Food Eng. Prog.

Vol. 24, No. 1. pp. 1~14 (2020.2)

DOI https://doi.org/10.13050/foodengprog.2020.24.1.1
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

Review

gy

Food Engineering Progress

The Compositional and Functional Properties of Kombucha:
A Literature Review

Jae Young Kim, Hye Jung Shin, Hyungjin Lukas Kim', Hoon Park?
Phil Kun Kim?, Steven Park’ and Sae Hun Kim™*
Department of Food Bioscience and Technology, Korea University, Seoul, Korea

'Institute of Big Data Convergency Business, Korea University, Seoul, Korea
*Brewguru Co., Ltd., Seoul, Korea

Abstract

Kombucha is a fermented tea manufactured by adding various microorganisms and sugars to brewed herb tea such
as green tea and black tea. Its components and functions vary depending on ingredients, inoculated microorganism
compositions, and fermentation conditions. Therefore, this study aims to examine which conditions affect kombucha
properties and how these features are affected. Types of substrates, specifically plant-based foods, alter profiles of
polyphenol, organic acids, carbohydrates, and protein amounts in kombucha. Long fermentation time raises polyphe-
nol contents and high fermentation temperatures increase sourness in kombucha. Microbial composition of SCOBY,
which is the symbiotic culture of bacteria and yeast used to inoculate microorganisms, change the kombucha micro-
biome that contributes to the chemical composition and functions of kombucha. Several studies have discovered that
kombucha has health beneficial functions such as antioxidant activity, hepatic protective effects, antimicrobial effects,
anti-diabetic effects, anti-inflammatory effects, and cholesterol reducing effects. These findings indicate that kombu-
cha has high potential as a health functional food. However, future studies are needed to further determine the rela-
tionship of manufacturing conditions and functional properties of kombucha.
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FH2HKombucha)= S2H&AF 58 ¢HW Bl S+
&A1 SCOBY (Symbiotic Culture of Bacteria and
Yeast)yE B3 B2 LA wE A A 552, 4
AL 21, 39, =sbiA], HEE 59 237t e
o2 deEA vl=, F1 TR AYoM Beo| F&= L
I THDufresne & Farnworth, 2000). SCOBY+= TFSH 2
=29 Az AFEEHE Al B gRe ' AgE0
o, gxdoez FRA}, A%, AHES, Ao 59 Al
2 229 tH(Gallegos et al., 2016; Link, 2018). F+-2}
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SaccharomycesS} Brettanomyces & (genus)°l| &8 G527}
TS Fste] ¢RES AASIAL °lE Acerobacter’t
§3te] oM EARS HIE g theke {714 AT =A A
FaE gro] U, vl x| SCOBYS| #+3 =7}
AZ 2 Q X (cellulose)S A dko] A (gel)t 72+ wHe A
3t= Mol B A o]th(Mayser et al, 1995; Zhu et al,
2014).
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al., 2018; Martinez Leal et al., 2018). W&lA], ¥ F4H&
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T fHe dE S52 /3, 42, gAohEY, &
g, Plasiut o2 dAA dAotE Aot deA
ATH(Troitino, 2017). FF2}¢] 714 It F= A&
AL 220)E AL Seprb, Ak oA 3
F3F Aol AR} AW(AD. 412-453)2] HE 137
Qe AB5aATHAL st FEAE} B THE 7150 ot
ATHHartmann et al., 2000). & 83 HrjAo=z FHA}
7b AdkE AZle AR (1904-1905) 02 B itk
(Jayabalan et al., 2014).
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Fig. 1. Kombucha manufacturing process.
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32 THGrand View Research, 2018). =W 2] 4% 2018
S 7|FoR RELF, olddetolE, Al Fo| JAIEC]
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ol A& HrHDutta & Paul, 2019). 53, ¥ 52|
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#59] FXx7F FHAY] 3 24S 2% K Gaggia
et al,, 2019). o|w] A}&HE= SCOBYE F3af Al Ad)
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SHH(Greenwalt et al., 2000). HF o] &g 7|7+ ti=f
7-14297kA] A8 & W (Greenwalt et al., 2000), -Fall o] =}
gk 21 771 S8 oldol Az FHAE vl pHE
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FA7E WEOIAIH, 4] FRAte} -8 A 71 th(Jayabalan
et al, 2014). T&E o]Fd= 2mz}, HE, BEAAYE F

o] BAEE A7k FHAkY] g FIAAA FHAE
A3} SHHAVING, 2019).
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E—‘?—i}% te g 28 “% % l v 3] Az o] o

Fo] & o Fe3)

ole =

%JE'}X—B B2AE A Z238H7] XJOﬂ SCOBYH-H

], 540 Xlur SCOBY7} A#alA] AV 1 A Aol
njokst 79 vy o] EA7F dvkal 2rh ol o
AoRE U WAL = g 29 A5H A7 HE

2 g MAE A BFPol
1—_4, o] 1:! ;(}. arg e
T 73S Frrt A AL v E Sl EshEHA
Fol7b A BT 4 Ath(Jayalaban et al., 2014). ESH
42°C ool L2olA 1A17F o] Bad 7% SCOBY
AJdo] A= =R e=rh(Hassan & AL-Kalifawi, 2014).
SCOBY Wol&e &%, Al 5 thst nAEEo] &)
sk, 2t7] Al o] &she 71 T/ B 2 gl tE
TH(St-Pierre, 2019). °]&3l= 7|2 E =, 3 A" 72
< AEEL Yol a&fﬁ o} | SR AY, AS HEste
SCOBY o] =gt A E Aol 48R KAl
SCOBY Aol =& 01 ‘glﬁ}(Crum & LaGory, 2016).
o]€A SCOBY o] Atz ¢t ZHfole AZE i
S-S AHEE|A BEE Al of gt
=3 94w SCOBYS Aol UF
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ghg-afoF FtH(Crum & LaGory, 2016). A 27} Y-
o= Astzk A o]H7E E 5 Q= o1& 3
A= SCOBY AF& ofFste] ARE-atAY &
23 24°C AER fAste] AR NS
A8 = QlTth(Jayabalan et al., 2008).
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5730l &3 & 3

