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A2 Az R TH

1. 48 A=

HoAqte] AFg% 2% SCOBY(Slown, Seoul, Korea; Fermentaholics, Cle
arwater, USA), 52Ho}F4E], Gunpo, Korea), &xHo]st3d A7}, Gangjin, Kore
a), A(CJ ALAD, Seoul, Korea) B Al FH-AH(oFgldeteo] B, Nonsan, K
orea)v =2kl PHAS EE Fulekdith FE-AF Az AMEE "I A
(BD Difco, Sparks, USA), u]A] Azl AF8-% YM, agar, peptone, yeast ext
ract % agar(BD Difco, Sparks, USA), “12]3l calcium carbonate(Sigma-Aldr

ich, St. Louis, USA)¥= +938te] AFg3}%t).
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Table 1. preparation conditions of kombucha samples

Samples of kombucha

Ingredient(%) SCR oK
Green tea 0.66 0.66
Black tea 0.34 0.34

Sucrose 2.5 2.5
Fructose 2.5 2.5
Dextrose 5.0 5.0
SCOBY - 2.72
Starter culture 10 10
Strain inoculation 1 colony per 5 mL -

All concentrations are expressed as % (w/v), except for starter culture,
which is expressed as % (v/v). SCK: Starter culture kombucha, SK: SC
OBY kombucha.



(1) SCOBYE o]&3std A= F52 W A5 vjd=9 £

SCOBYE o]&sto] Alx3 FHA2FY mAdzs 29387 93 2a @A
FHAF AIEE EEE YM agar, 241 GYP agar®t YGC agarell 77 =2

otk T 30Tl Hl 96413, ZAEE 30Tl i 120413F 52t
Eloll A i 1

AEE #59 G714 <ES Macrogen(Gwangju, Korea)ol 2] slo] F26}%1
b, &REE 26S ribosomal RNA®S] $7|A44d 4S8 oFsiglon, ikt

16S ribosomal RNA 9714 BAS =8 HA3s1% )
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10 mL
g & 0.1 N NaOH=

Adatel opef Aom FAEmE FAFarlvr14,21).

AR E NzOH x 0.006 X NaOHfactor(F)
N5 (g)

A= (W V%) =

x0.006 : 0.1IN NaOH &9 1 mLeol 3f33}= acetic

= A (Master-M, ATAGO, Japan)Z o] &3}
ZF2 DNSH(22)& o] &3t FH8t. A5 1 mLel
03+ HE T YAA Y. o] %

LN T

Rkl

% pH meter(pH-240L, ISTEK, Korea)E A}-&-35}
Fslar A A2k 1% phenolpthalein &<

—é—ﬂ‘ _quo}oq }\H]Q “Q‘*l

9FS- acetic

x 100 x 3Aul4=

acid %

%439

o,
1 mL

=2 u

DNS A] ¢k

PN
%%‘T 3 mLE ¥

= & BAF5=A2 Genesys 20 spectrophotometer(Thermo Fisher Scientifi

c, Waltham, USA)E o]-&3}e] 546 nmolA] =A st}



A e = AMAA(CR-400 chroma meter, Osaka, Japan)S AF83}% 3L, Hunter
A A el wEl Lgk(WE, brightness), a#t(A A%, redness), bat(FA %=,

yellowness) 2. & YEFATH23).

T E B4FE=AQ Genesys 20 spectrophotometer(Thermo Fisher
Scientific, Waltham, USA)2] 600 nm 3ol A &3 %=(Optical Density, OD)Z

SAsta Mg Wl 7Al s=o Ax= ARSI TH22).

