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ABSTRACT 
 
Prodigiosin, a pigment produced by Serratia marcescens inhibits the growth of different microorganisms and the proliferation of 
some human cancer cell lines. Prodigiosin is usually produced by fermentations of substrates such as starch and proteins, and pig-
ment yield depends on the concentration of the carbon source, stirring speed of cultures, temperature and time of incubation, nitro-
gen sources, and pH of medium. In the present study, pigment production was assessed using two types of casein as substrate; 
pigment yield was greater when casein precipitated with vinegar was used as substrate than when high purity casein was. The maxi-
mum prodigiosin production was achieved with 10 g/L casein at pH 8.0. Additionally, supplementation of culture media with glu-
cose was found to considerably decrease prodigiosin production and growth inhibition of Staphylococcus aureus, which is directly 
related to pigment yield. Production in stirred-tank bioreactor at 0.75 vvm aeration was higher than that at 0.5 and 1.0 vvm. Sub-
strate type, concentration and pH affected pigment production in Erlenmeyer flasks, whereas aeration rate influenced pigment pro-
duction in a stirred-tank bioreactor. 
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RESUMEN 
 
La prodigiosina es un pigmento producido por Serratia marcescens que inhibe el crecimiento de diferentes microorganismos y la 
proliferación de algunas líneas celulares de cáncer humano. La prodigiosina generalmente se produce a través de fermentaciones 
con sustratos como almidón y proteínas y su producción depende de la concentración de la fuente de carbono, la velocidad de 
agitación en los cultivos, la temperatura y el tiempo de incubación, las fuentes de nitrógeno y el pH del medio. En este trabajo se 
evaluó la formación de pigmento usando dos tipos de caseína como sustrato; la producción de pigmento fue mayor cuando se 
utilizó caseína precipitada con vinagre que cuando se utilizó caseína de alta pureza. La máxima concentración de prodigiosina se 
logró con 10 g/L de caseína a un pH de 8.0. Se encontró además que suplementar los medios de cultivo con glucosa disminuye 
considerablemente la producción de prodigiosina y la inhibición de Staphylococcus aureus, la cual está relacionada directamente 
con la producción de pigmento. La producción en biorreactor de tanque agitado con una aireación de 0.75 vvm fue mayor que 
con 0.5 y 1.0 vvm. El tipo de sustrato, la concentración y el pH afectaron la producción de pigmento en Erlenmeyer mientras que la 
velocidad de aireación influyó sobre la producción de pigmento en biorreactor de tanque agitado.  
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INTRODUCTION 
 
Pigment production using microorganisms can be easily 
controlled and performed with inexpensive raw materials 
and minor environmental costs, as some agroindustrial 
waste products can be used as substrates (Panesar, Kaur, 
& Panesar, 2015). Bacteria, fungi, and algae have been 
used to produce pigments such as carotenoids, melanins, 
flavins, quinones, and prodigiosins, and many of these 
have shown industrially and pharmaceutically relevant 
biological activities (Venil, Zakaria, & Ahmad, 2013). 
 
Some bacterial pigments have been obtained by differ-
ent species of the genera Bacillus, Pseudomonas, Strepto-
myces and Serratia (Babitha, 2009). Belonging to the 
family Enterobacteriaceae, Serratia marcescens is a facul-
tative gram-negative rod-shaped bacterium that can be 
isolated from water, soil, plants and insects, and can 
grow in culture media containing different carbon 
sources (Casullo de Araújo, Fukushima, & Campos Taka-
ki, 2010; Giri, Anandkumar, Muthukumaran, & Pen-
nathur, 2004). Some strains of S. marcescens produce a 
red pigment called prodigiosin (5-[(3-methoxy-5-pyrrol-2-
ylidene-pyrrol-2-ylidene)-methyl]-2-methyl-3-pentyl-1H-
pyrrole), which is a secondary metabolite possessing a 
unique chemical structure that confers it with a wide 
range of biological activities (Giri et al., 2004; Venil & 
Lakshmanaperumalsamy, 2009). 
 
Prodigiosin reportedly has biocidal activity against 
Radopholus similis and Meloidogyne javanica, two plant 
parasitic nematodes (Rahul et al., 2014). It also inhibits 
cell proliferation by inducing apoptosis in different hu-
man cancer cell lines with no toxic effects on normal 
cells (Dalili et al., 2012; Kamble & Hiwarale, 2012; Ka-
vitha, Aiswariya, & Ratnavali, 2010). In addition, it can 
alter mitochondrial functions in Trypanosoma cruzi, pos-
sibly indicating antiparasitic activity (Baquero, Echeverri, 
Maya, & Triana, 2011).  
 
