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21M13WAIFAT Modified Chu 13 (Largeau et al, 1980) (a1lay uaf, 2547) favdmlsznau

dadaluil
asAUsznaunan N3N/a035
KNO, 0.200
K,HPO, 0.040
MgSO4.7H20 0.100
CaCl,.2H,0 0.054
Fe citrate 0.010
Citric acid 0.100

o v @ ' a . @
(HaazaIEBIAUITNBUNANAINAIUAD LAY Micro element 1 ml ud5u pH Wla 6.7
oo ' ' ' . ' &
(Huamagludnenuiiunse-armesssruiuinlszan s.asuuny) Tagld 1 N KOH, HCI anwy
- 1Y a ° 4 a o -
FU5utnesild 1 das udniluihshdla dsgamai 121 °C Huom 15

Micro elelement lWUS1N@5 1 805 siiavdlsznaussdaluil

asdlsznau n3N/ans
H,BO, 2.85
MnCl, 1.80
ZnSO,.TH,0 0.02
CuS0,.5H,0 0.08
CoCl,.6H,0 0.08

Na,MoO,.2H,0 0.05
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B3NN .1 Analysis of variance ﬂﬂ»iﬂ'lil’-)ﬁigtﬂﬂTﬂﬂiNﬂ”Mﬂﬂ Scenedesmus obliquus (NBIWIZLAEN

Jd o L
Tuawmshiimsudsiiussduamuduturasanduaulasanlys

Between-Subjects Factors

N

co2conc .00
5.00
10.00

15.00

W wWwww

Tests of Between-Subjects Effects

Dependent Variable: Biomass

Type Ill Sum
Source of Squares df Mean Square F Sig.
Corrected Model .6022 3 .201 50.613 .000
Intercept 46.468 1 46.468 |111710.790 .000
co2conc .602 3 .201 50.613 .000
Error .032 8 .004
Total 47.103 12
Corrected Total .634 1
@. R Squared = .950 (Adjusted R Squared = .931)
Biomass
Duncan®®
Subset
co2conc N 1 2 3
.00 3 1.6393
5.00 3 1.8827
10.00 3 2.1673
156.00 3 2.1820
Sig. 1.000 1.000 .783

Means for groups in homogeneous subsets are displayed.
Based on Type Il Sum of Squares
The error term is Mean Square(Error) = .004.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.
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6. @NETAzaIY 40% NaOH USineu 40 Hadans sl lunasadesiiaionliluniainsy

7. @alahlianuday (steam) Maﬁ“umsné"uﬁ'mshq

8. naavasadasaanwdinInnduaiaiiwmanilusa 5.5 ansasfuddinguld wdahan
'lmmsnﬁ'umsazawnwﬂzﬂmaaa‘%nmwsgwﬁ‘ﬁﬂmtﬂuﬁu 0.1 N auldmsazaednuy

9. ﬁuﬁnﬂ‘s‘mm‘la‘[mﬂaa‘%nmmsgmmﬁlﬂua"ammﬁmmmﬂ‘%mm'[tlsﬁumugmm’wthﬁv

14.01x(A-B)xN
Bnalulasiy = ( )

W x 10
Vhinaldséiu (%) = VSinalusiiu x 6.25

A = Vsinawasnsainldlumslawmsatudiag
B = USinauaansaildlumslawmandy Blank
N = anuutiuzasnsalalaseaasn

W= fhwindhata (n3%)

2.  mAensidinaanslulawse Tna'lz’l'i'ﬁ'ﬂuaa-iavﬁn (Phenol Sulfuric)
WuismsitlFinnsimuBinamslulawseilismnaazas twm:l:h'nivwmmfua:ag"lugﬂ
Thenasand u?mivwmaﬁag'lugﬂ mono-, di-, tri-, oligo- Uax Polysaccharide AeENMSOIANEYIIEHE
il Tesulomsihujiseniuituaa uaznsadayin azlissusznauddu
aandl
1. @sazaeWusa 5%
2. @sazaensataninidudu
3. nglaaudgnd
Framewds 10 fadny Taea3astazidon
@anhndu lidmsazmeilodety udSulsnesidu 50 faddns
QAN TBLNVIMNY 1 Naddas avlunasanaass

