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Growth Model of Acinetobacter lwoffi Based on Impedance Method
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Abstract

Acinetobacter lwoffi was studied by impedance and plate count method throughout rotational
combination design to define the effects of temperature and pH value on maximal specific growth rate
(w,,) of A. lwoffi, conductance and admittance. Polynomial models were established (P, <0.05) and
validated. The results showed that the established model with viable count method was better than the
other two (R*> =0.9455) , which fit well when w_was less than 0. 06. The correlation equation between
w, of conductance/admittance and w, of A. lwoffi were established and the R* were 0. 859 and 0. 806,
respectively.
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1 HRSHE

1.1 =548

6420 A A5 % FH T 4 7 X ( Wayne Kerr
Electronics) \DC1006 FUIIR{FE IR 316 AIH K (K
FE 11 em, HAR 2 mm) 0 @& G HIREE R &
JERK W KA WA B EE R L SR

A PR IK (0. 85% SEALTNIR W) (FLF- BRI B
FRHE (BRI 2.5 ¢ R FR 5. 0 g BN W54
1.0 g M B 1.0 g BlE 10 g, 87K 1 000 mL,
pH {E6. 9 £0. 1) FHFTEEFREE ORI, Hoa iy
SECFBOTROE IR AR CE IR N (BUN R

WA RAFA)

R I IEANSIFTF R, RS b o B kA, T
0°C VKA T IRFE
1.2 Fi&

1.2.1 WIGAERI ST
W AR A RAE A P B 5 BRI OC &R B
R Gompertz BRI 100 Hpgg
Y, =A +Cexp( —exp( =B(t-M))) (1)
K A—RRETE 2 EUE
C—3 W ZH 5 B AR i & (2 22
M——248 %] H K 3 A X oz 1) B 1]

B— KA KR (RIR)
Y, ——¢ BF 220065 7 ARG S 450 (TR R X 4
B 59 B F5)

M KA K EA L w, =BC/e,

W VR TR AR T AR VR, TR A T TR b
P 30°C 251 F AT E K5 55 5 © % Bn] WL B 75 1
BRI E T KA R A PRIRCUIR A b Y T A
TEEFRR P TIRAL(30°CHE SR 24 h) 3% 2% R it
FEHE R F 200 mLL FHBTIFREIVHEID R b 3850 s WAETE
RPRZHL S mIL RS TR E R b I
BHE R OB E AR B A E A b (R B BN 0. 04C
LA FHBEBTAATL R L 20 mV  45i% 1 kHz) i#E
FTZESEAGIN | R GTEERG 0.5 h 0 AR INAE 9 B BEL AN H
S, RIS, R — BN (2 ~4 h) WNHEIE R JCR#%
BT mL BV, PP B0 0 e H P Ak 3 (P b ik
FEXTEUE, 5K cfu/mL) .

Xof g ] AR Akt 2 | rL e ) A2 Ahh £ B
PRLAVR B X A (et ) AR AL 2R A T AR R ML, 15
#] Gompertz TSN SE A THE.,

1.2.2 AR ST
TG R PR BT ) AR R S

AISZI AU P IR IR B AN B BT R SR 4
pH (AR AR AR 7 WF 55 A PR 3R 742 A 0T 4] A
RIP S (B KR BUR L w, ) 520, 8T 2550
RSy

Y=m+aX, +a,X, +a;X; +a,X, X, +a,X; (2)
KL X, X,—IRE pH (HARISE

m—EE a,.a,.a,.a, a5 ST}
FEARFAGTELEE (5 ~30°C) \pH {H (5 ~8. 8) &1
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Tab.1 Independent factors and levels

[SES
5 :
IR x,/C pH {H x,
-1.414 5.0 5.00
-1 8.7 5.56
0 17.5 6.90
1 26.3 8.24
1.414 30.0 8. 80

F2 ZrIREREASEIT

Tab.2 Rotational combination design

ﬁt«%ﬂ? E.’I Xl X2
1 1 1
2 1 -1
3 -1 1
4 -1 -1
5 1.414 0
6 -1.414 0
7 0 1.414
8 0 -1.414
9 0 0
10 0 0
11 0 0
12 0 0
13 0 0

