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Abstract In this study, tomato kombucha was produced by combining a tomato fermented extract
containing green tea with a lactic acid fermented extract derived from banana, followed by
fermentation and maturation. The aim was to investigate its physicochemical properties and
biological activities to assess its potential as a functional food material. Physicochemical analysis
revealed that tomato kombucha contained 4.5 °Brix of soluble solids, a pH of 3.12, and a total
acidity of 3.02%. The organic acid composition and total polyphenol content were higher than those
of the individual tomato fermented extract and banana lactic acid fermented extract, indicating that
mixed fermentation enhanced the levels of bioactive compounds. Antioxidant activity was confirmed
through multiple assays. Tomato kombucha exhibited stronger DPPH radical scavenging activity
than other groups, over 85% ABTS™ scavenging activity, reducing power comparable to positive
controls, and more than 90% hydrogen peroxide scavenging activity. In addition, it demonstrated
high tyrosinase inhibitory activity. Cellular experiments using 3T3-L1 preadipocytes revealed that
tomato kombucha suppressed lipid accumulation during differentiation without cytotoxic effects.
These findings indicate that tomato kombucha possesses antioxidant, tyrosinase inhibitory, and
anti-adipogenic properties, supporting its potential as a promising functional beverage and food
ingredient.
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AfetolA 28

B3¥5t9] Acetobacter, Gluconobacter,

F52Hkombucha)] et Fef= DA AR ot oF 7| 9H 22087F F
HQlth= 71E0] 9low, AA(Camellia sinensis)S AET
Komagataeibacter 53} 2+ oA|EAL BHE||2]oR} Saccharomyces, Zygosaccharomyces, Schizosaccharomyces
23 22 gar = W7l R 270|th(De Roos?t De Vuyst, 2018; Lee 5, 2022; Teoh 5,
2004; Villarreal-Soto 5, 2018; Zou 5, 2021). Z82}19] vt u|PEL F7 XAy aRE 4
A LoV, T ol TR F3A U w82 Ao 30%el 020 = AckMarsh 5,
2014). FHA}F @gof #ost= F8 FAFC R = Leuconostoc, Lactobacillus, Lactococcus 0]
Z3HEthBogdan 5, 2018). FHA] FQ Al AR R SFE4E, oA EAL ofghgo] glom,
o|ejol = HIElR, ofw]i4l, B A, EFHlE, HYT A714F 50l Urh(Abaci 5, 2022). o]t A&
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Physicochemical properties and bioactivities of tomato kombucha

SO SAsh A8, MK BT, G5 a3, 8% SYLHE
W Y A 5 R AEshY A1 2 Bl ot
(Woo 5, 2021). et eko] Mg A7t gA7te) Bas

Hg20] YAt BHE eS| 23ste] pH FHE, 714
94 T A A4S 2T 4 508, ol AEY| A

71848 A3A AT BAlo| I (over-fermentation) E
o]AJdtf (abnormal fermentation)@} Z-2 W] AHAMZQl HFg &
& ks 8 8R10& 28T 4= QItK(Chaluvadi 5,
2024; Cohen %, 2023; Sievers 5, 1995; Sinamo &, 2022).
Z| 2 olet ZAIA 7ﬂ/\1 st7] 918l Tegel A= thAst
o] 74, ZHJ- A", &7 5 5 718E E&otAY TR 7]
e TStk A9 et FRA Al Aol AIRbE AL 9l
TH(Anantachoke 5, 2023; de Melo Pereira 5, 2020; Fabricio
5, 2023; Gangakhedkar 5, 2025; Gustaw 5, 2021; Haug
5, 2007; Verstrepen 5, 2004). £5] LS 71t FHRA=

Pt ot gtat Eoulsk S, e TaTHYS
ol G 9 5 HITt 7154 aTE de 5 Ao
(Anantachoke 5, 2023; Lee &, 2022). o|A ¥ o}t 714
gHget F2Ajol diet A7 WAET Slont B ARt o
oot 272 SAo] B8 B AR FHAC) AFeHE 54
o ARjgo] Bk QA7 ojde) RET Aol et )
o B Gt F2 A HNF, BB 5L UL A
83 W0 W] grovl, SAkF AN ¥R - &
g 34 714e 483 AL ofd e Wolrksu 5,
2023).

