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Suitability of Growth Models for Analyzing Microbial-Calorimetric Data
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More than seven hundred microbial-calorimetric data of the processes of carbon-source

assimilation by soil microbes and the processes of food putrefaction were analyzed by Gompertz,

Hill, Richards and Logistic models, as well as by their reversed forms, to evaluate the suitability

of these models for analyzing the data. The goodness of fit of each model to the experimental

data was tested by the Akaike Information Criterion. The Richards model showed the best

suitability. Consequently, the shape parameter d in this model is considered useful for accurate

evaluation of microbial-calorimetric parameters such as the time at which the heat-evolution

rate reaches its maximum (#,), the time at which half of the total heat evolution is completed

(t12), and the maximum heat-evolution rate constant (Umax)-
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Table 1 Growth models used for the analysis of microbial calorimetric data.

Model q

90

Gompertz Qexp(—exp(-B(1-1,)))

reversed Gompertz

O(1-exp(-exp(B(t —1,))))

Logisti — 2
ogistic 1+ exp(-B(r—1,))
"
Hill Q -
ty, +t
Qtl/Zn

reversed Hill - -
Lo +(2t1/2 -1

1

Richards O +(d —1)exp(-B(t ~1,)))"~

reversed Richards

O = (1+(d -1)exp(B(t - 1,)))"")

OB exp(=B(t - 1,))exp(-exp(=B(t - 1,)))
OB exp(B(1 — 1)) exp(-exp(B(1 - 1,)))

OBexp(=B(1-1,))

(1+exp(-B(t—1,)))*

thl/zntniI

(1" +1")?

Ont)" =)

(tllzn +(2tl/2 _t)”)z

d

OBexp(-B(t-1,))(1+(d - l)exp(—B(z‘—tp)))m (d=#1)

OBexp(B(t—t,))(1+(d —1)exp(B(t —tp)))E (d=#1)

q(t) is the amount of evolved heat by the time ¢, and ¢'(¢) is its differential form. Q is the total amount of

evolved heat; 7, is the time at which the heat-evolution rate reaches the maximum; B is the constant that is

proportional to the maximum heat-evolution rate constant fUmax; 12 is the time at which half of the total heat

evolution is completed; n is the cooperativity parameter; and d is the shape parameter.

2.2 FEAR

T D72 O DFERIW IR EMRETVE LT, T¥
Y, UVAT A4y 7, b, BLP)Fvy—AETILD4
i, BLO, Tyvy, v, )Fv¥—XZNEho
YZEE TNV IHHOR T DT TN E W, FET VIS
o gy B LV (1) D% Table 1187, {FETNVT
JBIZFHIICE /35 X — %1%, BEBEQ, FBHTTE
T AW 1y, FRGEENY — 7 1 ET LW, RS
B Vinan, B & CIRREFEE T tmax (= Vina/Q) T
5 (Table 2), KETFINOFYZ BT 572012, 0 =
107, ,=30h, Vmux=1.0T h !, fmax=0.10 h-1 & L THiW
72q(H) B L Vg (0 OHGRIIH % Fig. 1 127”3
221 DALY ETFIL

TRV ETFIEKRD L ) 12K ENS,

q(1) = Q exp(—exp(—B(t—1,))) ()

BB IR AT B E EH Unax ST 22 TH D,
Unax = Ble DENED S B (e ITEPKTEOEE) (Table 2), &
DETIVCIE, BIECRBICTEAL, BPTWwBR0IR
KiEQIZET % (Fig.1(a)-1)o FEHE ¢'(nTlE, €—2
ET B 1, ORI CHEFIRE L E= 2 DB TS W
It k% & 0 (Fig.1(b)-1), FEADSESET S5
Bt £ D ENCHBEEDO Y — 7 13ET D (1in > tp)o

X (1) OMGRG (1) GEBEEE) %, 1, % PUICHEK

Netsu Sokutei 37 (2) 2010

59

IREH LT, KDL BRETVIHIZITEZOND,

q(1) = Q (1 —exp(—exp(B(t—1,)))) )

O, FEGEEIZ® 50N -2 IZEL, TOE,
SIS T B LA > Thp < 1, 7% % (Fig.1(a)-2,
(b)-2)0 TNAMEE I, [FHRIT XV YETIN] L35,
222 AYRT1vIETFI

0
1 +exp(—B(t—1tp))

q() = (3)
COETIVCTIE, HEEE ¢ (O — 27 2 LT

FRCTH Do LIz > T, WIHEEIET LR L, 58

BURDSR R I ET BIEIAYSE L {(hp = 1), WL

S THE—DIRE % B o ZHB 1 E tmax = B/4 DERDS

&% (Table 2),

2.2.3 EBEILEFIL

or

tpt 4+

q(r) = )

nIHFEEDTEECT, n > 1OHA, tin > 1, CHH, =
DET N, DS T3 B 11, % AL IR P
EH7: [iEL VETIV] % Table 1179, ZOET I
TR, ZIRIICE T 720, KEE RO L%
tin &k L72



