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Abstract

Changes of antioxidative components and activity of fermented tea manufactured by Bacillus subtilis,
Saccharomyces cerevisiae, and Lactobacillus bulgaricus were evaluated during the fermentation period. The as-
corbic acid content in the fermented tea was relatively lower (43.62~62.84 mg%) than that of green tea (66.74
mg%) during the entire fermentation period. The tea fermented by L. bulgaricus, which had the least contact
with air, showed less change in ascorbic acid content. The polyphenol content of green tea was 14.88%, whereas
that of fermented tea was 11.54~ 14.12% and it decreased during the fermentation period. The amount of fla-
vonoids in green tea was 7.78 mg%, whereas that of fermented tea was 4.33~7.88 mg%. DPPH radical scaveng-
ing activity and ABTS reducing activity of green tea were 87.47% and 203.22 AEAC mg% (ascorbic acid equiv-—
alent antioxidant capacity), respectively, whereas those of fermented tea were lower than green tea. Results

indicated that the antioxidative components and activity

of fermented tea were lower than those of green tea

during the fermentation period. But, when the sensory and hygienic quality are considered, fermented tea can
be one of the higher quality tea products on the market.
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7“13(10)01]/\1 AJAEL JAF o Z oA Ao] SR
FLERE JNEetr] At AF e AFHAIIEREA A

A AV 7V538¢ Bacillus subtilis, Saccharomyces cer-

evisiae R Lactobacillus bulgaricus 3&& ARt g

25 AZSAS Wl B subtilisE ©]-&3 FREF oA M-S

Aolgt ot F 2 FTHE VIZE F BFH HIrA Al

Kozt Hlgte] -t AFS AXE &
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B APl AHET A EE 20089E 068 AFE HPTHY
o4 AR %3k F ofmlie ik FaFo] 279 o] 49l SE7
g olgstel A FHL QS FLEE A5 A5

H #F 2+ Amore Pacific 71E 379 (Yongin, Korea)©ll
X B. subtilis, S. cerevisiae, L. bulgaricusS H-%Fdro} AL-&

SFATH10).

T2 50°Coll A, S cer-
eVI’sjae]_ O°C°ﬂ A HLE/\] Ao L. pulgaricus <
AFEZ7NE o] &3t g S F7] JEE vhEo] & &
30°Coll A EaAZth Al8E 1Y, 4Y, 7Y, 10¥, 15¥Y, 20¢
T LEE JYIEA AHFA e ANFH F R FEol
2%7F HES Ax AAHES AX F 95 SAFFA2x2]
cm, 100 pm, Samji, Ansan, Korea)ol] 2o} B@3slHA A3

o AH&3tt xR 2E HEATA ¥& 48 525

Abg-3te] Tk F apel B Wk T
Ascorbic acid &2k Hi5}

B. subtilis, S. cerevisiae L L. bulgaricusE ©|-&3}]
7172 B3 Al 328 X}bol] £ 5k+= ascorbic acid
e Park (119 Wl wet Z43140 A8 &
A& 3.0 goll 95°Ce] &< 120 mL 9o A &3] 3% &9t
A7 & A28 A8t & A2 0.2 mLd 10%
TCA €9 08 mLE o] 3000 rpmol Al 5 &<t 4w
3t 45N 05 mL, 75 1.5 mL % 10% folic phenol

oo o 1oz

reagent 02 mLE AHUZE ¥ & E33ta A4 108
2 W8k 760 nmoll A FF =S =331 ascorbic acid
9,] ?5]—\1}:,2. 57(«] ]_0:11;]. J:}_Z,:%;ﬂi% L

T —ascorbic acid(Sigma
Chemical Co., St. Louis, MO, USA

& A1

~

Polyphenol &t&t=2| &2 5}
HAH ZTHEAE AR Yty B subtilis, S.
cerevisiae B L. bulgaricusE =x}pol| HEslal wrav|7hE

2 gaA7l & Z¢gx49 polyphenol &9 3
AOACH(12)el wet S48tk 5 A& 1 mLell 05 mL9
Folin-Denis A2k 1 mL9 3} NayCOz&H 7.5 mL9

THTE AHHE EFste 308 AHs 5 760 nm°ﬂ’\1 %
EE =33ty on EFEAZE gallic acid(Sigma Chemical
Co)E AFE-399tt.

