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발광다이오드 (LED)를 이용한 8종의 미세조류 바이오메스 및 오일 생산에

관한 연구

강 창 한

부 경 대 학 교 대 학 원 생물공학과

요 약

화석연료사용의 증가로부터 대기 중의 CO2농도가 증가하여 지구온난화 현상이

심각하게 대두되고 있으며,에너지 원료의 고갈로 인해 대체에너지 자원의 필요

가 증가하고 있다.이 두 문제를 해결할 수 있는 대체에너지 자원 원료로서 미세

조류가 각광받고 있다.미세조류는 빛에너지와 대기 중의 CO2를 이용해 성장하

는 광합성독립영양생물이다.미세조류는 3세대 바이오매스로서 성장이 빠르고,

오일을 체내에 축적가능 하며,배양을 위한 많은 면적의 땅을 요구하지 않는다.

미세조류의 성장에서 가장 중요한 에너지원은 빛 에너지원으로,빛 광도,빛 파

장에 영향을 받는다.본 연구에서 사용한 빛 에너지원은 발광다이오드로서 형광

등에 비해 전력량이 낮아 가격이 저렴하고,미세조류가 원하는 파장 만을 이용할

수 있다는 장점이 있다. 따라서 본 연구에서는 Isocrhysis galbana,

Pheodactylum tricornutum, Nannochloropsis oculata, Nannochloropsis

oceanica,Nannochloropsis salina,Dunaliella salina,Dunaliella teriolecta,

Nannchlorisatomus,8종의 미세조류의 파장,광도,영양분의 최적 농도를 결정

했다.이와 더불어 Two-phase배양을 통해 체네의 오일함량을 증가 시켰으며,

바이오디젤의 특성으로 적합하다고 알려진 C16(palmiticacid)와 C18(stearic

acid,oleicacid,linoleicacid,linolenicacid)의 함량을 분석하였다.

바이오디젤 생산하기위해 8종 미세조류의 최적조건을 확립하기 위하여 f/2배지
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를 1.5L의 멸균해수에 첨가하고 lightanddarkcycle(L:D cycle)은 12:!2,air

공급은 2.5L/min으로 일정하게 공급했으며,온도는 20℃에서 배양했다.최적 파

장을 설정하기위해 광도 70 μmol/m
2
/sLED 파장을 660nm (red),640nm

(orange),520nm (green),465nm (blue),405nm (violet)파장에서 배양했다.

그 결과 I.galbana,P.tricornutum,N.oculata,N.oceanica,N.salina,D.

salina,D.tertiolecta7종의 미세조류는 465nm (blue)파장에서 최대 바이오메

스를 얻었고,N.atomus는 660nm (red)파장에서 최대 바이오매스를 얻어 이를

최적 파장으로 설정했다.이 후 최적 광도를 설정하기위해 각 종의 최적 파장과

40,70,100,130μmol/m
2/s의 광도에서 배양했다.그 결과 8종 미세조류 모두

100μmol/m2/s의 광도에서 최대 바이오매스를 생산했다.형광등에서 동일한 조

건으로 배양한 결과를 비교 했을 때,LED에서 배양한 미세조류의 바이오매스 생

산이 형광등에 비해 약 2배이상의 바이오매스 생산을 확인하였으므로,LED가 효

과적인 빛에너지 자원임을 확인 하였다.최적 파장 및 최적 광도를 설정한 후 성

장에 있어서 가장 중요한 영양원인 질소원 농도를 8,16,24,32mg/L로 설정하

여 배양했다.이 때 I.galbana,P.tricornutum 은 16mg/L에서 각각 0.93,1.08

g dcw/L 의 최대 바이오매스를 생산했고,오일함량은 30,36% ofdry cell

weight의 함량을 얻었다.또한 N.oculata,N.oceanica,N.salina,D.salina,D.

tertiolecta,N.atomus는 24mg/L의 질소원 농도에서 1.01,0.92,0.88,0.79,

0.75,0.84gdcw/L의 바이오매스 함량과 28,23,22,25,26,25% ofdrycell

weight의 오일함량을 각각 생산했다.

