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Microbial Calorimetry and Its Application to Food and

Soil Microbiologies
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This article outlines the procedure of microbial calorimetry and its application to food
microbiology and soil microbiology. The process of putrefaction of food, which can be regarded
as the growth of microbes in food, and the process of carbon-source assimilation by soil microbes
can be observed by a calorimetric method. From the time course of the calorimetric signal, we
can obtain several values, such as the time Ty,, at which half of the total heat evolution is
completed, and the time M, at which the heat-evolution rate reaches its maximum value. By
analyzing the dependencies of these parameters on a chemical concentration such as sodium
chloride, several repressive parameters of the chemical can be evaluated: the concentration Kj,
at which the specific putrefactive or assimilative activity is half repressed; the repressive
cooperativity m; and the minimum inhibition concentration MIC. This calorimetric method has
the advantages that it does not require highly specialized knowledge or skills in either food or
soil microbiology and that it can detect the putrefactive and assimilative activities of both
"viable but non-culturable" and culturable microbes.

Keywords: carbon-source assimilation; food microbiology; microbial calorimetry;
putrefaction; soil microbiology
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Fig.1 Thermogram of a fermentation process of steamed ®) 35%
soybeans by Bacillus subtilis (natto). Five grams 1ol
of steamed soybeans were used. Observed at E
37 C. The inset shows reproducibility of the -
thermogram observed under the same S 5t
experimental conditions. ~
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observed in the presence of various concentrations
of sodium chloride. (a) Putrefaction thermograms
and (b) heat evolution curves. Observed at 25
C. Concentrations of sodium chloride are shown
in the figure.
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Fig.3 Theoretical curves of the heat evolution of asari
clam putrefaction. The curves were calculated
by equation 2 using the values of the Gompertz
parameters evaluated by the least-squares method
on the basis of the experimental results shown
in Fig.2(b).
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Fig.4 Analysis of the antiputrefactive effect of sodium
chloride on asari clam putrefaction. The vertical
scale shows the specific putrefactive activity sa (i)
evaluated from Ty,. The solid and dotted lines
show the theoretical curves obtained on the basis
of the bacteriostatic model (equation 4) and the
bacteriocide model (equation 5), respectively,
using the values of the antiputrefactive parameters
listed in Table 1.

F BB R S ITCE 287 A =5 & LT, F8E0°
PR T T BN (SR C OPIET L) T
EHVBBIERT N0 f(Tin) = C12 THHPH, TipldM
EBONIi % G839 A= L LTRRD L) IR EN D,

In(In2)
B

Tip=M — (3)

PRIEHIEEE i ICBU A Tin%Tin (1) &55&, ZOftlk
BESHIDTEAE L2\ & EDMET 1 (0) IZHARTHRT 5, T
O EBAIDAET 5 L BB 5 £ 9 127 %,
ZIZTED, Tin (0T (i) %, FRBZEHKRO LT
BEET THWEHEME] &L, sa (i) THET. ZOfEN1IZ
PEOE EERAHIRI R AN S <, 013D ERE LR
bo ZOMERYALF MY Y AR LT Ty PL7
HiR Figd Thho, (B, WEBIEER, T2 Tk
{, MDRT A= HFATH FAFCERTE S, 19)

ZOFERIE, AL b 7 AR AICE & T HET
Ve, BENIZE ETE2ET VO OOREFWET VT
T CcE B,

F9, LT MU A0SR ST B ISR LT
R E) <A (WML, e LR L N
U LOMOWHKEE AR S LIS T S) 2 F R
AL, HBMEEMEZ L VEBTRAD & ) 12k &N b, 1620

sa(i) = — @)

1 m
e[
Ki



-

K IS TE% 50 % PRI 28T, BEERIDIZBIT 5
IR ER OB EW e AHY T 5, F72 m 13EH
PRI ROBAEDOIERTH 1, HFEIZVIEEIZ1 T
Hbo mDEBKEVE, KT TONS N i OHEJETH]
IR 12T B0 LS5 T om DEARE VB
FOYE, KXW bFhTL LR vEx IR T b IEHni
WD TV, WIS OEAVNS WAL, K & DR
Tb b B OBWANHIN R ZFEO, IBEE EIFTb%)
EhHF AL 2,

Fig.4 DA 513, 50 % M LERIERE K344
+0.1 %, £/2mld2.5 +02KDE5NI2, Fig.d DEHL
X, INSOMEE HWZHERRITE TS 5,

iy, LT M) T AR E A (R Y
Y ARG T HETIMSHIRT 5), e/ VEF LR
JEMIC 23Rk Z ENTE L, ZOWf, ik M) oA
2 & BRSO Fid 1-5a (1) TETZENTE, Zh
HHALT DU LGEEE i D n FIZIFIT B 101829 F b
5

1 —sa (i) =kir (5)

Thbo KITPIEHTH L, TORDS, BG5S E
I N BREMIC I,

1 \+
MIC = [ —
k

(6)
TH 25N 5%, Figd DFROBH DS, THIICBIT b
NEBIEEEMIC 137.2 + 0.2 % £3RD SN,

W ODDOEGDEBAITT BHALF R ) 7 LA ORRIC
DWTESNTZ, K, m BLUMIC Dfi% Table 112787,
TH) LT uDERELBT S L, TH) OBEIES50 %
FHEEE KiAYRE WA, m DMET b bR K& <,
AT N 7 DGEEE O A BT R L T A R R
WREL Do ZD &) BRI ZRZEB D72, MIC & K;
[ZiEd £ ) E=D TR\,

