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ABSTRACT
The purple-coloured pigment violacein, produced mainly by bacteria of the genus Chromobacterium, had
attracted and increased interest owing to its important biological activities and pharmacological potential.
In the present study experiments were designed to investigate the effect of different fermentation
conditions on the violacein production by novel isolate Chromobacterium vaccinii CV5. Different
parameters were systematically manipulated in submerged fermentation to improve the yield of total
violacein. The violacein production was maximum at Luria Bertani broth and also supported by the
addition of glucose and tryptophan as carbon and nitrogen sources at 37°C with pH of 6.5 at 72 h
incubation and agitation of 150 rpm.
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INTRODUCTION
Chromobacterium sp, is a Gram-negative bacteria
belonging to the Rhizobiaceae family, a genus of
saprophytic, which has been generally isolated from the
soil and water in tropical and subtropical areas. In most
cases, it is a minor component of total microflora.
Chromobacterium sp have occasionally been associated
1-4
and other
with rapid and lethal infections of humans
5-6
It includes both pigmented and nonmammals.
pigmented strains. The genus Chromobacterium has
undergone numerous revisions, expansions and
contractions since it was first described a century ago.
7,8
The current edition of Bergey’s manual of systematic
bacteriology lists only the type of the species,
9
Chromobacterium violaceum
but some additional
species have been proposed since 2007, based on the
recognition of significant genetic, metabolic and
10
ecological differences: Chromobacterium subtsugae,
11
Chromobacterium aquaticum,
Chromobacterium
12
haemolyticum,
Chromobacterium
piscinae,
13
Chromobacterium pseudoviolaceum
and recently C.
14
Violacein is a bluish –purple pigment
vaccinii.
produced by Chromobacterium sp. It is a dimeric
structure composed of 5-hydroxy indole, oxindole, and
2-pyrolidone subunits formed by condensation of two
15
modified tryptophan molecules. Violacein has several
kinds of biological activity, including the broad-spectrum
antibacterial
activities
against
Staphylococcus,
Streptococcus, Bacillus, Mycobacterium, Neisseria and
16
Pseudomonas.
In addition, violacein has strong
17
18
19
20
bactericidal,
antitumor,
anti-viral,
antioxidant
21-22
and anti-protozoan activities.
Violacein can also be
23
used as a biological dye and coloring agent.
Therefore, it is of great importance to discover new
microorganisms effectively producing violacein with
better biological process. It has been reported that other
than Chromobacterium violaceum, some other species
such as Chromobacterium fluviatile, Janthinobacterium
24
lividum,
Alteromonas
luteoviolacea
and
Pseudoalteromonas luteoviolacea could produce
violacein. Among them C. violaceum is well known. The
advantages of microbial pigment include easy and fast
growing in the cheap culture medium, independent from
weather conditions, and colors of different shades.
Hence, microbial pigment production is now one of the
emerging fields of research. It also has immense
25
potential for various industrial applications.
In this
article an investigation on the effect of various
physiochemical parameters on the production of
violacein pigment from newly isolated strain
Chromobacterium vaccinii CV5 is presented.

MATERIALS AND METHODS
Microorganisms
The Chromobacterium vaccinii CV5 isolated from the
well water identified by morphologically and genetically
26
was used in the present study.
Pigment production and extraction
The production profile of crude violacein was obtained
using a 500 mL flask containing 200 mL of nutrient
broth. Fermentations were carried out at 37°C for 48 h
with an inoculum size of 3% (v/v) 24 h old culture (OD