최적 파장,광도,영양분의 농도를 설정해 최대 바이오매스를 생산한 후 오일함

량 및 지방산 함량을 증가시키기 위한 배양으로 파장을 변환시켜 배양하는

two-phase배양을 실시하였다.최적조건하에서 배양한 미세조류가 정지기에 도

달했을 때 배양하고 있는 모든 미세조류의 빛 파장을 660nm (red)혹은 520

nm (green)혹은 465nm (blue)파장으로 변환하여 3일간 배양했다.그 결과 8

종의 미세조류에서 520nm (green)에서 가장 많은 오일을 축적했다.이때 오일

함량과 C16 (palmitic acid)와 C18 (stearic acid,oleic acid,linoleic acid,

linolenicacid)함량을 분석했을 때 I.galbana,P.tricornutum,N.oculata,N.
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oceanica,N.salina,D.salina,D.tertiolecta,N.atomus종은 60,62,56,53,

50,52,54,52% ofdrycellweight의 오일함량을 생산했고,이때의 지방산함량을

분석한 결과 C16(palmiticacid)는 435.4,360.0,382.4,381.5,322.8,326.4,350.4,

252.4mg/goil의 함량을,C18(stearicacid,oleicacid,linoleicacid,linolenic

acid)는 443.9,542.7,416.0,374.1,343.5,449.1,435.8,367.8mg/goil의 함량이

측정되었다.

이 결과로서 미세조류는 성장을 위해 특정파장을 흡수하여 성장하고,이는 미세

조류가 가지고 있는 chlorophylla,β-carotene혹은 phycocyanin의 보조색소로

인한 것임을 알 수 있었고,최적조건에서 배양한 후 two-phase공정을 실시 했

을 때,전체적인 오일함량 및 지방산 함량을 증가시켰다.이 결과들은 미세조류

를 LED같은 적절한 빛 에너지원을 이용했을 때 낮은 전력량으로 전체적인 바이

오매스,오일,지방산 함량을 증가시킴으로써 차세대 미세조류 빛 에너지원으로

이용할 수 있음을 확인하였다.
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1.Introduction

Thesearchforalternativefuelsourcehasreceivedattentiondue

tothelimitedsupplyofcrudeoilandincreasinggreenhousegas

emissionsbyusingfossilfuels.(Shafieeetal.,2010).Therefore,

therehasbeenmanystudyinusingmicroalgaeasapotential

sourceofbiodiesel.

Microalgaeareknownfortheirmetabolicflexibilitybyvarying

thecultivationconditionsofalgae,thusregulationinbiochemical

compositionofthebiomasscanbeachieved(Pascaletal.,2012).

Inaddition,comparedtoterrestrialoilcrops,microalgaeexhibit

highproductivity,shortgenerationtimeandhighoilcontent,

thuslargescalemicroalgaeoilproductionispossible(Malcata,

2011).Inmicroalgaecultureofphotoautotrophicmode,photonsof

lightareoneofthemajorenergysourcesforthegrowthof

cells.Since,thephotonsoflightcouldbeabsorbedbythe

microalgaecellsasnutrients,thepropertiesoflightsource,such

aswavelengthandintensityaredefinitelycriticalfor

photoautotrophicmicroalgae.Thegrowthofmicroalgaecanbe

controledcultureconditionssuchastemperature,lightintensity,

pH,nitrogenandphosphorusinculturemedium.Amongthese

factors,thenitrogencompositionofmedium concentrationcan

affectofintracellularlipidaccumulations(Pruvostetal.,2009;
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Rodifietal.,2009).

Lightintensityandwavelengthplayverycriticalrolesin

photosynthesisprocesswhichareconsequentlyreflectedinthe

growthoforganisms.Microalgaealsorequirelightanddark

phasesforitsproductivephotosynthesis.Duringthelightphase

ATPandNADPHareproducedandproducedduringthedark

phase,cellularprotein,carbohydrates,nucleicacidsandlipidsare

biosynthesized(CheirsilpandTorpee,2012).Thespecificgrowth

rateofalgaecouldbeinfluencedbythelightsource(Chojnacka

etal.,2004).LightEmittingdiodes(LEDs)canproducecost

effectivelow wattageirradiance.Photosyntheticactiveradiation

(PAR)andthewavelengthrangeof400-700nm areeffectivefor

photosynthesis(Fig.1).Energyabsorptionbyphotosynthetic

organism isthusdependentonthechemicalnaturaloftheir

constitutivepigments(Carvalhoetal.,2011).