=0 2 FFX S %10
Fa= g 71" SCOBYE ¥l a3 EFES
”a‘i*]?% A= =EoIH, webA o AL = wE 712
olL} SCOBY &0 wa} 9AEE ZxHxte] #3521
AEZ 5ol ﬁz%ﬂu}(McHugh & Sinrod, 2019). 2&
7184 FFe 2L F2F T OYE AEd As5Ee] e
™, SCOBY £7E tAE, A7Ag8, wg wao) ula}
SR th(St-Pierre, 2019). The W&olAE wrE ot
SCOBY 5 #H7} AEEo] XAl EAd ojwl J3Fe

NAE7HE Gold AFES Afstaa sk

Ak 7 2d2 A s, #0418, 9d
5©] Slth(Jayabalan et al., 2014). /\}J‘lﬂ‘* ug 7)d 28
of whet sll" A4S s & lom, thEA Q] FHA}

Uty 7|42 $A}(Black Tea Kombucha)9} =5=H(Green Tea
Kombucha)”} 1 Th(Jayabalan et al., 2014). 2= I8 7|5

A8 91Auke 2] 0 2 (Higdon & Frei, 2003), X5 4
she FHEe A FHEIRle] A 549 %&% vt
He uks Y Joz dEA AtHKim et al, 2004). A

Y ATES Fol w2 FRAS TA FHANA BE 7

HZ1& B3 Eejvlsse] AN, 54 FHA1et
A FHAPe] EEjvls RS Had =EEe] v &
A shch(Astill et al., 2001; Jayabalan et al., 2007; Chu &

Chen, 2006). Jayabalan et al. (2007)°] WEH, 3} F5
Zpof map FHAP A BF FHAF HEA 9dA A= TF
Z RS 7‘5\_0}‘:}” RUAAFE 2 o] solwe
olF JA} FHEANAM = o| A LE I 71 4 o] E(EGCG)2t
AN HZAZIMEZI(EGC)7F, T2k FHAA = o F7HE 2]
(EC)¢}t ol ZA=7Hdz19] o] 7 &t o= FF
2ol EAlstd FHZIEC] AR E T HEe] mE
pHZA=E Q13| pHell ®IZHeE #Eo] tAtEds<S 3t 71|
218 AR 710 DA S FF o2 AAZITAL B A+
& Argsl dth(Jayabalan et al., 2007). ¥H'd, Chu &

Chen (2006)°] AtolMe T FFAF] 29 Hado]

EogTE & ZodE Jo] St Hol A
o}, MRS e pH3HAH A A o7 EAsl= AL
2 48A Jded, dd A7 dgo wE FHEA

pH ¥sP7F &3 aloﬂ W}—E Z E9E g TS 2
©]= Jayalaban et al. (2007)
I=, EPE}’H 7183} ez g
°j60 FS g &s] hotstr] flsiA= pH
B2 A Hasi

Bije] FEL WwLE =B

EA) stk (Marsh et al., 2014 Gaggia et al., 2019).
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o Foshs A #Fol AR AFe 54
AA 71odsl=d(Dutta & Paul, 2019), F5-2} #3234
MR HEFig 1) SCOBYS| H718 Ba)A o] Fol
H, SCOBY7} A=t 72 Fo3A +4" A3 72
FHAE Al ARV F8 rAE SRR A
Sth(Jarrell et al., 2000). Marsh et al. (2014)° w}ﬁ A,
A FHEAY] F8 A#F T F(genus) o= 9] F
Gluconoacetobacter, Lactobacillus, Lactococcus?t 921 &
5= Dekkera, Zygosaccharomyces, Pichia’} )TF. Gaggia

et al. 2019)= &xF FHAke} H2} FHAY] % H|WE
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2o 2
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\il

EA=, T 2w e #F 2ol A Ae=
HHoH, -3 J+= FH(family)E Acetobacteraceae®.

Marsh et al. (2014)2] 979 $U3 S HYPom, o
=39S u, ug AR TS AL el =3}
AFEES W] #F3 FE3gME E Aot flS &
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al., 2014; Jayabalan et al., 2007).
AR R0 159 A AGRE S 5
S H3leH, o2 Alelg ymA D2
oo A BYAS T FEA TF 4
o]& HolA] gFotti(Jayalaban et al., 2007). O}H]E*P
o A4 A€yE EFE(Li & Liu, 2015), 33}

o ojM w71 HdF Hele] ool v

O] sl

%X}Q‘r =2p ool e FHAF R VIHRE 2ol AE Y|
9 A E o] g, AHAZ H=uro] T} Velidanski et
al. (2014)2] 7oA HES A 2ol Saccharomycodes
ludwigii, Saccharomyces cerevisiae, Saccharomyces bisporus,
Torulopsis sp., Zygosaccharomyces sp., Acetobacter sp. &
HES T 28+1°CE 797 dast A5, guEvt F57}
AulA Q] &x} FH-x}ol H]s|A] qu (N7 U 7+
SRS FlEA sHEEe] ol T FHART 24 B
o A=A sgte 2L TR FHAeE Aolside, &
2 FHAE 22, 7HIRL, A9 7R, £, ?U}E*&Ei
= FHAE 22ek-A A9, AlEA
Abo 2 2/ tH(Velidanski et al.,
HEy BRAE BE /A 2
°1i s oy J|ERRY M=
A 24 Jpol A hehd Ao
uFg] th(Veliéanski et al.,

FHA 2, snake fruit FF2}7F A THZubaidah et al.,
2019a). Zubaidah et al. (2019a)°] WZ=W, snake fruit 5
o] ZHz} AElHE Y1 A0 14Y wjU%EA HwH
%= ¥% 3 ghdo ofo] Z13HY) & HE ke 149

. vk

=

2

.UI A .

