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The enhanced production of prodigiosin was performed by two steps approaches. Here in this study, optimization of preser-
vation condition and methodology for seed culturing were applied to attain a higher yield of prodigiosin using Serratia
marcescens ATCC 14756 in a batch process. Results showed that the yield of prodigiosin was increased while the strain was
kept refrigeration for 1 day before subculturing. It was evident that the higher yield of prodigiosin was found with a single
time subculturing of previously 24 h preserved strain inside the refrigerator. The maximum yield of prodigiosin is found when
the pH of seed media is kept at 6 and the pH of the seed medium was finally shifted after 24 h of subculturing to 7.5. The
above final pH (7.5) was considered as a marker for the completion of the seed culturing process. It  was evident from results
that the production of prodigiosin was found maximum when seed culture was kept inside the refrigerator for 24 h for shock-
ing. The results showed that 1.68 fold higher production of prodigiosin was found by two steps strategies. It was found that
enhance the production of prodigiosin was possible by two steps strategies using Serratia marcescens ATCC 14756. There-
fore, the above strain could be exploited commercially for the production of prodigiosin.
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Introduction
Prodigiosin, having molecular formulae C20H25N3O, is a

linear tri-pyrrole red pigment. It is considered as a bioactive
secondary metabolite that concentrates on cell membranes
and also intracellular granules. This bioactive compound is
commercially produced from Serratia marcescens. The other
bacterial sources such as Serratia plymuthica, Pseudomo-
nas rubra, Hahella chejuensi, Streptomyces coelicolor, Strep-
tomyces lividans, Pseudomonas denitriccans, Vibrio
gazogenes, Vibrio psychroerythreus and Zooshikella
rubidus1–4 also able to produce prodigiosin with greater yield.
Prodigiosin is commercially exploited for several industrial
applications such as anti-bacterial, anti-algal, anti-fungal, anti-
malarial, anti-cancer, anti-protozoal, and immunosuppressive,
UV protective anti-proliferative activity3,5–8.

Keeping the demand and usefulness of prodigiosin in the
present market, it is urged to develop an inexpensive micro-
bial platform for the production of prodigiosin using biotech-
nological tools. Prodigiosin is commercially produced using
submerged fermentation. The productivity of prodigiosin,

therefore, depends on various key parameters involved in
this submerged process. Recent reports suggested that op-
timum requirements of media components along with physi-
cal factors involved in the submerged fermentation process
are the important factors for the improvement of the yield of
prodigiosin. It is evident that the secondary metabolite pro-
duction process is very complex as several biochemical re-
actions are involved. Therefore, optimum level of nutrient
supplement along with other process parameters during sub-
merged fermentation is challenging task for process engi-
neers9–14. Since several environmental factors influence the
prodigiosin production process, therefore, these parameters
play a significant role in microbial prodigiosin production. Most
of the research works, to date, are focused to fulfill the de-
mand for nutrients and physiochemical requirements at an
optimum level in the submerged fermentation process. Al-
though several research works are carried out to improve
the yield of prodigiosin through optimization of the submerged
fermentation process, however, limited research work has
been enlightened on alteration of the biochemical pathway
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towards higher yield of prodigiosin by artificial development
of stress condition on bacteria.

The maintaining of the artificial stress condition from the
preservation of microorganisms to cultivation in fermenta-
tion media is an important task for a process engineer to
achieve a higher yield of prodigiosin. It is evident that inap-
propriate preservation and regular subculturing have even-
tually lost the production efficiency of microorganisms for
pigment production15. Environment condition of seed cul-
ture16 during transfer to production media has played an
important role in achieving higher titer of prodigiosin in pro-
duction media. Optimization of these parameters is required
to do judicially before submerged fermentation, so that, a
cost-effective platform for the production of prodigiosin can
be developed. As per our knowledge concern such a hypoth-
esis, to date, is applied limitedly in submerged fermentation
of prodigiosin production. As this hypothesis has potentiality,
therefore, an experiment was carried out using Serratia
marcescens to understand their role in prodigiosin produc-
tion.

The present work has emphasized the intensification of
the prodigiosin production process through optimization of
process conditions during the preservation of microorga-
nisms before seed cultivation using Serratia marcescens.
Additionally, the process condition of seed culture before
transferring to production media was critically optimized for
higher yield of prodigiosin production.