Furthermore, prodigiosin reportedly inhibits the growth 
of plant pathogenic fungi such as Pythium ultimum and 
Fusarium oxysporum, bacteria such as Staphylococcus 
aureus, Bacillus subtilis, Pseudomonas aeruginosa, Salmo-
nella typhi and Escherichia coli, and some algae 
(Alihosseini, Ju, Lango , Hammock, & Sun, 2008; Kamble 
& Hiwarale, 2012; Roberts et al., 2007; Suryawanshi, 
Patil, Borase, Salunke, & Patil, 2014). 
 
Prodigiosin production by S. marcescens occurs both un-
der aerobic and anaerobic conditions and depends on 
various factors, such as bacterial strain, temperature and 
time of incubation, aeration, and agitation of cultures, and 
sources of nitrogen and carbon, concentration of inorgan-

ic salts, and pH of culture medium (Suu Tsou, & Liu, 
2011; Suryawanshi et al., 2014). Several culture media 
have been tested for metabolites and enzymes produc-
tion by Serratia spp. Reportedly, culture media with high 
protein and complex carbohydrates concentrations in-
duce prodigiosin production; whereas the presence of 
simple carbohydrates promotes cell growth but decreases 
pigment production (Suryawanshi et al., 2014). 
 
Prodigiosin has been previously obtained using stirring 
rates of 100–200 rpm, pH of 6.0–9.0, and temperatures 
starting at 20°C; however, its production is reportedly 
completely inhibited above 37°C. It has also been pro-
duced using synthetic and complex culture media con-
taining different carbon and nitrogen sources, such as 
glucose, casein, peptone, sucrose, glycerol, tryptone, 
and yeast extract. Agroindustrial wastes and other sub-
strates, such as seed extracts, oils, maize flour, gelatin, 
wastewater from cassava-processing industries, and liq-
uors obtained from maize maceration have also been 
used (Aruldass, Venil, Zakaria, & Ahmad, 2014; Casullo 
de Araújo et al., 2010; Giri et al., 2004; Kim, Kim, & 
Hong, 1999; Song et al., 2006; Su et al., 2011; Toro 
Álvarez, Patiño Naranjo, & Ríos Estepa, 2001; Venil & 
Lakshmanaperumalsamy, 2009; Wei & Chen, 2005). 
 
In this study, prodigiosin production by S. marcescens 
using culture media with different pH values and con-
centrations of protein substrates rich in casein obtained 
through acid-induced precipitation of milk was de-
scribed. Prodigiosin production in a stirred-tank bioreac-
tor was assessed and the effect of supplementation of 
culture media with simple sugars on prodigiosin yield 
and its antimicrobial activity was assessed. 
 
MATERIALS AND METHODS 
 
Microorganism 
A strain of S. marcescens which was obtained from a hu-
man infected tissue showing pigmentation in Luria-Bertani 
(LB) agar (Bertani, 1951) was used. The strain was donat-
ed by the Faculty of Health Sciences of Institución Univer-
sitaria Colegio Mayor de Antioquia, Medellin, Colombia. 
It was identified by the API20E system (bioMérieux®, 
Marcy-l'Étoile, France) according to the manufacturer’s 
instructions and by sequencing the 16S rRNA gene. The 
strain was kept in brain heart infusion (BHI) broth culture 

with glycerol at 50°C and reactivated before each test 
by incubation in LB agar at 37°C for 24 hours. 
 
Molecular characterization 
DNA was extracted from a BHI broth culture after 12 
hours of incubation at 37°C using the Wizard® genomic 
DNA purification kit (Promega Co., Madison, WI, USA) 
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according to the manufacturer’s instructions. Polymerase 
chain reaction (PCR) amplification of the 16S rRNA gene 
was performed using the universal primers for bacteria 
27f (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492r (5'-
TACGGYTACCTTGTTACGACTT-3') (Lane, 1991). The 
final volume for each reaction was 50 μL; the mixture 
contained 10 μL of 5X buffer, 1.25 U of Taq polymerase 
(GoTaq® Flexi; Promega), MgCl2 (2 mmol/L), deoxynu-
cleotide triphosphates (0.2 mmol/L), each primer with a 
concentration of 8 μmol/L, and template DNA quanti-
fied in Qubit® 3.0 fluorometer (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at ~ 4 ng/μL. The following 
PCR conditions were used: initial denaturation at 94°C 
for 1 min followed by 30 cycles consisting of denatura-
tion at 94°C for 1 min, alignment of primers at 52°C for 
1 min and extension at 72°C for 1 min, and a final exten-
sion for 10 min. The presence of PCR products was con-
firmed by agarose gel electrophoresis. Sequencing was 
performed by Macrogen Inc. and the result was com-
pared to 16S rRNA gene sequences from the GenBank 
database using BLAST (http://www.ncbi.nlm.nih.gov/). 
 
