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Patsariya Ponglumjeakngam : Factors affecting growth and lutein
production in  microalga Dunaliella tertiolecta. Advisor: Assoc. Prof.

KASIDIT NOOTONG, Ph.D. Co-advisor: Sorawit Powtongsook, Ph.D.

This study evaluated the feasibility of introducing Dunaliella tertiolecta
stored in the laboratory’s culture collection to produce lutein. Microalgae were
cultured in a 2-L Duran bottle (diameter 136 mm. x height 248 mm.) for 8 days
under conditions of salinity, nitrogen content and source, light intensity and
wavelength, and different air supply patterns. The salinity of the medium was
adjusted in the range of 30 — 150 ppt. Nitrogen content in the range of 3.1-18.6
mg-nitrogen/l. Nitrogen source are NaNOj, Ca(NOs),, Urea and (NH4),SO, at light
intensity of 67-402 umol photons/m?2xs with red, blue and white light. The airing
pattern was 2.5% v/v carbon dioxide and normal air at 150%-1,000% nitrogen
concentration. The results show that microalgae can be grown in culture at 30 ppt
salinity by Ca(NOs), as nitrogen source at 1,000% nitrogen concentration, using
white light at 402 umol photons/m?2xs with 2.5% v/v carbon dioxide aeration at a
flow rate of 1.6 liters/min give the maximum microalgae growth at 435.18 + 57.47 x
10 cells/ml, obtained maximum dry weight of 1,397.3 + 84.03 mg/| and produce
lutein with 3.25 + 0.23 mg/l or 2.49 + 0.08 mg/g. Under these conditions, the
microalgae Dunaliella tertiolecta was able to produce 46.44% protein by dry

weight, which was 464.38 mg/g.
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WIsuilsunismizidesgaaviieiieindunamatngiiundunuin nsmgdesamied
unlidliUseu wasnglunisuangiiuannnd esfemraaude 1) Usinugiiuly
Funavesgaamheiiuginiuiledisutunduaenanides [4] 2) [iufidmiumzdena
amietennii wag 3) srezanluntsmnsdsauannsothdunamatngfiulddy des

ninsugnaenanasewnn (5], [6]

luussngaamseianuanansazdesls amsigana Dunaliella Ifnen wlun1snEs
) s 4 ) I = I 14 U dy b4
walsfiuegd (watualsfiy afiu Fezuauiiu) lnawnnusuanznismisidesimugay
gniag1ugunsldanitzuIndeuninmANgs ANuNLasgs wasUsualumne 9y
aunsandaiusualsiulaundu [7] nswizidegaavsieviinldilng Faadulunnsg
nanusuAlsiiu Fenrsandunuludamndyduiegiteniuiu gauidnusznisveya
awsgviiailfelilinduvaddvihiiwadunnuazingiiueenuuenigasiiiovinuiansiag

ilianunsoantunoukasaildanslutunsunisadnsningluldediauin egrdlsiniunis
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WAngTiumeansieanaildelinissenuliliduin Shan-Rong Xie wagang (2021) [8] 14

Y

v a

Anwuseanisinarsdudenisuanuiiwalsiuundszendldlunisinizidesgaainsie
Dunaliella tertiolecta Waanwuinaunsaliiunsazauvesgiuluwadavsiedu 46% diu
anmeMmannzdes wasladeidwmaligaamsie Dunaliella tertiolecta ansnsanangfiula

=

WNTUBENTUTUTINE IS Mslikasiilinaunin waznisifiuasusulaeenlyntuiletiee

Y

4N

1
a v A=

AaunuIdeideaulafinwaniiznaaming Dunaliella tertiolecta WwaXNTOLNHANANY
= v = o a ' a o a & o & '

Ml 59ufetadesineg Ndeadenisudnsiainguliall lngerdun1sinizidesgaainsie
Dunaliella sp. el URnmsfiausanivauan1iesine laegwauysel welulasutoya

Pusglevulunisihlunauievetenisuanludentivdsaly

1.2 InqUszaeAvasuivY

121 Anwmavesnnuan Usinauasuraslulasiudenisiiulauanisnangiuvesga
@318 Dunaliella tertiolecta

122 AnwwaresnnuduLatLazaunnLawansiulnlagn1snangiulugaansiey
Dunaliella tertiolecta

123 Anwwavesnisidingaisueulasenlendenisidulauaznisndngiiulugaainsiy

Dunaliella tertiolecta



1.3 YBULUIANITUIRY

1.3.1

1.3.2

1.3.3

1.3.4

=

yaa1ns1etgluauIdefe Dunaliella tertiolecta FILGFUNIIINAFIAIY VD
Vel JURN15v0Aud T g lanIgn1sumalulagiininmimeia A1A3YN

IPIPNANTNINLG AULINGIANENT PAINTAUUNNINGIRE

A3WMIELAEe Dunaliella tertiolecta aziunisinizidsswuungludsdfnsaldanan

WTILEILUUADAUUNBIDINIAYUIN 2 BAT LLEIRI81a0n bLoadh

o [y & | [ Aa [y
E]’]‘Vi’]iﬁ'ﬁ/i’i‘ULW']%LﬁEJQﬁ!ﬁﬁ’WMiWEJLﬂuaqﬂﬂiéﬁmi F/2 VliJﬂ’]i‘Ui‘Uﬁ'WJE]’]M'ﬁLQW’w

[
tY

Tulasiau wagauANWINTLY
ananlda msunagiadssgaainsigaziiueinialn® wazeiniaiinay
msuaulagenledaindendnsidiunieiu lngenimazgniinliazeinlagnisnsed

iuldnsesiiigngu 0.1 lumseu

1.4 Yselgminanndnazlasu

1.4.1

1.4.2

lpfuteyainedivannzwindenfininzunnisiasyiulaiasningiulugaamse

Dunaliella tertiolecta ot lUTdwmun wagverenisuanludanndivdssld

1Y [

= & 1% LY a a = & A o Ql' £
nsAnwdaenndaeiuLIAnLAsEgNa BCG FuduuleuiendiAgyuasszuranasly

e

JuLPRRULATEENIVBIUTEIAlANANEIEY Nav0IUITulAIndNAEaIUITaLNY
wandnafiuluaaamsie Dunaliella tertiolecta vinliassyamvesgaamsetay

NINYINTVINMANTY WonaNTgaams1e Dunaliella tertiolecta anunNsanang il

Y

(%
=

Ialuannezuindoumainnaisuaslidndudeddninensiduileslunmsinizibes

asreanugatulunisnasnandntasiuteanniseanldanglunisiniziaes
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a av dd v
VIQH{]LLﬂgﬁ']U'?QEJVILﬂEJ??JEN

2.1 Fuguineuazaneaendluvesaas msie Dunaliella sp.

9a@11918 Dunaliella tertiolecta \Juqaa1vitediTorivadiioifiogludad
Polyblepharidaceae Ingisaduas Dunaliella sp. Yulaifinfawad LAZUNINUTIAENT
wUsmnuevegadllinduielasnsvaeusiniurensadindeuiiassadiiieadslalng
[9] Ity Dunaliella tertiolecta vuna1de1 8-25 luaseu AUNI1e 5-15 Tuaseu fuwa
nwwaan 2 14U lasdnuarsusismeusnanmsadsulumuannzuindendiendeey [10]

aausaluiazuaninisdniesafuaynsuIsIueegaaInsey Dunaliella tertiolecta

Division Chlorophyta
Subdivision Chlorophytina
Class Chlorophyceae
Order Chlamydomonadales
Family Dunaliellaceae

Genus Dunaliella Teodoresco, 1904

2.2 s9Adngluamsneg

] o @& oA Y] ¢ = 5] ! ) P v ¢
ﬁqﬁﬁqﬁai"l\‘iLN@ﬁLW@IﬂUﬂWiﬁQL?\Ii"ISMLLﬁQ eﬁﬂaqmqiﬂ@j@‘(jULLag‘Ua@Ua@ﬂWﬁﬂﬂWULWQIVLGUaa

v [y d'

ilulluniends arsdmaniiseneulimenaslsilaauazualsiiu uenanideiseningous

q

[y [

iy lladalusiy ylawsuiiy wazueulvnilad Feimthnandundeuvetasiaziilug

UFATe1N5ABATIZRLEIIERONTLIY



2.2.1 pavlsnad

s ) =

paslsiadiuindnanluiiv lnuaaslsiadazanduainuenauau &y (425-500 waly

Y

1n3) wazduns (625-675 wiluwns) Tuvariiasounasdifen (Anue1aAdy 500-550 Wily
wing) WWudailug) Feilifeiide Tasfisunwaramiedidenimunidseinganaguuuy
1#un aaelsilad Lo uavaaslsilad 9 [11] lnwaaslsilad 1o Wussaingiianunsadunasls
Tnenss vlFanusaasundsnunandunduaiissninnssuiunsdaassiaounas diu

Aaelsilad U astnegandunasiasdsialulvinaslsilas o danseuawsioly [12]

2.2.2 walsiiuaen

PN 5 & Y] Aaa A ] o o A a X ac Y] !
LLﬂIiV]uaEl@LUUiQﬂ?@ﬂWNﬁLVﬁ@Q GiEY 'VﬁaaLL@NV]Lﬂ@sﬂu@qllﬁiiueﬁq@sﬁﬂ‘ﬂgaﬂﬂllLLaﬂLLagﬂ’]U

q

fa v

Toundsaulusimaslsiladiiiarnsdanssismouas walsivesaiidnwasiduaissnan
Tusiutsenoulushemdueu 40 sxaey Tuusnalndifestunaslsilad uenandunlsiiuess
5%1’]@&5’u¢131mﬁ&1m&1‘17iLﬁm’mLLm Lﬁ’jaﬂﬁnﬂ@mﬂﬁuummmﬁuw (Photoprotective agents)
Vigaanseinnizanuesen [13], [14] welsfiussdaunsadwunesndu 2 ngu fe
uAls7iu (Carotene) waziwulnilad (xanthophyll) Tngualsfiu (Carotene) Wussningiiia
dunseddu-uns Usznoulusie weani-ualsiiu (alpha-carotene) way LUs-LAls¥iu (Beta-
carotene) Wussrusznoundn [14] Tnevild fisasusznaumeualsiivessvneda Toun do
DALIUNU (neoxanthin) leatuaudiu (violaxanthin) WaULEDIWEUSY (antheraxanthin) &

Uiy (zeaxanthin) g#iu (lutein) waziud-ualsitu [15] Wnsgiiulussningdimdosiinulu

Anuaznalll uwanduualsfiuessniiunigaluiia [16]

2.2.3 giiu
= I~ % = = 4:! ¥ 1 o
Q‘wuL‘Uusmmqamaawﬂamﬁiawulmiuawsmmwm Chlorophyta,

Chlorarachniophyta, Cryptophyta, Euglenophyta wag Rhodophyta [17] wu1falu

v A

HagtuFesdunensduansigiiudeduiualsiiuesdynaiin savisgiiu Wunanluena
Fefufifiarduen 5 ezneou (C5) Aie isopentenyl diphosphate (IPP) wae dimethylaliyl
diphosphate (DMAPP) a@nssaduwmani e1aldanann 2 dumandng eud 1lelndanwnla
e (MVA) Ti5udiuann Acetyl-CoA w3e 2.wanafan (ﬂaaiiwaﬁaﬁﬁagﬂumm’wwuwL?iﬂ)
WiaLaaInIvea 4-vaawn (methylerythritol 4-phosphate, MEP) ﬁL’émﬁuaﬂﬂlwgnm

pg19lsAniu §91991U31158UUN1T methylerythritol 4-phosphate Wunsguaunns



duasgiualsiivesnd saudan1sdunsizaiulugaaivsie Dunaliella salina, Chlorella

vulgaris, Scenedesmus sp. [18] wag Haematococcus pluvialis [19]

Acetyl-CoA 999 MVA MVA pathway?

OR
Pyruvate %99 MEP MEP pathway

- =

i
J.PP isomerase(d?' DMAPP (cs)

IPP (Cs)

GPP (Cyp)
J GGPP synthase (ggps)

GGPP (Cy)

4§ Phytoene synthase (psy)

Phytoene (C,,)
{Colouriess carotenoid)

Phytoene desaturase (pds)
(-carotene desaturase (zds)
Lycopene
(Coloured carotenoid)
Lycopene B-cyclase (Icy-b) , Lycopene B-cyclase (lcy-b)

Lycopene s-cyclase (lcy-e) ,

a-carotene "
B-carotene hydroxylase (CrtR-b)
g-carotene hydroxylase (CrtR-e) t

[ Lutein ] Other carotenoids

Al 2.1 Amsanvesnsduaseigiuluamvsieuedn

(Sushanta Kumar Saha et. al, 2020)




2.3 Yadeiiinadanisiaseyiulnuasannsny

231 ﬂ’JﬂﬁJL‘lsJIQJLLﬁQLLGSQQJﬂ'IWLLﬁﬂ

o

I3 v Ao o A a a = a e ¢ v A
LLE‘NLﬂu‘ﬂﬂﬂﬂwaqﬂqu@IUﬂqiLﬂsﬁyL@UIW%@QW%LL@S@@U‘W?&W \‘lLﬂimeaﬂm LUBDIRTINLLEN

[

I3 o o o ¢ o a o al ¢ v | I
LUUW@QQWUWaﬂ‘W&LﬂUﬂqi JLAINERLLFIVDINULLATIAUNIYN \TLﬂﬁ'w‘ViLLﬁﬂlfﬂ E]EJ'NliﬂCﬂ']ﬂJ Y5

q

v

funiiulunudguugiiidinininieszdusendiaugeeraviliisadidviniidaunsey
wasdemneld (20] FefuedosuFrsaifldlumamedsmiesuuuumameiisnarudsds
dosinseenuuuiivnzaniielifiuasiidelifuszuunamsdoadismedonudeanis
Yaawad [211, [22] msw'%zyLauimsuaamm'wummLﬁﬂﬁuﬁuﬁmsWﬂWiﬁameﬁumé’qgﬂﬁ 2

nUazkansliiuinlionnuduvesaniuiy snsnsdunseismesuatluaniesuin

anfzifiuTuguiuaunseniddnygeanafigndusy (nmil 2.2) [23], [24]

Photosynthetic rate (F)

Light mtensity (1)

AT 2.2 NM5UABULUABIERIINTELATIERLEIINAIULTUVDILES

(Kamrul Hasan Chowdury et. al, 2020)



Photoinhinited region

!'lllu.'.

