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ABSTRACT

Algae grown on wastewater media are a potentiakrs®wf low-cost lipids for production of liquid Hicels. This
study was aimed to estimate the effect of Phydiemical characteristics of normal and sewage wépét 7.60
and 6.60, EC 15.97and 12.3énol, free Cg1.48 and 0.74nitrogen 0.90 and 0.50 mg/l, potassium 168.11 and
54.63 mg/l, calcium 249.52 and 112.21mg/l, magmesli®4.91 and 51.19 mg/l, sulphate 57.08 and 28.88, m
chloride 98.00 and 84.63 mg/l, carbonates 362.18 8A.64 mg/l and bicarbonates 1138.30 and 253.3Bmng/
sewage and normal water respectively) on Chlor&leenedesmus and Botryococus. The highest bioth&88 (mg
ml™?), chlorophyll (15.56 pg rit), lipid (49 %), acid value (0.52mg KOH/g), dengi®y885 g/cn), iodine value (75
mg/g), saponification value (0.125mg KOH/g), vistyo$4.8mn¥/sec), myristic acid (9.0%), oleic acid (9.3%),
linolenic acid (20.1%), palmitic acid (35.3%), sti&aacid (6.1%) was observed in Scenedesmus tharyd®mcus
and Chlorella. The properties of algal oil meet #ie properties given by American society for itestand
materials (ASTM) D6751, ISO 15607and EN14214- Eewrbfence, it is concluded that algae can be groetbeb
in sewage water than normal water for their oil amgkd as a potential feedstock for liquid biofuglduction.
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INTRODUCTION

Biofuels produced from plants have potential tolaep a significant fraction of our fossil fuel needith a

renewable alternative [1] and it is believed tlzage-scale production of biodiesel from edible oisy bring global
imbalance to the food supply. Hence, environmesttabtarted to debate on negative impact of bietli@®duction

from edible oil [2]. However, concern has growntthse of food crops for production of ethanol, l@sel or other
renewable fuels will increase food prices while ihgMittle impact on greenhouse gas emissions Higjnce, as a
solution for competition with food versus fuel @sisnon-edible vegetable oils are found to be bigtéor biodiesel
production under experimental conditions [4].

US Department of Energy suggested that algae aabtzof producing oil suitable for conversion todiesel with
an aerial productivity of 20-40 times that of odgecrops [5]. Use of fresh water for microalgaetication has
generated great debate. Further, use of convehtinaedia in the form of mineral salts is uneconomnitise of
algae for sewage wastewater treatment in pondselk egtablished [6] and algae-based treatment of/ dand
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piggery waste also has been investigated [7]. Toere use of sewage water for cultivation of freshter
microalgal species has proven to be a feasibl®wopti

Waste water contains macro and micro nutrientfazarich waste water promotes the growth rate bgrizing the
CNP ratio and allows microalgae to undergo mixdtiogrowth with several benefits. Algae growth iastewater
treatment ponds contributes to treatment mainlpubh dissolved oxygen production and nutrient aisiion.
However, carbon: nitrogen and carbon: phosphorti® ia domestic sewage (C: N 3.5:1; C: P 20:1) aw |
compared to typical ratios in rapidly growing alg@gdmass (C: N 6:1; C: P 48:1) [8], this dearticafbon leads to
limitations in algae production and incomplete ruigition of sewage water nutrients by algae, researesented
herein was conducted to determine utilization ofstwawater for microalgal cultivation which is estg&nfor
improvement of microalgal biofuel feasibility.

MATERIALS AND METHODS

Experiments were carried out to determine the algaivth and lipid productivity in normal and sewagater. The
pH and EC of water samples were evaluated befaigeutor the experiment. The water samples aredidtand
analyzed for Free CO Nitrogen, Potassium, Calcium, Magnesium, Sulpha@#loride, Carbonates and
Bicarbonates by APHA procedure [9]. The reagengsidsr analysis were AR grade and double distileder was
used for preparation of solutions.

