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Abstract

In this study, kombucha was prepared by adding 0%,

25%, 50%, 75%, and 100% of Orostachys japonicus as a nat-

ural functional source to broaden its usage and obtain valuable data for fermented beverage research. The kombu-
cha’s pH and sugar content decreased during the fermentation period, but its acidity level increased during the same
period. Additionally, its L value increased after decreasing, its a value decreased after increasing, its b value con-
tinued to increase, and its sugar reduction increased and then decreased. In the sensory characteristic strength eval-
uation, its color, fermented odor, and sour taste became stronger, but its sweetness became less. As a result of
preference evaluation, fragrance and swallowing capability stood the highest in the 25% addition group, color and
taste were the highest in the 50% addition group, and overall preference was highest in the 50% addition group.
Total flavonoids, total polyphenols, DPPH, ABTS radical scavenging ability, and reducing power increased until the
third day of the experiment and decreased afterward. Therefore, the study determined that fermenting kombucha
with 50% Orostachys japonicus extract for 9 days would increase its quality characteristics and provide the most

palatability.
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FZHFES} AYFERE oA, 2 5 S5k o
o] gk} Aluko] Us S8 E Algd R0 ZATA HE
o &3] dojA= AT E S Fo|thDufresne & Farnworth,
2000; Kim et al, 2008). LukaQ] ZRp= F3h} =3}
T 2 A FEHo) AFS WL ARG ZAFAE o]

&3] BEAT]= s EO|A N
A, TFet A5 e DEAAE Hrbste M2 Ax W
o] A3E 7 YTHKim et al., 2020). T2 W& 7]
A FAEE EEARyu et al., 2021), A Woo et al.,
2021), 713 (Watawana et al., 2015), @%52(Sun et al.,
2015) 5°] Jow, FAFAE ©]&3 FHH(Woo et al.,
2021), #Z2/0 WE FE 3} Malbasa et al, 2011) S0]
Ak F=olA fFEES A2aF A A =Y, =&
2~ gotzglgl & MA Aol H 3= ) th(Jayabalan et
al, 2014). FH=ke] 7|52 E Ats), &<, Fd9F
(Rollan & Taillandier, 2019) 7FH| X X & (Bhattacharya et al.,
2011), & A& (Bhattacharya et al., 2016), &d3=(Zubaidah
et al,, 2019a), = %Eﬂ’\Eﬂi 7‘5:(Yang et al., 2009) &
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w453 AhKim et al, 2020)

F Bz}l o) sk FAlo] o}

\::
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EtHLim et al,, 2017). S5 712 24 AHE
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o] $th(Lee et al., 2009). Fatty acid ester¥, flavonoidF,
triterpenoidF sterol i 2 aromatic acidF 52 T} A

I S 2L de AR HAEY glow, 3
2+3H(Lee et al, 2009), ¥(Yoon et al., 2009), <+
(Kwon & Han, 2004), &% 3(Jung et al, 2016), 315t
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S5k of2 2021 8ol oF HA o
T AL st ARSI oS Al &
AZAZ7](MCFD 8508, Ilshin Bio Base, Yangju, Korea)
A7 &t AAZR A7, 9 A 7](HMF-32608S,
Hanil, Seoul, Korea)Z ##|3}3 30 meshZ |3l E&-&

—40°C Y50 B3ty o] &A= 9 Lactobacillus

plantarum EMKO1, Lactobacillus sakei EMKO02, Lactobacillus
paracasei EMKO3, Lactobacillus casei, EMKO04, Lactobacillus
brevis EMKO5, Leuconostoc mesenteroides EMKO06, Bacillus
subtilis EMKO7, Saccharomyces cerevisiae EMK082] 8714
MAEZ FAE FHX} F(Tea ferment seed, Biotech,
Nonsan, Korea), “d®(White sugar, CJ Cheiljedang Co.,
Incheon, Korea)2 A|5-ollA] F&tAt). ksl A g AL
8t 22-diphenyl-1-picrylhydrazyl (DPPH), Folin & Cioclateau
59 A2 Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA)S] AIFES ALGaIon], 1 9] Aok 152 A5t
%