(5) #HAA}

SHAAE AN o, AEyE #FE 23e FRxE 20MS fgw HA s

74 Awdel wek WEAE SR AW BRI AFCHILetoln AD

7} 2o Aldk(sourness), ©%(sweetness), M (color), ¥r2F7H(carbonation)
2 AA el 7] % (total preference) o, zt & 7

3|
vl wi-g- F=A4 &S, 7R dHxzated HlE wg- EF5)E ol&ste] Hrkskalth
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Table 2. Morphological characteristics of yeast and bacteria isolated from

traditional kombucha during fermentation

Morphological chracteristics

Strain No. -
Size Colour Shape Texture
] Glossy
Y-1 Medium cream oval
+ Lustrous
Y-2 small white round+ oval smooth
Y-3 small cream oval smooth
) Glossy
Y-4 Medium cream round+ oval
+ Lustrous
Y-5 Medium cream round+ oval Glossy
A-1 small Translucent oval smooth
A-2 small Translucent round+ oval smooth
Translucent
A-3 small . . oval smooth
+ Brownish margin
A-4 small cream round smooth
A-5 small cream round smooth
A-6 small cream oval smooth

_’Iz_



Table 3. Characteristics of yeast and bacteria isolated from Traditional

Kombucha during Fermentation

Strain No. Media Dominant stage
Early stage: +++
Y-1 YM Middle stage: +
Late stage: +
Early stage: -
Y-2 YM Mid stage: +
Late stage: +++
Early stage: -
Y-3 YM Mid stage: ++
Late stage: ++
Early stage: +++
Y-4 YM Mid stage: -
Late stage: ++
Early stage: +++
Y-5 YM Mid stage: -
Late stage: +
Early stage: -
A-1 GYP Mid stage: +
Late stage: +
Early stage: +++
A-2 YGC Mid stage: -
Late stage: -
Early stage: ++
A-3 YGC Mid stage: ++
Late stage: -
Early stage: +
A-4 GYP Mid stage: -
Late stage: +++
Early stage: -
A-5 GYP Mid stage: -
Late stage: +++
Early stage: +++
A-6 GYP Mid stage: +
N\ Late stage: +

Fermentation—-stage appearance was classified into three levels (+ to
+++), based on strain-specific isolation proportions (=60%, 30-59%, and

<30%).
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Table 4. List of yeast and bacteria identification results of yeast and
bacteria isolated from traditional Kombucha during fermentation based on

26S, 16S rRNA gene analysis

Strain . ) Similarity Accession

No. Identified species %) No.

Y-1 Brettanomyces bruxellensis 100 NG_055124.1
Y-2 Dekkera bruxellensis 100 AM850055.1
Y-3 Starmerella vitis 94.63 MN319575.1
Y-4 Zygosaccharomyces bisporus 99.7 NG_058447.1
Y-5 Zygosaccharomyces parabailii 95 CP019493.1
A-1 Acetobacter senegalensis 99.78 HG424424.1
A-2 Acetobacter tropicalis 99.78 NR_036881.1
A-3 Gluconobacter potus 99.8 NR_181154.1
A-4 Komagataerbacter intermedius 99.9 NR_113394.1
A-5 Komagataerbacter rhaeticus 99.85 LC108743.1
A-6 Komagataeirbacter saccharivorans 100 NR_108135.1
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2) SCOBYE o]&sto] Ax3 FHAe 2ady T nde =4

il

T F9 SCOBYE ol&sto] Azt FHxke] g #AAA Yevs &8
2 x5kt 73S Species—level taxonomic composition®.2 2435 2™ (2
2), 71 A%+ Fig. 1% Fig. 2¢F 2o 79g SCOBY(Slown, Seoul, Korea)&
of-gste] A3 FHake] Ha A HAE L WIS B4 A9, Ta
Z71(3Y 2ol = Brettanomyces bruxellensis?’t 7V4 =& v &S 2A| 3] ¢

AFoz YA}, o} St Lygosaccharomyces parabailii, Zygosaccharo

ey

myces bisporus, Gluconobacter potus 2 Komagataeibacter intermedius
o] 37 @%Qﬂ g x7)os gk gRFE FAoR 3 £ FAo] 3

=
e AEs 1tk g =7)(6Y 2Pl s Brettanomyces bruxellensis®)

3|
8o wa %7] UM A3 WwA Gluconobacter potus AZ= H|&ES F7}sf
ATk o] A= F FRbo] IFEH HAlE Yy FAo] deEstEReH, B
rettanomyces bruxellensis 9+ Gluconobacter potus’} $-A3t+= &3 F+F2=
Ay = o] el @wa $r|(128 3Pl 819 tdAdel bl 718t

