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Abstract

This study was conducted to manufacture a Bokbunja (Rubus coreanus) Kombucha by combining black tea liquor
with Bokbunja sugar syrup and inoculating it with an Acetobacter sp. and Lactobacillus spp. The biochemical and
antioxidant properties of the manufactured Kombucha were then investigated. Using response surface methodology
(RSM), a total of 9 combinations of Bokbunja Kombucha were made using various combination ratios. These were
then fermented to select the best antioxidant activity, acidity, and organic acid content. Fermentation was carried out
with the best Bokbunja Kombucha mixture ratio, and the experimental values were compared with the antioxidant
activity, acidity, and organic acid content of the predicted RSM values. Additionally viable cell count and total poly-
phenols were also measured. After fermentation, Bokbunja Kombucha contained acetic acid at 3,705.34 mg/100 mL,
followed by lactic acid at 117.95 mg/100 mL. The total polyphenol content increased from 480.83 pg catechin
equivalents (CE)/mL to 763.33 pg CE/mL, and the ABTS radical and DPPH radical scavenging activity decreased
from 96.12% to 89.81% and 74.05% to 46.09%, respectively.
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Joernw FHAIE A7 R sk= A
(Greenwalt et al., 2000). ==} gk A}
ZoA A 2HE, T, A9 § o
AMZE AZ o] A+E3 9 th(Watawana
Ko et al., 2017; Xia et al., 2019).

B3R AT SEAE 7] (Rubus coreanus)®] BV E
A= F=olm =, v, & 5 o8 vl &
A3l A THKwon et al., 2006). H-5-2H= <1, &, 2§, H|
B C, 714 58 PSR wol gt deH
(Pang et al.,, 1996), galic acid, tannin, quercertin 52| -
S4ES 2ol Fistar Atk BEa7F AUth(Lee, 1995;
Lee & Lee, 19935). HtAh= HERE Q8 &%= 7HH)
Hosh =g B Shal o]lmAES dod|= HoR
# A 2ATHKwon et al., 2006). =3+ BEzjo= oA &
233 2R dF¢E = 7 o]
the Bart glol A7s 3 ddd
A tHBaek et al., 2005a; Baek et al., 2005b). o] <]l =
AL BrstEEa Aot AT a4 A8 2HE-(Ra
al, 2004), E22 FE2E59] M2 AL A (Kim et
al, 2007), H-&=}e] & o]$t G IH(Chin & Park, 2013)
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BAF, TFolu 2, BEAFS 5 HEAES o] g3 o}
Gt 7 EC] NEE A th(Lee & Ahn, 2009; Yang &
Rho, 2011; Hong et al., 2012; Park et al., 2012a; Park et
al., 2012b; Ra & Kim, 2016).
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CERNER N =y
B AGgA AL T A BEA FRAe dF
Z3H 9l EZ2 8 (Gochang, Korea)ollX AlF3tom,

T2k e Adepdr nAA st ThgE
T E =

Ge T4 T2 FAH AL =(Jeonju, Korea)oll A
TR A wgo] AMEH  ZAbF(Acetobacter

pasteurianus SRCM101388)2 AT ¢l whg m A &2+
71291 (Sunchang, Korea)o|A] & dol A& 24k
go] ALgE FAbd(Danisco® VEGE 011 LYO; L.
acidophilus, L. casei, L. paracasei, L. plantarum, DuPont
de Nemours, Inc., Wilmington, DE, USA)S Fuf 5} A}
&3kt

