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Isolation and characterization of pigmented bacteria for Dye Sensitized Solar Cell 
(DSSC) application 

Siti Zakiyyah Binti Md Soib 

Resource Biotechnology 

Faculty of Resource and Technology 


Universiti Malaysia Sarawak 


Abstract 

Bacteria regularly produce pigments for different reasons and they assume as an essential 
part on the earth. The purpose of this project was to isolate and characterise pigmented 
bacteria which was utilised for the development of Dye Sensitised Solar Cells (DSSC). 
Pigmented bacteria was isolated from fish pond in Sorak Melayu Village, Serian and lakes 
of Serian town by using streak plate method and further characterised morphologically by 
Gram staining and other biochemical assays for identification. Results showed that two 
pigmented bacteria was successfully isolated which produce purple and yellow pigments. 
The purified pigments from the isolates was analysed using ultraviolet visible 
spectrophotometer (UV -vis spectrophotometer) and fourier transform infrared spectroscopy 
(FTIR). Bacterial pigments are expected to have great potential in the development of new 
generation solar cells which serve as a fundamental technology for renewable energy for the 
future. 

Keywords: Pigmented bacteria, Dye Sensitised Solar Cells, Ultraviolet Visible 
Spectrophotometer, Fourier Transform Infrared Spectroscopy 

Abstrak 

Bakteria kebiasaannya menghasilkan pigmen untuk sebab yang berbeza dan dianggap 
memainkan peranan yang penting di atas muka bumi. Tujuan projek ini adalah untuk 
mengasingkan dan mengambarkan ciri pigmen bacteria yang digunakan untuk 
pembangunan pewarna sensitif solar sel. Pigmen bakteria diasingkan dari Kampung Sorak 
Melayu, Serian dan tasik Bandar Serian. menggunakan cara core tan pinggan dan 
selanjutnya digambarkan ciri morfologi dengan pewarna Gram dan ujian biokimia untuk 
pengenalan. Keputusan menunjukkan dua pigmen b'akteria berjaya diasingkan yang 
menghasilkan pigmen ungu dan kuning. Pigmen tulen dari pengasingan bakteria dianalisis 
menggunakan ultraviolet visible spectrophotometer (UV-vis spectrophotometer) danfourier 
transform infrared spectroscopy (FTIR). Pigmen bakteria dijangka mempunyai potensi yang 
hebat dalam membangunkan sel solar untuk generasi baru dan menyumbang kepada asas 
teknologi tenaga yang boleh diperbaharui untuk masa hadapan. 

Kata kunci: Pigmen bakteria, Pewarna sensitif solar sel, Ultraviolet Visible 

Spectrophotometer, Fourier Transform Infrared Spectroscopy 
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1.0 Introduction 

1.1 Introduction 

Pigmented bacteria are microorganisms that exist in diverse ecological environment such as water, 

soil, rock, and ocean and their morphological characteristics can be observed through microscopes. 

Within a phylogenetic tree, the bacteria are classified under a distinct major division known as 

Archae (Tortora et al., 2010). These microbes are different from those of Eubacteria in term of 

their unusual metabolic capacities which can deliver ethane (Tortora et al., 2010). The 

microorganisms are capable of producing pigments and known as chromobacteria. Moreover, 

pigment combination is subjected to light, pH, temperature and media constituents. Bacterial 

pigments are originated from pyrrole, phenazine, carotenoid, xanthophylls and quinine or quinone 

derivatives. Pigment expression relies upon particular elements including nutritious condition, 

temperature, age of colony and strain (Cardona et al., 2010). Carotenoids are most abundant than 

other pigments because they are capable of avoiding photo damage and oxidative damage 

(Cardona et al., 2010). Violacein and Indigoidine are considered as less common pigments found 

in the Chromobacterium and Corynebacterium genera respectively (Cardona et al., 2010). The 

industry has a competitive development in the production of bacterial pigments for the application 

of pharmaceuticals, cosmetics, textiles and food products (Venil et al., 2013). According to 