WA v ABE FAo] AT, o] WA= Brettanomyces bruxellensis
7} 7FE =e v8&E JEigow, 1 tre- 02 Komagataeibacter intermedius,

Zygosaccharomyces bisporus X Zvgosaccharomyces parabailii s=2.% YE}

3#, Fufdl SCOBY(Fermentaholics, Clearwater, USA)S o]&3lo] A %3k
FHAke] g HAHoA mAE F WskE A A9 da x7](3Y

Komagataeibacter saccharivorans?} 7V =& Hl&& AAsto] ¢-HFo® 9
1At ole} A Acetobacter tropicalis’y A% FAEEO ¥aE ZV|HEH %
At FAe I TEE A4 540 Ustd. 2a S716Y b= Ea
Z7lok @] BRVF FdstiA ] el SUkekslh o dAleIM = Dekk

?

era bruxellensis, Starmerella vitis, Acetobacter senegalensis, Acetobacter

tropicalis 2 Komagataeibacter saccharivorans® % 5Z&o°] HE=% o], ax 9}

ZAhto]l FET HAY v AR HdBEAr Ta $rj(129abels D



ekkera bruxellensis, Acetobacter senegalensis % Komagataeibacter rhaetic
us7b A HE2 HE5Ho 394 (co-dominant) 7&2E& FAsItE. 1 99
Komagataeibacter saccharivorans$} Starmerella vitis7} % ©]o]

53| Komagataeibacter 2> $-7] ha @AM E 8 3 FAAYSE 74
He= Ao R Yerwth

Landis 5(27)°] w2, shotgun metagenomic sequencings &-83Fo] 5
2 vy Aol nAE FRS BAS Ay, a¥Ql Zygosaccharomyces bispo
rus’t Brettanomyces bruxellensis®l| H& ojdoz A% £w=r7t =gtha
B uskgith. 38k Njieukam 5(28)2 Acetobacter tropicalis’7} & %7] &

ol wt AZ=HE WA Komagataeibacter 58 719 RE AF Al HNA HAE=H S

Komagataeibacter 4:0] WA o g HE% = WHH  Acetobacter tropicalisv=

™
Z7]0RtE RlE A}, o= 2w

g Aol whe} gR el EAkto] s H YA
oz & FHat S4o FRA wE VAL A FEAN 54AL A
Abgch
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<¥]
[~

0%

Early stage(Day 3) Middle stage(Day 6) Late stage(Day 12)
B Brettanomyces bruxellensis Zygosaccharomyces bisporus

B Zygosaccharomyces parabailii B Gluconobacter potus

Komagataeibacter intermedius

Fig. 1. Species—level taxonomic composition of yeast and bacterial commu
nities in traditional kombucha during fermentation, including a commerciall
y available Slown SCOBY product. Early stage(Day 3), Middle stage(Day
6), and Late stage(Day 12) represent the early, mid, and late stages of fe

rmentation, respectively.
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£
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Early stage(Day 3) Middle stage(Day 6) Late stage(Day 12)
® Deklkera bruxellensis = Starmerella vitis
m Acetobacter senegalensis B Acetobacter tropicalis
Komagataeibacter rhaeticus = Komagataeibacter saccharivorans

Fig. 2. Species-level taxonomic composition of yeast and bacterial commu
nities in traditional kombucha during fermentation, including a commerciall
y available Fermentaholics SCOBY product. Early stage(Day 3), Middle stag
e(Day 6), and Late stage(Day 12) represent the early, mid, and late stage

s of fermentation, respectively
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1) pH € F4t%

T 58oA pHeE AAAMNEE AT F4& Uede T8 AxelH =
, AR A ol @ A 2Akato]l A SHE 1A #Ee] ivk(14).
55 99 HE(single inoculation)dr FH-He] Ta 548 vlastr] 93 p
H 3 F4t=8 543 43 Fig. 3, Fig. 4% 2o 85 455 95 AT F
F-2ke] pHE 2.83-3.92 W2 detston, 5 %]
(p<0.05). ©| = Brettanomyces bruxellensis®} Dekkera bruxellensis I+t
pH 3.922 7} %2 @& Yebdd wd &
0.07-0.14% W W& F5& Hlom, 3 1 oAl Aole #EHA
FATHP>0.05). olHe A= &% 95 g Al {71 Aol AFA oz o
S AAMEI, ERVF TR 43S dgo dodtte dd Ao Baie)
FrARE g 54 YERATH17,29).