ZAhtg wieFstr] flel ARE-RE ALA] HiA|(GYCE Agar)
o] 242 dextrose (Daejung Co., Ltd., Siiheung, Korea)
3% (w/v), yeast extract (Becton, Dickinson & Co., Frank-
lin, NJ, USA) 0.5% (w/v), CaCO, (Duksan Pure Chemicals
Co., Ltd., Ansan, Korea) 0.1% (w/v), Agar (Becton, Dickinson
& Co.) 1.5% (wh), ethanol (EtOH) 4% (w/v)°]™ EtOHS
A YA S Azxsty 1¢EA7E2 33 oS
EtOHS AHE- 21 d el A7kttt v 30°Colth.
g MFets] A% TA WAMRS Agandl 24
Lactobacilli MRS Agar (Becton, Dickinson & Co.) 7%
(w/v), nystatin (Thermo Fisher Scientific Inc., Waltham,
MA, USA) 0.01% (w/v)e] 2L vl 2=+ 30°Co| T
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X
2} T2 4L 95% (wiv) EE FH B
o A4 ¢ g =8 74 AA ] 1/473
3U7 AT AT 95% (wiv) B3F FA ol
7¥sted 10% (wiv) &2 48 "t wigu]
B2 FHAL 10% (wiv) 2 FHol doir F
7} 500 mL7t S =5 wj et 24} Akt
5.6x10"° CFU/mL, 6.7x10" CFU/mL %3t} Aket
W2 817] el 60 rppm e & A EkaL 30°Cll A 2F

o Ry

I EHEHEAH(RSM)

EEAF A ] o] H A st 2708 3] 218 Design
Expert 13 (Design Expert 13, Stat-Easy Co., Minneapolis,
MN, USA)2| Mixture designS ©]-83}4ch AdFE o
v AE S wvgow A A E W (Central Composite
Design)& AH&-aste] A8kt F5ake] SHHATE 3t
10-20% (wiv)ek E2F 5-10% (wiv)E ARt & 97H<]
AP S AAET. Btk F9A] SEHTE AR, &
714}, ABTS &tz 2AZA S AA 8T
pH, AHE, ME 9 R7I0 &

pH= pH meter (DocuClip pH Meter, Sartorius Co.,
Gottingen, Germany)E ©]-&3to] A3 oM F Atee
1082 348 A5 10 mLol| HEzgdd 84S Hrtst
o] 0.1 N NaOH & o= 2Asnt. =3t Ade =
A FHAE 0.1 mL T2 02 FHele SRTE A%
3] W (serial dilution)ol]l W} 243 & GYCE Agars}
MRS Agaroll FF3ke] 30°ColA 72417+ wigs & A+
T= SAslh

F712e JARZYA T A FE YMC-Triart C18 column
(S-5m, 12 nm, 250x4.6 mm, YMC Co., Ltd., Kyoto, Japan)
o] “&=¥ High-performance liquid chromatography (HPLC,
LC-20A series, Shimadzu Co., Kyoto, Japan)®l| =3}
40°CollA 100% ©l5’¢ 8" A (0.1% phosphoric acid)&
S8 &2 (isocratic elution)® #4315 t). &9 f&5&
I mL/min® 207+ ©]&A| 7|32 PDA %% 7|(Photodiode
Array Detector, SPD-M30A, Shimadzu Co.)Z 210 nm®j|A]

sl

& Edn= =

F E8Ee AR 01mLd 575 3.9mLe} Folin-
Ciocalteu’s phenol reagent (Junsei Chemical Co., Ltd,
Tokyo, Japan) 0.5 mLE F7}sle] 338l 52 o 20%
Na,CO, (Daejung Co.) 0.5 mLE H7}gth. 1 $ 30&
74 Ao A HESAIZIAL 725 nmoll Al FHEE SA T
ETEH=E catechin (Tokyo Chemical Industry Co., Ltd.,
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Tokyo, Japan)S ©]83}] ug catechin equivalents (CE)/mL
2 3 9= TS e

ABTS 2iC|Z 28y

7mM ABTS radical -8 <(Biosesang inc., Seongnam,
Korea)¥} 2.45mM potassium persulfate (Samchun Chemical
Co., Ltd., Seoul, Korea)5 &3 & AANA 16A17F v
A AT ABTS €98 734 nmolA §F =7t 0.7+0.027}
Hr2 233 A8 30 uLol ABTS €9 3 mLE &%
StaL el 623 NIl F T34nmol M FRHES
43

