
* Author for correspondence. Tel & Fax: 08-7620651;
E-mail:jicy.wang@msa.hinet.net

64

Journal of Food and Drug Analysis, Vol. 10, No. 1, 2002, Pages 64-68

Fermentation Products and Carbon Balance 
of Spoilage Bacillus cereus

JINN-CHYI WANG1* AND HSI-HUA WANG2

1. Department of Food Sanitation, Tajen Institute of Technology, 20 Wei-Shin Rd., 

Shin-Erh Village,Yen-Pu Township, Pingtung County, Taiwan
2. Department of Agricultural Chemistry, National Taiwan University, 1, Sec 4, Roosevelt Rd., Taipei County, Taiwan

(Received: December 22, 2000; Accepted: December 18, 2001)

ABSTRACT

Products of fermentation, especially volatile compounds, and the carbon balance of a spoilage microorganism usually provide useful
information to understand the fermentation characteristics of the organism and as a basis for determination of contaminants. In this study,
the cultivation of spoilage Bacillus cereus at 35˚C in a culture medium with glucose as the sole carbon source was performed in order to
measure fermentation products including headspace gases, and overall carbon balance during fermentation. The organism reached their sta-
tionary phase after 20 h growth. Under anaerobic fermentation, the recovery ratio of carbon was higher than the corresponding aerobic one.
The major fermentation products were 2,3-butanediol and ethanol under anaerobic fermentation, and it's 2,3-butanediol under anaerobic
fermentation. The calculation of the balance of oxidation and reduction reaction yielded a theoretical value nearly equal to 1 during anaer-
obic fermentation. The results of this study can support to develop a system for rapid detection of headspace gases of major fermentation
products specific to food spoilage by using a gas biosensor.
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INTRODUCTION

Bacillus cereus is a gram-positive, spore forming, and
catalase positive bacterium. That is a cause of food poison-
ing(1). This organism requires glucose and some amino acids
for growth and consequently to form organic acids, alcohols,
carbonyls compounds and carbon dioxide(2). The optimal
growth temperatures for the group of Bacillus spp. fall in the
range of 30˚C~40˚C, with only some psychrophilic
species(3,4). Previous studies for Bacillus cereus have provid-
ed information pertaining to factors such as growth and gen-
eral aspects of sporulation(5-7), effects of intoxication(8), dete-
rioration, physiological properties, fermentation and genet-
ics(9,10). 

In general, the recovery of carbon during microbial
growth is seldom complete, with perhaps only one to two
percent of carbon of substrate being converted into specific
constituents of the cell(11). The balance of oxidation-reduc-
tion processes during bacterial cell division is used to evalu-
ate the level of biological energy conservation. A small-scale
cultivation of the bacterium might be able to make a simple
calculation of the carbon balance and avoid the loss of prolif-
eration by-products. As a consequence of such a study, the
chemical state of the oxidation-reduction of substrates and
products could be determined from the overall carbon bal-
ance. 

Glucose was used as the only carbon source for the fer-
mentation of B. cereus in this study to explore the metabolic

characteristics of the bacterium and the production of its final
products including volatile metabolites. The detection, by
biosensors, of the presence of such volatile metabolites as
evidence of B. cereus bacterial activity could be applied to
detect whether food had been spoiled as a result of microbial
activity. 

MATERIALS AND METHODS

I. Medium and Culture Conditions

Bacillus cereus (CCRC 14655, isolated from canned
soybean milk) was grown in nutrient broth (Difco) at 35˚C
for 24 h. The bacterial cells were collected by centrifugation
at 4000 ×g and 4˚C. The pellet was washed with Tris-buffer
(pH 7.0) three times, followed by one washing with sterile
saline. The bacterial cells (102 cells/mL ) were inoculated
into 50 mL GA broth (0.55% glucose, 0.5% NH4H2PO4,
0.02% MgSO4 • 7 H2O, pH 7.0) in a 100 mL specially
designed serum flask (with a side tube of protruding fringe of
1.5 cm, 1 cm ID for sampling the fermentation products).
Aerobic culture conditions were defined as follows. The
mouth of the flask was stopped with a cotton plug, while a
small side tube was sealed with a silicon pad along with an
aluminum cap. For anaerobic culture, the cotton plug used in
aerobic culture was substituted with a silicon stopper. Before
culturing, the flask for carrying the medium was flushed with
pure nitrogen gas (Shin An Gas Co., Taiwan) through a ster-
ile syringe filter (0.45 µm, Gelman) at a flow rate of 30
mL/mL for 10 minutes to replace the inside air completely.
The culture of microorganisms was conducted at 35˚C.