Qiaoming et al. (2013), the natural pigments of photosynthesis such as the purple bacteria have 

recently attracted to focus on the advancement of enviromnental friendly, cost effective and safe 

Dye Sensitised Solar Cells (OSSC). Purple bacteria act as effective dye sensitiser due to their 

higher light-harvesting capacity in near infrared region and useful for fabricating visible light 

infrared responsive solar cells (Qiaoming et al., 2013). 
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The problems that was encountered in this project was to find the bacterial pigment that can be 

used to efficiently work in Dye Sensitised Solar Cell (DSSC). The pigments was analysed and 

light absorption was measured in terms of electrical outputs. The bacterial pigment have not been 

discovered yet in Dye Sensitised Solar Cell (DSSC) and there is no published paper about this 

project. 

The main objectives of this research are to isolate and characterise pigmented bacteria from three 

different types of water sources. In addition, further studies on this research can identify bacteria 

that can produce pigment for Dye Sensitised Solar Cells (DSSC) application and measured the 

performance of isolated pigments for Dye Sensitised Solar Cells (DSSC) application . 

.' 
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2.0 Literature Review 

2.1 Pigments 

Pigments are colouring agents which able to impart colour to substrate by coating its surface and 

insoluble when there is chemical reaction with polymers (Panda, 2004). The natural or synthetic 

pigments used to colour various materials. The development of textile industries brought about 

rise in the demand for colouring substances (Panda, 2004). Besides, dyes are wide1y used for the 

invention of newspaper, magazines, books, food and plastic products in which colour plays a 

fundamental role in nourishing human aesthetic needs (Panda, 2004). Nowadays, there are modem 

technology that manufacture the pigments for plastics, rubber and cosmetics. The knowledge of 

dyeing has begun in the Indus Valley (2600-1900 B.C) by discoveries of coloured garments of 

material wears on development in Mohenjo-Daro and Harappa. The art of dyeing has been 

developed on amid Bronze Age in Europe. In 2600 BC, it was observed that China was the earliest 

recorded to use regular dyes (Venil et ai. , 20(3). Traditionally, primitive dyeing technique 

generally utilised adhering plants to fabric or rubbing pulverised colours into cloth. As time goes 

by, the technique was modernised by utilising natural dyes from crushed fruits and berries that 

were boiled into the fabric (Venil et ai., 2013). For the population of Aztec and Maya in Central 

and North America, the cochineal dyes become part of their culture (Venil et ai., 2013). Natural 

pigments were broadly utilised and traded especially in cosmetic products and to produce inks, 

watercolours and craftsman's paint before the approach ofs'ynthetic pigments (Venil et ai., 2013). 

2.2 Recovery and separation of bacterial pigment 

The sophisticated method for the isolation and purification of prodigiosin produced by Serratia 

sp. was focused around extraction by utilising natural solvents (Venil et ai., 2013). A complicated 
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and time consuming process was involved because most of prodigiosin bound to bacterial 

envelopes and only small part of prodigiosin discharged to the broth. Hence, the yield of product 

with high purity was very low (Venil et al., 2013). The isolation and purification ofvarious organic 

macromolecules such as organic acids, peptides, proteins, nucleic acids and other compounds have 

been through non-ionic adsorption resins (Venil et al., 2013). The high loading capacity oforganic 

macromolecules made it possible to separate compounds in large amounts. Consequently, the 

target product could be absorbed on to the selected resins directly from the culture broth. The non-

ionic adsorption resins can reduce the cost of operation because of its low consumption of 

extraction solvents and reusable adsorbents (Venil et al., 2013). Researchers have discovered a 

viable adsorption technique for the partition and refinement of prodigiosin which can yield a 

concentrated and partially purified product ready for subsequent purification (Venil et al., 2013). 

