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Effect of different media compositions and physicochemical conditions on the in vitro
growth of Pasteurella multocida
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Abstract
Hemorrhagic septicemia (HS) is an acute disease of cattle and water buffaloes. In Pakistan, it is frequently caused by B: 2
serotype of Pasteurella multocida. Vaccination is the principal mean of prevention. In vaccine manufacturing, higher yields
of bacterial cell mass are of great value in terms of process economics. Present work extends the optimization of various
physicochemical conditions of culture, e.g. effect of different media compositions, pH and inoculum size. Casein-sucrose-
yeast media (CSY) was prepared with different concentrations of yeast extract, casein hydrolysate, and sucrose with different
inoculums sizes. The maximum growth of P. multocida was achieved by using 0.6% sucrose and 8% inoculum size in CSY
medium after 16 h incubation (OD 1.73) and at the pH range of 7.0-8.0. It was also found that different concentrations of
media components and physical conditions have significant impact on the growth kinetics of P. multocida.
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Introduction

Hemorrhagic septicemia (HS) is an acute
disease of cattle and water buffaloes [1]. The
disease is caused by Pasteurella multocida, a gram-
negative coccobacillus residing mostly as a
commensal in the upper respiratory tract of
animals. The HS in bovine is caused by specific
serotypes of P. multocida. Serotypes B: 2 and E: 2
which are two common serotypes of P. multocida
associated with disease in animals in Asia and
Africa, respectively [2]. The HS occurs as
catastrophic epizootics, resulting in high mortality
and morbidity. The disease is per-acute, having a
short clinical course involving severe depression,
pyrexia, submandibular edema and dyspnea,
followed by recumbency and death within 8 to 24 h
of onset [3].

According to an estimate, Pakistan has a cattle
population of 36.9 million and a buffalo population
of 32.7 million heads [4]. In Pakistan, HS is
considered as a disease of great economic
importance. Importance of HS to buffalo rearing in
Pakistan was highlighted by a recent survey which
indicated its prevalence up to 49% [5]. The disease
has a major impact on the livestock industry in
countries of South and Southeast Asia [6, 7]. The
young animals being are most at risk of successive
outbreaks [8].

Vaccination is the best way to prevent the
outbreak of the disease in bovine. For the
economical production of vaccine, abundant
growth of P. multocida along with well developed
capsule around the cell is ensured. Sub-optimal
growth leads to higher costs of production.
Therefore, it is necessary to work out optimal
requirements for the growth of organism. Current

study was designed to optimize the growth
conditions for P. multocida.

Material and methods

Source of micro-organism

An Isolate of P. multocida (B:2) was
previously isolated and characterized [9]. Freeze
dried seeds of P. multocida were procured from
storage at ultra low temperature in Animal Sciences
Division (ASD) at Nuclear Institute for Agriculture
and Biology (NIAB) Faisalabad, Pakistan.

Reactivation of the seed culture

Freeze-dried seed of P. multocida was re-
activated in a test tube containing Brain heart
infusion (BHI, Oxoid) broth and incubated at 37 ˚C
for two hours. For the recovery of organism, the
suspension was injected into rabbit intravenously
(I/V). After the death of rabbit, heart and liver
impressions were taken aseptically in brain heart
infusion agar (BHIA) and also on the MacConkey’s
agar plates. After 24 h incubation, round, creamy,
glistening colonies were observed on BHIA. On
MacConkey agar no growth were observed (typical
identification marker of P. multocida). After
Gram’s staining and microscopic observation, the
organism was appeared as Gram-negative, bipolar
and short bacilli.

Media components optimization

The growth medium used for the growth of P.
multocida was casein-sucrose-yeast (CSY) broth
[10]. The media ingredients were as follows: yeast
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extract (0.5 g), casein hydrolysate (0.3 g), sucrose
(3 g), anhydrous potassium dihydrogen phosphate
(0.3 g) and sodium chloride (0.5 g), by dissolving
the ingredients in 100 ml distilled water. While to
check the effect of different concentrations of yeast
extract, casein hydrolysate and sucrose, one lower
and one higher concentration were prepared along
with the control CSY media.
After media preparation, the pH of the media was
adjusted to 7.3-7.4 and autoclaved at 121°C and 15
bar pressure for fifteen minutes. After cooling of
the media, a colony of the P. multocida was
inoculated and all the flasks were incubated at 37˚C
in incubator shaker. Dry cell mass were checked
after 24 hours of the bacterial culture.

Table 1: Composition of different media ingredients

Effect of inoculum size

To study the effect of inoculum size on P.
multocida growth, medium was prepared as
described above. Ten flasks of CSY medium were
prepared and each flask was inoculated with
different percentages of starting culture (1-10%).
After the inoculation, the flasks were incubated at
37˚C in incubator shaker at a shaking speed of 200
rpm. Dry cell mass in each flask was checked after
24 hours of culture.