Materials and methods:
Chemicals and analysis:
Nutrient broth, agar, dextrose, sucrose, lactose, maltose,

fructose, and diluent for DNA extraction were analytical grade
and purchased from Himedia, Pvt. Ltd. Prodigiosin hydro-
chloride was purchased from Merck, Germany. The other
chemicals used in this study were analytical grade which is
commercially available in India. The software package,
Graphpad Prism 7 was used for statistical analysis of experi-
mental data.

Microorganism:
Serratia marcescens ATCC 14756 (NCIM-5246) was pro-

cured from the National Collection of Industrial Microorga-
nisms (NCIM), Pune, India. The strain was collected in a
lyophilized form from the supplier. After collection, the strain
was revived by sub-culturing in nutrient agar solid media for

48 h. The incubation temperature for maintaining the growth
of bacteria was 30ºC. The sub-culturing of bacteria was also
carried out on a regular basis in the nutrient broth after an
one week interval.

Optimization of preservation time:
The strain grown in petri-plate containing nutrient agar

media were kept for 5 days inside the refrigerating condition.
One loopful of culture was transferred every day to 250 ml of
the conical flask containing nutrient broth media up to 5 days.
The petri-plate without keeping inside the refrigerator was
considered as control. The nutrient broth media taken for
these experiments was 50 ml. Each conical flask containing
media was incubated at  30ºC for 24 h. 10 percentage (v/v)
of seed culture was transferred to the same media and kept
at  30ºC for 48 h. The sample was withdrawn after 48 h of
incubation from liquid media and the production of prodigi-
osin was measured.

Effects  of subculturing:
The effect of subculturing on prodigiosin production was

measuring by regular transferring one loopful of a bacterial
strain to the conical flask (250 ml) containing 50 ml of nutri-
ent broth media. Each conical flask containing media was
incubated at 30ºC for 24 h. The transferring of culture was
carried out for 5 stages to previously grown media to new
liquid media. 10 percentage (v/v) of seed culture was trans-
ferred to the same media and kept at  30ºC for 48 h. The
transferring of culture was also carried out for 5 stages within
the solid media containing nutrient agar and kept inside the
incubator which is maintained the temperature of 30ºC. How-
ever, the incubation time was maintained for solid media to 1
day. The sample was withdrawn after 72 h of incubation from
liquid media and the production of prodigiosin was measured.

Effects  of pH of seed culture:
The effect of pH of seed culture media on the yield of

prodigiosin was measuring by transferring one loopful of
purified culture having optimized preservation conditions to
seed culture media. In these experiments, nutrients broth
was used as seed culture media and production media. The
experiments were carried out at 250 ml of conical flask hav-
ing 50 ml of nutrient broth media at  30ºC for 24 h and pH of
media was maintained at various pH of  5, 6, 7, 7.5, and 8.
10 percentage (v/v) of each seed culture was transferred to
same media (pH 7.5) and kept at 30ºC for 48 h. The sample
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was withdrawn after 72 h of incubation from liquid media and
the production of prodigiosin was measured.

Optimization of a shocking period of seed culture:
To understand the effect of a shocking period of seed

culture on the production of prodigiosin, the experiments were
carried out by keeping the seed culture inside the refrigera-
tor for 12, 24, 36, 48, 60, 72 h. After keeping the seed culture
inside the refrigerator for assigned time, 10 percentage (v/v)
of each seed culture was transferred to nutrient broth media
(pH 7.5) and kept at 30ºC for 48 h. The sample was with-
drawn after 72 h of incubation from liquid media and the pro-
duction of prodigiosin was measured. The seed culture with-
out keeping inside the refrigerator was considered as con-
trol.

Analytical methods for measurement of prodigiosin:
The UV spectrophotometer was for analyzing the amount

of prodigiosin content as per Ref. 17. Briefly, the 10 ml of
sample collected from fermentation broth was centrifuged at
10,000 rpm for 10 min. The pellet so obtained after centrifu-
gation was suspended in the equal volume in acidified etha-
nol (5.0 mL of water (pH 3) and 95.0 mL of ethanol) and kept
for 10 min for extraction of prodigiosin from bacteria. The
mixture was again centrifuged for 10 min at 15000 rpm to
remove the cell debris. The supernatant so obtained after
centrifugation was subjected to spectrophotometric analysis
at 535 nm and the content of prodigiosin was measured from
the standard curve. All experiments were carried out for trip-
licate.