A - v - A3

W 281.01+11.28 mg/L. GAE (Gallic acid equivalent)
ol 535.59+1.96 mg/L GAEZ #-21% o2 71819, Ef
2 496.67+7.64 mg/L TAE (Tannic acid equivalent)l
A 619.00+39.15 mg/L. TAEZ fold oz F7HsAa o
(Zubaidah et al., 2019a). B} A2 3 = 7S ==
He ke Y= f71E9 dFolth(Xu et al, 2018). 3%
AFRL A% AAE AA A=, A uk 3 A 7R
FEAA 53 wel Wt 33 Fu-43 2N E 715s)
™ snake fruit F-% el # EXEo] Jon,
ol AR} A% A 1% %A tH(Zubaidah
et al., 2018b).

AW A= U o FH2FTH(Vazquez-Cabral et al.,
2014). Vézquez-Cabral et al. (2014)2 FF- Q& #olx
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. 2017). Y AFRe =A%
¥ Gluconobacter xylinus, Gluconobacter
medellinensis, Gluconobacter oxydan N F7F° #+TE
HE8AL, 30°ColA 1547 g & A 243, 2w

717kl whel 0L AFol 3.79£0.029 9 pH7E 15D 2ol &=
2.99+0.022 Fo Ao E TAad TA A=E 0U A
0.17£0.00011 4] 1542}l 1.51+0.000. 2 FolH oz Z7}
SFATHKo et al., 2017). o] Algke] F712 Q3 2HA
7 Aol mAE LS JAlstaL #F WstE Yo
= 7FsAdel utaL s Azl ARskal AATHKo et
al., 2017).

FHAZE A¥ FHF27F U th(Watawana et al, 2015)
Watawana et al. (2015) 7|39 SCOBYS H=3 & 7
U7k 2443°Col A FHA BEE AP on, 1 A 7
A e ANE AEE AT A9 pHF 594 42 79
Hog 7rAsA, & A=EZYS 19.8mg GAE/golA 26.4
mg GAE/g= FolFoZ —7]—0]—MJ_ ZEZAL T
F 11 mg/LollA 129 mg/LE Eo%t) JAAHE AyE
ARSI Aol pHE oF 53, T #lEel ¥ °oF 140
mg GAElg, SER2F % o 00mgll +EO% 445
Rtk o1& £a AT AFAE ALLEE A3 ERHo) B
dE FE 540 2Etds RIS th(Watawana et
al,, 2015).
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ATHKim & Choi, 2011).
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Kim & Choi (201 D= AFEF9 Gluconobacter hansenii
TF- 2?: HEoH & 209+1°CA A 15€7¢F HH 01:7‘]73] F2E
o]./q] E )\]-o]

AR, G 2L X2, 1, 4 % = ?“*9" =)
21519 ‘:]'(Klm & Choi, 2011). 159 & 93 pHE

o

3.39+0.001 A 2.12+0.09%2 Z4dt= A, HAAANAEE 0.14
£0.00%001 4 1.43+0.02%= Z7}st= eSS BT &g
S 617.5620 mg/mLol A 1092.5 mg/mLE 71319
3L Fge] s SASAT. F F71AES 117.2513
ppmoll A 86.4310 ppm o2 7FAsh= AT HI, o] F

A4S 60.4512 ppmOll A 77.4148 ppml 2, A EZ4ES
8.1591 ppmellA]l 9.0162 ppme 2 Z7}ete AFFS HTh
ubE | 2kAkS- 483020 ppmoll Al non-detected =, FrtE AR
0.3390 ppm©| A non-detected® 743t A TFS R T)
(Kim & Choi, 2011).

wprjgto 2 ARFEATE QT Sun et al., 2015). ERF
2E FHFEe] dFo g o] FHIY ZAujEo|

—= ST
Ba, NANAE FolT BasHE FAE REE
T 98 85 7k 737&7]3*4%011:}. Sun et al. (2015)
L WRF2o TXE L 3 Dekkera bruxellensis,

Gluconacetobacter rhaeticus, Gluconobacter roseus®. 173
H ZEEE 9ol 29+1°ColA 1297 WA AR S=H,
I Az IRFEE FJUleA| &2 A FiAE dEA
3l5tE ko] ZARS 27.49+0.01 mg/100mL, 7HE] 1S
0.53+0.04 mg/100mL, 7342 49.98+0.07 mg/100mL, 3
E4HS 14.31£0.04 mg/100mL, F¥l-2 15.99+0.11 mg/100
mL, 224 10.85+0.11 mg/mL]l RHEoZE ZAME S
of, WA FRAE 2AE $EFo] 12.84+40.13 mg/100mL,
7194t ghaFo] 7.83+0.08 mg/100mLE 22} FH-AH T} &
oo g e 718 WA, FHEIZIS 0.62+0.08, FE2EA
2ke 13.53+0.12, ¥ 24HS 31.89+0.11 mg/100mL, F¥l-&
49.95+0.06 mg/100mL=E &2} FHFAHT} fFo]F 0= £
%S 2 tHSun et al., 2015).

S AME ATES B8 WE /AL ol TR 3
ol Wk ol A%, BE 5 1 FFI) chekain, oo
lﬂ—

2 pHu A= HES 2L 74 24 9 540
g #FJdgd 4 AAHKo et al, 2007; Watawana et
al., 2015; Kim & Choi, 2011; Sun et al, 2015). °]& %
3 g 7|do] HEZoE SAEE FHAle EAY o
G Ful, gepd 2R AR A AT 2E 12e A

i
dof g & 5 Ak

&‘iﬁu

e

THE0M| Xto]