Culture conditions 

The culture media contained MgSO47H2O (1 g/L), NaCl 
(1 g/L), and K2HPO4 (1 g/L) (Kim, Kim, & Hong, 1999). 
The carbon and nitrogen source was casein, either high-
purity (Sigma-Aldrich, Co.) or that obtained through vine-
gar-induced precipitation of bovine milk. To obtain the 
latter, a protocol was standardized in this work; com-
mercial white vinegar (4% acidity, pH 2.3 and potassium 
metabisulfite as a preservative) was added to pasteur-
ized liquid skim milk, and the precipitate was filtered, 
washed once with distilled water, and dried at 60°C for 
24 hours. The dried casein obtained was ground to an 
average particle size of 0.590 mm. The media were au-
toclaved at 120°C for 15 min. Cultures were performed 
in 250 mL Erlenmeyer flasks with 50 mL medium, with 

shaking at 120 rpm and incubation at 22 2°C for 24 
hours. The initial pH values were adjusted to 7.0, 8.0, 
and 9.0 with NaOH or HCl  (1 mol/L) and casein con-
centrations of 2.5, 5, and 10 g/L were evaluated follow-
ing a completely randomized design with factorial ar-
rangement with three replicates. To prepare the inocu-
lum, S. marcescens was cultured on LB agar for 24 hours 
at 37°C and some colonies were resuspended in pep-
tone water until an optical density corresponding to a 

0.5 McFarland standard (1.5108 cells/mL) was attained. 
Bacterial suspension was added to each flask, and the 
inoculum size was 1% of the total volume. 
 
Pigment extraction and pigment and cell growth quan-
tification 
To extract the pigment, a sample of 10 ml of culture for 
each evaluated condition were centrifuged at 2500 g for 

20 min and the supernatant was discarded; the pellet 
was resuspended in 10 mL acidified methanol with 4% 
(v/v) of 1 mol/L HCl and centrifuged again; the superna-
tant was stored and its absorbance was determined at 
500 nm (Nanocolor®, Macherey-Nagel Inc.) (Kamble & 
Hiwarale, 2012). Cell growth was quantified by optical 
density of the culture at 600 nm. 
 
Effect of glucose concentration on pigment production 
and antimicrobial activity 
Tests were performed under the abovementioned cul-
ture conditions, with culture media containing 10 g/L 
casein precipitated with vinegar and supplemented with 
0, 2, or 10 g/L glucose at pH 8.0. A completely random 
design with three repetitions was followed. Samples 
were taken after 24 and 48 hours of incubation and the 
pigment was extracted and quantified. 
 
To determine the antibacterial activity, extracts were 
concentrated by vacuum evaporation at 45°C until all 
solvent was removed. Next, the pigment was resuspend-
ed in 500 μL DMSO. The S. aureus strain ATCC 29213 
was used as the test microorganism to assess antimicro-
bial activity, and it was reactivated at 37°C on LB agar 
for 24 hours before the antagonism test. A cell suspen-
sion with optical density adjusted to a 0.5 McFarland 
standard was prepared from this culture. The activity 
was determined by disk diffusion on Müeller-Hinton 
agar; three 0.5 mm diameter filter paper (Whatman® 
No. 1) impregnated with 10 μL of one of the obtained 
pigments, were placed on a plate inoculated with the 
test microorganism. The diameters of inhibition halos 
were measured after the plates were incubated at 37°C 
for 24 hours (Gulani, Bhattacharya & Dast, 2012). A gen-
tamicin solution (1 mg/mL) was used as positive control. 
 
Pigment production in stirred-tank bioreactor 
Cultures were performed in a 10 L stirred-tank with a 
diameter of 30 cm with a Rushton turbine and a perfo-
rated ring sparger coupled to a flow meter. Aeration was 
provided by feeding sterilized compressed air (15 psi). 
The culture medium was prepared with 10 g/L casein 
precipitated with vinegar from milk and adjusted to a pH 
value of 8.0. The effective volume of culture medium 
was 4 L, the stirring speed was 400 rpm, and the temper-
ature was maintained at 25 ± 2°C for 48 hours. The inoc-
ulum was prepared as indicated for cultures in Erlenmey-
er flasks; the inoculum size was 1% (v/v). Aeration rates 
of 0.5, 0.75, and 1 vvm were evaluated. 
 