Furthermore, the total recovery ofnon-ionic adsorbent was apparently higher than the conventional 

extraction and silica-gel chromatography process. 

2.3 Production of bacterial pigments 

Bacteria produced molecules such as carotenoids, melanins, flavins, phenazines, qumones, 

bacteriophylls, violacein and prodigiosin. Venil et al. (2013) proved that the bacterial pigments 

produced based on a bacterial response to the bacteria in their vicinity (quorum sensing) and their 
.' 

surrounding environment (elicitation). The production of prodigiosin and violacein is technically 

controlled by quorum sensing systems. In this system, a bacterial cell can sense the cell density 

based on the accumulation of signalling molecules (Venil et al., 2013). 
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2.4 Benefits of bacterial pigments 

Pigment produced by bacteria have been broadly utilised within oriental nations and need intense 

research because of its potential for applications (Venil et ai., 2013). Bacterial pigments offer 

several benefits which are easy propagation, wide strain selection, cheap substrates used for bulk 

production, easy to manipulate gene, minimise operation cost for bacterial pigments extracted 

using simple liquid-liquid extraction technique and structural multifaceted nature suits for 

mechanical needs and progressively appealing to science due to expansive extending exercises 

(Venil et ai., 2013). 

2.5 Biochemical test 

A series of biochemical test involved unknown bacteria and their biochemical pathways can be 

known. This include reduction of nitrate, production of indole, fermentation, hydrolysis ofgelatin, 

hydrolysis of starch ad hydrolysis of urea (Clarke & Cowan, 1952). Biochemical test was 

established in order for characterisation of unknown bacterial species and investigate the 

enzymatic activities of cells (Clarke & Cowan, 1952). Furthermore, this test can perform specific 

oxygen requirement for growth and use glucose as carbon source of each bacterial species 

(Christopher & Bruno, 2003). There are several pathways that bacteria capable to metabolise 

glucose to harness energy (Christopher & Bruno, 2003). 

2.6 Thin Layer Chromatography 

Thin layer chromatography is commonly used to determine how many components in a mixture 

because it is easy, convenient and inexpensive (Mohrig et aI., 2010). According to Latha, & 

Jeevaratnam, (20 1 0), it also can be used to identify and purified the components until the 
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homogeneity offraction achieved. The separation ofthe different fractions can be carried out using 

pre-coated silica gel using petroleum ether and acetone as a mobile phase and detennined their Rf 

value (Latha, & Jeevaratnam, 20 I 0). Silica gel acts as stationary phase and solvent serves as mobile 

phase. However, several different combinations of solvents are tested because it is difficult to 

separate the compounds of interest successfully (Mohrig et at., 20 I 0). 

2.7 Ultraviolet Visible Spectrophotometer 

Ultraviolet visible spectrophometer can analysed compounds in the ultraviolet and visible regions 

of the electromagnetic spectrum (Adeeyinwo et at., 2013). There is interaction of light radiation 

in the ultraviolet range about 200-400 nm and visible range within 400-800 nm (Adeeyinwo et at., 

2013). Potassium pennanganate absorbs strongly in the visible range of wavelengths between 500

550 nm on different UV-vis spectrophotometer (Adeeyinwo et at., 2013). It looks at electronic 

transitions which allow one to detennine the wavelength and maximum absorbance of compounds 

(Adeeyinwo et at. , 2013). From the absorbance infonnation and using a relationships known as 

Beer's Law, the concentration of a sample can be detennined if the molar extinction coefficient is 

known (Adeeyinwo et at., 2013). Molar extinction coefficient are specific to particular compounds 

so unknown compounds can be identified. 

