
Introduction

Contamination of aquatic environments is a serious 
problem that can cause toxic chemicals to accumulate 
in food chains and damage flora and fauna. Microbial 
degradation, or biodegradation, appears to be the 
most environmentally friendly method of removing 
hydrocarbons. Other methods can result in toxic 
compounds entering the environment.

P. aeruginosa move with a single, polar, monotric 
flagellum rotating with proton motivating power. In the 

context of disease, this flagellar swimming motility is 
important in infection because the lack of swimming 
ability of the P. aeruginosa mutant causes a decrease in 
pathogenesis in different animals [1, 2]. 

It is recognized that bacteria growing in biofilms 
have significant advantages over the independent life 
forms that we call planktonic. Most bacteria produce 
biofilms or “microbial cities” that are resistant to 
conventional antibiotics and counteract mechanical and 
chemical attack in different environments. In addition, 
bacteria living in biofilms are more resistant to 
antibiotics, biocides and other environmental stresses. 
This close cell-to-cell contact also provides survival 
advantages by facilitating horizontal gene transfer and 
the sharing of metabolic by-products in the biofilm [3]. 
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Abstract

Many agricultural and biological waste materials cause environmental problems. To address this, 
and to achieve economic efficiency (growth, cell surface hydrophobicity (CSH), twitching, biofilm, and 
pyocyanin production), we used different organic wastes and Pseudomonas aeruginosa (P. aeruginosa). 
While there is biofilm formation in all organic waste assets, the highest such formation was observed 
in molasses and waste cheese whey (WCW). Average pyocyanin production in all organic waste except 
for Nutrient Broth (NB) averaged 3 µg/ml. CSH was reached only in the presence of olive waste water 
(OWW), molasses, and WCW. The highest twitching was achieved by adding WCW at 14 mm. We 
found no similar studies with P. aeruginosa in the literature. We think that this research will result 
in similar new studies that will reveal methods of handling these waste materials economically thus 
benefiting the environment.
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Cystic fibrosis in the lungs is a result of this biofilm 
formation. Biofilms protect bacterial communities. This 
protection balances the formation of microbial cells on 
a surface and is a major factor in facilitating the spread 
of most microbial infections [4].

The genus Pseudomonas can produce a variety 
of extracellular pigments known as phenazines. A 
characteristic feature of P. aeruginosa is its ability to 
produce the soluble blue-green pyocyanin pigment from 
these phenazines. Pyocyanin is involved in the ability 
of P. aeruginosa to produce reactive oxygen species 
(ROS). Pyocyanin is also capable of binding to organic 
compounds [5]. 

Pyocyanin is the most extensively studied of 
phenazine pigments. Phenazines are classified as 
secondary metabolites, or compounds that occur 
during the stationary phase and often have antibiotic 
properties. Pyocyanin is the secondary metabolite of P. 
aeruginosa [6].

Pyocyanin can also reduce ferric (Fe+3) ions to 
ferrous (Fe+2) form, which allows the iron to be removed 
from the medium to meet the nutritional requirements 
of P. aeruginosa [7]. 

The hydrophobic property of bacterial surfaces 
is an important determinant of the adhesion of 
bacteria to various surfaces and the formation of 
biofilm by bacteria on living and inanimate surfaces. 
In particular, the main factors affecting microbial 
attachment to abiotic surfaces include the properties 
of the contact surface, cell surface hydrophobicity  
(CSH) and bacterial mobility capacity. Moreover, 
bacterial surface components such as fimbria and 
flagella form CSH and bacterial mobility, which are 
closely related to the presence of these determinants 
for binding [8]. CSH is an important property for the 
microorganism that affects the activity of various 
bioprocesses such as cell-cell interaction and the 
adhesion of bacteria to hydrophobic organic compounds 
[9]. Experiments show that hydrophobicity is a process 
that depends on a complex interaction between 
negative charge, positive charge, and hydrophobic and 
hydrophilic components on the bacterial surface [10, 
11]. 

