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Influences of Ingredients, pH and Nutrients of Canned Blend Tea Drink
on Antibacterial Activity for Bacillus stearothermophilus

Hiroshi Nakao, Atsuhito Enda, Tomoe Matsui and Itaru Yoshimoto

In a previous paper, the authors reported that canned blend tea drink G had an
antibacterial activity for Bacillus stearothermophilus BLT, which was isolated from a
canned blend tea drink stored at high temprature. In this paper, several model
experiments were carried out to analyze influences of the ingredients, pH and
nutrients of canned blend tea drink G on the antibacterial activity for B. sfearo-
thermophilus BLT. Results were followed by : (1)the ingredients of canned blend tea
drink G had antibacterial activity, presumably derived from an antibacterial substance
(s), which had a feature of being adsorbed by polyvinylpolypyrrolidone ; (2)low pH at
4.8 did not show antibacterial activity, although low pH suppressed growth of the
bacteria in case of the growth curve of increasing tendency and promoted decreasing
rate of the population in case of the growth curve of decreasing tendency ; and(3)poor
nutrients did not have antibacterial activity, only having the secondary effect on
antibacterial activity. Consequently it was shown that the antibacterial activity of
canned blend tea drink G for B. stearothermophilus BL'T was more highly influenced
by its ingredients than by pH and nutrients.
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thermophilus BLT it L, MEIFA%2RTHREZBRTIZEL2HME Lis. 201, RE
HIRFHEEG DS, pHE LUEREHY, WEFERCRETHEL, Mo 5 L %42
W, R L0 THgT 5.

R FH &
1. {EREHE
F M Bacillus stearothermophilus BLT O a1 8 #8#4.6 X 10" CFU/me % i jil L 7=, @&
KBLTRMERFORATEMKEHGEI OB E N, THMWNL, 5 CRTHRE LTSRS
W%, BAKEMCERRL, BEABENREKC TEY BT AR L, 100T i TI04Hn %k
#, Ko TaaL, iRl

2. K M

BEAMPHEGEF S L UG ZBHMY LRk HEC L VRN L, £hehilits L.

NTH SR DEBE) 20gi0K500me % Mz, FHE L7z 1000 T07 MInEat:, i
EWMAICTERL, Y7 A9 —A i THGB L, WE%0.80 #m, KT 0.45umD AV T 5 v
ZANMRICTEREL, ABE L.

ARG 340micpolyvinylpolypyrrolidone (PVPP) 6.8g (SIGMA) # %, itz T304
fEiPiR, PVPP%M# (ADVANTEC NO. 2) iTHI LIz, J%0.80 pum, &K\>T0.45 um
DAYT TV 74V ATTHRELL. 85N 7-0#280ml % A ElGpvpp & Liz. L EDEES
PVPPABE & L.

AFtOpHE L UREEEE % Table 1 1252 L.

SQEF:mffcf%fﬂﬁlUﬂﬂ@ﬁﬂﬁiﬁ%ﬂ? Table 1. Conditions of samples
e L. Sample ?n?)( pH
o BRI (SMA $54 5 SBHES) S 0.0 57
*10/3 SMAEHOMB HEA L Tt L. Gpvpp 0.0 7.3
M+ 21.67g, 32+ b Y7 b v3.33g, F 0.0 4.8
3 LU K 80.67g % K 200mic 1 R4, O”‘;::;‘lc’:‘f“““ 0.4 e

10% ¥/, KEELF + V) o A KEW I TpHT.1
K L. 195 hi KiE##10/3 SMA HABUCHA”
B e L.

* SMEHE %2 45k & & 1-SMA (deSM-A) Bt k% LU F it Lie.
MK1.5g%thE Mz 7210/3 SM KER3I0M, 21m¢, 15m, 9 mlds J 0°2.7miz, *+h
FhK70me, 79m¢, 85me, 91ml¥s L Ur97.3me% ANz Wi L, 100%, 709%, 50%, 30%3s k
U9 %SM At £ h ¥ hidi.

SMIRRIE (%)
deSM-A | 100 70 50 30 9
ESN (g)| 1.5 1.5 1.5 1.5 1.5
10/3 SM A%# (me) 30 21 15 9 2.7

K (mg) 70 79 85 91 97.3
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* 70% DAFIG & irdeSM A (70%G-deSM-A) Eb B 2 L Fic it Li-.
100%, 70%, 50% %5 & U30% SM -« AKsii30me iz h F h 3K G7ome & 4E A In 2 AL,
70%G-30%, 21%, 15% % L 19 %SM-AKH» = hEhilie.