Allchlorophyll(green pigments)have two major absorption

bands:blueorblue-green(450-475nm)andred(630-675nm).

Thegrowthofmicroalgaecanbeimprovedusingeitherredlight

orbluelight(Korbeeetal.,2005).Chlorophyllaisthemajorof

reactionpigment,whileaccessorypigments;chlorophyllb,cand

dextendtherangeoflightabsorption(Richmond,2004).Light

intensityshouldbedeliveredevenlyovertheilluminatingsurface

ofculturevessel.Adequateamountofphotosyntheticallyactive
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radiation (PAR)reaching photonsenablesthecellin culture

(Lee,1999). Excessive light intensity may lead to photo

oxidationandphotoinhibition,howeverlow lightlevelmaylimit

cell.Studieshavebeenfocusedonmicroalgaeoilandfattyacid

compositionusingtwo-stageculture(Aflaloetal.,2007;Goet

al.,2012).Two-stageculturerequirescomplexandinconvenient

process. However, two-phase process is easily convenient

processbecauseofonlychangingtheLED wavelengthasstress

factoragainsttwo-stage process which twice the harvesting

processafterreachedtostationaryphase.Therefore,thisstudy

wasimplementedfortheoptimizationofeightmicroalgaegrowth

through various LED wavelength,lightintensity and nitrate

concentration and the increase ofoilcontents by two-phase

cultivationwithwavelengthstress.
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Fig.1.Theabsorptionspectrum ofchlorophylla,

β-caroteneandphycocyanin

Fig.2.Two-phaseculturesystem
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2.Material& Method

2.1.Microalgae& Culturemedium

Eightmicroalgae,Isochrysisgalbana,Pheodactylum tricornutum,

Nannochloropsisoculata,Nannochloropsisoceanica,

Nannochloropsissalina,Dunaliellasalina,Dunaliellatertiolecta

andNannochlorisatomuswereobtainedfrom NLPCo.(Busan,

Korea).Allmicroalgaewereculturedat20±1°Cinf/2medium

(GuillardandRyther,1962).

2.2.Cultureconditions

Foroptimizationofcultureconditions,Eightmicroalgae,

I.galbana,P.tricornutum,N.oculata,N.oceanica,N.salina,

D.salina,D.tertiolectaandN.atomuswereculturedinvarious

LED wavelength of660nm (red),640nm (orange),520nm

(green),465nm (blue),405nm (violet)withlightintensityof70

μmol/m2/s in 2-L flask with a working volume of 1.5-L

sterilizedseawater.Allcultureswereperformedwith12:12L:D

cycle. After the determination of optimal wavelength, all

microalgaeculturedindifferentlightintensityof40,70,100,130

μmol/m2/sfordeterminationofoptimallightintensity.andthen,

tocompareofbiomassandoilcontentsinfluorescentlightand

LED,eightmicroalgae,I.galbana,P.tricornutum,N.oculata,N.
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oceacnia,N.salina,D.salina,D.tertiolectaandN.atomuswere

cultured in fluorescent lightand LED with optimalculture

conditions.Fortwo-phaseculture,eightmicroalgaewerecultured

with optimal conditions. When cultures reached to early

stationary phase,LED wavelength was changed from blue

wavelength(465nm)tored(660nm)orgreenwavelength(520

nm)thenculturedfor4days.Alloftheculturesweresampled

every day and biomass,oilcontents and fatty acid were

analyzed.

