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ABSTRACT

This research focused on the effects of different nitrogen concentration in BG-11
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AP-40, China) & N & dert %4% b DRS¢
m'imﬂuaﬁa‘!?mﬂﬁam WVb‘ q.*ﬁfh,l ﬁ{% ﬁﬂ%?‘d’m }t’mﬁﬁu 0:038/0.044 Mpa

L \ A < ‘\
(Atman, HP-8000) ;éﬁ N E’j\j (;& n\i A & 1
namqawsiﬁuuu\'l-mm Q_Ight m:érdr copeTfOl }s CH30 dapan)
alamiusas Wﬂam'lm‘[m '3 ﬁ%énfacygo,metﬁr)

A I’\\
g

wanialmes(Desiceator)

A9 (Cuvette)wuin, 1 Tadans
\w3amTinaneg (Glasswares)
NIrUanm (Graduated cylinder)
prifBdleanaged (Alcohol burner)
lulastiun (Micropipette)

PaunInsesEUa vum 0.8-1.2 Ans
awgNIuIEn WduEugugnat 0.4 Wwuins

Wansgvsansruen Wurugudnae 1.2 wuiwns 811 2.5 wufluns
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WINTIEMIINaN 1dUToUN 10 1wURWIRS

AMIRBABENUUY 3 NN Uy 4 N

MmraUTuUIuINeINA

via PVC quneinee) uazdasavie PVC

isevhuiswuuutiBenuds (Wiease, freeze dry)

Lﬂ‘%’aa"fﬂmsqﬂnﬁmm (Spectrophotometer) (Thermo SCIENTIFIC, GENESYS 10S
UV-VIS, USA)

Lﬂ%‘mﬁ’iLtﬁ'x:ﬂ"lﬂ'lﬁﬂ’a'ml.ﬁuuazqmmﬂmﬂ (Freeze dryer) (Heto, Lyolab 3000,
Denmark)

indaathunisamnaznou (Centrifuge) (HERMLE, Z36HK, Germany) wiouvinthumies
YUIA 250 Haddns

Fifuutuds (Fréezen) guvail 80 sawiyaldud (SANYO, Japan)

13097 47GAUMIS-(AND, GF =800, Japan)Z” -

1309 microplate reade: (TV\F A@62780 Labsyste?ns, mode
- &\
] 4 (’ } § '\
AMSUms BN TS BE;lF(BLqe{éreq? n\;e,dlum mﬁn'u'm n)
NaNO, KZHP{O% w@spwmor Ca%ﬁH@ ﬁlt\ru? j‘(ﬂ‘d Eerr‘% ammanium citrate

e

EDTA disodium magne5|um i'athe@gﬂrace‘;étemeﬁm‘gatw umgaua"lwmrm vndu

L -

ansiaiiald y ’,.r Y% >

ub‘

A ‘ '3 3 q
.J Wl * ‘..\ e p |
3.3 msm’iuumwﬁmmﬁ@}ﬂﬂ%ﬂwﬂ piey @Wiﬂwuapuﬁu
3.3.1 NA5AAL 3, "«’;7.'“‘ ~ H ~‘~ !'
WW :":"""‘ﬁ] "‘i.. 4 J': of \_( ‘
u’m’samamaumﬂw\ummm%m ,jspreag) -/Uumm'm'uqqm'mmaqmi
innuum‘lﬂmwvmmwamﬂnmm ‘Iqa'(ﬁuaaagwmgma,amﬂgaafsﬁwumLtaqam'mummL-uuum

3,400 &n% Luaa'wﬁmLﬂicgmu‘[mutmmﬂmj.f mﬁfﬂﬂmwnma'[manﬁ'hmmwauamm

Teladideaqlumsidssiugmnsuddniml vhnsuenshauleladaiviienlaisnunsmiouty
uazlsifinmsuudeusngdunidtug ansumuaiAsluaseTimIsiude Glant) Weliulily
nusnly
3.3.2 MIINIMUNENTE
msdnduunyilasdheamitsanvasnoms iuBssaamzidssluemsivas
grafiveams  laglfuaainannvaonngeaisadusuasduniiinduuas 3400 &g uasl
o1melaign Weawmseighinggusisdnunsrinundasgansseiuazdasuunaming
3.3.3 msmanudutuvedeifonlunsmilianzay
MaAsENeTIMIWME BG-11 fiilleidenlunm (NaNOy) fimsududusingg
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5MMEMNTUTINNF1Y MugRseIms BG-11 Tumaruan n-1 Taefiaudutu NaNO; Wy 1.5,
2.0, 2.5 war 3 n3W/aAns Tdasluindy ussgemsmaitiunns 150 fadans ldasluranariuug
o o v s o & w v a 1 X v H ) « &
250 Nadians wazlameoynd1d whlsveremisilseindaselour amnusy 15 Yaus/ms1eih
- 5 ﬂ.' v d I = 1
qamail 121 svnwaldea Wuian 15 unit seisld 1 Au eansaeuindinsuudeuniel way
< < ' U o { = v
wuliluniazen wWeldlunsmeassdely msmodehlalaeimanatemavaniniouls uas
oy v v v & A N - | o o &
qunsaindedld Whdtewe Wauar UV Wunawssnm 30 it Wesiidedivuideu 1hwade
a £ ' PP v v « 6 ¢ o aa - - =
vignsuasavaeiiinnududueaduszinm x10° 1wad/daddns vieAn1sganduuai 560
TunsiiAn 0.3-0.6 WWuasluamsivan BG-11 il NaNO; mamidudusingg Usinm 10% wves
dy J 4‘ 1 = L a a Vv
IMSLABUTD izl luanizive 110 59U/ ATILTULES 3,400 ang PUNNUNDY (27+3
awnwaldua)  Ansdeunansiyiiulpdenisiugad_ msinAnisgandunas  waznism
dminiwagdiuii insnsivaeunl 3 Gunm 30 Yu (1TR5) kasyinsieszikaild
3.4 MsATNFERUN RS AvlaazUTIAlvIuYe e
ao & o [ L A LR = 4
3.4.1 ':smsuummuwagﬂim‘tvalaw%ﬁmlﬂnumm (haemacytometer)
. ! L] _Jdvl LA fu"‘\g = o X i
MYAFIDE 1AM N DINTF TV Ul UITe @unlyladimed) 1 von lutes
@ INT Y \ o - 0 ;

