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ABSTRACT 

Chromobacterium violaceum is a gram negative bacterium that produces Violacein a violet dye which has wide 

variety of applications. The organism has a high rate of replication and is observed to have better growth rate 

upon surface cultivation than by submerged fermentation. Hence various surfaces were proposed to get better 

cell count considering good utilization of area in a specified volume.  Among the proposed designs Tube within 

Tube has resulted is estimated to have a surface area of  sq cm that could result in   CFU/ml. 

 

Keywords- Chromobacterium violaceum, Violacein, growth conditions, reactor design, surface 

cultivation. 

 

I. INTRODUCTION 

Bioreactors are known to provide conditions that are ideal for the growth of the microorganisms. The usage of 

submerged fermentation and solid state fermentation has been thoroughly discussed by various authors [1], [2], 

[3]. Advancements in these methods of fermentation have led to industrial scale production of biological 

compounds. However among the two solid state fermentation has gained attention of researches due to the 

following advantage: Low capital investments, low moisture content when leads to less chances of 

contamination, easy product separation, high product yield and the most  important is high surface area for 

better availability of oxygen [4], [5], [6]. 

In the present investigation, the focus is on designing surfaces for increased production of violacein by 

Chromobacterium violaceum. Violacein is a violet colored pigment [3-[1,2-Dihydro-5-(5-hydroxy-1H-indol-3-

yl)-2-oxo-3H-pyrrol-3-ylidene]-1,3-dihydro-2H-indol-2-one], that is reported for its bactericidal, trypanocidal, 

tumoricidal, mycobactericidal and antioxidant  properties [7]. Pigment production requires presence of the 

precursor tryptophan [8] and oxygen. Dennis et.al [9] confirmed that anaerobic conditions prevent dye 

production. Chromobacterium violaceum is variously cultivated for dye production which includes submerged 

fermentation [10], [11], solid state fermentation [10], [12] and other alternative surface cultivation methods [13].  

In the present study effect of two types of cultivation of Chromobacterium violaceum using nutrient agar and 

nutrient broth was done. As nutrient agar proved to be better for its growth various reactor having surfaces that 

enable cultivation of Chromobacterium violaceum were proposed.  

 



 

245 | P a g e  
 

II. MATERIALS AND METHODS 

 

A. Microorganism 

A bacterial strain of Chromobacterium violaceum MTCC No: 8071 obtained from Microbial Type Culture Collection 

(MTCC), Chandigarh, India was used throughout the study. The culture is maintained in nutrient agar slants. It is sub 

cultured once in a fortnight and stored at 4  until futher use.  

B. Culture conditions for Chromobacterium violaceum 

Chromobacterium violaceum is cultivated in nutrient broth as well as on nutrient agar. From the 24h seed 

culture having inoculum was added at 3% (v/v) to nutrient broth taken in Erlenmeyer flasks and to petriplates 

having nutrient agar medium. Simultaneous cultivation of Chromobacterium violaceum by submerged and 

surface fermentation is done for duration of 72h. Violacein production was observed by measuring OD at 

560nm. 

C. Reactor fabrication  

As the above studies have revealed that surface cultivation of Chromobacterium violaceum in petriplates has 

resulted in better growth of organism, study of reactor design by assuming various shapes was done. The aim 

during designing of a reactor is to increase the surface area of cultivation and assuming that the surfaces can be 

coated with the layer of nutrient agar. The reactors were estimated to have a volume of 5liters. The thickness of 

glass that is to be used for preparing inner surfaces is assumed to have a width of 3mm. The nutrient agar layer 

is assumed to have a thickness of 3mm.  

 

The following are the types of reactors:  

1. Cylindrical vessel with multiple discs.  

2. Cylindrical vessel with spiral tubes  

3. Cubical vessel with single spiral sheet 

4. Cubical vessel with three spiral sheets  

5. Tube within tube reactor.  

 

III. RESULTS OF CELL GROWTH 

 

A. Microbial growth comparison 

Chromobacterium violceum growth was compared in submerged as well as by surface plating on nutrient agar. 

