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Effects of Residual Milk Components on the Removability of
Spores from Solid Surfaces

Yusuke NANASAKI, Tomoaki HAGIWARA, and Takaharu SAKIYAMA '

Department of Food Science and Technology, Tokyo University of Marine Science and Technology,
4-5-7 Konan, Minato—ku, Tokyo 108-5477, Japan

Bacterial spores attached to the surfaces of food processing equipment may lead to contamination
of food to be processed. In this study, spores of Geobacillus stearothermophilus and Bacillus subtilis
were attached to stainless steel (SS) and polypropylene (PP) surfaces by drying with milk, and
then subjected to rinsing in water with agitation to evaluate the residual fraction of spores as a
measure of their removability. Three types of milk products with different fat contents were found
to give low residual fractions of spores with no significant differences. However, dilution of milk
with water increased the residual fraction of spores. To identify factors affecting the removability
of spores, rinsing experiments were performed for spores attached by drying with whey or lactose
solutions of different concentrations. The residual fraction of spores after rinsing decreased with
increasing whey concentration. However, the increase in lactose concentration gave no significant
effect; approximately 90% of spores remained on SS and PP surfaces after water rinsing irrespective
of lactose concentration. These results indicate that whey protein is a factor reducing adhesive

interaction between spores and solid surfaces.
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FT5ZL[2]1%, FREBRKLAEZVKERE LD ES
SIET B2 B] AR ENTWS. £72, Bacillus g
DT & Bacillus cereus DHNIIZ & < ITFHE A5V
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CHE->THD, KIZERKAREEZNZHEIZDON
TR Th 7. BRDINVEZTORS &AL
THZIE U 72 R D B 2 3R 3 5 2 &3 A MMk
MOHNNZ K BVEY) 27 # MG T5 5 A TCEHETH
%. F7-, European Hygienic Engineering and Design
Group (EHEDG) 72MEXE4 % 88 O P 1C B3 % 12
HEGRERTE [7] CUE, REEWBRO TR ARAL 7297 — 3
L T T E UTCHLE & & ORI IH (2 A4
UCHEMEL, SR L 2RI ok GFEs a5, 20
RERTIE, BEERICRESFATTRE ST S 2T 57200
BWENDO L - - L TCFRBRIHEhTED, L
7= 5T, [ LB &iEh & R o Peiies o Bl ek 2
U ThsZEaHEE LTS, LaL, Haofts
R HERBES N DM EIZ & - TiE, BmEh e T
DOiEEEN R 20 B A 6Nh 5. & Lilig OBk
PR 50 THNiE, EHEDG DBREIXTRAF B MG
NOMELBREIERREZLDOZILIZAS. ZDLKD
AWM EFHEL 2REFABREORFEBIRT 272012
&, BMOMEAETE XCIERGFT TR nHF o
JEEBEE D I T — 2 BB T H 5.

Z 2T, AFRTIEESOME L THILATD LT,
T FE I L Oy EHAAFL IR TR S 7R
DFENZOWTREIT S ZLA2HBE L T4b
B, P37 E OB I U 22 MR e A SS & &
7203 PP RWICHA L THZBE L, Kb THFRURE L 7214
SRR T 2B A B L THRL 7. &k,
TV VA EDO\PETHENE N3 L & IC Wl
R e FICHRF L T2 0% 2R 256 3 %
L, e G T 240 E 23R OREE T 7%
BEOHROMNE DI DT ERAEI L 7.

EBR 121, Geobacillus stearothermophilus & Bacillus
subtilis DN A L 7=, Z Olj il 13 FLELR 5% TR
128 BI54AHEs X T\ B, G. stearothermophilus
IZDWTIE, 2 OREMIA R IT SO 2 12 BaS s
R IR L — X DN THIHEE [8] TH D, FFHT
MR OE LR E 20§ < [9,10], YA AT 4 L4
EEKT A2 & [11] BHIS T\ 5. B, subtilis 12D
W, A BUEICHH M ARED T 4 L 212
BENTZINA T T 4 L Lh SR & 5 [5] SR &
nTns,