2.8 Fourier Transform Infrared Spectroscopy 

Infrared spectroscopy reveals the types of functional group present 10 a molecule. Infrared 

spectrometers can operate on a different principle and design of the optical pathways produces a 

pattern that called interferogram (Pavia et aI., 2008). The interferogram is a complex signal which 

it gives wave pattern contains all frequencies that make up the infrared spectrum and a plot of 
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intensity versus time. Fourier transform can separate the individual absorption frequencies from 

the interferogram by producing a spectrum virtually identical to dispersive spectrometer (Pavia et 

al., 2008). Fourier transform infrared spectrometer acquires the interferogram in less than a 

second. FfIR able to collect dozens ofinterferograms of the same sample and accumulate them in 

the memory of a computer. FTIR can performed in greater speed and greater sensitivity. The 

interferogram background consist of the infrared active atmospheric gases, carbon dioxide and 

water vapor which it need to be analysed before the spectrum can be obtained (Pavia et al., 2008). 

The sample placed into the beam and obtains the spectrum resulting from the Fourier transform of 

the interferogram. 

2.9 Dye Sensitised Solar Cells 

In late 19th century, the principle of photography brought the discoveries of nanocrystalline cell 

(Smestad, 1998). It was discovered that coloured dye molecules could allow the silver chloride to 

respond to a wider range of visible wavelengths. The mechanism involve electron that travel from 

the organic molecule to the semiconducting silver halide particles in the photographic film 

(Smestad, 1998). In 1839, the first photovoltaic cells were measured by Becquerel and used silver 

halide coated metal electrodes immersed in an electrolyte solution (Smestad, 1998). In order to 

exhibit this photoelectrochemical effect, one can put two copper sheets vertically in a glass and 
.' 

half immerse them in water containing copper sulphate or magnesium sulphate (an electrolyte). 

After a couple ofdays, an oxide will form and it will create a small voltage that could be measured 

by utilising a voltmeter associated with each one plate via alligator clips (Smestad, 1998). 
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3.0 Materials and Methods 

3.1 List of Materials 

i. Nutrient agar 

ii. Water samples 


Ill. Dilution water blanks (9 ml) 


iv. Hucker'crystal violet 

v. Gram's iodine 

vi. 95% ethyl alcohol 

vii. Safranin 

VIII. Centrifuge machine (Kosijaya Didactic Sdn. Bhd., Japan) 

IX . Tryptic soy broth 

X. Voges Proskeur medium 

Xl. a.-naphtol 


XIl. Potassium hydroxide 


xiii. Methyl red solution 

xiv. 	 Simmon's citrate medium 


Xv. Hydrogen peroxide 


xvi. Dichloromethane.' 
XVIl. Sodium chloride 

XVIII . Methanol 

XIX. Ultraviolet visible spectrophotometer machine (Shimadzu) 

XX. Fourier Transform Infrared Spectroscopy machine (Thermo Scientific) 

xxi. Titanium dioxide 
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3.2 Methodology 

The technique utilised as a part of this research for isolation of pigmented bacteria was sample 

collection, serial dilution, streak plate procedure while gram staining, isolation morphology and 

biochemical assays was utilised for the species characterisation. The pigment products from each 

characterised bacteria species was extracted and underwent Thin Layer Chromatography, Liquid

liquid extraction, Ultraviolet visible spectrophotometer Analysis, Fourier Transform Infrared 

Spectroscopy Analysis and finally included in assembly of Dye Sensitised Solar Cells. 

3.2.1 Isolation of pigmented bacteria 

3.2.1.1 Sample collection 

The isolation of pigmented bacteria was conducted by collecting water samples from fish pond in 

Sorak Melayu Village, Serian and lakes of Serian town as shown in Appendix A. About 50 ml of 

water sample was taken from each place. The water samples were immediately taken to the 

laboratory after sampling. 