EnEE A AANA 7P g2 AvlEE AR Tefet 7}
EE o]t} Edjuliso] FHaEo] glon, FAket 540 K
Z QA AgS o= A, 1L ofdd, Fejet 22 mvlEy
H]ElFlo] Z-ES|tH(Beckles, 2012; Tyssandier 5, 2004). Eu0f
Eof giElo] Sl tloret AlRlRy BAS2 I8 Folut 3
Absh 28, ARG o, QA 9 54 oA T, TAAEE
7] s, W 24, A% A ot GIh BREol 9l
(Engelhard -5, 2006; Friedman, 2002; Rao, 2002; Silaste 5,
2007; Yim 5, 2020). o|&|st Q-=3F AoFsta 7lAjo = B+
ok, EnfEE G R go] wot nldE 29 FoFstaL
A% 71700] Bot #2 A3} FH2 4¥Elol YoiLim 5,
2018). ol 4] B5H B2 ol 71s4E F4)

she 2ulH5o] Z7helo] e, Etzo] tebet $8 7K
ol g o] ol UekYim 5, 2020). olo] we} Ent

2 987 15 I A7t 2] ARET Qow, WA
M Fa9 22 SRR € AN 5 245 A8
#2 4%l = AgolrhLim 5, 2018). T, E0HE
37100 B GEE L 2l 51 Kim 50010

o EviEe] 9ag wa 2700 4 ol 54 4 Eo}
E ppaze] EAEHS ZARIHOH, Lim S018)2 Eof

=z
ZA
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E Ao Fus 9 STt 0|t 3 ¥olel DPPH
gz a4 24, ke #4942 59l EREE o83t 7
9 M 7Fs S Eskoith B3 Yim 5(2020)2 EFLE
N3E A ZSHL o]9f 0|38t BT} in vitro’F] AL
o-glucosidase A 443 AAE £} oA L4 &elst
AUt Lee 5(2018)2 24 FX 5 o83t EVLE A%x9 3
ASt B4, et 84 9 3T3-L1 AWAFLAZE o]-&3F o
24 Eﬂ—‘i iﬂf‘f}oﬂq Jey o]2j3t A3 e iR o
APE| o, &3 Yae= A= oE 1A
J«] *o‘ix—}%a Bl AR S T T BEE/dE A
7;1 AHA UFol=, 3 B P FFA| Enf
83 A= ofd Harg v A9 gith(Champagne
5, 2010 Villarreal-Soto 5, 2018).

2 AFolMe 24P ES fARERE At o5 S
13 FFA A LEE 5T, 718 FEA

TS SAo) AT 4= Qe A 2T BES AA|GET

=

F

S~
i

ot} E3] EnfgEs}F AU ZE3} 712 E| 0] Tl Zalus 4
g, E]J_ Bz df 7|dE AREE vhu dEde] |714k

tt tiAREO] TR0 B4 7| FRAA = B
J_Q7~1 A2 A= A Hd 7Fs4o] 71t e th(Beckles,
2012; Budiari 5, 2019; Su 5, 2023; Tyssandier 5, 2004).
olo] wef, & Aol g gl B VAR BB E
whE ERAE A2 F old olsfebd SAT AYRAL
TRbomA, ENkE 7)d BYUE BHA RS At 7124
55 AAStA} gt