SCOBY U|E 49| Fol

SCOBYE #F5xFe] #%5S 24s= TASER, drby
© 2 Acetobacter®} GluconobacterZ 773 = A2}, Al F-2
ol 24L& SCOBY AZz#A o ulgl tf=th(Jayalaban et

doll A & 5

al, 2014; Chu & Chen, 2006). SCOBY A|Z& FHX}ol
g r7|A G HeE & asdA] AR Lxg dA7]
F A rEE 7hEgE g oln, ol AMEEE AR
9 kg Z7e] wel SCOBY PIAEA FAdo] thegsixl
TH(Jayalaban et al., 2014). Marsh et al. (2014)2] 7=l A
Htel 25 (ol3t 2l = v, HUtE XA), ofd
A= 1F(013F FoAAM= ofdAM=12 XA, G5 153k
oM e IR XA, "= 1F(l8 2ol = P=I=
214) F 40 X¥2] SCOBY 5%< A3 &4 4%
2H5 A xste] DNAAME 48 st 2 43
SCOBY ApA|o| A AUt Gluconoacetobacter, 7N T}2
£ Gluconoacetobacter, Lactobacillus, Lactococcus, ©FL#
=18 Gluconoacetobacter, Lactococcus, Acetobacter 8 =1
- Gluconoacetobacter, Lactobacillus, Lactococcus, V| =1-<
Gluconoacetobacter’t A2 2 YEPITE G=13 ofd#A
=1 o] 44 2do] vSsHAl vehd A9 ER 7 79
Aol o2 2o =2 gIgith(Marsh et al., 2014). A
= SCOBY A% #}4 2 AMFgE°] &8 SCOBY 89|
tE2A Yehd 2R AAR, o]eldt - Aol F
FAb SR 2ot AAE= ASE W tHMarsh et
al, 2014). 39 A7x2 $A F3 S A dd SCOBY=Z
2} FHAE T (23°CM 1097 LEA) 75 W

3= A e, 2 A3 WU THE Gluconacetobacter,
NI 2E  Gluconacetobacter,
Lactobacillus, V2 Z=12 Gluconacetobacter, Lactobacillus,

Lactobacillus, Thermus,
Thermus, Lactococcus, 8=12 Gluconacetobacter, Lacto-
bacillus, Thermus, V=51 Gluconacetobacter, Lactobacillus
7t -7 o2 YeERS i (Marsh et al., 2014). 7yt
=1 7ol 4 2ol FAksHAl ERlE AQER 7
o] &A13e t=A Yelgdti(Marsh et al., 2014) ol &
3 SCOBY & /4d°] ¥ F7a #3% &= 7
A= AL g2l 4= Jth(Marsh et al., 2014).

SCOBY #&°] F52e] % ¥ opet F5A 28
AR = J&S 71A= 2oz e A th(Malbasa et
al, 2011a). 3T AT Z1FHEE o2 424 71K
SCOBYE HEst &aF FHakek =2 F72E 22 Al
Z3 =, olul] WZEL AcetobacterSt Saccharomyces,
1512 Saccharomyces cerevisiae®} acetic acid bacteria,
1525 ZygosaccharomycesS} acetic acid bacteriaS &3
3t SCOBYE A&-3l9tH(Malbasa et al., 2011a). =2 43},
Z2F FHAEe] 739 vlEIC o] 1E2, 2, 1]

02 =7 vehton, ol @& Faksly wI a1E]
o] & FHXE E“E}(Malbasa et al., 2011a). T3+ ZAk
Shek wEk OE2, R, 28] 282 B3ed, ole
SCOBY &#/7} F74aF #saro s 72ve A&
R ME]r(Malbaéa et al., 2011a).
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WS sl g xto|

HE A A ] AES Fo] mAE, A 71E, TE

25, B8 A7 e g o] o) ﬁzmu}(Klm et

al., 2005). 5=} g 374 2 3A

e gk o
Azrol ol wE AjolE Louis moz SRR
A THChen & Liu, 2000; Srihari & Satyanarayana, 2012;
Jayabalan et al., 2007; Sreeramulu et al., 2001; Jayabalan
et al., 2008; Malbasa et al., 2011b). T2} & A 7+e]

B, BE A7) Ao ASE Mgl RaHwA 1 T
o BT HF3} Fg ol webnon, TRTEN

I oA ESte] O A E o] AA A=7E S57HeFATHChen
& Liu, 2000; Srihari & Satyanarayana, 2012; Jayabalan et
al., 2007; Sreeramulu et al., 2001).

IR} WFLEE R} AR o
et al., 2014). Malbasa et al. (2011b)ol] W=
STt =842 F3A| A gHaFo] Yol
40°CS} 43°C F 43°ColA XA AT gl
Uebstem, o] &&kd wel SCOBY &4o
7] wj ol o2 gk Xfo|7} WA Zlojkar
A et %_ZHFW HE 2ETF FRA] 71A=
B d7Ee] Aa ¥ Yoprh 2E %9 SCOBY 2
A= LT'L~9— 0% H56h7] o] 2
% ﬂ TA A= vletetr] 99
J =l ofof g},

T io| MalstetE Tl

F20] WA= Tk

= 7HAAL 3ol &
% =z ZREL_?_ 11;].
(Kim et al., 2016). F5-}oll= ]ﬂ'(ol-*ﬂ‘é’,‘l' FFZ,
SEFEL, AEESD, HIERIB,, B,, B, B, 0), #=,
Zg9 s, vulE, R 0o]=, D-saccharic acid 1,4-
lactone (DSL) & 2714 het=Ec] EFHE o
o] 59| Z7] & 174 715A] S AR AT
%2 21 th(Jayabalan et al., 2014).

TR ket 22t

2bet 2B A, S AaFEH S ks W
o] 714 7re] By o <la 25t 71Ho] o Al
AEo] Tl d, 2)F, DNA®] &7g0] dofuhe d4ds 2

3ok (Betteridge, 2000). x} Ak2r0]2(0y), o}OlEi 12t
ZH-OH), HAiFslr4(H,0,) 59 A 2o ze x| o
HEe 2 Ffte 2AAE 7?%11 o] shshAel i
S o] o A g AEeAntsS =& obg et Abe)s
=¥ st U F449 E}E]ZJEOE A= o] FHE

-

ok

) tH(Betteridge, 2000). 4
Fale] AAEEA AA Wl 7
woll A HelX A3 F74317] o
2 Z2H{istE B 53 &2 (Superoxide
Dismutase, SOD), 7}&etolA|, SFEE 2 HAitsl g4,
2,2-diphenyl-1-picrylhydrazyl (DPPH) A&,
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) A&, oxygen radical absorbance capacity (ORAC)
Sol WHow Z4sA Felsls, Sehuicel=
/1\1-@(3__:]'% ;(]'l/] ARE9] ke BAlsle] =4 ﬂl:}(Kim et
., 2006). FFAE Ttk S8 E
A gz deld slonl, 1715
73254 A TH(Table. 1) ix}i 1695
= 3gE ¢
75_44', g

