liTt BE AL
Q) ob7-8 9k Zof glucose @} fructose 7} W5 A WL g
931, Folgl= maltose 2] 5 %= 0.20~0.27 g/LE 592 9]
Zto]7F L3I Maltotriose &= AHE-3F wFF=rftt Aol gt

A0 8 UE=t], L2132} AFY-10 o =2 A 23 ARY] W=
ofl:=1.5 g/L o]A}o] Fol)l 1L, Sour Pitch 2 A 23 AL o
271049 L2 7P Wk S5 & e oL o= A9 &
of Wz ] Fgo] Akl ofef Hera A Eju, o % Aw
off o3t Y& WA of| FFS F= A= ek A
Al e AN 3T AT fARF O 2 A 23 ALY W29
e 5402 Table 30 b itk WA A 3s e AT
5= Sour Pitch 2 A 23T ALY W71 4.24% 2 71 =9ka1,
L2133} L2400 2 A Z3E AFY M= 717 4.11%, 4.10% 2
o)A Aol 7L 1o H, AFY-10 0= A 23 ALY] W 5=0] &
T2 =571 3.86%= 7H Wkt Sour Pitch@FAFY-10 5=
=Y FFYoE B GAE B AFY-10 452
A| 23t AbY] W=7 B 2okt AFY-10 w522} Sour Pitch <
FO AR RS 2F AL 7t 2E2 4.42 g/L (0.44%) 2}
3.65 g/L (0.37%) = fAF 5 =98] Afo]7} W=, o] A7t &
L9 g A oA S. cerevisiae US-05 B H.2] Lo kS
u] 2] A © &2 AR = th Narendranath 5(2001) 2] o15tof| wh=
H 0.2~0.8% (W/v) 8] FAL S oA fA S 29 S7H= AR
o AEYAE Fo] AR S SO ZEF AN, ofghy
e ATkl Bl fA 55 0.2%, 0.4%01 A
S. cerevisiae®] A% F-A|7} 247} 1.44 mg/ml, 0.66 mg/ml1 ]t
A Rk At v ste] {4k =71 0.37~0.44%] S-St
= AFY-103} Sour Pitch & o#52] A S o] & GAL =1 9]

Table 2. Free sugar concentration in souring and alcohol fermentation with different kimchi LAB strains

Free sugar (g/L)
Condition Strain
Glucose Fructose Maltose Maltotriose
Sour pitch 5.57+0.02¢ 5.55+0.01¢ 50.12 + 0.05¢ 10.93 +0.03°
) 1213 446 +0.02° 527 +0.02° 51.61 +0.53° 11.12+0.31°
Souring
L240 4.75+0.00° 5.14 +0.03 43.46 +0.38° 8.51 +0.23¢
AFY-10 539+ 0.02° 521+0.01° 41.09+1.12° 11.14+0.11°
Sour pitch N.D. N.D. 0.27 £ 0.00* 0.49 £ 0.01*
L213 N.D. N.D. 0.20 + 0.00 1.78 = 0.01°
Alcohol fermentation b
L.240 N.D. N.D. 0.26 + 0.0 1.42 +0.02
AFY-10 N.D. N.D. 0.25 + 0.00 1.97 +0.01°¢
Table 3. Sour beer quality with different kimchi LAB strains
Analysis Sour pitch L213 L240 AFY-10
ABV (%) 424+0.01° 4.11+0.01° 4.10 + 0.00° 3.86+0.01°
pH 3.27+0.01° 3.27 £ 0.00° 3.24 +0.02° 3.17 £ 0.00
Attenuation (%) 80.73 £ 0.20° 7836+ 0.10° 82.54 +0.22° 79.89 = 1.96°
Foam stability 22.30 +6.78° 30.01 £ 5.40° 12.62+0.91° 48.58 +1.24°
Diacetyl (mg/L) 0.63 £ 0.00° 0.72+0.01¢ 0.65+0.01° 0.50 = 0.00°

] =32l A Alsed Al4%
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Atoli= A o] ofghs Aol kS vH dAE =47t A}
o7} U= 21 0 & ek Th AFY-10 o2
o k318 w47} tha WhgkAI T, ALY wiF
QA © 2 3-5960] HL2 A1) W2 A2} Hlofiz Ml
Ao g AR ETh pHE AFY-100.2 A 23 ALY W327}3.17
2 foH o 7P ko o] =Fig. 2 Aol A AFY-10 «F
FE AN E S, pH7F 7P RaL FAe) S 27t 7 =t
H Ao} #ao] 1S Ao 2 At r) ¥hg T (attenuation)
= WolFo] gio] gt 2R EEA UEtl= AEE
1240 F22 A 23 A W27} 82.5% 2 9-o]d 02 1y
E0oH, L213 0L AFY-10 0% A| 231 AR W= 7}
78.4%, 79.9% = 3Lt} SEA AF] H(souring) 21 =45}
obe] §4H Wl 24 AT 12 FHET v
o, L213 5= 52 AR A/JBIRIAL, AFY-10 w5 5
& Abe AT ol 3T B fIAk) SRR A9
&

