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Growth characteristics of koji-infecting bacteria incubated on steamed rice. Naranara, H.
(Higuchi Matunosuke Sholen Co. Ltd., Harimacho, Abeno-ku, Osaka 545) Hakko-
kogaku 59 : 207-216. 1981.

Five bacterial strains isolated from rice koji were inoculated onto steamed rice
singly or mixed with Aspergillus oryzae and incubated under various conditions to
investigate effect of each factor on their growth.

In single culture, the five strains gave growth curves for varying Aw or temperature
similar to those in liquid culture reported by us previously. Most vigorous growth
was shown by Micrococcus varians and Bacillus subtilis under all conditions. Flavo-
bacterium lutescens and Pseudomonas sp. were so sensitive to Aw and temperature
that they hardly grew under the normal conditions for koji-making. Bacillus
megaterium showed intermediate character between these two types.

In mixed culture, the growth rate of all strains was suppressed markedly, growth
ceased at an early stage of incubation, and the final biomass of each bacterium was
at most one-thousandth of that single culture. Temperature and moisture content
affected considerably the growth of B. subtilis, whereas mixing of the medium mid-
way through the incubation period had most effect on M. varians.

The effect of the conditions mentioned above was compared between the organisms
and discussed with regard to koji-making.
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Fig. 1. Influence of water content of medium on the growth of bacteria isolated

from koji.

Each strain was inoculated onto steamed rice with water content of 25 (@,
30 (A), 35 (MDD or 40 (V) %, and incubated at 30°C. The inoculum size was about

one thousand viable cells per gram of steamed rice.

The ordinate shows the

numbers of doublings of N/No, where No and N are the number viable cells per
gram of steamed rice at the start and after 40 hr of incubation respectively.
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Fig. 2. Influence of incubation temperature on
the growth of bacteria.
Organisms were inoculated onto steamed rice
and incubated for 40 hr at the indicated tem-
peratures. The water content of steamed rice
was adjusted to 35% by adding an appropriate
volume of water to a-rice before steaming.
Organisms : F, lutescens (), Pseudomonas
sp. (V), B. subtilis (@), B. megaterium (A),
M. varians (H).
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Fig. 3. Relation between Aw and the growth of
bacteria.
Organisms were inoculated onto steamed rice
adjusted to various Aw levels by controlling
water contents and incubated for 16 hr at 30°C.
Organisms : B. subtilis (@), B. megaterium
(¥), M. varians (W), F. lutescens (Q),
Pseudomonas sp. (A).
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Fig. 4. Influence of water content of medium on the growth of bacteria in single or

mixed culture.

Solid lines shown single cultures of bacteria; broken lines shown mixed cultures

with A. oryzae W 03.

Organisms were inoculated onto steamed rice containing 30 (O, @), 35 (A, &), 40
(T, D % of water and incubated at 30°C. Inoculum sizes were about one thousand
viable cells of bacteria and one million viable conidia of A. 07y zae per gram of a-rice.
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Fig. 5. Influence of temperature on the growth of bacteria in mixed cultures of
A. oryzae with B. subtilis or M. varians.
Organisms were inoculated onto steamed rice and incubated at 30 (@), 35 (A)
or 40 () °C. The inoculum sizes were about one thousand viable cells of bac-
teria and one million viable conidia of A. oryzae per gram of a-rice.
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Fig. 6.
of bacteria in mixed cultures.

Influence of homogeneity of inoculation of A. oryzae conidia on the: growth

Organisms were inoculated onto steamed rice containing 35% of water and
incubated at 30°C. Solid lines show single cultures of each bacterium : broken

lines show mixed cultures with A. oryzae WO03.

Square symbols represent

inhomogeneously inoculated cultures : one-fifth of the steamed rice was inoculated
with only the bacterium and added at the initial stage of incubation, without
blending, to the remainder of the steamed rice inoculated homogeneously with

the fungal conidia and bacterial cells.
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oryzae FN-16 (W03 iz L 30°C CHIE L7 # O}t
130.73) &, UKKS 35%, BEREBE 30°C THEL
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3. B, REOB AV, HEHERCLSITNE
WO TF — 2 EBTNBEDHicEET 3.
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Fig. 7. Influence of inoculum size of A. oryzae on the growth of bacteria in mixed
culture.