Ji
A

L o

pud

2,2’-azino-bis

- .
5 &

B AT ol gojel YR FAA 5 F2lA
100.33+2.36 mg/g DW (dry weight)© 2 &x}}
x}i AN FRART L Fldls FE B
AL, 1401 o WA FRAIM O] F TR Fol
11.844 mg/g DWSloH 1 5 =& UPF## Hol FHHI71&
77171, ol sl 2= 7}H|7), ol sl = 7| el o e
(Gaggia et al,, 2019). 7}E|712 ZEuEe] dFo=E w2
FrstE s 7RG e Ae® deA UTHGrzesik et
al., 2018). 7HAIZI2 3 7l o]Fe] Bl shol=547]7F
A= e FEE, o] =547 JiTt FAtsiA 24
o] Agoll Fodsin, Fejlmo]l FHAfA kst e
T JgE st de AR AlETHLIm et al,
2015; Scalbert & Williamson, 2000; Pandey & Rizvi, 2009;
Grzesik et al., 2018; Gaggia et al., 2019).

TRl S5 o SHEol=g Jg FRE
R2Eo] gl WA slo|=247] aFe] Wz SR
upe} FAkstA| 24 o] ZHgo] tham, o] AbshEl A}
s FAgoZHN FAitslAe-S Sti(Lee et al, 2007). ¥
E35HE, PR eo|E fo® FHAMY] f714h HIER,
DSL & He stetaEso] ditstg s s o=
a2 & A T(Jayabalan et al., 2014). Yang et al. (2009)2]
Aol m=d, SAE ol&ste] 8U w4k TAd FHA}

ol =
AT =

o) & FelslE §F, AR GO 274, slel=sAdei
Z 2A%, HSA | =S AASS dls A},
LR FEAY s FEFH SE 2710l F

BHBAE Koz ZoR I o] | Aol EA)
Rd EHmse] mAESo] Aitste ol o)
depolymerization®] €oju}, thst #Hl=A SIFHEE
Thete] grAre] GAs B STk 2
(Jayabalan et al., 2008).
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Table 1. Antioxidant Function of Kombucha

o st 7

Biochemical function Animal model/Cell Period Dosage Parameter Reference
. . 12 weeks . . ) 2) 3 "
Hypocholesterolaemic Institute of Cancer kombucha 66 mL/k Lipids concentrations (TC”, LDL-C”, HDL-C”), TAOC", Yang et al.
and antioxidant effects Research mice . € SODY, MDA®in serum (2009)
body weight
Improvement of lipid 2 weeks Kidney lipid peroxidation, glutathione content, NO?, total Gharib et al
peroxidation and Male albino rats kombucha 1ml/kg blood free radical concentrations, serum, urea, ALT®, (2009) ’
oxidative stress body weight creatinine level, GGT?, LDH'? activities
m&xoldi?;i?iin Male Sprague— igrﬂi}iha 3mlk MDA®, SOD”, GPx'" activity in erythrocytes, Ram et al.
nop ©  Dawley albino rats . & CAT"in red blood cells, DTH" response (2000)
activities body weight
Free-radical Phepollc compounds., scavenging activity, inhibitory activity Jayabalan etal.
scavenging abili - - against hydroxyl radical, superoxide radical, pH, reducing (2008)
ging ability power, hydroxyl radical scavenging ability
hydroxyl and “
Antioxidant activity - - DPPHradical antioxidant activity, pH, total acid, citric acid, Ma(lggbie; :3 al
vitamin B2, vitamin C content
. . 48 hours DPPH" radical antioxidant activity, SOD?), GPx'" activity, Lee et al.
Antioxidant activity =~ Human fibroblast kombucha 1mg/ml CAT? (2003)
DPPH" radical scavenging assay, Chu & Chen
Antioxidant activity - - ABTS"™ diammonium salt radical scavenging assay, ferrous (2006) )
iron chelating assay, total phenol content
.. .. i i pH, total soluble solids, total phenolic contents, ORAC'® Amarasinghe
Antioxidant activity assay, DPPH'" radical scavenging assay etal. (2018)
Total phenolic compounds, total flavonoids, DPPH'¥radical
2 weeks scavenging assay, Hydroxyl radical scavenging activity,
Antioxidant activi 4 weeks swiss lyophilized kombucha Super oxide radical scavenging activity, fasting serum Bhattacharya
Y albino male rats 150 mg/kg body glucose level, glycosylated Hb'”, insulin, ALT®, ALP'®, et al. (2013)
weight creatinine, BUN'?, TG*®, TC", HDL-C?, ROS*), SOD>,
CAT"?, GPx'", GST*", GR™
.. .. Sugar, gluconic, phenolic and glucuronic acid content, .
Antloxl.d.an tactivity THP-1 human 4 hou?s. fluorimetric determination of nitrite with 2,3- Vézquez-
and anti-inflammatory - lyophilized kombucha ."" . . Cabral et al.
L monocytic cells diaminonaphthalene, ROS, tumor necrosis factor-alpha,
activity 2~200 pg/ml . . (2017)
interleukin-6
?nrglx&agrzit&lty ) ) Total flavonoid content, phenolic content, organic acids, pH, Shahbazi et al.
5 DPPH ' radical scavenging assay, MIC** (2018)
activity
Total flavonoid content, phenolic content, anthocyanin Sun et al
Antioxidant activity - - content organic acids, pH, DPPH'¥radical scavenging assay, 2015) ’
ABTS™ radical scavenging assay, ORAC'® assay
DPPH"radical scavenging assay, ABTS'® radical
. . ) i scavenging assay, modified FRAP*, NO” scavengingassay, ~ Lobo et al.
Antioxidant activity ferrousion chelation ability, i vifro lipid peroxidation assay, ~ (2017)
total polyphenols, flavonoids, gallic acid contents
L929 mouse . .
.. .. 24 hours Sugar contents, acid organics contents, total polyphenols, Gaggia et al.
Antioxidant activity  fibroblasts kombucha 50ug/ml  flavonoids, DPPH'"radical scavenging assay, FRAP* assay (2019)

(ATCC-CCL1)

"Total Cholesterol. ?Low Density Lipoprotein Cholesterol. High Density Lipoprotein Cholesterol. “Total Antioxidant Capacity. *Superoxide
Dismutase. “Malondialdehyde. ”Nitric Oxide. YAlanine Transaminase. Gamma-glutamyl Transferase. '“Lactate Dehydrogenase. '"Glutathione

Peroxidase. ?Catalase. '*
'90xygen Radical Absorbance Capacity. '”Hemoglobin.