2.3.Measurementofdrycellweightandnitrate

concentration

Nitrateconcentrationanddrycellweightweredeterminedusing

UV-Vis spectrophotometer (Ultraspec 6300 pro, Amersham

Biosciences, Sweden) at OD220(Collosetal,1999) and OD680,

respectively.Thesampleswerecentrifugedat9,940xg,4℃ for

15 min.The supernatantwas used forthe measurementof

nitrateconcentration.Culturesamples(30mL)werecentrifuged

at9,940x g,4℃ for10min.Cellswerewashedtwicewith

distilledwateranddriedat80℃ for24hour.A standardcurves

were plotted and used for the determination of nitrate

concentrationanddrycellweight.
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Oil content (% DCW) =
  ( ) − 0  ( )

    ( )
 × 100  

2.4.Cellharvestandoilextraction

Themicroalgaewereharvestedbyusingcentrifugationat9,940

xg,4℃ for15minThepelletwaswashedusingdistilledwater

threetimes.Thesamplewasdriedat80°Cfor24hour.Theoil

wasextractedbymixingextractionandsolventdriedcellsusing

ahomogenizer(Ultra-TurraxT8,IKA
®
-WERKE,Germany).The

oilfrom driedcellwasextractedusingchloroform:methanol(1:2,

v/v)asextraction solvent(Bligh anddyer,1959)by shaking

incubator.Extraction solution wascentrifugedat620x g for

separation.Theorganicsolventwasevaporated,andextracted

oilsweredriedat80℃ toconstantweight.Totaloilcontentwas

obtainedas% ofdry cellweight.Oilcontentscalculated by

equationbelow:

WhereW0andW aretheweightsoftheextractortubebefore

andafterextractingoil,respectively.DCW isthedrycellweight

ofmicroalgae.

2.5.Fattyacidanalysis

Inordertodeterminefattyacidscomposition,oilextractedby

solventwasmethylated.Tenmgoflipidsampleand1mL of

14% borontrifluoridemethanol(Sigma-Aldrich,St.Louis,MO,
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USA)were added into a screw-cap glass tube purged by

nitrogengas.Thereactioninthetubewasoccuredinaheating

block (100°C)for90 min and subsequently cooled to room

temperature.OnemL ofdistilledwaterand2mL ofpentane

wereaddedtothereactant.Thetubewasvigorouslyvortexed

for2min.After9,940xgcentrifugation,thesupernatantsample

wasdriedbynitrogengasinordertoremovethepentane.Then,

the reactantwas mixed with 50 μL of n-hexane for the

detectionoffattyacidsusinggaschromatography.Theanalysis,

on standard fatty acid compoundsC14:0,C16:0,C18:0,C18:1,

C18:2,C18:3,C20:0andC22:0usingF.A.M.E.mixC14-C12kit

(Sigma-Aldrich,St.Louis,MO,USA),werecarriedoutusing

theYL6100gaschromatography(YoungLinInc.,Korea)usinga

fusedsilicacapillarycolumn(HP-INNOWAX (30m x0.32mm

x0.5μm),AgilentTechnologies,USA).Theinitialtemperature

was 100°C followed by a temperature increase program of

5°C/min toafinaloven temperature200°C.Theinjectorand

detectortemperaturewere200and250°C.Thequantityoffatty

acid was calculated by peak areas with standard curves of

myristicacid(C14:0),palmiticacid(C16:0),stearicacid(C18:0),

oleic acid (C18:1),linoleicacid (C18:2),linolenicacid (C18:3),

arachidicacid(C20:0),behenicacid(C22:0)whichwereobtained

from Sigma-Aldrich(St.Louis,MO,USA).
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3.ResultandDiscussion

3.1.Optimizationofwavelength

Drycellweightwithculturedfivedifferentlightwavelengths

(660nm,640nm,520nm,465nm,405nm)andconstantlight

intensity(70μmol/m
2
/s)areshowninFig.1.Optimalwavelength

was determined by cellgrowth of eight microalgae.High

biomasswasobtainedat0.45,0.54,0.42,0.41,0.43,0.39,0.40g

dcw/Lfrom I.galbana,P.tricornutum,N.oculata,N.oceanica,

N.salina,D.salinaandD.tertiolectaunderwavelengthof465

nm (blue)andN.atomusobtainedhighbiomassconcentrationof

0.41gdcw/Latwavelengthof660nm (red)inlightintensityof

70 μmol/m2/s,respectively.Kiang etal.(2007)reported eight

microalgaemicroalgae,I.galbana,P.tricornutum,N.oculata,N.