Isolation of microalgae: Different fresh water samples were collected imilsted bottles from pools, ponds and
lakes of Bangalore city for isolation of microalgaed then samples were inoculated in Bold's Basadiom and
incubated at AT for 7 days. Aggressive culture replacement wittsti media was done to enrich the rapidly
growing cells.

Purification of algae: Tube containing culture sample was centrifuged3@O0rpm for 15 minutes. After
centrifugation, supernatant was discarded and walle suspended in fresh sterile water in tubegusartex mixer

to complete centrifugation-washing process. Cargefion and washing was repeated three times telexp
microorganisms in the sample.

Obtaining pure culture by streak plating technique: Washed microalgae was streaked on solidified Bdd#sal
medium in aseptic condition and kept for at le#fstdn days to grow. Repeated streak plating wasechout to
pick up single colony from earlier streaked plate®m last streaked plates, single colonies werkepi up by loop
and allowed to grow in tubes and vials and the putiires were isolated by repeated sub-culturing.

Identification of isolated microalgae: Identification of the pure cultures was done by esbgig under the
compound microscope [10].

Study of growth pattern of isolated microalgae:10ml of pure culture inoculum was aseptically sfanred to
clean and dry sterilized conical flasks containg@dml of nhormal and sewage water under laminarflaiv for
comparative studies. Then they were illuminatecbblps at room temperature for 30 days and studgedrowth
pattern using optical density at regular interiab40nm forChlorella species and 625nm f@&cenedesmusnd
Botryococudill values were constant and graph was plottedrasg®D versus days and after that a known volume
of cultures is used for further studies.

Biomass estimation:Biomass was estimated by Richmond and Gobbel&&86{111] method. 100 ml culture was
filtered in a dried and pre-weighed Whatman FiRaper No.1 and dried in an oven at 60°C until cortsiveight
was obtained and then it was calculated in termmgifnl.

Chlorophyll estimation: Chlorophyll was estimated by homogenizing a knawwtlume of culture and centrifuged
at 8000 rpm for 10 minutes, pellet was treated Withml of 95 per cent methanol, shaken well andilated at
60°C in a water bath for 30 minutes. Supernatargt eemtrifuged and absorbance was measured in wagghl of
652.4nm and 665.2 nm in a spectrophotometer usne® cent of methanol as a blank [12].
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Lipid Extraction: Lipid extraction was done by using chloroform/metbla(2:1) and estimated gravimetrically by
a procedure adapted from Bligh and Dyer (1959) fy8Benemann and Tillett (1987) [14].

Determination of the physico chemical properties othe lipid: AOAC standard methods [15] were used to
determine the properties like Acid value, Denditgline value, Saponification value and Viscosity.

Determination of fatty acid composition: Analysis of Fatty acids was carried out on Gas .[T6le GC was
equipped with Flame lonization Detector and staimlsteel column, dimension 10 X 1/8; packed witth DEGS-
PS. Column was conditioned at ¥80about 2 hours for attaining thermal stability dvef use. About 10uL of
sample dissolved in hexane was loaded onto therool@perating condition was programmed at oven &zatpre
15FC (hold time 5min) with increasing rat€@min t0196C (hold time 0 min), Z/min to 208C (hold time
10min), injection temperature 28D and detector temperature 360 Nitrogen was used as a carrier gas with flow
rate of 20 ml/min. Concentration of individual fatcids in the test samples were determined by eomp the
peaks obtained from the GC analysis with peaksutfiemtic standards and n-heptane was used as emmdht
standard. The experimental design was completelgamized with three replicates. All data were espedl as
mean values + SE, the comparison between the naaas/were tested using DMRT (P = 0.05).

RESULTS AND DISCUSSION

Normal and sewage water samples were analyzedHpit was varied from 7.60 to 6.60 and electricahductivity
of water samples was also observed as 15.97ané ieh8l. If electrical conductivity of the water samplevere
less than 1 dSm-1 indicating that water samplesagotess salts. The microalgae have a unigue reatugrowing
under these pH and EC conditions. Therefore, tineger samples are a good source for productioniofoagal
biomass and in turn biodiesel production (TablEigure 1, 2).