SR M=
-‘—Hi}i’/] A Z+= Woo et al. (2021)2] Ax=WHS 3
3, o] o M AES AX wgHE&S Table 134
1-3}913} ol FEE Alxe o5 B2 200 & 2L
& %‘—57_ o] 5 A (BEIBMQT, LG, Seoul, Korea)o| 4] 5T2
ZHEF 100-110°C) 7FE e & A Fste] ARSI
A Z 3 9]'%: FEES A FZF dHl 0%, 25%, 50%,
75%, 100% H&= T2l Hrtetslon, 3 A'S
Hi g Hlgol| gA] Ejtelal 2% & FRA TS HUtet
Gtk 2 F wl7I(MCO-175, SANYO, Osaka, Japan)ol
A 26°CE a3 0, 3, 6, 9, 120 AF s Th

C
=

FHALY] pH, A=, B ARE FHSaL e & &
S22 pH meter (PB-30, Sartorius, Gottingen,
Germany)Z 33] #HE SA39 0 A4 A== A8 1mL
o slexedl §dS H7FSHAL 0.1N NaOH §oe=
2 A 5led acetic acid (%, ww)E AT e G
Al(PAL-1, ATAGO Co., Tokyo, Japan)E A}-&-stod 33] Wk

Stk 2t A2 HAakd EFAAE e

AN =X
—1-L o
SR AMrE= AT A (CR-310, Minolta Co., Osaka,

Japan)E AFM&-3lod Lt(lightness, 8 =), a%t(redness, 244
), bak(yellowness, A=) A% Zhs- 33] wheE 743}

som Fa FEAAE el o] w) AHSS 2E

Table 1. Composition of fermented beverages using Orostachys japonicus extracts

Ingredients (g)

Concentration of Orostachys japonicus

0% 25% 50% 75% 100%
Orostachys japonicus extract” 0 125 250 375 500
Water 500 375 250 125 0
Kombucha starter 1 1 1 1 1
Sugar 50 50 50 50 50

YOrostachys japonicus extract: about 1% Orostachys japonicus content.
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Wl A F(standard plate)e] L, a, b #2322 93.72, -0.15,
3.7401%]t}.

BHele 54
FHake] U FS  DNSH (dinitrosalicylic  acid) .2

Summer (1925)¢] WS ol-&3std F7GsAtt. 343 Al
299 1mLe] DNS Al¢F 3mLE Y3 water bath (WBT-
10, Jeong Bio Tech., Incheon, Korea)oll A 5%7F &3l
om, o Ws & FHATh 575 mellA FHE
(T60UV, PG Instruments, Wibtoft, England)E 33] W&

O

AstF o, glucose ETETAS o] &3 FAT T

re

Zste] W FFUAE YR SAT

2T}
Bt SRS HEIYS ABA 1092
A=

o
AL AAFEE-S A(Color), F(Flavor), BH(Taste), =97
(Swallowing), HH¥F8 9] 7] 3 %= (Overall palatability)°l] th3}
o o}F Fr}h: 97, ol vt 10 R ATt 54 7
9] B} 22 M (Color), L& F(Fermented odor), A5t
(Sour taste), TBH(Sweet taste), EH4k(Carbonated flavor)E
ol ZFattt: 94, ofF ofatrh: 1o R Btk BE A
e 37 A deRRE 2r)sien, AEH e
S et A2 esldA S I (SMWU-
2203-HR-010) 2 7ol wh2} AP35t

= 2 Folin-Ciocalte™
Swain & Hillis (1959)°] WH-& o] &8t F4 s o
AFAE gk & ALkst

pud

gallic acidE XFEAZ 3}

ATk A5 150 uLell F/F 2,400 pLek 2N Folin-
Ciocalteau &9 50 uL= 7}ake] wrbalsd s, 357 A =) A|
Z1 % 1N sodium carbonate(Na,CO,) 300 uLE 7}l
2 % oA 2417 BAAZ F 725 mmellA FEE
(T60UV, PG Instruments)E Z43IH k. AdL 33 wh&
SAs o Haak 2FEAAE YeERA AT

