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Abstract: The optimized Liu kinetic equation was used to fit the adhesion process of Staphylococcus aureus biofilm. The results showed
tha culture temperature and pH a well as inoculum concentration influenced the adhesion process. The adhesion equilibrium of S. aureus
biofilm was reached at goproximately 60 min. Maximum microbial attachment was achieved at 35 ‘C andpH 7. Additionally, higher inoculum
concentration led to increased microbial attachment. The Gompertz model was used to fit the growth and maturation process of the biofilm. The
S. aureus biofilm growth curve showed a typical S type, with apparent lag, logarithmic, and stationary phases. This was different from the
growth curve of suspended bacteria, which has arelatively short logarithmic phase. The adjusted coefficient of determination R2 (Adj) for the S.
aureus biofilm modeks for adhesion, growth, and maturity were > 0.97, indicating that the Liu kinetic equation and the Gompertz model were
suitable to describe the relationship between the external environment and S. aureus biofilm attachment as well as between growth and maturity,
respectively.

Key words: Staphylococcus aureus; biofilm; growth kinetics; Gompertz model

SO EIRER —MEDNE LN, S5LERY) R, WILRHTRMEIE, mIoN =ABrB: AR

o 2 R B0 1, e S BUT I RO R
X 22 A E MR ERH ™ . R (R B
o TE M B VR SR SR 4T R4 R 0.3 4R Y
IR VRS 5B AL A P R A A O Gt
IR 55 &) SECEIREZE 199 IR B R DAY T 3
FEAE T AATH # A SR B

<o B (0 G BRI AE VIR TE e — sl asid
Wis EEA: 2015-05-11
EHEWH: INHRETRIINE (201354400095)
fE&TEN: K38 (1973-), B, #t, SRTEM, ARSI RISHH
REAGRER T HERETHN

230

B AR AR AR R TR R Mg Y
A 53 AR A AN TE I RSB TY,
AN IS R~ M ZR R = AKER, —
ARG IA ARG« AR KIS SN R A1) 5%
R, FERG IRV I IU,  S5cy  52 (1 n]
R AP AE B AR THIFR) T30 5 AT I ARL 2 Liur 3177
24k RO FEREA MK S R 2R, Gompertz
BT A I N A2 RERS B TR FIA A= B L 1)
— AP Ay Ak, SR AT AR
o I AL g A AR M 1X — S AR i R —
LE R AL BOE -



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

[E 4k, A TS T & f )
(175 GeCA S FLIR IR A5, FE A XHZBOR BRI FEAA
WIEHYD,  H ATBERE AR W I5C TF 7ea o8 0 4 Bk
T AE I A B SRR R AR SCHR . ARSI
1BE 72 96 FLBRHH 145 Fe AL IR IRIE, T Bk 07 18
AR A e P A T R < 0 T ) R V7 1
IR AT AR AR Bl ks i3, SRIIE 7S
< B R T ER T AE OB RRGRES . AR B AR
HRENI, R sl AR R R E R A
5 IR 2 ] AR Ry WFFUPRIE 0 — s oA
RIS HGHIO , 3 74 o (0 ) BR IR B W TR B
D12, AT i N IR i Rt A s 5 42
PEEIR S R

1 MREEE

11 #kG s

111 At hEAL

SO & B (Staphylococcus aureus ATCC
6538): T ARATU AT

B R EEH (Nutrientagar, LB): fREA K
10 g. FEREER 10 g0 SALBN5 g F&PE 1 9. B
15 g, FZRAE/KBCHI AR 1 L iAW 5 pH o 7.020.2,
28 121 "C & JJ 255 K 1% 20min.

[ Al K S Nz KRR 3E (Tryptone Soy Broth,
TSB): JREHMR179. KEEHAMK3g. FiL859.
PR 81 2.5 9. &) 4 2.5 g, F %0 /KIS 1l ik 1
L&, W17 pH A 7.040.2, 121 'C K 20 min.

JRE EH RSB ENREEF 5 (Tryptone Soy
Broth Agar, TSA): REHR 17 9. KEHEBE 3 9.
SUAbEN 5 g, TERRE 4 259, HiZibE 2.59. g 15
g, FHZETKECHITT L LA, 875 pH N 7.020.2,
121 “C’KH 20 min.