3.2.1.2 Preparation of Growth Medium 

Nutrient agar (20 gL·1, Merck) was used as growth medium (Ahmad et ai., 2012). Four nutrient 

agar pours was melted in a boiling water bath at 50°C and aseptically poured into each sterile petri 

plates. The four nutrient ag"ar plates was labeled with 10-1 tht;ough 10-4. The plate was swirled to 

evenly distribute the agar inside it. The media was sterilised under suitable conditions by 

autoclaving at 121°C, 103.42 kPa for 15 minutes where the agar was allowed to harden followed 

by incubation for 24 hours at 30°C to ensure that it is free from contamination (Ahmad et ai., 

2012). 
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3.2.1.3 Preparation of Serial Dilution 

Dilution of pigmented bacteria culture was perfonned by ten-fold dilution. Three of the 9 ml 

dilution water blanks was labeled with 10.1, 10.2 and 10.3 and negative control was prepared for 

each sample. One ml of the water sample was transferred into the 10-1 dilution tube. The 10-1 

dilution tube was mixed thoroughly by vortexing or vigorous shaking. The concentration of 

bacteria in this tube was III 0 of the original sample. By using a new pipette, 1.0 m) from the 10-1 

dilution tube was transferred to the 10-2 dilution tube. The sample was vortex and the concentration 

ofbacteria in this tube was 11100 of the original sample. This method was repeated for tube label 

10-3 dilution. The concentration of bacteria in this tube was 111000 of the original sample. For 

negative control tubes, water sample was not added. 

3.2.1.4 Streak Plate Method 

The agar plate was labelled according to the sample collected. The inoculating loop was flamed 

until it was red hot. Then, the loop was put inside the dilution tube contain water samples and 

streak the inoculum on the agar plate. 

3.2.1.5 Glycerol stocks culture 

The 10% glycerol was prepared in the Schott bottle and followed by autoc1aving at 121°e, 121
.' 

kPa for 15 min (Ahmad et al., 2012). The bacteria stocks tulture was transferred from nutrient 

agar plates into nutrient broth and incubated for 1 days. After the incubation, 10% glycerol was 

added followed by storage at -20oe prior to use (Ahmad et al., 2012). 
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3.2.2 Characterisation of pigmented bacteria 

3.2.2.1 Morphology 

The single colony of pigmented bacteria was transfer aseptically on nutrient agar plates and slant 

agar using inoculating loop. After that, single colony of pigmented bacteria was streak on agar 

plates and slant agar. Then, all the agar plates and slant agar was incubated at 37°C within 24 

hours. The morphology of bacteria was observed and described. 

3.2.2.2 Gram Staining 

The pigmented colonies was prepared smears. It was allowed to air dry and heat fix that smears. 

The slides was placed on a staining rack and flood each smear with crystal violet. After staining 

for I minute, the crystal violet was washed offfrom each slide with tap water and drain off excess 

water. Each smear was flooded with iodine. After 1 minute, the iodine was washed from each slide 

with tap water and lightly blot with bibulous paper to remove excess water but not completely dry 

the slide. Each slide was tilted and decolorised with 95% ethanol until the alcohol draining from 

the slide appears colorless, about 15 seconds. The slide was washed briefly with tap water and 

drain off the excess. The smear was counterstained with safranin for about 20-30 seconds. Later, 

it was washed briefly with tap water and blot dry. The slides was examined under the oil immersion 

objective. Observation Wl)S made for gram reaction that cells should be appearing pink red (gram 

negative) or blue purple (gram positive). 
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Biochemical Assays 

Catalase Test 

A drop of hydrogen peroxide (H202) was placed on a microscope slide and with a sterile ioop, a 

pigmented bacteria of 18-24 hour old pure bacterial culture was collected (Vashist et ai., 2013). 

The loop was placed in the hydrogen peroxide. The positive results was formed a bubbles and 

liberated of 02 gas. The results was recorded. 

3.2.2.3.2 Citrate Utilisation 

The isolate microbe was inoculated in Simmons citrate agar slants and incubated at 370e for 24

48 hours. After incubation, the color of the tubes was observed which a royal blue color gaves 

positive reaction while a green color gaves negative reaction (Vashist et ai. , 2013). 