= ZoigL0|E g2k =X

o =

1o
o FHAe] & SThEol= TS DavisHs
=3l o

i oo
% b ob

H, $5T=

rutin (Sigma Co.)& AHE-sted A& A& 3k & AALtst
ok A2 1mLel 90% diethylene glycol 10 mL<} 1N
NaOH 1mLE 7}3}3, 1A17F 59 37°Ce] water bath
(WBT-10, Jeong Bio Tech.)oll4] ¥F&-gF ¥ 420 nmol|A] &
BEE ST AFL 33Y vy S on Ht

P

st EEUAR eI

DPPH radical 274 &4 =4

o} FH-2te] DPPH (2,2-diphenyl-1-picrylhydrzyl) radical
o thak AANPHLS Blois (1958)2] Wil wat =4 sk
o 843k AJE 9 990 uLell DPPH solution (1.5 x 107 M)
330 uLg 7heka kst 5 302 7+ bAoA WA sk
517 nmell A 3528 33 wkE SAsilom Haga &

Fuz eyl

DPPH radical scavenging activity (%)
= (1 — sample absorbance/control absorbance) x 100

ABTS radical 2~ &4 =4

o}% FFAFS] ABTS radical 274 &/ Re et al
(1999)°] WHS Wy st AstTh 7.0 mM ABTS (2,2-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)$} 2.45 mM
potassium persulfates =393t ABTS solutiong A 33}
3 12-16A17F A RWESAIA ABTS radical (ABTSY) 2343
Al At Radicalo] AFH €82 F3% o] 734 nmol| A
0.70£0.027} ¥ == PBS buffer2 3439t ABTS
solution 900 uL3+ A& 100 LS E3H3HAL 734 nmoll
A FREE ST & 48 HEEE FAES
a3, AYE 33 wHE SAsilon Haptd FEUAR

e it

ABTS radical scavenging activity (%)
= (1 — sample absorbance/control absorbance) x 100

Reducing power &

kb FH2te] Reducing powers Oyaizu (1986)2] 3
S o] &3te] AT A1EY 25mLol 02M ALHE
F 9H3A|(pH 6.6) 2.5 mLS} 1% A8l 25 2.5 mLE
Zkzy SRl aL, o] EFES 50°C] water bath (WBT-
10, Jeong Bio Tech.)oll 207+ WES-AIH T o719l 10%
trichloroacetic acid 2.5 mLE F7}sle] E¢3t, 459
S5mL, 554 5mL, 0.1% ferric choloride 1 mLE %
700 oA EFEE Ao 2 7S FTFEOD)
#Ho = Yepidnt A4S 33 vhE A s o Wit
I FFAERE VERY AT

SAXE

FAAX 2= SPSS X = 13 (Statisical Analysis Program,
version 25, IBM Co., Amonk, NY, USA)S o] &3 H+
H EFUEAE AT ol HE5S flste] 44
B X E4HEA] (One-way ANOVA) o] 48] X224 (Two-
way ANOVAYS AAEH o, feldo] e AF AE
HZ0 2 t5H%4 % (Duncan’s multiple range testys 4
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Al 8 BH(p<0.05).
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pHS| st

ofF FEF H7F F5%9 pH 23+ Fig. 19 YeRd
Atk H7rF e pH 548 A, dF FE= ol
F7FETE pHE HolAlE AEES BEAtp<0.001). =&
717ke]] WE pHE thEato] 08AF 744004 1293} 4.53
o7 Ao, A7 08 AF 4.53-4.99904 12U}
3.99-4.18% F-2]H o7 7443 th(p<0.001). 9 H7F &
AIA(Kim et al., 2018)= <% =2 0% H7F Al 9.58, 5%
A7F A 6.122 7HAskA AL, A (Lee & Jin, 2018)9 14 %
ok F2 0% 7T A 633, 100% J7F Al 4472 A
e AFS B ok FEES pHE SHIAS W
4612 S+ FEEC H7PF 7] pHY il ¥
FAT AzZtE 28F2 M7 FE2KSun et al,
2015)°1A = 092k pH 4.00004 1292} pH 2.90% 743}
AL, ATEL 7 FH2H(Watawana et al., 2015)914E
0¥} pH 5.00-5.500014 743} 4.10-5.002 7+HAskTh. 4k
HEAEE o] &g TEAE S (Kim & Choi, 2011)0lA]
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Fig. 1. Changes in pH, acidity, ‘brix and reducing sugar content of Orostachys japonicus kombucha during fermentation for 12 days