)[1

2. g % diH

2.1. dgiig 2 Alef

Aol A AFSE A EntEE BARFAA] A oA

XH‘j‘H% 22 FHsHaL, 70 °Brix AR} 5L GFofo) A4
E=(Gunpo, Korea)oﬂf\i A AuE AzxH AES Y5t
/V\j,— =2t 71 ASEE BATOlA AEE Ae Fofisto]
4eCof A ¥ HJ*OP“W Alm =2 ANESHATE Hiuu At |
FURS HBzNM AT 3T3-LI ALALAIZ
(CL-173)= American Type Culture Collection (Manassas,
VA, USA)O. 2R E Hofdtol ARE5I3ITE. DMEM, bovine
serum, fetal bovine serum> Gibco BRL (Grand Island, NY,
USA)ollA Fofsiaict. AHHESka-= A]2FQ] rosiglitazone (ROS),
dexamethasone (DEX), 3-isobutyl-methylxanthine (IBMX), Oil
Red O solution, formaldehyde, isopropanol 5 Sigma-
Aldrich (St. Louis, MO, USA)o|A F+¢]5}to] ARE5ITE. A=l
A B8 9Jgt L-tyrosine, mushroom tyrosinase, hydrogen
trichloroacetic acid, KsFe (CN)g 2,2’-azino-bis

peroxide,
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(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium
peroxodisulfate, dibutylated hydroxytoluene, a-tocopherol, a,
o'-diphenyl-B-picrylhydrazine (DPPH), peroxidase, quercetin,
citric acid, malic acid, succinic acid, lactic acid, acetic acid=
Sigma-AldrichAK(St. Louis, MO, USA) A& AREoIiTh
Hydrogen peroxide, gallic acid= Junsei Chemical (Tokyo,

Tapan)ollA 3%t

2.2. A8 o

EntE A z2E AR Y3t #+5F &% Saccharomyces
cerevisiae KSH-Y 1410298} At Acetobacter pasteurianus
DUI17-YSAC12 &A% (Cheongdo, Korea)olAl HEFQL
t}. S. cerevisine KSH-Y141029+= YM broth (BD, Franklin
Lakes, NJ, USA)O[| A 30°C, AR F5tATt. A. pasteurianus
DU17-YSAC12 0.5% yeast extract (BD), 0.5% glucose
(Sigma-Aldrich Co.), 1% glycerin (Daejung, Siheung, Korea),
0.02% MgSO, (Daejung, Siheung, Korea), and 3% ethanol
(Daejung, Siheung, Korea)S &315l0] A 23t YEG brotho]|A]
30°C, 120 rpm 2.2 HFsIGh Bt fAPE R ARE A
2 Lactobacillus plantarum KSH-1406 22 MRS broth (BD)
oAl 37°CollA AR e F5= 7 viR]o] &3}
AA Fo & FEsch

2.3. EOte ZZAf HIE

EnlE A2L A8 dR(Lee 5 2013)0] RTF AR 9
ol wjek AEAATCH, # ATNME F712 7} /178 W
sto] IR E FYoIA. A, ENEE AT & EXE A
Akl 247t F 30% (wiv) FFo] HeE FA¢R 34t
3 A 598 FU1ele] 13 °Brix (w/v)E Hoc 1
T =3 7FE 0.5% (wv)E ST 13 ¢FEE R ©
oAl S. cerevisiae (5%, vIv)E EUIE &350 AEEZ FF
QT 30°CoflA| 447 AAE RS ¥ dart Ul
EUtE 33ES 80 mesh2 oj 5l 23} 2AM ¥HE THA|o] A
A. pasteurianus (10%, v/vY& FZs}9] 30°C, 120 rpmOj|A] 14
Q71 Wit 24 B B F 80 mesh ofatict
A EON Tl Wit 94 ML 65 Brix whiit
%29 (Comax International Co., Seoul, Korea)& 5 ©°Brix
WVE 34 & =2 7S 0.5% (wiv) F7HE o @A
Az 8t L. plantarum KSH-1406 (10%, v/v)S HZ5}a]
37°Col| A 244171 vjFsto] A Z5kGinh EVIE S5k Bt
E Az FATE 5%2 2% & fAF da YTt 31:69
S22 Taslel Aol 38 B9t LaSASle] EolE 33

