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Coupling dye degradation and biodiesel production by Geitlerinema sp TRV27
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In this study, the dye degrading the ability of marine cyanobacteria, Geitlerinema sp TRV27 was tested against the textile
dye Acid black 52. Optimum conditions like pH, temperature, dye concentration for acid black 52 dye degradation were
studied and were found to be pH 7, 25+2°C. More than 50% of degradation was observed for the tested maximum dye
concentration, 100 ppm. The degraded dye intermediate was found to be naphthalene by GC-MS analysis and their toxicity
on seed germination was studied. The dye treated biomass was used for the production of biodiesel and the physicochemical

properties of biofuel were found to be within the standard limits.
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The textile industry is one of the major industrial
sectors of Tamil Nadu which releases large quantities
of effluent. These effluents contain 10-15% of dye
and have high COD, BOD, pH, colour, heavy metals,
hence it is very difficult to treat such effluents.
Several methods like flocculation, membrane
filtration, adsorption, irradiation, ozonation, ion
exchange have been used to treat these effluents. And
these processes are energy intensive, less efficient,
produces sludge and costly*?.

Bioremediation is an emerging technology, which
uses microbes like bacteria, yeast, fungi, and algae to
treat the textile wastes. Among these, microalgae have
become promising bioremediation agent in recent
decades because of its ability to degrade textile
wastewater and also accumulate fatty acids which can
be extracted and used for the production of biofuel.

Socioeconomic development of a country is greatly
affected by the available energy factor. The present
energy demand of the world is largely fulfilled by
fossil fuels like petroleum, diesel, natural gas, oil,
coal, lignite etc®. These fossil fuels are nonrenewable
resources which get depleted massively on usage®.
There is a need to find an alternate for fossil fuel in
order to fulfill the future demand of the world. One
such alternative is a biofuel.

Biofuels are any diesel or equivalent fuel extracted
from the renewable feedstocks like plant material,
plant oil, animal fat, and algal oil. These feedstocks
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are classified as first generation, second generation,
and third generation feedstocks. First generation
feedstocks are food feedstocks like edible oils of
rapeseed, sunflower oil>, palm oil°. Usage of first
generation feedstocks will impact global food
market and cause food scarcity’. Second generation
feedstocks are nonfood feedstocks (energy crops) like
jatropha®, and animal fats like beef tallow, pork lard®.
The third generation feedstocks are algal oil derived
from the microalgae.

Compared to first and second generation
feedstocks, the microalgae are well known for their
rapid growth, high lipid content due to their
high photosynthetic efficiency, increased biomass
productivity, high efficiency in conversion of solar
energy, easy to cultivate, can be cultivated using sea
water and wastewater, increased oil yield, high oil
content, environment factors will not affect the
growth of the microalgae, produces valuable
by products like protein, biopolymers, carbohydrates
which can be used as a feed or biofertilizer, capable of
fixing CO,™, facilitating the reduction of CO, level®™.

In this study, the ability of Gielterienem sp TRV27
to degrade acid black 52, a widely used commercial
textile azo dye and successive production of biofuel
from the dye treated biomass.

Materials and Methods

The marine cyanobacterial isolate, Geitlerinema sp
TRV27 (accession number KX710092) was grown in
F/2 media prepared using sea water'>". The obtained
wet biomass was used as an inoculum for the
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degradation of textile dye acid black 52. Acid black
52 was obtained from CLRI, Chennai, India.

The decolorizing ability of Geitlerinema sp was
studied by adding 50 ppm acid black 52 dye to
100 mL of F/2 media containing 1g of algal culture.
The culture flask was incubated at 27+2°C for
15 days. Decolorization was noted by determining the
absorbance of the culture supernatant at the 588 nm
(Amax) Using UV-Vis spectrometer (Shimadzu). Sterile
cell-free media containing dye was used as control™.

Initial absorbance — final absorbance 5
Initial absorbance

% Decoloriza tion = 100

Effect of decolorization of acid black 52 by
Geitlerinema sp was studied at varying pH (5-9),
temperature (4°C, 16°C, 25°C, 37°C, and 45°C) and
dye concentration (10-100 ppm). For the assay, the
dye was added to 100 mL of F/2 media which was
inoculated with 1gm of biomass and the
decolourization was noted at an interval of 24 h.