at 26°C.
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o) T3S FHIH(Woo et al., 2021) oIME L& F8
A 2083 0.13-023%2 F7tete AFS HAT
snake fruit FFH FHEAANE 0L} 0.35-0.57%0A 14
AF 1.52-1.72%2 S718ke AdFE ol 2 Aok A
gk 7 gFo] el

o} A =
Atk H7bg e d= 58 A, % FEE IF
5t i il
FE Fago] 7
% S Byt
(p<0.001). Wy 7|7k I GEE g 2aoA] & xjo) 7}
9.40-9.97°Brixol| A 12
Ao 7 723 THp<0.001). &4
‘I"EE-/] %Ei =439S Wl 0.90°Brix® 27| Y= %t
o] Afolo| HJFe FURS & T UNTE FHA TH
M A xxFd BFo R gi ksl sh AlgtEth
(Xia et al., 2019). Zﬂl 3o e wgrt JyEM
#asked ole 54 714k JHE g2~ 9 o
ARHES A dAF A R E AlEe] S 9
oF B¢ o2 ARE-E 7] wFo|TtH(Zubaidah et al., 2019b).
47}A] snake fruit EFS 3718 T35 XH(Zubaidah et al.,
20199l & RE EFo] 093} 13.30-14.08°Brixoll A 14
A=} 12.43-12.97°Brix® FAste AE¢S Bt m3+
Z937 FAY EFHEE FHEXH(Woo et al., 2021)ol4=
g A 10°Brixoll A 208 F H25Ed 7074 30 H]
& AE7F 3.00°Brix% o™ 5252 3057 70 WS
AlE7}F 6.40°Brix7t el 7] Hateh fab 5o E3tE
o] A= BFe 2ol HE tirtel] FEFFS AT 51
th & FE2E AV FRAIME oS AA Y] FF =
do] Y-S R FFE Fol BE Hhsol 2olE F

o
[e:

o 1'.1

ol R

1%= AR FAdTh
(p<0.001). L& 7|7t W} % 023} 0.14-0.24%°]
A1 9Y Al 14.13-16.48%2 S7Fat o m o] Sofl = 7HAaEkal

Hp<0.001). LG GFFo} 01%%94 Aol v g
IR AGES A 229, A F Wold Fol] xFET
(Kim et al.,, 2007). Lee et al. (2022)‘:‘: pellicle=} I &Fl
S ZEFEHE ARS FHRAE ¥ae 43, $9S BT

o=

4

=
449 1, BATE peliled AT A SF0 571
o} gaseE Mele AEE ATE 47 2K

54 2 ksle 251

527-5.76%% % }ékt— A7t Yk, arvt Avs
Aoz F3ljste] s ALkgo] AH|EHT A7)
o AP TE= %ﬂé‘} ZAow AY7IE) 535
I fArey E3H & FFH(Woo et al., 2021)94 =
& SAA FTHE} ol Fole 2adte 4TS B
ok e g 9 s Foll A E o8| EHE
22 Qlete] FopA|thrt a vt X EHA mA = §
%;ﬂ. _8_7]/\]- HLE-J 7]%13 o]_Q_E]U:]}q 7]—/\51‘—— 7—]
gdHA Q E]-(Klm et al., 2011; Gil et al., 2016). <}
RRAAE AR B0 ST
ke A%l vEhdk w:au} R ES
o] A

HHN' 2

oL,

lo
Nv o2 rob 3@ AT 12 Moo o

oEFE2E A ' Fol 043} ol TS FAT
AARIL 12U = 9% FE2F H71Eo] BS4E U8
SlHA o] oz Wol o] &H Tty AETH

(Kim et al., 2011).