II. Fermentation Data

The number of cells was determined in triplicate at the
interval of three hours during fermentation for the samples
obtained from aerobic and anaerobic culture using aerobic
plate counting (APC) with standard dilution method. The
broth was centrifuged at 4000 ×g for five minutes, and the
supernatant was removed and filtered using a 0.22 µm
syringe filter (Gelman). The filtrate was collected for the
analysis of soluble nitrogen using Nessler’s method(12) and
for the analysis of reducing sugar. The content of reducing
sugar was determined using a color reaction with 2,3-dini-
trosalicylic acid (DNS) and the wavelength for measuring
sugar content was set at 575 nm(13).

III. Analysis of Fermentation Products

The carbon dioxide in the culture medium was mea-
sured by injecting 50%(v/v) sulfuric acid from the side tube
of the culturing flask for acidifying the sample to a pH of 2.
To ensure that all of the CO2 was liberated from the medium
and removed from the headspace gas, we used a gas-tight
syringe to transfer the air in flask to a pora-pak Q column
(60-80 mesh, Supelco) and analyzed by a thermal conductiv-
ity detector(14). After the medium was cultivated for 20 h, the
fermented broth was centrifuged (4000 ×g, 5 min). The col-
lected supernatant was then filtered through a 0.22 µm
syringe filter and subjected to gas chromatographic analysis.
The detection of headspace gases was performed using a
modified technique originally reported by Mattila &
Auvien(15) and Matiella & Hsieh(16).

The fermented broth was preheated for 20 min in a
water bath at 50˚C, then purged with aseptic N2 to remove
dissolved gas from the broth. The headspace gases were then
trapped onto a Tenax TA tube (60~80 mesh, Supelco) via the
side tube of the culturing flask, and subsequently isolated by
heating the Tenax TA tube from room temperature to 185˚C
in a desorption chamber, followed by purging with helium
through the tube, while conducting into a GC column. The
fermentation products were analyzed from 2 µL of the broth.
The Shimatsu 9A gas chromatograph was equipped with a 60
m length, 0.53 mm ID. 0.5 µm film thickness, Nukol phase
fused silica capillary column (Supelco, Inc.). The operating
conditions were: injection port 190˚C, oven temperature pro-
grammed from 35˚C to 190˚C at 7˚C/min with helium as the
carrier gas (50 mL/min) and a flame ionization detector
(Shimatsu). The quantitative analysis of individual com-
pounds and the analytes of headspace gases and fermentation
broth was based on standard curve and peak area measure-
ments. Peak identification was made by comparison of reten-
tion times with that of authentic compounds (carbon dioxide,
hydrogen were purchased from Supelco Inc.; acetoin was
purchased from Sigma Co.; lactic acid, acetic acid, succinic
acid, formic acid, glycerol, ethanol, and 2,3-butanediol were
purchased from Merck Co.). A known amount of 2-heptanol
was added to the sample as an internal standard. All of the
analytes were conducted in duplicates, and the Duncan’s

multiple range test was used to determine significant differ-
ences (p<0.05).

RESULTS AND DISCUSSION

I. The Growth Curve of Bacillus cereus

Determination of the growth curve and the changes of
products during cultivation usually provide a basis for deter-
mining the relationship between the production of fermenta-
tion products and change of growth under certain conditions,
and establish a growth model(17). The growth curve of
Bacillus cereus for cultivation in GA medium is indicated in
Figure 1. At the sixth hour of the fermentation, growth of the
bacterium reached the logarithmic phase; and after 20 h, the
culture reached the stationary phase. The soluble nitrogen
compounds increased after 20 h, but the changes of reducing
sugar tended to stabilize gradually. The pH value increased
during fermentation, which came along with the increase of
carbon dioxide. This indicated that the growth of the bacteria
had become steady after 20 h. Bacillus cereus manifested a
different metabolic status in its growth, by comparison with
the other Bacillus spp. summarized by Gerhard(18), Mignone
& Rossa(19) and Spira & Silverman(20). 

II. Fermentation Products of Bacillus cereus

The results of the present experiment indicated that the
sole carbon source for Bacillus cereus in GA medium was
glucose. In this study, the bacterial activities were found to be
broadly comparable between aerobic and anaerobic fermen-
tation, except for the formation of acetic acid found only in
aerobic condition and some variation occurred in the propor-
tion and quantity of by-products (Table 1).

The loss of carbon dioxide from the gaseous phase of
the culture medium was not measured during aerobic fer-
mentation, while the analysis of carbon dioxide from the
broth itself was conducted by acidifying the medium after 20
hours of cultivation as described above. The major products
under aerobic conditions were 2,3-butanediol and carbon
dioxide, and the minor products were acetic acid, lactic acid,
glycerol, ethanol, acetoin, formic acid and succinic acid. 