Algae has a great ability to fix GQhus it can be used to reduce greenhouse gaskshigiier production of
microalgal biomass and consequently higher biotligieéd [17,18].High free C@ content in the sewage water
makes it a good medium to grow algae, here the@@sgis 1.48 and 0.74 in sewage and normal water respbct
(Table 1, Figure 3).

Nitrogen limitation increases lipid content in sospecies [19, 20] here the estimated nitrogend8 8nd 0.50 mg/I
in sewage and normal water respectively (Tabladiyrg 4).

The other parameter like Potassium (168.11 and35#g1), Calcium (249.52 and 112.21mg/l), Magnes{lo4.91
and 51.19 mg/l), Sulphate (57.08 and 28.35 mgh)pfde (98.00 and 84.63 mg/l), Carbonates (3621& 32.64
mg/l) and Bicarbonates (1138.30 and 253.33mg/Ipl@ &, Figure 4) are recorded high in sewage amchalowater
respectively which favors more growth of algaeeéwage water compared to normal water, is in agraemith the
findings of Sharma and Ashwath 2006 [21] that$batreates opportunities for commercial biomasdywstion and
sequestration of excess minerals in the plant syste

Table 1: Physico chemical parameters of water usedr the growth of microalgae

Parameter Normal watgr ~ Sewage walter
pH 6.60 7.60
EC umol 12.36 15.97
Free CQ 0.74 1.48
Nitrogen(mg/l) 0.50 0.90
Potassium(mg/l) 54.63 168.11
Calcium(mg/l) 112.21 249.52
Magnesium(mg/l) 51.19 104.91
Sulphate(mg/l) 28.35 57.08
Chloride(mg/l) 84.63 98.00
Carbonates(mg/l) 32.64 362.18
Bicarbonates(mg/l) 253.33 1138.30

Values are the means + SE of three replicates e2ata were subjected to analysis of variance amdgared for significance according to
DMRT (P=0.05).
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Fig: 1, 2, 3 and 4 Physico chemical parameters ofater used for the growth of microalgae

The growth of isolates was measured in terms ofnbg&s, chlorophyll and lipid production, highest rbass
production was noticed iScenedesmu4.533 mg mif followed by Botryococusand Chlorella The total lipid
content of biomass from the 10% dilution rangedmfr8-14% and from 25% dilution ranged from 10-29% by
weight. In comparison, lipid content 8tenedesmusndChlorella cultures has been reported to range from 12-45%
[22] which correlates with our results. Chlorophgtintent varied significantly among the cultufsenedesmus
showed 15.56 ug mKFig-6), this implies that increase in the biompssduction also increases chlorophyll content
of strains [23]JandLipid produced from the isolat€Scenedesmusas more compared ®otryococusand less as
compared to Chlorella, the experiments with sewagéer reached steady-state biomass concentratiters 38
days, the lipid contents iBcenedesmuBotryococus and Chlorellavas 49, 43 and 39%, which concurred with the
result ofMandal and Mallick 2009 [24] and average lipid @nitof the micro alga8cenedesmus acutwas 50 per
cent of its dry matter as estimated by Pokethitkyebal. 2009 [25]. Despite relatively low lipid tents observed
in algal growth in normal water, high biomass prctthn rates resulted in high lipid productiviti€gaple 2 and Fig

5, 6 &7).

Oil extracted from algal species was analyzed fdd avalue, density, iodine value, saponificationueaand
viscosity. It was deduced from the results thahkgj acid value 0.52mg KOH/g, density 0.885 g/dodine value
75 mgl/g, saponification value 0.125mg KOH/g, visigod.8mnf/sec was observed iBcenedesmusompare to
BotryococusandChlorella (Table 2 and Fig 8, 9, 10, 11, 12).The obtainadlte for iodine value meet the biodiesel
quality specifications (<120g,/l00g) which makes these algal oils competitivehwiiome vegetable oils
traditionally used for biodiesel production as N 14111(2003) [26].Properties of oil were comparable with
study conducted by Li et al. 2007 [27] and fea&ipdf biodiesel production from algal consortiumogn in treated
wastewater was checked by Chinnasamy et al., 208D ,[ where these results are also in conformityhwi
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observations made by Gouveia and Oliveira 2009 {B8] microalgal lipids derived frolScenedesmus sppere

mainly composed of unsaturated fatty acids.