Type IVa pilus is a protein fiber extending outwards 
from the cell surface. This structure, which consists of 
a monomeric subunit called a battery, is responsible 
for a  surface movement known as a twitch. This is 
also considered an adhesion factor. This phenomenon 
is recognized as an important virulence factor for  
P. aeruginosa. Surface-bound virulence factors, 
including the twitching motion of P. aeruginosa, 
biofilm development, and natural defense and contact 
with target host cell surfaces affect the pathogenicity of 
P. aeruginosa [12].

This study aimed to investigate the presence of  
P. aeruginosa in various organic waste materials 
focusing on its survival, twitching movement, 
pyocyanin production, biofilm formation and effect on 
CSH.

Materials and Methods

All chemicals were of the highest purity available 
commercially. 

Microorganism

P. aeruginosa (ATCC 27853), obtained from the 
ATCC and used this study. 

Waste Cheese Whey

Waste cheese whey (WCW) was collected from 
commercial cheese factories in Malatya, Turkey. 

Waste Frying Oil

Waste frying oil (WFO) was obtained and collected 
from the food Restaurant Malatya, Turkey. 

Sugar Beet Molasses

Sugar beet molasses were filtered for removing 
crude impurities and then, they’re autoclaved, and then 
used.

Other Organic Wastes

Others have supplied it ourselves because it is 
household waste (e.g., TCW: Turkish coffee waste 
(TCW and Tea waste water (TWW).

Growth Conditions

P. aeruginosa was cultivated in Luria- Bertani 
(LB) broth medium. Overnight cultures was setting 
OD600 nm of 0,2-0,3 grown tube and filled with 
5 ml in tubes was inoculated and then incubated for 
24 h of time. Phosphate-buffered saline (PBS) and  
PBS+10 % different organic wastes. These cultures 
were subsequently incubated on 37ºC for 24 h. Bacterial 
growth was determined by measuring the absorbance at 
600 nm (OD600) by a spectrophotometer.

Biofilm Formation

The cultures were 24 h and 37ºC O/N incubation. 
Biofilm formation was determined using a modified 
method crystal violet assay. Biofilm mass was finally 
determined as a function of the concentration of this 
dye based on the absorbance at 570 nm [13-16]. 

Pyocyanin Quantitation Assay

The pyocyanin assay is based on the absorbance 
of pyocyanin at OD520 nm in acidic solution. The 
absorbance of this solution was measured at 520 nm. 
Concentrations, expressed as micrograms of pyocyanin 
produced per milliliter of culture supernatant, were 
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determined by multiplying the optical density at 520 nm 
by 17.072 [17, 18].

Determination of Hydrophobicity (CSH)

For cell surface hydrophobicity assay was 
determined using a modified method. The aqueous phase 
absorbance was examined at 590 nm. The percentage of 
cell surface hydrophobicity was determined using the 
formula, cell surface hydrophobicity (%) = (Initial cell 
density-final cell density)/initial cell density × 100 [8, 
19-24]. 

Twitching Assay

Plates were inoculated by stabbing an isolated 
colony grown on overnight LB plates (2% (w/v) agar) 
onto the Petri dish. Plates were incubated at 37ºC for 
24 hours, and diameter measurements were recorded 
[25-28]. Plates were photographed with Nicon Coolpix 
L320. 

Results and Discussion

The main objective was to evaluate organic residues 
and their potential as media and to investigate the 
viability of some parameters (OD600, biofilm, pyocyanin 
CSH production and twitching). NB was used for (+) 
control and PBS for (-) control. All study results were 
obtained after 24 hours.

Contrary to expectations, the highest value was 
reached in the presence of molasses with OD600 1.36. 
As expected, the lowest was reached in PBS with OD600 
0.038. The second highest value was OD600 0.223 in the 
presence of WCW. Taking the PBS medium as control, 
OD600 increases were observed up to 36-fold with the 
addition of molasses. OD600 0.066 was reached in the (+) 
control NB medium, 17-times higher than the control. 
OD600 remained below OD600 0.1 in the presence of other 
organic residues except for WCW and molasses (Fig. 1).

When biofilm formation was examined, the highest 
value was reached in the presence of molasses with 
OD570 3.657. The lowest value was in the presence 

of OWW with OD570 0.106. That is, values below (-) 
control were obtained. In the presence of molasses, a 
value of about 9-times above (-) control was obtained. 
When all the organic waste materials were evaluated, it 
can be said that they all contributed to formation since 
values greater than OD570 0.1 were obtained (Fig. 2).