Under the anaerobic fermentation condition the major
product were essentially ethanol and 2,3-butanediol, with the
following minor products: lactic acid, glycerol, formic acid,
succinic acid and acetoin. Under aerobic fermentation condi-
tions, the production of acetoin was about five times the rate
of that under anaerobic conditions. The product ratios of
major compounds in aerobic fermentation to anaerobic fer-
mentation were 1.42 for 2, 3-butanediol, 0.64 for lactic acid,
and 0.5 for H2. Previous studies have suggested that the glu-
cose metabolism of Bacillus cereus and Bacillus anthracis
involved butanediol-fermentation under anaerobic growth
conditions. The major product of such fermentation was 2,3-
butanediol, and the minor products were acetic acid, ethanol,
glycerol, lactic acid, carbon dioxide, formic acid and succinic
acid(21,22).
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When the pH was held at 5.5 within the fermenting
broth under aerobic conditions for a period of 20 h in the pre-
sent experiment, B. cereus produced 2,3-butanediol as a
major product in addition to the other above-cited com-
pounds. The yield of 2,3-butanediol was about 2 times of
acetic acid. The pH was less than 6.3, however, the acetic
acid product was further transformed into acetoin and 2,3-
butanediol. 

Under aerobic conditions, the production of 2, 3-butane-
diol and carbon dioxide were about 50% higher, and acetoin
about 5 times higher than that under anaerobic conditions,
while the production of ethanol, lactic acid, glycerol, formic

acid, and succinic acid was conspicuously lower. The pro-
duction of 2,3-butanediol was corresponding to about 40%
and 28% of the sugar consumed by the microorganisms in
aerobic and anaerobic fermentation, respectively. The yields
of the major end products (carbon dioxide and 2,3-butanedi-
ol) were corresponding to 70% of the total products obtained
under aerobic conditions and 64% of anaerobic conditions.

The Enterobacteriaceae, such as Escherichia,
Salmonella and Shigella, could decompose hexose into
ethanol, succinic acid, 2,3-butanediol, lactic acid, acetic acid,
formic acid and carbon dioxide(23). Although these bacteria
are gram-negative, non-spore formers, their associated fer-
mentation pathways are similar to those of Bacillus cereus. 

The carbon balance for the fermentation pathway of
Bacillus cereus is referred to in Tables 2 (aerobic condition)
and 3 (anaerobic condition). The recovery ratio of carbon
was 98.31% for anaerobic conditions, and under aerobic con-
ditions, the recovery ratio was 98.60%. Although the ratio of
oxidation-reduction for fermentation products was not calcu-
lated for the aerobic fermentation (since the levels of carbon
dioxide and oxygen could not be measured accurately), the
ratio of oxidation-reduction of the anaerobic fermentation
products was close to the theoretical value of unity (Table 3).
Therefore the present results pertaining to the fermentation
balance and oxidation-reduction ratio appear valid.
Furthermore, the establishment of the complete data of fer-
mentation balance for the main spoilage microorganisms in
packaged food and the identification of the spoiled product
such as 2,3-butanediol detected in the present study should
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Figure 1. Growth curve and change of components for Bacillus cereus cultivated in GA medium. The incoulum was 102 cells/mL. The serum flask
had a volume of 110 mL, stuffed with a cotton plug for aerobic conditions, and was displaced by a silicon stopper on the mouth of the flask for
anaerobic conditions. The broth was purged with aseptic nitrogen for two minutes before inoculation.

Table 1. Fermentation products of Bacillus cereus and their yield, cul-
tivated under aerobic and anaerobic conditionsa

Yield (mmol)

Products Aerobicb Anaerobic
Carbon dioxide 3.82 2.87
Hydrogen 0.02 0.04
Acetoin 0.15 0.026
Acetic acid 0.86
2,3-Butanediol 1.63 1.15
Ethanol 0.16 1.16
Formic acid 0.12 0.45
Glycerol 0.47 0.67
Lactic acid 0.52 0.81
Succinic acid 0.05 0.36

a The culture method is as described in Figure 1.
b The loss of carbon dioxide in air was not considered during aerobic

culture.
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aid in rapidly determining the spoilage status, including the
type of contaminated microorganisms and extent of spoilage.

From the presence of volatile fermentation products
(Table 1), as detected by the use of a gas biosensor, it seems
that the rapid detection of the spoilage of package food due to
the action of Bacillus cereus is clearly feasible.
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