Flavonoid StetE &Hak

7|7t E gaAzl Tba 9] flavonoid 3H3HE 9]
3 242 Moreno 5(13)9] W ol 93 49t =
A8 0.1 mLol| 80% ethanol 0.9 mLE 7}&to] o] &3l
0.5 mLol 10% aluminium nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL 2 80% ethanol 4.3 mLE Z+7t 7}‘3}0314—
2] WHS A S Ao A 4087 WAIFE & 415 nmoll A &3
e =339tk EFE A2 quercetin(Sigma Chermcal

Co.)& AH&-3taiH.

o

DPPH MAl=s0is &8

B. subtilis, S. cerevisiae R L. bulgaricusE ©|-&3}]
dar|;zhEE daAz FRaxe] Jdagdds
Blois(14)9] ®R-& o83t SASAS = 5= A5 2mL
= 0.2 mM DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma
Chemical Co.) 2 mL&} E33F &, AL 04 308 HAAZ
%, 517 nmoll A FFEE AR HAF A% (elec-
tron donating ability, %)< T2 4o 2l3sle] &34
AEH7HTY F3=
FENTY §3=E

Electron donating 7( B
ability (EDA, %)

)% 100

ABTS radical

B. subtilis, S. cerevisiae 2 L. bulgaricusES ©]-&3}4
g rziEE waAzl g xte]l ABTS radical cation
decolorization - Robert 5(15)2] ¥¥HE o]&3F4th
7.4 mM ABTS(2,2' -azino-bis—(3-ethylbenzothiazoline-6-
sulfonic acid), Sigma Chemical Co.)¢} 2.6 mM potassium
persulphateE A %3k _, o] 35 T FX A Yol

cation decolorization =&

L (ABTS)S A7 &, 734 nmol| A EFEE =435
F3% kol 15 o5t H;ﬁ 3|d3lal 84 E ABTS - &

H 1 mLell A8 20 uLE 713ty F3 =9 ®gtE F 83
308 Fo =439tk 0.1 mM ascorbic acidE ©]&-3}4
EFEF4E AT T A 59 ks (AEAC, ascorbic
Al 23 o

acid equivalent antioxidant capacity, mg%)<-



SAHAzE]
B Ao A o] A= SPSS 14.0(Statistical Pack-
age for Social Sciences, SPSS Inc., Chicago, IL, USA) pro-

gram= AE-8te] ZF APFHY F94& HS5S$ ¥ Dun-
can’s multiple range testoll 2]3] A ko] ZjolE £

a3t

Ascorbic acid &

YA Al Fulg 71 938t B. subtilis, S.
cerevisiae D L. bulgaricusE =X}l FEstn &g r|7hd
2 3aAz 71 9§ 2}9] ascorbic acid®] &3 WHIE =F
St A3t= Table 13 2o 5212 H$- 66.74 mg% o2
7Hd Be TS TRt oln &l uket Zo] kst

2t {5}

Ao =8 Aoz AGHAY B. subtilis Tl 23 a
2= 48.20~51.39 mg% FEHS ™M S cerevisiae ol 23+

W g 3= 43.62~51.75 mg%, L. bulgaricus Tl &3k &a
2= 53.28~62.84 mg% 2 a7 Wl TFol FA gl
52}9] ascorbic acid®] ol Hlslod= tha W S
BAa Abxote) AES HA33 L. bulgaricus Tl &3
a7t vl HelF A2 Ao E UERT o)¢h 2
o] ascorbic acid®] gF#Fo] 71& HxiH o} warl 13 g o
wet ZHAaske o)fe WA 9 AxHY 5 AXe A
Al ket FEF, Aksl Tl ofste] Adte Ao=E dd
=t
Kim 5(16)2 A28 Algk =2}19] ascorbic acid94
A3} 112.37~25752 mg%etal ste] B2 Ag
WA g FF AolE & 7 »1% o) o]}
2o olfrE B AP e A8 30 gdl 95°Cel &< 120
mL ¥o] 3% ¢ §EA1 T AP35 Wi Kim 5
TS Hole ALZ AL H U
1 Holzate] 4 2 BHEV

Z@_
HJ_]_E]’UH H

Table 1. Changes in ascorbic acid contents of microbial fermented tea during fermentation period
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rHas o] S SHS A} =3}
U 9-Zx}o) A= ascorbic acid7} ©HEF AZSE} K o]z}l A
= ﬁiﬂ;q 25 3kaL 01* ZﬂZJJr t'7-< E%ﬂ@ % ascorbic