W N e

WU 5% 1 Naddns weh i
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5. LaunsataWInunty 5 Haddans (msenliasaly 20 ndl) s ld 10 1 wdhieh
us9 9 wanliidhdudeeIaswanasazary (Vortex mixer) gy 20 1

6. Jammaganduuseiinnuenaiu 490 wluwms (Blank 180y 1 T03aas @awm
Mmatnluda 3) ua:ﬁwmﬁ’loﬂﬂLﬂ%‘ﬂmﬁﬂuﬁunﬂmmsjw

7. MANTENNININATIU v'n'[aﬂmsm‘%’aumsa:awng‘[ﬂau%qn‘é ANudNtu 10, 20,
40, 60, 80 uax 100 lulasnSudafiadans MMNMNTUAILT 4-6
sl namstulawmse

waunﬂﬂmmsgmsumummsmnauumnm“uuzmﬂau 490 luins uavANuLTNTY
vaanglad mnuummmwanauuawmmamﬂﬂmaununswﬂmmsw

(nuiurasnglad xUSananslulawse) x100
Usinamslulawase (% dry weight) =

nminuieass e (un) x100

* Yinasmslulawnse @a 50 Tadans (Famhouns 10 un. @anhndwihlwduansavay
tuammnuttmd‘suﬂ‘%umstflu 50 Nadans)

3. maensitinaniniy
ﬂu’:i’aﬁvmmﬁmﬂzvl'mﬂ%mmﬂ?ﬁuhﬂh"":‘ﬁ'ﬁam?m (Soxhlet extraction) (Humsanaas

dAysannnmatmeass Taslddmharaedundd wu 3mas wmuaa wis @y FauihAsnae
'lﬁ'lumsanﬂmuummﬂnﬂumq 1 leeldgeanamsluranda laslidhazanemudsushuasin
faansananany ﬂswamnnumwnsommsmmmmmsanﬂaanmumwmwumnwa duaam
araeildanaudniy sansninnduuasthnau U1 nlle
mqqﬂnsmuasmsmu

1 qﬂqﬂnstﬂaﬁ'ﬂﬁwﬁu (Soxhlet extraction apparatus)

2. vasanszawldarisinatng (thimble)

@

@3y (oven)
4 s
Tn@ﬂmwvu (desiccators)

-

5. @haraedunid (Lmuea)
Tosiingoudsauariunaummaassssalyil

1. dnhwinsmelaelfiaiassondon 4 dumis

2. viasmenszanunsasliiiede udnhluldlunasanseany (Thimble)

3. 1a8@ Thimble 'lziaq'luqﬂm%'maﬁmf”nﬁu (Soxhlet) UAABAUINAUNANYUIN 250
18dd0s Wndmhazasdunsd (musa) 100 Jaaaas aslulumatunay (Receiving flask)

4. @9 Condenser MULATDY Soxhlet TAnusaulusasnEirasmsauutiy 3 Nea /AU
yimsana 6-8 #lug v3agaunseinhiugazan Thimble aslumatunaumuaudlasdainasn
dsazaeiilnasanain Thimble Laifid

5. wenmatunanaamnNhssarasuaalymaslunsiauen (Separatory funnel)
@athndu 100 fadaas weh Wi suandhg udNANENITY 50 Badans udwthnsesusnliuasna
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ranfunniige lumsthariiussdunnlasamerashazmsiadanidasaanTasmsidsansiauen
Iivmedatvisana 45 ssn udidlafanitaananagy

6. mml‘i‘lummﬂnnuaanmnnu Lnumsavmﬂnuuumauumuuaumaazﬂwuuaqtamﬁu
Blunaaaiimnuihminiwiveu v 3 o luga 5-6 Tosdumatnlilunaaadu

i ummnsummanmuaan'lmmmummanmmmww i lFahwinuiveu
Warnamuasiusihiiu Mugaseail

- (B-A) x 100
USinanhaiu (%) =
C
A = uminvasaiiudmatna (nu)
Y e oy ' Ty, 2 oiEING @
B = ihwinvasaiiudiatinwar + dwmimhiufianale (nfn)
C = wwminamne (n3N)