660 approximately 1). After 48 h of incubation period
broth was taken for pigment extraction. For fast and
simple assay of the violacein concentration, the crude
violacein separated from the cells was measured as
follow: (1) aliquots of 5 mL fermented broth were
collected, then centrifuged at 10,000×g for 5 min. The
supernatant was discarded; (2) the cell pellets were then
rinsed with deionized water, followed by centrifugation
(10,000×g for 5 min) and decanting of supernatant, (3) a
5 mL ethanol (with a purity of 99.7%) was added to the
pellets, and the cells were disrupted by ultra-sonication
(200 W and 10 min). The ethanol extract was then
separated from the cells by centrifugation at 10,000×g
for 5 min; (4) this extraction procedure was repeated
until the cells were completely bleached and (5) all the
supernatants were collected as crude violacein for
measuring the violacein concentration. The absorbance
of ethanol solution of crude violacein sample was
measured
by
using
an
ultraviolet-visible
spectrophotometer (Beckman DU800, USA) (extinction
coefficient of violacein = 10.955 L/ (g cm) in ethanol at
27
570 nm).
Effect of various media on violacein production
For optimization of the media for enhancing the yield of
violacein, 1ml of overnight culture of C. vaccinii CV5
was inoculated into six different media such as nutrient
broth (NB), luria bertani broth (LB), tryptic soy broth
(TSB), peptone glycerol broth (PGB), brain heart
infusion broth (BHI) and peptone broth (PB). The
culture flasks were incubated at 37°C. After 48 h of
incubation period broth was taken for pigment
28-29
extraction, estimation as stated above.
Effect of temperature
The influence of incubation temperature on pigment
production by C. vaccinii CV5 was determined by
incubating the inoculated broth at different temperature.
The fermentation was carried out at 25°C to 52°C at an
interval of 3°C, keeping all other conditions at their
standard levels and then assayed for pigment
production. The optimum temperature obtained by this
30
step was fixed for subsequent experiments.
Effect of incubation period on violacein production
To evaluate the optimum incubation period for pigment
production, the fermentations were carried out for
different at the time and the durations were from 12 to
96 h at an interval of 12 h. The optimum incubation
period achieved by this step was fixed for subsequent
30
experiments.
Effect of inoculum size
To evaluate the effect of inoculum size on violacein
production varied cell concentrations (1 to 10%) were
added to different flasks containing luria bertani broth
and then assayed for violacein production. The
fermentation was carried out at 37°C keeping all other
conditions at their optimum levels. The optimum
inoculum level achieved by this step was fixed for
27
subsequent experiments.
Effect of pH on pigment production
The cultures were inoculated in five different LB
containing test tubes and they were kept at different pH
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(4-9 at an interval of 0.5) for 72 h incubation. The
production of the pigments was estimated after
incubation. The maximum pH, at which the maximum
production of violacein takes place were observed,
27
chosen and maintained for following studies.
Role of different carbon and nitrogen sources
The selected medium was supplemented with different
carbon sources to study its effect on the pigment
production. The carbon sources chosen in the present
study was dextrose, fructose, glucose, glycerol, maltose,
lactose, sucrose and starch. After incubation in an
optimal condition the violacein was quantified.
Ammonium sulphate, ammonium nitrate, ammonium
chloride, yeast extract, beef extract, tryptophan and
peptone were chose to evaluate the effect of different
30
nitrogen sources in violacein production.
Effect of agitation
The effect of agitation was studied by incubating the
inoculated medium at shaking incubator at 50 to 250
rpm and keeping the other one as static. After 72 h of
31
incubation the violacein was extracted and quantified.
Statistical analysis
The SPSS software (10.0 versions) was used for the
major data processing throughout this work. All the
results were expressed as the mean ± SD

RESULTS AND DISCUSSION
The optimization was carried out to increase the growth
rate and pigment production of Chromobacterium
vaccinii CV5. Among the physical parameters, the effect
of temperature, pH, inoculum size, incubation period,
agitation, carbon and nitrogen sources were studied with
strain on selected media through submerged
fermentation.
Effect of media on pigment production
Selection of a suitable media was crucial in the
submerged fermentation. In the present work an attempt
is taken to analyze the effect of media on pigment
production (Fig. 1). Presently among six media, Luria
Bertani (LB) media results in a favorably high pigment
production of (1337µg/L) brain heart infusion broth (BHI)
shows lower production of pigment (419.85 µg/L) by
Chromobacterium vaccinni CV5. Luria Bertani broth
28
was used for further studies. Ahmed et al. studied the
production of violacein in complex media. They got
maximum production in nutrient broth and low
production in tryptic soy broth. In the present study, LB
give maximum production may be due to the capacity of
isolates to utilize the tryptone and yeast extract. In BHI
absence of tryptone, peptone and yeast extract may
29
lead to the lower production. Drew and Demain, report
that the use of carbon sources results in a decrease
cellular growth and an increase in the secondary
metabolite production.