- —
ok FEE F7F TR Ak A= Fig 201 UE
AT Arhel WE AE 23 AW, 9E Lghe F5
]

< s i"jv}(p<o 001). && 7]7+
o] 0=} 69.53904 12¥€3} 66412
Zasgon, 7S 08 A 65.79-68.82%0 A1 9 =}
56.13-62.382 7+AstAtb 129 3tol| ThA] 2718t A E
S EAhp<0.001). A3 L FHFXH(Watawana et al.,
2015)9 4= a7 A= o) T3 = AA7F YEbs AL,
atel #FE 7Po}ME = Y] nAdE Hd
AA o] Bl = 97 oy, Al BRI =
HE 3tgES] TF vhgol Fxlxo] Mo =S &
Agthar 4 A o] dEo) o) Mxe] FFS FUS
7Fs/do] UTkaL skt

NG azkd 7ol et 042t = H7bEe] A
o7} AA] RUTHIF 3UA} o] H7bFol] whek %8— e
HAHp<0.001). g 7|7kl mpebA] 2t 0
NA 1293} 1247 7HAEEa, HAVMEe 0%_‘;1}01] 1.26-
134904 39x}ol] 1.44-3.062.2 Z713l90m, 6]
B ke o] ZAske] 12910 021-1.749] e B
TH(p<0.001).
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Fig. 2. Hunter color values of Orostachys japonicus kombucha during fermentation for 12 days at 26°C.

Table 2. Sensory evaluation of Orostachys japonicus kombucha

Concentration of Orostachys japonicus

F-value
0% 25% 50% 75% 100%
Color 4.50+1.72 5.10£1.29 5.200.40 5.00+1.49 4.60+1.43 0.541
Flavor 530£0.95%  620£1.40°  5.80+1.14®  4.80£0.92%  4.00+2.00° 413"
accc‘:;izg:ﬁiy Taste 5.0040.82°  5.60£1.17°  6.50£1.18  4.70+0.95°  3.40+2.07° 722"
Swallowing 580£1.87°  6.10£1.10°  5.60:097°  4.90:0.88  3.60+1.58" 5.58™
Overall acceptance ~ 5.30+0.82°  6.00£0.47  6.40+0.70°  4.60+1.066  2.30£0.82¢  42.07"
Color intensity 2.80£0.79°  3.50£0.53°  4.5040.53  520£0.79"  6.00£0.67°  36.65"
Characteristic ~ Off flavor 3.00£1.00° 4104074  5.30+0.95  6.40£0.97°  7.40£0.97°  34.57"
intensity rating  Sour taste 1.50£0.53  2.80£0.63"  320+£0.63°  4.10:0.57°  430£048°  38.79™"
Sweet taste 720£0.63°  6.40£0.52  5.60+0.52°  5.00£047°  420+£0.63*  44.10™

DAll values are mean+S.D. (n=10).

DValues with different small letters (a-e) within a row differ significantly by Duncan's multiple range test (p<0.05).

ok

INS: Not significant, “p<0.01, *p<0.001.

e RAth(p<0.001). Ta 717k A= U2 #

91591 Aol 7} LhehbA] @29k, H7h2ol M E 024 341-

7489041 3U =} 10.29-18.830.2 FA M 27890 o
Fole dukslA 2718k 12939 13.93-21.269] 7S

HITHp<0.001). Lee et al. (2009)°14 <15 & F=
S AZRANA A=E A3 A3 L3k 98.22, azk2 0.04,

bake 366010, ShEdel Sz PAe P 2w -
293} Sehrwo|me) e JE o] Wo| Sojglo] 9 =

FEE A7h FERAN WA wek agro] B

| st
% 328
deR g s

A 4,50, 3F 5.30, Bt 5.00,

5300193 7Y BL AE4E

behe Z7H8HE Aot ekl Az,

=

A7F SR #5H7F A= Table 29
Hte 7lzxst B4 Ax HuF dE5o
2 Uy A 71s = B3rF 2 gz e 37t

297 5.80, ZurAo] 7

25% FH7REAIA B p<
0.01) 6.20, 37 (p<0.001) 6.103} 50% Z7}olA A
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