g, 2t #FE O AT 3549 pHE 2.41-3.20 HeE 2R

29 ks vERle, o5 1 fo3 zelvk gy

(p<0.05). &3] Gluconobacter potus ©++ pH 2.41% 7}& ¥ 7S e
o FAEE ZAME #7004 0.66-1.55% WE YERY &R el w3
< Fee Bilow, a5 b 7oA Aol7b 1 ATHP<0.05). ©] F Glucon

obacter potus ¥+ FAE 1.556%% 7M & #S Yeld & A4
A

du &
2
Y,

l‘JLI

se
R

Hir

of Hlal -3 4F A THE R E3t Komagataeibacter intermedius
+ 9 8 =9 W& pHO 1.2% o139 & TS vER o,
At e g oA Bl H2 A AEES Bk
A g HAHANA Gluconobacter 2 Komagataeibacter
&

3l F7IA AAEE Frdte A Ao Bast
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0.5
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As At Gp Ki Kr Ks

Yeast Strain Bacteria

Fig. 3. Changes in pH according to fermentation day by strains isolated
from traditionally fermented kombucha. Bb, Brettanomyces bruxellensis;
Db, Dekkera bruxellensis;, Sv, Starmerella vitis;, Zb, Zygosaccharomyces
bisporus, Zp, Zygosaccharomyces parabailii; As, Acetobacter senegalensis;
At, Acetobacter tropicalis; Gp, Gluconobacter potus, Ki, Komagataeibacter
intermedius; Kr, Komagataeibacter rhaeticus;, Ks, Komagataeibacter
saccharivorans. Different superscript letters indicate significant difference

by Duncan‘s test (p<0.05).
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Fig. 4. Changes in total acidity according to fermentation day by strains i
solated from traditionally fermented kombucha. Bb, Brettanomyces bruxell
ensis;, Db, Dekkera bruxellensis; Sv, Starmerella vitis, 7b, Zygosaccharom
yces bisporus; 7p, Zygosaccharomyces parabailii; As, Acetobacter senegal
ensis, At, Acetobacter tropicalis; Gp, Gluconobacter potus, Ki, Komagataer
bacter intermedius; Kr, Komagataeibacter rhaeticus; Ks, Komagataeibacter
saccharivorans. Different superscript letters indicate significant difference

by Duncan's test (p<0.05).
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Fig. 5. Changes in °Brix according to fermentation day by strains isolated
from traditionally fermented kombucha. Bb, Brettanomyces bruxellensis’
Db, Dekkera bruxellensis;, Sv, Starmerella vitis;, Zb, Zygosaccharomyces
bisporus, Zp, Zygosaccharomyces parabailii; As, Acetobacter senegalensis;
At, Acetobacter tropicalis; Gp, Gluconobacter potus, Ki, Komagataeibacter
intermedius; Kr, Komagataeibacter rhaeticus;, Ks, Komagataeibacter
saccharivorans. Different superscript letters indicate significant difference

by Duncan's test (p<0.05).
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Fig. 6. Changes in reducing sugar according to fermentation day by strain
s isolated from traditionally fermented kombucha. Bb, Brettanomyces brux
ellensis; Db, Dekkera bruxellensis, Sv, Starmerella vitis, Zb, Zygosaccharo
myces bisporus; 7p, Zygosaccharomyces parabailii; As, Acetobacter seneg
alensis; At, Acetobacter tropicalis;, Gp, Gluconobacter potus; Ki, Komagata
erbacter intermedius; Kr, Komagataeibacter rhaeticus, Ks, Komagataeibact
er saccharivorans. Different superscript letters indicate significant differen