DX ITHRMET IV ERRET IVIEOWT,
NZMUET 585 A= 7 I0RD HND, WFNOET IV
WRLTH L& H121E, MEFLPSESNLE
i & BRI A LT UL X WS, Fig.d OFERE
TIRT LIS, WEL CERDRETHLK (4.4 %) LT
OREFETEMETIEE A LED L, KixlADRETIE
WL CHET 5 Z EAWEECTH 2, L7z THGEDKS
RZF 051, WETIVORZBELIKFT S Lid—HIC
HEL
3.2 BEOBHERIDINR

HIf LI —DBBHI ORI T D W THR278, ERRD
AR (A7 a—2) AR GRfbFbY T L) B

34

Fitiov & 5 BllE

Table 1 Antiputrefactive parameters of salt on the

putrefaction of foods.

Sample Ki /! % m MIC / % n

tuna fish 1.8 £0.1* 1.2 +0.1% 53 +£0.3% 0.71 +£0.04%
pork 2.8 £0.1 42+06 47 =+02 1.7+£0.3
milk 2.9 +0.2 2102 75=+08 0.88=x0.13
asari clam 4.4 = 0.1 25+02 72+02 1.5 £0.1

* Figures after + are estimated standard errors evaluated from
the fit.
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Fig.5 Antiputrefactive effects of sodium chloride and

sucrose on soymilk putrefaction. The vertical
scale is the specific putrefactive activity sa(i)
obtained from M. The open circles show the
experimental results of sa(i). The solid line shows
a theoretical curve obtained on the basis of the
bacteriostatic model by assuming that sodium
chloride and sucrose affect on the putrefaction
independently. 25 C.
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Table 2 Antiputrefactive parameters of sodium chloride
and sucrose on soymilk.

Inhibitor Kil % m
NaCl 3.7 £0.1 3.3 +0.2
sucrose 32 £ 1 4.1 £0.2

* Figures after & are estimated standard errors evaluated from
the fit.

JU—AZNENEHHCTHCCEHELZ: KiBX T m O
fii (Table 2) & (7)3E M THiW R TH Y, It
fFRTo7ay M EMAA—H L TW5, BVAEHET VDS
FEflE LTE L OLEITANTH S L TIUL, FFED
B EBIEFNC OV, JARTROK, m DEEZHV5
Z LT, BROMIEH % IGE S GE08EY Tl 4
CENTE, AW OFEREREOIREE 72 %,

4. THHMAEYIEMDRIE & HEX L IMBEDOIIR

4.1 HEMEMELBEORE

EALEE R TR & LC, TIEMUEY O F-E S 5 )7
#:& LTIEBIOLOG #E0°$ 5,30 ZiUs~ A 707 L— bk
Fo 3AIC, SO FEFRE RN - SEYIcES, -
FEAPHEINAD L) bDOTH Y, FEMAEwIC L 2%
LI 2 L BOATIRI b ZORREDD, T MY
DER, TEORFACEWRHERE, BLUOIheBE
& L7 DA O SRR CT & 5 T OTFIHH
ENDH, REMWIHELCTH L7720, THEMEDOATE
EEOMREHEENE, LT LLZFOFT ML Cldviene
FEZHNASD T L TEIETIE, 50 ECTH
LDWEETH 000 5T, MAEMPAEEZTHLRDY,
ZOBEALEEZHEST S 2 L TE 5,

Fig.6(a)lx, »AMIIE (10g) (23O REFREZINZ,
ZNH MU SN LEELWE L7ARTH S (RFHED
HIIREFTO=THi 2 72)o 72, Fig.6(b)(IHl, FAE,
BLOKMO3FHEOHHEFZZ, 18 mg (0.10 mmol)
DTN A=A MR IZGEDRRTHD WES, KR
T=8)o RERFRTIEOMMHIC L o TEILE NPT S 055
b I Ebhb, TOLD) RAERED S LIEMAEY A RER
PR A Z LT E S,

TN A= AEHR D — N RFRFETH Y, LD LI ik
WS B2 HICELCTE D, Lz > TEDOBILHE
LA AR T ST 287 A =5 L L CI3ER
PEAMRNAS, i, BALDES TH D Lid, HHEITND
BANVAEARICEHET 589 A= E LTl LTW
BLEEZOND, (SRR 7= i EOBEE IR
{, TLBEMDOLRL T SEMEWIZ > TRE-THEY,
TNV a— AL I A RT T A - ThL LE

Netsu Sokutei 36 (1) 2009

35

200 -
(a)
1
> 3
= 100} 2
s
o}
0 20 40 60 80
t/h
b
200+ ®) 2
> 1
E3
= 100}
- 3
(0]
0 20 40 60
t/h
Fig.6 Thermograms of carbon-source assimilation by
soil microbes. (a) (1) Glucose (0.10 mmol), (2)
lactose (0.05 mmol), and (3) threonine (0.15
mmol), respectively, was added to 10 g of upland
soil. Observed at 25 C. (b) Glucose (0.10 mmol)
was added to (1) upland soil (10 g), (2) orchard
soil (10 g), and (3) paddy soil (10 g), respectively.
Observed at 25 C.
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Fig.7 Thermograms of glucose-assimilation by soil

microorganisms observed in the presence of various
concentrations of sodium chloride. Soils used were
(a) upland and (b) orchard, respectively. Observed
at 25 C. Sodium chloride concentrations are
shown in the figure.
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