2. X B #F &

2.1 FROAR

G. stearothermophilus JCM12216 & B. subtilis
NBRC3134 % BBL Trypticase Soy Agar (TSA) % (pH
7.3) (Becton, Dickinson and Co., Maryland, USA) _E
2L, 58C (G. stearothermophilus) %7213 37°C
(B. subtilis) T 6 HE;3# L7 TSA Liclk s hi

Hlaz 2 EH->T1 ml OWEARPICEEL 2. Fluik
Ve % 100°C T 10 2y [BNE U TR 2 M 2 SEIk & ¢,
8,700xg T 30 MM O HEL T, FBAEREL .
WE K & N A TR0 % 1T - 728510 RiBAZRET
B A 2 ML EREOE L TOREL . 20X H 10
U 7= 20 2 B K I R L C 4CTIRAE L, (A
1249 310" CFU/ml OIS A L TLLF ORI H
Wiz, ik, mRLZBREEIZOWTE, 20 0.1 ml
% Modified Shapton and Hindes Agar (MSHA) }%ith (pH
7.0) [11] 1I2% 4 L T 58C (G. stearothermophilus) =
7213 37°C (B. subtilis) T 24 BEMRGFEL, BRI h 7z
a0 = — AU O & R 7=,

Tk, KFEE TH M L &G stearothermophilus
JCM12216 %, EHEDG O ytifadiiis (7] THH S %
Eitk (IH% T B. stearothermophilus var calidolactis NIZO
C953) LHIRDFICHEHKRTH 5.

2.2 FRBBHFICEDFROFTLE

AFLa R & U TR O R o 2R 7L, RIS 2R &
OEIRIAFL (O h & /NE IR S & vz,
W g UHT LB (130~140C, 2) Eh7=d8 DT
&, Table 11ZRd K512, FUHENA S LLAF D B3 HLEC
IZRE BT 0572 3FOFFLAARIIANC, B3
BT A BRIR K T BEAR L 72308 R A 8w 52— (1]
BIAEMR D) & WE A TEM L 72308 (B
7X10°~7 g/L), T2 b — Z— KK (FGHisE 1T 3Ekk
AXEth) ZWMEACER L 208 (RIE 0.48~48 g/L)
W Ak, HHLEATA ST 4 —DFERKSTIE,
BB 755%, 2 VIS0 ENR120%Th - 7=,

RO &K 0.9 ml 12, 2.1 THELL 7= R (K
3%x10* CFU/ml) 0.1 ml % hil 2 C At & sl L
7z, ZORER, B O b3 K OFUR 7 O RE I,
THHFHBLRE D 10 55D 91k > TW5b. BT, bk
O FLE 7 P B I3 R AR O RIRE TR g, 2D &S
IZHELL 22 R EORE 0.1 ml & SS F 7213 PP O Ak
ZFMfi (50x50 mm?) 12 A L CEET 60 4 BIKE L 7-.
ORISR ER LRI L 2. 2o kS I3
i & AR EITE 75 TVB 3L U 72 B & 2.3 1280 KPR
BRIk L 72,

Table 1 Composition® of milk products used in this study.

Component Milk Low-fat milk  Fat-free milk
Carbohydrate 50g 51g 51g
Protein 34g 34g 35g

Fat 42¢g 15¢g 0g
Calcium 115 mg 107 mg 117 mg
Sodium 47 mg 40 mg 41 mg

# Contents in 100 ml
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2.3 KEHEER

1000 ml DIREFE KD A > 72 27~ L 28D P &R &5
(Bf% 135 mm, & & 148 mm) % —&HE (25C) 2R -
ToEEAE IS BN 2. A A & R &
FRPIH (4 BOH) & Haoiz 45 mm O PEEE% 3500 THIA
ARAZERE L7z, PIREmICE < IS BZE L Ank
SICEBEEOREA L2 LEE L, HBEPIIC
&1 2,000 rpm T 10 53 BIHEEE U TP E R 2 P L 7=
T D%, 2.4 12T B THRER ORRAF Tu A HlE L,
PRV RIS AN L 72k (%9 3x10° CFU) & Dltbe L
THRARERHL 72,