Specific growth rate

Light intensity

2NN 2.3 Nﬁ%@ﬂﬂ’é’]ﬁ%“ﬁj@maﬂLLE‘N(ﬂl’e]@uﬁi"lfﬂiLaUIWUQ\TﬁWWiIWEJ‘UUWWLﬁﬂ

(Kamrul Hasan Chowdury et. al, 2020)

N3UAEUMUAIYBIANUENIATULAIINANTENUDEILINABN TS YLAUINVRIRAAINTIY LAl
dunsanunsaiiindnsinisivlsluadvuimdnuazinisgadua1semisni luniandudiu
wasdunduerdinanedulaziuunueddurssamaisvuindn lnenseduliiinisgaduy
| o ) Iz = a A o | a A ' 1%
a1se1msas usvibiladuuinlngdidnsinisivlaneinas lngamsedideiliaunsalduas

dndesiazdlenlaegralivse@nsain esannisvaalwlatau (phycobilins) [25] , [26]

a

2.3.2 aaunna

9 Y

[d °o v v

’qmmﬁﬁaLﬂumﬁﬁuﬂa%’amq%ﬂmmé’auﬁm YilanfiTdninadesnsnmaasgiiulnves
A8 TUIATBTRE 89FUTENaUNNTIAT LALAINLFBINITAITOIVNIT NITHILAEN
amssruIadnazgaduauieuninundsiidauasild dewaligungilunisinisde g
ity fafu dmsunsmneidsnaiuds Yednuasuaanazgumgifisadutieduniuaui
ddy [27] guumgiinganiignduuninaigdvinvesamhevuadnogludasiou
20°C f1 35°C wazrunsvinamnsanuldis 40°C ogdlsfiny legaumgiainingumgii
wangay wandafildaranas wasilonnufouguiuluisadenaargniinansld (28] Felfu
AmuduLUsIeIngma dsilugaiuiuuusvesgumgiluseunatsiu/nansiu Jedana

NIENUBELIUINABNITINBLAELAANT Y



2.3.3 51923
ansemsiflegedadnindimasgunnluesdusenauns@inivesamsievuabn o1ms
Beudafimunzdmivaimsisvuiadnsesdesduszneveiunid wu Weaneda (P)

s

lulnsiau (N) wazimdn (Fe) uazduq Jsenaumnsnsiulunuaneiug [29] fedu ansomns
wiosmemmdniiddyigadviunisiaigivlauuueelalnsiia (autotrophic) Ao
msueu (O lulmsiau (N) wazvleanesa (P) [30] mugaslutanavesnadiniw dvpnadios
Na1MUTENIU 50% VoIaTtInmUTEnaumMea1susu (O) [29] lwaafeIn1sAULTNTY
voemsvanluvsunaun Weswinlussiusznouiidfyvesasdunidnmuniiwad
Fumsreity wu asluleawmsn Tshiu nsaianddn Safiu wazlodu [30] amsevwimdnd

(%
Y]

nsrvIUNIARduAsuaueiiuvse Aauasusulaeenlen (CO,) waglupsuaiun (HCO,)

1Y

JaflaudAgunivelilagnsin1sudn autotrophic g4 [30] uenanansusenaudunsd

(WU Y1e1a nNIA wazweanasea) danuisaldidunnainsusudmsuavinevundnuig

sRaRulaluanMzingleglnsin

lulnsiauussAuszneufidrAgredlaswadiuaznisvinnuresusiu Jadussrdsenaui
o w A & = & aa 2 v W =

d1fiansasainasueu [31] Inaussrusznaunduinluduivasdumnainninvesya
A58 YINTAULINTU 1% D9 14% TuTurawine Lutnnas19lusau nsaiimddn Inndiu

& aa ) ¢ o a a | X Y |

waziladnldlunisdunsizikacuas [30] 8059n15938RUInveRaa M 8T UBE A ULIAS
Tulasiaunld (@i Tulas waglumsn) angnsvialulasaulunmsmnzidesisgaamvsiy
awnsadueszilutunazenslulamsaladufitey [32] Weaunsvuisanussautywinig
AU lulaTaY WwadinazinNSWasUE (AaslsHadanadkazwAlsNUREMALTY) waY

1%

WANSAraNYe9aNsUsENaUdAUYIE Wiy Inankwarilsakazinduuiseda [31]

Weanesaduarsormsndudusonisiadaydulanaziuunvedduvessas Wy n1sanelau
o o & a Aa = ~ a Aa A v v
WU NMIFUATIEYNIATAaEN nnneendlslutianddn (DNA) Lazdu 9 [30] Asdudu
voslaaneTasgluylenaus 0.05% fa 3.3% luTwlauns [33] weanesailogluguuuusieg
W Inaveams nlsWoanen 2aslsWoane waziunWoaws [34] 99AUTENDUYDINISHARN

a YU a a a Y= | a Y &
1783101 kAsUdNSnaanUsunuveaneanesazadinanausualuiukazansiulanse
neluwad n1sanasvedneanasaavinliNAN1Tazauind lua1IIEVUIAENUIITLA We

NANSENUAL L8NNIV UIASIAU [31] N15v1ananasansalinuuyaInadnasam
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Aulvinlugnisdndanandndiuiavesamaievuiainvalesila [35] a1ms1evuiaLan
anunsaavauneanesadiseslineluwad Jsausathuildlddeneaneanualy dadu

NOANIIUNIENIINIARTuvTeazadeg1auiloy (luxury uptake) [36]

2.3.4 fingarsuaulasanlya

Asuaulaeenles (CO,) WuladudrAydnussnisuilsiinendesiunisiasyiivinves
amsgvundn Tunsiandiua 1 Alansy @ vsigvundn@eaenis CO, Aaus 1.8 94 2.0
Alansu [29] Wienansanandnsndintl Ysunaesveulaeenlenniegluainiea (0.03%) L
=~ a v a ] v & A a a a o ¢ a
ieanenvglvinandnlugaavsiegs ddu Weaiiuussaniamnsduaneikadunisiuls

! <@ =€ o & v 4 & A 1 4 _ A

YosamevInLan 3 ndudesnaisueunslusuvennie wu luasueiun (HCO;) 13e

Aneniengaussasusulasenladlunisinizides [37], [38]

2.2.5 AuLAY (salinity)

mudufusnilasenilfigedianuaulalussninsnsinsdesamsevuadn eswin
Tumsmnzidewuude Amaudlasfisiumssinnissamevesifldlunmsmzides
Tnevil anunasinnumuuseANTesE s BsIndnausawtteandy 3 Ussun:
Tealngnau (oligohaline) WuamsieUszaniiiulaldamslutindidanufasi (i
49gnsEndIng 0.5 89 5 g kg™); wilwa1du (mesohaline) WuanmseUssaniivialaludiig
ANMLANUILNA1 TnaiflnuANsErIng 5 9 18 g'kg ! wazlndsndu (polyhaline) 1Tu
m‘wéw‘dismwﬁLﬁuimié‘[,ufwﬁﬁmwmﬁmqﬂ TnedinnuiANsynIng 18 919 30 gtk [39] ng

9@ ms18 Dunaliella sp. ansnsaiulalavaluinnianufudinaenauaudeas Jady

Jafvasamevusanuiiad

2.4 Uadpiilinadansazaugiuvesansiey

2.4.1 ANANLES (Light intensity)

wasizauwazaunmseaiUna suvewandutadedidgylunisdunsziuaiuasnis
=~ ] < & o U oA & Y = =

azauuIndinmluaminevuiadn wenantauduvesiasditoduladeanumsend

drfgdmsunisnszAunsazauvesnalsiivesdluwadamsie [40] afiuduwwnueladugy
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a a sal o v Y v A % @& a = 19 <& a Aa
QNLL@SLLﬂIiVIu@EJ@I‘VILﬂEJ'JGU@\Tﬂ'UIﬂiﬂaTN‘V]LeﬂaaﬁlsﬁﬂqﬁLﬂU LAILLEN LW@I‘WﬂWiLﬂULﬂ?J'JLLaQ‘V]ﬁJ

£

Uszdnsam [41] lnenglaaneuates nMsduaseigiuasiiinduniouiulusiuiedou

< =

[42] egndlsinu giiufidudiundewsadainarudenisaininlneendindu dety
AUASEAINAMLTNLAgIRZnITAUNSazauvasgiivlunIsnevaueranuAIenly
wanansne [43] , [44] egnalsiniu auesenainuasgeluuneastonsadaanudeniey
DYMDNITIANUAITINGNVDUTARANNINY FINAMINISATAUVDINIATININAAAS [40] , [45]
Y & ! [y 4 2 a o & o LY a Y a
wanslmiiudnisuSunadivnzaunduddndudmiunisazaugiulilauTunagegaly

Wwadanse [4]

2.4.2 anududuvaslulnsiau (Nitrogen concentration)

£ (%
[

aiulunveladusugiuaznisduasgiafiuvuiunisasyivlavesainie [46] datuy
lulpsuiniismedudutadedrglunisiiiunisazaugiiuluamsgliuiniu esain

HAKEATDITIARATINTINTAULALATUNIINSEAUAINNSHAININZaN s ATl ulA T

=

[47] lpsangiuduansTluanadlideanislulasaudmiunisdunss wazldsunis

o

figatuainsduasieigiulilasunansenuainnisdndalulasiaulusser exponential

(48]

2.4.3 gunnll

v

<

gaumgiiuladeanueaioansiinmndfysnusensnilannseduliianisasauvesgiu

¥
[y

Tuwadamine gumgiiiiinduauisdadifnnimiaionazdiefiunisnangiiu Tuvueiinig
WaduiAunusingaavdamansenusgissulssiensiiulauaz ey senuesad Lofuin
pumgifiasiuaznszduliiinanuiaionannisoondinduvosuas dagiiuazidunsuds
AraAIEnINATIZl [46] Tumanduity dreamgfishninfarannisuangfiuandesain

N15ANAIYDINISHANLIATIN N [4]
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M19199 2.1 AT TUIVRINTRULALAEHANGRRTIUTe99aaMIe Dunaliella Wagld

Uad98n151Aa096119 9

YUAVDY asildlung .
\ §N13TN1INNADY 2 WNAN1INAADN 271984
819918 WISLa 8
Dunaliella | - wizidsaiisnsinislva DMMNININIFIUGHT 12 - Biomass (Mercedes
salina 294 CO, 38 cm’/s TnednuUasdia 2 mM productivity gga | Garcia-Gonzalez
UTEX 2538 - gaungdl 25 °C NaHCOs, 5 mM NaNO, 2gm?d’ wazAy, 2005)
-A1pH 7.5+ 0.5 wag 2 M NaCl - Pnaugiiudilet [49]
5.2 mg/L(culture)
Dunaliella - auduuasdi 103.5 Shan-Rong Xie et al.’s | USunaugiiuuszanas | (Shan-Rong Xie
bardawil HE/m?/s LagmuLULd medium adding 2.25 pg/mL uazAuy, 2021)
FACBH-847 Y83ATLeHU 500 pg/ml creatinine (8]
Dunaliella - 9EUNi 25 + 2 °C Modifying Gg medium - WIS (Weiqi Fu wag
salina -A1pH 6.5-75 L3AUlg NI Ay, 2013)
(UTEXLB | - Tsfenniedi 90 mL/min geandl 0.32 [50]
#200) IngUsznaume CO, 2.5% gDCW/L/day
- gnnsivavesineg 90 - Usnaugiiudile
cm’/min Uszanal 0.0256
~duasdunefinnanduuas mg/L/day

128 pE/mz/s
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uni 3

ASN1sAIUIIUIRY

Wle9aa111318 Dunaliella sp. AsuAMUBYATIENIINTRIUSURN15VRIAUETEIYEY
RNIEN1AIUNALUIATTININN1INLLE NIAIVIINYIFNENTNINLLA ANLINYIAARS

PNAINTNUINEFY

3.1 unudeasUN1sAuNITIY

& o
WEEsIwm
l{ﬂ

- o m ey -
W Lﬂ!]!.[un!ﬂﬂn‘i WTINMWITINY

YU 2 Bns

|

Anmyavesn A

:

x TRl
. 5
lnsisudili Anvmavesfialulassuluemmansdes

e

J

*

Anvinavewunaslulasiouluavsimizides
]