oceanica,N.salina,D.salina,D.tertiolectaandN.atomuswere

phytoplankton using photosynthesisforcellgrowth.Stomp et

al.(2007) reported that I. galbana and P. tricornutum as

golden-green algaeanddiatom belong tochrysophytaand N.

oculata,N.oceanica,N.salina,D.salinaandD.tertiolectaas

greenalgaebelongtochlorophytacontainingchlorophylla,band

β-carotene. And N. atomus include chlorophyll a and

phycocyanin.Chlorophylla,bandcarotenoidwerepigmentfor

photosynthesis.Bluearea(400-500nm)andredarea(600-700
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nm)wereabsorbedby chlorophylla,bluearea(400-500nm)

wasabsorbedbyChlorophyllbandblue-greenare(400-600nm)

was absorbed by carotenoid.And  C.Y.Wang etal(2007)

reportedthatphycocyaninwasabsorbedbyorange-red(600-700

nm).Therefore,optimalbiomassproductionofeightmicroalgae,

I.galbana,P.tricornutum,N.oculata,N.oceanica,N.salina,D.

salinaandD.tertiolectawereobtainedat465nm,N.atomuswas

obtainedat660nm (red)because465nm (blue)wavelengthwas

absorbedbychlorophyllaandβ-carotenepigments,phycocyanin

absorbed660nm (red)wavelengthasshowninFig.3
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Fig.3.Biomass production ofeightmicroalgae undervarious LED

wavelength,660,640,520,465,405 nm in lightintensity of70 μ

mol/m2/s.

3.2.Optimaizationoflightintensity

Fig.4 shows the optimization oflightintensity for eight

microalgae under optimalwavelength.High biomasses were

obtainedat0.58,0.64,0.68,0.60,0.58,0.55,0.51,0.51gdcw/Lin

100μmol/m2/soflightintensityfrom I.galbana,P.tricornutum,

N.oculata,N.oceanica,N.salina,D.salina,D.tertiolectaand

N. atomus under optimal LED wavelength, respectively.

However,lightintensity of130 μmol/m2/s did notincrease
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biomass production comparing to the lightintensity of100μ

mol/m2/s.Zouetal.(2000)reportedthatitwouldbeduetothe

photoinhibitionwhichresultsfrom overextractionofelectronson

photosyntheticsystem.AndI.galbanaCCMP1324grownwith

lightintensities ofover106 μmol/m2/s showed low biomass

productionbecauseofphotoinhibition.Linetal.(2007)reported

thatI.galbanaCCMP 1324withhighlightintensitiesshowed

bleach and lysis ofthe cell.Therefore,100 μmol/m2/s was

selectedasoptimallightintensityforthegrowthofI.galbana,

P.tricornutum,N.oculata,N.oceanica,N.salina,D.salina,D.

tertiolectaandN.atomus.

Fig. 4. Biomass production of eight microalgae in various light

intensity,40,70,100,130μmol/m2/sunderoptimalLEDwavelength.
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3.3.Comparisonofbiomassandoilcontentsinfluorescent

lightandLED

Tocompareofbiomassandoilcontentsinfluorescentlightand

LED wavelengthaslightsource,eightmicroalgae,I.galbana,P.

tricornutum,N.oculata,N.oceanica,N.salina,D.salina,D.

tertiolectaandN.atomuswereculturedinoptimalconditions.

AsshownFig.5(a),thecomparisionofLED tofluorescentlight

underoptimalconditions.Biomassproductionwasincreasedto

2-foldwhencellsculturedinLEDcomparingtofluorescentlight

underoptimalconditions.Asshown Fig.5(b),oilcontentsof

eightmicroalgaeusingLED andfluorescentlightusingoptimal

conditions.Oilcontentsof30,36,28,23,25,25,26,22% I.

galbana,P.tricornutum,N.oculata,N.oceanica,N.salina,D.

salina,D.tertiolectaandN.atomusofdry cellweightwere

obtainedatoptimalLED wavelength.Therefore,LED couldbe

usedforthemicroalgaecultureasproperlightsourcecomparing

tofluorescentlight.
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Fig.5.ComparisonoffluorescentandLEDlightculture
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3.4.Optimalconditionsofnitrateconcentration