1.2.3  BIRIREGUE

SR g3 2 PR A 2 P8 RO B ok e M S PPN
B ST ASRY g T SR, B 2 TRT RV 22 fER T 1 )
PR AR AR IR 12 PR fE 0 B WU b Fe B S T AEL 5 0 (L
Y ZE0H
(22 B, 2 FH KA Jk TN 85 500 8 2 10 7
FARS 20w 22, H 3 AR
Bf= 1021;;(1)/0)/:1 (3)
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2.1 FMAREME S 5IIE
2.1.1 “FHOHEOE
FH Gompertz J5 8 XJ 1% FE A B FT 7 A= < i 42 3k
PG PR HAE AR pH (B Gl EE SR AT T AR
HERECR I, o IR 2 iR e as A an
F3 s, 2w, /& H Gompertz 7 2 &St
BRI, TR 4 ros, R SAS Giit
At IR Z W H LA 15 B8 FE A sh A 1 5
KRAK B p,, SEUER 250057
Y, = =0.251 814 +0. 106 266X, —0. 030 355X, —
0. 119999X; +0. 023 162X, X, —0. 089 546X; (5)
F3 BEASHHEERAERKERE v, KEER
Tab.3 Observed value of u,, of A. Iwoffi

X, X, Mo
1 1 0.216
1 -1 0.203
-1 1 0. 043
-1 -1 0.076
1.414 0 0.251
-1.414 0 0.039
0 1.414 0.122
0 -1.414 0.229
0 0 0. 265
0 0 0.239

M 4(R =0.9455) A] 1, BiA) F = 13.88,
P =0.0123 <0.05, [l )5 )2 i 2 09 &M X RE
R? =0.945 5, W2 A0 BB M BRI AR Sl AT 187 5 K
AR HER I w,, BERE  pH (HARL I SE 5 LR =
3.51,P, =0.369 7 >0.05, Si L&A L BN T #H
(), PRz R R B Y, v IS SRR ST i ek

AR AL w,,, FEANFELEE  pH (ELASF T BT
388 3 A 87 T 0 AT, T SRAT I AEAS s AT A B A A
MK EREE TR EE 22.9°C, pH 1l 6. 68, TEIZ 514 F
Mo =0.276,
F4 BEFTFERKERERIL@MPIAFRAFESNT
Tab.4 ANOVA for the regression model on

maximal specific growth rate of A. Iwoffi

BRI AME CEITH ¥

F{§ PfE(P.>F)

myE| 5 0.067 542 0.013508 13.88 0.0123
w2 4 0.003892 0.000973 - -
J A0 3 0.003 554 0.001 185 3.51 0.3697
aliiR7E 1 0.000 338 0.000 338 - -
SN 9 0.071 434 - - -

HRPE(5), Al oH 3 R e R pH E AT
ey PITINEL T 1 2 5% 22 (- o0 S AT, %
I T 0 8% 22 18 19 46 5B /N 0. 04, BLREHLS 1 T
[ —0.04,0.04 ] 3 — 7 Pk X 38k 2 18], 158 B 3% [a1 05 7
X S 0 5 UL 2 R A 1Y

0.047 o
0.02f

. . X
o
b ol ® .
i * Y

—0.02

. .
—004 1 L L 1 1 ]
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/“‘mliﬁqwﬁ_
K1 S AEAR ST R R KRR L w,, Y522
Fig.1 Residual plot of u,,, of A. lwoffi
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Fig.2 Observed and predicted u,,, of A. lwoffi
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2.1.2 FHpLE
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Mg 6 Fias, FIFH SAS St #utfr k&
S EUSEVES G R RS SN R ST @Ok Y =T~
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Y, = —1.339030 +0. 450 935X, —0. 075 964X, —
0.129 232X% +0. 174 218X, X, +0. 054 138X> (6)

x5 BESRRNEKEZREAKEER

Tab.5 Observed value of u , of conductance

X X, Mo
1 1 0. 152
1 -1 0.113
-1 1 0.017
-1 -1 0.028
1.414 0 0. 060
-1.414 0 0.012
0 1.414 0.031
0 -1.414 0. 054
0 0 0. 044
0 0 0.041
0 0 0.053

*6 BERXEBKEXREBIIFAFEFESN
Tab.6 ANOVA for the regression model on

maximal specific growth rate of conductance

TR AME CPIrA ¥y F{E PAE(P, > F)
EYE| 5 0.899420 0.179884  6.33 0.0320
WE 5 0.142065 0.028 413 - -
PR 3 0.135471 0.045157 13.70 0.068 8
N 2 0. 006 594 0. 003 297 - -

SN 10 1.041485 - -

& 6(R* =0.8636) WAl fiH F=6.33,P, =
0.0320<0.05, MR ER; EMELRB R =
0. 863 6, K IZBI A RR B4 H i B B I8 AEA SIAT I
FE SRR 0 LT R K R 3 LU BB R IR | pH (EL
AR R F =13.7,P, =0.068 8 >0.05, i}
AL AN L AR B, R Z A R A 3E 1), 1T