+
ATEuasH .
. . AnwnaroInUDLLAY
IME‘I‘IUQ\H!Q
W
1
Anwmavasrmunm

AUATMUAY
Wigitugan

Vhnw CO,
Ttafugean

]
+

Anymaves CO,

&
ANMEMAWITDEITA
. . -
a3 Dunaliella sp. M
mnzasdmiunsuiingiiu

A 3.1 LNuRaLanstunaun1svindTeluine dnus
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3.2 NSARENWIYBYREINI Y
WIPeRa M 18UTUINT 5 Tadans wmieideduimsifeateans F/2 (m13199 1 ans

a

91M5NSIU F/2) Berunissifesendefannudulothiigungd 120 sseeaidea
Huinan 20 unit ntuiuewsidsade F/2 Uiuns 45 fadbns asluvIngurnvuig
250 fiadans wnsdssfiauduuas 67.03 luleslualwnou/meauns it gungd 25
osrniwaldoa sevinadiiunmsideldvinisudeumeiidenndunsifielfusinandieame

MADANITINY

A9797 3.1 9IMIFATUINIZ U F/2 (Guillard and Ryther, 1963)

daulsznau n3u/ans
NaNO, 0.075
NaH,PO,.H20 0.005
Na,5i05.9H,0 0.03

Trace metal solution 1 dadans
Vitamin solution 0.5 Haddns

15199 3.2 d@uUsenau Trace metal solution

daulsznau n3u/ans
FeCl,.6(H,0) 3.15 nsu
Na,(EDTA).2(H,0) 4.36 N3u
CuSO,.5(H,0) 0.00918
Na,Mo0,.2(H,0) 0.0063
ZnS0..7(H,0) 0.022
CoCl,.6(H,0) 0.01
MnCl,.4(H,0) 0.18
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M15199 3.3 d@uusenau Vitamin solution

dqudsznau nSU/anS
Thiamine HCL (vitamin B1) 200 {adnsu
Biotin (Vitamin H) 0.001
Cyanocobalamin (Vitamin B12) 0.001

=

3.3 NISANYINAVDIAMUANTINNZENAUNTISHAUTALAZNISNARATIY

Y

Mn1sneaetiiefnyinaresnuiufenissgiulawasnani1sndngivuesgaainiie
Dunaliella tertiolecta \3uAuMEN1SATENTUTDIaMINeANITIUIIT 3.2 3Nt
Wegaavmsieliuins 100 Taddns umisdedueimsifendodns F/2 Usuanuay
Ju 30, 70, 110 uay 150 AT Tuudazganisaassi 3 91 Tuviauiigusuauin 2 das
(Fusuaugnate 136 daduns X aueEs 248 dading) Anunuwiugadisusuluwsiay
'l 5 ¢ a aa & & & e v
YANIINARBIRYNUTEUN 1x10° lwas/fladans lngemsideadesiiunisdnienieniail
o S A a IS < a0 o v o &
AusulouNeamll 120 ssrwalded [Wuial 20 Wil neutinlday ihnisimizides

gaamsgludaunsaifinmiBuasuuaeduivosoiniauuunzilunal 8 Tusednsinis

g 1.6 805/11% 5¥1319N5N988lAAIUANEUNANT 25 BemwalTed AULTULAIRIN

nanalnueaddav1in 67 ulaslualnmnau/a1519005-3U LAUFI98191UTZ0 30

oY

L3 Y (3

Taddns Tuwsagyanisnaasmniuieundnseiininsaawis Anududusalsfivess

(%
Y

VLA UagANUTNTUveIgiiu

=1

3.4 nMsAneNaveslsalumsaimunzaununisiiulanaznsuanaiiu

Y

AnuNsSENTLeYaaInse Dunaliella tertiolecta muviaden 3.2 aniuiiiiyeya
ams1eU3ung 100 Taddns vwnsdesngemsdsatoans F/2 Tussauanuduilaain

NanIAaeIiivei 3.3 nsveassilausuilasulinalumseduluunadulnsiauresqa
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amsedu 25% 50% 75% 100% (8113805 F/2) 125% way 150% voeUsunaduaims
Weueans F/2 luldazyan1smaassin 3 91 Mnisimizidesgaavsigluvinuiigusuy
wn 2 dns (@unugudnane 136 Tadwns X Aauas 248 daduns) wuunzsiluian 8 Ju

MEdnsINITiva 1.6 §n5/u17 senIen1sveaedlinIuAuaamnif 25 asrwailiud Ay

= A

Wuwasnvasnikoadnauf 67 lulastualnmeu/a1s19uns-3ud LAUFg19U8awad

ludsnsaldinmidauasd3unns 30 $addns Tuudazynnisnaassniy ieinaniias g

£%
v

ANUMUIRULLEAR W ninwaduis AaduduaalsiuoeAavan uazAUdNtuvesy

=

Nnu

=1

3.5 MsAnwnavaurasiunlulasiauiianzauiunsiiulauaznisnanaiiu

U

W3suiegaanite Dunaliella tertiolecta anuvadod 3.2 anduiiiudegaaimsie
U3n1ms 100 fadans mmwwﬁmiummﬂgmL%aqm F/2 TusgaumnuhuwasUsuin
ulnsiuildanuansvaaomiuiaded 3.3 uag 3.4 mudidy naaesilfidon]funds
Tulasiauw 4 v¥ia laun NaNO, (LLwéﬂuIMLQuiugmimmiL'gau%a F/2), Ca(NO,),,
NH,CONH, (Urea) tag NH4(SO,), mmmmLLu'uLszjaéL%mﬁuimwiam;mmwmamagjﬁ
Usana 1x10° wad/fadans mzisqaamieiuunsaduna 8 Yu luraufgusurug
2 805 (FuruANENA1e 136 Tadiuns X Augs 248 fadwns) wuuneiuian 8 Tusie
§51slva 1.6 dns/undt seminamsmaaedldmunuenmaliil 25 esmiwaidea Ay

' £%
aaa = 1 o

wasaINnaenlleadfdv1In 67 Tulaslualnmou/a1s19uns-3u? wagiiudiagi1aul

Uszanas 30 1adans luwsiazganisnaasyniuliiodiuniiasgrinnuiukuueas Uimin

(%
Y Y v

ARG AUTUTUTDILALTTIUBEATINILA karANUULTUYDIRTIY
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=

3.6 N1SANYINAVDIAMULTURAIMNRNIZAUNUNISHRAULALAZNISHANATIUL

Y

a o & ] . . v v A & o o X '
WIBUMILTBIREA1MI8 Dunaliella tertiolecta MUMIVBYN 3.2 ANNUUUINILTDIAAINING
U3u1ns 100 faddns uwmzideddueimisideadegns F/2 lussduanuay Ysuiw

Tula519u LazwrasnuulasUNLAINNNANITNAADINNNTITDN 3.3 Da 3.5 N1SNAaRINLA
LAONITAMULIULET 3 AUTULAS bAwA 67.03 lulastualnnew/a1s1auns-3ui, 201.1 Ty

laslualnan/ansnauns-3uii wae 402.2 lulaslualvinow/m51auns-3undl Anumuikuy
waddusuluusasgansvaaosogiivszana 1x10° lwad/Gadans nzdesaamieuuy
nziuian 8 Ju ludwwinuiigususwin 2 803 (durugudnats 136 Sadwns X Augs
248 fadwn3) wuunziunan 8 Judiednsinisiva 1.6 ans/uil szninenismaaedls

a = v aaa Y 1 H
?UQ@JE}QJV%NVI 25 A gaLtyed m?ﬁ]ﬂaam‘lwuaaamaﬂqj LaglAumAIBe19uIusEunn 30

o}

188305 luksiazyan15MnaennTUeUIUNTATIERANUNUIRILEAE  UINTNLgaduis

ANUTNTUYRALSIUBEANIVUA LaAUTNTUYDIRTIY

=

3.7 MIANYINATBIAMANLETIIINANAUNSIAUTALaSNSHER Y

Y

a LY d’lj | . 4 v Y t:l' 5 o £y d’l’ 1
WIBUMILTBIREA11I8 Dunaliella tertiolecta MUNIVBY 3.2 INNUUUINILTDIAAININY
U3u1as 100 faddas unwmnzidesdueimisideadegns F/2 lussduanudy Ysuiw
Lulpsiau una i lulansiau waANUNYeILalAaNKaN1IAaeINNITeN 3.3 i1 3.6

Aoy v A Yo = = 8% a
nsvaaesilaidantd 3 anueriniuuas laun wasdund, wasdung wagwasduiity Ay
) ¢ v ] | s 5 ¢ o aa &
nuwiuwadisuaululdazyan1smnassegNuszann 1x10° 1Wad/dadans zidedqa
anvenuunsidung 8 Ju luriauigusuwin 2 das (Wurugudnans 136 Jadwns X
AEs 248 Taduns) wuunzilunan 8 Tumednsinisiva 1.6 das/wil seninanismaasy
l@muauaumalin 25 esrwadea Mmenaenlnwoadidund uasiudieg1eunUsyanns 30
185305 luksazyan1smaaemnTuie U AT enAUnEIkiuead  dIndnioaduis

(%

ANULLTUYDMALTIUBYATIIVLA kAANUITLTUYDIQNY
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a ' P

3.8 N1SANEYINAVBINITWIA1SUBUlnRanluANidNSWananISAUTALAZNISHNARATIL

Y

W3Bwateqaaminy Dunaliella tertiolecta auadiod 3.2 anduthiutegaangie
U31105 100 dadans mwmzL??&Nslummitﬁml,%aqm F/2 lusgduninuay Ysuia
lulasiou undsiunlulasiou auiduveauas uazgaANveILasliINNANITVIAADIN
frdfed 3.3 fis 3.7 Tnglifwansueulasenled 2.5% lnsusuasuazlienniaund (Fne
msusulnoanlas 0.3% IneUsuing) finududy 150%, 500% waz 1,000% lulnsiau
AravltuadisudulusasganImeaesegfiusrana 1x10° lwad/daaans neiiea
amsewuunzidunm 8 Ju luviauiagusurwin 2 §03 (Furugudnas 136 dadwns X
ANNEY 248 Tadwns) wuunzidunal 8 Tuiednsinisiva 1.6 Gas/uil sewinanisnaaes
¥runugannid 25 ssmiwaidoa fevasaliueadidun wasfufogieiseu 30
fiadans luudazganisnnasmniuifotueszianumuuduged dafnigaduis

[%

ANULLTUYDIALTTIUBEATIIVILA. kAAUTLTUYDIQNY

3.9 A5N1579LAT1LIA 29819

3.9.1 ANUVUILUULYAR
nsiulavesgaanswausaaanulannstuIvvgadinglgunleladnes

wazndIganssal (Viryayingsiri Wagaae, 2006)

3.9.2 ANSAATIZRUINTNLYARLIA
AU NLYAR WA EUNITANNITN15V9 APHA (2005) Taetindlag19unusung
25 1adans NTINIUNTEAIENTDY Whatman GF/C 9119 25 Haatims NHIUNISTIUInLn
1% % = % %7’ QIJ a a aa g:v o I3
WA A9NABIALNNTNTBINIBUINAUUSLINST 30 Nadans nUuLnszAunsasluauluan
24 39 WAL NUNINATI WIS UMgULINUNNTZAT BNITBINDULASNAINTTOU USUa

Prinwadisaunsamualansaunisaaluil
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SN iaduie (Hladn3u/ans) = (A-B) x (1,000/C) (3.1)

' v '
A o L% a

e A A UINHNNTZAIENTBINEIUNITNTDINAIaUWA (Hadnsy), B A WIMTNNTeA1uNTed

b

a a o

(1adnsy) waz C Ao USu19se190819 (adans) vininwaduien baaiuisadlumiulnmi

SRIIN1INERTINIE (Productivity) 21n@ATS
IMIININERTINIE = (X, - X,) / (- t)) (3.2)

d' = ,oJ £y [ v o v
bR X; bae X, ABUNNUNLYRALKINEIAN t; Y H A1UAINY

3.9.3 USunaumaalsiaauazialsiuaen

A5ATIERUSUN AR SHAA kAL LALSNUBEAA LT UNITANNASYBY Strickland and
Parson (1972) lngtnf081990 41829 nUgnaddin mdanasusunmg 1.5 Iadans undu
WSS IAAALENDBNAINDINITLALNTD AINUUUALAR LA ANAIYLVILAILALLRULUNIUDA

AULLNTU 99% lagUSunsieananaslsiiad A nTuUIAIRE 1IN WRIBILaZ

v ! =3 Y < a < T ! o v ! J v

megeluinulugidulundadunar 1 au deuhiegaveuvailutuumniueauingiainm
A v a s (Y a 3 o a ! &

n1sgandunasmgaidninslilaiines asadanaslsiiaderadniiunisuinnii 1 ass

) s a I = ¢ ° Y N
AUATEVULYAANFUNIUM ?‘n']llLGUZJSUULLﬂIﬁmu@ﬂﬁiﬁﬂaqmqﬁﬂﬂqumﬂﬂ@ﬁﬂﬂﬁllﬂrﬁm (3.3)

Total carotenoid = (4 X Eqgg) X (Vo/Vp) (3.3)

18 Eqgo ADAINNTAANAULAST 480 UNlUnT V, AoUSunsansavane (Hadans) uag V, Ao

J3unsaieeng (Hadans)