Table 2: Growth and lipid parameters of microalgae

Chlorella Scenedesmus Botryococus

Parameter Contro | Sewage watt | Contro | Sewage wat | Contro | Sewage wat
Biomass (mg ) 1.790 1.833 4.421 4.533 2.454 3.566
Chlorophyll (a+bjug mf* 8.52 8.71 14.45 15.56 9.91 11.07
Lipid % 20 39 37 49 39 43
Acid value (mg KOH/g) 0.41 0.49 0.43 0.52 0.4 0.51
Density (g/crm) 0.870 0.881 0.794 0.885 0.79% 0.883
lodine value (mg/g) 61 63 73 75 68 69
Saponification value (mg KOH/g 0.19¢ 0.210 0.126 .216 0.156 0.211
Viscosity (mni/sec) 3.8 4.0 3.9 4.8 3.8 4.3
Myristic acid % 7.9 8.3 8.8 9.0 7.8 8.9
Oleic acid% 8.1 8.4 8.6 9.3 8.4 9.0
Linolenic acid% 15.9 16.6 19.3 20.1 15.90 17.1
Palmitic acid% 30.9 31.7 29.8 35.3 29.4 33.3
Stearic acid% 3.9 4.9 5.8 6.1 4.7 5.0
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GC-MS analyses of the fatty acids through chronratog illustrate and are depicted in Table 2 andireig 13.
The results are in agreement with earlier studfg8@ 31,32, 33], Myristic acid 9.0%, Oleic aci@%, Linolenic
acid 20.1%, Stearic acid 6.1% was observed to gkehiin Scenedesmusompare taBotryococus and Chlorella
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which is grown in sewage water than normal watéesE results indicate that the algae exhibitedtatdipy to a
wide range of pH, EC, free GOnitrogen, potassium, calcium, magnesium, sulphetégride, carbonates and
bicarbonates in sewage water. Wh@&amitic acid was also highest Bcenedesmuise., 35.3% compared to
Botryococug33.3%) andChlorella (31.7%), the results of important fatty acid conipos in Scenedesmuare in
agreement with earlier study where there is higi@mitic content [34] The percentage of saturatesevhigher
followed by mono-enes, di-enes and in all the tlalgal species.

CONCLUSION

Integration of municipal wastewater treatment vethal biofuel generation is an economically viaatel attractive
option for meeting the decentralized energy demé&fiiciency of lipid extraction from algae was falmo differ

according to species, cell disruption and assatiartraction methods. Highest lipid was extractedmf
Scenedesmufllowed by Botryococusand Chlorella. This study also contributed data on lipid produitti of

wastewater grown algae, a rarely addressed topiite \this is many times higher than that of temiaekbil plants,
higher productivity is a goal of continuing resdarin addition, the suitability of the lipids foudl production by
transesterification and other means needs to berrdigted. Overall, the waste-to-biofuel approachthig study
avoids many of the cost and food competition issiegher biofuel feedstocks.

Acknowledgements
The authors are thankful to Bangalore Universitydimviding infrastructural facility.

REFERENCES

[1] R.D. Perlack, L.L. Wright, A.F. Turhollow, R.L. Gram, B.J. Stokes, D.C. Erbach; Biomass as Feed&toek
Bioenergy and Bioproducts Industry: The Techniczdstbility of a Billion-Ton Annual Supply. DOE/G32005-
2135, Oak Ridge National Laboratory, Oak Ridge, Z0D5

[2]1R. A. Butler, http://news.mongabay.com/2006/0425gaIm.htmIS.Why is oil palm replacing tropical
rainforests? Why are biofuels fueling deforesta?i@d Apr2005

[3] J. Fargione, J. Hill, D. Tilman, S. Polasky, P. Haevne,Science2008 319,1235.

[4] L. Meher, M. Kulkarni, A. DalaiEur J of Lipid Sci Technp2006 108, 389.