JFL 13 A0 A}

an

N

b =
oo 2

(]

|
FHTE A S A A| Al A L 2 Fa 5k o A
2 F4 A3 5 Shi(Ono et al., 1983) 2 fikt& &

4
25k A1) Mo K] AE QLA AFY-10 (48.58) > 1213
(30.01) > Sour Pitch (22.30) > L240 (12.62)4=0. 2 L}l
o, AFY-10 @52 TS 219 o] 712 gk 4ol 404
©.8 7Pk, 1240 2 A 23 ALY 5] 714 kot
t} fobMd sXx+= 1213 (0.72) > L240 (0.65) > Sour Pitch
(0.63) > AFY-10 (0.50) %208 AFY-10 #32 A %3t A}
wZ 7} 7ba e A 0 2 ek tlopd ge e ofyl

AHS] A EQ1 Hed(valine) 4 & AR A S F W a

A A =] (Krogerus and Gibson, 2013), HE| L} HE 2
7HA] & gFo g Wrof| A= o] F(off-flavor) = e KTt
(Wainwright, 1973; Meilgaard, 1975; Vaughan ef al., 2005).
Clop AR e mze) vk F7)2k 44 BHAlo A B o] s A
ThA] 243 31 7F 4 El ek 3 2 1% ek Branyik ef al., 2008).
SeloP AR A(FAN)E BR0] hal o efol= oA}
] F aEm, 2F WEo| FAN 327t &5 29L&
Hie, AE A Foll FFE vA W FA 0 kS 3
27|87 ko] Zo| == 7 o] %9 5hck(Schildbach, 1978).
FAN 522 A9197 g Wi sl 217t S5t
Table 4] YR QiTh Bo}& 2] FAN 5=+ 17243 mg/LZ2
LERL, AL91%) 0], FAN %527} 5.5 AF9] mioll 4 57}
3199t AFY-10 (294.24) > Sour Pitch (283.16) > 1.213
(273.67) > L240 (204.07) 2=0] 2]t} L240 S2=0] ©]at FAN
7k §olH0m 1 Rgton], Unix 3579 fAk#oR
AT AL wlaEol A §0 Aol e kst o] AT
Q= AN A Lb. amylovorus FST2.11 w527} 10| Sl protease
o] ©]5}o] FAN (Rathore et al., 2012) 2] %7} Z7}at Znjo}
AAJel oA SlAIRt o) O3 A TL W T, AP ol
X 7% E FAN 52 gt oh27) Uehtize) ol pH,
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Table 4. Free amino nitrogen concentration in souring and alcohol fermentation with different kimchi LAB strains

Condition FAN (me/L)
Sour pitch L213 L240 AFY-10
Wort 172.43 £ 0.78°
Souring 283.16 + 0.52 273.67 +0.52" 204.07 + 0.90° 29424 + 1.48"
Alcohol fermentation 109.15 +2.22° 83.84+0.39 49.04 +0.20° 75.93 +1.22%
Table 5. Correlation of sour beer properties with different kimchi LAB strains
Correlation analysis Lactic acid pH ABV Attenuation Diacetyl Maltose Maltotriose

Lactic acid 1 -0.771%* -0.721%* -0.704* -0.844%* 0.119 0.327
pH -0.771%* 1 0.918%* 0.339 0.907** -0.245 -0.572
ABV -0.721%* 0.918%** 1 0.564 0.718** 0.132 -0.832%*
Attenuation -0.704* 0.339 0.564 1 0.254 0.591* -0.561
Diacetyl -0.844** 0.907** 0.718** 0.254 1 -0.524 -0.215
Maltose 0.119 -0.245 0.132 0.591* -0.524 1 -0.590%*
Maltotriose 0.327 -0.572 -0.832%* -0.561 -0.215 -0.590* 1