3.9.4 n15As1zviAuTuTululaslauanurasluasalus IMITINNZLaeS
Aaszvanudutulunsniagldds UV Screening method Tage198991n35 APHA
(1992) ¥1NN19n509U929819928N5EABNTDS Whatman GF/C U@ 25 Saaiis 91n3uvin

A153LAT1LMSUAUAINUIUIAI9E19USUINS 5 Dadans AmsiseeiaIasanlasinle
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a 5 44' W ° ] ' = = 4
fmesNAugIARUIINTU 220 uaz 275 UNTUWATINHARNIYBIANYANTULATTIAINEIATY
220 wag 275 uluwmsuAamyinalulasauluissuisuiuanmaaniuiaves

asazaluaTuIngg I

3.9.5 N153AT1RAMUTNTUIUTRSIANINNwawaN e TUa IS INNLLAY S
A15ATIZRANUTUTULBNIUTE A LTIUN191UAT 989 Bower and Holm-Hansen
(1980) TaeviNN19n509UH8819A28NTLAN1WNTBS Whatman GF/C 9u1a 25 Jaawiss un
fe819USuInS 5 Tadans Wuansazalewaluannsnyadn 0.6 1aaans wazalsazaluda
I3 a aa o v [~ cgf = Y7 é’j qy 2
antaulalusmanlsa 1.0 Daddns vinlvansazatenauduiiowiediunienis Vortex Raial)
Tundauszana 1 Filuahluindmsganfulaaigninng1Indu 640 wilulunsmeLnIed

anlaslnlafives AMuinAINIsganauLantmisuiuAmunsgu

3.9.6 MwsenuduTunsanafaluansmAes
Ainszanududurieanosalagldizuos APHA (1992) ¥in1snsesindnognsdne
Ns¥A1WNs0s Whatman GF/C auan 25 fiadumns antutiifedsusuns 5 fadans i
FLoLauANaL (Ammonium molybdate solution Ascorbic acid tay Potassium antimony-
tartrate solution) asluf9e19A8ERI1AIUVBISLBLIAUANANADUSLNUVDINAIRIDENT 1:10
lansazaronauduiiieifioafugaenis Vortex aafisliUszanas 10 undt (s 2
Hlua) thluiaAinisganduuasiivisaiuendy 885 unluwnsioinsesanlnslla

w3 AuaNarIMIandukailaieuiuAunggIu

3.9.7 Ysuugiiu
n1sinUsuugiuazldlasunlnnslveunralaussauras (HPLC) Wi Photo Diode Array
Detector 2nflag9vasnalInanawalsiussnantunauludnanuusuins 20 lulasans 1

Tlumadud C-18 Tnaiiapdouiiduasuanseninainndu wniuea azdlalulasa wazle
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v

AABLSIWU 9R518@71 1:10:79:10 AUAU 7

v

n31n1sawintu 1 Jadans/ud teeldnan

[ %
6

Tun153AsIEIINeaY 30 W9

3.9.8 Usunaulusavluiwad

A5z iUsualUsAuf835 CHNS analysis #a81A309 CHNS Analyzer fiuni3nende
#auing 193nsesiviinasig C H N way S Tufhedrasdurisynuiinluszduiinuiify
N1 0.4 % Tl Tnserdenismlvsiansiegsdsauiouguieliarsogluaniuzufia
Larn3297aUIUEMAY Thermal conductivity detector Tngvwavossinlulnsiaud

Y o

A USunalusauls dil
Usunalusauluwas (%ewt) = N x 6.25 (3.4)

e N Ao salulasiaulumiag % lagunntinuis
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ASN1sAiuIIUIY

4.1 msUsulasuanuanluanisiagae

wangmﬁgaamiw Dunaliella tertiolecta LLUUﬂBﬁ?EJ@’M’]iLgENL%BQWS F/2 fivsuAy
As 30 - 150 A Turaaufgusuaun 2 a3 Wunan 8 Tu Tagliisnsmnzideania
eazBuaiszyliluiiden 3.1 nan1snsrainsinemandn Taun lumsauazwoaima g
wanslunnil 4.1 wuhdviinanfismedensaiapdulaluynyanismaass wansinn
nsieTgivlavesgaamseluguvesanuvuituead Jsuanslunmi 4.2(A) nuiga

1 a U U 1 U -dl gj 1
ameilsvern1suTum (Lag phase) lugaadud 0 - 1 Tuynganisnaass nlugaavse

v a = A U

lunnyanisnaaesazasyivlnegadeiiosuieiun 8 Faduduliannisiiuduveniny

a aa a

WRUUEEE  aamIeNmIZasInameL 30 AT WigAuln Andigan1snaasdug

o

(% (%

Hesnannenldluemnsidesdegns F/2 Wuanneasdudmsuldnseumiiioqaamsie
= o v =< o 1 o & £% v o A = [y A Aa U
iethunliveaes Jwilvilifiaudndusesusuidawieuiuyanisnnassdus Nnsusu
AnuAL AL dLgadaaaluiui 8 dauviidu 207.9 + 67.05 x 10° wad/laddns
FINNIIPUAULUUTAA LUYANTIAaDITIIIAI AL 70, 110 waz 150 A7 Tudiuves
5 o 1% dl i Y - S < a9 vl o
WNTNUIL (0197 4.2(B)) WUIINITNIZIREIMEBIMNTIRLAYRNIAMLAN 30 AT Tvidmtdn
£% d‘ a a o a = % % v & A [ v
Wiegeanil 340 = 44 Tadnsu/ans FaunnndmlinuianauAndug antes Kan1s

[y =

naaemlasuinnuaenndesiunuideluefn Fas1emuingaamsie D. tertiolecta @156
WigAvlalaanauANe (58 AN warldArAunuIkiugadgegavindu 50 x 10°

ad/Nadans TWINNIIAMUNUILUUTAETIAANEITY (116-232 ifiH) ogredmiau [51]

'
a

FaTUNTITINNZLA8a D, tertiolecta Taeld0191s F/2 1A17301AN 30 ART 2818t iusnsInIg

AULH WAZNANARTINIANINNTIINITNIZLESINANTIZAUANFITY

a v v = I3 a = s % o v
ANNN 4.3 memmmmu%mLLﬂIﬁmuaEJmmLLamJ'imfuLLﬂIiVIuaaﬂiaumau’muﬂLLWi Wa
i & A I Aaa gy I P ¢
ANTNAADINUITINTITENILLAYINAITULAL 30 WAN ELVW’]'J'HJLGUQHJUSUBQLLﬂIiWu@U@i'ﬂﬂJiﬁﬂ?j@

Winfu 2.64 Nadn5u/a05 F9U1NNIIAULTUTUVDILALSAUBEATIUNLAIINANTINILLALIN
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aad

& o A a a = I3 5 ] v
AULAN 70 NN Useuusesay 17.3 LLagLN@WQ']5€1J']‘1J§3J'1mLLﬂIﬁWu@S@i?NW@u’]VUﬂLLVN

aaa 1 %

1 X a [ P a a o U =
NUIINISINNZLALAULAL 30 AT TiAnasgalyunu (8.03 4aANIN/ATU) NANITNAADIN

Y 9

lesunseivauidelueiia 19919198118 Scenedesmus sp. Fadugaaniediden

aunsandnualsfiueedsauiauauei (5 - 20 ) lduinndnfiaauaugs @0 - 60

[

V) Uszanaufesas 57.17 [52) Tudiuvesgiiudadunisduualsiiuesdddgyuesgaaindy

D. tertiolecta [53] wuinnsnaaesilasuniudutuvesgiiugean (0.79 « 0.06 Jadnsy/

1
1 o Y ¥

an3) wazUSunagiiusaunndnuiadn Womizidesiianuay 30 A7 eglsinunanis

Y

WATIEHN19@D AR5 One-way ANOVA wuiisaessanuslisiniiuunnaisegnsiidoey

'
= = o

d1Ay (p > 0.05) NANITAIUIEAIINITHARATIUTIAINIAL 30 AT DAY 0.10

Y
a a v a o = v a = SN Na 1%
fadn3u/Ans-Tu Fannnidnsinisnangiiuluanidzsesasn (70 W) Seuszanauiovay
20 TngauwanaeiiadulunannsuandauialuguiimunuisnAnandiewniz b
AINULAL 30 AT Han1INnaeIRlasUdanAdBINUIWITETOY Ren uazmne [54] Fnuinga

v a I3

awse D. tertiolecta a13nIanAngNulAANAIAALAY LH83970 pathway N1sdATIEVgH

Y

a a ] a & | a aaa a =1 o 9 v
ullanuesensensiiiuAuAy Ineggaamsigaziinuiisesedlu@a (Osmosis) Yu vl

maasgiulnanas [7] Ssgndudaimsduasigiidionnuiaugidu uillgnisfigaavsnendn

LUALALSNULNULBANLALSIU [55]

nuan1snaaemuaviliasUlulesduladinisinigidesaaimsie D. tertiolecta iie
a = o a = I N A Yo | I3 Y a
WARgTIuAITANTUNITIAINMLAN 30 WIlT iWesanldsumamuiuaiuas §n N SWEeg

a A v A 2
VIUE;NEE@L@J@LWUUﬂUWﬂ?qﬂJLﬂﬂJQUﬂ
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10

Twese @adniu-lulpswdns)

=

u-vadwosa/ang)

0.8

W

0.6

0.4

fadng

0.2

=

wagLn (
(=]

Ry
AMUAN (WNT)

W Aduduluesedun o

v W o s
aududulumaiui 8

150 #

(B)

—

=

e

30 AR 70 AT

110 WA

Ry
AR (W)

W o ududunasnaiun 0

0O Anududunasiaiui 8

150

(%
a

]
']

=b

¥

=

¥

=

24

AN 4.1 enuntuveslumsawasloasilasuiy (il 0) uazduannismaass (Tui 8)

YDININLTYIIaEMIY D. tertiolecta Wiloinnzidgameamnsieadogns F/2 Uiy

ANALAN 30-150 AN



g

AUV RS

4 a8 ma

(x 10* wwad/badans)

A A w e
UAANTU/AAT)

(

v

Wdmtinuiia

w
3

450
400
350
300
250
200
150
100
50
0

1 2 3 4 5 6 7
a1 (1)
—o—30 WA .ol TO WA —-e--110 WA — & — 150 WiA¥
(B)
30 WAT 70 WA 110 HAHA 150 HARA

g cdd
AULAN (W)

25

AT 4.2 AUNUILUUYATYRIRaaININE D. tertiolecta (B) HmMHNU1awasgaaInsy D.

tertiolecta Twiuf 8 Wewwzidedluaimsans F/2 firufu 30-150 At

3.0

25

PR

2.0

an3

supedNIvda
)

1.5

fuwal
Jadng

1.0

A ududuna
(

0.5

0.0

P Y v ~ ¢ a ~ ¢ % )
AN 4.3 ﬂ’J’mL‘ZJ&J‘U‘IJ“UENLLﬂIﬁVIUE)EJﬂi’J@JLLaS‘UiiJ’]mLLﬂIiVlU@EJ@’i’J&JG]@UWMUﬂLL

T

70 WwN

I = ol
AULAN (WWN)

arudutunalsivayd

@ Vsunnualsiiuasddatdoung

10.0

8.0

6.0

« &
NUDLANINU A

=

YSanamals

@

a o

(Dadniu/nsy)

v

NUBN

amsne D. tertiolecta Tuiui 8 Wewwzidedluenmsans F/2 ienufu 30-150 Wit

q
a

a
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1 3.0
<
€ 08 A - 20
2 g
« L 2.0 7
& 0.6 -
05 [
é - 15 =
& 04 - =
a2 - 1.0 ©
2 S
2 02 1 L 05 &
[
&

0 0.0

30 AR 70 HiiH
AULAN (W)

— i i = = = .| =
AMULIUTUGNU O U'immgwumamma

AW 4.4 andutuvesgiunasUsunugiuseuminuislugaamsie D. tertiolecta T

=

Tun 8 Weweidesluemisgns F/2 7AAN3LAN 30-150 AAT

NUBNR: () NUIEANUTIANANIINAIB U T e Aty

a a a a N aAaa o < AN
A13199 4.1 MIRSyRulauaznsHangunanann1elian1IzAuAL 30 Wi

INIINTHANTYIND | dNIINIHARGNAY Usunaugiiu
@adn3w/Ans-) | @adniu/Aas-iu) (Hadn3u/n3w)
29.07+4.73 0.099 + 0.008 2.42 + 0.26

=

4.2 wavasanududuvadlulnsudanisasyiulawasnisuangiiu

v

VT’]ﬂ’]‘ﬁLW’I%LgEJQQaa’M‘ﬁ’lEJ Dunaliella tertiolecta é’aammﬂgmﬁagm F/2 fiensidy 30
fifif wazUFumudiudures NaNO; Trfeglutng 25% - 150% vesUTunmeadisndegns
F/2 #an1snaaeanuitdnuiugaagaamieluusasgnanisvaasslidlafinnuwnndaiuunn
dnlugaetud 0 - 4 eghslsimuduiugadgaamieianuuandsesadaiaunindy
vdaaniud 4 lnggansmeassiivsululasiauetlutg 75% - 150% asinmsifivdnouead
unnimsldlulasiau 25% wag 50% egrsdalau deanindunaanuiinalulesauly

s liissnesanssyiule Tuvaziuaiugaamnensydulalauntusgisdaa
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dousuarnududululasiaudu 100% (ewnaidsadegns F/2), 125% uay 150% lned
ANUnULUuwadgantuiugavinewiniu 1255 + 47.73 x 10°, 104.5 + 8.74 x 10° uag
128.2 + 16.69 x 10° Wwad/fadan mudidu (il 4.58)  Tudruvesihmiinuisiingadn
Tutudl 8 vesnsmzides (il 4.5(8) NUINAAINIY D. tertiolecta fungidesdag

9IMsRBuTegns F/2 Nenudutululasiau 150% Wihwilinuisgegai 253.33 + 53.27

[y

Tadn3u/ans (25.42 + 6.66 TaanSu/anT-1W) TNNNIYANITNAGDIDY

Nl 4.6 wudgaamine D. tertiolecta fhainydulaluswmsidendogns F/2 sy
s stulasiaulvieglugae 100 - 150% annsandnualsiiusealdanniinisusuan
lulasumde 25% - 75% laglasuanududuvesalsiuesnogluyiasening 1.8 - 2.3
fiadn3u/ans nansvaaesildsunuinaenadesiusuite Nellis uazans [56] 1518919
nmsanUiinalumsnasazilviqaamiiendnualsiuesdldanas Tusazifoatuidloia
Uinallumsviugaansearannsondnualsfiuesdldunniy ludiuvesgitu (nmil 4.7)
fuasfiviinsmzdsaaniie D, tertiolecta ﬁaaaﬂmﬂgmﬁaqm F/2 MU§umny
dutuvedlulasiawdu 150% lisuanududuvesgiiugsgaiiniu 0.58 + 0.094 Tadnsu/
ans %QL%Uwhﬂ%mmqﬁwiamiwﬁmﬁﬂLLﬁqwhﬁ’U 2.11 + 0.048 fadn3u/n3u uananil

a <

mnansalunisndngiivanasmudinialulasauluemsifedtie nanisnaasmlasu
& v = o = . g ] .