SM#IE (%)
70%G-dcSM-A | 30 21 15 9
deSM-A (%) | 100 70 50 30
(mg) 30 30 30 30
FEG (mg) | 70 70 70 70

cREDIWEDORAFIG 2 ELSMA (deG-SMA) B L UM 5 B DR EGpvpp» &t
SMA (dcGpvpp-SMA) Kbl k4 LU s Lic.
SMA%2.35g 4+ 2 L, £h-FRIC/AKI0m, 30me, 50ml, 70ml3s & UF100me % ANz B L,
ARG F 212 FIGpvppoOml, 70me, 50me, 30mds & UOmH = h - hAEEAC MR L,
90%, 70%, 50%, 30% ¥ X1 0%G-SMA® L190%, 70%, 50%, 30%EH L0 0%
Gpvpp-SMANH % = hF hili.

GiRIE (%)
dcG-SMA 90 70 50 30 0
SMA (g) | 2.35 2.35 2.35 2.35 2.35
7K (me) 10 30 50 70 100
ARG (me) 90 70 50 30 0

GpvppiBBFE (%)

dcGpvpp-SMA 90 70 50 30 0
SMA (g) | 2.35 2.35 2.35 2.35 2.35
7K (me) 10 30 50 70 100
A¥tGpvpp  (me) 90 70 50 30 0

4, FEHE~NONEERICET 2 RESERSDFS

INERAERER, WEABMAAEAKIZTL.2x10%, 1.2X10° ¥ #2131.2X10* CFU/miz 8 L 1-43
R ORI BB E 1 T2 28Dy v — LIZER L, deG-SMA ¥ #2i2dcGpvpp-SMA#5iiic
TERRE, FHRIC L. 55CRTEREITV, 10HEE TR S hIEELHE LY. Do
F % SRS E R GRS & T 5.

ARG B L UBHGpvpp 2 MR Y it L.

5. FHEE~OHREAERICHT DHRBEEEDOME

INERALTRSS, SREEAERIRYARIKIC T1.2X 10°CFU/me & e % & 5 7500 L - 5 BB o0 1 7 SR s e
1m0 2Dy v — LICEERE L, 30% ¥ 7212 9 % SM- Afsith A 24m 3 > % h F hUAEEEAYIZ BN
ZBERL, FHRIC L. 55CIRTHEHEAITV, 10BEF TRl SR B% 255 L.

InEABRER, BEAERMARIKIZT1.2%x10%, 1.2X10'H L U1.2X10°CFU/m & e b &5 &
N OHEORFERERY 102280y + — VIcERIL, 70%G-30%, 21%, 15% ¥ 7=
(L 9 %SM- AsEh 2 24m0 Y D F N F NAREENNT A B L, FH#c Lic, 55T THEA T,
108 & Cioft S hic g2 et L.
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6. FREE~OWEAERCXTDpHOEE

PH4.8 DFKIF B LU~ T2E, 72, pHE 6.6 ¥k 6.4 ER X8I FhEFhoE %1
TR AR it L.

pH% EFA 28 5URHE, 10% ¥/, KEEL - b U o2 KB LD, FhFhoR ¥ opH%6.61C
HEL, AvF7I3v74r2 (0.45pum, Acrodisk) WTBRETAZ Eic X bkt

HBRELUEER
1. FRBE~NOHREERICE T REXBRADES

THEFRA BT ARG EMEHETE GRS OF -2 - i 4 5728, deG-SMAKHE L UdeGpvpp
-SMASSFHC /3 BEREBLT 2 8:f L, ARIEEE L EEM oI Z A L. &E% Fig. 11235
Liz.

deG-SMANFIIC 5T, FHEEMR, SNt EFh 3R ABGOBRED A &3t Li-.
COZELY, RENTHEERIRESAMREEGHRSC LI Z ENHMLE. —F,
dcGpvpp-SMANHIIC 5T, EIGpvpplt Bl 59, EIERIZED bhith-c. ZOZ &
L0, BEHIFA 2R TS IPVPPRRFTFENIPETH D Z R HEE L.