v | = a A = o ans O Lora e s v < ' L
Tdsetns (load fport) Ainsgantnalantiaey maelaniali 1-uiafieliisadausoansgiu
4 4 . T v:c‘—"'“,_‘), (el b e ﬂkv’r""-.-l“' | ) o w
dlad ealarvuivinnaladuaindesyansai .;ﬂ‘w‘naa«ﬂcﬂf_m‘imgnmawmEjmqﬂ'lﬂmawmﬂ

- -~ W o « {’ "l‘rt;l "Af."/"“f‘“iﬂ' o2 u‘,ﬂa ”” ﬂg" g l’ﬁT"" \ § o v

Ngau uummuwaaﬁgw;wﬁm‘vm:@uﬁn ' ‘@ﬁu@;ﬁm@uﬁzyﬂmﬁq faae  lneseie

3 ' o o o 'v’ - .‘J.: ‘_‘ i ¢ ‘.}r.,#: 1 ‘,—""“7",“—‘-,% ~=Tq 1 «

mmwmmnuﬂwmmmﬂ}inabuﬁqmﬁw 2RO m_ﬁmwﬁnwmazﬂwuw \wag/
» WD N ’) | # < 3 ') > \ Fa et

—
—~ T T

- aa - 5 e— f.-‘
iadans I UM XA AOND /

A ‘*‘ o q
1 & 0 In A § A’»y' LA ,7.1.""1. '.‘? S .
- A L9 O @RS 3 )2 D80 M, 118 R
34.2 'Jﬁ?ﬂﬂ’ﬁﬂ!ﬂﬂﬂﬁg&l@# (Optical Density: ©D).. ||/ )
v L% ""‘u o v \ ;.r‘ Sa »«: -u ] L j = v <
leshed e ondosnasinailinoied drluinkamshanduddiuinsesawn
a « & r." ‘\a' “‘,‘\ - -l ; J " y '\J < o ot U = o
Tnsinlndlimes (SRectfophotameten) fraeaau S60uniyuns-udziuiinennsnanduuadi

AL WGR( 9) 1.2
Wl > N>

i
A S

3.4.3 FMavTinARIRE
UwaentelnINTdulandn_ (eppendor) Bulugavaudou 70 ewnwaldva
Uszanas 1 Flue dafminvashnatintests 4 sunus wastimmmingls usetnsase
Viines 1 fiaddns Tdasluvaonisusdfadninidn wastumissiewmdss mini centrifuges
(spin down) Wuna 10 Wit wdndladuuuiie uasiduiindy 1 faddns wardumies ed
wad ihlauwislugouanseu gumagil 70 ssmwaidoa Wuna 24 2l hmasaiouwisldly
wdniames iduas Uszanm 1 $alue Sadwnindhoiedesds ¢ mumis Suiinbwindle uas
senunadiu twinuiseusines (n3u/ans)

ar d L] =
3.4.4 asrvaoudsuinalvduniiluwadavsionieisludisa


lib
Textbox


15

\iushogeamsieninyng Wanard Yiinmes 1 faddns mstumissheieies
mini centrifuges (spin down) w1 10 wiit wdanlaie Whduveavadinnnznawidule
wiiadanenled (DMSO) mmduduiosay 25 Ysums 100 lulasdns deumedludisn (Nile
Red) Anuidindu 0.1 fiadniu/daddns Usies 10 lulasdns naulidriuudadeiald 10 il
hlanavsinaluliwhendesganssmingeaisaius dilluiuaziiumsiseuadvies

3.5 MISANALALNIIUIDANDIAIATY
3.5.1 MsanaluduaIngmineg (auwlasain Ahmad uazame, 2013)
wadamsewis Wi 03 nf meufupaelsWesuReIIUER  ShsdIy

22.72:45.45 fiadans 1y sonicated 1Wunan 25 il wanuuwAIeIruaNs (magnetic stirrer)
Wuna 2 9l nsesdenseatensas-Whatman=No.5_thnmniinsesldluatnendnads 1
asazaneiianalilusveiirasatioonielnioinausmeiivuing (rotary evaporator) #
qaungdl 40 asrnwalua fathwilndeag Wil waeifivlinsnitedmeiedusioly

3.5.2 n3upamaINIATuyedliY (Ahmaditasame, 2013)

-uamwunl‘uu}g A0 u’aaniu ava'm'lummwﬁruﬂaam uaziin 200 lulasdng
2899 2 M methanolic KOH *‘(ﬁﬁdﬁﬁﬁ?ffl) ﬁﬂumﬂlﬂ{&? Vortex L%hdt')m 2-5 U LaznunIY
mitlumwaé’uq mu'uu;WaqmpL?qu*w’wﬁﬁawmpa,@msﬂhhw (Fatty, Acid Methyl
Ester, FAME) prgufiala }J)IWYS‘!“?! (6as §kﬁor’nw raMﬁ ;\H‘ \

