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An Increase in Antibacterial Activity of Green Tea Infusion
by Heat-Treatment

Masashi Asaka, Keiko Murai,
Ritsuko Nakanishi and Yoshio Aoyama

Effect of heat-treatment on antibacterial activity of green tea infusion against Bacillus spp.
was studied. After the green tea infusion was heated at different temperatures, the green tea
components were partitioned with chloroform, ethyl acetate, and 1-butyl alcohol. The ethyl
acetate soluble fraction was further fractionated by reverse osmosis. After heat-treatment, the
green tea infusions were sterilized by filtration and then inoculated with spore suspension. B.
subtilis grew in the green tea infusion heated at 95C. B. subtilis didn't proliferate in the green
tea infusion heated at 120C, but grew in this infusion from which tannic components were
removed by polyvinylpolypyrrolidone. Also the antibacterial activity against B.
stearothermophilus in green tea infusion was increased by heat-treatment. Concentrations of
caffeine, theanine, and amino acid in green tea infusion didn't change by heating at 120T. While
four kinds of catechins decreased and their epimers increased by heating at 120C, the catechins
and their epimers showed the comparable antibacterial activity. Both the ethyl acetate and 1-
butanol soluble fractions from both unheated and heated green tea infusions exhibited
antibacterial activity, and the activity of the fractions from heated green tea was stronger than
that from unheated green tea. On the only heated green tea, the fraction not passing through the
membrane retained antibacterial activity. From these results, it was suggested that antibacterial
components produced in green tea infusion by heating were lower polymers of catechin.

Key words : green tea, catechins, anti-bacterial activity, drink, heat - sterilization, Bacillus spp.
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bB|ESNTVE, I T FVEOHMBERATHLIRETRY ™Y VR 2RK) 72/ —-VThHb
KEDFT775EED S bRENERT I EIRESA TS, —F, BEATFVHEMN
BYpLe— L0 2\EFO W R, BETFMLERT S, A7 FHEIR)
E=nRyay K (LA PVPP EBY) (CBART 2".

ZIT, MARHEEMALES 5 2 LI L VMBI 2 MIEBRSED & ) ICELT
0%, WAMEFREBMETH S Bacillus BB ZHRE L LTRE LZOTHRET 5.

X B 5 &

1. EBHEBLUHEAR
BEIZI06ETHEORRE - FRXL WV RE LK ETH L VAL, EHKET-25T
TRELE. (<) eFubsxy#L—1+ (EGCg), () =¥Fah7+~ (EGC), (-)
I¥HFEYHL— (ECE, (-) T¥AF*Y (BC), (-) #uAF*¥#L—} (GCy),
(=) #usrsr*>r (GC), (=) #FFvHL—=1t (Cg), () #7¥Fx¥ (C) OHUERELT
77 AMERAMBYIE 7Y, PVPP ¥ 7 ~, ¥BEXREHIEIHKRE, ZohoR
Kb LUmERE s o b7 7RAAMEMEBETEI Y AF L.

ABXIZH 7= Bacillus EOW¥k B. subtilis (IAM12118), B. licheniformis (IAM13417), B.
stearothermophilus (IAM11002 & IAM11062) (B ASES T HINSAEWEMIERTHA - HEES
SFREEF—E W AFLS.

2. BREBHBOAMLEBRERBONE

FEHRLTRALAA A 2 RRAITRRFZEZINZ60C THEER, F1orAfi (2504 v ¥ a)
THEBTAHIETHRABHBEZABRL -, BEIT1%HFE, 3FTHBHLAY, BREORIK
124 %48, 105 MBRE LA 4 Bk CRREAHR L7,
BRARBEESCT200g FROEICAE, EBF70-EFHL, MLV MV IEKEZHY
120C CLArEme L, &2 masx 8hE L. 2N Mo EE M 63 2 N L 2R ) & iR
EORBrPSDL 012, BREZMWEENRBEFICAL, DBV MV FEEBEZHC100CH5
118CT—sE Ry nEksn 3 L 7=,