Nitrateconcentrationforthegrowthofeightmicroalgaewas

optimized.Variousnitrateconcentrationsof8,16,24,32mg/L

wereappliedtotheculturewithlightintensityof100μmol/m
2
/s

under optimalLED wavelength.As shown in Fig.6,high

biomasseswereobtainedat0.92,1.08gdcw/Lfrom I.galbana

and P.tricornutum with nitrate concentration of 16 mg/L,

respectively and reached to stationary phase on 18 day.N.

oculata,N.oceanica,N.salina,D.salina,D.tertiolectaandN.

atomusshowedcelldensitiesof1.01,0.92,0.88,0.79,0.75,0.84g

dcw/L with nitrateconcentration of24mg/L and reached to

stationaryphaseon18,19dayunderoptimalwavelengthand

lightintensity,respectively.ThecultureofI.galbanaand P.

tricornutum withnitrateconcentrationof16mg/Lshowedhigh

biomassproductioncomparingtothatwithnitrateconcentration

of24,32mg/L,N.oculata,N.oceanica,N.salina,D.salina,D.

tertiolectaandN.atomuswithnitrateconcentrationof24mg/L

showed high biomass production comparing to nitrate

concentrationof32mg/L.Thus,itcanbeconcludedthataftera

certainleveloftolerance,highernitrateconcentrationsbecome

toxic foralgalsurvival.In previously study,this isbecause

thereisincreaseintheactivityofnitratereductaseathigher

concentrationsofnitrateleadingtoenhancedproductionofnitrite
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and ammonia thatare accumulated in vivo.Therefore,the

accumulated nitrite and ammonia actas toxins,resulting in

decreaseinbiomassproduction.(Jeanfilsetal.,1993).

Oilcontents and fatty acid composition ofmicroalgae were

variedbynitrogensourceconcentration.Theincreaseoftheurea

concentrations in themedium decreased thelipid contents in

microalgae,Chlorellasp.culture(Hsiehetal.,2009).Therefore,

propernitrogensourcesandconcentrationsareimportantfactors

forbothbiomassandoilproductioninmicroalgaeculture.
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Fig.6.Cellgrowthofeightmicroalgaeinvariousnitrateconcentration

of 8,16,24,32 mg/L under optimalLED wavelength and light

intensity.
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3.5.Oilcontentsandfattyacidcompositionwithtwo-phase

cultivation

The two-phase culture was tried for the culture ofeight

microalgaewiththebiomassproductioninfirstphase,andoil

accumulationinsecondphaseculture.TheLED wavelength,of

465 nm (blue),lightintensity of100 μmol/m
2
/s and nitrate

concentrationof16mg/LforI.galbanaandP.tricornutum,24

mg/L forN.oculata,N.oceanica,N.salina,D.salina,D.

tertiolectaandN.atomuswereappliedforbiomassproductionin

thefirstphaseculture.Aftertheculturereachedtostationary

phaseasafirstphasethewavelengthwaschangedtoinduce

theproductionofoilasasecondphaseculture.Fig.5shows

increasingoilcontentsfrom two-phaseculturewithwavelength

stressfor3day.AsshowninFig.7,eightmicroalgaewere

cultured with optimalconditions in firstphase culture.High

biomasseswereobtainedwith 0.92,1.08,1.01,0.92,0.88,0.79,

0.75,0.84gdcw/Lfrom I.galbana,P.tricornutum,N.oculata,

N.oceanica,N.salina,D.salina,D.tertiolectaandN.atomus

respectively. When eight microalgal cells reached to early

stationaryphase,wavelengthwaschangedfrom 465nm (blue,

control)to660nm (red)and 520nm (green).I.galbana,P.

tricornutum,N.oculata,N.oceanicaandN.salinaproducedat

38,42,38,36,38% ofdcw underwavelengthof465nm (blue,
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control)on 2day ofsecondphaseculture.D.salinaandD.