112 T EZMBFRE

fiEbR{C (ANTHOS-2010, EE %A, b
S WAEE (XSP-TCE, LK a3 a RA D,
Il 5 S5 (CPD 030, Fitt: Bal-Tec A, fHIR
KPRG9 (SHZ-88, Ma/RIET RER T HAI KA
FRAA]D, ek U i R AEAL FEZE (NP-Q2000B,
JURF RIS BT RS AR AR, R

(LRH-250A, KM SRR SEIRARE]D, T2
NE ERVKE S (YXQ-LS-18SI, HUIHIE /R #% %
BHBAFD, HigTIES (AIRTECH, #diEHR] %
ZRAFD, BN TEFE (DGG-9070, ARSI
AEABRA D, ##% pH it (DELTA320, #HE

ez AES (Rl HR 24D, ORP it (PHS-3G,
MG TERESRT D, KRR (SETRA, M-
FERI XA (i) BIRAFD.
1.1.3 FZiKH)

NaOH, HCI, NaCl, NaH,PO,, NaHPO,, CaCl,,
e, BEOE, KEEARK

1.2 R¥F*

1.2.1 BFESE B hg

R T HIE O AR B PR T TSA iR %t b,
37 CHAF PRI, WEAKT 1 mm HEET L
TSB R 37 CEy ks Ext e K. &5
(TR Pl Fp T TSBRGFR &, 37 CTFH: 24 h i
PR A5, S IREeE, B R 8
e (PBS, pH 7.3) 44 B 40 % 200y 10°
CFU/mL.
122 4% &8 HRA L WHILE A Z 6N &

B E R ERTBHEN 96 fLIRH, i TSBE: 3%
B, %7, EEEEREFE. BB —ERE
96 FLAR , BEFREL G2 I I E 3 UK, Jobd ApER IS
FEALEUR, K MR N2EA 10 mLPBS i iiE
50 Hz #7515 min. FHERR $h% i ik A T FEAR B
J&» 7€ TSA AR _E 37 “CHE 9% 24 h j5 i, 45 % LA log

(CFUImML) R,

123 2EHEHHRAEMDBILGERD A F
1.231 UG ARG SRR B ) AR

S TR R P I R T A i Y Bk AR
B BURAARR I, A TR W 28— BB Aot ok
A, XA AR A ) PTIRE, RG
BN 7 TR B AR B 2 FERRAARER 3R A5 — M X AR e
AL, JHiG i@ SR ISR R A TG 5, b
TIXAW B A AR ) LR AR, AE )
TEBR. Liu S REYIAERAAR R 1] i 5 4718
Sf AT i) N TR ST TR )30 S A
BRI e B i T A AR B

kt

Xb: AWK A0, k-HADHRERE, TY B-A£
BT t B Ak A BAK R A 69352, log(CFU/ML); Brax-7E B
] t B A EBARR B KA, log(CFU/ML).
1.2.3.2 YU AEMIREIE AR IS REsh )

A S AN S fa, fEEAaR
PAF— AR E RIS, JHaRE o AR T
PR RIS AT AE K B . AR IR K AR —

231

B=B &)



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.7

NN B A Y KRR AL . TERER A
K S gk, Gompertz Y VZ AR, 90 4

Stannard 77 2, 1A Gompterz FAY 5 Nk R ik 7
Fek KA el

W] Zwietering S5 XTAH R A EES — A, L Gompterz JTFE R 4R -
T AN S i) Gompterz. Richards. Schnute Al
C (=B, +(C, -B,.)xexp{-exp[ 4, x2.718/(C ., -B, ) x(1-t)+1]1} 2

Kd, C(t) -2 t BT A4 894 &, (log( CFU/ML));
Brmax-7E A 8] t B fE M0 Bk Ad SRR £, log(CFU/em?);
Crax-380 B F87 BT A 49 A48 F, (log (CFU/mL));
Moax- PR 2k Kt R L (WD) Ak A Ko 3E
#EFEL (h); t-iF i, Ch).