Results and discussion
Optimization of preservation time:
The effect of preservation time on the production of pro-

digiosin was illustrated in Fig. 1a. It is evident that preserva-

tion time is very much influential for the enhancement of bac-
terial prodigiosin production. Fig. 1a depicts that the yield of
prodigiosin is increased from 72.12 mg/L to 85.5 mg/L while
the strain was kept for 1 day inside the refrigerator. How-
ever, further increase of preservation time inside the refrig-
erator is reduced the yield of prodigiosin in production me-
dia. It is obvious that sudden change of temperature is cre-
ated the stress inside the cell which influences the produc-
tion of secondary metabolites or any kind of pigment produc-
tion. However, longer refrigeration, cell undergoes spore for-
mation. Hence spore takes longer time for germination un-
der suitable environmental condition which leads to decrease
the productivity of pigment18. In the present experiment, bac-
teria grown in solid media is required to keep inside the re-
frigerator for 1 day to attain the higher yield of prodigiosin in
fermentation broth after 48 h of incubation in production media
which is considered as optimum preservation time. Interest-
ingly, that 1.19 fold of enhancement of prodigiosin yield was
found in comparison with control after one day of preserva-
tion inside the refrigerating condition.

Effects of subculturing:
To understand the effect of subculturing on prodigiosin

production, experiments were carried out by transferring one
loopful of a bacterial strain to the conical flask (250 ml) con-
taining 50 ml of nutrient broth media. The bacterial strain
was kept inside the refrigerator for 1 day. The role of sub-
culturing on prodigiosin production has been shown in Fig.
1b. It is evident that prodigiosin production is decreased as a
number of subculturing increased. The maximum yield of
prodigiosin (85.5 mg/L) is evident when previously 24 h pre-
served strain inside the refrigerator was subcultured for a
single time. The yields of prodigiosin were found as 53.01
mg/L, 32.87 mg/L, 20.38 mg/L and 12.63 mg/L after two,

Fig. 1. The effect of (a) preservation time and (b) subculturing on prodigiosin production.
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three, four and five times of subculturing respectively. It is
obvious that a higher number of subculturing enforces the
growth of bacteria through overcoming the stress environ-
ment which was previously maintained19. The production of
prodigiosin after repeated subculturing is exhibited in Fig. 2.

vironment. In this study, an attempt was taken to provide
constant stress to the seed culture. Therefore, the stress en-
vironment is maintained by changing the pH of the media
during the development of seed culture. It is evident that the
extent of the growth of bacteria is influenced by the pH of the
media21,22. Since the optimum pH for Serratia marcescens
is 7.5, therefore, a lower yield of prodigiosin is found within
the range of pH from 7 to 7.5. The maximum yield of prodigi-
osin is found when the pH of seed media is kept at 6. As the
pH of media is acidic therefore, it certainly inhibits the growth
of bacteria which turns activate the stress environment. Ob-
viously the growth of bacteria is drastically hampered at higher
or lower pH, therefore, the yield of prodigiosin is decreased
at pH of 5 and 8. It is evident from Fig. 3a that the amount of
prodigiosin is affected by the initial level of pH of seed cul-
ture. After completion of seed culture, the pH of media is
gradually increased and is reached to 7.5 which is due to
lowering the acidity of the media19. Therefore, in the present
study, the pH of 6 is considered a marker to indicate the
completion of seed cultivation.

Optimization of a shocking period of seed culture:
In this experiment, seed culture was kept inside the re-

frigerator for the various time interval for providing the stress
environment. The role of a shocking period on the produc-
tion of prodigiosin is illustrated in Fig. 3b. It is evident from
Fig. 3b that the maximum yield of prodigiosin is found as
121.64 mg/L after 48 h of incubation in production media
when seed culture was kept 24 h inside the refrigerator. It is
evident from Fig. 3b that shocking period is an important
parameter for prodigiosin production. Results show that the
yield of prodigiosin is gradually increased as shocking time
is increased up to 24 h. However, a further increase in the
shocking period of seed culture decreases the yield of prodi-
giosin after 48 h of incubation in production media.