7 AN Azt EvbE 420} vhht 41 LEUA

o
=2
&3 vl AED B8 ABAE D e 208
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2 Ao Agstel AAA 7540 71T B
Forg Aesiol Ausigon o] ArlEe A
W wsle] BRA A% A QebHow AgEE $Ee 7
Teto] ST o)F ARe Evie EBRA WKL),
319% S Erbe SAONFT) 2 69% T vhih 41 W
ONFD)E AR AHE BT

24 &k, pH, Ftt F&

FrE ZF AR 300 pLE FEA(Atago Pocket PAL-3,
Atago Co., Tokyo, Japan)o] a4 =75} °Brix® H#7]|5}
At pHE= pH meter (pH-200L, iSTEK Co., Seoul, Korea)Z
ZAslg00], SAEL 0.1 N NaOH 894 ol&sjo] pH}
8.30] & wj7}A] HA3tAL, acetic acid?] FoZ AALSFATE

2.5. gitref 2y 5&
2.5.1. DPPH radical 2H &M =d

DPPH radical &7 42 Blois(1958) H'H<S o]-835}3ith.
7+ A& 1 mLE 4 mM DPPH solution 3 mL9} &85} 305
7t G40 A H-3-A]A UV/Vis-spectrophotometer (SpectraMax
Plus 384, Molecular Device, San Jose, CA, USA)ZE 517 nm
A SLEE &5t Positive controlZ 0.1% butylated
hydroxytoluene (BHT)2} 0.1% o-tocopherols ARE-5I3tt.
272 A= Al ofgke 1 mLE ©]-85t%11 DPPH radical 4
A S5 2ol gt 8T HAHEE HAISHIH.

2.5.2. ABTS™ radical 2H &4 =4

ABTS™ radical &4 &AL Biglari 5(2008)29] H'HS HY
sto] =439ty 7.4 mM ABTS®} 2.6 mM potassium
peroxodisulfate®} E95F & AL QFAoA 16A|7F B9 HHS-
AN AT} 0|3 ABTS £HE 734 nmojA] 0.70+0.019] 4%
7t HEE SRTE 2SI ABTS 89 3.9 mLa}t 2t A
2 0.1 mL2 vortexing 5 AL QA 1057+ R34
t}. ¥h-3o] B & UV/Vis-spectrophotometero| A 734 nm=Z
275190t YEEL AR A S84 ol8alol gzl
et S4=9] ZAHEE YEeRTh

2.5.3. Reducing power &%

UL Yildirim 5(2001)9] WS Wt 7k A=
1 mL3} 0.2 M phosphate buffer (pH 6.6) 2.5 mL2} 1% KsFe
(CN)s (w/v) 2.5 mLE E3 &, 50°Co]A] 3027t HHEAIZ
t}. o]& HMHI} 10% trichloroacetic acid (w/v) 2.5 mLE
7K 3,000 rpm, 108 RAESISIT, 1 mLo] 4130
of £%4 1 mLY} 0.1% FeCl; (w/v) 2 mLE A7Fsko] 700
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ol SHEES Z45teAck

2.5.4. Hydrogen peroxide 24 &4 =4

H,0, £27] 242 Miiler (1958)9] ®Hol wheh S45HAT
ZF A& 100 pLof 35% hydrogen peroxide 20 pLE A7)}
37°Col A 5E7F ¥HAIHT BHS § 1.25 mM ABTS A|2Fa}
1 unit/mL peroxidaseS Z+Z} 30 uLE &350} 37°Co)A] 10
B B AA T BEgo] £ T UV/Vis-spectrophotometer
£ o|&sto] 405 nmz FFEE S5