4. mansimBinanduls (Crude fiber)
a,] @ o o a . 'T 'lv ” o o - &
NIVNUNAA L MM Nlagldie3as FIWE  Hiseasidoauasiuaaumsnaass
fana Uil
v Yo v« e s & <& v & -
1. hmagnnanmhiuuai ldludisum (Crucible) Uszanar 0.5 ndu sheniasiiazdon
2.  @uEsIEnIe 0.5 NN
a o v v o v vy 'Y a _aa o °
3. @uEsarenIataWIauty 1.25 % Nanlviiauual 150 1adaas N3l n-octanol 11U
3 vaa exliidluna 30 Wi
- P vy v v & g a _aa & a
4. dadugyanme (NagaaIaraILaanuaIaNMNNAUIaY 30 Hadans 3 A laaia
@ ad o v ' 1Y 'Y P > 'Y Y Y oo VYV v
dumuanaNuay theaulismearugueeshsui walidunailudisagniadriududidde
WINAY
a vy v o o vy v ol am °
5. @uasarais KOH Wndu 1.25 % N isauud? 150 §adans way n-octanol 317U
3 ae axliituns 30 wn
Yy <& & H A & v o
6.  MAIaraI8 KOH 28nuazanmeiinnausay 3 a5 uazthnauiu 1 @39 uanhindneeae
a _aa &
2oy 25 Nadans 3 AN
° o ° o a <& v o &
7. Wdgasnnnaiay FIWE wanhlusuigamail 105 °C unan 1 #laws udnhings
min szlaanbwminzandulesiunud hmindaganauwn)
& e - o a & °
8. nmanhlymvamnadlasenlumuenlihiigaumgil 500 °C Wunm 3 Ml udnian
dqgva &L & o & ¥ o v d < i o Y ' @ v o &
avlvtgululogaanutiu innhasninguhming seaduhwminyesdstandaundsniae
4 dumis uanhlddnamudmnadulomaugasauail

(NWINMBENABULN - YHNMBENNAILK) x 100

Vnoaudulo(w) = e ,
nminyasmathaave
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5. mauanzilGinand (Ash)

'luznmsﬂsvnaumamsaumﬂuaumiauuma mﬂmﬁmﬂimmtmLﬂmﬁmimﬂsmmm
aﬁauunsamwaamnmsmﬂuunamwnum Tuaoue nmiaumﬂnnmﬂuuwuum itlaesid
M muzhuﬂsmauuaquiﬁmmﬂaaulﬂmnamwmu maqmnusﬁmmqammwsvmahﬂu

mwmstmnamunum 500 aaAITaLTed
mqqﬂnim
1. oW (muffle furnace)
2. Mav
v r
3. tensuilan
o <& -
4. 1IN
- - & o &
Tﬂﬂuﬂaaztaﬂﬂua"vuﬁaumsnﬂammmalﬂu

1. aumuuuussa (crucuble) 'nanmnu 105 °C (e 1 $lw mmh"lmﬂu'lu‘inmﬂmwuu
Wuna 30 mn ummuwunmwuauuaqmuuv

2. Fuhwmingme 1 nFucsedaats 4 duns

3. i lvmvuudivlanudau hianusauatdng  das ivenudauaudoiadudduas
wnlvisunuaaiu

4. uﬂﬂmtmtmnamnnu 500 °C Wlunm 2 il (wnmmaamwnwmtmtmm 500 °C)

5. mnﬂ’i‘luamunuaﬂaﬂu‘[nﬂﬂmmuu udrdaimindlsieiaesa 4 drunie wdily
MumUTinam muzjmmumm

(B-A) x 100
C

Sinaum (%) =

B = MUNYBINZUL + SINENAILH
A = MINYaINBUE
C = IMUNYIIEVNENDUN DU

6.  MINANMSNUANNBY (moisture)
a a 4 o o a ° o @ &
ﬁ’Jums'zuom:n’mﬂsmmmwwuazmsm:malﬁnqmvmu 103 + 2 °C lpsdendanmsauf

' o H o o < o o a 4
qamgiifuiuay avsunszieldminiiaed lagldgau diminimeludavsnmanudu
» v
< v
wazansnszmale
o U4
daaunsal
1. foagidisn
2. By
4 O o '
3. 1ATANN 4 Fumia
&
4. lagaanuiu
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-4 -4 z o . ﬂv
lnsiinsazduauasrunaummaaassase lUil
e 2 . X 4
1. aumuuzussy Nigamail 105 °C Wunm 1 $ln udnhlugasmdudslagaanuiy
= d ¥ o od