Polyphenol &tet=2| &gk 5}

THEA a7 WE 2] FAS 445
12421 polyphenol 8+3H&E<] & Wsts AT
Table 29} 2t} %27] =312 polyphenol 3}+3HE 9]
14.88% A o™ W& vt Yol we} B subtilis 9] L&
= 1154~1277%, S cerevisiae 72 L&+ 11.58~12.88%,
L. bulgaricus 13.34~14.12% = L. bulgaricus® ¢ &
7} 7 HAaFo] AL ASE YEyth 2y tiAFH o2
g g #AQle] dEVE WAy H et HA poly-
phenol S&E9 FaFe AsE oz ATAFHUG

Park 5(1)& Ho|xte] F4 g A
7Foll A polyphenol 3tet=<] &S 54 o}
95% T+ 2 Holxte] BEV|ZFo| FFo %ﬂrlﬂo‘
Ak apol & HolA FAUthil oy B AF e v
EE o] &g aEA Ax AF FG% Ao ZH HEV|T
o] FuAz e} B2 AHolE 7FA I o] polyphenol SHE
o] o] AolE Hole ALZE ATHIIT

Polyphenol 3}3H&0] A U4 2o %‘3\ o] A
] w-&gko] ez FHE A7) ¥lo] HYIE 3,
7] F A polyphenol oxidasedl] ]3] -d?-l 2bslEo] 2
o] Aoz g3t} dRE SA B84 EES a9

o] ¢l

> oy oy
o B fo
o T et

g

H
%

polyphenol &-3&9] o] 7HA% 11 §2 ko) ¢5t

oA 71 $TH(17). T3 Woo 5(18)2 =2}9] polyphenol
sl§tEo] ke, BF 2 wHay vjso] ok 3%
o} Liu(19)e] ol 93} =3}l A 2] polyphenol 3H3%
o] gaFo] 10~24%hal ste] B A9 FLFgAAME
polyphenol 8-3HE9] gaFo] 1 ®9] <ol Qe o= Hol

(unit: mg%)

Fermentation period (days)

; 1)

Treatment 0 1 4 7 10 15 20

B. subtilis 66.74+0.38""  50.28+0.35°  49.98+0.73"° 4851020  4826+042""  4820+0.35"  51.39+0.27""
S. cerevisiae  66.74+0.38"*  51.75+0.30""  4813+0.36°" 47.33+0.85""  4362+046" 4875046  48.69+0.28°
L. bulgaricus  66.74+038" 58201036  61.86+0.71" 59.42+050C 5328+1.06" 53.85+031"  62.84+0.22"

D - - -
Fermented tea using microorganism.

Values with different superscripts within the same column (a-c) and row (A-E) were significantly different (p<0.05).

Table 2. Changes in polyphenol compounds contents of microbial fermented tea during fermentation period (unit: %)
Treatment!’ Fermentation period (days)
0 1 4 7 10 15 20
B. subtilis 14.88+£0.06"Y 12.77+£0.21" 1271£027"%  1263+£0.11°°  1154+0.16° 11.59+0.11°° 11.57+0.17*°
S. cerevisiae  14.83+0.06™ 12.83+0.03"® 12.85+0.26"® 12.39+0.19°° 1250+0.09" 11.71+0.16"™  11.58+0.09"
L. bulgaricus  14.88+0.06™  14.12+0.35®"  13.78+£0.11"% 13.34+027" 1366+0.12°" 13.83+0.10"°C 13.91+0.14*5¢

D - - ;
Fermented tea using microorganism.

PValues with different superscripts within the same column (a-c) and row (A-D) were significantly different (p<0.05).
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ﬁa"’]{'% Table 3-‘% 2t Aol ARS8 Z3H9] flavonoid §
FE 778 mghRoH HAES o] &g FHE Ao of
= A #F 25 2art A1ZEAEA flavonoid S

ey 7has)
Qek7h waIbe] FThekRA ThAl AN 8 Frkeke A%

oldet. 2y Ade A&3 LA 7T FH flavonoid
Shd ZAE T 42 o2 Yeh 2g 7] 9 $7]9
9] flavonoid®] &k =folo] B3t AT= = o AAZ
A7} o] Foixel & oz ke )

Jeong 5 (20)° ZU Al 2 A 7 wo] dHeE o] ¢
ZElHE A 29 FH #AY
‘%k% 53}, Z3), A, BHola FEE £o2 L}E}u-
, & EE s AR $F2H(242.99 mg/100 g) &
& 7HE wel %Jvﬂaio ™| =2}4(242.74 mg/100 g)
pZS

