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Abstract

To manufacture the fermented tea with hygienic quality, green tea was fermented using Bacillus subtilis, Saccharomyces
cerevisiae and Lactobacillus bulgaricus and mineral composition, total amino acid content and antioxidative activity changes
were evaluated during the fermentation period. Minerals detected in the fermented tea, the Ca, Fe, Zn, Mg and Mn minerals
were detected. Ca and Mg are relatively large compared to other mineral content. Total amino acid content of the control
was 3.57%, but total amino acid of fermented teas were higher (3.68~3.85%) during fermentation 20 days. Metal chelating
activity of control was 55.11%, Metal chelating activity of the fermented tea using B. subtilis was the highest. In reducing
power, O.D. value of the control was 2.27, three kinds of fermented tea were lower than that of control. The fermented
teas increased lipid peroxidation inhibition compared to the blank test.
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SR &dh= thdA 9 AEEEQ AP Camellia
sinensis)= 5= &'d, AT R s|TEtof 7|59 oA F oA
AAYBIL, S, IEE HIERS AU, #HAloF 5 2, ofdd
of AA FHSHA AuiEar UckKim JT 1996). A= A7-5
R} 2o F8E FA 4 5= o] A =i A AR
W=7 AJ7eta Jem(Park F 2009), 28|} 4] EI =
ofA| 1L, theFet FRY AFEo| AR AEo|a gl

A= Az wo weh YaA7)A] 2 53k 10~65% H
B SPEER} 85% ol AR WAz A AES 2
A<t AAA A F7] Foll EAsH= u|AEl 3l YA
L utEle 288 2 9lrklung & Kim 2003). SEHE X}

7HA= U719 olfet AZHETHChoi & Choi 2003).

FHade HE FE9S o8 5 SA] 7HEste] aaE &
B3N 7]13L, FE(olling), AF S A F uBE =
At olgsto] WAl & B+, 43 E A=24HE AA
A Z3FcH(Kang OJ 2008).

Frazte st QRS ARy, 48Tt He AgS #
A&t Aol7] WiZoll, f71ektEQl 7HEX, 7l 59 9
ZFol A, 7 59 el v Azt w|ste] Hw 2 g
of. 283 7719 K, P 59 o] AREoh A1, Ca,
Mn, F, Fe 5-2] % E3F Bl 2] o] EAZtHSon 5 2005;
Chung & Shin 2005).
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T} oleist FRRAE T OHF 71E FhelE BE
Aol that vAE 7o) MER FAHL UA) ghot n4bE
o et EAHE AU Lo, Aoy AT 2
THKEDA 200714 B30l 54 U 455 298 2
EA7} Qiohn wEsh 5 PREAel] e iy e B
A7} fEE T 9l

AR (Kim 5 2010; Kim 5 2011)o] 4 £ ATASE 948
Aoz ortRAo] ARy IS Nutslr] $8+e] Bacillus
subtilis, Saccharomyces cerevisiae L Lactobacillus bulgaricusS
o] g3t FHAAE ARt A=Y F olstetzel |
R

B QTAINE N1EAE 2 FEARE Axohe 33
F PEAe] R 2 GusE Y0 WetE 27 v
sk

1. FHFXQ| HI"
L AR(Kim 5 2010)9} opRIIA 2 =3}

FHaae Az
A AUE 2o AHE] R 4% HES B
SHTE TE% HaEE YA &, FLas A3 A
L5 #F2E B subtilis, S. cerevisiae, L. bulgaricus-2 0]}
Fek Bt A2 7F E HE H(25x35 cem, 0.15 mm)ol| 12} 7HE
g =29t BF ZRgo] Zhzhe] F5(1.5x107 CFU/g)E 43
/\]{l 2HEE 64ww)9] HIER $EBEP0] E 5 UEF