Wunm 30 il udnhminiwiveusaamyus

2. FUMINAIBENEIMNEY (Wet cell biomass) 5 N3N

a Y o v v o a o a LY ' a4 d a9y

3. Uarhuanihngau Ngungil 103 °C Iugungiizesdmatinesin wldnasznm 5
1l

4. haamnaimlilitiungamgivaslulagaenaiu unm 30 il

u

d ¥ 4 < ° ' o o & 1
5. HihminmeaIasd 4 dumis udnhludmnaBinannady mugasdmuani

(B-A) x 100
(C

USinaemnaiiu (%) =

H Y

B = ihminaasd vNenauay

oL

o

A = NMUNYNEIVIIENAIDY

2 3

s v

C = NMUNUMZNEMNENBuaL
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Wmensiaudnifvalulada
=l d a P a o
(#3849 Gas Chromatography (GC) uaiaviansvasiaiifldmaiiamsuenasuaniissing
v o g & < o -~ o P < o g Vv P
ldheidunsweudvssana wazie Tasiimudsadudim (Carrier gas) 11 column FNdINIAULN
' i J o o ] Y

SsudnnnnImiria ldinmasussnauden . mudeu luameimngay wavasI93a81s
@ ] v vVa -4 8 ° - | V 1 A
MIBENEE detector MUANINURRWITINLATIWTDBUMMNMMTTALazUSINYBIFSeIBELa
HguAUASNAIFIU (Standard samples) TagdnluiameszuunaNRIGDS

Sample injection
syringe

Injection port

P Computer

Gas Decrector

cylinder

Fan-assisted thermostatically
controlled oven

P
3UumInii 9.1 Gas Chromatography system

- @ - Il
asdlsznaviidAguanaias GC anansoutvaenlaiiu 3 dude
< & < o ' - W o & o 1 % a
1. Injector Wuduiiansmatnazgniauhgiaisauazsumaiuuianauinzdhg column gaungi

o 5 % & ad o ° v [ ) v @
NYCdNyaN njector ﬂ’)ﬁl.lhlQmwnumj\!‘wElYIQ::VI‘l.l'VIa‘ﬁa'lN’liﬂﬁ:t“ﬂlﬂuﬂ1u‘nﬂﬂﬂ”ﬁﬁﬂ1&ﬂ’)

v
(decompose)
| - J o
2. Oven {Wudwitldsmiuussy column uazmuANRAMYTEEY column Wiiulumaiidmun

-4 @ o o ' s 3
3. Detector 1udufinnvinasdlsznauniiaglumsdathe (Flame lonization Detector; FID)

maszgnaldnuaias Ge dumsiensiluladwa

IBMInadaumanSnanfiatadmay 1mivwﬁ'u1u‘{aﬁma; EN 14103 Wumsiensviuiia
uazUSinauaamasuas Fatty Acid Methyl Ester imanzdmSumsmiuSinaiaamesvasaifiatadinad
nmifuame TagldmafiamalannTannil saewdasdalasnlansil MIfmmnumUSnane
111;Tu'luﬂ?qt‘faz'lﬁﬂim‘lmmsuﬁ’imswn’mnm%’ENuﬁa‘[ﬂiuﬂmnﬁw'ﬂ‘[ﬂﬂmmmgwaqﬁﬂ
(Height peak) t3guifisununsivanasgiveesnsalusiuinasyiu
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aUnsaiuazansiail
1. wiaaudalasinlansiil u3E Agilent Model 6890N 4 G1530N
1.1 AN U3¥M Supelco W Inert Cap WAX
- Stationary phase @@ polyethylene glycol
= AWM 100 was @urhugudnan 0.25 fadms uazanumn 0.2 Lilaswns