3. BRASDIE
BARBREERBICE Y 2 ook Vv ATESE S, 7 ookl ARNEEm g, BT
wEkES, 1-7% /= VI EthE g & EE T S KSRGS E L. B BiEE
M EhEFR 3T 7. BEABEREESE S % A 4 V1 2ZRKICHER L. FFRF )V
TEMEENRER (HRBEBILRAL K ALR) Z—F VA F v NTR-7410, NaCl FHIE
#10%) FH\, E&E 5 & REH 5 L7

BERBEO Y = EE, 2% (wiw) ® PVPP Zi#I0 L3075 E##, HERK No2 TA
BT B ETRELED.

4. BRBEHBEBRAS OREBENE

1) RS o R

Wtk 7 o 2 CRIE RS S MEREISB L, B. subtilis 1330C, B. licheniformis 1&37TC, B.
stearothemophilus \F55CHE L7218, R LAFRZBEAEHE TH I BEKICEE L.
FRBERE L7 TFREFREL, FEREKICEES L. ZoRKEREREL 3ERY
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B, BAETREAICHES LFRERRE L. FREHMISEEE L, SMEEC80T,
1053 F hn#E M ALALTE L 7-.
2) PUEiEHRE

BB AT VE(LALEE L 7= FRa B % 10 cfu/ml iS22 5 & 5 (S LT iR TR L ) &
EL, WERREHER IO =AY Y METRFNICHERPOBREZRD, Bl
WX ) PEEE A, RRRMES L U PVPP ABREBRHIZ0.2mD 7 4 V5 —TAHE
BREf Lol Bl L L7z, RS IEMENTREZ0.2mD 7 1 V& —THBKE LRk -
L7z, @S X OWRE THME Lo GBI A 4 2SSk isMeE » B8R E LERREO 58k
B L7: PVPP AR L RE L LTHEBRE L7, BfI3 PVPP ALBERAR MG m
®oEBRE L THEBEE L.

2B, FRBRIRKEHBEZ MBS 5 LRBFEESBED L) BT 202BRFLLLDOTH
b, CORD, MBMHEGEHFENE L ERBOAIATY, #HHE L7 MEFKI1380C ot
LRSS INBR LB % fli L T 2o v,

5. BREBEIRS OPE
KEOBERERSIIREZRES (T2 TRHFY & VRERES DD-5) THELE. Hb
THFVZEARBEABICLZHBHBICIVHZELLY., REHITFFV8, 77758 VBLUV%R
RTREAFHOLOFEY *—HBBEL THEREK I O 7574 —THH L. H T4
Shim-pack CLC-ODS (150mmx 6 mm¢, H#ERIEN), BEHARIZ01%T7E =1 )0,
5§%N, N—-TVAFNVHENVATIF, 01%") YBER, BEHBEIE7TEF=FULEHY, ¥
#1.7mé/min, # 7 LIRE43TC THH X2, 280nmORENE TR L. F0BEHEFIE, 54
04 TBK1%% 5355 TB18%IZ %5 L ICEMIICY TV = v b LEDH655 1 BH60%
KB EHICERNICIY I T2y PLTHIT L. 8% BH0% Tk L= AR ED Bl
1 %R L.

N7z A4 VAT FRVEEHBIIBERE IO~ ST —TCoITL, FTVLETI)B
7 3/ BRAATEES3S (HMBUERT) %= HwCHllE L.

& e

1. Bacillus BB ORI SHATOIRIE
Bacillus BHIERRKZHE CHBMTEX 22 %A L7455 % Table 112k L7, B. subtilis

Table 1 Growth of Bacilluus spp. in green tea infusion

Crude catechin (mg/100mé)

Bacillus spp. :
SRENERER e 516 105.8 156.3 209.0
B. subtilis (IAM12118) 30 + * + =
B. licheniformis (IAM13417) 37 = - = =
B. stearothermophilus (IAM11062) 55 = NT NT NT
B. stearothermophilus (IAM11002) 55 - NT NT NT