53] SR T HAAFT) oluf B. subtlis A2} 50T
01]/\‘], S. cerevisiae’™= 30 Col| X TRA|FH oW, L bulgaricus A
PEe ATRAIIE olgsie] vdBE W) A B
o]&E Z 30CoA TaA AT AlEe= 1Y, 4¢, 7Y, 10¥,
152, 202 Eol WrEE AYstd YHstPon, YH T 4
3 geo] 27} HES A BHS AN F UE FURE
(12x21 cm, 100 gm , Samji, Ansan, Korea)o] Yo R 31H A
Ao ARESHAT

2. R g 24

B. subtilis, S. cerevisine Q L. bulgaricuss ©]-&35}o] &rar|
7z wEAT PEEAY B2 e BALS 4B
AutA) S ¥ (Korean Food Standards Codex 2007)9] &35}o] Al
&35}t Teflon A =2 TS0 A vesselo]] EH3F A= 0.5~
0.8 g= Fgt & 24k 5 mee}t 23 FujA|Ql 30% H0, 3 mlE
Yol nfo]z 2y} EF|AX|(IT/ETHOS 1, Mileston, Italy) 2 &
afstgict. &all 242 58 100CE 5235 & 587 FAA
7131, 1057k 200C 2 2-&A]7]5 2057+ G XAk B3
H HE 25 me WAaEeAITd 33} FR,E 5] AlY

wae] 4y ws 399

Table 1. Instrument conditions of ICP-OES

Parameters Conditions
Nebulizer flow 0.65 £ /min
RF power 1,450 watts
Plasma argon 15 ¢ /min
Auxiliary argon 0.2 £ /min
Nebulizer argon Normal
Sample flow rate 1.5 mé/min
Source equilibration delay(sec) 15

Plasma conditions For all elements

Plasma aerosol type Wet
Nebulizer start-up Instant
Calibration equation Linear
View distance 15.0
Plasma view Axial

golo 2 Agaict o APEAS nFT} fE A B
=n}2 Folo g LS 3 B3 ol ICP-OES(Optima 5300
DV, Perkinelmer, MA, USA)E ©]-&35}o] Table 13} 2+ A
OS2 Ca, Fe, Zn, Mg, Mn9] TFS =54
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B. subtllls, S. cerevisine L L. bulgaricusS ©]-83}o] &
7R WEAZ FEEAY F obuldl GRS
7] $13 Choi 5(2001)¢] ol we} LA d A9
S e Bot R4S 7 T 239 8 F=ANR
spectrophotometer, Foss NIRSystems, Maryland, USA)& A&
3te] kS AT AYEY X2 400~2,500 nm B
QoA AR EE A EE sample mill(Cyclotec 1093
sample mill, Tecator, Hoganas, sweden)2 223t & ¢F 5 g&
standard sample cup®]] & F A2 A scanningsle] AHE
E—L% %2}1\]‘,]— 04.0— /\l_ﬂ_lEE‘]_,] 75_14_ Zjakk]oﬂ Z-LQ_‘:‘]-O:] i
Sajotui=Ate] FEFS AFEE T NIRSS] 22R WinlSI
II project manager ver.1.50-2 ©]-&3}th
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B. subtilis, S. cerevisiae X L. bulgaricusE ©]-&35}o] Ta7|
iz WEAY FREA) FEole AL Yem 5
(2002)9] B o] &ste] SAHATE FEH 1 mlof] 2 mM
ferrous chloride®?} 5 mM ferrozine2 Z+z} 100 & 7}5}1o]
e 7ro] AL 93} methanolS A= 5k, 105
Aol AT T 562 nmoll A kg ole] FHES 27
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B. subtilis, S. cerevisiae ¥ L. bulgaricusS ©]-&35}o] W 7|
HEE FEAR FEaxe] 2hdd 42 Mau 5(2002)9]
e of whal &9 250 wlof] 0.2 M sodium phosphate buffer
(pH 6.6 Wako Pure Chemical Co., Osaka, Japan) 250 0, 1%
potassium ferricyanide(K3;Fe(CN)g, Sigma, St. Louis, MO, USA)
250 WS ZFZF 3331 50 Cofl A 208 Z2t HF2A17] & 1%
trichloroacetic acid(CCl;COOH, w/v)E 73}t ¢ vhe-9a&
1,000 rpmof| 4] 1087 A4 E2Jste] 45N 500 peoll 7
4= 500 S E38}aL, 0.1% ferric chloride(FeCl; - 6H,O, Wako)
100 pbE 7¥stod Hhg-oo] F Zhs 700 nmojlx] S783513{Th

