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Removal of Heat Resistant Bacterial Spores Suspended in
Syrups and Soft Drinks by Means of a Filter

Atsushi SAKURAOKA' ", Masaru KOMAKI?, Ryoko OHKUBO?,
Toshiki YAMAGUCHI*® and Ibuki HAYASAKA®

! Seientific and Laboratory Services Department, Nihon Pall Ltd., 46 Kasuminosato,
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Shinagawa-ku, Tokyo 141-0031, Japan

In this study, for the purpose of controlling heat-resistant bacterial spores suspended in syr-
ups and soft drinks, the elficiency of membrane filters to remove these spores was analyzed.
Spores from six bacterial species (Bacillus stearothermophilus, B. coagulans, B. subtilis,
Alicyelobacillus acidoterrestris, Clostridium thermosaccharolyticum and C. thermaceticum)
were selected as test organisms because they are often isolated as contaminating bacteria in soft
drinks. Spores of each bacterial species were suspended in 0.06TM phosphate buffer solution
(pH 7.0), 68% sucrose, 75% fructose, 20% apple juice, coffee extracts with sugar and green tea
in a concentration estimated to be approximately 10° CFU/ml. Each 1,000ml suspension was fil-
tered through a 47 mm ¢ test disk with a membrane. The filtrate was assayed for the presence
of viable spores. As for filter membranes having pore size ratings of (.45 um, no spores were de-
tected in the filtrate. As for filters having pore size ratings of 0.65 #m and 0.8 um, however,
spores were detected. The result showed that filters having pore size ratings of (.45 um were ef-
fective in removing heat-resistant bacterial spores, which suggests a potential application of
these filters for bacterial control in the soft drink manufacturing process.

(Accepted 4 December 2001)
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Table 1. Subculture conditions for sporulation

- Preculture Sporulation
Species Media Heatl actn." Incubation® Media Incubation®
(rnin/°C) (day/C) (day/C)
B. stearothermophilus 1001 (TAM1035) GBe 10/100 1/55 SEA® 5/55
B. coagulans 1101 (TAM1115) GB 10/100 1/45 SEA 5/45
B subtilis 1401 (IAM1026) GB 20/80 1/35 SEA 5/35
A. acidoterrestris 3001 (DSM2498) mYPG! 20/80 2/45 mYPGA® 5/45
C. thermosaccharolyticum 5604° = 10/100 GCB" 5/55
C. thermaceticum 5801° - 30/100 = B&D' 14/56

"Heat activation conditions for spores.
*Incubation time and temperature.
“No preculture.

¢Glucose broth
*Soil extract agar
"Modified YPG

Madified YPG agar
"GC broth B
'Beerens & Des Rosiers
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Table 2. Purifying conditions of tested spores

Lysozyme L .
oo - - - Urografin concentration
pecles Coneentration Reaction time (g/ml)
(mg/ml) (min at 37°C)
B. stearothermophilus 1001 (IAM1035) 1 30 0.93
B. coagulans 1101 (IAM1115) 1 60 .65
B. subtilis 1401 (JAM1026) 1 20 1.025
A. acidoterrestris 3001 (DSM2498) 1 30 0.80
. thermosaccharolvticum 5604 1 30 1.025
C. thermaceticum 5801 1 15 0.93
Table 3. Method of initial spore count for tested strains
Specisa Heat_ actn." Media Incubation®
. A (min/"C) (day/C)
B. stearothermophilus 1001 (IAM1035) 10/100 GA"® 4/55
B. coagulans 1101 (IAM1115) 10/100 GA 5/45
B. subtilis 1401 (IAM1026) 20/ 80 GA 5/35
A. acidoterrestris 3001 (DSM2498) 20/ 80 mYPGA® b/45
C. thermosaccharolyticum 5604 10/100 PIA® 4/85
C. thermaceticum 5801 30/100 BDA? 14/55

*Heat activation conditions for spores.
"Incubation time and temperature.
“Glucose agar

*Modified YPG agar
“Pea infusion agar
'Beerens & Des Rosiers agar
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Table 4. Characteristics of membranes used

E:E;; Pare (Sif-n ;ating Filter grade® Material inPL:;‘]];:s:e A Minimum b](-l]?;.vl;) point value
EBW 0.45 microbial-control PES® test 124°
EKW 0.65 microbial-control PES test 110°
SCW800 0.8 microbial-control PES test 110%
DFL 0.2 sterilizing PVDR¢ recovery 318

*Filters for microbe removal were graded as sterilizing-grade filters or microbial-control grade filters.

