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Abstract: Pyocyanin is a fluorescent phenazine pigment of a bright blue color, synthesized exclusively by about 

95% of Pseudomonas aeruginosa strains. Laboratory acquisition of the pigment is achieved by employing 

simple protocols. The aim of this work was to increase the production of pyocyanin by adding different 

concentrations of craft beer waste (w/v) to King A broth, incubated by shaking at 150 rpm, at 29±1ºC for 96 

hours. Compared to the control group, a positive correlation was observed between the production of pyocyanin 

and the percentage of malt bagasse added. This contributed to the increase of pigment concentration up to 

approximately 70%, over the control, with values ranging from 21 to 58 μg/ml. The craft beer waste proved to 

be an environmentally friendly option as an adjuvant in the process of pyocyanin production in a synthetic 

medium. 
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I. Introduction 
Natural pigments are secondary, low molecular weight metabolites synthesized by eukaryotes and 

prokaryotes 
[1]

. A large number of bacteria produce pigments of the most diverse stains, assigning different 

functions to the organism, for example, photosynthesis 
[2]

, protection of the cell against ultraviolet radiation 
[3]

, 

iron uptake 
[4]

 and promotion of antibiosis 
[5]

, among others. 

P. aeruginosa is a Gram-negative rod member of the fluorescent pseudomonads group, easy to 

cultivate in the laboratory. The bacterium exhibits an extremely versatile metabolism and can synthesize at least 

6 different pigments, among them pyocyanin, a water soluble phenazine compound with a bright blue color, 

produced exclusively by 90-95% of the strains 
[6]

. The main function of this pigment is related to its 

participation in reactions involving the production of reactive oxygen species 
[7]

. Additionally, pyocyanin is 

involved in iron metabolism as well as in the extracellular electron transport by the bacterium 
[8-9]

. 

Implicitly, most of the studies involving pyocyanin treat synthesis as a mechanism of response to 

environmental stresses 
[10]

, focusing on medical science topics such as multiresistance 
[11]

, antimicrobial 

activity 
[12]

, quorum sensing 
[13]

 and immunological changes or inflammatory responses 
[14]

. However, the 

application of the pigment can also be investigated in the context of the production of tensoactive molecules 
[15]

, 

bioremediation 
[16]

, the ecological interactions of P. aeruginosa with other organisms 
[5, 17]

 and in the generation 

of bioelectricity 
[18]

. 

Some investigations may require certain amounts of phenazine, however, the average cost is high, 

about US$ 30 for 1 mg of pyocyanin. The literature provides protocols for synthesis and purification of 

pyocyanin on a laboratory scale 
[19]

. Based on the metabolism of P. aeruginosa, given the ease of its 

manipulation in the laboratory, pyocyanin production can be increased by using processing residues as 

supplementary carbon sources, minimizing costs. Thus, the aim of this work was to stimulate the synthesis of 

pyocyanin by adding different concentrations of waste from craft beer production to the King A broth. 

 

II. Material and Methods 
Microorganisms 

Four strains of Pseudomonas aeruginosa, recovered from soils of gas stations in city of João Pessoa, 

Paraíba, Brazil 
[20]

 were used: two pyocyanin-producing isolates (TGC02 and TGC04) and two non-pyocyanin-

producing strains (TGC03 and RX10). 

 

Tests for pyocyanin production 

The strains from fresh culture on nutrient agar were suspended in 0.9% NaCl, standardizing the 

turbidity by tube #1 on the McFarland Scale. A volume of 5 mL was transferred into flasks containing 100 mL 
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of King A broth 
[21]

, with neutral pH, supplemented with 0.25, 0.5, 1 and 2% (w/v) of malt bagasse. Incubation 

was carried out under agitation at 150 rpm, at 29±1 °C for 96 hours. 

 

Malt bagasse as a supplement to the King A broth 

The malt was provided by a craft brewing industry. The material was washed with hot water, dried and 

then comminuted. The total nitrogen content was 1.45 mg/kg, as determined by the Kjeldahl method 
[22]

. 