3.6 MiAnwIU3 'rmuag’&@mnshhm‘\ \ :_;:* i1 i ]'
mtuwamm}isymﬁhbﬁﬁ (F%: T iyl 3&@ *szj AFnsainse
-ﬁuﬂ-uaensﬂ"l-uuuwwu'luwméqmarwmiﬂhﬁ{mﬂhﬁwiﬁ;mi» (Ga?‘.- chromatography)
(Shimadzu GC-2014, Jabéni{mﬂ‘suﬂ’e)ﬂmﬂ?lwﬁqu\ﬁm (ﬂarmag lohzatlon detector) uay
ABdNY DB-Wax (30 Tpx 0. Z\Sanm \EJ 025 p?nFu&W 4'22 7032) a#nmmnwvmswvmam’lu

T 3.1 mﬁmﬂumummnsﬁmﬂﬂﬂjaﬁw;ﬁsﬁﬁm .Fﬂ‘ﬁE U949 David’ wazamg, (2005)

(‘i‘l.]‘VI 2.40) (MANUINY=SE) LLa"'l‘uﬂ'iﬂT‘uquaL&aﬂ"@lﬂc Acnd (Ph.-£Gr) pufe pharma grade) #i
ALY 2%, 4%, 6%, 8%y 10% GFwiunluniewuantn-5) Widansinasgilunmsifisum

Usuaweansalusiu
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r.‘ = s = L3 s
A1999 3.1 anmemTieniluviaedinesveansa lviiv (FAME)

Inlet temperature 250°C
Injection volume 1pt
Split ratio 1/50
Carrier gas Hydrogen
Head pressure 53 kPa constant pressure (36 cm/s at 50°C)
Oven temperature SOOC, 1 min, 250C/min to ZOOOC, 30C/min to 2300C, 18 min.
Detector temperature 280°C
Hydrogen: 40 mL/min; Air: 450 mL/min; Helium make-up gas:
Detector gases
30 mL/mim:

(ﬁm: David wazague, 2005)

3.7 MSAATIEUNAEDA

Wumsatasz wmmmLkmpgwwamwnmﬁ‘*mnwsvmns‘[munmmswvmmuﬂ'\mm
wlsusau (Variange) mrsan}g “‘Anglys@ of Vafla‘ﬂ&’éﬂ“ ;%ﬁtw mﬂ‘] 31 ANOVA Feannse
AATIIANUUANA B TE TIN5 LA iaﬂ'm‘:ﬁwnmﬂ iQ 1?'3 mm %&’lm’l"u T-Test| azvilauin
figaue 2 Usznsiig ‘ftavuj:?ﬁlﬁu@m e ‘1\.'1’@5] (£ QQ;_ﬂ‘TTest nldiiisatedy

\z 1mm71 %mﬁa@ah'aa 'agmu?ﬁ mmm;m Scenedesmus

: ’t@f&{ﬁs fé"“?{niﬂ% wlusunsusauanly

ey #ald

armatus lmnﬂsdtﬂqf.mmﬁ 1 sn IQM ;

AMANUIN -1 1
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uni 4

NAN15I8

4.1 wan1sAnwszezmMaRiydvlnvesawine Scenedesmus armatus
& : "

NISWIELREIAMIIY Scenedesmus armatus Tua1w1s BG-11 (NaNOs 1.5 nsu/ans) Mms

u - - ' L L nl 4!' at - - )
mssgiulnvesamsielananinnsan 4.1 Fauanwan13Inn1sIgyAvinvesavsie
Scenedesmus armatus thaflAlUaFaNTMNMaREMgUR 4.1-4.3 wuhawselisnuged

a 4‘ ' “ o o A’ a ; ] 1 o o o o« A‘
WintuegaTImuiuN 6 veamsimizidss waviinduetnsailionuisiui 21 veimsmizidsa

v - S oa a0 ) 6 ¢ ,a _aa ' Vo oo X '
VENINUULTUAINLITUIUAAIINY 5.88 x 10 1988/38a8m5 NaU9IA1T OD WUINLAANNAUDEN
- a dd v oo d - - - w ¢ w ' o o
ABLUBY UABLINAMIBLUIZIUN 21 UAINTITRANARIAN-1:682 tasn) s vingadaume wuinluiud
= v oo P 1 ' 5 - = w o o Ry a i w a =
1 Q0N 9 INNTUBE MY UasMRUIUNEINNINN 9, voansingiBed waziTuamluiun 21 dan
dhwiinwaduste 235 n3u/ans waawaa i 30 -umm1Lm~Lafjamvmuwumgiwun’lﬂﬂ'ﬁymﬂm
fanaa wazdiansin sty dumwas umax):mﬁu 0.0453 maﬁu-tln‘uauamamuuam‘lwmu'na'msw
Scenedesmus armatus Liuw'yjj”au@qﬁ“lﬁzﬁw 21 wa&ﬁﬁsmlﬂaut,&m“ mmmaamnwam umld

o _5 93 X
nm'lum'nmvt.auemu m‘amuﬂnu A k:sfwd_esmus SE)“ Q:?‘qrelto vulgaris wm'ﬁmm'\q
svoraluiuil 10,300 me-%dq L}ﬁv\{CHbreE%spr EQS@ Lﬁqﬁwvt{wﬂmuw 12 9993
X -

wWiidss Ssdmiit Se @sm im&nﬂds %svaxmmmmmwu Su-oTaliawinnsly

NN Y& o= e

- L
arsemslunmsiasyieedse W5 BG- 1'1 M%nmm 'hn‘s:: “nadrdsyoznan
3y %ﬂ 4

________

L "-f"\»‘-'v-
AW o g B (N 3
munﬂmawuﬁeu l\", ISR W%‘W L,_‘ *BHE A

ﬂ]'