2.4 FREOAE

FEBOT AT U 22 B3k o K H IZEHIIL 7. SS
PHIZOWTE, HFlae ML 2REm» Eicaxs X5
IZY v — VICEE, F# L 72 MSHA K [12] &35 L
JAA T SS P & B i B L 22, PP ERICSD N T
i, FHAE ¢ MSHA B Bic@ElE L, 2o LIiciE
fi# L 7= MSHA 55 M1 % it U3A A T M & K st rp i it
L7z, Wi hd 58C (G stearothermophilus) F7-1%
37°C (B. subtilis) T 24 W5 L, B S hi-av =~
EEtEL 7=

3. #% E3

3.1 FABLVZOERROEFEOHE

9, RO AR, (KIENA-5L, AR 4
FLAEHO T RER AP L, ERICEREAE S
B AT 10 pEOAEREEAITS 2812k, Flao
&AL 72, FEBERE Fig. 112789, HERIE 3
E47v, 2O FHEE e BERFREEZ R L. W0l
BIZONWT Y, KEFRIZI0%L TOMKL NIL AR5
Yhan 2 FIBRAF L 72 FURHI &AL~ L & e
AR E UCRERMBNC ICEE S EUIHT (two—way
ANOVA) %177 - 7=/, Wik x4 2 UG
GROTHRIE, SS T (F(2,12)=0.063, ns) & PP
SER (F(2,12)=0.131, ns) OWFTRIZEVWTEHET
Fharo72. Thbb, FUENV VI FREAFFEIC
WEERIFEI BN LR E N, WO EHRIZD
Wi, Fig. 1 (a) 12783 § SSPHRICH T 28R TIkA
BThhr -7 (F(1,12)=2.67, ns) %', Fig. 1 (b) I/
FPPEMICHT AR CTIIAERE (F(1,12)=40.3, P<
0.001) T& D, PPEMRIZH T 5 FNaikFEIZB
subtilis DM G. stearothermophilus & 0 & EZ &0
MNENTz.

Ul & A4 2 450 R N F o5 112 KIET
WEEMETT 272012, 25 E 23 4 B5AML 72657
AT A O I U 72 R BB s & TR TRz
L 7%, Fhi%E 10 MK GESE L 72, iR 728, WK

AKICHENE BB L Z2BEIC O T RIS T EER 4
11572, PRI O RSRAE#E % Fig. 2 1R ¥, FEHIT 3
ATy, 2 O & R E R L7z, AR ORK
BT A WA (90%) DOfERIE, Fig. 1129 T
WICRLZMRTIEH 508, RO ZDICHDETHRL
7z. B. subtilis D RO RFEAFRIZONTIE, FFiR
B 90% CH#\FXBZLGAICIFZTTIZHmARZXHITSS
SRR E PP AR DN HIZE TS 0.04~0.05 KA -
720, RFLRIE 45% 3% KU 22.5% TR & ¥ = 1C
MR TE RSN L, & <12 PP & ETidEuniie
BRAERMG NI, 72, WRAKICH N BE L TR
HEHELAEOFIEARIZFIELITH-72. ZOK
2, FPERICIAE T 2 4 FLURIE DK T i3 5 Ha o Bt e
HDOERT 237263 Z iR Eh7 FEOMHEHAXG.
stearo-thermophilus DHNITE A E NN, F3 % 225%
FTHMULTE, FNRFREOMOIEE X B. subtilis 1%
EWlEKkEL o7 72 FHABRES%E IO
225% DA 1T OV T, WO PRIZE W TG
stearothermophilus &0 & B. subtilis D HEAF LR W2
EAURE NIz (t—test, P<0.05).

[ ] Milk B Low-fatmilk [l Fat-free milk
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0.1 I
< ¥
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° T
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G. stearothermophilus  B. subtilis

(b) PP
—~ 0.1 :
‘; C
8
2
&
=
3 I
k]
[

0.01

G. stearothermophilus  B. subtilis

Fig. 1 Residual fraction of G. stearothermophilus and B. subtilis
spores after water rinsing. Spores were attached to surfaces
of (a) SS and (b) PP by drying with commercially available
milks of different fat contents. Bars show standard deviation
(n=3).
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PLEOKER, M e & ISz E 4 5 Bic gy
3 -FLIRE S E 0 & SS Eifids KUV PP RN DfHE T
METT 32, ZOMBIZREIIRGET S Z L HRE
n7-.