2.6. Tyrosinase Xfoff 24 =&

Tyrosinase A3} 42 Chend} Kubo (2002)9] ®HS ¥
goto] 2451t ZF Al& 20 uLe 50 mM phosphate buffer
(pH 6.5) 230 pLe} 220 unit/mL mushroom tyrosinase 10 pL,
2.5 mM L-tyrosine 40 pL& &3}5l0] 37°ColA 30827t HHe-
AlZIt}h. 1 & UV/Vis-spectrophotometerE 0]-85}0] 450 nm
2 TP EE =45l Positive controlZ 0.1% kojic acid
(wivyE Attt R AR 4l SFFE o]8sto
dxto] et SEE AAHER YET

2.7. E50/HEs ¥ 522 0/E BE 5E

&2 ¥s IS Folin-Ciocalteu JHof w} S4 5kl
(Gao 5, 2000). Z+ A& 0.1 mLe &5 84 mL, 2 N
Folin-Ciocalteu €% 0.5 mLE &3}5}1 20% Na,CO; 1 mL
S Wistel 247 WA Mol B T UVIVis
spectrophotometero| A 725 nmZ =435} tt. EEIAL
gallic acidE 0|83l mg GAE/LZ A4t}

ZETHE 0|t SIS Abdel-Hameed (2009)9] HIHE& H
golo] =434 ZF Al& 0.5 mLe} 10% diethylene glycol
5 mL¥} 3 % | N NaOH 0.5 mLE H7}s}9it}. 0% 37°C
oA 1AZF B¢t WA HREo] Ed ¥ UV/Vis-
spectrophotometer® 420 nmoj|A SZ =& 245194t #&
FAE querceting ©]-85t0] mg QE/LE SHitst3iTt.

2.8. 1L B3 FF

714 AL ZF A|2E 0.45 pm membrane filter2 LE|
sto] ARgstATE f714F 242 high-performance  liquid
chromatography (Shimadzu Co. Model Prominence, Kyoto,
Japan)E &5t S4sAtt. {714t £2l= PL Hi-Plex H
column (7.7 x 300 mm, Agilent Co., Santa Clara, CA, USA)
= A& 65°CollA ST ol e/ 5 mM H:S0.5
AREFT FYFS 20 ul, R4-2 0.6 mUmin© 2 A5}
G-A5FA ). Detector= SPD-20A UV/VIS DetectorS AE-5}

3!, Z+ §7]AK(citric acid, malic acid, succinic acid, lactic
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acid, acetic acid)?} QA B} WAL 2t BEEA HEEA
23t vl wste] ghlshel.

2.9. 313-L1 HAXEHE Hief & Z=f

3T3-L1 HAFAIAZE 10% bovine serum 373t DMEM
£ A}83ta] 37°C, 5% CO, incubator (SCA-165DS, ASTEC
Co., Ltd., Fukuoka, Japan)oll A 2ujch Ao wfeFaeict. A
FAEAEE 100% confluenceo] E2a W71A] wjokst 3 2
uM ROS, 1 pM DEX 0.5 mM IBMX, 10 pg/mL 2 10% fetal
bovine serum (FBS)S E3sl= DMEMCl &£35} S wix|E
297 A3l 10% FBS 10 pg/mL& E$F5k= DMEMOZ
WAF & 29 7+ Higsigich olF 10% FBSE Z{olh=
DMEMZ Agsto] #3t g Ngstelon 29t} #ijA&
WA AT APAEES] Z3} oA A ERlst] s AR
3} 2 717 5% 2 AlRE ARSIt AR sEURE
ol £Ust & & SRS &fote] sEEE A x5