T PRI K R e AR pH (E A T
T

G (6) , FITHEA H FRE IR EE  pH (H 55 1F T
o TN, ] 3 2 5% 2 (i T0I A 18 1T, PRI
TN, 5% 22 1H 1 48 X /N T 0. 06, BEAL 53 1 T
[ -0.036,0. 058 | iX —HP IR X B2 0], 3 >3k 25 (H K
KIS0 THEA AR [ 0.08,0. 10 ] X [EI N, 1K 4 &
SR 55 000 (R A A 1, 2 S R R K R L
o FISEIMEL/NT 0. 06 B, AR KR s 35 5) 434 T 45°4%
IO ELR B/ s, =0. 06 1,3 AN 5 45° R AH Bk
PR s, 3 A 5 A K% A A9 I B2 AN pHL B 53 0
26.3%C .8.24,26.3%C .5.56 F130%C .6.9, Vi W76 I
JEE A R, 1% AR AR () R 45 SRS o BRARL 1T
TEBARIRE I ( <17.5°C) , 3% GO RY 1% 5000 A4 R
WA A HRAR  MRER 5 A i S A FUIN A 315 3K
W22 B, =0.999, HEFI L A, = 1.222, i gl
Y, ORI B 5 S W0 (B 0% R X T 3 D 22 /N T
0. 1% ,B48 %} 22 KT 20%

0.06 -

*
i 0 A s R
*
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Fig.3 Residual plot of conductance of medium
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Fig.4 Observed u,, of conductance vs predicted

Mo of conductance

FH Gompertz J5 2 X} 1% FE A Sl #1719 5 94 242 1k
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Y, = —1.312 636 +0. 409 399X, —0. 087 560X, —
0. 142 673X; +0. 150 049X, X, +0. 067 721X (7)
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Tab.7 Observed value of u_, of admittance

X, X, Moz
1 1 0. 142
1 -1 0.118
-1 1 0. 020
-1 -1 0.033
1.414 0 0. 057
-1.414 0 0.013
0 1.414 0.033
0 -1.414 0. 059
0 0 0. 046
0 0 0.043
0 0 0.058

S8 (R = 0.842 1) nJ I, #iAl F =5.33,
P, =0.0450 <0.05, [l )4 /2 & & /9; 5 M X R
R? =0. 842 1, FIIZAL T GRS Hb fiff BE 5 1 FEAN )
FF TR S T 0 i R K 0% L T 45 B 7
pHHAEL I R KL F =9.68,P, =0.095 0 >
0. 05, ULHAILA AN B SR A B 1Y, I iZ AL R A 16
(1), AT T 5 90 B KBS HOR LU AEAS R B2  pH {E
AT R S

*8 SHRKEKEXRIEERAFEAESH

Tab.8 ANOVA for the regression model on

maximal specific growth rate of admittance

TSI AmE P ¥y F{ Pf{H(P, > F)
Y| 5 0.767572 0.153514  5.33 0.0450
w7 5 0. 143878 0.028 776 - -

P 3 0.134612 0.044871 9.68 0.0950
LR 2 0.009267 0.004633 - -

SR 10 0.911450 - - -

MR (7), AT H R R R pH AT
o I TUINE ] 5 J2 5% 22 (8 - TOIE SO K, %
BRI, B 22 (H A 4 XHE /N T 0. 055, HBENL 34 T
[ -0.033,0.052 ] X —# R X IR Z 0], (HAT 3 -5k
ZEHB K S A0 TR AR [0. 08,0. 1] X HI P,
Pl 6 2SI AF 5 5000 Al s R, 2245 e A 3 K il
R, HISZIE /N T 0.06 B, AL bR &5 150 43 4 T
45° L8 W ELAR 25 70 s, =0. 06 B, 3 4> 5 45048
AERRIE ., SH SRR ER LR AR, %
BRI AE AR IR S I ( < 17.5°C) 3% GRS 28 f1% )
SR A A BRAR  ARYEEE 7 Fp B ST (E A FO B
FAA ML B, =1.000, HERHFE A, =1.242, HiL
AT, TIN5 SR AR AR X 34 22 R O, {H 466 %

20124
0.06
*
0.04 .
o 0.02
4 *
= 0 . Py .
~0.02 M
~0.04 hd

002 004 006 008 010
Homs FIIE

Bl5  BHOTHIREE (B IEASIT ) SRR
BRI 1, (5% 22 18]