FTIR analysis of cyanobacterial biomass of control
and dye treated biomass was done to arbitrate whether
the surface of the cell is affected by the using
Shimadzu FTIR spectrometer'. Geitlerinema sp
which was grown on the F/2 media without dye was
considered as a control and with dye was consider as
a dye-treated test sample.

The degraded dye intermediates were extracted
after 15 days of incubation by adding twice the
volume of ethyl acetate which was evaporated and
used for further study like GC-MS analysis and
phytotoxicity study. The GC-MS analysis was carried
out using GCMS-QP2010 Plus, Shimadzu at SRM
Institute of Science and Technology, Chennai, India.

The phytotoxicity of the dye and the dye
intermediates was tested on the mustard seed
(Brassica juncea L.) by measuring the seed
germination. For the study, seeds were surface
sterilized using 2.5% of sodium hypochlorite with
0.1% Tween for 15 min and subsequently washed
with sterile distilled water. 15 healthy seeds were
placed in 9 cm petri plates on top of three layers of
whatman filter paper. 1 mL of dye or extracted
degraded dye intermediate was added to whatman
filter paper every day and petriplates were incubated
at 27°C. After 6 days, % germination, relative shoot
and root length were measured. Triplicates were
maintained and average results were noted. Sterile
drinking water was used to grow the control seeds.

The effect of dye on the fatty acid profile of
Geitlerinema sp was evaluated by comparing the

chemical profile of dye treated biomass with control.
The biomass was collected after 15 days and
was extracted with hexane solvent extraction. The
obtained hexane extract of the dye treated
biomass was transesterified by alkali catalyst method,
using sodium methoxide to extract biofuel.
Physicochemical characterization of the obtained
biofuel was characterized in Chennai petroleum
corporation limited, Manali, Chennai, India and
the chemical composition of biofuel was analysed by
GC-MS analysis.

Results and Discussion

Dye-containing effluent from the Textile industries
causes major environmental problems. Among the
textile dye, azo dyes are one of the most detrimental
class due to their chemical composition and high
persistence in the water environment. They are proved
to have a cytotoxic, genotoxic, mutagenic and
carcinogenic effect on different organisms. In this
study, an attempt has been made to study the
degradation of Acid black 52, a mono-azo dye
used for dyeing leather, nylon, wool, and silk by
Geitlerinema sp™.

The absorption spectrum of the control acid black
52 and spent media of test sample after 15 days was
shown in (Fig 1A). The spectrum of textile
dye had shown peaks at 204 nm and 588 nm whereas
the degraded dye metabolites had shown peak at
378 nm and 676 nm. The change in the spectra and
disappearance of peak at 588 nm confirmed the
degradation of dye.

Cyanoabcteria posses additional outer membrane
molecules mostly polysaccharide in nature are
responsible for the removal of a pollutant from the
environment'*®, FTIR spectrum of control biomass
(Fig 1B) and treated biomass (Fig 1C) was found to
have similar stretching in both the sample. But dye
treated biomass sample had shown more stretching
vibration in the range 1762 cm™' and 1490 cm™'. This
may due to the involvement of cell surface structure
in the dye degradation'®. Omar'® has also reported
the change in the spectra of the biomass of
S. crassifolium, G. corticata, U. reticula of before
and after malachite green dye degradation and
involvement of the corresponding functional group in
dye degradation.

Figure 1D shows the effect of dye concentration
on dye decolourization by Geitlerinema sp
100% decolourization was observed for lower
concentrations 10 ppm and 20 ppm and more than
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90% decolourization was observed for 30, 40, 50, and
60 ppm. For the tested maximum concentration of
100 ppm maximum of 50.66% decolourization was
observed during the study. For further study, 50 ppm
dye concentration was used.

Figure 1E indicates the effect of Temperature on
decolourization of dye. Maximum decolourization
was observed to be 90.56% and 84.90% at 25°C and
16°C, respectively. Change in the temperature may
affect the linkage between dye and active site of the
biomass or change in the active site of the biomass™.
This may be the reason for the decrease in the dye
degradation ability of Geitlerinema sp

Figure 1F indicates the effect of pH on
decolourization and maximum degradation was found
to be 88.67% at pH 7. At another pH less than 50%
decolourization was observed. Change in the pH may
affect the dye degradation either due to the degree of
ionization of dye or active sites of the biomass®.