2.10. SRB assaylf 9/5t ME=ZL FXT

EulE 2B} HEEAL SRB assayS AFLato] Wrtet
A oh(Vichai¥} Kirtikara, 2006). 3T3-L1 ATA|LAZE 2x10*
cells/wello] H=E 96 well plateo] 53t tF-2 24417 B9
37°C, 5% CO, incubator (SCA-165DS, ASTEC Co., Ltd.)°]
A sttt olF AlRE TR ATsto] 4847F Rt
HiFat A, HE3ol £ & A AASIAL 12% TCAE A
7Fstod 4°Col A 1AI7t B3t AlZE T7A1712L ZF wellS Al
SHATE ZF wello]l 0.4% SRB &2 718kl oAl 1A17E
M5 1% acetic acidZ FAo] T wellS AAsH &
10 mM Tris buffer2 M2 F4E SRBE =ojHjo] J5aS
96 well plate®l] €7]1. UV/Vis-spectrophotometer2 540 nm
oA FFEE S45I3E Control 9] & 7|0 = WiR
&5 A4S

2.11. Oil Red O staining %' ZEf5IE 2IE

3T3-L1 AFAYA| Z= 6-well plateo] Hjfsto] Al A=
9 B35} 67} 2= ¥ § phosphate-buffered saline (PBS)Z
A& & 4% formaldehyde 802 147t &<t vh-gslo] 14
st 25452 AAsHT 1A E A EE= 60% isopropanolS
0]-g3f AZ3t 0.5% Oil Red O EHOZ FMA7] 5 S/
2 33] A&sta st @n]3(BX53, Olympus Optical Co.,
Lid., Tokyo, Japany& AFg3lo] 2008e] &2 TaHic, o]
Al W 28-S AFst7] s dAE A2l 60% isopropanol
AloFE 7kt Al W gAE Oil Red OF 8314171
UV/Vis-spectrophotometerE 0]-8-5}0] 540 nm IOl A S35
=5 45kt
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2.12. 54 X8 25 &

AHAE 2ol S 9 ZF A 7S A3t T triglyceride kit
(Abcam Inc., Cambridge, UK)E ©]-83to] S4 A TS
SAsH. A A 23 R 71 5t 74 AlRE AR
ANPAES AT PBSZ AHSHLh 5% NP40 89 1
mLo]| N|ZE AdEreta FAS)5FATE 1 & water bathof|A]
100°C, 587+ HHs] 7kEet & A-LoA PZrAIZ{Hh o] 74
< WHEsto] Az U SRS &) &SiAxl - &diE
A7 E YAE2]7](Micro 17TR, Hanil Science Industrial Co.,
Ltd., Incheon, Korea)E ©]-85}0] 17,000 rpmO.Z 25 591
Qunelsiol 284 24 AL A5AE Aol A
22 A5 96-well plateo] AE9 S HE SRS
Z¥Z+ 50 uLA E33}31 cholesterol esterase 2 pLE #7}510]
Ao 2087 BREAIF T §hE SRFHo  triglyceride
reaction mix 50 pLA &35t & Al.20fA 1A)7F ¥FSA|H T
WGl B % FHE 570 nmol4 S4elol FHE B kit
2 EZo] wg} mmol/LZE AASILE.

2.13. &4 A=/

AY A3k= 33 vHE AP B9 =&t Hed 2
HA= meantSD P40 & YR o], FAEAS Window
£ SAS T2 IZH(SAS 9.4 version, SAS Institute Inc., Cary,
NC, USA)E olgsio] Saaiaict 18 7+ o)y 7L
one-way ANOVAE A A3t & Duncan T 977 (Duncan’s
multiple range test) ©|-&5to] =3t HE A {2
B p<0.05 52014 AT
3. dut & uH
3.1. 8%, pH % SiE