10® cells/g B. subtilis or M. varians were inoculated onto steamed rice containing
35% water together with A. oryzae W 03 conidia and incubated at 30°C. Inoculum
levels of conidia were : 2X10°%/g (@), 10°/g (A), 5x10%/g (M), and none (V).

Wiz oBTAREER, ORHETRARRKIE BELERELS: (Fig. 9). BB tidn<
PR TEIAREIDav=—%FR L7 (Fig. 8). BADEEY WohicHh, KicBREEED P
BRRTTONP CRAR, BRAULEEERLKRLED  10/g kB0 Tid 16865 & 2485 o B0 F K
fORBERMMMAICHERE TS C L4285, WBEK 10
B NFELL BABOEEHEEFEOMING, -7
MR OBEEOMNE b o T E8FREN:. £
T, aXxlg ¥ 10, 10° ® M. varians %35
LU, YI0RURRICHY T 21688 EIC 7 9 A 22 FT
B3 Lic kDR LKROD K BAEFT, FRERHICE
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0 20 40

Time (hr)

Fig. 9. Influence of mixing (kirikaeshi) 16 hr
after inoculation on the growth of M. varians.
Solid symbols : Cultures in the flasks were
shaken by hand to mix 16 hr after inocula-
tion. Open symbols : without mixing. Solid

Fig. 8. Colonies of M. varians incubated on the
surface of steamed rice.
About thirty cells of M. varians were inoc-
ulated onto a steamed rice grain containing lines : single cultures of M. varians. Broken

40% water and incubated for 40 hr at 40°C. lines : mixed cultures of 4. oryzae W03 and
Arrow indicates a colony of M. varians. M. varians,
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Fig. 10. Influence of inoculum size on the growth of bacteria.
Organisms were inoculated onto steamed rice containing 35% water and incubated

at 30°C. Solid lines show single cultures of B. subtilis or M. varians.

Broken

lines show mixed cultures of A. oryzae WO03 and B. sublilis or M. varians.
Inoculum size of A. oryzae W 03 was one million viable conidia per gram of a-rice

in each mixed culture.
10%/g ; squares, 105/g.
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BRERBERL, TNOOWICK B3FRTIE, BKEK
DR FHEROHILE LT EEERL TN 3.
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Inoculum size of bacterial cells : circles, 10/g ; triangles,

B, BRURTEEML, BL S CIRAERDR
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Fig. 11. " Influence of inoculum age on the growth
curve of B. subtilis. .
Solid lines show single cultures of B. subtilis.
Broken lines show mixed cultures of A. oryzae
W03 and B. subtilis. Inoculum : log-phase
culture (O, @), stationary-phase culture (A,
A), spores (|, D) of B. subtilis.
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BOT KR D 1/15 OMEREE RT DL TH -
fo. ZORERET, BHTEPOEFICENT, KES
EKGOBRE T AATICHFEL 7R OB AR, K
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AZHEBEEOLE LT, £&HT Table 1 iKRL 7.
B. subtilis [T L TR, BRBE, KaFicRAR:
BICBOTZOEENEL L, HESLMY (30°C %,
35% K5) X0 5°C, 5% DLFAEF, 220850
ERRO#MET &R Uk, BERFORE—EAL

3, BOFROETERL, BERFOBE—EHhc
DM OHAENFIC B S EER R THB. M. varians
BV TIHISRRE, K3OBEI T, WeRhE
CBY B FAIC &K 2 T RBEREISEER O EH 115
Esl&RCTERER - T 5. .
SR T o 5 BRI, B. subtilis, M. varians
DIFEAE FIT K9 1/20 1<l 228, HIERFE HIHE
BELUTRBORE~NOEE L ERic DT oREt
DONENH 5.
WHOBRKIC K 2EBTHRFOZOEE X, BAER
CBOTHEEATERNSDOTHY, TEMCIEBER
OEBFHREDOZIC L Z2EHEOFE LD, HHEOENHE
BIGETERE AR 2 7 DER TR oEESTbN,