UUNANUAAIYARINUNANITANEIUBY Nellis wavAnly [56] ANW19ad11318 Dunaliella
salina wag Shin-Hsin Ho wazAme [57] NAN®I198aIMS8 Scenedesmus obliquus
enuInieanududuvedulasiauiivsunauin gaamsigsransadulalidueged

v |

wazanunsandngiulauinaunisiivlnvesqaamine wenanidagiensedulvisaaivsie

9

nanaiiuuniu Wesnluesniiesduszneudululasinuidieduasizilusiuluy Light

Harvesting Complex Il (LHCLL) 6750L‘ﬁm%’mﬁumimamqﬁﬂuﬁ;aamﬁw [58]

N139939IAAINNTUTUYDIEIMIMNIUAN Lakn Lumsauasaams wulnamseluynyanis
naaeinislisgemsisaedlunisaiaiule lae D. tertiolecta luganisnaaasiiuy
AnuTuvaslunsndu 25%, 50%, 75%, 100%, 125% wag 150% 1?uﬁmﬂ'iﬁmmmi
TumsvlU wag 4.1, 5.8, 8.3, 9.5, 10.9 way 12.6 Haandu-lulnsiaw/dns muaisu Seuunlis

nsldlumsnlunisfnunilaenadesiunandndualuusazyanisveass uandliliuiinng
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WutuveesI9 1 shum sndulinud 1Ay AuunuInn1siandiutaaInsevesssuy
dgl ! ! ¥ ¥ a1
wneldes ludiuvaseamnnuitanuiutuvesneanalunnyanismaaeiid1anasain 1

fadnsu-veanesa/ans TuTuwsnveanisiniziaes [y 0.11 fadnsu-weanesa/ans Tuu

AuannIsLaes

INNANIINARBINIMUANUINITINIBLAEaaIMIE D. tertiolecta HI8AMUTNTUYDY

Lulnsiau 75% - 150% Winanisisafulawasnisudngiiulan Jsaunsaazuladnaiy

Y

[ (%

UNTURIUG 75% - 150% Lulnsiau munzaudanIsigiaedgaansie D. tertiolecta Nslu

] 1

arunisiivlanasndngiiu egalsiniudisfnwiduaiinuingaainiie D. tertiolecta

ansasaiulanazndngiiulaundudnilisiiuaugudululasiaou uagdioSeuiiiou

Y
AUNUYDIDIMSEBUTRN AN TUL N ITREAY 4 IINAUYULAL VausTislaniaInIiuTusey

ay 45.9 Jedndulufenldanudutuvediulasiau 150% vesUSualuemsans F/2 uae

'
aaa =

AILAY 30 WNT LieziaeRaaIvINe D. tertiolecta Tunavaaswioll
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AMUNLULLT AR

100

80

(x 10* \wad/ladans)

60

40

20

Al ()

—— 25% (3.1 fadniu-lulasawdng)  ...@... 50% (6.2 fadniu-lulasiaw/dns)

— == T75% (9.3 fiadniu-lulasiaw@ns)  — & — 100% (12.4 Hednsu-lulasiawdag

- @~ 125% (15.4 fiadniu-lulasiowdng) —g— 150% (18.6 fadniu-lulasiawbag)

350

300 4 (B)

anT)

250 4

*
200 4
150
100
50
0

25% 50% 75% 100% 125% 150%

fiadng:

(

Utinua

w

anududululasiou wesidud)

AP 4.5 AuvuuLiumad uay (B) thiinusuesgaamse D. tertiolecta Tuanandidiu
lulasiau 25% (3.1 faansu-lulasiausedns) 50% (6.2 Sadnsu-lulasiaunedns) 75% (9.3
Jaansu-lulnsausedns) 100% (12.4 Tadnsu-lulnsiau/ans) 125% (15.4 Jadnsu-

Tulp5Lumaans) way 150% (18.6 Haansu-lulasiaunedng)
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g - 12,0 g
»Z S
& F 10022 ~
22 s OE
2 (@ | g0 B &
=S . =
e = = =3
L,—é !E Uﬁ ‘AE
ER{] - 6.0 = (@
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2 -
= awe
g L 20 S5
«

0.0

Tulpstan Tulesian  lulesiay Tuleseu Tulesiou Tulesau

25% 50% 5% 100% 125% 150%

b3 i £ .
anududululasion (Wasigud)
anududunalsivess [ Ysunaualsiiueeddadouia

AT 4.6 ANUNTULALTIYBEA TINLaEUSIAALsIuReA LU TUT 8 YesqaamsIe D.
tertiolecta NAMUINTULUIASLAN 25% (3.1 Tadn5u-lulesiaunadng) 50% (6.2 Haansu-
Tulnsaunaans) 75% (9.3 faansu-lulasiaunaans) 100% (12.4 Taansu-lulnsau/ans)

125% (15.4 Tadnsu-lulnsaunadns) waz 150% (18.6 Jadnsu-lulnsaunadnsg)

0.8 3.0
e —~
G L 2.5 538
= =
I a
i - 2.0 ¢
= s
= L 1.5 =2
& =
=4
©° . 1.0 ufé;
= e
e c
2 L 05 2
= =)
il
e 0.0

asau  luleseu Tuleseuy  Tuleseu  luleseu Tulaseu

25% 50% 75% 100% 125% 150%
aududlulesiau (Wasidud)

7 i = 1= = 1=
E enududugiiu. [ Yiunngitudednuia

Al 4.7 avwidutugiiulusazuSinaugiulutuil 8 vesgaamste D. tertiolecta fiAa
Wudululasay 25% (3.1 Nadnsu-lulnsaunedans) 50% (6.2 Jaansu-lulnslauneans)
75% (9.3 fadn5u-lulnsiaumedns) 100% (12.4 Tadansu-lulnsiau/ans) 125% (15.4

Taansu-lulasaunaans) way 150% (18.6 Jaansu-lulasiaunaans)
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]
(=]

(A)

v v
anmtudulunin
— —
(=] w
1 1

(6]

(Hadniy-lnsau/dng)

lulasiau 25% lulasiau 50% lulasiau 75% lulamau 1009 lulasou 12592 lulasou 150%

anutudululasiau (Wosidud)

W owduduluesedui 0 g eududuluninduin 8

=

-WodWaid/an)

0.8
0.6

OJI_I ||—| |H |H ||_| ||‘|

HodaLn

o

0.4
0.2

fladnsu

(

Tulasiou 25% lulasiau 50% Tulasiau 75% lulasau 100% lulasiou 125% lulasiou 150%

anududululasiau (Wasidud)

W eoudiduvesaduil 0 [ enududuvlsamadun 8

v A

awdl 4.8 eranduduveslumsnuazeamadlotudu (Juil 0) uarAuannimaaes (3uil 8)
Y9IN1INLABIaaMINe D, tertiolecta Anududululnsiau 25% (3.1 Sadnu-
Lulnsiausiadns) 50% (6.2 Tadnsu-lulasiaudedng) 75% (9.3 fadnsu-lulnsiausedng)
100% (12.4 fadnu-lulnsiaw/ans) 125% (15.4 fadnsu-lulasiausiedng) uaz 150%

(18.6 Naansu-lulpsiaunaansg)

A13199% 4.2 N1sasyiulakarnsHangiunanganeldaneaududululngiau 150%

(18.6 Haansu-lulpsiau/ans)

INIINITHENYINIA ANTINTHANGTIY Usunaugiiu
(#aan3u/ans-) (aan3u/ans-Iu) (#aan3u/n3v)

2542 + 6.66 0.073 £ 0.01 2.11 + 0.05
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=1

4.3 uavasunaslulasiausanisasyiAulanaznisuangiiu

Y

viavesuvadulasiaududndadvddyidmasonsnaniing Lesngaaviisannsa
Tunaslulasauilunsmuazuenlidelunmsduaiulfaiaydiuln (59] Mnmamnzdena
ams1e Dunaliella tertiolecta luns@nwid 4.3 5asﬁsqﬂmsmaaaﬂgwm 4 YANUNIT
USuwdsuunadlulasiaulueimis F/2 (anudu 30 fff) Fawvseendu 4 unas leud
NaNOs (mmiLgau%aqm F/2), Ca(NOy), fildlutasaifuunaslulnsiay wag Urea,
(NH),50, filduanludaduwnadlulasiau Wnesmunanudududu 18 fadndu-lulnsau
siodng Aeuthurldimieiiios D. tertiolecta 13BN swnedssmuiissyl3luisnnameassi
3.1 iflefamumaiiulavesamisnnaauruunwad nuii 4 gn1mnaes fsves
ma@uimwuﬂqmimhﬁuﬁ 0-5 Wl (NH,),SO, %ﬁigazmiLﬁUI@LLUUﬂ?@Jmimhﬁuﬁ 0-
4 Faszeznsdulatesniunadiulanaudy (Ml 4.9A) Wesannuesladefianaududu
32.8 Tulasnu-wenludle/dns foddanuluiivdegaavsiouwd vilinsasydulngn
Fudals [60] wenanilmrumnuiueaduesumasiulasiau CaiNo,), Ssanunsaiaiayivln
esnTadutelsiuiovvewnadulnsau Tnerumnuiuradluiui 8 vesmsmnzites
funaslulnsiau CaNOy), (220.85 + 77.41 x10° wad/fiadans) ﬁﬁi’]mmfj’rqmmwmamﬁ
Tunalulngiau NaNOs, Urea wag (NHg),SO, deflaumuiusumadiviniu 167.29 + 13.75

x10%, 206.34 + 51.34 x10* kag 157.63 + 15.91 x10? 1wad/Naaans AuaIfu

Tuduveaniinuis (nmdl 4.98) wudnnsingliesgaansie D. tertiolecta tngldunas

Tulasiaudu NaNOs, CalNO,),, Urea wag (NH,),SO, Fefiunniinuisluiud 8 asaaminfiu

a a

280 + 46.36, 290 + 16.17, 252 + 18.90 wag 292 + 22.03 UadnTu/anT Aua1AU R

o w

l0/ LY b4 5 dgj ra 1 L 1 a @
UINUNLTRTDIYANTINNGBINN 4 YU ‘lllllﬂ’?!’]llLLG]ﬂG]’]QﬂUE)EJNQJUEJﬁ’]ﬂﬁU (,O > 0.05)

o

ludiuvowalsfiuaedsiufgaaInsenaalanaun (A me 4.10) WuiinN1snIzaedqa

a111318 D. tertiolecta 1neld NaNO,, Ca(NOs),, Urea kag (NH,),S50, tHuunadlulasiau
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annsananualsfiuesdsnilndifesiu Jseglutissening 2.0 - 2.6 fadndu/ans eenslsh
audlefansanusuinualsfiussdsiusetmdnudomuitunaslulnsiou CaiNOs), way
(NH,),50, fiUsannualsituossamsotminuiagagagainty 9 fadnsu/ndu annni
wndslulnsiau NaNO; wae Urea ludiunisndagiiunuiininnizidesqaaivite D,
tertiolecta ey Ca(NOs), kag (NH,),S0, \Huvadlulnsiauy lﬁ§ugﬁuqqquﬁa§uqmﬂﬁs
naaesUszana 0.9 Jadnsu/adns vide 3 fadnsu/niu Janniunaslulngiau NaNO, waw