"Polyether sulfone
“Tentative values
“Polyvinylidene difluoride
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Photo, 1 Challenge Test Line

Photo. 1 shows a line where the spore suspension liquid
is filtrated by a test membrane and the effluent is
received in a sterilized flask. Tests were carried out

in a clean booth. In Photograph 1, the apparatuses
seen from left to right in order are a spore suspen-
sion flask, quantitative pump, pressure gauge, test
membrane (with a disk of 47mm in diameter) and
effluent flask.
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Fig.2. Schematic diagram of the Bacteria Challenge Test Line
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Table 5. Purity of tested spore suspensions

Species

Sensitivity of vegetative cell to lysozyme

Purity of spore suspension

B. stearothermophilus 1001 (IAM1035)
B. coagulans 1101 (IAM1115)

B. subtilis 1401 (IAM1026)

A. acidoterrestris 3001 (DSM2498)

C. thermosaccharolyticum 5604

C. thermaceticum 5801

000®x X

+h
+
+++
++
bt
++

*% : Non, O : Moderate, © : High.
"+ : Bad, ++ :Good, +++ : Very good.
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Table 6. Initial spore count of test strains in 0.067M phosphate buffer (pHT7.0), syrups and soft drinks

Count of spores (CFU/ml)

Species

Phosphate buffer

Syrup and soft drinks

B. stearothermophilus 1001 (IAM1035)
B. coagulans 1101 (IAM1115)

B. subtilis 1401 (IAM1026)

A. acidoterrestris 3001 (DSM2498)

C. thermosaccharolyticum 5604

C. thermaceticum 5801

1.4Xx10*-1.0x10° NT*
T.0%10°-1.210*
3.8%10'-2.5x10*
6.8x10"-4.0x10°
3ax10t NT
33x10*

5.5X10°
1L.0x10°-7.1x10°
2.3x10*-4.7x10*

10> 10%-3.5% 10"

*Not tested.

IR IE1.0X 104 = 7.1 X 10°CFU/mlTH - 12,
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B. subtilis FhamH s i, L L,
EBW (0.45¢m) 7 4 W —IC LB AWM ST

Table 7. Spore removal characteristics of each tested
membrane in 0.067M phosphate buffer(pH7.0)

FhofEEkRFR b RIS hidh > 7,

4, BES IUNRERKEKICEE L

it B EFROBRE

A. acidoterrestris HEHaEHHE L 1268 % FEFE K
BLUTSH EPEH, A. acidoterrestris, B.
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R ORBIREEIK, & 51 C. thermaceticum 3F
faHefE U 7o 68% MR o 7 « vy —iz &
BB ESAERER % Table 8 10RY, #E58 SCW800
08um) 747 —ick b BB LIFERB LT
TEIEEIKD A D 5 1E C. thermaceticum 3
R TNTOFERSRE s, #E EKW
(0.65um) 7 4% —ick b AL 1-68%FHE

Table 8. Spore removal characteristics of each tested
membrane in syrups and soft drinks

Strains

™
o
= =
= x5
8 . s =2
— = — 175
g =z & £ E
o = 8 4
Membranes* 8 € & = =3 B
=2 2 £ 8 2 B
-= —_ = o
s 8 . B 8 K
— =
£ 8§ g 8 S §
3 =] =]
§ ¥F 3 E § 8§
s 2 4 3 T =
Moo 4} < U o
SCW800 (0.8xm) +* 4+ + < *+ +
-4 4 — NT NT

EEKW (0.65 2m) NT*
EBW (0.452m) =

Spore suspensions
= = =
S g £ 4
o O
B3 %8 W 2 B
— = — "8-—4
Memb » 22 g2 R=1=3 == :iﬁ
embranes £8 §§ £8 €8 ag EE
Eq 2g Ba “a Sz 2
SE 8 5 @ g o8 %2 -
@ %; ag -§ § § =0 Eg
£ &% 3t TF 8 <7
§ £8 85 =5 £8 ag
38 =B Eg 8BS °§ 23
@E ;@ 5 CE- A > e
w8 »S w8 »d g 8 & 3
B< BY 8« V< on O
SCW800 (0.8pm) | +* —° + + NT* +
EEKW (0.65¢m) + = — — -~
EBW (0.45¢m) = = = = -

*4Tmm ¢ disc membrane

"Spores were detected in the effluent one or more times
within three runs of the challenge tests.

“Not tested.

¢No spores were detected in the effluent within three runs of
the challenge tests.

*4Tmm ¢ disc membrane

"Spores were detected in the effluent one or more times
within three runs of the challenge tests.

“No spores were detected in the effluent within three runs of
the challenge tests.

“Not tested.
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