Bapol Asld 2EY A 74 §IE 3957 9

%x}% ol-g& 15¢ FoF L&3 FHA wjkAo] o)t
DPPH, ORAC, ABTS 2 &< Aldist A3}, v F A7k
et g AAse] F7FFIL(Chu & Chen, 2006), 7]

i

Delayed Type of Hypersensitivity. '¥2,2-diphenyl-1-picrylhydrazyl. 15’2,2’-azino;bis(3-ethylbenzythiazoline-6-suh‘“onic acid).
M Alkaline Phosphatase. '”Blood Urea Nitrogen. *Triglyceride. 2’Glutathione-S-Transferase.
)Glutathione Reductase. *’Reactive Oxygen Species. *’Minimum Inhibitory Concentration.

Ferric ion Reducing/Antioxidant Assay.

= ghakalA| ¢l of2F 2M12H0.01 mg/ml)S °F 90%2] 2}t
Z 2ASE EO% Zol vlsf oF 20-23A17F g A7 &
FA7E oF 90%, 18 Ft WE A FHATE oF 88%2]
g 2ATE RAFU(Lee et al., 2003; Jayabalan
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Ak

et al., 2008)(Table 1). B0l 36417 &
2F g E A7 Aot e A2gk 4
o] i_,—q,/\]@]_D H_ELE§:]_ S4E A=
3L, SFEE R JJr*@}EAQ} 7hetetotAl =
Zrete] FHAE w55 RS A oA AkshA] &
37 EJ/P* Hol, FHAke] 22 %Wiﬂliﬂ 7P

(

b

mn‘.
— e
¢ ol

T

kT
£

O

Lm[oo
Y
o
fiu
o 2 ok [y oo 32 [ 2

1m
=)

O{N ol

EALJ,} QEAP
(Pauline et al., 2001), ©] %
w5} 4]
Z A3t AN TH(Lee et al., 2003)
g2 A3e gue i £
Zot T 1497 316
A8 Az 7k A #HAA
A o] Tr,]x% o2 A3 3}9}1\_0_1:43 ‘_xﬂZWOﬂ/\ﬂ A}
gole AR A AYE E-&(GSH)Z
&ﬁ}% = FEHE] 2(GSSG) 2 HI(GSH/GSSGV} =
FARE FAR I REHJTES HolFo], T4 FEA
kel d4ksl @35 7538 th(Bhattacharya et al,
2013). ol& A WelM= FHAte] itst a3-5 7o)

Al

=

27T
AL

o 2 rr mlo

A2 = AR-E7] ool

o

N

;

o)
=

_‘j_
pud

& 5 IS AAKEIIT
FEXL| ZIMIE 25 St

7+ oA AL, 54 B, 322 gAL 5 EoA o
2 9g st Yo v|vh Gy, IXPS o8
Ak 7F M3k G AW, vgRE A kel 9
thKim & Kwon, 2005). A7k 7k W] =3k 2952
S 5oz s, A&AQ AEHH Y A He] Hitsl &
of M wh3A AR AF e 7 ARslE Qs
7+ Aol 7hke doZ 4 AtkDiehl & Day,

20

2017; Kim & Kwon, 2005). th2] F3 FERY
of 7S do & FHAE A 25 FAlA
olxgt 2 H|o|E o}n| =7 Y & 4 (Aspartate aminotransferase,
AST), &b o}n| ==& 4 (Alanine transaminase, ALT),
Z Ak &4 § A(Lactate dehydrogenase, LDH), &Z-2]4]
€HQ14+s} & A~ (Alkaline phosphatase, ALP)7} Zr4gth=

2 Folsel TR} =S ABHI AL HE &
#E Yepdthe 8-S A58 th(Murugesan et al., 2009;
Abshenas et al., 2012; Kabiri et al., 2014; Ibrahim, 2013;
Jayabalan et al., 2010).

Bhattacharya et al. (2011)2 22 219 &<+ wast &
2ol 7RI &4 BE G35 golR A} AtstAEd A~
2 A& FketE L0713 TBHP (fert-butyl hydroperoxide)
2AE S FEF AE APEE oA dhjx FH
X &4 e §J FRAE AHEsiEgker, 1 4
I A2 ALTSE LDH 74, 2341stE 453 8o
g Z7F At =E# 2 b3}, caspases-3, caspase-937}

=

]
=

==

1=
it

FHEAZ Q13 apoptosisd
methionine/choline-deficient)]
FEe db/db ﬂoﬂﬂb <

f

27‘]"]74 A iﬂi
A3l A ¢
7329l Hedgehog 51gnallng°ﬂ/\1 Hedgehog

mRNAZ A 7} 7F43813 TNF-a, IL- 1[5

o] =
ZELT:O\:::LB‘?_]_

[e]

receptorQ! Smo
CXCL1, CXCL2%}+
2] A7t B Welal X g8k &
7t o] 7HE g ghstol] Ego] Hrhe S AAbeTH
(Lee et al., 2019; Hyun et al., 2016).