The green tea infusion was sterilized by filtration and then inoculated with spore suspension. It was
incubated at optimum temperature. +, bacteria grew ; —, bacteria didn’t grow ; NT, not tested.
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\$H5E L7275, B. licheniformis, B. stearothermophilus \313& A LML 2 /ro7z. £Z°T B.
subtilis Z BEORBOMREE L2,

2. MBVEIC KL DRFEBHBOMEEDOE(L

BAB M AT 2 2 212X ) HEBEAZET 2202 T 272010, B LRAREES
HTORMER . ZO#EY Fg 1R L. BEZOBERECFRESHEHEEL T2
7= B. subtilis FRITIMBBRE NI 2 xS T, 95T BMLER L 7ok KRR T B.
subtilis \ X L7225, PVPP TH 7 ¥ Vg% LR IO H A HMMEES R o7z, —h,
120C CHNBLER | 72252 I Cld B. subtilis (3358 L2 H»> 7245, PVPP BT 52 LT B.
subtilis \ZIE5E L, ZOHEIX PVPP MH L 7-95C kK@ i & MERE TH-72. PVPP AL
%1 120C sV |73 i Th PVPP G R R E R L &9 IcHm L7z,

Z2IC, GABBBEMAT 5L TLORERBMEASMNT 2 0W <5001, 120C
LR i e ik L T WRAR MO MEEE 2 LB L., Z0#R% Table 2127 L
7=. B. subtilis %, ®MBAERIETIIM A 7 F >~ 156mg/100m DE HTETHFHT X3, RFRE LD
RSB T 3 s L 7.

SR I OFREIEE A B LIRS L RS ET ARELL. ZORKRE Fig.2IIRL
7. 105CTIx30%, 110CTI2105F, 114CTTIE5 4, 118CTid 1 A MMERLE L - FR ML T
B. subtili \X¥3T & Lh o7z,

B. subtilis DA OB KT KR M OTEAMEICOWTSE WAL 2. B. stearothermophilus
EE LD RV O RRIRER i TR
L7:%%, B. stearothermophilus \=X{¥ %
iR MR O PUREE P b AR E T 1S
| By e

3. REBHBRSOHE

Fig. 1 THE L - #BWoOMs 7% >,
WEMERS, pH#% Table 312/ L7,
PVPP CLE$ AL, MATFVii2mg
/100mé & FERT DB D 5 %L T ISR

Log (cfu/ml)

1 L L '} 1 1 1 1

20 10 20 30 40 50 60 70 80 90 Table 2 Antibacterial activity of .unhea.led
Tuicibation time (h) and heated green tea infusion
against B. subtilis

Fig.1 Growth of B. subtili in green tea infusion
The green tea infusion was heated at differen > s
temperatures. After heat-treatment, the green tea infusion 625 1058 1563 209.0
infusions were sterilized by filtration and then Unheated + + 3 -
inoculated with spore suspension. Those were
incubated at 30C. O, grcenptca infusion heated at Heaid B NT NT NT
isl:?d; i r:;‘:‘f:g“ :Z"r‘f‘:eiziugd from  See Fig. 1 for condition of antibacerial assay.

et p Unheated : green tea infusions weren't
green tea infusion heated at 120T ; 4, green tea heated, heated : green tea infusion was heated
infusion heated at 120°C, from which tannic at 120C for 10min. +, bacteria grew ; —,
components were removed. bacteria didn't grow ; NT, not tested.

green tea  Crude catechin (mg/100m¢)
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Table 3 Crude catechin, soluble solids, and pH in green tea infusion

Green tea infusion

Tannic components were removed

Heat treatment .
pH Brix*

Crude catechin

pH Brix* Crude catechin

(mg/100me) (mg/100m?)
95C 5.50 0.282 54.7 5.72 0.176 23
120C, 1.5min 5.53 0.285 55.0 5.62 0.176 24

*Brix : soluble solids
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Fig.2 Effects of temperature and time on
antibacterial activity of heat-treated
green lea infusion against B. subtilis

See Fig. 1 for the conditions of the
antibacterial assay. +, B. subrilis grew ; —, B.
subtilis didn't grow.