Effect of pH

To study the effect of pH on P. multocida
growth, media were prepared in 7 different flasks
and pH was adjusted to 4, 5, 6, 7, 8, 9 and 10 and
autoclaved. The flasks having media were
inoculated and incubated at 37˚C in incubator
shaker at 200 rpm. Dry cell mass was calculated
after 24 hours.

Results

Effect of yeast extract

During present study, the effect of different
yeast extract concentrations on the multiplication of
P. multocida was investigated. Out of the different
concentrations, the maximum growth was observed
at 0.5% (2 mg mL-1) and at 1% (1.9 mg mL-1) while
the lowest growth was determined at 0.25% (0.67
mg mL-1) (Fig. 1).

Fig. 1 Effect of yeast extract on dry cell mass of P. multocida.

Effect of casein hydrolysate

During the study, maximum growth of P.
multocida was observed at 0.6% (1 mg mL-1) and
lowest growth was observed at 0.15% (0.33 mg
mL-1) concentration of casein hydrolysate (Fig. 2).

Fig. 2 Effect of casein hydrolysate on dry cell mass of P.
multocida.

Effect of sucrose

Influence of different sucrose concentrations
on the multiplication of P. multocida was
investigated. Out of the different concentrations of
sucrose, the maximum growth was observed at
0.6% (1.33 mg mL-1) (Fig. 3). Bacterial growth
diminished as the sucrose concentration reached as
low as 0.2%.

Effect of inoculum size

To study the effect of inoculum size, different
inoculum percentages were used in culture
medium. Maximum growth (3.8 mg mL-1) was
observed at 8% inoculum volume, followed by 6%
and 7%. Other inoculum sizes gave even lower cell
masses. Minimum growth was observed at 1%
inoculum size (0.4 mg mL-1) (Fig. 4).

Ingredients Lower
conc.

Control
(csy media)

Higher
conc.

Yeast extract 0.25g/100ml 0.5g/100ml 1g/100ml
Casein hydrolysate 0.15g/100ml 0.3g/100ml 0.6g/100ml

Sucrose 0.15g/100ml 0.3g/100ml 0.6g/100ml
K2HPO4 0.3g/100ml 0.3g/100ml 0.3g/100ml

NaCl 0.3g/100ml 0.5g/100ml 0.3g/100ml
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Fig. 3 Effect of sucrose on dry cell mass of P. multocida.

Fig. 4 Effect of inoculum size on dry cell mass yield of P.
multocida.

Effect of pH

The P. multocida was cultured in media having
different pH values. The organism did not grow at
pH 10; however, at pH 7 maximum growth (1.98
mg mL-1) was obtained (Fig. 5). Dry cell masses at
pH 4, 5, 6, 8 and 9 were 0.33 mg mL-1, 0.79 mg
mL-1, 1.66 mg mL-1, 1.33 mg mL-1 and 0.66 mg
mL-1, respectively.

Fig. 5 Effect of pH on the growth of P. multocida.

Discussion

Hemorrhagic septicemia is one of the most
important diseases of cattle and buffalo in Pakistan
and causes heavy losses in livestock. The source of

infection is infected or carriers animals. The
causative agent does not survive for more than 2-3
weeks in soil or pastures. Vaccination is the best
way to prevent the outbreak of the disease in
bovine. For the economical production of vaccine,
abundant growth of P. multocida along with well
developed capsule around the cell is ensured. Doses
of vaccine produced are directly related to the
growth of P. multocida, good growth of P.
multocida in culture media can reduce the cost of
vaccine per dose. This study was conducted to
optimize the growth conditions of the organism, to
achieve better growth, which in turn increase the
doses and reduce cost of vaccine.

Results showed that out of the different
compositions of CSY media the maximum growth
was observed with 1.3% (1.33 mg mL-1) sucrose
while Shah and De-Graaf [11] also observed the
highest growth of 1.70 mg mL-1 at 1.2% sucrose. In
contrast, OIE Terrestrial Manual [12] during their
study added 0.6% sucrose to the medium and found
good growth. Our results suggested that the
addition of 1.3% sucrose to the medium should be
used, which yielded higher biomass of P.
multocida. We also observed that by increasing the
concentration of casein and yeast extract in CSY
media the growth of P. multocida was not
increased. Our results were in line with Shah et al.
[10].

Shah and De-Graaf [11] also studied the effect
of pH on the growth of P. multocida and found that
organism did not grow at pH 10.0, but pH ranging
from 6.0-8.0 supported the growth (1.16 mg mL-1).
Munir et al. [13] also studied the effect of pH on
the P. multocida and found that pH 6.7 supported
the optimum growth of organism (1.20 mg mL-1).
Our results are in accordance with their findings.
This study would help to optimize the growth
conditions of P. multocida for vaccine production.

Conclusions

The results indicated that the different
concentrations of media components and physical
conditions have significant impact on the growth
kinetics of P. multocida. It was concluded that CSY
media with 0.6% sucrose should be used for better
growth yield of P. multocida. Adaptation of
optimized physicochemical conditions can make
vaccine against Hemorrhagic septicemia more
economical.
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