1,
iﬂﬂNamile“Lﬂbﬂﬁ’?ﬂ‘i‘]ﬂ'%gdneq’esmqs qrma s“?ﬁaﬁqﬁ'\w‘mnmasmtmﬂm N

oy amnanmmu‘lusﬂw 4 1 QB{ mmmﬁ‘(uﬁmm U'uinaa;'iva.,mmsrymuimmmmw‘lmm

b
sUfi 4.4 njUlutwe 3 wwsn-ua'a\n;mwmé%aﬁ"ms'mﬁzvaq}ywmmsﬂwm (lag phase) v

v

wfuemsuardaindey ﬂmmﬂwumﬂau_@g\u}fﬂuaﬂ wa«tﬁmnuummwmw"ms"uvm‘summ
iR (log phase) l.w:.mmumaaamqnmmLLaznmmumaamanﬂ Wa¥adi3uasii (stationary
phase) lutufl 21 2eamselies o1uibENINE TN SuTaEa Wlimswsiuladndu
wazldanimsifiainiudnsinisme lasvainiveamsTiasedszoynsny (death phase) 39

pnlunanInaseIMIIMIRa uarveudofiamssadniulusuginsasgiivie
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A5 4.1 MI3YAVINYBIAIMIIY Scenedesmus armatus

N13IANTISIATEY
fuilzadil Fuuwad x 10° 5 dminigadus
(\wad/ua.) (nSu/dns)
11 0.25:0.35 0.0500.00 0.00+0.00
3/2 0.64+0.19 0.1040.01 0.15+0.07
6/3 3.05£0.21 0.232+0.04 0.35+0.07
9/4 3584024 0.34740.07 0.40+0.14
12/5 4.09:0.48 0.678+0.12 1.20+0.42
15/6 4.59:0.22 0.979+0.12 1.70£0.00
18/7 4.63+0.17 1.199+0.06 2.100.14
21/8 5.88+0,17 16825021 2.35:0.21
24/9 64320017 1,687£0.13 2.2010.35
27/10 £.97+0.12 ~ /413000 2.60+0.07
30/11 544£0.62— 5 | -~ ) 20992041 - 2,30+0.56
33/12 5387 DF5. 7/ LNl K 22040.28
NN . o
36/13 5004035 MEBL /L VS ] 1.90+0.28
7] ona X SN/ <
7,00 ); : “‘ A
6.00 SRS
g— 5.00
§ a0
E
3 \3.00
€
£ 12,00
e
=
Z 100
0.00
0 3™wgwg_ 12 45 bdsl 91 24 27730733 36 39
-1.00

o o
un

] o . 1
JUN 4.1 MUIULYAAYDEAINIY Scenedesmus armatus
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2.500
2.000 ﬂi
1.500 M

1.000

0.500 /
0.000

Amaganauuasil 560 uiluwng

‘Daﬁ? --~f“§ "’S;;::!&

\’&5" ; lﬂ&ﬁ“ﬂh >
. AAIMi lmmu; .
o} 3 .v“ % 5 13
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<

a

UIRUNLYAAUW

¥

d/A10D/

MNoWwW s Uy

AIUIULYA

o

0 3 6 9 12 15 18 21 24 27 30 33 36 39
it
JU 4.4 wuusassszoynsEIRTTavesa s Scenedesmus armatis
4.2 Nam}aﬁ';nuwwuwaa'l'.-mﬂm.llumsmlmmmanu

MBI MIE Scenecﬁsmus armatus 'I.qu%‘;‘nm‘mummwm'vu‘uaehmuu"lum
W (NaNOs) #i3fiy 1ﬂNaNLL?@ﬂuﬂ_j‘WVL.,42 mmﬁﬁ‘%paﬁmmu‘@mmmwm Seenedesmus
armatus NNAGWHA 4.2 'hJaﬂ( 1399 waﬁufﬂ 4 ;M'mmm:ﬁmimmuimm&m'ﬁuummu
\wadaminy wmwmuvuw/aé'luma@‘: uﬁpﬁamﬁiu';ﬂg :\ ﬁkhi'lh'é‘rﬁmﬁ’ﬁ w6 voens
s mu1umaamw1.4aai¢'lﬂmaz§g‘a—8@ 1 w%&ﬂmﬁ%}q i %%.11}1&1’? 45 /a3 d5wu