0] quercetin®] i’iJ_

E AT A7 7Y

E—E.LOJUL }J\ ‘:} et flavonoid $H#¢] 2}o]E Jang
2D A7} vuslE W S35 9848°Ceoll A 6.03% F
135S W 851 mg%2] flavonoid7} F+& 5 o] A thar 3¢
Aol A AR Jeong (2009 Ao} vl E

Be g Aol FF Wl Aojel Ao Ay

ofs

shbs F4tst ﬂfmi Trﬂ 71011 Fa %x}% ot A
A Well A 4hst 2E# 2o oA Rgow A g
2 B0 Af Bzl ARG AR o= FAkE 2}

Table 3. Changes in flavonoid contents of microbial fermented tea during fermentation period

73] - o129
&5 B3t Aoz dHA Jdv22)

DPPH MXl=0is

HA A TR FXE ARy Y] B subtilis, S
cerevisiae R L. bulgaricuss 237} Z2jol| HEst WwE

24 % DPPH AA}FodF2] W3
49} Ao} HE 7|7k EPE AAZ A5 S F4% 27, TE
A 87.47%2] AAF 7H 52k LA 19AblE B
subtilisol 213} 65. 47/3, S cerevisiae 7729 W& = 65.13%,
L. bulgaricus 9] HE = 6667T%= Al o &5 F473]
Zastnh 28y da 7|3k FUsH A A A8 Frst
o BF 20995 B. subtilis ol 23 FE A 75.02%,
S. cerevisiae 72| Ha = 61. O4°/ L. bulgaricus ¥ ¥4
= 71.10%E YetSTt o9} Z& A7Z By 5x19] 3}
At o] wjg- Holds thA] g ‘ﬂ g1 4~ e
THEaE FAETE Thd w2 4o X9k §aks) &7
o] AA3] FAJAE F2 ZoE ATHU.

Son 5(22)9] AFoNA =2k} FLER} FEE] hy-
droxyl radical®] A7 &3S 3 & A3},

St S2FEE 0
FHEA FEERT 24 Uke

™, B-carotene-linoleate
system= |83} FEo| Wil wE Fis} gE =4
St Ao WEH 2 FEE0] gzt g4k a3

8
M 5% 4% A etk el B AFNE 2]
SRR WEAYS A FREARY FU% B R

25 1_?;(].1,} T
AEG o] He Ae= ‘%E}h‘ﬂﬂﬂl o= Holxtel g
FE £33 vitamin E B vitamin
7] w2kl sfo]
At M el First &S 2te AREF DPPH Ao

(unit: mg%)

Fermentation period (days)

i 1)

Treatment 0 1 4 7 10 15 20

B. subtilis 778404 463+036" 52640317 5384049  587+126"  7.88+0.84" 7554031
S. cerevisiae  T78+047*  433£028°  452+008" 456014  435+008C  596+028" = 557+0.38"
L. bulgaricus — 778+047"  453+0.13"  470+022"" 48740487 523+0.18°  509+0.12""  6.93+0.25"

) . - .
Fermented tea using microorganism.

PValues with different superscripts within the same column (a,b) and row (A-D) were significantly different (p<0.05).

Table 4. Changes in DPPH radical-scavenging of microbial fermented tea during fermentation period (unit: %)
D Fermentation period (days)
Treatment 0 1 4 7 10 15 20
B. subtilis 87.47+0.60""  6547+0.66™" 67.35+0.38"  68.83+0.56"  70.84+0.71C  71.18+0.34C  7502+0.55"
S. cerevisiae  8747+0.60"  6513+£056™  62.32£044"  61.30£0.55" 61.89+0.61"" 59.08+0.68"  61.04+0.517
L. bulgaricus ~ 8747£0.60"* 66671067 68.12+0.76°° 67.60+£059"P 7195059  67.60+£0.74" 71.1040.48"

D - - ;
Fermented tea using microorganism.