Table 2 Relationship between the microbial calorimetric parameters of the growth models and the derived parameters

i X

thereof.
Model tin tp Vimax Himax
In(In2 B B
Gompertz t, _In(n2) - o8 -
B e e
In(In2 B B
reversed Gompertz t,+ M - Q— —
B e e
L OB B
L t] t, t e -
ogistic b 172 2 4
L _O0m* - n’ -1
Hill . n-l1yn, . .
£n+]) 2 4ntm(n—+1] 4nt1,2[n—+1)
n-1 n-1
1 om* —1) n® -1
d Hill 2 ["71)" ‘ . .
reversed Hi - - n "
n+l1 vz 4nt,,, 7n+1 4ntl/l(—n+1)
n-1 n-1
d-1
. m 1 d s
Richards p d—1 - OBd' Bd'
P B
d-1
. In 2l A d_
reversed Richards [+ 31? _1 - OBd™ Bd

Vmax 1s the maximum heat-evolution rate, and Umax iS the maximum heat-evolution rate constant.
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Fig'.i " Theoretical growth curves of the seven models T8I EDYPE T — 5 7 LIRFGRE M ¢ (1) & 3K, Th
tested. (a) Integral forms ¢(¢) and (b) differential ZIUIDOWT, THOET IV EHVTEINT X —F Ol
forms ¢'(f). Seven curves are simulated by (1) (E% f/NE T CRHI L 72 %, FEHIME~NOM AR %, FRlE
Gompertz, (2) reversed Gompertz, (3) Logistic, EHIME (Akaike's Information Criterion, AIC)!)%
(4) Hill, (5) reversed Hill, (6-1, 6-2) Richards, WCEE L7720 AICIERD L I I2FE SN D,
and (7-1, 7-2) reversed Richards model,
respectively, using the following values in AIC = N In R;S ) + 2(p+1)+201;4:1)517+2) ©)
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Fig.2 Typical microbial-calorimetric data and simulated

curves drawn with the respective best-fit models.
(a)-1~(f)-1: Experimental data; and (a)-2~(f)-2:
simulated curves. Process of food putrefaction:
(a) pork without NaCl, (b) bean curd refuse with
1.7 % NaCl, (e) asari clam with 0.06 % NaCl,
(f) bean curd refuse with 0.058 % NaCl. Process
of carbon source assimilation by soil microbes:
(c) ribose was added to orchard soil without
NaCl, and (d) glucose was added to forest soil
with 3.0 % NaCl. Best-fit models were (a)
Richards, (b) reversed Richards, (¢) Logistic, (d)
Hill, (e) reversed Gompertz and (f) Gompertz
model, respectively.

BEOd DERAKILFIOMRICH 57z, Tabh, §
RTCOV—ET T LEZNEFNUIIOVT, JFr—XET)
LR v — XET IV CHM L72d Dfii% dr B £ Wdw &
LCMEORERDL L, drdir=3.7£0.1 CEME & 2
%) THY, MEFVMII D% N L TELMICFEET
Holze LI2h o THRUEEMEE 7 — 2 H S EIRE 7
NEWTINT XA =% ZIEREIRO 72 0iss, Biio) F
Y= RXETFIVEHOIUT I WEEZ SN5,

TRV ETFIVEIVETI, BLUZNEOREE
T, ETNVEED L, & 11 ORNERE: EORIRA BE
LCWA7-0l, Hia RiIRE & 2 MR L ClaRE
DHADIEEDENRKEL, FT 5 Lz Ero72 L
EZoNb, )i, OVAT 4 v 2 ETNVISHEEENED



B&

=
[2iii]

Table 3 Values of the microbial calorimetric parameters evaluated from the best-fit growth models.

Curves Best-fit model Q/mV tp tin Vinax Hmax B d n
in Fig.2 /h /h /mV h! /h! /h-!
a  Richards 10.7+0.1*  30.0£0.1* 30.5 0.584  0.0545 0.201 £0.004*1.75 £0.05*
b  reversed Richards 11.8+0.1 69.3 +0.1 62.1 0.414  0.0351  0.072+0.001 0.54 £0.01
¢ Logistic 6.10+0.02  32.8+0.03 32.8+0.03* 0.293  0.0481  0.192+0.001
d Hill 10.7 +£0.04 24.1 30.2+0.1  0.301  0.0281 3.03£0.01*
e reversed Gompertz 11.2+0.1 19.8 £0.02 18.7 1.39 0.124 0.338 +0.003
f  Gompertz 8.70+0.10  19.5+0.1 21.7 0.539  0.0620  0.168 +£0.002

* Values after + are estimated standard errors evaluated from the fit.

Table 4 Mean values of the rank of fitness of the growth models to the 781 experimental data.

Model Mean value of Mean of rank Number of curves
normalized AIC Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7

Richards 0.10 £0.14%* 1.92£1.02*% 377 153 190 61 0 0 0
reversed Richards 0.08 +0.10 1.94 +1.02 348 220 126 87 0 0 0
Logistic 0.37+0.23 4.32+1.01 1 60 128 94 497 1 0
Hill 0.42+0.28 4.37+1.66 33 113 112 125 78 315 5
reversed Hill 0.56 +0.33 4.84+1.51 0 58 91 221 84 203 124
reversed Gompertz  0.63 £0.36 5.17+£1.87 14 100 82 63 63 202 257
Gompertz 0.68 £0.38 5.45+1.84 8 77 52 130 59 59 396

* Values after + are standard deviations.
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Fig.3 Dependence of the shape parameter d of the

Richards model and of the cooperativity parameter
n of the Hill model on the sodium chloride
concentration as a stressor of microbial activity.
(a) and (c¢) :
25C and (b) and (d) :

putrefactive curves at 30 C.

Asari clam putrefactive curves at

bean curd refuse
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