From the study, it can be concluded that the
optimum temperature and pH for decolourization
were found to 25°C and pH 7 which were also the
optimum growth condition for this cyanobacteria.
This optimum growth condition helps the growth of
the Geitlerinema sp in a positive level which further
helps in degrading the textile dye. Change in the
condition may affect the growth of the cyanobacteria
which in turn may affect the dye degradation process.
Park et al.?* have observed 90% of decolorization acid
black 52 using immobilized Funalia trogii.

Priscila et al.?* have reported that the Phormidium,
a cyanobacteria have decolorized an indigo azo
more effectively than Anabaena and the intermediate
was reported to be anthranilic acid and isatin.
Synechococcus have decolorized sulphur black,
RBRR dye and indigo dye. Shah et al.?® have reported
Phormidium valderianum have discoloured 90% of
acid red 19, acid red and direct black 155 dyes.
Queiroz and Stefanelli** have reported 81%
decolourization of blue drin dye by Anabaena.

Figure 1G shows the GC-MS analysis of the
degraded metabolite which was eluted at 8.477 min
and it was found to contain naphthalene. This
intermediate compound might have formed due to the
azo bond breakage of acid black 52. Further study is
required to confirm the pathway of complete
degradation of the acid black 52 azo dye. This
intermediate naphthalene can be further degraded into
salicylic acid and then into CO, by bacteria
like Staphylococcus sp, Corynebacterium sp,
Pseudomonas sp, Bacillus sp, and Micrococcus sp.

Complete degradtion can be achieved by co-culturing
or carrying out in 2 step degradation process.

Phytotoxicity study of dye and degraded dye
metabolites on mustard seed revealed that there was
80% germination of the seed which was exposed to
the degraded dye metabolites and 40% seed
germination was observed on dye treated seeds. The
percentage germination, shoot and root length of the
seeds which was grown in the presence of dye
metabolite were comparatively better than the
seed which were grown on the dye (Table 1).
Tallika et al.?® have also studied phytotoxicity of dye
effluent and dye treated effluent on V. radiate and
T. foenumgraecum and reported that there was a
decrease in the toxicity of the treated dye on seed
germination.

GCMS analysis of the hexane extract of the
control biomass (Gielterinema  sp) and
degraded dye biomass of Geitlerinema sp revealed a
decrease in the saturated fatty acid especially
dodecanoic acid percentage and presence of more
amount of other alkanes, alkenes in the dye treated
biomass (Table 2).

Hexane extract of degraded dye biomass was used
for biofuel production and the yield was found to be
75 mL/L. The GC-MS analysis of biofuel has
revealed the presence of n-alkanes, alcohol, and
methyl esters of the fatty acids which were listed
(Table 2).

The physicochemical property like density,
kinematic viscosity, flash point, acid value, moisture
content, calorific value, distillation temperature,
cetane number, pour point, cloud point of the
biofuel were studied and compared with the Indian
standard as well as ASTM biodiesel standard (US)
(Table 3). The physicochemical property of the
extracted biofuel was found to be within the standard
limits. Density and kinematic viscosity were found to
be 0.849 g/cc and 3.36 mm?/s. When compared to the
biodiesel ~extracted from sorghum, jatropha?,
lyngbya sp and synechococcus sp®, the biofuel
extracted from Geitlerinema sp had shown the better
density of 0.849 g/cc. Kinematic viscosity of biodiesel
of cyanobacteria, Lyngbya sp and Synechococcus sp
was reported to be 3.07 and 3.13 mm?s, these values
were quite similar to the extracted biofuel®®%.