Urea Ussunadsoeay 72.01

lons1ainAnududuvessensvan lauwn lulasiauuazreanesa wuirgaaivsiedng
Ismemsnsaadlunisasaiiuls laglulasiauanasainussana 17 Sadnsu-lulasau/
ans wideUszanu 3.60 Sadnsu-lulnsiaw/ans Tuuvaslulasiau NaNO; wag Ca(NOs), d@3u
Tuunaslulngiau Urea waz (NH.),S0, aginanusyanal 0.23 Jaansu-lulnsiauneansluiu
Y & ~ ) vax
AugANITNIZEe WeIaInNN130539108190 M7 lulasiauly Urea uag (NH.),SO, 1433
Bower and Holm-Hansen (1980) Tudauveanaainnuitanududulaanasainiseuia 1

Tadansu-veanasa/ans TuTuwsnuaInNIsnIztase wideUssuia 0.06 Jaansu-veawasa/

dnsluuauannismieiaes

IINNANTITNABDIVINUANUTINTTNILLEEaaMIe D. tertiolecta Agunaslulngiau
Ca(NOs), inansiiulawaznsuangiiulas wazdievitnisAinwiAuaiinud Ca NfUsunu
isnadasarienszauligaamsedunszinaliidusg1ef [61] wenainil Ca(NOs),

fsefignnituvadlulnsiau NaNOs, Urea wag (NH,),SO, fafosay 23.79 JsasulainGen

Ca(NO,), Wuunaslulasiuiiaududu 150% lulasuveslsunaluemisgns F/2 uay

aaa A

AuAY 30 A9 Liveldlunisimnsidesgaamsie D. tertiolecta Tunisneaassioly
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wnaslulasiau

34

AN 4.9 AnuvUILULLEad wag (B) niinuviaduil 8 ¥eqaaiunsiy D. tertiolecta Tu

wraslulmsiau NaNOs, Ca(NOs),, Urea wag (NH,),SO,

3.0

2.5

o &

2.0

ANT

sHupdavin
503)

=

1.5

el
fiadns

1.0

=

AU TUTULA
(

i

0.5

0.0

NaNO3 Ca(NO3)2 Urea (NH4)2504

wuadlulasiau
anududunalsiiuesd g USinaualsituauddadauna

0
in

® o
U o

s &
NUDUANINU A

™ @
n =}
o

Ysunamals

Py
=}

Su)

answ/n

(diad

AT 4.10 AnuRTukAlsiueeAsINkasUTIMLAlsTuesA TIuTvuatuIui 8 vasqa

a3 D. tertiolecta Tunnaslulasiay NaNOs, Ca(NOs),, Urea wag (NH,),SO,
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1.2 4.0
‘L‘% 1.0 3:3_?
W L 30 €
[~ DR
[\ g
& y
= F 2.0 =
&=
& ug
ap g‘;
=
ag o 1.0 g
= qire
c =)
&
0.0
Ca(NO3)2 Urea (NH4)2504
unaslulpsiau

- vou o = ER
AIULVUVUGNU O U'immgwumamma

A7 4.11 enududugiiuwasUsunnguluiun 8 vesaamsiy D. tertiolecta Tuuwas

lulnsiau NaNOs, Ca(NOs),, Urea thag (NH,),S0,

20

(A)

fululnsiau

ANTULVUUU

p
(Hadniu-lulpsiaw/dng)

NaNO3 Ca(NO3) Urea (NH4)2504

wuaslulasiau

B Aowdudululeseuiun 0 g evadudululaseuiui 8

= 12
& @ ®
z & 1
© e
£ =
£ Z 08 A
;S kS
2 T 06
A
S <
€ @ 04 4
43;
0.2 4
o J T sz |
NaNO3 Ca(NO3)2 Urea (NH2)2504
wwadlulasiou

W udadueamniun 0 g enududureaniun 8

AT 4.12 anududuveslumsanasoainadiosudy (Tuf 0) wagduannisnaasy (Tufl

8) ﬁuaqmﬁmwu%aaﬁ;aaméw D. tertiolecta Tunvaslulngiau NaNO;, Ca(NOs),, Urea way

(NH4),SO4
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A13199 4.3 N15aseyiulakarnsHangiiunanganelauradlulngiau Ca(NO,),

NTIMNIHAAYING | BRTINTHARGTIY Usunaugiiu
(Hiadn3u/ans-u) (Hadn3u/Ans-u) (@iadn3u/n3w)
26.29 + 2.02 0.091 + 0.04 291 +0.71

=

4.4 naveANUdULEIRBNISIYRUlALaTNITHNANTY

Y

n1sfnwillazfnyinavesadudunasdaiuladedidgnonisifivinvesgaainsie
Dunaliella tertiolecta WngaziwIgiden D. tertiolecta feam1s F/2 (Anudy 30 WiNH)AS

nsUsuuvadlulasiauiu CaiNoy), 18 fadnsu-lulnsiausdedns lneazuusynnsnaaes
sondu 3 gamuanuduuasild 67 lulaslualimou/misnauns-3und (5000 and), 201 1u

lastualnmeu/a15198ns-3u9 (15,000 9n%) waz 402 Lulastualinou/a1519465 - 3un9
(30,000 an9) Weosananuduuastugrsiiduanudunasiivungaunenisiasyivlinves
aa1m31e [62] Wednniunisiivlnvesgaamsiglusuvesnunuikduiegad (01w

1 a a a a ‘:’{ 1 < FY Y] o o A = < v al [y} 5
4.13(A) qaameiinmsiasgiulaiaduegisiiulatnauieiun 3 Faduiwilduberiung

3 ANUULES TASANUNUILUUEAAILTUN 8 VBINITINELREIRAINUT LAY 402 lulasiua

TAoU/MN1519UR 53U AANIAU 302.99 + 44.46 x10° wad/Haddns Fsu1nnIIAu
1 s 1Y A 1 < Yo A o a o A ]
nuuLugadauILLERUeEUlATR HoUNLTIBUAUNANITNAADINHIUNIAZ N
LA u i A unuIstugadvesgaaImseiiudume (Rntulssuna 10° was/
18d8n3) WemAafsAunUILULEad JUN 8 Y039aa MY D. tertiolecta Meldianiiz
AMUNLEs 67-402 lulaslualinou/n1519wn5-3U% 1aeds One-way ANOVA @1g

LUsNTY SPSS WuIANNMULULAGYeIRaaInsIe D. tertiolecta Mwwiaganglaning
uwas 402 Tulaslualvnow/msnauns-3uii wnne191nAudunas 67 lulaslualinew/

MITNNT AU waz 201 llaslualwneu/msames-3und egnslitdsezdAyneads (o <

0.05) TuaI U9 UTNWIAS (NN 4.13(B)) NUINNNTHILRLINEIHANIIEAIUTULES 402

lulaslualnnou/as1uuns-Jud nsvidmdnuieluiui 8 gegawiniu 412 + 67.88
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(% a = %

TadnSu/8ms WIgUMIBRSINISHANTINIANNU 455 + 9.19 Aaansu/ans U F98AN
1nNIUITNWAINElA AN MEANUTUWES 67 TulASTUalNADU/A1IMUATIUNT hazAY

Wakad 201 tulaslualumau/m1519uns U9 JANVNAU 264 + 10.58 Naansu/ans way
230.67 + 16.17 fiadansu/ans auatsu duduluniunaveanuidensuun [63] Fafnen
NetuaMukaIninasenisiiulakazn1suanualsiueealugaaivsie Chlorella

sorokiniana IneNUINNAMUTLLEAEIEIAS UEIMTNWAAINIIAUTNRENAINIT Tne
ANUTLaAY 690 TulAsTualWmnou/ms1auns-3u? asUtNInLAININAIIAULTULET 92
TulasTualWnou/a1519Wns -3un9 89 1.5 Wi agrelsAanuiletfiuaudunasduluauds

920 lulaslualnmou/an919uss-3u9 azlasutinndnuisanasly 1.06 W1 wazaInuIve

Y84 Sui kag Harvey [64] Favinn1sfinwilugaainsie Dunaliella salina Mienaduuas 100
- 600 lulaalualWnoau/an5198n 5319 Ines1e9uINaANuTLwad 400 lulaslualinau/
a a v o o 1% | . N Al v
AITINUNTIUIN aqmaiwumummwmﬁ;ammw D. salina dAUINAMNAIULVULES 100,

200, 300 uag 600 lulaslualvnew/ms1amns -3 nasRenglianiizanuduuasasas
LunseAunsiulnvesanselannitnuukassn wiiolikasnauiuaufenIsves

JaarIgIvdNaduLANssaaUlale

Specific growth rate

Light intensity

AN 4.13 NaveIRNUNLAIIRaNSIRS A ulnveIgaaInsIY [65]
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disinsanaAeismtnuiangldaniizauduwas 67-602 lulaslualineu/msnauns
AU wudngaamsie D. tertiolecta Mnzidssniglianiizanuiduuas 402 Tulaslual
MOW/MIIUUAT U AUNTONEATINIALALINNTIYANITNABBINANTILANUTULEL 67 Uy

201 lulaslualpou/msnauns-Iuniiegedniau (o < 0.05)

ilefiasuUsInauLAlsiueeA TN (217 4.15) WUINRAaMIY D. tertiolecta NNgLAES

Aeldanneanuldukas 67 lastualunew/m151auns-3u9 Jusuiawalsiussnsiuly

'
v

Juil 8 geganiniu 2.88 Tadinsu/dns Fannitnnuiduuadu) Inenanuduwas 402 1y
laslualvinou/msrauns-3unit SUsinaualsivesamiuwiiiu 2.62 Tadniu/ans wazay

Wuwas 201 Tulaslualinau/a1s19uns-3ui Jusunakalsiusemvinnu 1.97 Jadansu/

ans

ludunisudngiiunuinnisingiaeanaudunas 402 lulaslualnneu/ansnuuns-Juni

1o

(9

N3U ANNNINITNIZIEBINIAMUTNLEDUY Tnadianudunas 201 lulaslualinow/a19s

(%

ughiuilefuganiimaaeuniiiu 1.17 + 0.403 Iadiniu/Gns w3e 3.88 + 2.74 dadniu/

afle

a t:l'lvlq.;

AT AU WARaNuUlevinAu 0.70 + 0.06 Aaan3u/ans 3o 3.02 + 0.22 JaanSu/N5U hay

Y

b4 1 o

Auuuas 67 lulaslualvneu/mnsawns-3uni nangiuldwintu 1.06 = 0.079 Tadn3u/

M5 %39 4 + 0.17 1aan3u/n3U TRgNaNNUITENHIUNN [63] ANWIAINUANULTULAIN]

HaransiAulaLaznIINERLALsTIUBEALUYaaInsIe Chlorella sorokiniana tagwuinAdy
Wnuaag (690 llastualvneu/msnauns-3und ) aglasugiiuninninanaduuasnainiy

92 lulaslualwnau/A1919uns-3UN7) 1.87 Wi L1H9991nUSUIMLEINUINLINEIND LY

N3¥AUNITATUAULATRIRaamMIIBYIasadunTzvigulauINTY

Y

MInsIvinanududuressnemisudinveaanie loun lunse wag Weoamn wuinga
amseldsimeimsisaedunisasyiivln lasluninanasaindssuia 18 dadndu-

Tulnsaw/ans Tuiuwsnuean1sinizase wideussuiu 3.7 Jaansu-lulasiau/ans Tuiu
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duannisiizides ludiuvesleamanuitanudutuanasaindssuia 1 Jadnsu-
Woanesa/ans luTuusnuesnisiwizides wdesdseana 0.05 fadnsu-veanesa/dns Tudy

AuannIsmeLaes

IINHANITNABBINUIINTNBEEIRaaM318 Dunaliella tertiolecta neldan1izaudy

o A

was 402 lulaslualvinow/ms1auns-3und dnsiagiiaulanuniige ieg198e9nauided
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AIANUIN N,
ANSTUULYAALAZATUIAAIUNUILUULYAR

(Fox, 1983)

Aliunsiuwadyaa1vsne Dunaliella tertiolecta mualariudaiden (Hemocytometer)

[ |

neldndesqanssaifiindens 40X nealadiuidndon 1 du Tdesddfmeraddidnumy
Jumsedmaen 2 msiegnanalan lneusasmsadiiuivingy 1 asediadwns waed
ANUENYINU 0.1 Fadluns dannit n-1 Banstuwadazyimslddegimauuuiualan

Pnuluwaduumdrisnasihimeadanuuwligadlagldgas Al

Usumsvesalaniudinbon AUNING X ANUYTT X AIUEN

= 1 dauwns x 1 Jaduns x 1 aduns
% 0.0001 anUIARLEUFALINT %38 0.0001 TAFWINT

= 1 x 10* 1wad/0adans

o n 10,000 . o an
ANIAIMUIMUULYAS = —— Funuwadly 1 Nadans
Wio n = NUIUAINIUANTULS

X = FNSTLUANS DALY INUNVDILAZ BDINTU

A9 n-1 dlanduilindenuariuinnsisdwmsutiuwaa (Melissa Rouge, 2002)
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AIANUIN .
AN5AATIZIUIUNLYARLIAS

(APHA, 1992)

gunsaluayansiall

1. LAID9T9 4 LU
2. N3¥AN9NTBY Whatman GF/C au1e 47 Uaaiuns
3. fau

4. Vacuum dessicator

aa a L3 goJ o/ 4
2A8ANTIAINEHUINUALLYN

a

1. AsEA¥NIBs Whatman GF/C u1n 47 Jaaiuns lﬂauﬁqmmmizmm 103 - 105
ssrwalua auiminasd wazlUAUIAA Vacuum dessicator

2. \RuiegnasiUsvana 5 fiadans

3. thegsinsessiiunszaenses Whatman GF/C auna 47 fadluns Aenuns
DUWININYD 1

4. Frawaduunseanensasdaetindy

5. ihnsgmunssweukiiaam sz 70 esrwada [Wunatetatey 24

Il udINALA

(% 1%
o Y

6. UINUNYARLTIADNAMNIIYBIUNININNTLAENTRINTLTAAN UL MINNSEANENTD4

SUAY
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ANMANUIN A.
a 4 Y v a 3 P 3
sz ududunaslsiaduazaaslsiivesn

(Strickland and Parsons et al., 1972)

gunsaluayansiall

1.