Statistical analysis 
To evaluate the effect of casein type, substrate concen-
tration, and pH on prodigiosin production, a multivariate 
variance analysis and a comparison of means by Tukey's 
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HSD multiple comparisons test were performed (95% 
confidence level) using Statgraphics® Centurion XVI. 
The effect of glucose concentration on pigment produc-
tion was evaluated similarly. Before any statistical analy-
sis, the homogeneity of variance and the normality of 
the obtained data were verified. 
 
RESULTS AND DISCUSSION 
 
Microorganism identification 
A gram-negative, oxidase-negative bacillus forming red 
colonies characteristic of Serratia species, such as S. 
plymuthica, S. rubidea and S. marcescens (Kalbe, Marten, 
& Berg, 1996) was used. The isolate was identified as S. 
marcescens with a 94% of identification accuracy using 
the API20E system (bioMérieux®), and its identity was 
confirmed by analyzing 16S rRNA gene sequence simi-
larity. The fragment length, analyzed by BLAST align-
ment, was 1230 bases and coincided 98% with the par-
tial sequence of the 16S rRNA gene of the S. marcescens 
isolate RTL-100 (accession number HE995790). 
 

Effect of casein type and initial pH on cell growth and 
pigment production 
Biomass increased in all culture media prepared with 
both casein types, especially when using higher sub-
strate concentrations. However, the highest cell growth 
occurred when casein precipitated from milk with vine-
gar was used as substrate and initial pH of cultures did 
not affect the bacterial growth (figure 1). No significant 
absorbances at 500 nm were detected for the superna-
tants of the centrifuged cultures. These results are con-
sistent with those of previous studies, which reported 
that prodigiosin does not diffuse in the medium and is 
often located within vesicles or is adhered to the inner 
membrane of bacteria (Venil & Lakshmanaperumalsamy, 
2009). Figure 2 shows pigment production in Erlenmey-
er flasks using different casein concentrations, either 
highly pure or precipitated with vinegar, at different pH 
values. Increased pigment production was achieved at 
higher casein concentrations and when casein precipitat-
ed with vinegar was used as substrate. 
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The multivariate analysis of variance performed (table 1) 
indicated that there were significant differences in prodigi-
osin production for each variable evaluated. Comparison 
of means confirmed that there was higher pigment pro-
duction when casein precipitated with vinegar was used 
as a substrate and when the substrate concentration was 
10 g/L. There were no significant differences between 
prodigiosin production with initial pH values of 7.0 and 
8.0; however, a significantly higher pigment yield was 
obtained compared to the pH 9.0 treatment (figure 2). 
 

S. marcescens can grow in culture media with initial pH 
values ranging from 5.0 to 9.0 (Imhoff, 2005). It has al-
ready been reported that prodigiosin production is associ-
ated with the increase in biomass (Haddix & Shanks, 
2018) and this was confirmed in the present study when 
an increase in biomass and pigment production was ob-
served for the three initial pH values assessed, although to 
a lesser extent in media with an initial pH value of 9.0. 
 
Unlike several gram-negative bacteria, S. marcescens can 
use casein as a carbon source due to the action of its met-
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alloproteinases on the extracellular matrix (Matsumoto, 
Maeda, Takata, Kamata, & Okamura, 1984; Pakhale & 
Bhagwat, 2016), which explains the growth obtained in 
the culture media studied. In addition, S. marcescens can 
obtain tryptophan and other amino acids such as proline, 
serine, and glycine, from the proteins it uses as a sub-
strate; these amino acids have been associated with pig-
ment production in various microorganisms and act as 
precursors during prodigiosin production (Aruldass et al., 
2014; Bharmal, Jahagirdar, & Aruna, 2012). 
 

S. marcescens reportedly uses casein as a nitrogen 
source more effectively than meat extract, sodium ni-
trate, ammonium sulfate or urea (Suryawanshi et al., 
2014). In this study, casein was the limiting substrate in 
pigment production, as biomass and prodigiosin produc-
tion increased with higher concentrations of casein in 
the culture media. Other studies have reported that ca-
sein concentration can be as high as 20 g/L without in-
hibiting the microorganism (Song et al., 2006). 
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There was a higher pigment production in media pre-
pared with casein precipitated with vinegar than in media 
prepared with high purity casein. Although the pH of milk 
is lowered until the isoelectric point of casein is reached, 
other proteins and peptides with similar isoelectric points 
can co-precipitate (Yen, Lin, et al., 1996) & Tu, 2015) and 
act as additional nutrients present in the medium. 
 