tertioelcta produced at 32,32% of dcw under the same

wavelengthon1dayofsecondphaseculture.Also,N.atomus

produced at35% ofdcw with wavelength of660 nm (red,

control)on2day.Onthesameday,oilcontentswasobtained

at57% and60% ofdcw from I.galbana,58% and62% ofdcw

from P.tricornutum,50% and56% ofdcw from N.oculataand

47% and53% ofdcw from N.oceanica,46% and52% ofdcw

from N.salina,48% and52% ofdcw from D.salinaand46%

and54% ofdcw from D.tertioelctawith660nm (red)and520

nm (green) of LED wavelengths of second phase culture,

respectively.Also,N.atomusproducedoilcontentsof47% and

50% ofdcw with465nm (blue)and520nm (greed)ofLED

wavelengthofsecondphaseculture.
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Table 1.Fatty acid composition of eight microalgae with optimal

wavelengthandlightintensityusingLED

Fig. 7. Cell growth and oil contents of eight microalgae using

two-phasecultureunderoptimalconditionsofLED wavelength,light

intensityandnitrateconcentration
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Generally,nitrogensourcesuchasnitratedepletionof

microalgaeculturereachestostationaryphaseofmicroalgae

growthandchangesthemetabolicpathwayfortheaccumulation

ofoils(Suetal.,2011).Huangetal.(2010)reportedthe

activationofdiacylglycerolacyl-transferase,whichconvertsfatty

acidacyl-CoAtotriacylglycerolundergrowthinhibition

conditions.Thiscouldbethereasonwhywavelengthchangeof

lighttheinhibitsgrowthofmicroalgae,thusincreasesthe

intracellularoilaccumulation.Thefattyacidcompositionof

microalgaecanbechangedbythecontroloftheculture

conditionandperiod(Linetal.,2007).Thechangesintheoil

contentsandeightfattyacidcompositionafterthestationary

phasesofeightmicroalgaecultureareshowninFig.6.The

palmiticacidcontentsandunsaturatedfattyacidofeight

microalgaeincreaseduntil2daysafterstationaryphases.

However,fartherexposuretolightstressdecreasedoilcontents

andfattyacidcontentsafter2dayssecondphaseculture

changingwavelengthfrom 465nm (blue)to520nm (green)or

660nm (red)asshownFig.8.Oilcontentsof60% ofdrycell

weightandhighpalmiticacidandlinolenicacidof435.4mg/g

oiland320.5mg/goilwereobservedinI.galbanaunder

wavelengthof520nm (green)on2daysofsecondphaseas

shownFig.8a.Fig.8bshowsthatoilcontentsofP.tricornutum
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increasedto62% ofdrycellweightandfattyacidcomposition

ofpalmiticacidandoleicacidof365.0mg/goiland470.4mg/g

oil,respectively,under520nm (green)on2daysofsecond

phaseculture.Oilcontentsof56% ofdrycellweightwas

obtainedwithlightstressat520nm (green)andhighpalmitic

acidandoleicacidcontentsweremeasuredat382.4mg/goil

and340.5mg/goilfrom N.oculataon2daysofsecondphase

cultureasshownFig.8c.

Fig.8dshowsoilcontents,palmiticacidandoleicacidof53%

ofdrycellweight,380.5mg/goiland282.4mg/goilproduced

from N.oceanica,respectivelywithwavelengthchangefrom 465

nm (blue)to520nm (green)afterstationaryphaseon2daysof

secondphaseculture.Fig.8eshowsoilcontentsof52% ofdcw,

palmiticacidof322.8mg/goilandoleicacidof268.4mg/goil.

Also,D.salinaandD.tertiolectaproducedoilcontentsof52%

and54% ofdcw withpalmiticacidcontentsof326.4mg/goil

and350.4mg/goil,linolenicacidcontentsof282.5mg/goiland

280.1mg/goilwithwavelengthchangefrom 465nm (blue)to

520nm (green)afterstationaryphaseon1daysofsecondphase

culutreasshowninFig.8fandFig.8g.N.atomusobtained

maximum oilcontentsof50% ofdcw withpalmiticacidof252.4

mg/goilandlinolenicacidof301.2mg/goilunderwavelength

changedfrom 660nm (red)to520nm (green)on2daysafter
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stationaryphasecultureasshowninFig.8h..