o
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6. AIZAE AMls EH

WS olgat FurEale Alsh oA EIE 2]
At WiskE Y JA aRE SASHATHKikuzak &
Nakatani 1993). &, &8 SX= ZHzte] FFE o83k 7¢
SO WEAIY] BHE =X} 1 o] 95T & 100 mE Y1 35
Bk W&t} ol ol gL
F3E 712E& ARdt= WYL E = linoleic acid 2.51 g&
99.5% ethanol 100 mlo]] 3 A|Z] X 2.05 m¢& F3}o] falcon
tubeol] a1 H4=](5,000 rpm, 20 min)3t 7Y F TEAIA

™, linoleic acid

Table 2. Changes in mineral contents of microbial fermented teas during fermentation period(days)

R DGR

A 23 22N 2 mE FH7F3E £, 0.05 M phosphate buffer(pH
7.0) 4 ml, =22 1.95 nl2 7}k 40°C gF-27]of AAshd
A AARFAITE FS BAE X F e Y E=F thiocyanateH o]
oA S5ttt S 2= 24A17Huttt 75% ethanol
47 meell Z+ A& 0.1 ml2} 30% ammonium thiocyanate 0.1 m{E
g7 A33) 38 3 0.02 M ferrous chloride $-8-8F 3.5% HClL
€4 0.1 mE I8t 500 nmollA FFE=E S5

7. SHAzE

B Ao dojW A= SPSS 14.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program<
AHg3to] ANOVA B4& B3] 2 AP o8e 43
3l & Duncan's multiple range testo]] &J3j] AF+ 7+e] 2ol &
48

20 W D

1. 718 42

Sk g 25 A ZX3}7] Yt B. subtilis, S. cerevisiae L L.
bulgaricusg =2tol| FFstal, ER7|IZHER a7 TF
a2pe] 7712 = eSS SAT 23k Table 29} gt

(Unit: mg/kg)

Fermentation
Samples period(days) Ca Fe Zn Mg Mn Total
Green tea 0 2,169.99 68.20 34.79 1,801.54 581.75 4,656.27
1 1,690.30 51.03 26.20 1,315.15 465.63 3,548.31
4 1,640.18 52.79 30.65 1,407.48 464.98 3,596.08
7 1,638.76 52.83 25.82 1,376.59 457.74 3,551.74
B. subtilis
10 1,643.41 54.31 26.93 1,386.68 446.54 3,557.87
15 1,744.79 50.79 25.88 1,353.57 476.10 3,651.13
20 1,758.75 51.19 29.27 1,325.67 444.66 3,609.54
1 2,067.29 62.39 32.10 1,642.63 565.75 4,370.16
2,111.07 63.29 31.57 1,689.44 589.01 4,484.38
2,060.80 84.44 33.07 1,735.19 587.75 4,501.25
S. cerevisiae
10 1,762.86 72.58 26.85 1,418.48 442.89 3,723.66
15 1,683.35 53.68 28.57 1,466.88 459.63 3,692.11
20 1,706.62 5242 26.28 1,428.89 446.26 3,660.47
1 2,031.19 66.62 34.19 1,770.79 544.78 4,447.57
2,034.45 64.37 32.07 1,702.95 593.74 4,427.58
1,910.23 63.31 31.68 1,663.72 517.50 4,186.44
L. bulgaricus
10 1,815.55 60.49 29.39 1,566.91 531.65 4,003.99
15 2,020.00 62.77 33.60 1,741.91 534.21 4,392.49
20 1,983.42 59.08 30.31 1,594.53 560.95 4,228.29
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St to| A HEE B7|AEE Ca, Fe, Zn, Mg, MnO 2 5%
o] B7]20] AZEeH, 05| T Ca>Mg>Mn>Fe
>7n9) oL, 1 % Ca%} Mg7} W2 The R7]2o
wlstol Be TS Uehiiich Ee gamel ko) 2]
A 2 FEEL 465627 mekg O 2 TR WrERIY] AL HTL
WE & 2714 Fekg ol Ao eht, wao] o
Sl oISl 247} G ASE BekEou, B subilisc]
ofgt WA Ue 2717 B e el dhat 2%
A7/} Wa Ao AR