Table 1. Effect of conditions on the growth of bacteria.
Growth ratio .
Condition B. subtilis B. megalerium M. varians F. lutescens P semi(l))m onas
S M S M S M S M S M
40°C 3.2 175 1.6 1.0 3.2
35 2.4 17.7 4.4 1.1 1.5 0.13 3x10™4
Temperature
*30 1 1 1 1 1 1
25 0.34 1.3 0.22 0.28 0. 66
40% 1.4 18 3.5 0. 34 1.2 0.57 6.6 18 18 8.0
%
Water content 35 1 1 1 1 1 1 1 1 1 1
0.72 0.44 0.48 0.26 0.32 6x10°t
25 0.15 6x1078 0.14 4Xx107%
* 1 1 1
Mixi none
xing ati6hr| 1.2 1.6 19
Homogeneity *100% 1 1 1 1 1
of inoculum 80 1x108 3x10? 11 22 12
Inoculum size 2%10°%/g 3.9 2.6
of A.oryzae *10%/g 1 1
conidia 5% 10%/g 4%1072 5%10~2
Inoculum <i 10/g | 2.8 0.9 1.5
noculum size
of bacteria *10%/g | 1 1 1 1
10%/g | 8x10°% 1.4 5X10°% 0.8
Species of *W 03 1 1
A. oryzae FN-16 2.3 7.2

Figures in the table show N/No under the given conditions divided by N/Ns under the standard
condions (*). N :cells per gram of steamed rice after 40 hr of incubation. N : cells per gram of

steamed rice at start.

Organisms were inoculated onto steamed rice containing 35% of water and incubated for 40 hr at
30°C, except when temperature or water content was varied. S: single culture. M : mixed culture

with A. oryzae.
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BETE H59%

T OEBEERIC X 5 5RO RFEREE DR IS, #8
HROEFTHEEOEE L THRNE &S, 5T,
TEABBMICB N T, 20813 M. varians X 0
B. subtilis CBWTEUSRRT 5 EMMERTE 3.
F. lutescens, Pseudomonas sp. |, FICBE, K5
FHECEEINL T, —BBEEFL D b ASES
T, BREBEINIZORDFIME - UTERELED
HTHY, chdOEBSRICH LM 283 REHLE
WBROMHZ CEEBRLTOS.

E #

PSR 5 k2 R Uk Lo L, X2, R
ERFOEBERH LI EC A, ChdORECED
B Sh 3" MEE 0L\ Ol3 Micrococcus varians
T, WRWT Bacillus subtilis TFH -71-. M. varians,
B. subtilis, B. megaterium DRI HEEL, B
] DEARERICIEL T - /2.

R S ORAERIC BT, HIHMEEOH
BRI IR RICH U TEULETL, Srk16m
Dz 0B Rohiih-7c. coc ki3, FHH
FEOBARHSERTE, BICBEEEMURIThH 3
BEZOEENZELUBNZ CEERLTNS.

BAERCEVT, HEOBEKIBERICHAIL,
TEAOE BRI CHEENS .

BAEREOHERX Y, M. varians, B. sublilis s
BSREE LTHELST VB EEL 5.

BRI OMBIC & 27532 Bk U BR O 5%

TR, MEAMHT 35S LTI, B. subtilis ©

BER, HKSORERL#DT, M. varians Ti3iEE
AL RBAZITORO T ENHRNTH B, T,
FELTELZ AR, HEEEOR EEREBENE
BICE—RERLTI L TH 30, BMORET~D
EEBcETIRNINETHS.
AR, —BARAZTHEBE TENEOFERT
T, o, EOAKRSE, ¥HEEESHIRC RS
DELEZEHBIBEH L LET, ¥/, ERICBHT
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