High-purity casein production through acid-induced pre-
cipitation requires washing the precipitate several times. 
Because the precipitate was washed only once in this 
study, other components, such as some fatty acids, ions, 
and peptides, could be associated with the precipitated 
protein and also increase the growth of S. marcescens 
(Jensen, 1995; Southward, nd). Supplements with oleic 
acid, triolein, and even sources of mixed vegetable oils 
reportedly improve prodigiosin production. In addition, 
the presence of acetic acid in the precipitated casein 
could also potentiate pigment production, as bacteria 
condense acetate to form the pyrrole ring and the side 
chain of prodigiosin (Bharmal et al., 2012; Venil & Laksh-
manaperumalsamy, 2009). 
 
Initial pH values also affected prodigiosin production. 
Prodigiosin is reportedly synthesized by S. marcescens 
more efficiently at pH values above 6.0 (Venil & Laksh-
manaperumalsamy, 2009). In this study, a significantly 
lower pigment yield was obtained when initial pH value 
of 9.0 was used, due to the low cell growth at this pH 
value. This difference in pigment production was more 
noticeable for media prepared with casein precipitated 
with vinegar and for high substrate concentrations. 
 
Effect of glucose supplement 
Prodigiosin production was evaluated using casein pre-
cipitated with vinegar as substrate, with and without 
glucose supplementation. As shown in figure 3, a greater 
amount of pigment was produced after 48 hours when 
no glucose was added to the culture medium. Table 2 
shows a significant effect of glucose concentration and 
incubation time on pigment production, in addition to 
the interaction between these variables. 
 
Comparison of means confirmed that supplementation 
of glucose to the culture medium significantly decreased 
pigment yield, higher prodigiosin yields were obtained 
after an incubation for 48 hours; and pigment produc-
tion was not significantly different between culture me-
dia with 2 or 10 g/L glucose incubated for 24 hours. 
 
Although glucose can be assimilated by S. marcescens 
more rapidly than other substrates, it reportedly inhibits 
prodigiosin production by increasing glucose-6-
phosphate dehydrogenase levels (Gargallo, Lorén, Guin-

ea, & Viñas, 1987). Prodigiosin production reportedly 
decreases by 60% when glucose is used as the only car-
bon source compared to when more complex substrates, 
such as starch or casein, are used (Suryawanshi et al., 
2014). High intracellular glucose contents can suppress 
the synthesis of second messengers, such as cyclic AMP 
which functions as a catabolic regulator controlling the 
expression of certain genes, some of them associated 
with prodigiosin production (Fender et al., 2012). In this 
study, pigment production decreased by at least 50% 
when 2 g/L glucose was added to the culture media. 
 
Antimicrobial activity against S. aureus was also affected 
by the glucose concentration (figure 4). Antimicrobial 
activity increased when no glucose supplement was add-
ed to the culture medium and after 48 hours of incuba-
tion, indicating that activity and pigment production are 
directly related. An increased antibacterial activity of 
prodigiosin against gram-positive microorganisms, espe-
cially against S. aureus and B. subtilis, has been demon-
strated previously and could be verified in this study. 
Growth inhibition of some gram-negative bacteria would 
require very high pigment concentrations, whereas other 
bacteria are not affected by prodigiosin (Bhuryal et al., 
2012; Suryawanshi et al., 2014). 
 
Pigment production in a stirred-tank bioreactor 
Three aeration rates were used to evaluate the effect of 
airflow on prodigiosin production in a stirred tank biore-
actor. Figure 5 shows that the highest pigment yield was 
achieved at 0.75 vvm aeration. Consistent with other 
studies, this finding indicates that the prodigiosin yield is 
higher if high oxygen transfers are guaranteed. However, 
pigment production may be lower when very high aera-
tion rates are used (Heinemann, Howard, & Palocz, 
1970; Sumathi, Mohanapriya, Swarnalatha, Dinesh, & 
Sekaran, 2014). 
 
CONCLUSIONS 
 
Prodigiosin production with S. marcescens using casein 
as substrate is affected by the initial pH and casein con-
centration. In this study, highest pigment production was 
obtained at pH 8.0 when the substrate in culture medi-
um was 10 g/L casein obtained through acid-induced 
precipitation of milk. Pigment yield was higher with vine-
gar-precipitated casein than high-purity casein. There is a 
direct relationship between S. aureus inhibition and pro-
digiosin concentration; both decreased when culture 
media was supplemented with glucose. Likewise, the 
aeration rate affected the prodigiosin production in a 
stirred-tank bioreactor. The results obtained in our study 
provide information about the use of novel substrates in 
microbial pigment production. 
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