1.2 fmawnas viia wanlassluwiudinawmas
2. sacaaaUinu

3. MIMNAINYUIN 10 NadaNS

-t -4 o .
FONMINATSNAIDY

1. #3815 Internal standard Ywiin 0.0500 nix Tasa3asdanadion 4 dumia ldlumanaaas
2100 10 Fadaas udnudimihmin

2. Hansmathaluladzs min 0.2500 ndu Tonwa3asdmaiion 4 dumis Wlunedy
wianufimimin

3. WwdsazmsaUnu Ysines 5 Taddes Yarhwehasazanglidhiy

4. datn Y3nes 1 lulasdas Saiensimeeiswudalasnlansil

Magalunsann :

MAANINIIMINGSNIBEN MY 249.7 Tadndn ua

LUIMUNYAN internal standard (¥NHu
50.4 ¥adnsy i ludmmnalananail

[( 2A- AEI- AH) x MEI x 100]

DS (AEI x MSAM)
N [(323780428 - 3971183.7 - 300560869.2) x 0.0504 x 100]
(3971183.7 x 0.2497)
= 97.83

anuvIngyadmuls luaumsiuan
da C = USnauuhiaeamas, sagaclagiwmin

A = Wuiliewue

AEl =  Wuileuesans intemnal standard

AH = Nuifiezesnsazaeadn

MEI = 1hwiinuaaans internal standard (Nadnsn)

v

MSAM = ihmingasansimatnaluladeas (fadnsu)
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1. M3Uszaitnm3s (Conference)
1.1 meludsune
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o Tseusuaandiou Uhdy in Saan daawnen FanTaray3 stwindud 30 e
2553 4 1 ey 2553 (hidwauvuthawan)
1.2 dndszna
- 14" International Biotechnology Symposium and Exhibition, 14-18 September 2010,

Rimini, Italy (Oral presentation)

2. MSWEUUNANNINY (Manuscript)
1) P. Enmak and P. Kaewkannetra, (2010). In-situ acidic transesterrification of microalgal

oil: Effect of CO, and oil storage on Scenedesmus obliuus. Bioresource Technology.

(Submission)
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The Thailand Researc

Influences of CO, Concentrations and Salinity on Acceleration
of Microalgal Oil as Raw Material for Biodiesel Production

PrEVe0H ERMEK “° and Pakawadee Keawkanetra ™

* Graduate School of Khon Kaen University, Khon Kaen 40002, Thailand.

* Center for Alternative R ch and Development, Khon Kaen university, Khon Kaen 40002, Thailamf.

" Department of Biotechnology. Faculty of Technology, Khon Kaen University, Khon Kaen, 40002 Thailand.

Introduction and Objective

Carbon dioxide (CO,), one of the main greenhouse gases, causes global warming
problem. Many researchers have played attention to figure out alternative bio-regenerative
methods to reduce the atmospheric CO,. Microalgae are interesting microorganisms because of
their high growth rate and lipid accumulation. In this work, we investigated influences of CO-
concentrations and salinity on acceleration of microalgal oil as raw material for biodiesd
production.

Methods

The water samples were collected from water basins in several Northeastern arez of
Thailand. The algae were subjected to purification by serial dilution followed by micropipeia
technique. The isolated culture was inspected by regular observation under microscope method
and confirmed in isolation techniques by Thailand Institute of Scientific and Technological
Research (TISTR). Then, the isolated microalgae were cultivated in 3-L vertical tubular glas
photoreactors, using modified Chu 13 medium maintained under autotrophic cultivations
(16:8 hr of light dark cycle using cool white fluorescent and ambient temperature). Effect of
different CO, concentrations mixed with ambient air (5, 10% and 15%) on growth of the
isolated microalgae was also mvestigated.

Results

The green colonial unicellular microalga was identified as Scenedesmus Obliquus. The
strain can be grown in all variations of CO, concentrations. Moreover, it was found that the
algal biomass yields increased as CO, increases. The maximum biomass. was obtained
at 2.18 gL' when 15% CO, concentration was used.

Conclusion

The optimal condition for cultivation of Scenedesmus Obliquus obtained will be further
mnvestigated in other stress condition of sodium chlonide (NaCl) concentrations (0.1, 0.2, 0.3 M)
Then, the optimal condition for both algal biomass production and oil accumulation will be
evaluated. In addition the project will be fulfilled after cell recovery, microalgal oil extraction
and transesterification reaction for biodiesel production.