Figure 1
Effect of media on violacein production by C. vaccinii CV5
Effect of temperature
The temperature of incubation has got profound
influence on the cell synthesis and pigment production.
In the present study, the effect of fermentation
temperatures in the range of 25°C to 52°C at an interval
of 3°C is examined on the pigment in the production by
Chromobacterium vaccinii CV5 (Fig.2). At 25°C and
52°C, the accumulation of pigments in media is
markedly affected. The optimum temperature is found to
be 37°C with maximum pigment production (1358 µg/L)
of the selected isolates. In other studies with violacein
producing bacteria, the optimum temperature for
violacein production are reported at 28, 33, 25 and 20°C
23
for Chromobacterium violaceum BB-78,
C.violaceum
30
31
CCT 3496,
Pseudoalteromonas sp X82144
and
27
Duganella sp. DSM 19531 respectively. Zhang et al.

32

study the optimization of fermentation conditions for
violacein production by recombinant Citrobacter freundii.
In their study, the maximum violacein production is
observed at 37°C, this result is similar to the present
study. Temperature strongly affects the fermentation
process, which varies with respect to the organism
involved. Even slight changes in the temperature can
affect the pigment production. Temperature is one of the
most important environmental factors affecting the
growth of microorganisms and it causes changes in
many biosynthetic pathways, such as carotenoid
33
biosynthesis . Higher than the optimal temperatures
result in the enzyme denaturation and inhibition, excess
moisture loss and growth arrest while lower
34
temperatures lead to lower metabolic activities.
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Figure 2
Effect of temperature on violacein production by C. vaccinii CV5
Effect of incubation period
Incubation time plays a substantial role in the maximum
pigment production. The influence of incubation period
in violacein production by C. vaccinii CV5 is studied at
an interval of 12 h (Fig.3). It has been observed that the
pigment production is increased with respect to increase
in incubation time from 12 to 72 h and after the
production is declined. The maximum production of
violacein (1752 µg/L) is observed at 72 h of incubation.
The lowest production is observed at 12 h of incubation.
27
Wang et al.
in their study report that the maximum
production of violacein is at the 32 h by a new strain

35

Duganella sp B2. Sivaranjini,
reports the maximum
production of violacein at the third day of incubation by
Chromobacterium sp. JC1 in solid state fermentation. In
30
Mendes et al.
study the highest crude violacein
production is obtained after 36 h with C. violaceum CCT
3496 and after 40 h for recombinant Citrobacter freundii
36
ATCC 05411 in the liquid cultures. Ahmad et al.
th
report the maximum production of violacein is at the 4
h after bacterial growth that is at the late exponential
phase. Their results suggest that the pigments produced
37
by bacteria are secondary metabolites.

Figure 3
Effect of incubation period on violacein production by C. vaccinii CV5
Effect of inoculum size
The variation on inoculum size affects the biosynthesis
of pigment. The effect of inoculum size on pigment
production is tested. Inoculum of 8% gave maximum
pigment production by C. vaccinii CV5 (Fig. 4). High
inoculum sizes increase the biomass but decreases the
pigment production, due to the inhibition of critical
components of culture medium by increased bacterial
38
biomass.
An increase in the inoculum size would
ensure rapid proliferation and biomass synthesis. After a
certain limit, the secondary metabolite production could
decrease because of the depletion of nutrients due to
enhanced biomass which could result in a decreased
metabolic activity. Lower inoculum size requires longer

time for the cells to multiply in the sufficient number to
utilize the substrate and produce the metabolites. A
balance between the proliferating biomass and available
nutrient would yield an optimum at which the metabolite
39
35
synthesis would be maximum. In a study Sivaranjini,
reports the maximum biomass and violacein production
by Chromobacterium sp. JC1 in wheat bran is attained
at 20% (v/w) inoculum size above which it shows a
decrease. At lower inoculum density, metabolite
production drops and contamination risks increase due
to an insufficient population. With the optimum inoculum
concentration, there is a balance between the
proliferating biomass and availability of nutrients that
40
supports maximum production.

This article can be downloaded from www.ijpbs.net

B-517

Int J Pharm Bio Sci 2017 July ; 8(3): (B) 514 -522

Figure 4
Effect of inoculum size on violacein
production by C. vaccinii CV5
Effect of pH
The pH of the growth medium plays an important role by
inducing morphological changes in microbes. The
medium pH may affect cell membrane function, cell
morphology and structure, the solubility of salts, the
ionic state of substrates, the uptake of various nutrients
and product biosynthesis. In general, cells can only
grow within a certain pH range and metabolite formation
41
is also often affected by pH. The pH change observed
during the growth of microbes also affects the product

42

stability in the medium.
The violacein production at
various initial pH (4-9) of the fermentation media is given
in the Fig. 5. It is observed that the maximum pigment
production is obtained at the pH 6.5. As the initial pH is
increased from 4 to 5.5 the pigment production is found
to be very low. The activity is found to decrease for
further increase in initial pH beyond 7. The optimum
initial pH 6.5 is chosen for further studies. Similar results
32
are obtained in a study of Zhang et al.