The majorsaturated fatty acid is palmitic acid synthesized

initiallyinmicroalgae(Harwoodetal.,2009).Inaddition,palmitic

acidandoleicacidhavebeenrecognizedasthemostcommon

componentofbiodiesel(Knoth,2008).Inrecentstudy,Paletal.

(2011)reportedpalmiticacidandunsaturatedacidsofoleicacid

and linolenic acid increased from Nannochloropsis sp.under

growthinhibitionconditions.Similartothisresults,highpalmitic

acidwasobtainedfrom eightmicroalgaeafterstationaryphase

withchangingwavelengthon2daysofsecondphaseculture.

Thefattyacidsincreaseingreenlightwhichislightstressas

secondphaseculturecouldhavebeen duetoacompensatory

increaseintheamountofchloroplastsandarearrangementof

thethylakoidstructurewithinthechloroplastasaresponseto

thelow absorbanceofthewavelength(Zhangetal.,2011).This

isthereason fortheincreaseofoilcontents,saturated and

unsaturated fatty acid composition second phase culture by

changingwavelengthfrom 465nm (blue)to520nm (green)or

660nm (red)insecondphasecultureasshownFig.7andFig.

8.



-24-

Fig.8.Oilcontentsandfattyacidcompositionfrom eightmicroalgae

usingtwo-phaseculturewithchangedwavelength.
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4.Conclusion

Eightmicroalgae,I.galbana,P.tricornutum,N.oculata,N.

oceanica,N.salina,D.salina,D.tertiolectaandN.atomuswere

cultured in various wavelength,light intensity and nitrate

concentration fortheevaluation ofoptimalculture conditions.

Theoptimalwavelengthandlightintensityweredeterminedas

wavelengthof465nm (blue)and100μmol/m
2
/sfrom I.galbana,

P.tricornutum,N.oculata,N.oceanica,N.salina,D.salinaand

D.tertiolecta.AndN.atomusdeterminedoptimalwavlengthof

660 nm (red) and light intensity of 100 μmol/m2/s.The

maximum biomass of I.galbana and P.tricornutum were

obtained at0.92,1.08g dcw/L in nitrateconcentration of16

mg/L,respectively.N.oculata,N.oceanica,N.salina,D.salina,

D.tertiolectaandN.atomuswereobtainedat1.01,0.92,0.88,

0.79,0.75,0.84gdcw/L,respectivelyinnitrateconcentrationof

24mg/L.After,eightmicroalgaereachedtostationaryphase,the

second phase culture was implemented for increasing oil

contents.Afterthe maximum biomass was obtained in first

phase,wavelengthwaschangedfrom 465nm (blue)to660nm

(red)or520nm (green),660nm (red)to465nm (blue)or520

bn (green)in secondphase.Astheresult,oilcontentswere

measured at60,62,56,53,50% ofdry cellweightfrom I.
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galbana,P.tricornutum,N.oculata,N.oceanica,N.salina,

respectively in wavelength of520nm (green)on 2days.D.

salinaandD.tertiolectaobtainedmaximum oilcontentsof52%

and54% ofdrycellweightinwavlengthof520nm (green)on

1days.AndN.atomusproducedmaximum oilcontentsof50%

ofdrycellweightwhenwavelengthchangedfrom 660nm (red)

to465nm (blue)or520nm (green).Thisstudyalsoshowedthe

high accumulation of palmitic acid during second phase of

two-phaseculturefrom eightmicroalgaeunder520nm (green)

on2daysofsecondphase.I.galbana,D.salina,D.tertioelcta

andN.atomusshowedhighaccumulationoflinolenicacidand

P.tricornutum,N.oculata,N.oceanicaandN.salinashowed

highaccumulationofoleicacidasunsaturatedfattyacidwith

changingwavelengthfrom 465nm (blue)to520nm (green)or

660 nm (red)to 520 nm (green)in second phase culture.

Therefore,the presentresults suggested thatthe two-phase

culturecouldincreasecellmassofmicroalgaeandoveralloil

productionwithpalmiticacidandunsaturatedfattyacidsuchas

oleicacidandlinolenicacid.
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