UV-Vis Spectrophotometer
A384 Centrifuge

Lﬂ%‘laﬂ Vortex
quﬂ%amf’f’mmaﬂ
WYNLAIUAENT

A158LANYUNIUDAAIUTUTL 99% LagUsu1mS

Bn1sannraslsiladazwAlsiusss

1.

a

Audnognainyssunn 1.5 Taaans

thetsiusvana 1.5 Sadans induisadieusnisadesnannveavanla
UAAR LHLANABLITILAT

Buansazaneinueaudy 99% Tneusuns luuSunaihiusieganisudy

)

11l vortex #1 5,000 rpm 1waan 5 w1l
Psnegeunduneaduian 5 wi Funadiuwadauinnaenow)
egrsveanaInainuninAnsgandunasle UV-VIS Spectrophotometer 1

ﬂ’J’]ﬂJEJ’]’Jﬂg‘ULLﬁQ 480 630 645 LAy 665 ULULLAT

YANUYNIAFUYDINITAANTULE

1. maelslad (Chlorophylls) ¥33A1uE1AAY 630 645 Way 665 UIIAS
2. uAlsiuees (Total carotenoids) H29ALEIARY 480 WiluAS
A5N15AUIN

Total carotenoids (ug/mL) = (4*Eqg0) * (V,/Vy)

Chlorophyll A (ug/mL) = (11.6*E¢s5-1.31%E445-0.14%E430) * (Vo/Vp)



115U cuvette MNUNTINE 1 LWURIAT
e V, AeUsunsasasae (mL)

V, ABUSHINSVRIUaIR8819 (ML)
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AIANUIN 9.
A153LA1ZYA HPLC

(Chaoruangrit, L et al., 2017)

gunsaluayansiall

1. 1309 HPLC (Shimadzu Model Photodiode array detector SPD-M20A)
2. 1A%8d Centrifuge

3. Lﬂ%‘laﬂ Vortex

4. n3¥MENIas Nylon membrane auna 0.45 lulAsiums

5. YPLATBILIINAADS

6. WNLAIUAATS

7. @sazauiuyuea HPLC Grade AMLILTU 99% LaaUsnnns

8. IAUTIYENTEMIU HPLC (Shimadzu)

aa [ a (3 a [
Tomsannaaslsiaauazualsiuees

1. thieghainuszunn 1.5 fadans idusisadiowsnwadesnanuosvadla

2. UALYARLLANAIBLYINLAY

3. fnansazanswmueadudu 99% TagUsunns TuusinauwiifusetsinEud

4. 13l vortex 7 5,000 rpm uaan 5 wad

5. tshegraniumisaduna 5 wiil Funadiugasdvnnazne)

6. meEswauvaifiataiinsesiiefinges Nylon membrane ussaldwindiegng

LNIEVDUATDY HPLC hazuiht1bAsa9 Wiauinn1s3tAS1ZN base line 452 wnlu

bUAT

M ThaseviauarUsuavesasnguualsiuesnals HPLC

1. 11F19g19NanauNIesIEYineweIad HPLC faUsenaunie C-18 Aaauukay Photo

Diode Array Detector 3u SPD-M20A

1% '
o [y a

2. wapdsuniduansazatgnanseiinaunnduy wniuea asdlalulesa uazlamasls

o oA

U 951870 1:10:79:10 AINAIGU NORSINTIAAVINAU 1 Tadans/uli
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a g 1

3. vimsdndetnaiinm 20 lulasdns Avwenadu 452 uiluwas Taeldnanlunt
ASITRTaINA 30 Uil

4. Ymsdwunsinasnguualsiiuesdedenisilsuiisuanasuildann
\5ed HPLC Audeyaanniuiilidmsuduunviavesseinganwiisie

Phytoplankton pigments in oceanography : Guidelines to modern methods
(R.F.C. Mantoura and S.W. Wright, 1997)

5. AUINATIULTNTUYDRTIUAINNTINERUTIEUIINUINTTIU (N9 9.1)

Standard Lutein
4,500,000
4,000,000 1
3,500,000 1 y = 248,294.452x
3,000,000 - R*=0.999
& 2,500,000 A
= 2,000,000 -
@ 1,500,000 -
1,000,000 -
500,000 -

0 . T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Lutein concentration (mg/L)

a a a
AN 9.1 ﬂﬁ']V\lﬁ@'ULWUUTEN?H?QJ'W]?E’]UQV]U
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AANUIN 2.
A5As1zRUsInalumsanazagEn

(APHA, 1992) tlag (Strickland and Parsons et al., 1972)

gunsaluayansiall

1. UV-Vis Spectrophotometer

2. N3¥MIENTDI Whatman GF/C 9u1a 47 Taakins

3. sqmﬂ%ml,lﬁwmaaﬂ

4. Ammonium molybdate: (NHg)sM070,4.4H,0

5. Sulfuric Acid: H,SO,

6. Ascorbic Acid

7. Potassium antimony tartrate: K(SbO)C4H0,.0.5H,0

NS euaITATANSIeLUAFINSUIAS s eaN DT

1. Ammonium molybdate: (NH;)sMo70,4.4H,0
- aga18 Ammonium molybdate 15 N5 Tuthnduusunns 500 faaans
(Aulsluaiiuwas)
2. Sulfuric Acid: H,SO,
- i Sulfuric Acid U313 140 dadans Tuthnaud3uans 900 faaans (A
Blurnuiuaziiulsluiiiu)
3. Ascorbic Acid
- aga1e Ascorbic Acid (AR grade) 27 niu Tuthndud3anmns 500 fadans
(Rulslurnwanafnuaziulluiiiu)
4. Potassium antimony tartrate: K(SbO)CqH4O4.0.5H,0
- a1y Potassium antimony tartrate 0.34 N34 1uﬁj’1ﬂ§uﬂ%mm 250
fadans (AUl lurananainvizeaanuia)

5. Mixed Reagent



14

- 17 Ammonium molybdate Y3115 100 daddns wauAu Sulfuric Acid
U1 250 fladans 91ntaniis Ascorbic Acid USinns 100 dadans uay
Potassium antimony tartrate U311915 50 Ladans

e Mixed Reagent llmsifiuliiiu 6 daluswasmswsaudmiunsiasey

Tmdvnase Ysuesaenanildlafuiegiaundiuam 50 daegnd

N13a3$19n3M81M531U (Standards) audutuvedlunsnuazaaims

5.

wisuansazanglumsnaInalsazate (KNONO; AULNTY 2 4 6 way 8 Jaansy/
ans
wIsuaEnsarangneanlnaIsarany PO, AMNTY 0.2 0.4 0.6 0.8 wag 1.0
Taaniu/ans
a a U 1 =l 6 1 LY 1 Qy ¥
WaStelua luatsazatenedwnluens1dIusIauananssieg1e 1:10 9l 10

~ | a ) a T a o I3
w9 LAy 2 9alue vauzdarsazatelunsnluinisiiusiewaus
WanssaesiininAinisganiuueas Inalunsninlugag 220 way 275 uiluwns
wazNoaNAluY19AINNARY 885 UILULUAS

ihAlaunasensminasgiuaututulumskas e

YUABUNITIATIEAL AT

NTBIVDAURIWIBENAILNTEAIYNTOI Whatman GF/C vu1n 25 Tadiins
Dilute @n5aza18fIBENg 3 11
UUIRAINIRANAULEINYNAMUENIATY 220 Wag 275 WIS

AN LB URUAIIATFIY

JUPAUNITAATIZ NN

N999UBUNAINIDYPMIYNTLANYNTDY Whatman GF/C 1u1a 25 Jadiuss
WAL LDLAUAAT LUADENIAIE DN TIEIUVDITLDLAUAF DUSUIUVBWNAIFBES 1:10
ylvasazansnauduiioimedfusenis vortex

[V
Y

fanaliUszana 10 ui wazlaaiseiu 2 Falug



5. dldiafinsganfuuaandenue1Inay 885 ululns

6. AuMNanlaisuAUAIINTEIY
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ANMANUIN Q.
a ¢ =]
AsataszvIuaanlaily

(Bower and Holm-Hansen, 1980)

A5AATIEAUS IR NUTLTuaakau e lulasuluinAnUasuna1nisues Bower wag

o
(% ¢ o

Holm-Hansen (1980) lngdidunaun1smsaudsAlhagn1sIAsIznnall

a I
AL TYUATTLAY

1. asavanvenalelannynzddan (Salicylate-catalyst solution) @usawnsaulalag
nsavareleifeugndlaian (Sodium salicylate; CgHa(OH)COONa) Usunau 440 NSy way
lonenlulasnaales (Sodium nitroprusside dehydrate; Na,Fe(CN)sNO.2H,0) USuned
0.28 n¥u asluiusannlossy (De-ionized water) wazUsulSunasasangenaloanag
pgdanly dUSmsindu 1 a. Teemsiiuansazansasiivluriaduiigumgiisinia 5 esm

waLded Lavadswisdansaraielminn 3 ey

2. a1savanwdanlanudmse (Alkaline-citrate solution) @1u15ataseulalaanis
avanuleifonlnasenlen (Sodium hydroxide; NaOH) Usuied 18.5 nsu wazleifuudinge
(Sodium citratedehydrate; Na3CgH507.2H20) Usunas 100 n¥u aduthusieannleseu
warUsuusunsansazanedarlat@msalatusunnswintu 1 85 lnensiivaisavaienas

Auluvandvfigamgiisini 5 e waded

3. @1sazarelaifanlalusmanlsa (Sodium hypochlorite solution) @1u15ald

ansaranglalusnanlsnn1ansAmANULNTY 1.5 Uasuea

4. asazaredanilaulalusaaslsa (Alkaline-hypochlorite solution) @nansaLnsesl
1o Inensuauasazarelameulalusnaslsawazaisazalsdanitaudinsnlusmnsndiu 1:9
Fadlonauansaratesaandnleiualsitalsazaredantaulalusaaslsntunssuiunisg

a ¢ Y
')Lﬂ'ﬁqgﬁﬂflﬂiumaq 1 SU']IQJQ

YUABDUNITIATIEN

FnsunisiiviidegreaisiAvldvianatafinusuins 30 ua. ¥n19n509a2e

N32A1¥NTEe Whatman GF/C 27n1uA5Y1N153tAs12uviud vanldanunsavilamsiAuun

'
a o

fogawtudaigaugininil 15 eswrnaided
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ASTUIUNITIATIZMSUAUINNNNSUUNUIA0819US LIRS 5 Tadans Lalunasn

a 13

719894 Wua1saratsdlaanfeasaanUsuing 0.6 1adans wavaisazarudanlaulalus

Aaalsm Usu1ms 1.0 1adans auaisu (adaunsausuiivanUsuinsunsming1awas

a15azaneN gl uTUABUNIT AL LA LALAITASIAIULALALYINLAL) Wweans i ukazfa

& A a v

fislilelst iAnuiseluiitiefigaungiviondunanissana 1 wu. uslimaniu 3 s,
dmSums AT IEiuasd Blank) ansavhlalagldviuseanlessu Aidnnsifivaisazans
uRefutmegaasldnssuiums e siruiy mntufegndlUimseianng
@mﬂﬁuLLmé’wLﬂ‘%laqawﬂimiw%ﬁLm%ﬁmmanﬂ?{umﬁu 640 ululuns WIsuiguiu

AIN1IAANGULANRsETAzaeLexluileNInTg U (Standard ammonia solution) 1A

'
o w =

Wudu 0.01, 0.05, 0.1, 0.5 wae 1 Taansuwaulude-lulasiau/ans MUaIHU FWAIEUIN
asavarsananuaululile (Stock ammonia solution) AULTLTY 100 faansuwauluile-

lulasiau/ans



AMANUIN V.

ANIAAATUNANIITNAADY

1. ANUFUNUTVBIAINITAANAULEIALAUTUTUVDIETALANIUINTFIY

1.4
e y = 0.1513x + 0.0229
2 1.2 L
é R? = 0.9981
= 1 It
& 08
o
o
Z 06 .
=
<04
1T e
= .
& p.2
P
C .

0 1 2 3 q 5 6 7 8
aududululnsau @adnsu-lulnsiaw/ans)
o
A -1 n3EInsgIuansazatelun e

0.4
2 035 y = 0.3457x + 0.0075 .
=
2 0.3 Rz = 0.9985
S o
wny 0.25
© ;
T 02 ¥
2 015 .
e 0.1
e R
g005 |

0 &
0 0.2 0.4 0.6 0.8 1 1.2

auduturasaasd @adnsu-odwosa/ans)

AN ¥-2 NIMINTFIUETAEA1eWoELA



a9 (640 uluuns)

-

ATNTIOANEAULL

0.8

0.6

0.4

0.2

y = 0.9045x - 0.0005

2 =
Ri=09984 o .
I
.—'....
e
0.2 0.4 0.6 0.8

anudutululasiau @adnsu-lulasiawans)

A9 -3 IRy INansaratelexlaily

1.2
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AMANUIN .