1A &F T 7HE B2 de &oke Gae gl2ae
Z A3 B} A= 2,169.99 mgkgo] Qo1 B subtilisol
o3t Bra o A= 1,638.76~1,758.75 mgke, S. cerevisiae '
A2= 1,683.35~2,111.07 mgkg, L. bulgaricus A} A=
1,815.55~2,034.45 mg/kgo 2 Frazx} Fol| A= L. bulgaricus®]|
oJgt waA A 7P =2 TS YR ARG, tizLell
slstel A MO e P Holk Ao ey, wa
ol ofstel Cad] L o7k FAdHE Aa AOR A2
91tk Chung & Shin2005)] AT Akl A =k, B, 3%,
B3 BE D8 PF F Cadt Mg Tl 74 ok
3hof ¥ Aol SU}GOD, Bakel WA T S} v
W AT BA7h 2L PG Uehickn shof =3 whE
Al Ca9] ol FFE PlA= Aoz AHEHIUH.

Aol = K, Zn, Mg, Mn 59| 2|4 F7]do] won, o
Z 60~70%7F =AE Eof &5 o] AZIAL & 29| gloj]
Ao nZcky HuE T 9o, TS Mn, Zne u|gF T4
HazA A 8l B/ditao] F=3tof e sh= SOD(super
oxide dismutase)?] FAZEOZA F 9% 75 7IA= A
oz oF#|A 9ltkShin MK 1994).

Z ool AL B

EQE Aro M 22 F opu|ieil FFS ST A=
Table 33} Zch. a8 Axf, A A =79 F ofv]
L AF SHFS 3.57%0| 01, B subtilisE ©]-&3Fo] WrEAIF]
73S, 3.48-3.73%, S. cerevisiaeS ©]-83F TH XM= 3.20~3.85%,
L. bulgaricusE ©]-&3t WA= 329-3.78%2 2=

Table 3. Changes in total amino acid contents of microbial fermented tea during fermentation period

EREE LR 401

Aol g Hol| ok, WA7|ZE 3 obulwAte] B F7
AR W 0URA s BE BEA] N HRFEc}
2 % obulwdl §FS Mol Lo Y3 opu]iire]
o] OFZF F715He ROE ARE U Lee S(1998)E
X}, B2}, FApe] ofnlieit Feke ST Ak, 242 0.6%
0.63%, 1.05%= a7} wo| A= X}ULZE ofu| Al o
spo] 3713t S hehfe] £ Avtek Fpe] zfolt gl
A5k, el )5k obuliAk 3 F7H: AASHE ARl
T E Jung & Kim(2003)& WA} A% A] Abste] o) of
ui ko] gago] F7HRITh Shol WA ofuiAbe] e
o] Z745te AL SIS ok WEIY F nl4Eo]
RISk T Bl Ede] ofs) obnwAl Fpe] Skt
£ Aoz pu

o e orle rlu

obicite HE FARS e YLOZ Fhugle) 2
o9 FHE2 e dht vEo] Xpe) whe BT Fa
f ok, ofuAke 3t WLS wow Yo st
97] vl o E27H Bk Hlste] gro] ol elo]
Hu), 0T FEe] ALolA 1 e 7Y & @ 4 Uk

3. 25012 HHs

RS Aol WESka, WATIZPER MRAA AxT
g =3}0] F4olL AASS vlwE AT Table 49} Zt).