EntES o83t A9 B, pH Y SAES 24T 2
= Table 19 YERHC) FT, FD 9 KLO| g & )
°Brix, 4.2 °Brix 9 4.5 °Brix2 YWERGtH 13y Z+ & 719
$ol4el sk ShRIEA) Qstch pHE| A 27 305, 351
4 3122 gRIFUT FDolA FoJH 02 & $AE BT

r
)
N
N
o M

(p<0.05). FT, FD ¥ KL9| F4te= ZH2F 2.93%, 0.85% 2
3.02%2 FDOJA] @A X}o]& K rhp<0.05). FDE T&
AEE v 5508 5 °BrixE 5)4jsto] Ua 7| AR ARR
oM, 27] o|stekAQl 2/ zto]ofjA Fo] Gl AoR
goE T Wu 5(2023)2 Fu-brick tea kombucha®] ¥ a 113
oA pH7} ZrAota S TR Autdog Frlet ot
YE 7|7l M= AIHCR FAastylon, AR F7]4R A
3 AR 718t 3 Fracte FE Bof ofet ¥skrt
g F ABEY Ao 7|Qlst Aoz Aottt nEt
A, KLZ FTS FDE E35to] 4% 208 430l A]
AR ARBEE] At dojgAY EFVHS Bl 0|58t
A ¥sp7t dojk AoF Atz Het

3.2. 77/ BtEf

EntE F5A9] §714F 24 A3k= Table 29+ 2t} FTY
B714F SHRS LA 89.86 mg%, SAIAE 19.52 mg%, OFA|E
Al 941.53 mg%=E Q1= QIth FDE FA4K83.81 mg%), <&
A14H28.99 mg%), 214H332.80 mg%), OHIEAK1.91 mg%)S
SHRohe Ao YEtTE KLY Ak, &414L ZAl I oA
EARS ZFZF 20531 mg%, 11.22 mg%, 36226 mg% %
1,279.66 mg%= UEFHTE o] AtolA mjAE BHel A
O = 26 R o AN} sAl4bo] F7ksh, WA 7Y 9
BRATOE {74 240 AHEE & = EAsld
(Chidi 5, 2018; Kim 5, 2021). T3t A4S G2 7|d=&
olgs] ZAild %A 5 HARIES S (Mazzoli 5,
2014). ¢ Yo7} AA2 mFHARZ AR= ¥FE ERY F
AR FAE 5 om, AR fARE] Qe Zito s A
g 4 9Itf(Masino &, 2008). Chen S(2013)2 Shanxi
aged vinegar= &/ TAOA A4, oMM EAL, AAbo] F7F
st 202 gRlEglon, olzfet Mk Ua 9 &4 I
A HAES HAREEol Qs FAE AR HISHTh
Acetobacter®] AR 5 &AARS TCA 322 AHYE o]
AFsHA tiAto] o] &E|o] sAlito] ZHATE 4= Qla1 W E
Ao] Z7}18t 4= Qltk(Feng 5, 2023; Wei 5, 2023). & ¢
Ao A HAAS AlQletal BE §714ARE A 2= KL

Table 1. Physicochemical properties (sugar content, pH, total acidity) of tomato kombucha

Sample Sugar content (°Brix) pH Total acidity (%)
FTV 4.00+0.307" 3.05+0.25° 2.93+0.11°
FD 4.20+0.20° 3.51£0.15° 0.85+0.02°
KL 4.50+0.30° 3.12+0.03° 3.02+0.06*

DFT, 31% tomato fermented extract; FD, 69% banana lactic fermented extract; KL, tomato kombucha.

PAll values are meantSD (n=3).

Means with different superscript letters (**) in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

https://www.ekosfop.or.kr
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Table 2. Organic acid contents of tomato kombucha

Sample Contents (mg%)

Citric acid Malic acid Succinic acid Lactic acid Acetic acid
FT" 89.86+4.332" ND¥ 19.52+1.06 ND 941.53+1.29"
FD 83.81%1.70° ND 28.99+0.73* 332.80+10.66" 1.91£0.04¢
KL 205.31+1.58° ND 11.2240.57° 362.26+9.43" 1279.66+15.44%

YFT, 31% tomato fermented extract; FD, 69% banana lactic fermented extract; KL, tomato kombucha.