 

Extraction and estimation of pyocyanin  
The assays were adapted from the methodology described by literature 

[23]
, using a mixture of 10 ml 

of the medium containing the pigment and 3 ml of chloroform. After vigorous vortexing (Warmnest VX-28), it 

was allowed to stand for 2 hours.  

After this time, a 1.5 mL aliquot of chloroform (blue phase) was acidified with 1 mL of 0.2 mol/L 

HCl, changing the color to pink. The estimate of the concentration of pyocyanin in μg/ml was determined by 

measuring the optical density of the pink solution at λ = 520 nm (U2M Chemistry), based on a standard curve 

prepared with 98% pure pyocyanin (Merck KGaA, Darmstadt, Germany) (r = 0.9999). 

 

Statistical analysis 

The correlation between the malt bagasse concentration and the amount of pyocyanin produced, 

compared to the control groups, was verified. Significance was established at  p <0.05, using the free 

IBM
®
SPSS

®
 Statistics version 21 program. 

 

III. Results 
Pyocyanin-producing TGC02 and TGC04 exhibited the pigment under all conditions tested (Fig. 1). 

In the absence of the malt bagasse, mean yield about 17 μg/mL was observed and the concentration of 

pyocyanin was increased proportionally to the percentage of malt bagasse added to the medium. The best 

condition being obtained when this substrate was 2% (w/v), as summarized in Table 1. 

 

Table 1. Concentration of pyocyanin (μg/mL) 

Strains 
Percentage of malt bagasse added to King A broth 

0.00 0.25 0.50 1.00 2.00 

TGC02 17.8±0.1 23.0±0.5 35.3±0.3 32.6±0,2 58.2±0,1 

TGC04 16.9±0.1 21.5±0.3 22.2±0.5 27.1±0.9 58.3±0.1 

TGC03 0.2±0.1 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 

RX10 0.2±0.1 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 

 

A high correlation was observed between the production of pyocyanin with the concentration of malt 

bagasse added to the culture medium, in both strains, TGC02 and TGC04, 87.6 and 81.8%, respectively. On the 

other hand, the addition of malt bagasse did not stimulate pigment production in the non-producing strains, 

TGC03 and RX10. 

 

 
Figure 1. King A broth before (A) and after incubation (B) and extracted pyocyanin (C) 

 

The TGC02 strain produced between approximately 18 and 58 μg/ml of pyocyanin, representing an 

increase from 22.6 to 69.4%, compared to the control in King A broth, i.e., without malt bagasse 

supplementation. In the concentrations 0.5 and 1% of the residue, there was no statistical difference in the 

values of the obtained pigment. 

Similar results were observed with  TGC04, for which concentrations between 0.25 and 1% of malt 

bagasse were used. The strain produced between 17 and 58 μg/ml of pyocyanin, representing an increase 

between 21.4 and 71%, when compared to the control group. 
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IV. Discussion 
The expression of pyocyanin is one of the most important phenotypes of P. aeruginosa, particularly 

due to it is unique to this species 
[24]

. The pigment participates in a number of  biological processes that have not 

yet been completely elucidated, thus stimulating research involving different scientific approaches in the fields 

of biotechnology, engineering, environmental sciences and medical sciences. 

The production of pyocyanin in traditional media used in the routine of a microbiology laboratory is 

based on the energy state of P. aeruginosa, which is reduced under conditions of low nutrient concentration, 

resulting in a decrease in the growth rate and increase the concentration of pigment. Nutritional scarcity, 

especially related to the PO4
-3

 and Ca
+2

 ions, forces the pyocyanin-producing strains to exhibit the pigment, 

which diffuses in the medium 
[25]

. 

This hypothesis, which was raised almost 4 decades ago, supports the observations of the 

performance of P. aeruginosa in environments with highly selective pressures, such as stabilization ponds 
[26]

, 

hospitals 
[11]

 and soils contaminated by oil hydrocarbons 
[27]

. Although organic matter is widely available in 

these environments, the selective pressure exerted on the microbiota drive forces the bacterium to gather 

mechanisms that guarantee its persistence 
[28]

, with pyocyanin being a crucial element in the regulation of these 

responses 
[29]

. 