[5] J. Sheehan, T. Dunahay, J. Benemann , P. Roe&slarpk Back at the U.S. Department of Energy’s Atipia
Species Program-Biodiesel from Algae. National Reai#e Energy Laboratory, Golden, Colorad®98

[6] W.J. OswaldJournal of Applied Phycologp00315, 99.

[7] E. Kebede-Westhead, C. Pizarro, W. MullhApplied Phycology2006 18, 41.

[8] Metcalf, Eddy, Waste water engineering. Treatmerd &euse. Tchobanoglous, G Burton FL, Stensel HD
(Eds).4" Ed. McGraw Hill, Inc, USA2003

[9] APHA. Standard methods for examination of water awadtewater. 19th ed. Washington DC: American Rubli
Health Association1995

[10]H.D. Kumar, Introductory Phycology, Affiliated Eadfest Press Pvt. Ltd., New Delii99Q 347.

[11]A. Richmond, J.U. GobbeladBjomass,1986 10, 253.

[12]H.K. Lichtenthaler , C. Buschmann, Chlorophylls aratotenoids: measurement and characterization\by U
VIS spectroscopy. Current Protocols in food aneiftchemistry. Wiley, Newyork001

[13]E. Bligh, W. Dyer Canadian J Biochemical Physiolagho59 37, 911.

[14]J. Benemann , D. Tillett , Effects of Fluctuatingvitonments on the Selection of High Yielding Miatgae.
Final Report to the Solar Energy Research Instifeébruary 271987.

[15]AOAC official methods2000Q

[16]Ana P Carvalho, F. Xavier Malcath, Agric. Food. Cherip05 53, 5049.

[17]1K. Maeda, M. Owada, N. Kimura, K. Omata, J. Karubreergy Conversion Managemeh§95 36,717.
[18]K.G. Zeiler, D.A. Heacox, S.T. Toon, K.L. Kadam,M.. Brown, Energy Conversion Management,
199536,707.

[19]H.A. Spoehr, H.W. MilnerPlant Physiology1949 24, 120.

[20]J. LemanAdvanced Applied Microbiolog997, 43,195.

[21]A. Sharma, N. Ashwatiesalination 2006187, 361.

[22] G.A. Thompson JiBiochim. Biophys. Actd,996 1302,17.

[23]E. Eroglu, A. MelisBiores. TechnoR01Q 101, 235.

[24]S. Mandal , N. MallickAppl. Microbiol. Biotechnol2009,84(2), 281.

137
Scholars Research Library



Sirangala T. Girisha et al Arch. Appl. Sci. Res., 2014, 6 (1):131-138

[25]P. Pokthitiyook, P. Sonboonidhidhorn, W. PeeigkaBoChaiolern, M. MeethaniNew Biotechngl2009 25,
5273.

[26]EN 14111, Fat and oil derivatives-FAME-determinataf iodine value2003

[27]1X. Li, H. Xu, Q. Wu,Biotechnol. Bioeng007, 98, 764.

[28]S. Chinnasamy, A. Bhatnagar, R.W. Hunt, K.C. [Bisres. Technol201Q 101, 3097.

[29]L. Gouveia, A.C. Oliveira). Ind. Microbiol. Biotechna2009 36, 269.

[30]E.W. Becker, Microalgae: biotechnology and micrdiy. Cambridge, New York: Cambridge Univ. Press.
1994

[31]A.B. Hossain, M. Sharif, A. Salleh, N.B. Amru, Ph@vdhury, N. Mohd American Journal of Biochemistry
and Biotechnology2008 4, 250.

[32]P. Kumar, M.R. Suseela, T. Kiralsian Journal of Experimental Biolo@p11, 2,493.

[33]G. Knoth Analytical methods used in the productao fuel quality assessment of biodiesel. Transastdf
ASAE, 2001, 44,93.

[34]K. Stefanov, K. Dimitrov, K.S. Dimitrova, I. Kirigva, S. Popo\Archive fur Hydrobiologie1996 135,523.

138
Scholars Research Library