DPPH Z2jC|ZH A7{&Ek

EtOH®| DPPH (2,2-Diphenyl-1-picrylhydrazyl, Thermo
Fisher Scientific Inc.)& 83llA17]1aL oAl 5-8A17F =
%t} DPPH €42 515nmolA &3 %71 1.074£0.003°]
He2 A3t AlE 100 ploll DPPH €9 2 mLE &
star FalollA] 2087 WA $ SR EE S A

2o g og
HISHHEAMH(RSM)

Ao et HiEAke] wre o &
A=, §714h ABTS @btz ALl gk vt
Fig. 13 2t $2te] et BExte] s ot
2F FHake] Abw wstel gigk 373 AAATR)E
0.8436 (p<0.001), 714k R*2 0.7752 (p<0.001), ABTS
g A4 R2S 0.9970 (p<0.001)E AH%=, 714,
ABTS ZHZ &AZ 9 TAA AL A AT 4
=9} 712 B EYHSETE A3 A8 2F (two-

Acidity ABTS radical scavenging activity
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Vg Abert Adke A Ee] UERsth(Yang & Choi,
£ OEA 3t Azg Hi
AT EEAFS] Tt St
= 7A¥o] YERH(Seo et al., 2014)
B AT Aol YA sk AgFo] vYEbsith Ahgr]e] 7t
7} A FEF) Lol vX e o] gk Al A
7)-8gst £ aTo] {§71AF ol swst v wa
Fo] §714F ¥R T EUE(Han et al, 2010) ¥ A9}
FARE A4S UeEhE B0t it BEA FHx}e
A = SYEHS 21 TR, Bk s
S mow {olHRl ztol7t I H FEUFR AR,
714k, ABTS 2t &AZA ] AAAQ 3 279
o HH2 AAg SHER 2] TRt Akl
FTEE AR M9 HelA HAR & g HHom HF
192 $3F st B4 v FolMe B4 st
AL HH o= ) oA L T dL& HEA
o] HA vl = Ak T 10% (W), 524 &
1% (Wv)Z YePE o™ o] wjgu|e] &5 o5
ke A= 4.26%, 714t 3,679.64 mg/100 mL, ABTS &}
uZ 27184 93.68%= LERSTE
HA g ] FEHSF A S T3 TR 10% (W),
22 T 8.01% (whiv) EEAF 53] A%, #4714,
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Fig. 1. Response surface of the Bokbunja Kombucha after fermentation. (A) Response surface to acidity of the Bokbunja Kombucha
as a function of black tea concentration and Bokbunja concentration. (B) Response surface to ABTS radical scavenging activity of the
Bokbunja Kombucha as a function of black tea concentration and Bokbunja concentration. (C) Response surface to organic acid content of
the Bokbunja Kombucha as a function of black tea concentration and Bokbunja concentration.
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w of| &3tat A7k HF A (Mean difference, MD)E 7l
Abstd shw o] HdAbs 0.065, f714ke] HaERE 0.041,
ABTS &z &2AZA 9] H#ake 0.0610]th 18 EZ
A= wige] A A FE 10% (wh), BEA FE
8.01% (w/v) E-2AF T3] AR fFAFsH

SEE2X 28X BN HEH(pH, Atz At 2 C’7[*[-)
HA w2 Az 5EA &

pHe} 4t=e] WM3l= Fig 29F 2 2443

o4 W3lE= Fig 39} 7LE} Z2F wavt XJ?‘SBHUW

0.06%°] A& *Ptﬂ

400%7} A 4.

S FA4H FHaste] 79X Hoﬂ 1=

AL WA e¥skrh. o]

M7t F7FsPEA pHYF tha A
ATh ukHo g Ak A WU JyPEEA A
= 714t acetic acidZ Q13 =7t EOkA| AL pHF oF

7+ s @]l HAEH B AR U E o] &3t

21 %25 e AT H(Bang et al, 2020) WE7F QP

A AAE fr1ake g Qg ATt ek pHYF s

Aoz el Tth(Bang et al, 2020). A4 49

e dadhs JHE YEsth o8 A4S 1B

oF & &3 g4z Fd EA tig Aol #EH

21,
o Wik AHAN V) o8 JYhe) 4,
pH, At% 59 I8 S o] W3R e Yehhe 2R
5 5
4F b4
< 3r 13
X
>
5 T
< 2t 42
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—e— Acidity
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0 2 4 6 8 10 12 14