The in vitro production of pyocyanin occurs at least 48 hours after the onset of growth, when specific 

conditions of temperature and agitation are encountered, i.e., 30°C and 150 rpm 
[30]

. In addition, the culture 

medium also influences this result. In mineral broth and GSNB, for example, the pigment was observed to be 

diffused in both media, after 96h of incubation at 37°C 
[31]

. This production usually starts at the beginning of the 

stationary phase, an event dependent on the generation time of the strains. P. aeruginosa under these growing 

conditions tends to have a generation time ranging from 3 to 6 hours 
[32]

, which justifies the appearance of the 

blue color between 48 and 72 hours after the start of the incubation. 

Data on the production and quantification of pyocyanin obtained from P. aeruginosa are rare. Most 

data estimate the pigment concentration in the context of some bioprocess that depends on this data, with results 

varying between 9 and 42 μg/mL 
[31, 33]

. To the best of our knowledge the literature reports that in an aqueous 

medium, under specific incubation conditions, which include the use of the King A medium or modification 

thereof, the pyocyanin is synthesized during the end of the log phase and the beginning of the stationary phase, 

being able to reach up to 80 μg/ml. The primary source of carbon and nitrogen are the most important factors on 

yield 
[23, 34]

, although the presence of glycerol is essential, a condition known since the first quarter of the 20
th
 

century 
[35]

. 

A previous study attained a maximum production of pyocyanin, approximately 26 μg/ml, after 72h of 

incubation 
[30]

. This concentration was obtained when the main source of nitrogen was peptone (13 g/L), at 

neutral pH and 30°C. Other sources of the element, such as urea, potassium nitrate and sodium nitrate, promoted 

lower yields of pyocyanin, 17, 15 and 11 μg/ml, under the same incubation conditions. 

On the other hand, the addition of malt bagasse did not stimulate the synthesis of pyocyanin in the 

non-producing strains, TGC03 and RX10, indicating that these strains do not present the genes responsible for 

the conversion of the intermediate phenazines to pyocyanin 
[13, 36]

. 

Based on the results of Gharieb et al. 
[37]

, which reported the production of approximately 65 μg/mL 

of the pigment within 120h in a medium containing 1% peptone, representing a 55% increase in the 

concentration of pyocyanin between 72 and 120h of incubation, the strains TGC02 and TGC04 could possibly 

produce more pyocyanin if the incubation time were increased. Compared with the pyocyanin values achieved 

by other P. aeruginosa strains grown in medium containing 1% peptone 
[30, 38]

, the results obtained with the 

TGC02 and TGC04 strains were more promising, since in the presence of malt bagasse, from 0.5 and 1%, 

respectively, both strains exhibited higher pigment concentrations. The difference was most significant when 

double the percentage of peptone was applied.  Compared to the study by Devenath et al. 
[39]

, we found that even 

using the smallest percentage of malt bagasse, we achieved more than twice the amount of pyocyanin. 

Both TGC02 and TGC04 in an earlier study by our group produced respectively 38 and 17% more 

pyocyanin in King A broth 
[16]

. It is important to clarify that the amount of pyocyanin may be variable for the 

same strain, submitted to the same incubation conditions, on different occasions. This may be related to the 

possible stresses to which the strains are exposed when kept in the laboratory. Media supplementation with malt 

bagasse, on the other hand, stimulated increased pigment production by strains, indicating that optimization of 

pyocyanin production can be planned using non-conventional substrates, often intended for disposal or burning. 

The reuse of these can have a significant impact on the reduction of costs, as well as on the re-signification of 

wastes, especially the craft brewing industry. 
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V. Conclusion 
Malt bagasse, serving as a supplement to the traditional medium of P. aeruginosa production of 

pyocyanin, promoted a significant increase in the production of pyocyanin in two wild strains. The increase was 

proportional to the concentration of added malt bagasse. These results suggest that other industrial residues of 

plant origin could be tested, as well, with experimental planning trials to identify the best conditions for 

obtaining  higher concentrations than those achieved in this study. 
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