3.2 RIANTH—KBREALGIEKBROEED
-7 4

RO E IR EE BIETH IS OV TRETT %
eI, KT A8y & —KEE & FUREARE R e %
W L, SSFEHF & O PP RIS ¥4 L CHZEERS, 10
S D AR & 4T > T LD SFRaik 73 %l U 7=,
T A8y & —KIEE (kT A B0 6.3x107
~6.3 g/L) 123 a % B L 72350 O FEKEF 4 Fig. 3
IR, FEERIE 3 ATy, 7 OF il & R TE R 2 A R

[ | G. stearothermophilus M B. subtilis

(a) SS
I I I
* X
. 1 - — — =
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9 L i
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= O01F E
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2 r ]
3 L ]
M | ’+l
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Fig. 2 Effect of milk concentration on residual fraction of
G. stearothermophilus and B. subtilis spores after water
rinsing. Spores were attached to surfaces of (a) SS and (b)
PP by drying with milk (90%), its dilutions (45%, 22.5%),
and water (0%). Bars show standard deviation (#=3).
Significance of difference between the mean values obtained
for the two bacterial species under the same conditions was
assessed by #-test (*P<0.05).

LU7z. G. stearothermophilus (al, bl) & B. subtilis (a2,
b2) OVFTRIZDONWTE, RIEMEOFEFIZED S T,
FRFRAF R A T A B RE ORI K DK L 2.
[ 73 g 6.3X107° g/L TRIRGFHEN 09 L ETH D,
ANZHRVE L 7858 128 h - 7=

FUbEK A (FLBEIRIE 0.43~43 g/L) (123 e % B
L 72358 ORBAER 4 Fig. 412789, FEIZ 3 BTV,
Z DON-YE & R ZE &R L 72, G. stearothermophilus
(al, b1) & B. subtilis (a2, b2) OWFHDIFRLIZ DN
Te, RMMEOHEICEDLS Y, HETIAMOR
ENZEALL CTERGARIZ09FEETIEIEF—ETH > 7=,
Thbb, FENPLGEL T, ZOREOMINT T
ORNEFEHNICHELRIFEIENZ Dbk &,
FFHPOREEDIZEAL IS TH B (131 2 &5,
3.1 DFERTH 72 90 %7 FLHh D FLBE IR 13549 45 g/L
Thh, KREFETHOZIARE ORAKEIZZNIZIE
(EQU o =

4. # =

Kiffecid, FABIOCZORDyERGTFLE-S 1
S U 72358 OF RO EREIZ DWW THGET L 72, L7
5 EFLIRIE OIK TS & - TKIEEH % O FN sk AF R H
BmLz (Fig. 2) 2&»56, MTFCEZThZES
FRIOBEARRRNOEN 25052 &hbr s, F
A TR EERLE LT, FAPOEET F Y ER
B Staphylococcus aureus 0 SSZEM XK 5 ~H5 DEEIZ,
FHRE WD S E L EMNETI2ROEE MY 5
ZERMEENTVS [14]. 2D K S fEWHIRR
DRKEARMEORER»EHERLTAS. £7,
MigRORLE 2 3HOMTIEKFELAOE
(Fig. 1) 226, 4FHOFLEN EFRO & IiC
E5ZEWZERDbh B £, T ABEESIGRE
RO NE D25 72 (Fig. 3) 2%, & A [#
KD TERDTH5IMMIURONENIIFLEA L
BEGZ -7 (Fig. 4). DEOEE»S, Hrlk
EHRIABESDES 1 DO THBHTA & Uos
SBEFRONFNEFHD TN EDEEZIOND.