& Z AT, deG-SMAKHMIZ B A EETEMIE, HNEGOBEMNS0% LI TD L &, BREADL
nic i, ARG ORENT0~0% B TERIC LA L, B#HY thwT, TELRHE
DEFZ B L BEFRMEHE S, ST 5 —E20diEgEsrZd bhic WA, HiE
S %2 SRR OBIE DX L 5 S HEE Lic. Mo RIZFroHEELIMH T 5.

i, BAXKEHES G OHEEHICE 35, PVPPRBEFEN ARSI L 2B HEEAON
b% G T 5 1o, 306 Gpvpp ZMAGEMRBICE L, AHGOMBEEMNE Lk L. RBG
EERY ORBRERE A, BSE% Fig. 285 X U Table 2 ikid L. REGpvppik 5 o
WEOHIINT 5 HE O 2R3 I R @a s nie. —7, ARG RIMEEOHED MAT
LR OMAER A RTNETH S, ZoZ & kb, BARKEHESGOHBEIEAL, PVPPC

ok

_._._._'_'—0-_‘_‘_‘_‘_"“‘0
E \l\‘\ 104
: \
L
102k -o- Sample Gpvpp (spores and vegetaliva calls)
107" E —o— Scmple Gpvpp (spores)
a £ -+- Somple C (spores and vegelalive calls)
z = —— Sample G (spores)
. ~ q0°
= —o— dcGpvpp=S M A =
—— -—
10-2k dcG-SM A
1072
8 ]
=3 | ! L 1 ! 1 L L L | 107* : L
107 50 100 0 10 20 30

Conceniration of sample G ond somple Gpvpp (%) Tima (days)

Fig. 1 Inhibitory effects of sample G and sample Fig. 2 Inhibitory effects of sample G and sample
Gpvpp against B.stearothermophilus BLT Gpvpp against B. slearothermophilus
in deG-SMA medium and dcGpvpp-SMA BLT
medium
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Table 2. Results of growth cwrve assay*

Saiple Incubation pH Cell density (CFU,/ml)
time(days) final initial final Type®

G 34 NA 2.5x10° ND (ND) 1
Gpvpp 35 7.8 3.6x10° 1.3x107 (1.1x107) I
F pH 4.8 35 NA 5.3x10°  2.6x10° (9.8x10%) 11
pH 6.6 35 5.2 4.9%x10% 1.8x10° (6.6x10%) 1
Oriental senna pH 4.8 26 4.6 6.2x10% ND (ND) I
extract  pH 6.4 30 4.9 4.7%x103 ND (ND) 11

*Symbols : NA, Not available; ND Not deteced; (), Samples heat-treated at 100T
for 10 minutes before inoculation for counting spore numbers.
*Samples were grouped into three types descrived previous paper.”

BT EN DR IRET 5 2 & AV L e,

PlEX b, Fig. 1 @ THEE S NI EMENL, SRS oBm %2, Mms 5
VB LSRR MEEEYETH L LhfEE SN, Fi, FOHBEEEYEIL, BRIk
el G OMEFAC—KNCEELTW A Z L HEEI .

2. YEHE~NORAERICHT 2HRESHEOKE

RIFRFEPVPPARGZ L W BIL Lo \why, —20f, Riflio Fig. 2 1R & R ifGEEREIC B
WT, MEMORHE Gk, PVPPARK L0 IR b L. #-T, REhLHEFERCEY
HEBRMKEHE G OFBEUOFENMEWZ LRWATSHS. LrL, EREAGEOETLR
BEXERGOLEHFADS AR ET 5 E L 5h 5.

ZIT, NEERZATHIRARU D ELTRAMG 2—EREH L, HFREHEL2SMEER &
DB EE7270%G-deSM- A E IV, AN OMEIFRC T 5 $#REOHFE 2 H
flLic. HBEL, G 2E8HET, KRFHL2ELEEIdcSM-ASHLAE AV 7z,

FeiOSMBREE & Bt X h/- 5 BEEBLT o &
YR OB Fig. 3107 L1z, deSM-A 19
BeswtT, SMRECEOLLS, Bl

il OBEHII—ETH 1. —H, F \

70%G-dcSMAKEIIC T, o g th y \\\\
BSMBIERMA T 5 L, #iEhy o 'O

MO YTERUL T L1z 5

PLEX D, BERKHHER G BT, z

ARG ORI OIET I, HHEFO B o romeen
BRI R L, %5 LB A, AT W

LOLHFRAR L BHSTHY, RAMTS :

5 EhfEEE R

30 ‘ ‘ ' ’ 210 ‘ I I 110

Concentration of SM (%)