AFFCBAIIEAEREREEATW.

L7z, RIS, aTEEEEYIZ01RD L,
pHIX0.I® < oz, —F, MBAMETIZERAE
R OMA 7% », WHEEREES, pHIZIZ
EAEE LD o7,
MEBMHIZE Y A7 F U EPBILLT2 R
R 72/ = WEEKT AUHEENS L0 W,
FIT, T F HEOBEEASTHLEET
B2 RE) 72/ — N EoMERS %N
Al AFBRBEOY v = o e BRIk O
RS TFTTA4—THMr L. TO#E% Table
41ZR L7z, 950 In#kikZ5i2 iz EGCg &
EGC "% # 7% ¥ ThY, ECg & EC i&
Bild, FROODZET—RNITLhbTErED
bz, 1200 Mg BRHMTII4 DA 7
FUEMRBAL, Thoox¥e—2#mL
Tz, BETFRBIZMBLETHT»IC8m
L7z, 4f07 775 vidRmg s mkg
FREWROELELIZHIFEAEED N A
-7z, PVPP MLEZ X b, 95T &£ 120T Thnk
LickERHNEoEEL s —2 a7

BREBHBEROH 724>, TV, TI/BIZOoWTHHEB LD, mMEuEs

PVPP E TN S DI EL L Bd oz,

4. AFFVREZOMERSRRONEE LR

AT ¥ RETOBERG O B. subtilis (20t AHRIEEF B L, #0485 % Table 5
2R L7z, EGC, EC, GC, C {X100mg/100m¢ Th B. subtilis OEHE % | L % H - 72. EGCg,
ECg, GCg, Cg (350mg/100m¢'T B. subtilis DY ZITHHI L, ¥~ —FtoEEEXR
LThol:, WERFTTHALARAETHLT 775 V1 EGCg L RBEOHEIESERL.

5. BRIMEMNERLS D5 BE

AN ST BEEMETOE L. SRS D50 B. subtilis (26T A /N IEIREE % Table 6
(SR L7z, B. subtilis 128 L CHEEEA RO SN0, BEBF LV ERESE 1-75 /
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Table 4 Catechin and gallic acid in green tea

Table 5 Antibacterial actibity of catechin, gallic

infusions acid and theaflavin against B. subtills
T v B Rmoed O 0w o
EGCg 20.97 13.91 0.11 EGCg +,+ +,- -,-
GCg 1.9 9.17 0 GCg by ik e a
EGC 19.56 11.61 0 EGC n *it
GC 2.8 10.97 0.23 GC " ! ’
ECg 4.23 3.02 0 ECg ¥ =
Cg 0.84 1.71 0.24 Cg + +,- -
EC 4.8 3.06 0 EC +, ] ;
© 0.69 2.34 0 ¢ +,+ . ,
Gallic acid 1.73 1.82 1.21 Gallic acid + - -
Theaflavin + - -

95°C, green tea infusion heated at 95C : 120T
1.5min, green tea infusion heated at 120C for
1.5min ; removed tannin, tannic components
were removed from green tea infusion heated
at 95C. The concentration of each component
was represented as mg/100me.

Table 6 Minimum inhibitory concentration of
ethyl acetate and 1-butanol soluble
fractions against B. subtills

Crude catechn

Fraction Green tea (mg/100m2)
Unheated 52.6
Ethyl accetate soluble 7
Heated 6.5

Unheated 102.0

1-Butanol soluble
SOl Heated 6.5

The green tea components were partitioned
with chloroform, ethyl acetate, and 1-butanol.
After removing solvents by evaporation,
residues were dissolved in green tea infusion
from which tannic components were remved.
See Fig. 1 for the conditions of antibaterial
assay. Minimum inhibitory concentration was
represented as concentration of crude catechin
dissolved in the tested solution.

Each component of catechin, gallic acid and
theaflavin was dissolved in green tea infusion
from which tannic components were removed.
See Fig. 1 for the conditions of antibacterial
assay. +, bacteria grew ; —, bacteria didn’t
ZIOW.