Flash point, distillation temperature, pour point
and cloud point were found to be 126, 366, 2, and
1°C, respectively. When compared to Tallow, palm
oil and biofuel extracted from Geitlerinema sp had
shown less cloud point, which may be due to the
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Fig. 1 — (A) UV spectral analysis of the dye and test sample; (B) FTIR analysis of untreated biomass; (C) FTIR analysis of dye treated
biomass; (D) Effect of dye concentration; (E) Effect of temperature; (F) Effect of pH on dye degradation; and (G) GC-chromatogram of
degraded dye intermediates
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Table 1 — Effect of dye and degraded metabolite on the

germination of Brassica juncea L.

presence of less saturated fatty acid esters percentage
in the algal oil. The pour point of the biofuel

Germination  Root length ~ Shoot length extracted from Geilternima sp is similar to the petrol
% Incm incm diesel and is less than the palm oil, jatropha oil and
Control 100% 3.5£0.5 3.3:0.3 tallow®®3L.
Acid black 52 dye- 40% 2+0.5 1.2+0.4 .
50 ppm g ’ The acid value was found to be 0.222 mg of
Degraded dye 90% 2.740.4 2.3+0.4 NaOH/g of oil, which is less when compared to

metabolite-50 ppm

sorghum and jatropha oil diesel, which were 0.434

Table 2 — GC-MS analysis: Hydrocarbon fractions of hexane extract of the Geitlerinema sp
and the methyl esters of fatty acids, alkanes, alkenes of the biofuel

Hydrocarbon

Alkane

Alkene

Saturated fatty acid

Unsaturated fatty acid

Alcohol

Alkanone

List of the hydrocarbon

n-Nonane
n-Decane
n-Undecane
n-Dodecane
n-Tetradecane
n-Pentadecane
n-Hexadecane
n-Heptadecane
n-Octadecane
n-Nonadecane
n-Eicosane
n-Heneicosane
n-Docosane
n-Tetracosane
n-Hexacosane
n-Octacosane
n-nonacosane
n-Dotriacontane
n-Tetratriacontane
Cyclohexene
Hexadecene
Squalene or tetracosahexaene
Butanoicacid
Pentanoic acid
Hexanoicacid
Heptenoicacid
Tridecanoic acid
Tetradecanoic acid
Dodecanoic acid
Hexadecanoic acid
Octadecanoic acid
Eicosanoic acid
Docosanoic acid,
Tetracosanoic acid
Nonenoic acid
Nonadecenoic acid
Cyclopentanol
Pentanol

Hexanol
Cycloheptanol
Octanol
Dodecanol
Tridecanol
Hexadecanol
Tetracosanol
Hexanone
Heptanone

Area % of hexane extract Area % of biofuel  Area % of hexane extract

of dye treated biomass extract of control biomass

- 0.55 -
0.19 1.31 -

- 0.31 -
1.73 0.65 -
0.57 0.22 -
0.6 1.22 0.41
0.21 2.54 0.57
0.28 2.56 2.38
0.64 5.6 0.64
0.47 243 0.47
0.57 8.1 5.99
3.34 1.55 181
0.55 219 0.86

- 131 -
0.36 1.14 0.40

- 3.07 -

- 0.77 -
3.46 0.22 -
2.74 1.01 0.98

- 0.13 -
5.69 0.36 -
1.49 0.43 -
0.23 0.27 -
0.87 0.51 -

- 0.19 -

- 0.36 -
0.34 - -
0.73 0.97 0.39
0.43 1.93 64.28
0.33 0.56 4.23
2.3 0.72 1.52
0.43 0.89 -
1.07 0.52 -
0.53 1.52 -
0.76 - -

- 0.17 -

- 0.39 -

- 0.25 -

- 0.14 -
0.34 -
0.54 1.7 -

- 0.76 -
1.48 0.35 -

- 2.55 -

- 0.75 -

- 1.26 -

- 0.75 -
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Table 3 — Physicochemical property of the standard diesel and biofuel

Physicochemical Biofuel extracted from Diesel Indian standard-1S ASTM biodiesel standard
property Geitlerinema sp standard 15607-05 (USs)
Density 0.849 g/cc 0.838 g/cc 0.860-0.900 g/cc 0.86-0.9 g/cc
Kinematic 0.336/3.36 mm?/s 1.9-4.1 mm?/s 2.5-6.0 mm?/s 1.9-6.0 mm?/s
viscosityat40C
Flash point 126°C 75°C Min 120°C Min 130°C and Min 93°C
Acid value 0.222 Max 0.5 Max 0.50 Max 0.8
Calorific value 37.27 MJ/kg 40-45MJ/kg - -
Distillation temperature 366°C 372°C <366 °C 360°C
Cetane number 52 45 Min 51 Min 47
Pour point 2°C -6°C - -
Cloud point 1°C - - -
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