IZ IO TERFPELTHEYA Vb B, HE¥A
Vi I LIRETHEIPICHEELCED, AEA VI
MTZOILILIRREER FE L CFROMEIZRIET
BhHEmE T2 2L dNfEELIONS. 72720,
ZOWEBOREIZOWTIE, SRIOFEBRER? LT
DEHITERTEDL., RIFFIcEEhE 2 V80
BOK80% 27 ¥4 V&b [13]. HFHugmitric
AW RIKIRE L XL TH B 225%FFLTiE, & Vo8
OB YREIX 7.8 g/L T, TD8ORNPHEA VY THDBE
FThE, FTA 2V EERIT16g/LEkD. Th
XL T, WA T A HEEOR O i E B IR TE 6.3
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g/LTiE, # v 827iREIX0.76 g/L T, FEnotrxz
AR VINTBERELE > TW5, FPREEYE TR L T
L RBRIC, [ 6.3 g/L Ot T A Wi RO BB RS 13
22.5% O sr kb, LA b, Fig. 2 & Fig. 3
IS 5L, WEEIzOWT, EEY 63 g/LDtx
A R DR FERIT 22.5% 2 F FLIL AR D FRAFFRIZ I
NTRBEL T TH S, LOFFMABRETOMBEILDH 5
N, Ihe6DZEnEHYA VBAFENOBEEE %S0
LZHEEMEIT/NE N D LR TZ S, TlEEDLI &
WED & VS BRFROMEE A2 S0 500, 20
rE, EEERIEO 2201, (LRSS TR
EDBMED b S HMAT N D ELRETH 5.

[ A LI E TS L TN A F 7 4 L & B3 IBIK
XN B4, T OVIELERE TIEAKPOEEM A MAED
I RICHEER B Z Ik TEELE T
VFES4 v aZ v rEh, TORICMEMINET S S
DEINTW3[15]. Zhid, AW 0 T HME
W&o /&<, A EE)E 2 I3 & 2 B
Wz THB. F72, Barnes et al.[14] 13 S. aureus %
BRI L -IRED S SSEHICHEZE X B L L L

(al) G. stearothermophilus / SS
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(bl) G. stearothermophilus / PP
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E i
‘E; 01 — =
< g
2 ]
~ i

0‘01 1 IIIIIIII 11 IIIIIII 1 IIIIIIII 1 111l
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12, SSEKIMDILHKME % X BT EIC & - THlE
L7zl A, JLa v o BICEINT 2E8E DM L&
MERBEORME OBIZHBEZR S22 & 2REL
T3, HEOKRE, WMEMED B RICH L VI8
B SS RIMNZWFE T 5 Z L2 &k - THEMDO SN
MXNZEDEEZDILENTESL., AERIZENT
&, WMERTIEEIMRICE SRS & e L kTR L
REICHD, BERESVRICKRmEES 23T
D5 7L, AEBOBEAIZIE, 728 2ROk
HERMRE SR LTY, WHRORKEL L TE2TOH
Ay SS Fil [ s Z &2k b. LaL, BRSNS
JC R RIS L niud, FherEdEmici
EHEEMTE T, BRSO ERAFZIRED £ i
BEEND. KITHEE L 22 RO EBRERIORE 3 &
ST, [E RS B AT 2 U R o BB 3R,
LHL, BRMKGOREEHAZGAICE, BRMOBE
CLBICHL BT 0T, BEEESELS BB D
LEZIOoNB.

il & IR SN, KREEH IS ELY R
NS HBHEG TH LA SS il f6 & U° PP 12 5%

(a2) B. subtilis / SS

HELRRALL L L L

¢

e
—
\

\

Residual fraction (-)

1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 111l
102 10" 10° 10
Whey solid (g/L)

0.01 3
107

(b2) B. subtilis / PP

1t o o) =

0

e
=
\

\

Residual fraction (-)

1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 111l
102 10" 10 10
Whey solid (g/L)