L-uaamwu'uumnnfnm'}uguuwﬁ;mﬁ:ﬁ#mﬁﬂ },@Vé@w\t ) n%ﬁ%‘ L[.“a"ubm'mwaal.aaamaﬂ
AT

Tutuii 27 ?JENn’]'SLW'P‘LﬁEJQH‘fhﬂ\J 3.92% 15)1é 5

71 @ﬂ‘hm’s@@namﬂmwaamﬂﬁﬂlmmsu
il a6 wmﬂmm-mmnauu?&!luj’uﬂ ‘T“?m'%’amsb um’tnq}ﬂmnu&“‘ nnﬂﬂn}ﬁﬁ'ﬂ‘ﬂu‘uaﬂmﬂﬂulvmw
wogluiuil 12 'zmqmsmrn:L%‘m{mmmﬁmqﬂmﬂ@'ﬁavgﬂwﬁgmmw'J‘swlgmmwu-uuTﬁmmau“l.umiw
1.5 ndu/ans ummnwmﬂmnmm ‘ﬁﬁmu'[-umuulumswauq sedagpnAeimainduty 2.5, 2.0 uay
3.0 nfW/Ans MU LLa.,umm'imﬂhﬁumm’mﬁ@mmcﬂmUmmwunwaaum‘lﬂwam
MINT 4.2 mm?ﬂmmaﬂqnsnﬂsvmﬁwmunLsuaaumuav's"uvna'im'msry suansluguil 4.7
wmﬂmwunmammmmmaﬂlmuw 21" dosmisindiz @esluynea@duvedadonlunm o
enudntulodonlunsi 1.5 n$u/ans fimAnTige ABluanu 1,05 n3/ans
NIATIMNIDTYIUME (1) VAW Scenedesmus armatus fanandlusmsi 4.3
wuhdanmaeigdumzvemvsisimnndodluews 8611 Afeududuladonlussm 1.5
niu/ans T8nsnsnsyTimegaiign Selridnsimsiedysumziadndy o. 1340 siodu 9997
fefimududy 2.5, 2.0 uar 30 nfi/Ens f8nsmansgSnvadodu 01154, 0.0982 uaz
0.0876 sioTu muaIRU uasmam‘lﬂmmmmmemaaa'Nuusﬁwﬂtywsxmmml.'ua:}’u'iaaas 95

i o - ) ' 4 ﬂ" ﬂll b ke =J s o =
WUDATINTTDIYIUN VB MW NNWIzLRsIANLLTulgRsulumnsy 1.5 nw/ans Uy
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1] 1] =l el ] L7 L7 a - o d 73 v - (v} -
wanAwee ity d1AyiudnIINsiyIwiznauTutulsasulumsn 2.0 wae 3.0 nSu/ans
) 1 a 1 =l o @ 4 L2 1 u:' v at 1 d' J J
warludiamuunnaeiuetaiifoddyiiseduanudeiuiosas 95  Auamsiofimizi@sefianu

v 1 -] L2 = ar 0‘: : 1
Wwutulenenlumsm 2.5 nSU/an5 MUUNTINIZIE88IMSIY Scenedesmus armatus Tuemmsgns
< v v v e o - =l ) - a a
BG-11 niAnuutuledoulumsv 1.5 nsu/ans Fallmnumunzaufianlunisdaaiunisiadgivla
Y93 NIe
[ 4‘ i n‘
UBNAINLIUNITNARBUNILEENEININY Scenedesmus armatus Tue s BG-11 #iilAny
v o - v 0 ' = - o« v o
Wwutulgiwenluwsn 1.5, 2.0, 2.5 wag 3.0 NSW/ANT wullgadavIeinsdeafianududy 15
L ) o 1 1 - ar « |4 v v
n¥i/dns ddnwarguinnand Wunqueadinziiniu 2 wad uas 4 wad winaudutu 2.0, 2.5
s ey 1 I3 = s « rJ [ f o v é [
waz 3.0 n3W/daT wunaquiwaainzAniu 2 wadlazwuiilu 4 waddnuiuties Fweradunauiain
L ll: 1 § v v = A - o 4
msgudansuvsadvesrnuniuladenlunswiguiuly dwanduzun 4.8
v v - dld L] - - 1 1 A v v
PnanuTniulyfoulumsindisanon s yivlavdt@adiie. nuiieuduty 1.5

@ e oA a a e LA = " w a a '
n3N/ans ﬁ'\%i']ﬂllﬂ'ﬁﬁﬁfuLmUimﬂﬂaﬂ 7]\1'“LUEN';J']nﬁ']ﬂ’07'H"IiuNﬂﬂaaﬂi"!ﬂ"'ﬂﬂﬁmlmUTﬂ‘Uadﬂ'“fﬁ'\ﬂ
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=

%‘qmmhﬂmiLa'uL'fJum‘ia'wn's'nﬁﬂwuqﬁﬁg}ﬁ:ﬁjﬁ’fﬁh"é’“ﬁsm%tm@‘uimma'méw %ammﬁumm
1uTm'smuﬂvmmmdamm’lwmmwmmﬂn%’;‘mmmu‘immgwﬂw - lumansatuihadleansin
"LuTwsmu'lummﬂmvLammaxﬁﬁ‘mmmqmmﬁmsLmqufmma\ Wiz SauNNSaLay
Tosfumeluwadupsdvsolseui {-? %&'ﬂﬁﬁlﬁﬁﬂhﬂﬂﬂﬂlﬁ?ﬂﬂﬂﬂﬂl&ﬁuLLMﬂxﬂ.‘lﬂWJL’\]uuuﬂa
Taisylumsm (NaNOs) mr(wami‘ﬁnq\&ﬁ'ﬁmn - Lﬁuh&ﬁiﬂmluaq%; ligmnsnnseAums
mmmu‘lm’lmaws'mm*nmuL‘g‘a i_ﬁiﬁﬁiﬁ 1_0"1'\’1& gigwgr‘iﬁ’mﬁm@'i‘@_s Qukaridanata duin
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Optimum Condition for Nitrate Content in
Scenedesmus armatus Cultivation for Biodiesel Production
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Technology Ladkrabang, Bangkok 10520, Thailand
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ABSTRACT W77,
$=s