1.233 B AN T

S8 1.2.2, 5 B FRAH BRI (10° CFUMIL.
10° CFU/mL. 10" CFU/mL. 10° CFU/mL.10° CFU/mL.
10" CFU/ML). #57:3E pH (5. 6. 7. 8. 9). K7t
IR (25 'C. 30 ‘C. 35 C. 40 ‘C. 45 C),
6 min W 5E 4 B 6T AT BRE AR TE B e, L
AR AR AR K 2R I 40 A kG
Btk 22N P2 AR A T I AT AR SO R 1
(IR

ZW8 1.2.2, ik HEEE 7R 5 pH (5. 6. 7. 8 9.
R IRIREE (25 "C. 30 C. 35 ‘C. 40 ‘C. 45 C),
HERR 6 h GE S35 (R AER A Ml IR S R, R
SR AK . RS R A KL . @i
Gompertz B AT AT A S BRI AL AT
P

18 R IESE R (Ad)) A 7152 MSE A
SRS A KB BB (0L A5 P 32547 400« MSE
/N RO T 1, AR R SR P
1.2.4 BT

BT MR E 2 T PAT R 3 Ik, F SPSS 14.0
BAFI Geit o T AR 5 BT Al AT SRR R 2 oy
Hro

2 FR5SH

21 EWPER AR S Ty S AT

2.1.1 @B EATIREAT A AR R T A2 0 B
"1a)

MR THRE (LD XA R 4 B F2eh oA 5 %o AR 4 e
RGO AR s WA TG, e R N 37 C,
Bi 3Rk pHoN 7, FS4E RInE 1 s . 7T RBLIER; 97
MIHT 30 min, EEYI G E R, FiFRmla) i
i 30min J5, FEAERERE, 7EEEFE 60 min At i,
ARV I S TS REA BB A . SRR I T

232

TR YIRE B A R R T T, X ATRE R
BV WCE VIR LT3 BUS R B SRR S ) L3R
WK RINARICRY, £l N, SFEIK
FE 5 U IR e AEAE IEL I SR,

251

-+-5 log(CFU/mL)
-6 log(CFU/mL)
051 -7 log(CFU/mL)

-8 log(CFU/mL)
O‘G’ 1 Il 1 1 1 1 J

0 30 60 90 léO 150 180 210 240
1) / min
1 YREHERIR BEXT A AR R S FZ
Fig.1 Effect ofinoculum concentration on biofilm adhesion
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Table 1 Model parameters andstatistical analysis of inoculum concentration on biofilm adhesion
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5 1.35979 0.04845 0.00321 0.98132
6 1.51888 0.06283 0.00335 0.9842
7 1.68236 0.07336 0.00419 0.98382
8 1.8318 0.07639 0.00349 0.98842
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Table 2 Effect of culture pH on model parameters of biofilm
O‘G{J 1|0 26 36 6IO 9|0 1io 15|0 1é0 2i0 2=|10 adhesion
WY / min oH g Bradi KL #Hrikt ARENGE
3 HE55 EoHITAE 1 RaR i 20 Mog(CFU/mL)]  /min™* MES R? (Adj)
Fig.3 Effect of culture pH on biofilm adhesion 5 1.2565 0.04477  0.00435 0.97124
6 2.11731 0.08758  0.00493 0.9877
- 7 2.23172 0.09732  0.0114 0.97473
E 8 2.07586 0.08657  0.0054 0.98606
ﬁ:_; 9 1.50992 0.05720  0.00277 0.98677
s
= 251 25
& ~ =30
% E 200 &35
E E 40
O 1.5F 45
g
% 1.0+
B4 $55% FoHRAE 403tk AR TE] iR ek A R & os)
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25 1.54057 0.06723  0.0016 0.99254
30 1.66068 0.07247 0.00433  0.98266
35 2.23172 0.09740  0.0114 0.97473
40 2.06714 0.09021 0.00511  0.98676
45 1.23923 0.05408 0.0049%  0.96618
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Fig.7 Effect of culture pH on biofilm growth curve
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Table 4 Effect of culture pH on Gompertz model parameters for biofilm
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5 0.79715 3285936 008901 0.00175 0.98361
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7 201333 3030857  0.15657 0.00367 0.99534
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Fig.8 Effect of culture pH on biofilm growth curve
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Table 5 Effect of ttmperature on Gompertz model parameters for biofilm

g&, D wh T HHiRE #%ﬁﬁéﬁ
/'C Mlog(CFU/mL)] MSE R° (Adj)
25 0.90283 30.47725 0.15697 4.47E-04 0.99719
30 1.55163 30.51571 0.15753 0.00128 0.99728
35 1.82166 30.02127 0.16027 0.00191 0.99703
40 1.60002 30.50744 0.15741 0.00137 0.99727
45 0.67828 31.28261 0.13473 3.83E-04 0.99563
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