3.2.2.3.3 Indole Test 

An inoculum from an 18-24 hour pure culture was inoculated in peptone broth. Then, peptone 

broth was incubated for 24 hour pure culture (Vashist et ai., 2013). After incubation, 5 drops of 

Kovac's reagent was added to peptone broth and shake vigorously. The positive reaction was 

formed red ring at the surface of the media and negative result was remained yellow color (Vashist 

et ai., 2013). 

3.2.2.3.4 Methyl Red 

The isolated microbe was inoculated in MR-VP broth which it was incubated at 370e for 24-48 

hours. After incubation, 1 ml of culture was transferred aseptically to a clean test tube then add a 

5drops of methyl red solution to the cuItures (Vashist et ai., 2013). Red reaction indicates a mixed 

acid fermentation and yellow reaction showed a negative test. 
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3.2.3.1 

3.2.2.3.5 Motility 


Semi-solid motility test medium was sterilised under suitable conditions by autoclaving at 121 DC, 


103.42 kPa for 15 minutes and poured into the test tube. The medium was stabbed with a small 


amount ofinoculum. The test tube was incubated overnight at room temperature and observed the 


motile pigmented bacteria (Woodland, 2004). 


3.2.2.3.6 Oxidase Test 


By using an inoculum loop, 24 hour pigmented bacteria culture was added to the test strip and the 


colour changes was recorded. Positive results showed purple within 5-10 seconds and no purple 


colour with negative results (Vashist et at., 2013). 


3.2.2.3.7 Voges Proskeur Test 


The isolate microbe was inoculated in MR-VP broth was incubated at 37°C for 24-48 hours. After 


incubation, one ml of culture was transferred aseptically to clean test tube then added of 0.5 ml of 


alpha-naphtol solution and 0.5 ml of potassium hydroxide solution. The tubes was shook 


vigorously for 30 seconds. The tube was observed for formation of a pink to red color. The red 


colour fonnation indicated positive result (Vashist et at., 2013). 


3.2.3 Extraction, Purificatron and Identification of pigment 

Extraction of Pigments 

Fifty ml of bacteria cell sample was grown In nutrient broth for 24 hour and followed by 

centrifugation at 7500 rpm for 20 minutes. The supernatant was discarded and 50 ml of methanol 

was added to the pellet and mixed properly. Then, the samples was centrifuged and extracted using 
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3.2.3.3 

(v/v) methanol until the pellet is colourless (Ahmad et al., 2012). The supernatant was then 

into a conical flask and the pellets was weighed. 

3.2.3.2 Thin Layer Chromatography 

The solvent front used was methanol, acetone, petroleum ether, dichloromethane and hexane. This 

solvent was placed just enough in a TLC jar to cover the bottom of the jar. The jar was tightly cap 

when it is not in use. The silica gel plate was marked with a straight line across the plate 1 cm from 

the edge (Griffin et al., 2004). The extracted pigment was spotted on the line marked on the silica 

gel plates using a capillary tube. The plate was placed in the TLC jar with the pencil line right 

above the solution. The jar will be capped and the movement of the solution up the plate was 

monitored (Griffin et al., 2004). When the solvent front reached about 1 cm from the top of the 

plate, it was removed from the jar. The solvent front was marked with pencil before it evaporates 

. 

(Griffin et al., 2004). The spots of the extracted pigment was observed under UV-Hand 

Illuminator. The distance between the starting point and pigment line was measured as well as 

distance between the starting point and solvent front. The Retention factor values was calculated 

using this formula: 

Rf= Distance between the starting point and pigment line 
Distance between·the starting point and solvent front 

Liquid-liquid extraction 

The extraction ofpigments was purified using liquid-liquid extraction. Fifty ml ofdichloromethane 

was poured into the 50 ml of pigment methanol solvent and mixed until formed two layer. The two 

layer was poured off into separatory funnel. The bottom layer was remove and top layer of 
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