This'research has focuscd L ony effect of sodlum'mt[ate content @ - 3.00
gml) in base medlumafﬁG Il on‘ tkfc gwwth ef Scenede’:mus armatus, The

culture was cultivated m"?S ﬂask v&ﬁh tngd& olume \150 ml, shaking
speed of 110%pm ;f réomﬁa r%uwﬁ?d:ﬁ m@hg{u mténsrry of 3,400

lux. The oil content was,mﬂ&;}t@eq Bus mel,];odj Eﬁ‘diatieh]df light: under
fluorescent mlcrosscopevmﬁﬁrc Flrsu & "‘f desﬂzumnrus uias cultivated

in basic BG:1.1. Tﬂe‘t grow&h ‘n‘:odé:l*ﬁ“ﬁﬂg : ':ijorrr gsowthlcurve by three
methods; ‘cell couﬂt OD vﬁ!J ue mdﬂdry cell wvelghttfog phjise occurred on
the 3" to 21% day, of cul’%watle{l Whgn ‘ﬂT‘cﬁhr\;atwn medium aséapplied by
sodium nitrate (NaNO3\), thér rnaxlmur;l gf the cell was ittle bit shifted/to the
27" day of cultivation. The” NQ3 tbhceﬂraﬂonﬁ/

_—  J -

yield with pmax of 0.1340 per day and had ﬁ’mﬁcantly different compared to

15 g d°got the highest

other concentration™by-, getting: counted -cell\ ‘was 5.88x10°celll, 1682
absorbance value, dry cell'weight-was.1.05.g/4=The-oil derived from algae
was analyzed for the type of oil by GC. It has expected that the oil that can be
used to produce biodiesel is C16 (Palmitic acid)and C18 (Stearic acid).

Keywords: Scenedesmus armatus, sodium nitrate source, biodiesel
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INTRODUCTION

Nowadays many country have problem on energy shortage and the
price of import energy is high therefore the alternative energy like biodiesel
is interesting to solve the energy crisis. Many types of biomass can be used to

make biodiesel for example palm, castor bean, soybean, etc. However the

cultivation per area is quit low therefore the raw material which has high
yield per area such as algae is recently interesting. Moreover the algae can

produce oil which is suitable for biediesel production.

Cultivation conditien” is quite ' important~for-yield in biodiesel
production. Many res€archers-have' done /on the optimume condition for

getting the high' yield of oil to pmduce“bi@diese] Examples of'condition are
type of cultivation, size, alrﬂ’temperature hght fntensuy and nutrient. All
parameters affects to ﬁe oﬁcogtegt in algae)(Attrho eb,:?l 2009, Wu and
Miao, 2014, Jsin and Wi, 20 ”5? Baﬂcha et gﬂ* 201%), Howeyer there.has still

limited/ for effectf of"rg'é S@qd@n@s rhf’ms E{ultlvatlon for
biodiesel productr,on g’ rg.h [ 4 "3;‘ DX .“'.uﬂ 1:.

To obtain the Ing’h, ylcld' of’ Eéﬁtvlﬁ;Scéned smius ‘@armatus
cultivation therefote. thlsi‘reséarch chpnd,ﬁoted*by_ Qqumg on the
macro nutrient suctﬁas, sbdlkur?mtr-ge mlBG:HT e:dg\um v ; ‘,

16 d,( s ;::\ ‘,j\ f‘ ?E'":‘: ﬁ‘-? J"
MATERIALS AND METHODS |+ ; JE v
Materials ¥ {2 ¢ /

NaNOs KzHPO4 MgS&tIHzO Caﬁlz*ﬁ‘h() Citrie acid Ferric
ammonium citrate EDTA/disodium magnésium salt Nag€O; Agar Disodium
hydrogen phosphatey(Na,HPO3:2H,0) Monopetassium phosphate (KH2POs)
Potassium nitrate (KNO3)-E¢rric. Ethylenediaminetetraacetic Acid (FeEDTA)
Magnesium sulfate (MgSO4 18H20)Caletum chloride (CaCly) Trace
element NaNO; CaClz2'2H20 MgS04:7H,0 K:HPOs KH2PO4 NaCl Trace
element (TCI, Thailand)

Medium preparation

BG-11 medium was modified by varying amount of NaNOj
concentration range of 1.5, 2.0, 2.5 and 3 g/l. BG-11 with 1.5 g/l of NaNO;
was used to be controlled. The medium was prepared and sterile in 250 ml
with 150 ml. Left it 1 day for checking contamination. Ten percent of strain
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medium with concentration 10° cellml was inoculated to the sterile medium
to obtain OD at 560 nm around 0.3-0.6. The flask was then placed in stirred
with circulation rate of 110 rpm with light intensity 3,400 lux at room
temperature 27+3°C. The cultivation has been conducted for 30 days with
taking sample every 3 days interval.