0.01 :
10°

Fig. 3 Effect of whey solid concentration on residual fraction of G. stearothermophilus and B. subtilis
spores after water rinsing. Spores were attached to surfaces of (a) SS and (b) PP by drying with
whey solid solutions. Bars show standard deviation (2=3).
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Fl7., ZoZeid THALEETIHATE, HiE
RN L TR 2 FRA DT ICHIET S 2 L
ERET 5. RETIFAORELZELS T5L, HEE
RS 2 F RO EIE K & < & - THEEEE MK
s EEZONS. F72, Fig. 2Lk o 12,
FAOFmPGAR & 7L 72356 o F ek £1g,
G. stearothermophilus & 0 & B. subtilis D Ji B HIEITE
Mote. TORRKE LTI, FRA L 22 S 028 i 2 [F
REMIINET2EGENENOBMELEZLENS.
Bacillus )/ RO ER IOV TE, FMMloK T &
LT, HFhakmosARrEs CEAANEICEEE XIE
FTZEBRHMONT WS [16]. =721, [(EE2EITE
KNS AR EERTH D, FhlakmoERIEKIEN
EHELTHEHHNICH ST 580 shTnb [4].
B. subtilis DFNEIE G. stearothermophilus DIHFNI L D &
FEARYED D3 2 ICER A, R 0O B faf D E W ITIE
EAERG17,18]. LA~ T, HlukimosikdEo
ZERMPEREM & OBAEICREE KITL. (HE I
EMECTWBRDTIEEWLEHENS., /2, 8

SN

(al) G. stearothermophilus / SS

T |||||||| T T ||||||| T T T 11T
+~ & e ® ® 3
o - ]
.2 i ]
E i 1
:a C ]
5] C ]
~ i 1
0.0l 1I 1 IIIIIII 0I 1 IIIIIII 1 1 11111 2
107 10 10 10

Lactose (g/L)

(bl) G. stearothermophilus / PP

W N O 45 BA B AR & OBANED & S I2
=TSR S 5. FEER, B. subtilis FNADBEIR
REn 6 DA WEIE, SSEIM&L D & BAKMED W PP
FMMD I NENZ EDNREN TS [19]. AFEBRIZE
WTE, BARMEDO LD EWPPRED S TE LIS, B
&3 2 FEl G OB R L PF B0 L E
ABIELELTED, X561, BEIRENAS 2T VL A
HIZAHE U 72 KIG R O BEEEME I 2w Tid, Rl & 0
WHAZTHZENWSNITE STV [20]. HHaD
Ba S FMRIC, 5 2 [l iRm0 & 28 Bk 1 5
BWAEARIFLTHAUREN S 5 5.

HABEDO A & F L THEE S A2z iconTix, K
W% G EOEIE CTHEHKRERE KA TS Z &R Eh
7. TNETOFEE,»ET B L, AROLAEITIE, #F
faio e A CCllilifk&MAE > TLEIRTIEHNVED
EFEABTENTES. Thbb, Wlarilhe kit

T T ||||||| T T ||||||| T T T 11T
~ lE e ® ® 3
= F ]
.2 i ]
E i 1
E C ]
& i ]
~ i i
0'01 ] 1 11 IIIIII 0 1 11 IIIIII l 1 11111 2
107 10 10 10

Lactose (g/L)

LTzl e =04, £ < OF i3 bkLm e B
firL CTH0, TOLERELZAREOREHE-> TV
REIC A>T d 0 LfEllEns. ZOHMIZEL
(a2) B. subtilis / SS
T |||||||| T |||||||| T T TTTTT
-~ g e ® ® 3
E/ L i
.8
2
=
§ 0.1 e
S
6
[
0'01 1I IIIIIIIIOI IIIIIIII 1I 11111 2
10° 10 10 10
Lactose (g/L)
(b2) B. subtilis /| PP
T |||||||| T |||||||| T T TTTTT
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Fig. 4 Effect of lactose concentration on residual fraction of G. stearothermophilus and B. subtilis
spores after water rinsing. Spores were attached to surfaces of (a) SS and (b) PP by drying with
lactose solutions. Bars show standard deviation (=3).



I e e i - 25 SN oD it e 97

TEESHORIENBETIED 50, HEIEHEZLD L,
&+ DO RED EK A O & A& BE T 5 B0 E1,
PV & > TRMBTIIEEE L T3 Rk L i <
<, FMEKGADY) A BKEVWZ LV RIE IS, F
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