The results indicated that production of Violacein is much faster when cultivated by surface cultivation method 

than by submerged fermentation. Growth was slightly better in submerged fermentation, and when violacein 

production was observed, it was observed that within 24 h organism cultured in petriplates (on nutrient agar) has 

resulted in high Violacein production than by submerged fermentation. The dye production is around 62mg/L of 

nutrient agar as compared to 11mg/L when compared to submerged fermentation. This may be due to 

availability of more oxygen while is a pre-requisite for violcein production. 
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Figure1. Comparative Representation Of Cell Growth In Submerged Fermentation And 

Surface Cultivation 

 

 

B. Reactor designs 

 Cylindrical vessel with multiple discs (Fig. 2) 

The dimensions to attain 5l capacity are fixed at height 25cm and radius 8cm. Leaving a space of 2cm 

above and below, 15cm diameter discs were assumed to place. The vessel can accommodate 21discs which 

are spaced 1cm apart as discs can be coated on both sides. The total area available for cultivation of 

Chromobacterium violaceum  was calculated to be around 4747.68cm
2

. 

 Cylindrical vessel with spiral tubes (Fig.3) 

Spiral tubes spaced 1cm apart and at a ring height of 1cm were assumed to be placed in a cylinder of 250cm 

height and 8cm radius. The outer diameter of tube is assumed to be 1cm and inner diameter of 0.7cm. The 

cylinder can accommodate four spiral tubes where inner and outer surface area sums up to 7163.87cm
2 
. 

 Cubical vessel with single spiral sheet (Fig.4) 

The dimensions of the cubic vessel are fixed at 17x17x17cm
3
 that would result in approximately 5L 

volume. A single sheet of 223cm length and breadth of 15cm can be placed in a spiral way inside the vessel 

with a plate height of 1cm. The net area that would be available for coating nutrient agar is 6690cm
2

. 

 Cubical vessel with three spiral sheets (Fig.5) 

The same cubical vessel used above is used to accommodate three sheets assuming that decrease in size 

would increase surface area. The length of each sheet that could be accommodated in the vessel is 55cm 

and its breadth is 15cm. The total area of those sheets that is available for coating nutrient agar is 4950cm
2 . 

 Tube within tube reactor (Fig.6) 
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A cylindrical vessel having 25cm height and 8cm radius is assumed as the outer tube leaving 1cm space of 

either side. Tubes were assumed to be inserted inside as ring within ring and all the tubes were estimated to be 

of same height except for the outer tube. The six tubes that could be accommodated inside can be coated on 

either sides. The total surface area that would be available for coating nutrient agar is 9404cm
2
. 

C. Estimation of cell count in the reactors 

From the results obtained in the preliminary study the possible cell count outcome is estimated and is 

represented in the table 1. The assumption was done by measuring the area of petriplate and the number of 

CFU/ml formed per unit area. 

 

Table 1. Estimation of Surface Area For Reactor With Estimated Yeild 

Reactor  type  Surface area cm
2 

Violacein Produced (mg) 

Cylindrical vessel with multiple 

discs 

4747.68cm
2
 294.36 

Cylindrical vessel with spiral 

tubes 

7163.87cm
2
 444.16 

Cubical vessel with single spiral 

sheet 

6690cm
2
 414.78 

Cubical vessel with three spiral 

sheets 

4950cm
2
 306.9 

Tube within tube reactor 9404cm
2
 583.05 

 

IV. CONCLUSION 

 

Chromobacterium violaceum is observed to produce more amount of Violacein when cultured on the surface of 

nutrient agar coated in petriplates than by submerged method of cultivation using nutrient broth. Among the 

proposed five designs, Tube within Tube reactor that has an estimated area of 9404sq cm would result in 

583.06mg of violcein which is comparable to that of existing methods.  
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Figure2. Design of Cylindrical Vessel With Discs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Design Of Cylindrical Vessel With Spiral Tube 

 

 

 

 

 

 

 

 

 

 

 Figure4. Design of cubical vessel with single spiral sheet 
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Figure5. Design of Cubical Vessel With Three Spiral Sheets 

 

 

 

 

 

 

 

 

 

 

 

Figure6. Design of Tube Within Tube Reactor 
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