PAll values are meantSD (n=3).

Means with different superscript letters (*°) in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

YND, not detected.
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34151 mg QE/LOE YUehtod, ZZ8 =9 A FT9
FDETH §94 02 =2 3HFg HTh(p<0.05). oA Aol
A ZHE Rl AR E B9l HeAd e kgl fov]
oVﬂ 7R AS gelston, ololE At daES
7o o5 FELHE TFol SV A= YNt (Jungd}
Oh, 2022; Won 5, 2024). Lee®} Yi (2023)= 7Y A4S A
71 FRA7 IR F EYdey EetE ol ol St
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E2 AZEHoty HI5HY E}(Qlang 5, 2025; Wang 5,
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Table 3. Total polyphenol and flavonoid contents of tomato
kombucha

Sample Contents (mg%)
Total polyphenol contents Total flavonoid contents
(GAE") (QE?)

FT" 429.22+10.877" 355.03+17.40°

FD 368.11£18.15° 351.52£11.20°

KL 456.89+6.54° 341.51£14.06"

1)GAE, gallic acid equivalent.

JQE, quercetin equivalent.

9FT, 31% tomato fermented extract; FD, 69% banana lactic fermented
extract; KL, tomato kombucha.

YAl values are mean=SD (n=3).

Means with different superscript letters (*°) in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

FE90= 9oFog =73} uhd, =gl ot
e 2 Lﬂ—— Holx] gloket. o2t ﬂﬁr—t— & Bl A
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A Bog 4% ARt d] 7]9Iet Ao E wekEh

=0 1_
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3.4. gttt 2

EntE F5X2}9] DPPH radical A7 &84S Fig. 1A9]] L&}
ek DPPH Aoke: 1obilg s, ghis) 23} whgalo]
FAo 2 W3lsh= B3-S o83t Rt (Ahn &, 2015). a-
Tocopherol?} BHTS 73215t FALSHA| 24|, DPPH radical,
ABTS™ radical ¥ hydrogen peroxide A7 &4 &% /\] =1R:
A9l FA T R (positive control) 0. & 0.1% & 5 ]/\1 in

viro 354 4 49| 71z de 17 gl 2l

A SHAoA =2 AR} 245 UErdTHMin 5, 2023;
Park 5, 2023). 0.1% a-tocopherol¥} 0.1% BHTS| DPPH

radical &7 452 217} 85.58% U 89.94%= Fo]Foz
P =8 32 E{thp<0.05). FT, FD ¥ KL Z47t
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Fig. 1. Antioxidant activity of tomato kombucha. DPPH radical scavenging activity (A), ABTS™ radical scavenging activity (B),
reducing power (C) and hydrogen peroxide scavenging activity (D). FT, 31% tomato fermented extract; FD, 69% banana lactic
fermented extract; KL, tomato kombucha. All values are meantSD (n=3). Different superscript letters (*%) on the bars indicate
significant differences at p<0.05 by Duncan’s multiple range test.
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Wt 94E Bl Tl BURS R4
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Fig. 2. Tyrosinase inhibition effect of tomato kombucha. FT,
31% tomato fermented extract; FD, 69% banana lactic fermented
extract; KL, tomato kombucha. All values are mean+SD (n=3).
Different superscript letters (**) on the bars indicate significant
differences at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Triglyceride accumulation inhibitory effect of tomato kombucha. Cell viability in 3T3-L1 cell (A), Oil Red O staining (B),
Quantitative measurement of Oil Red O staining (C) and triglyceride content (D). N, un-differentiated cells; C, differentiated adipocytes;
200, tomato kombucha 200 pg/mL; 300, tomato kombucha 300 pg/mL; 400, tomato kombucha 400 pg/mL; 500, tomato kombucha
500 pg/mL. All values are meantSD (n=3). Different superscript letters (*°) on the bars indicate significant differences at p<0.05 by
Duncan’s multiple range test.
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