— VIENES TH- 7. BEBRTFVITEH
P T 53 Tl AN BRI 1252.6mg/100me,  fnEk
#F25126.5mg/100me, 1-7"% / — Vil EHEME
S CIE AR N ERAR IS 12 102mg/100me, TN Fhikd A&
136.5mg/100m &, X5 & O 5 b HNEkEk
OB OIEEEER L. EAGEED
LN EERELF VRS E 1 -7 8
J— Vil ENE SO BEREs O NS T
A% Fig. 3|2k L7z, Belg— 7 V) iEvhm o
R8MHD AT F YENERSTTHo7. 1-
7% ) — VB 513 EGC & GC 28 A
TWwWidhZzoorFF Y HEIbTh
Thol:. MBEEERS Aoz 00
FVANBHESIEH 724 VY EFATY
7=,

Bl o )L A M 4 % R & 1 TOE 8
W4 & F & BE 125, B. subtilis \ZHF

DHEENA B L. 20854 R/ MILEEE L LT Table 73R Y. RIMAZETIIRESR
S RIEE DRSS b o 2 0lcxt L, 120T n#2% T idE R 4 & K ERBE 5 O W H
CHE BN bR, FKEBESOR/ANEILRERYRBETHETHHORMEL VK],
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Fig.3 Chromatograms of ethyl acetate and 1-butanol soluble fractions from unheated and heated green

tea infusions

Table 7 Minimum inhibitory concentration of
fractions against B. subtilis fractionated
by reverse osmosis

Crude catechin

Tea infusion Fraction

(mg/100m¢)
Ethyl acetate 52.6
Unheated Passing 38.4
Not passing >15.5
Ethyl acetate 6.5
Heated Passing 17.2
Not passing 2.3

The ethyl acetate soluble fractions from the
green tea infusions unheated and heated at
120C were fractionated by reverse osmosis.
See Fig. 1 and 6 for the conditions of
antibacterial assay. Unheated : unheated green
tea infusion, heated : green tea infusion heated
at 120T, ethyl acetate : the ehtyl acetate
soluble fraction, passing : the fraction passing
through the membrane, not passing : the
fraction not passing through it.

WHRITEEE R L7,

E =

B. subtilis 1% Bacillus BfI#E P Tl3EEH
TEIICH LtEF#HNT 8 LHESAT
Wwh, GEORAEBTY Bacillus BRE® T
B. subtilis DAHEFRBWTHML-, =
D, BERBEOWEFERNE X B.
subtilis X RHE & L7z, 120C THnZLsE L
7oARFEIR M T B. subtilis DYEEDRD &
Ndroie, BERBETO B. subtilis D
FELBT AL, KMBKRETIIHY 7+
~156mg/100ml D B T T & 724
120°C hn#khi 26 T3 # 7 ¥ > 63mg/100m @
ZINETHMTE T, BERBEONEIE
PRI MBI 2 2 L2k D 3 512 Hm
Liz. ToZkid, mmEic kb gikiz
H ISR R T A2 2R L TW
%. PVPP MLBR{£|Z120C NZLALER L /282
h & Ui PVPP AWH L 7RI T B.
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subtilis WS A Z L&, PVPP (CWRETH2HAHMAZELL, ELPEIRCHIEELSE

L, COWEDREATF HEFMKC PVPP CBET A LERBELTS. BEITF >~
BOMBAMOME G 5 FETIE, EGCg ASINEB R TRt FROERIF M A < 359,
72, 85C CHBME L - AR OF Y ) 2 ABFRABENICRI T2 ZLhRENT
w3, LaL, SERHEORBEEESNBATHENT S LIlonTRBEEATH R, §H
A7 ZOMBTERT 2R INBIRE CRIF L, SR CEFMTERT LI &N
HBEIIND,