ce by Duncan's test (p<0.05).
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Fig. 7. Changes in L*, a*x and b* values according to fermentation day by
strains isolated from traditionally fermented kombucha. Bb, Brettanomyces
bruxellensis; Db, Dekkera bruxellensis;, Sv, Starmerella vitis, 7Zb, Zygosacc
haromyces bisporus; 7p, Zygosaccharomyces parabailii; As, Acetobacter s
enegalensis, At, Acetobacter tropicalis;, Gp, Gluconobacter potus;, Ki, Kom
agataeibacter intermedius, Kr, Komagataeibacter rhaeticus; Ks, Komagatae
ibacter saccharivorans. Different superscript letters indicate significant diff

erence by Duncan's test (p<0.05).
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Table 5. Sensory properties of kombucha fermented by different starters

Strain Sourness Sweetness Color Carbonation prengrtghce
Bb 2.31£1.10* 3.31£2.19* 4.19£1.36* 2.56+£1.00° 3.69%+1.62°
Db 2.19£1.19* 4,31£1.22* 3.94+1.02* 2.81£1.19* 3.31%1.22°
Sv 1.81+£1.00° 3.06%+1.21* 3.94%+1.02* 2.56*+1.45* 3.06+1.32°
Zb 2.44+£1.35* 3.69£1.91* 4.06+£1.08* 2.44+1.55* 3.31+1.49°
Zp 4.44+0.82° 2.94+1.70° 4.06+1.47* 3.44+1.05° 3.94+1.32°
As 4.44+1.68™ 4.56+1.29* 4.444+1.18" 3.1941.00° 5.06%1.15"
At 5.56+1.68™ 3,19+£1.56" 4.69+2.02* 3.19+1.46* 4.44+1.95°
Gp 5.19£1.85° 2.94+£1.97* 4.44+1.29* 3.94+£1.66° 4.06+1.21°
Ki 2.19£1.25* 4.31£1.33* 3.94+1.52* 2.69+1.62* 3.69+1.33°
Kr 3.44+1.40" 4.314£1.33* 4.69+1.44* 2.56%0.82% 4.44+1.40°
Ks 3.06+1.27"  4.814+1.13* 4.4441.12*° 2.944+1.52% 4.44+1.45"

Means followed by different lowercase letters within the same column ind
icate significant differences (p < 0.05). Bb: Brettanomyces bruxellensis, D
b: Dekkera bruxellensis, Sv. Starmerella vitis, Zb: Zygosaccharomyces bis
porus, /p: Zygosaccharomyces parabailii, As: Acetobacter senegalensis, A
t: Acetobacter tropicalis, Gp: Gluconobacter potus, Ki: Komagataeibacter 1
ntermedius, Kr: Komagataeibacter rhaeticus, Ks: Komagataeibacter saccha

rivorans
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Fig. 9. Changes of pH, total acid contents during 12 days of fermentaion
by isolated Yeast and bacteria from traditional kombucha. A: Brettanomyc
es bruxellensis, Dekkera bruxellensis, Starmerella vitis, Zygosaccharomyce
s bisporus, Zygosaccharomyces parabailii, Acetobacter senegalensis, Koma
gataeibacter intermedius, Komagataeibacter rhaeticus, Komagataeibacter sa
ccharivorans, B: Brettanomyces bruxellensis, Starmerella vitis, Zygosaccha
romyces parabailif2), Acetobacter senegalensis(2), Acetobacter tropicalis,
Gluconobacter potus, Komagataeibacter intermedius, Komagataeibacter rha
eticus, C: Brettanomyces bruxellensis, Dekkera bruxellensis, Starmerella v
itis, Zygosaccharomyces bisporus, Zygosaccharomyces parabailii, Acetobac
ter senegalensis, Acetobacter tropicalis, Gluconobacter potus, Komagataerb
acter intermedius, Komagataeibacter rhaeticus, Komagataeibacter sacchari
vorans. S: SCOBY(Slown, Seoul, Korea).Different superscript letters indica