*, %% Significant at p < 0.05 or p <0.001, respectively.
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A FAto] W 24 HRbel| PR v A= A o= B
o} 4] F =7 S7FE S pH (r = -0.771), Y& =4 (r
— 0.721), W E(r = -0.704), T] ORI El(r = -0.844) 2 S-0] A}
A E HAHp < 0.05). 4H9] F=7F S71slo] Yale
Lot A EUL ATt H2 fAke] AR S AslA| 2 &)
£31ch= Avke} A X5k cl(Narendranath et al., 2001; Thomas
etal., 2001). 5 ATo 4] 4047+ AFS) 22 E5to] pH 3.3 1]k
oA La-E WHAIY] S 7ot AP AlRES Hof o
SAA AAg pHO A Y& EaE HYethH oS k=
[

sEle R EAS A 4 e AoR AR g

ZEEEEELERE LR ES R R PNETE
& A A F0 TP 7] 422 Table 60 Ltehy gl
. 5
ol Y B AR 2B T P YR FIFOR

ethyl decanoate, ethyl 9-decanoate, phenethyl acetate, ethyl
laurate, phenethyl alcohol, octanoic acid, ethyl palmitate, ethyl
9-hexadecenoate, n-decanoic acid7} A== it} &3] @335}
11, Z3Fo] L}= phenethyl alcohol-2> VIPZE0] 5.072 71 =
QFt}. Phenethyl alcohol- 2 G472 W a o|& I A 271510
flolz anddiaSda S =T IFIAAEF
U= HEAcKDysvik et al., 2019). A H T G472 9G
o|% 37| Aiol S HskE vl awsty] ffste] @] H& 2
= R =2 YERYItHFig. 3). Phenethyl acetate S H| 5
6709 o LB 2 A FE TR o]F FUFSHA=T AR
of| AR&-3t f-Aibat wtFeiet Aol 51A| LR T Sour pitch @}
AFY-10 #5= L213 F522} L240 52} B] a3} ethyl

o e

decanoate 2} ethyl 9-hexadecenoate 2] A AJo] W A 0 & 1}
Elst=t| o|= Lactiplantibacillus plantarum £2] EA 02
ZA =t} Ethyl 9-decanoate 2} ethyl laurate+= Z}Z}+ Sour Pitch
o} AFY-10 50 4 WA AR 9] o) ek 540
2 eIt §4re Plslo|=, e, ol 2=, 4714k
AE 5 choret 7] 4RL BhEol i Ao B nEol
(Salmerén et al., 2015; Dongmo et al., 2016; Stefanovic et al.,
2017), 23 A1) 975 7)) Ak A ] 8- $lal
w2 gl thste] AE A on FE UL i om s
#7hg A slok & Ao ARk

chelzt 57 HA WS A|5o] PCASPLS-DA 24 27}

Color Key
Souring Alcohol Fermentation
> >
) &
Row Z-Score & éﬁ‘ K Q.L:s é‘ > » %’s
R R AN M RSV

Octanoic acid
n-Decanoic acid
Phenethyl alcohol
Phenethyl acetate
Ethyl 9-decenoate
Ethyl decanoate
Ethyl laurate
Ethyl palmitate

Ethyl 9-hexadecenoate

Fig. 3. Heat map of main volatile aroma compounds analyzed by HS-
SPME-GC-TOF/MS.

Table 6. Volatile aroma compounds of sour beer with different kimchi LAB strains in souring and alcohol fermentation

Compound RT? VIP score®
Ethyl decanoate 07:20 3.93
Ethyl 9-decanoate 08:06 2.64
Phenethyl acetate 09:56 1.48
Ethyl laurate 10:17 1.11
Phenethyl alcohol 11:17 5.07
Octanoic acid 13:18 3.68
Ethyl palmitate 15:12 1.40
Ethyl 9-hexadecenoate 15:34 2.36
n-Decanoic acid 15:42 1.36

Odor description® Identification method?

Sweet, fruity, apple, grape MS
Fruity, fatty MS

Floral, rose, sweet, fruity MS
Sweet, floral, creamy, dairy MS
Sweet, floral MS

Fatty, cheesy, brandy MS
Fruity, creamy, milky, balsamic MS
- MS

Sour, buttery MS

*RT, retention time (min:sec).

® VIP, Variable importance in projection, VIP > 1.0.

¢ Odor descriptions are based on The Good Scents Company Information System (http://www.thegoodscentscompany.com). “-

4 MS, compounds identified by MS spectra.

] =32l A Alsed Al4%
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means not reported.
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Fig. 4. PCA (A) and PLS-DA (B) of multivariate analysis of volatile
aroma compounds in souring and alcohol fermentation.
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