The requirement of customized seed culture is required
for the development of the inexpensive fermentative process.
The development of appropriate seed culture required for a
specific production system depends on the quality of seed
culture which depends on the quality of various process pa-
rameters of the fermentation process16. Obvious, process
parameters mainly components of media and physicochemi-
cal alter the metabolic activity of the bacteria. Here in this
study, an attempt has been taken to evaluate the role of
shocking time on the yield of prodigiosin. Results show that

Fig. 2. The prodigiosin production after subculturing in solid media
after day (a) 1, (b) 2, (c) 3, (d) 4 and (e) 5.

It is evident that the intensity of colour developed after 24
h incubation in solid media decreases as a number of sub-
culturing increased. It is obvious that when bacteria are kept
inside the refrigerator, it has remained as resting cells. In
that condition, the cell is under stress condition and con-
sumes minimum energy to survive. However, favorable en-
vironmental condition promotes the growth of bacteria20. The
stress condition is required to maintain for higher yield of
prodigiosin production; therefore, the parameters that modu-
late the stress condition is optimized in this study. Here, the
number of subculturing is considered as an important pa-
rameter release the stress environment inside the bacteria,
therefore, minimum subculturing is found to pay a maximum
yield of prodigiosin.

Effects of pH of seed culture:
To understand the role of pH of seed media, the experi-

ments were conducted at various pH of seed media. The
variation of productivity of prodigiosin with changing the pH
of seed media is illustrated in Fig. 3a. It is evident that pH
has a significant role in the enhancement of prodigiosin yield
in production media. Fig. 3a depicts that the maximum yield
of prodigiosin is found at seed media maintaining pH of 6
and considered as optimum in the present case. In the previ-
ous experiment, it is found that bacteria showed a higher
yield of prodigiosin when bacteria is kept for 1 day inside the
refrigerator as refrigerating condition provides a stress en-
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the minimum yield of prodigiosin is found when seed culture
was kept inside the refrigerator for 72 h as the higher shock-
ing period is decreased the growth of bacteria. It is evident
that most of the research publications had extensively stud-
ied the optimization of media composition and various pro-
cess parameters had done to augment the productivity of
prodigiosin. Furthermore, extensive research work also car-
ried out to design the reactor and development of the vari-
ous process. However, limited research works have been
enlightened on stress development in preservation and seed
culturing. Therefore, the impending implication of stress de-
velopment during the preservation of bacteria along with seed
culturing was convincingly brought to our consideration for
seed culture development by an experiment with Serratia
marcescens ATCC 14756. It is evident from the results that
1.68 fold higher production of prodigiosin has been carried
out by two steps strategies (Fig. 3c). The production of pro-
digiosin is increased from 72.12 mg/L to 85.50 mg/L in the
first stage. In this stage, the management of strain was car-
ried out before seed cultivation. However, 121.64 mg/L of
prodigiosin is further enhanced upon optimization pH and
shocking period of the seed cultivation process.

Conclusion
The present study deeply addresses the role of preser-

vation time, subculturing, environmental condition of seed
culturing and the effects of a shocking period on the produc-
tion of prodigiosin, while experiments have been conducted
in a batch process using Serratia marcescens ATCC 14756.
The potential of these factors has been evaluated based on
their role in the yield of prodigiosin. The environmental stress

has been provided to the present strain in both stages to
understand the role of it in the production of prodigiosin. It is
evident that preservation time inside the refrigerator has a
significant role in the yield of the product. However, more
subculturing of Serratia marcescens ATCC decreases the
titer of prodigiosin in production media. The initial acidic pH
of seed culture has induced the stress to the microorganism
and enforces the production of prodigiosin. Before the in-
oculation of Serratia marcescens ATCC in production me-
dia, the seed culture is required to provide shock through
preservation inside the refrigeration for 1 day. The above
hypothesis has successfully implied in the present investi-
gation and 1.68 fold higher production of prodigiosin is
achieved.
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