Keywords: microalgae, isolation, carbon dioxide, salinity, biodiesel production
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Abstract:

In this work, several microalgae samples were collected from natural water basins in
northern area of Thailand using micropipette technique. The isolation step was
investigated by regular observation under microscope technique. The algal strains were
enriched in modified Chu 13 medium. The morphology of the algal isolated strain
showed in a green unicellular colony thereafter as identified as Scenedesmus Obliquus.
Then, growth monitoring was performed in 3L vertical tubular glass photo-reactors
containing modified Chu 13 medium under autotrophic cultivations (16:8 hr of light
dark cycle using cool white fluorescent at room temperature) coupling which injection
of different CO, concentrations (5, 10 and 15%) mixed with ambient air for achieving
the maximum algal biomass. The results revealed that the S. Obliquus can be grown in
all variations of CO, concentrations. Moreover, it was found that the algal biomass
yields increased as CO, concentrations increase. The maximum biomass was obtained at
2.18 gL' (dry cell weight) when 15% CO, concentration was used. Hereafter, the effect
of salinity on the oil accumulation in the . Obliquus was considered. Sodium chloride
(NaCl) solutions (0.1, 0.2 and 0.3 M) were prepared with deionized water and then were
added into the cultures when the algal cells reached at early stationary phase (salt stress
period). The algal biomass was harvested at day 5® 10" and ‘15® after salt stress.
Biodiesel was performed by in-sifu acidic transesterification. The biodiesel property
obtained was subjected to American Society for Testing and Materials Standard
(ASTM), such as flash point, pH, density and viscosity.

Keywords: CO,: salinity; microalgal oil; Scenedesmus Obliguus: biodiesel
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Influences of CO, toncentrations and salinity on |
acceleration of micro algal oil as raw material
for biodiesel production

Department of Biotechnology, Facufty of Technalogy,
Khon Kaen University, Khon Kaen 40002, THAILAND

Classical materials; §
- food crops , animal fat, used oil
- limitations are time and areas !
consuming and particularly food
demand interfere

Alternative materials;
- non food crops
- microalgae

Introduction

Objectives

Materials and Methods
Results and Discussions
Condlusion

1) To select and identify local microalgae from
natural water hasins

2) To increase algal biomass of the isolated strain
by CO, concentration

3) To induce oil accumulation by salt stress

4) To investigate biodiesel production from
micro algal oil via In-situ
transesterification

Phase 11; ¢
Effect of CO, & salinity | Siodiesel Producti 1
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Phase I

Sampling and isolation
of microalgae from natural water
basins in northeastern area
of THAILAND

ight Intensity
= pemperature (28-29 °C)

1 R RS & lylsd €0, concentrations;
Phase II | ; w faiel - (mixed with ambient air)

> 4

Effect of CO, and salinity
on growth and oil accumulation owth measurement
o Optical Density (OD66S5 nm.)

of Scenedesmus obliquus B 5 o Cell coumt
o Biomass measerement
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Table 1. Biomass composition of S. obliguus;
_. cultivated under antotrophic cultivation {CO; 15%)

Algal biomass -
compositions Contents (% wt.) ; Influence of Salinity

protein 23.19 ‘ on growth of S. obliguus
carbohydrate 11.0
W T e

fiber 9.18

Tnfluence of Sahinity on el Taten of & obiig
k)
. ™
« b indaction = 60.8%
: 4
]
£
2
-
i
=
"m-llﬂ]'ll wrem doles
o J
Days (stress period)
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Phase III

Biodiesel production

In-situracidic transesterification from the wet aigal biormmss (Michae! ,2009)

Reaction products
of methylation

Stancard 0.3  Alealodl
FAME 5 (crude extruct)

Patneait

Domsity (g/sal} (15 ©) 0.001 oss7 [ 0.8e-0.9

asl —0.37_—4
Ack valer (mg KOR/E) 0538 < 0.8 | cenp <BE

Increasing high yield of algal bi and lipid lation
in microalgae by simultaneous CO; and salt stress
dearly proved that microalgae can be used as
a raw material for biodiesel production.
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