Inoculation of pure strain

Mixed culture was collect from Bungpraram  pond,
Pranakornsriayutthaya province.Sereening for-pure culture was conducted by
cross streak technique onl BG-11-soild medium in laminarclean bench (Super
Clean, 120BS, Thailand). ~The culture//was~ then incubated at room
temperature (252C) with llght,mténsﬂy 1,700:1; SO_Q lux" (Takemura, DM-28,
Japan) for 12" weeks. The sm%le eoleny, which was~already screened type,
was then/transferred 4; BG ﬂ sdam by SIm’plé streak (ﬂeolonyll slant) for
further expenment N D\ 75 «ﬁ, \ N

& - X
SXALL ) " >\‘ *" J - l" ‘"A r\_“"" \
Growth determmatwn oS m N Y\ AL

\J.# [
The growth nf ibg:ﬁ‘ga& yfas &%!férm};\eﬁm meﬂ‘lqu cell, count,
OD (optical den&ilty dgtegmnatlom aﬁ@diry cell We;gh;deerriunatlon The
cell count was dbbe‘ by J.lsfng ' Gt thcmcalcurétpd thecell per

medium voliime,_ Fhe¢ optlcaladbpksi‘t‘y of {he 'algél céll was Medsure the OD by
spectrophotometer at\?v—"»?)60 nm. Th drthell }ivelght was ane by, dtying the
cell under, 70°C for ZZFh or\mtll‘-ia‘t Iihs’consﬁam m; we1gh’f then' calgulate to
dimension of g/!. ) :\,:f G A 1/1‘,{
Lipid extraction.and transestenf‘cai,oﬂ- Vo

The algal“extraction-method was modlﬁed from Ahmad al, 2013,
Chen et al, 2014 and.Cheng et al,>2014. In brief, th€ dried algal was

extracted by mixing solvent of*Chloroform:methanol with ratio 22.72.45.45

-

(vrv) then sonicated for 25 minutes and continually mixed by magnetic stirrer
for 2 hours. The mixture of solid and liquid was then filtered through No.5-

Whatman filter paper and then the liquid phase was removed under vacuum
condition by rotary evaporator at temperature of 40°C. This step can get oil

for further tranesterification step. Transesterification step was modified from
(Ahmad al, 2013, Chen et al,, 2014 and Cheng et al, 2014). In brief, oil was
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dissolve in hexane and then well mixed with methanolic KOH (catalyst) for 2-
5 minutes. The upper solution of fatty acid-contained hexane was kept for
Fatty Acid Methyl Ester, FAME determination by Gas Chromatography.
Lipid content determination

Preliminary test for lipid content determination was done by adding
25% (vrv) Dimethyl sulfoxide (DMSO) and dyed with 0.1 mgml of Nile Red
and keep for 10 minutes and checked yellow-light radiation of oil under
fluorescent microscope. Specifie'type.of fatty Acid-Methyl Ester, FAME was
determined by Gas chromatography,  GC (Shimadzu“GC:2014, Japan) with
flame ionization detector, FID-and DB -Wax (30 m'x0.25 mm ID, 025 pm)
J&W 122-7032)uander the condﬁlen‘iﬁlet t’emperature 250°C, eartier gas =
hydrogen, head pressures-53 kPa constant prcssure (36-Qm/s at 50°C), oven
temperature=50°C, 1 ﬂrﬁ‘l 255(2/1‘{11.& t0: 200‘(13' 3°Crm1n‘1‘.o 230°C, 18 'min,
detector/temperature= 28 C@;detesldr gps ‘Hydrb n. 40 mllmm Air; 450
mL/min; Heljum m{akc l}ﬁ‘ga&@ﬂ mlm Pe&k\bfﬂm aua‘é compared to
FAME standard|of Eﬁq&mk tZIOOS)md qqa ‘eré calculated in

vaare e\ Va

two forms; percerltiorf é%'}'rpe of f@tﬁ'”gﬂ conteqt lmf‘sam_Pleibased on the
area under the peak and amount: u}fﬁt‘f&"ﬁ@ﬁr)n percsnt Based on the oleic
acid standard (Olef‘c-Acad PH Eur ) pure,‘phagmaﬂ‘ gr%ée) \R{ﬁl’o‘{l was prepared

in range ‘of 2<10% in etﬁ@nol, Perée;lt df'*ifatty amd cofitent in sample/was

calculated as\follow; S8 % %\ e 1T ot

Fatty ac;\e‘o;-tt:ﬁtzi')“% = iq-15‘()-2/1‘ 00
ST
Where Ai is,area under the peak of fatty acid,i‘compenent
Amount of fatty.acid in percent/wascalculated-based on the standard
curve of each type of fatty acid-which-used-Oleic_Aeid as standard.
Statistic Analysis

All experiments have been done for quadruple and then analysis of
variance by ANOVA (IBM SPSS Statistics 22)
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RESULTS AND DISCUSSION
Growth curve of Scenedesmus armatus under BG-11 medium

All results were demonstrated in 3 form; cell count, OD and dry cell
weight that showed in Fig. 1. The cell count sharply increased to the
maximum value of 5.88x10° cell'ml at the cultivation day of 21%. The trend
was the same as occurring in OD and dry cell weight with 1.682 and 2.35 g/,
respectively. After 30 days cultivation, all results gradually dropped down.
Cultivation model can be predieted from-all.results-and got the growth model
with lag, exponential,~Stationary and lag phase aswshewn in Fig. 1D).
Scenedesmus armatus was cultivated \for/longer time than, other types of
algae such as Ankistrodesmus Sp-W33: and’ Chlorella vulgaris that reached to
stationary phase on the 10" day of cultwauon"hnd Ghlorella ‘sp, ED54
reached to/stationary Me 12“l day.of Cult[Vﬁtlpn A ‘;:‘
Growth/ curve 'of, St'énfgesfm(k q;mafgs wder Various ~NaNOs

f S — \4 b ) Py ..’ 2} "T_“*
concentrations ( # 7T SR 94 “‘, -

Wheén the! B(j 1’1" ﬁuhodlﬁiﬂ b’y\ad i ‘ yﬁth 1ouscNaNO;

concentrations, rTults *We:e. httle th ‘QelL cqg;m %radua ly- increased

with time until cu ﬁvatloh dg}f of 9')1'% %J’y m‘(L.ljpased w1ﬂ1 high growth
rate and reached‘to‘ the. \,,IDE{Q(III'J&I;II .Df Lccﬁ coun.t- 0n,~ 24‘7, cultivation.