Fermentation time (days)

Fig. 2. Changes in pH and acidity of Bokbunja Kombucha
during fermentation for 14 days at 30°C.
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HAE h(Shin et al., 2017).
B3 S5 0 {714k 2E A g § dske
Table 29} o} &g A B8 FHE2 U {714k g
L Jactic acid, acetic acid, oxalic acid =22 WA qH
Uy S 24bre xAbEE=R 2ld|] acetic acid7b
3,70534 mg/100 mLE 7} =%F3L lactic acid= 117.95
mg/100 mLe] &S vty &9 5312 wE F5
2ol gHrElo] e F714F FellA acetic acid94 aako]
71 =2 M (Jayabalan et al., 2007), S22} F
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Table 2. Changes in organic acid contents in Bokbunja
Kombucha

L mg/100 mL of sample
Organic acid
0 day 14 day
Oxalic acid 33.49+1.12 77.86+3.31"
Lactic acid 174314317 117.95+12.33
Acetic acid 40.38+0.73 3,705.34+249.11"
Total 248.18+2.62 3,907.15+234.39™

Values are mean+SD. Means having the stars are highly significantly
different (p<0.001).

—@— Acetobacter
—O— Lactobacillus

Viable cell counts
(Log CFU/mL)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fermentation time (days)

Fig. 3. Microbial growth of acetobacter and lactobacillus during
the Bokbunja Kombucha fermentation for 14 days at 30°C.

Table 1. Post analysis confirmation table of the Bokbunja Kombucha with 10% (w/v) concentration of black tea and 8.09% (w/v)

concentration of Bokbunja.

Analysis Predicted Mean Data Mean Standard Deviation R?
Acidity (%) 4.26086 4 +0.02 0.8436
ABTS (%) 93.6768 89.81 +0.84 0.997
Organic acid (mg/100 mL) 3679.64 3,907.15 +234.39 0.7752
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Fig. 4. Changes in total polyphenol contents of the Bokbunja
Kombucha before and after fermentation. Error bars are SD of
the Mean. The stars indicate a highly significant difference as
revealed by a Tukey test (»<0.001).
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Fig. 5. Changes in the ABTS radical scavenging activity of the
Bokbunja Kombucha before and after fermentation. Error bars
are SD of the Mean. The stars indicate a highly significant
difference as revealed by a Tukey test (»p<0.001).

& Mumper, 2010). E-582} FH 2o g Az & % =
2uE o] Wk Fig 49k 2k 2a A Bea g1
2 & ZgEE IS 480.83 ug CE/mLelw 28 &

ol 76333 ug CE/mLE Z7}519 e}

EE2 FRAe] wrad wE kst g4 Wil
ABTS, DPPH &tz 42784 23N E 56 =43 24
3} 717} Fig. 5, Fig. 69F 2tk B&AF 5312 ABTS

Oz 2AGHS HE A 96.12%004 L&

gol 7k on DPPH &tz A =3k g A
74.05%04 AT & 46.09%= Ao A

FrAREE 7 eko] YElgtTh 2 ArolA B &
;a_ﬂ]h—_ aﬂ-ako] Z7]—o}§ [e) 1,]_ 6]—)\}—§]_ 3A] o]
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SCOBY®| =&|s}e4 5= aikst &4l

fin) r:L
ot
r2 ol

43} '}ﬂégji

80

k%

60

40t

DPPH assay scavenging activity(%)

0 14

Fermentation time (days)

Fig. 6. Changes in the DPPH radical scavenging activity of the
Bokbunja Kombucha before and after fermentation. Error bars
are SD of the Mean. The stars indicate a highly significant difference
as revealed by a Tukey test (»p<0.001).

(Amarasinghe et al., 2018)¢} z}o} &, B2 Az FH
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% tH(Ahmed et al., 2020).
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