Fig.5 Residual plot of admittance of medium
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Fig. 6  Observed u,; of admittance vs predicted u,;

of admittance

2N 24.2%
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HWFFEIKIEA ST B R AR KRR L S L
TN IR RIE K BUAR L AIAHICICFR W SPSS AR 114
Curve Estimation ZJfg, % L MER A — IR JTH AL
SEJTRERL S AL AR HURERY | Logistic AEHEISEXS £ 9
RO AT [T U005 AR AR A% [l IR 8 A O
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RI FARFHTHERIESTTFERKERKERL
MRS SHRKIBREEL
Tab.9 pu, of A. Iwoffi, conductance and admittance

under different conditions

WAEAIFTR R BRIk SRR

i P RERERIE BRI BRI
1 1 0.216 0.152 0. 142
1 -1 0.203 0.113 0.118
-1 1 0.043 0.017 0.02
-1 -1 0.076 0.028 0. 033
1.414 0 0.251 0. 06 0. 057
-1.414 0 0. 039 0.012 0.013
0 1.414 0.122 0. 031 0.033
0 -1.414 0.229 0. 054 0. 059
0 0 0. 265 0. 044 0. 046
0 0 0. 239 0.041 0.043
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2.2.1 HHFEIIEKBR LR
DL Sl RIS R o B AR & I JEARSIFT
PRI KA R s AR L Ry R A o, b RS A i A i 46
it , A BSL TR I AH 5C R BT I (AU ROR
Kl R BAE ST 7 Ry
y= —0.139 +13. 584x — 146. 841x” +478. 456"
(8)
AR R BT 5 (R ) {E R 0. 859, 1B 1E
JEH RME R 0. 789, FRTZAHTAIAN( 3R 10) i1
LR F(H N 12.204, P, =0.006 <0.01; A& 7
Y=y A A5E  &] v, m] 7 o A i L5 AR 4R
4

F10 ERFERAELSN
Tab.10 ANOVA results

EHA AR ¥ F P,
mIH 0,061 3 0.020  12.204  0.006
i 0.010 6 0. 002
Eyill 0.071 9

3

)

¥ ol

¥

il

& K ° o SIGIAE

£ 0-1 — il

S 0.05 0.10 0.15
LS A A [

W7 AT KR L o Sk
B SURS S E Rk VS

Fig.7 Cubic model plot of u,, of A. lwoffi and conductance
2.2.2 HRYm RHHE R LR E R

PS94 fg R R Ly A 8 4 I E AN ST
R A R A R R L O PR AR AN ] 28 A il 46
b, AL 7 AR AR O R B T EL(R?) AU
ROR Kl e o BRAR 5707 R

y = —0.148 +13. 036x — 133. 191x° +416. 04«

(9)
BRI AR 5C R ET- 7 (N 0. 806, 12 1E 5 1Y

RMEN 0. 715 R 2250 B vl AN (3R 11) IR g5 #2
) F {8} 8.334,P. =0.015 <0. 05 ; A& 8 [a])7 77 7%
BA P b o] o LR B4 R LA

x11 EAFRAESHER

Tab.11 ANOVA results

EHM AHE ¥iJ5 F P,
mys] 0.058 3 0.019 8.334 0.015
% 0.014 6 0. 002
eyl 0.071 9

o
W

.
ER

pel

9

02

Z

o - S

= 0.1 — A ek

=

<

%er

® oy 0.05 0.10 013

SEUIng N9 a
K8 IRIEABIFF R R AR AR L 5 AN ORI
AR O RS K]
Fig. 8 Cubic model plot of u, of A. lwoffi and admittance
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(1) BT IS AEAS B FF R fe R AE KR LG
S KK R LA g e R R H ) R
1= 7 RRAR A A 3 S B0 E , ¥ TER s AT B e K
Al R L 22 1 2R A ) AT SRR A T O R A A
T REA S50 TR R AT pH A 728 AL X 38 FE AN S AT
WRKAEKERWZN, BS FHRREK
3 LA [ 0 R AR — 2 3 TR P A T 8 R 4
FRAR, Y AR R WUNAE SR — 1)
(R
(2) HL S P40 e R K DR H 5 9% SRR S AT
AR R AR K B3R L 22 [0 (8 A DG 56 28 AT 7 i Ak
ik, i AT RLA AR B0 57 T R A I R
B0 0.859 F10.806, HLEMAELAY, ML T iy
TG R L 5 IE TSI B e K AE K R L ¢
AR T PR A

& % x #t
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