F& Aol MCDAol¢F AR 14
g s T ou|gI2A Ak Ay
A E A3}, Firmucutes = (phylum)oll &

Erympelotnchia Z(class)©] #rA3}al, Erysipelotrichia

(class) &3l Allobaculum>} TurlClbacterﬂ FAZAY el
H, olE2 % LH AR IARS A 3te] oA U ALe)] g3

Kol

S F= ez dEA Juh(ung et al., 2019). Clostridium
E(genus)y> xRN = BAEA] FUAR H| LS4
A e BdolA ST FH-AE ol AE
SF A& ol A 7AE o, o= Clostridium 4(genus)©|
H Rk} v G878 A 7Ee] 4lstel] Aatdo] S Ko
ZTh(Jung et al,, 2019). TE3F, ojuf B]LTEA] A+ <]
FEHES Ssr7| = ZEufo| e g s ﬁ—r % sh= &
HX Lactobacillus7t F5-25 A 2|d AL 2174 5

7}0}9?\*‘5 1, ]—‘ H|S5-8d A7k o] et sl o

Z wstel A# S HdFr(Jung et al, 2019).
=T

ot

SHI|MZE &
= e 52

S2)7} e
dlolej s, Ea5E

A 4% A

51

t}o)
[e)e=]
a
i}g

"‘%%—% o7 A tH(Daglia, 2012).

Az A AS 7)FE

ZI:
WES WER, T 2

enteropathogemc Escherichia coli,

" A2
ghatet

norovirus, Salmonella,

Bacillus cereus, Clostridium perfringens@ <13t 2 $ %=
Whgo] 71 weow, olQoX Staphylococcus aureus,
Vibrio parahaemolyticus, Campylobacter jejuni 5°] %%
o] AJNA = sl rh(A Fe vzt 2018).

AAN7HA] A AFE Tt FFA7E ohde Bl
iate] FuAEA 35 BHvhe Aol Y4FEL ATt
(Steinkraus et al., 1996; Greenwalt et al., 1998; Sreeramulu
et al., 2001; Ansari et al., 2017; Shahbazi et al., 2018;
Battikh et al., 2013; Battikh et al., 2012). Steinkraus et

al. (1996)°] W22 Lipion E|9S o]-g-5ho] 102 F %
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B3 pH 2.5 FHAE &3 G4 AAME(disk diffusion
assay) X133l I EFHE FAS A}, e #H
T8 YAHF F 3] Helicobacter pyloriol| 3t A3
ko] 2cm, Agrobacterium tumefaciens, Escherichia coli
9} Staphylococcus aureus®l 13+ A s o] Z+zk 32 cm,
3.8cm, 3.0 cm #HEEATE 22} pH 7.59] FHAIA =
A gho] WAEA] eo} pH 2.5 FHA2] ofA| ELto]
G aH=E 235Utk 3l 89 th(Steinkraus et al.,
1996). Greenwalt et al. (1998)2] ol Hapel 1=
9d FoF wast FHA7} Staphylococcus aureus NRRLB-
1317, Staphylococcus aureus NRRLB-1318, Escherichia coli
serotype H10 NRRLB-2207, Escherichia coli serotype H48
NRRL B-3704, Salmonella enterica serotype typhimurium
NRRL B-4420, Bacillus cereus NRRL B-14720, Bacillus
cereus NRRLB-14725, Candida albicans NRRL Y-12983,
Agrobacterium tumefaciens®| Wate] 4L A=A A
A2 A}, Candida albicanss A28 RE #4529 A
&S Adlete 2 o® yEstth o] Al AR FHA
= F TgLe oM ELT 3kE HYlom, F3he Fi-Atol
= o] a7t YERA] edth= HollA Steinkraus et al.
(1996)] A} Hl=sAl FH-2}2] ofA|ELlo] 3+t &3}
of Fa3 AgS s Aolgtar A EA UK Greenwalt et
al, 1998). pH 259149 B E G3E HAW o]d <
“*(Steinkraus et al., 1996; Greenwalt et al., 1998)%}= &
2] Sreeramulu et al. (2001)2] A= Shigella sonnei,
Escherichia coli, Salmonella enteritidis$} Salmonella
tphimurium®t 2 F8 AFmtol| sty FAE ol &
3 1447F HEAF pH 7 FFAPAAME SFaHr}t Vet
AL s ol= oM EANT 22 {7]4F o] £
T FFAE] CleE, d A Akl vhd Bl §H
FrlAE GIE FSA717] wl<Eo]th(Sreeramulu et al.,
2001). ©]¢]9ll Ansari et al. (2017), Shahbazi et al. (2018)
o] A= =25 ol&all 247 21, 16 & Tadh
FHEA7Y T3 2S5 Staphylococcus aureus, Bacillus
cereus, Escherichia coliZ} Salmonella typhimurium®| O)3|
A FaEAE 7RIt Aol ASEAU a3t Y
Eol ZAE ol&al 219 <t HEAF FHAk] X+
a3 A A, FFAke Zadsol wel Candida
albicans, Candida krusei, Candida tropicalis, Candida
parapsilosis, Candida glabrata, Candida dubliniensis, Candida
sake &2 7| Candida 4% R+ E37F Y A=
WA S5 B 3R a5 e AeE el
S tH(Battikh et al., 2013; Battikh et al., 2012).

Zexie| i ZA 245t 7t
Pt A dAgo] 988 oA Rl Aol
ol T o= Qs WA AFL, TS, thi(

B AW Y TF 2-o] £y stt
(WHO, 1999). o] =} <

971 A ESe] A7Hn glor, 7 F shim FRAT
2 THZubaidah et al., 2019b).

TS =g Hrat)oll Al 212} snake fruitS ©]-8-3
1497 daA FHRAE HAS o, fasting plasma
glucose (FPG)7} “o}% S ™ (Dashti & Morshedi, 2000;
Zubaidah et al., 2019a; Zubaidah et al., 2019b; Zubaidah
et al, 2018a; Hosseini et al., 2016; Bhattacharya et al.,
2013; Aloulou et al., 2012; Srihari et al., 2013), @&
GEE 3E2EQ AdedS A= AlE, = B-pancreatic
cell?] =7} 37138} 3L(Zubaidah, 2019a; Zubaidah, 2019b),
olo] Fgshe A#A=E 5 d&d BHFF g FUFe
CUH(Bhattacharya et al., 2013). B3k, T8 Fo] x|&=E 7P
GAAALZRE AN ES BI85 SOD activity”} Z0]
Al =&l (Ganjifrockwala et al., 2017), FHAZS 29l
= frE "ol e SOD FA7F GnE FEshA] ¥
A P9 SOD A9 fFAFSE 3HS H A tH(Zubaida et al.,
2019a; Zubaidah et al., 2019b; Zubaidah et al., 2018a). ©]
Rk ohue}, FHAE Yl B f A dF 2
2H ZE, =g ZFg Al gke] =(triglyceride, TG), LDL (low-
density lipoprotein)zte] 7Hasle] 5 X2 AE 2 5=
7F FRA AFHE Bl T ol o] ATelA &
Q1 = A tH(Zubaidah et al,, 2019a; Zubaidah et al.,, 2019b;
Hosseini et al., 2016; Bhattacharya et al., 2013; Koh &
Choi, 1999, Aloulou et al., 2012).