Comparison among%ﬂ,gus NaNGg qon&gtmﬁcms 145 g?l df'NaNO;; had the
)8
highest values i all types ‘of result;s B‘Té,:trendg:&vere the;smne in-all types of

the results with “the max*uhu.p‘l ‘eell count,. QD ax}d/ dry cell”weight were
3.92x10° cellml, N 509°nd 1.05. gz.t-«-.r.,“ ,.‘-»” Y,

The results, of cell count were then calculated -specific maximum
growth rate (umaw and“the-nunibérs:wére shown“in Table1. The maximum

specific growth rate obtained at-l.5_g/I"of NaNO;with value of 0.1340 per day

and got the highest value compare other concentrations at significant level of
95%. The sodium nitrate of 2.5, 2.0 and 3.0 g/l got around 0.1154, 0.0982 and

0.0876 per day. Moreover the observation under microscope found that
Scenedesmus armatus duplicated cells were found much in 1.5 gml of

NaNOj3; medium compared other concentrationsshown inFig. 2-4.
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Nitrate is impertant on-algal cell growth; hdwever; it"affects to oil
content in cell. The facter which is-predominant on.c€ll-growth is nitrogen

and phosphorus ratio. The balanece..on_nitrogen~and phosphorus ratio has
affected on cell growth (Kim et al, 2015). The cell growth increased at the

initial then dropped at the last of the growth curve, it might be that the high
content of nitrate might affect to the growth of the cell. (Yin et al., 2008 and

Wang et al., 2013)
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Table 1. Maximum specific growth rate (umax) of Scenedesmus armatus in

BG-11 modified with various sodium nitrate concentration

Concentration NaNO3 | Maximum specific growth rate
@b (Umax (per day)
1.5 0.1340+0.02%
20 0.0982+0.01°
25 0:1154£0:02%°
3.0 0.0876+0.02°
Note: Different alphabet-means sigpifieant ‘difference at level of'95\percent
p—T — o ) T
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Figure 2. Cell count of Scenedesmus.armatus.in-BG-l4"medium with various

sodium nitrate concentration; 1.5 -

30gl
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Figure 4. Dry cell weight of Scenedesmus armatus cultivated in BG-11

medium modified with various sodium nitrate concentration; 1.5 - 3.0 g/
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Lipid content by Nile red and GC
The yellow-light radiation has been found initially on 12" day of

cultivation then appeared in large amount of such oil on 21 day. The amount
of lipid increases with amount of NaNOs added to BG-11 and correlates with
cell growth. The results of lipid contained in cell were shown in Figure 5.

Because of the starvation condition of NaNO3 made the algae kept the oil
inside the cell for living; however, the lower number of cell count has found
in too high of NaNO; concentration-The result-of 0il content in cell of 3.0 g/l

NaNO; was demonstrated in-Figure 5 (D).

The best condition for cell growth' and oil contentin“algae was the
BG-11 modified'with 1.5.g/1 NaNO}The al'gaaﬁrom such-condition were then

rechecked by GC. Results sﬁc'st in, Table2, fatty mld ‘which was\found the

most in algae were C]ﬁ:&nd €18“ fat;;y aCId glat)foand th%same in Chlorella
sp. Y8-1 (Lin and Wu 015 i.,-"u » / ‘\u AN,
A o,

2) N/ e\ s :
GRS e UGN ru’ ﬁ,k-..

\Y/ ¥ asom) : 2
Table 2. [Lipid coéent 1ﬁ'5'iq§rgdésﬁws Wpa&m ':-** A b\
-—1,,;..-_-“\, Lf-' “,vj.ﬁpr’_.r 1
{ ”-.J Ve WA AL L;A.-L-‘-
Je DL x4 PO Basedon cak. A5 _Bpfsed on
B Type'offattyagcﬁdh AX a‘.’i'? Hi;‘ tqfndards %)
N A2 "l?_ AR {?{’ /L_i,. o
1 Myrlstlcagfd{(]CI,fl.O) SN @ W fE‘ ¥+ 00}
TR 1 ‘__‘; 572
2 Palmitic ac@z@lﬁg) A\ g ‘ﬁ;41'9§,’) = 2 005
3 Palmitoleic acuL(@L ilg g EO,_Z£ {; . /: 001
4 Stearic acid (C18:0y ..‘h:;-..\‘i()&; 4 005 -
) Oleicacid (C18:h 4294 0.01
6 Linoleic acid«C18.2) 10.01 0.01
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Figure 5. Liquidscontesit inc-Seenedesmus armams cultivated, in“various
sodium/nitrate concentrations: 175,20, 2 Sand'3, 0 @1 at 210 f\ cultivation (A,

B, C, Drespectlvely)(Fluorescent 100X

CON CLUSIONS
The research focused on-the effect of various concentration of NaNO;
in range of \1.5:30 g/ and has:been found that NaNQO; with concentration of

1.5 g/l has the highest pmx vaiue of0.1340 per a'éy at sigﬁifﬁcant level of 95%.
Moreover such ‘condition has the high content'in algae cell that plenty of C16
and C18 free fatty acid'with the highesideveron 21% day-ofcultivation.
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