PValues with different superscripts within the same column (a-c) and row (A-F) were significantly different (p<0.05).
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Table 5. Changes in ABTS -

cation decolorization assay activities of microbial fermented tea during fermentation period
(unit: AEAC, ascorbic acid equivalent antioxidant capacity, mg%)

Fermentation period (days)

1
Treatment 0 1 1 7 10 15 20
B. subtilis  203.22+052*” 15663+056" 155.86+0.72" 15621+1.20"" 158.76+091° 15852+0.92 169.78+0.83"
S. cerevisiae  203.22+052* 15895+0.10" 13560+1.70% 13830+1.07" 119.98+1.33" 122.48+0.90" 143.10+0.65"
L. bulgaricus 203.22+052*" 160.96+3.85" 180.84+1.75" 170.66+1.39" 159.69+0.66" 159.35+4.30"" 196.49+2.07""

D - - ;
Fermented tea using microorganism.

YValues with different superscripts within the same column (a—c) and row (A-G) were significantly different (p<0.05).

ABTS ahitst =ty
B. subtilis, S. cerevisiae L L. bulgaricusE ©|-&3}]
e r|tEE #aAzl FEaxle] ABTS &4tst &4 9
W3S =43 A= Table 59 2t} wx19] ABTS 34F
3} 84L& 20322 AEACYE 2 B. subtilisol] 23 draxt=
155.86~169.78 AEAC mg% ZAE=XN oW S cerevisiadl 2
g 2= 119.98~143.10 AEAC mg%, L. bulgaricus®l
ol g 2= 159.35~196.49 AEAC mg% 2 & 7|3t W
T 25 3t vlate] whe 48 By JkAae)
| AR} L. pulgaricus ¥l &3 waxprp 714
Ao Z AR E T
g 717F8  ascorbic acid®] $#(Table 1)3}
ABTS 3bst &3] JaaAE E4¢ 23, B subtilis
ol o8 wE A= R=0985, S cerevisiae ol 98 v &
R*=0.995, L. bulgaricus 7o 28 @& xt= R*=0.941
Z AN #F EF =T vl =& AL ZE YEY ascorbic
ac1d«] o]l ABTS &4bst @433 4adAZE o$ =3
Q’o] ‘l‘ M?iq
Jeong 5(20)9] AFoNA el A BEH= =X}, Ho|x}
22} & 219 akstE Hiw el A3 ABTS 32kst 34
=27 b =3 Bolah -5k A oAl e
o o]= 29 71EIZ] F EGCGS EGC &3] =2 A5
=2 fuZ AAFS et Rtk £ AY
ANE FUFEA7L HARGE ABTS d4ks E4o] 74

Y

Mo £ fo o

N rfo ﬁ

é
H3E Hole A

He AoE Hol 3 AF A
ascorbic acid 59| ZF4ol 93 JE¢E = A E A5
Ao

o)de] A#E FFste BHH, U] ‘@%% O]%éﬂ' kg a)
Az A Bacillus subtilisE ©]-&
Z7F 95438 AE10)S A & 9\)\9}1‘:}. a2 aat
A Z A] ascorbic acid, polyphenol 3HE 2 flavonoid &3¢
E 59 kst AEEY FFe SAEGE oA AEHA
H 3 o] upe} it G A FHAA T ksl g
Aol Az F A A LA 2 Ao Aty
o sl GAdo] AadEtA] FOWMAME V5% ¢
g2} el #E A A7 BRE O E AR HAT

?l‘T

e <

Ao el FnE FHENE Az 99
Bacillus subtilis, Saccharomyces cerevisiae 2 Lactoba-
cillus bulgaricusE ©]-&3to] TUAXE AXg F HFA|
zhol W2 ghate AR B B4e) WEE Sgs £
B 2t9] ascorbic acidd] e a7 U] ool TA
o] =2H66.74 mg%)oll ¥t vlwA e §eF(4362~
62.834 mg%)S B I 2FAhote] HES A8 L bulgar-

Ao

icus 7Ol ot Ha 7} A AL WHelE H Yt Poly-
phenol 813 9] FaFe 1] 49 1483% 5 om $HE
e 1154~14.12% 2 Al &% 5 drart A3 wat
ko] tha stk Al AHES =3t ﬂavonoid

o3

e 778 mg% P on PAES o] &3 Fkaxie A
o & 4.33~7.88 mg%E HE Zxto A9 t@}akiu} SIS
Aoz yepgth bt @499 A, Fake] DPPH A
% 2 ABTS 3itsl &4 247} 8747% 2 20322 AEAC
mg% P ot A 7lel] mE TG E ZAfel H 3}
e XS He Twga A2 A ou AL §akE
AE9 T 2 o] ta TASHA HARE rAES o&
sto] FHEAE Ax Al A H |3 7S ETF 55 AlF
e & e Aoz AT A
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