No pyocyanin production was observed in (+) 
control NB. On the other hand, the highest value was  
11.42 µg/ml in the PBS medium (-) control. The next 
highest was reached in the presence of molasses at  
9.36 µg/ml. The lowest value was 1.62 µg/ml in the 
presence of protein-rich WCW. Pyocyanin production 
in the presence of all organic waste except for NB  
averaged 3 µg/ml (Fig. 3).

Fig. 1. OD600 values of P. aeruginosa at 37ºC for 24 h.

Fig. 2. Biofilm formation by P. aeruginosa at 37ºC for 24 h.

Fig. 3. Pyocyanine production by P. aeruginosa at 37ºC for 24 h.

Fig. 4. Percentage of the hydrophobicity of different organic 
wastes after 24 h.
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This was a very difficult study. CSH was reached 
only in the presence of OWW, molasses, and WCW. No 
activity was observed in the other organic assets. The 
highest value was obtained by adding OWW at 41.51% 
and the lowest with molasses at 6.8%. However, it is 
also necessary to have oil in the environment (Fig. 4).

The highest twitching was achieved by adding 
WCW at 14 mm, while the least shaking movement 
was observed by adding OWW at 2.67 mm. Although 
the other media remained below the 9 mm of the (+) 
control NB medium, they reached a mean value of  
7 mm, which is significant (Fig. 5-6).

While there is biofilm formation in all organic waste 
assets, the highest such formation was observed in 
molasses and WCW. In these centers, carbohydrate and 
protein loads are high. Therefore, molasses and WCW 
contribute to biofilm formation more than other organic 
waste-containing environments. 

Pyocyanin alone was used as the (+) control of the 
NB medium. The highest pyocyanin production outside 
the controls was seen in the presence of molasses and 
OWW. Oil load in the environment reduces production. 
Interestingly, however, a decrease was observed in other 
organic waste assets compared to the (-) control PBS 
medium. It is not possible to comment on the decrease 
in this study because the reason is not fully understood. 
Pyocyanin is involved in the ability of P. aeruginosa to 
produce reactive oxygen species (ROS). Pyocyanin is 
also capable of binding to organic compounds [5]. This 
is very important in the destruction of organic matter.

Hydrophobicity of more than 40% was observed 
after the addition of OWW with the highest oil and 
carbohydrate load. In second place, it was 16% in the 

presence of WCW, which also had a high fat load. 
Molasses, which had a relatively low carbohydrate 
load, was 6.8%. Although the oil load was high, we 
believe that no value can be obtained in the presence 
of WFO without another C source. No significant OD600 
value could be seen. The presence of fat alone in CSH 
production does not make sense since the energy source 
should also be present in the environment.

As for twitching, when compared with the control, 
only a 1.6-fold increase with an increased protein load 
in the presence of WCW could be observed. In the 
presence of other organic wastes, negative impacts 
below 9 mm were observed.

Conclusion

After biological work with synthetic chemicals, this 
synthetic substance is released to the environment. As 
a result, environmental pollution occurs and it takes 
years to clean. With this study, we wanted to show that 
many microbiological studies can also be carried out 
with organic wastes and as a result, meaningful data 
can be obtained. The work we do here is not a microbial 
degradation study. We did not take these wastes and 
processed them as such, except sterilization. We used 
both domestic and industrial organic waste as waste. 
We did not calculate the amount of organic matter at 
the beginning and after the experiment. Our aim is to 
produce and show the secondary metabolites produced 
by P. aeruginosa using organic wastes. It is aimed to 
produce secondary metabolites, both environmentally 
and economically.

Organic wastes were used for the first time in 
secondary metabolite production. We think that this 
study will lead to similar new studies. At the same 
time, we think that the way to bring these wastes into 
the economy will be opened and the environment will 
be protected. We think that this research will result in 
similar new studies that will reveal methods of handling 
these waste materials economically thus benefiting the 
environment. We believe it is one of the first articles 
investigating the effect of organic wastes on bacterial 
metabolites.
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Fig. 6. Twitching motility. Graphical representation of movement 
at 37ºC for 24 h.

Fig. 5. Twitching movement on Agar plates.
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