te significant difference by Duncan‘s test (p<0.05).
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Fig. 10. Changes of pH, total acid contents during 12 days of fermentaion
by isolated Yeast and bacteria from traditional kombucha. A: Brettanomyc
es bruxellensis, Dekkera bruxellensis, Starmerella vitis, Zygosaccharomyce
s bisporus, Zygosaccharomyces parabailil, Acetobacter senegalensis, Koma
gataerbacter intermedius, Komagataeibacter rhaeticus, Komagataeibacter sa
ccharivorans, B: Brettanomyces bruxellensis, Starmerella vitis, Zygosaccha
romyces parabailif2), Acetobacter senegalensis(2), Acetobacter tropicalis,
Gluconobacter potus, Komagataeibacter intermedius, Komagataeibacter rha
eticus, C: Brettanomyces bruxellensis, Dekkera bruxellensis, Starmerella v
itis, Zygosaccharomyces bisporus, Zyvgosaccharomyces parabailii, Acetobac
ter senegalensis, Acetobacter tropicalis, Gluconobacter potus, Komagataerb
acter intermedius, Komagataeibacter rhaeticus, Komagataeibacter sacchari
vorans. S: SCOBY(Slown, Seoul, Korea).Different superscript letters indica

te significant difference by Duncan‘s test (p<0.05).
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Fig. 11. Changes of °Brix contents during 12 days of fermentaion by isola
ted Yeast and bacteria from traditional kombucha. A: Brettanomyces brux
ellensis, Dekkera bruxellensis, Starmerella vitis, Zygosaccharomyces bispo
rus, Zygosaccharomyces parabailil, Acetobacter senegalensis, Komagataeib
acter intermedius, Komagataeibacter rhaeticus, Komagataeibacter sacchari
vorans, B: Brettanomyces bruxellensis, Starmerella vitis, Zygosaccharomyc
es parabailif2), Acetobacter senegalensis(2), Acetobacter tropicalis, Gluco
nobacter potus, Komagataeibacter intermedius, Komagataeibacter rhaeticu
s, Ct Brettanomyces bruxellensis, Dekkera bruxellensis, Starmerella vitis,
Zygosaccharomyces bisporus, Zygosaccharomyces parabailii, Acetobacter s
enegalensis, Acetobacter tropicalis, Gluconobacter potus, Komagataeibacte
r intermedius, Komagataeibacter rhaeticus, Komagataeibacter saccharivora
ns. S: SCOBY(Slown, Seoul, Korea).Different superscript letters indicate si

gnificant difference by Duncan'‘s test (p<0.05).
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Table 6. Sensory properties of kombucha fermented with scoby and mix

starters

Total

Sample Sourness Sweetness Color Carbonation preference

A 3.75+1.74* 5.45+1.19° 5.05+1.19° 3.00£1.49* 4.35+1.42%
B 3.80+1.70" 3.45+1.28" 5.00+1.30* 3.50+1.54* 3.70+1.38?
C 4.45+1.36° 4.80+1.47° 4.80+1.36* 3.80+1.64* 4.80+1.61°

S 3.50£1.7*  3.55%1.19* 4.60£1.35* 3.30£1.49* 3.45%1.36°

A: Brettanomyces bruxellensis, Dekkera bruxellensis, Starmerella vitis, 2y
gosaccharomyces bisporus, Zygosaccharomyces parabailii, Acetobacter sen
egalensis, Komagataeibacter intermedius, Komagataeibacter rhaeticus, Kom
agataeibacter saccharivorans, B: Brettanomyces bruxellensis, Starmerella
vitis, Zygosaccharomyces parabailil?2), Acetobacter senegalensis(2), Aceto
bacter tropicalis, Gluconobacter potus, Komagataeibacter intermedius, Kom
agataerbacter rhaeticus, C:. Brettanomyces bruxellensis, Dekkera bruxellen
sis, Starmerella vitis, Zygosaccharomyces bisporus, Zygosaccharomyces p
arabailii, Acetobacter senegalensis, Acetobacter tropicalis, Gluconobacter p
otus, Komagataeibacter intermedius, Komagataeibacter rhaeticus, Komagat
aeibacter saccharivorans. S: SCOBY(Slown, Seoul, Korea).Different supers

cript letters indicate significant difference by Duncan's test (p<0.05).
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