WEAZ|A G YRT e ol AABL 55.11%
Qom, B. subtilis HEIFE 64.45~81.05%2 2ol vl s}
of A&Hoz & g&olE AATS B
MRS 3194-57.26%E WA 109744 & 2 RckE w
ge Bgor) Bhg 159 o|TEEL 27t 9o
SNl
3

K1, S. cerevisiae

2Jo]E Holz| = Ao vebgdh L bulgaricus
Fol A= 45.61~60.60%2 L& 10974 = 23t
o= AUAIRE, FE 159 o] Fofls F&0l2 A5l
o %ﬂfﬂh Aoz uehgrh A 237 240l AAS
9] z}ol= AMuLA O 2 B subtilis > L. bulgaricus > S. cerevisiae

rlu o _IN rio

o] &02 B subtlisE o]gdte TUHR} AR A 2Ho|L
AAso] ¢ FHEAE A2 = U2 Ao= ARY
At

(Unit: mg%)

Fermentation period(days)

Treatment"

0 1 4 7 10 15 20
B. subtilis 3.57+0.12°* 3.56+0.12* 3.58+0.16™* 3.56+0.08* 3.58+0.13%* 3.48+0.06® 3.7340.15*
S. cerevisiae 3.57+0.12% 3.48+0.07%* 3.20+0.08% 3.55+0.13% 3.53+0.13% 3.58+0.108 3.8540.14%
L. bulgaricus 3.57+0.12% 3.550.09** 3.29+0.10°® 3.63£0.08"* 3.5420.11° 3.780.12* 3.68+0.07"*

" Fermented tea using microorganism

? Values with different superscripts within the same a row(a~c) and a column(A, B) were significantly different(p<0.05)



402 oA - 744 - 0|2 A F It
Table 4. Changes in ferrous ion chelating effects of microbial fermented tea during fermentation period (Unit: %)
1 Fermentation period(days)
Treatment”
0 1 4 7 10 15 20
B. subtilis 55.1142.45%  77.78£2.76™  78.38+2.84%  71.21£5.68™  64.45£5.92°4  79.53+1.66™  81.05+1.22*

S. cerevisiae 55.1142.45% 47354177
L. bulgaricus  55.11£2.45  45.61+3.82®

35.26+1.329
54.55+1.55"

31.9442.66% 39.3344.02C 55.30+1.86™ 57.26+2.26™
50.80:4.11°8 52.1142.62°8 59.66+6.07° 60.60-+£2.828

D Fermented tea using microorganism

? Values with different superscripts within the same a row(a~¢) and a column(A~C) were significantly different(p<0.05)

4 pRE 53

77re) 272 olgelo] M WE A Aok
ot Y S A= Table 59 2t

FAe &Y 5 & E—ﬂ% A% Ao, das AvIA &
2 g2l =249 ¢ 0.D.Fho] 22701121, 209 F<t
Elge 1\] 7l g\ L bulgaricusw2] 2J3F Wrax}=

1.95, B. subtilisd-ol] 23t WaX}= 1.60, S. cerevisiaedo] <]

-1
A= 3 AL Azl B Yehye, &

z}h 143 <02 Yeigth ddgoA e F3=s

o FAS B4

& 7HAE BALS FREY £271 B4 yehdth 27] ¢E

) . E
Al LY A3 FASFAT, waT|ro] Hukge] w
2 F715t= AS BT B3] L bulgaricuso-ol| _JEP

EAHs majo] ulate] BYYe ZastAE, e =
Zol olft FUEARGE £ BARAS Yehi
Jeong 5(2009)2] AToNA T AT =3, Hol, £8

A Z3}7] 918k B. subtilis, S. cerevisiae X L.
bulgaricusE ZYZy 210 JEsle] 6U7F waA|7l THaxt
o] A A}AE} AL AT AA= Table 63+ Zth