A AT FE AFES B SR |
Al st 237 dol gRlE AT FHAtelA 9] dlE 5
e F714k0] a-amylase®} a-glucosidaseZHd S H51,
A& F8719] J14sIE B8l xEFo] AER FEH o
A E = Aolgtal A7 FHsIN ey, 5
2} ol AJHo] oud HE2E Fl FaTHYs} &3
E U=l 35 AdFE5E 53 o gotEotof & A
© 2 AAXTtHDashti & Morshedi, 2000; Zubaidah et al.,
2019a; Zubaidah et al., 2019b; Zubaidah et al., 2018a;
Hosseini et al., 2016; Bhattacharya et al., 2013; Aloulou
et al., 2012; Srihari et al., 2013; Koh & Choi, 1999,
Aloulou et al., 2012).

ol oft a4

LI =
-‘-'-%’5_

o] kg oz A
°

ZH X

EEZS AsIL dAE o A o
A& At FAoletal & 4 UTHChen et al, 2017



Medzhitov, 2010). ©
a] E_/] 6]—)\]-%4 <

A THChen et al., 2017; Zhou et al.,

H Fiale 95 234E VAL ke ArEA#t
Vazquez-Cabral et al. (2017)2] A<
W}E‘I] AA Fl G A EZLD THP-14] 95 43 &2
2l lipopolysaccharide (100 ng/m)S 23+ 5, T35 9]
o 77 Hag FHEAkY] FES a9E AP A
”V‘*"ﬂiﬂ 74 dEgolM FaT A5 Al ETKI
tumor necrosis factor-o. (TNF-a)9} <1 E]F716(IL-6)2]

gl o] wolx o7 7hAad AL FHolskyT). BE?_?_P, gz g
W §491 5-lipoxygenase (5-LOX)3 452 w59 ¢
o] A3t A3}, TS 0|83 2197 LFE3 FH}
FHOR SLOXE ANTFE FAs) F2A BEWAY
EEo] 500X AdAz 2gsre selsit). o= )

ZH 20|24 H 5 A (non-steroidal drugs, NSAIDs)Z 2]
N 7154 S A AFsFA Bh(Villarreal-Soto et al., 2019).

=

%—%i 2] #9] Mz 2
Ao QA Ve s

ZtH(Grummer & Carroll,
FE| el Sy TR L] 4
2HE FHOE QI3 IXYFo] i

'E‘
1988). o}xm A gz
7F =

E:é] 2~

FolM =

A5, =4
UTH(Varghese, 2014). AT A3t oS 9k A
LDL S &HE9 At H9HoR fom,
2o Ao A LDL S ZHEo] A8 Ao S dA
o] 2 LA dth(Seo & Chung, 2008). Gordon et al.
(1997) w=™, HDL(high-density lipoprotein) I 2=H &S
o] FR7} ol S A AAQlel AEH gk g
Eol o, LDL F#2HEo] W [etolx A8
2 ﬂ?% WA o] el S BT
Fale 859 F ZY2HE, LDL SHEHES
HTU%, HDL ZE2HE A& A5 HH= fA8)
T5 st Add Agke] o 7S BTk Yang
et al. (2009)2] Aol WEH, TS o] &35t 8 F<UF
HE st FHAE HAANZ FEEDANA ko] A 7
FoH oz FojE o, I olE 3 FERI] ¥
= & FY2HZE $£2(11.02£0.71 mmol L7} F52 A
# 28(9.04+134 mmol L)X Freld oz 7+Aastadtt
LDLEZ# 2HE X T3 ZXH2]o] 15(0.48+0.09
mmol LR FH-2} A3 25(0.33+0.22 mmol Lol A
oA o2 Haste] txd Hlg A2 35 S

E

=8
=

A7 - 9P - A

Bl 4= ATH(Yang et al, 2009). ©]<]ol= HHe]
TollA FHAE HHAANK FERAA H o] FHA4,
& ZY2HE, LDLEYSH S 5 3 SHASHATE
e 2 o] FRAE AR AE Ao s T

A7l 235 Y3535 tH(Bellassoued et al., 2015; Koh,
2003; Koh & Choi, 1999).

Yang et al. (2009)9] wWEW, DSLES AFHA 25 =
st ZAE o] &3te] 8Y B WEI FHAE HFHAAR
I3 22 g5 FYZEHE A 237 Yebged, &
ko] F9 A4EQl DSLe] g5 S E At gt
aflojgt= As WL €59 =olxl FYZHE
TFA = ST OR Q% 7\1] A L] S oF7]
Al 7] =l (Warren & Ward, 1986), &%=2}2] &4tsl g3}
gk AdAASe sl A EE WIS 9
Tk A5t O (Yang et al., 2009), F7-2te] ojw gk A
o] oj| HARE St EF FHZEE 4 ERE

RLS

T

ok olujeh S Aol s
waje] A}, A, they
B ATES FolA B2

2 wE 24% 4% 4%

T Qe B, wgEes

Tl i 71z

Jg

A

1l

A ofn ok o Iy
s

g=}Fo| ¥ (Duftesne
A e A
ke A%

& Farnworth, 2000),
o] 3 A W B=

s}, A E B, s, o
EALAE Y& A} Lol 4

T 2,

o

o 9

AL
o
N

Hﬂ}ﬂ ATE vpol] WEH FH-x}e]
HH &3 ol & HollAM tdd
71EH%E}. “d%@ﬂ gy =}

H
2
o
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=

19 %9 oX

?.O
2ojo x @ forr 2o
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