Fig. 3 Inhibitory effects of deSM+*A medium
and 70% G-dcSM+A medium against
B.stearothermophilus BLT
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3. HEEEANOHEERICH T DpHOKE

B OMAEERBIC 5T, FHEBLT OMFHER S RGN 27T T ECEI X his
REFBEHERZFOLTH 1. TORELE LT, RAFMEHEEF &V pHIC X 5 B 1E
fAnFrbhs, 22T, NROMBEFERCKHT5ECpHOBE LR T 515, pHE6.61C
ERERIARF 2V, ARORBEIT- 10,

HIREE RO R % Fig. 4 5L U Table 2 1075 L1z, pH4.8DRKIF 12 EHY ORBE TR »
Auvie, MEERBROSE, pHO4.8H56.6~D LS kb, 3K F ORGS0 6
o B RIBUR I B L L e,

TDZELY, BAEFKEHRSF ORFMRAR T LG, EupHIZ X 5 & & p8i L
fo. BlkX b, EuvpHIE, TR IEELELsBEEN2ATEELbN 5.

Hi, MBHRTHEERICHT 2 EVpHO M E A BT 5120, UTFOHER* -1 T
DT> T BERBC L b, MBI EAS Z EHHERE R~ THIE, BAFMEHEEFR
ERBRDEVpHA. 8% /R T. £ 2T, ~THROpHF6.4ic LA X &, EEOMFELRR AT -
iz,

FiR% Fig. 5% L U Table 217k Lic. MIMEMERBROKE, NTHOpHE LR E#TY,
WREE ORI B LR 5 h e, MMzENEhtz. Larl, pHE LA SEionTRe s
WT, 555EBAA L D 15H B UM EEADEE O T ARS b hi.

COZELD, NIRRT EEE, EUpHE L bW 2 &p L. #
fo, NTROBEBAEIED, EVpHIC L DRIMT2Z LB Ltz DLEL Y, pHOETFL,
MBOMEIEMCH L, HEOBMPEE ZMME R SRENBELRELELS, 1HL00
WM B L2 e 2 MEFHRA LT W EHEL b D,

P€-T, pHIETW, 2B ORIT% MG 5 IEIER S £ 09 B OB 2 BT 5 5l
ROVICHEIFMEZR T 50, EEEMD S 2HEERL A S o & 0w L.

"% pH 6.4 (spores end vegelative cells)
—*= pH 6.4 (spores)
102 “*- pH 4.8 (spores and vegelotive cells)
—*— pH 4.8 (spores)

“* pH 6.6 (spores ond vegetative calls)

1072 ~+— pH 6.8 (spores)
F "% pH 4.8 (spores and vegetallve calls)
F —*= pH 4.8 (spores) E
4l L " 1 ) ! N - X .
107 10 20 30 1074 7o 26 30
Time (days) Timae (days)
Fig. 4 Inhibitory effects of sample F against Fig. 5 Inhibitory effects of oriental senna
B. stearothermophilus BLT extract against B. sfearothermophilus

BLT
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2 #

HREHEORSHEMEHG S, &4 Uiz B. stearothermophilus BLT o1 ARG H kR
a5 G OUIEEIFRZ MU T 510, BRAERNS, pHE LU ERAVIEFRCRE TS 2 R
Hlk.

REZBKEHEEGOWIEN LR T2 &, S5 0EERARINT 5 Z LpRE hi.
IOZEED, RAFMEHEIEGIE, FHEECHT20EFRE2AT OGRS LIRS 2 L pE
Fant. ¥, HEERE, PVPPAETAZ L hifikT Al &hmEni.. ol &k
D, REFMKEEEGICPVPPILRG SN A MEIEHWEANFET A Z LR ENT. F 1,
ZOFEERR, TEEONAMEOBE L, Mnh b5 T &R L.

pH®D6.6~6.47 H4.8~DIET X, RO ZMEIT 5 BEFA L LUEBOM 2 {24
THRIRMCEER 24T 508, EEEHA S PEFERET SRV &8 L1,

FEREOE T AR 2T, MK hiEIF o 2B L.

BLEX Y, RARKEHES G OPEIFRE, BAEAKS, pHbE JUSEL BT, #E
AV AR T 5 2 LR HEE L.

X (3
1) R i EEEA, BRI, FX O8RS TEEX - KERMLTIRIII RS
#, 22, 129~132 (1998).