Figure 5
Effect of pH on violacein production
by C. vaccinii CV5
Effect of carbon and nitrogen source
Microorganism growth and metabolic production are
influenced by the organism’s utilization of different
carbon and nitrogen sources during the fermentation.
The influence of carbon and nitrogen sources on the
pigment production is observed by supplementing
growth medium with 2% of different carbon sources
(Fig.6) (glucose, dextrose, fructose, glycerol, maltose,

lactose sucrose and starch), 2% of nitrogen sources
(ammonium sulphate, ammonium nitrate, ammonium
chloride, yeast extract, beef extract, tryptophan and
peptone). In the present study, glucose is found to be
the optimum carbon source for the violacein activity by
the Chromobacterium vaccinii CV5 isolate are followed
by dextrose, glycerol and maltose.
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Figure 6
Effect of carbon sources on violacein
production by C. vaccinii CV5
Varying the nitrogen sources in the culture medium
affect the growth and production of pigment production.
Tryptophan is found to be the best nitrogen source for
augmenting
the
pigment
production
for
the
Chromobacterium vaccinii CV5. In this study tryptophan

and yeast extract have a positive effect on pigment
production, whereas ammonium sulphate, ammonium
nitrate and ammonium chloride strongly inhibit the
violacein production. (Fig.7).

Figure 7
Effect of nitrogen sources on violacein
production by C. vaccinii CV5
Effect of agitation
Agitation speed is a very important factor in the
fermentation process since it will increase the amount of
43
dissolved oxygen in the cultivation medium.
C.
vaccinii CV5 shows increased growth and pigment
production at shaking (150 rpm) incubation conditions
(2720 µg/L) as compared to static conditions (2421
µg/L). The data suggests that the maximum growth and
pigment extraction can be obtained at shaking
conditions with 150 rpm (Fig.8). The violacein
production is decreased on further increase in the
agitation speed. The results are similar to the study of
31
Yang et al.
they study the effect of agitation on
violacein
production
in
Pseudoalteromonas

luteoviolacea. They conclude that the agitation affects
the aggregation of the bacterial cells which, in turn affect
the violacein production by P. luteoviolacea. In their
study the production of violacein is the highest at 120
rpm under and decreased with the increase of the
44
agitation speed. According to Wu et al. differences in
the pigment production between the treatments might be
because of the morphological changes in response to
different cultivation conditions. Agitation speed of the
culture broth has a variety of effects on microorganisms,
including rupture of the cell wall, change in the
morphology of filamentous microorganisms, variation in
the efficiency of growth rate and also variation in the
45
rate of formation of the desired products.
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Figure 8
Effect of agitation on violacein production
by C. vaccinii CV5

CONCLUSION
The production of violacein by Chromobacterium
vaccinii CV5 is regulated by many factors in the cultures
media. The levels of induction, repression or even
inhibition are depended on various types and amount of
carbon source, nitrogen source, mineral salt and pH of
the culture media. Production of the microbial pigment is
directly related to the cultural conditions like
components of production media, temperature, pH,
inoculum size, carbon and nitrogen sources, agitation
and duration of the incubation periods. Luria Bertani
broth is found to be good choice of media for production
of violacein by C. vaccinii CV5. This study reveals that
the addition of glucose and tryptophan as carbon and
nitrogen sources respectively increases the pigment
production. The optimum pigment production of C.
vaccinii CV5 is achieved when inoculate with 8% seed

culture at 37°C and pH 6.5 with shaking at 150 rpm
within 3 days (72 h). The violacein production is three
times higher than those in the common nutrient broth
medium. Thus violacein pigment from Chromobacterium
vaccinii CV5 which is a novel isolate which is able to
produce a characteristic rare natural colorant thus can
be used as alternative source of purple dye/pigment in
the various applications. The pigment has to be verified
for its toxicity effects for application as a food colourant.
Further study is required to characterize the chemical
and biological properties of the pigment and this C.
vaccinii CV5 (new isolate) may be the new source of
violacein with high therpeutical and industrial
application.
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