mEMEE L F PVPP B TELTA2RERDIERARL. A 724>, 7=V, TI /B
ZNEALEE, PVPP MLBECIE L AL EL L ad ol LA oTC, ZhLIIBRERMETOME
BAOMB L AERWTIREVWEEZLNS, XA 7T F /HIX PVPP [CRET AW, §EH
DREBETY PVPP L THREHNF I VHIBBEAYBRESW:. T2 Ehb, hFFVHE
MBAERMBEETIZEELTCwAEEILNE. BEITFF UV EORERE T L — S F X~
BTV L0THY, BRESFSTHLIERTER? ™V VR 2KK) 72/ —VTHETT7
SEVED Y CHHEEEYD L, —H, REATFFVEEMART AL -0 2 2 F
FOWHREIY, FAEFELART LIV, SRNORBT, BEHFF 7 REIMBAR L)
¥v—{tL7. L»L, #%H»7FHTIX, EGCg, ECg, GCg, Cg »'50mg/100m{ T B.
subtilis O IPH| L, B. subtilis |23 AMEEEEI NS4RS TRETH 7. ZD7:
o, Mz kxR oNEEEOMNE s 7 o —{bicistEExoh
v, REFEREME L BRRMET 20g/100m & Lozl l, 7775 vidmBL
L ABRBRIC RO N7 h b, BRAETHLTT7 77 € VIIREEEO NS0
X 2HMIEE LTwhwEEZ S,

AR B T oW LIEE S AR, BT L TENE S 1 -7/ —
VATERE SIS GRS RS b, s oak L ATEEB S, 7 0okl AREEE S
KEMBEFICEMER R 2d 7. BEBRNEOA 724 Yd70uk Vv ATHB SR LY, &
7 x4 ¥ & Vibrio metschnikovil®’, Staphylococcus aureus®’, Vibrio cholerae® \Z&f LHUHIME
EFREBVWIEPHMESNTEY, SEO B. subtilis 123 L7 0wk A0 EEEGHENEE
RERMolERE—TL. #7242V id V. metschnikovii \2H LINEMERE VAT F
YEOWEMEBIET Y. LaL, 774 vEagEhvwEBRIFATEEESE 1-7F /
— VA ENE O Wb RINEGRE & ) MBEE O EEE LR o 7. S0k, gk
2B EBHEORBEEROBIMIE Y 7o/ VIZMEHREE LTIMEELTwEWEEZ DS
nas.

MEOHBERTIEAF VA VTF VA b o AIEEES, BT FLVBgRESE 1-7% /) —
VA BENESE DY Y=V EFICH Y. SEORRTH B FLVAEEESE 1 -7
& 7 — Vul EPEE S U TR TE AR b .

FERGOBERMBIZ L A2 0MERLE, HETEAFNVA Y TF Ny b EHESCAT
¥UBEFT ISy, 1-TF ) —VERESICTTVEY Y, KEHESICRILESYH
FEINTwa"., REBEMEE40~100C TNET 5 LIREIEVIZEBESET LEEWEIE
BRMHTT ¥ — VSRS & KERESICRBD SR TWAEY, —F, MoK EEAL L,
MEc & AR ET Y. 73 HEO—HI Y —{L0? FEESY VL,
EEFELAERT LY. Zokd, NRGEOEEFLVIEEES L 1 -7% 7 — VITEHE
FCBFFRONPECHTFE L OEFYDVETRTDLLEEZLNS.

BERE = F L AW 5 O MR BRI L A MR RATAE R, RINBARE TIERE 5 ORI
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AREWA RO Sz, BRI 26RO L BRER ML U D L 5 B Ch
COARBOLNTEY Y, SEOKMBRIFORKRL B L. —F, MBABRKTIIEREBES
LHMOWHEEEERLE. Thid, 775 VSN0 TFROKEVIEZERL 2 WHEERS S
NTVRILERBRLTVD, R 72 ) —VMAF VY —ETCREN T U BFBILS R LT
T77EVRUNORBELEET 2BILEGWAER T A LA MEShTWEY,

BUEDZ Lpt, MBTRFREGICAER T A2MERS RO TFRONE VI FF L OELYT
HHEMEELL.
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