OMRAE 7S gk blanke] Aol A 2203
273] Ask2 Ao 0D.Zo] 0.02722 wje kgkon, 1
Fol= AL 23] S7FstA A% 6Uoll= 2.5894= =) AF
a7} whas) AR Aoz Uehgrh

aU Al #F2 7Y B Axg Faate] Adaitst
= 79 e AT F8E A F715Ee 0.1986~ 0.25899]

Table 5. Changes in reducing power of microbial fermented tea during fermentation period (Unit: pg/ml)
' Fermentation period(days)
Treatment"
0 1 4 7 10 15 20
B. subtilis 2.27+0.03* 1.3240.01 1.21£0.02°® 1.3340.01% 0.84+0.01® 1.47+0.01 1.59+0.01%®
S. cerevisiae 2.27+0.03* 1.16+0.01® 1.00+£0.03C 1.1840.02%¢ 0.85+0.03® 1.56+0.02°8 1.4340.04C
L. bulgaricus ~ 2.27+0.03** 1.16+0.01¢8 1.59+0.02°A 1.72+0.04% 1.34+0.01% 1.84+0.03A 1.95+0.01%*

D Fermented tea using microorganism

? Values with different superscripts within the same a row(a~g) and a column(A~C) were significantly different(p<0.05)

Table 6. Changes in lipid peroxidation of microbial fermented tea (Unit: O.D, at 500 nm)
Fermentation period(days
Treatment" P (days)
0 1 2 3 4 5 6
Blank 0.0906+0.0021°F  0.2255+0.0010°F  0.6272+0.1047%° 1.499140.2388% 1.9922+0.2082°5  2.4261+0.1834** 2.5894:+0.0950*

B. subtilis  0.0854+0.0034°" 0.1129+0.0028°°
S. cerevisiae 0.0754+0.0043*° 0.0798+0.0019°°

0.1729+0.0027*
0.1133+0.0041°°
L. bulgaricus 0.0772+0.0034°%  0.080420.0007°F 0.1376=0.0040°°

0.2039:+0.0043°5 0.2034+0.0089°5  0.2046+0.0082°% 0.2576+0.0074%*
0.1402+0.0027°5 0.1427+0.0044°5  0.1454+0.0033°%  0.1986+0.0062°*
0.1763+0.0094°C 0.1805+0.0092°5C (.1882:£0.0045°5 0.2589:+0.0079**

" Fermented tea using microorganism

? Values with different superscripts within the same a column(a~c) and a row(A~E) were significantly different(p<0.05)
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O.D.3tS UEly o] blank test A3+e} v w e o A

=z =
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82 FUEA BF AU AA50] $4UE L 4 9

o]

Sich. 3HH, o|5 A FFE ol 87 FUEAE 7o) AU
AF} OA-S FOA Aol gl AOE Ueht, S
A 71 A0 W SAS A E At 2L

FAT 4 Y& RO Wk

2 o
subtilis, S. cerevisiae
43@7] 7ra s vty

Pk B 5

AR SEEAE A =37] st B
9 L. bulgaricuss S} 2+ HE$35)a,
AlZIEA AT S axte] FYE 2L 3 =
Aot Tdraxto A HAEH 7|8 2L Ca, Fe, Zn, Mg,
Mno g 5%9] fr|do] AEHem, I F Ca¥t Mge H]
2 o2 2740 vistel B B eyt 3 o]
oAk BEE YETE 350l on, W 20U B
£ gaEAolN YRIEchs £  ofulnAt PG
3.85%)2 HYGth F40)2 AASdNA= g2FEL 55.11%
fow, Al FHT Bhole AAG Aol Ao B
subtilis > L. bulgaricus > S. cerevisiae®] 2.2 B. subtilisE 9]
&% AR A2 G501 AAS] 7HE A e
ok g2 279 B9 0.D.gho] 227031 S
Ao Ae A7HA] TR ' FH 45‘—‘3}1_ H2 S
= Ye itk daxte] A Al 452
Az S EA; RF blank test 27} v wd of 2 AE

, T
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