Kan1sivlnvasgaausIlagANRUILLLYaS

83

M19199 ¥-1 AUNUILUULYERYBIAAMIIY Dunaliella tertiolecta TUVIALMIAWTUIUN

2 AN NANULANANSAY

5 anuvLLuEadiafy (x10° 1wad/Aadans)

- 30 WA 70 Wii# 110 Wii# 150 i

0 9.53 + 0.55 9.02 + 0.89 14.53 + 4.37 13.08 + 2.17
1 17.19 + 0.92 14.32 + 4.33 14.55 + 3.74 13.97 + 2.86
2 56.23 + 26.5 37 +11.96 35.53 + 8.51 28.42 + 4.05
3 111.87 + 50.57 66.15 + 26.66 53.05 + 12.96 45.38 + 9.31
4 156.39 + 87.21 66.38 + 20 745 + 19.94 60.94 + 592
5 144.77 + 50.52 97.28 + 30.58 102.31 + 17.25 87.55 + 25

6 155.24 + 62.05 | 10535 + 4692 | 11828 + 21.11 | 124.12 + 19.54
7 181.11 + 26.82 | 103.97 + 25.54 97.22 + 16.01 130.3 + 22.15
8 207.89 + 67.05 | 111.76 + 18.78 | 184.71 + 39.05 | 182.71 + 50.97

M19199 -2 ANUNUULLAUDIRAaIMSI8 Dunaliella tertiolecta TuriauMgusuIwIN

2 a0 Nenuutululpsiauniaiy

AMUNUILUULTAALREAY (x 10% Wwas/ladans)

W | 31 80a8n5u- | 620a8ndu- | 9.3 fadndu- | 124 fiadndu- | 154 fadndu- | 18.6 Aadn3u-
lulasiowdns | Tulasw@es | lulaswwdes | lulasowdes | Tulesewdes | lulesww/ées
0 5.09+2.95 8.19+2.75 4.25+3.87 7.71+1.66 5.72+0.41 5.87+1.04
1 11.53+9.27 12.63+12.05 9.95+8.35 19.78+3.62 19.86+3.37 20.05+3.6
2 25.69+14.25 | 33.71+12.18 | 29.56+13.95 34.39+9.6 31.61+3.9 35.25+5.07
3 37.11+£8.57 | 48.35+19.27 | 53.22+20.29 62.2+ 16.39 56.9+14.61 60.6+10.93
4 40.51+8 56.14+22.44 | 87.61+45.51 81.03+29.4 83.83+13.88 81.94+26.76
5 42.42+7.94 | 77.36+32.56 | 86.06+18.39 | 92.36+26.04 97.05+32.99 89.67+11.83
6 47.04+9.48 75.3+10.94 95.5+26.58 | 100.88+35.66 | 111.18+19.85 | 115.76+23.67
7 47.55+20.77 | 73.13+27.91 | 93.96+25.79 | 85.86+46.66 86.09+20.09 92.33+31.9
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AMUNUILUULYAALREAY (x 10° Wwad/ladans)

M | 3188805 | 6.2 588050~ | 9.3 fiadnSu- 12.4 fiadnSu- 15.4 fiadn3u- 18.6 fadn3u-
Tulasiawdes | lwlnswbes | lulesawdes | ulesww/bes Tulnslw/ans Tulnsiaw/ans
8 42.46+18.08 | 64.78+21.14 | 77.65+33.27 | 125.55+47.73 125.55+8.74 128.18+16.69

M13199 %-3 ANUNUILULLEAUDIRaaMS18 Dunaliella tertiolecta TuriauMQusUIUIN

2 an5 Nunaslulpsiausnaiy

. AuLLLEadiae (x 10° 1wad/dadans)

B NaNO, Ca(NO3,), Urea (NH,),SO,

0 6.11 = 1.77 5.43 + 0.24 753 +23 549 + 2.5

1 24.61 + 534 18.83 + 5.18 21.74 £ 0 1957+ 0

2 47.04 + 1497 54.5 + 3.99 53.35 + 8.18 41.19 = 8.21
3 78.11 £ 17.33 84.33 + 9.37 81.54 + 18.28 68.15 + 135
4 111.5+19 129.35 £ 11.94 | 131.75+4.56 | 107.16 = 1594
5 13351 + 12.72 161.54 + 29 17536 + 17.99 | 121.97 + 17.68
6 166.39 £ 1598 | 178.23 £ 23.8 | 190.81 + 14.97 | 148.02 + 17.53
7 188.7 +24.62 | 199.18 £ 41.39 | 191.49 + 4482 | 158.32 + 3.89
8 167.29 £ 13.75 | 220.85 + 77.41 | 206.34 + 51.3d4 | 157.63 + 1591

M13199 -4 ANUNUIULEAAYDI9aaMI1e Dunaliella tertiolecta TuaiALMQUIUIUIN

2 3R NANULVULEIR9AY

AALLITadlade (x 10° 1wad/Aadans)

W 64 lulaslumaw/ | 201 lulaslWmew/ | 402 lulasinaeu/

ANTINNAT/ UM ANTINNAT/ UM ANTINNAT/ UM
0 8.35 + 1.14 8.24 + 2.53 7.8 +1.73
1 28.55 + 0.65 28.24 + 4.19 30.13 £ 6.75
2 57.42 + 0.52 90.81 +17.4 12798 + 15.58
3 96.39 + 10.85 126.51 + 28.86 181.62 + 17.53
4 132.1 = 7.55 130.47 + 21.3 177.76 = 29.54
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AMUNUILUULYAALREAY (x 10% 1was/ladans)

W 64 lulaslumaw/ | 201 lulaslWmew/ | 402 lulaslneew/
AR/ AU AN/ AU AN/ AU
5 134.93 + 10.72 124.12 + 16.38 156.90 + 90.94
6 154.93 + 9.92 163.26 = 50 269.29 + 128.26
7 145.14 + 18.02 201.11 = 35.99 214.74 + 11.68
8 168.15 + 28.84 192.13 + 8.8 302.99 + 44.46

MITNN %-5 ANUNUILUULTARYBIAAMSE Dunaliella tertiolecta Tuvinumgusuuuig 2

AMNT NANUYIAAULAIA1IIUY

AUVUIBUULYAAREAY (x 10% 1wad/Aadans)

el Auns (ANUB1IAGL dunitu (Aue1RaY 3v17 (ANE1IAGRY
660-665 ULWLUNT) 430-460 WULAUAT) 400-800 w"luLn3)

0 5.66 £ 1.11 5.63 £ 0.81 8.70 + 1.78

1 1797 + 2.04 2031 +2.44 2174 + 6.74

2 67.55 + 691 77.25 + 13.16 76.13 + 594

3 120.08 + 12.17 160.94 + 45.52 107.21 + 12.68

4 132.7 + 20.46 161.11 + 26.28 142.74 + 24.73

5 157.93 + 25.37 217.42 + 19.57 182.4 + 42.94

6 201.79 + 48.99 268.23 + 30.26 230.03 + 28.71

7 265.65 + 39.48 25321 + 47 227.89 + 29.5

8 225.14 + 34.05 230.03 + 18.98 238.62 + 25.17
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M13199 ¥-6 AUNUIUULLARVBIAAMIIY Dunaliella tertiolecta TUVIALMIQUWTUIUN

2 An5 NNSIeINARNeUY

AMUVUIBUULYAAREAY (x 10% 1wad/Aadans)

CO, 2.5% _ | co,25% ) CO, 2.5% )
o RRRRGIAE a1n1AaUnm RG]
W | Teedsunsg Tnadsunng Tnadsunns
(lulnsiau (lulnsiau (lulnsiau
(lulnsiau (lulnsiau (lulnsiau
150%) 500%) 1000%)
150%) 500%) 1000%)
0 8+0.63 7.37+0.84 8.240.7 6.88+0.98 8.04+0.64 9.41+1.02
1 15.77+1.62 20.96+4.77 16.88+3.47 18.86+1.04 23.16+1.47 27.50+7.63
2 40.46+1.84 56.54+8.45 73.42+6.69 74.05+8.14 128.92+37.85 | 144.43+1857
3 | 1227442086 | 167.66+154 | 182.08+12.45 195.3+12.16 342.48+54.47 3121425
4 | 191.07+42.32 | 261.79+446 | 331.03+36.92 | 363.65+53.09 440.04+47.98 | 435.46+53.36
5 | 211.49+31.16 | 307284876 | 381.67+1242 | 34333+40.83 486.1429.19 469.79+34.76
6 | 211.15+31.16 | 31329+16.55 | 44033+53.66 | 380.81+47.27 | 531.02+4114.18 | 490.39+42.52
7 236.47+0.61 308.17+3.25 | 441.47+2552 | 41057410646 | 595.68+107.89 | 450.34+48.26
8 208.23+80.6 | 304.14+13.03 | 43832454.12 | 435.18+57.47 509.91+41.49 | 494.11+46.46
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M19197 -1 USuaugiiuvesaansie Dunaliella tertiolecta Tuvinumgusuuug 2 403

Fiaudusneiy

. Aanaduduvasgiu @adniu/ang)

. 30 wild 70 Ftd 110 WA 150 WA

0 0.096 + 0.013 0.14 + 0.06 0.15 + 0.04 0.138 + 0.03
8 0.791 = 0.06 0.64 + 0.08 0.645 + 0.1 0.519 £ 0.01
. nsuangiiu dadniu/niu)

. 30 itd 70 #itd 110 WA 150 W
8 2.42 + 0.26 2.39 + 0.39 1.9 + 0.39 1.46 + 0.15

M19197 A-2 YSUaugfiuvesaaInsie Dunaliella tertiolecta Tuvinumgusuuuin 2 §ns

Panudutululasiausneiu

Y v = a a o a
AULYUVUYIIGNU (Uaan3u/ans)

T 3.1 iadn3u- 6.2 iadn3u- 9.3 faan3u- 12.4 fadn3u- 15.4 iadnsu- | 18.6 Lman3u-
lulastaw/@ns | lulasaw/Aans | lulesww/@des | lulesieu/@es | lulesew/des | Tulesiew/des
0 0.23+0.42 0.236+0.42 0.24+0.42 0.27+0.68 0.271+0.68 0.27+0.68
8 0.15+0.06 0.28+0.09 0.34+0.12 0.343+0.11 0.42+0.14 0.58+0.09
n1snangiiy Wadniu/niu)
12.4 findn3u- 15.4 iadnsu- | 18.6 Wman3u-

6.2 Naan3u-

9.3 fadn3u-

MW | 3.1 fadasu-
TlasiawAdes | wleskwdes | Wwleswwdes | lulaswew/aes Tlasiwdns | lulnswaw/ébns
8 1.11+0.48 1.74+0.61 1.74+0.78 1.66+0.2 2.1+£0.66 2.11+0.05
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M13199 A-3 USuaugiiuvesaaInsie Dunaliella tertiolecta Tuvinumgusuuua 2 §ns

Pvastulasiauananu

Y Y P a a o
AMULTNTUVRIRIIU (NadNIN/Ans)

W NaNO, Ca(NOs), Urea (NH,4),SO,
0 0.04 = 0.01 0.1 +0.01 0.08 + 0.01 0.1 +£0.01
8 0.6 £0.11 0.84 + 0.26 0.59 = 0.11 0.88 + 0.13
. nsuangiiu @adn3u/n3u)

w NaNO, Ca(NO,), Urea (NH,4),SO,
8 214+ 04 291 +£0.71 234 +0.3 3+0.25

M1319 A-4 UTUNgTiuvesgaaImsng Dunaliella tertiolecta TUvInuMgusuuuIn 2 G0

fianudunassinedy
aududuvasgiiu (adniu/ansg)
. 201 lulaslualw 402 TulasTualvl
)y 64 lulaslualvmnaw/
- ABU/ANIIUAT/ ABU/AN1UAT/
AS19UAT/AUN O ..
eiTal] i
0 0.186 + 0.05 0.17 + 0.09 0.19 + 0.07
8 1.06 + 0.08 0.70 = 0.06 1.17+04
nsuangiiu @adniu/niu)
. 201 lulaslualw 402 lulaslualw
W 64 lulaslualunow/
- ABU/AI1NUAT/ ABU/AINUAT/
ATINUAT/IUN .. -
Uil i
8 4+ 0.17 3.02 £ 0.22 388 + 274
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M13199 A-5 USuaugiiuvesaaainsie Dunaliella tertiolecta Tuvinumgusuuug 2 §ns

NANUYIPAULEIAINIY

v v = a a o a
ANULIUTUVBIRNU (Hadnsu/ans)

U Fune (AnweandY | @hdu (naenedy | dvin (inwenanau
660-665 ULULUNT) 430-460 WNLULUAT) 400-800 W1luLAA3)

0 0.35 + 0.08 0.25 +0.11 0.32 + 0.1

8 0.96 + 0.06 0.72 = 0.02 0.98 + 0.005

n1snangiiu (Wadniu/niu)

e Buns (Anweandy | Shdu (neenedy | dv1n (inwenandu
660-665 UTULINT) 430-160 W ULUAT) 400-800 W TULUM3)

8 3.43 + 091 2.83 + 0.32 345+ 0.7

M13199 A-6 UTINaUgTuvesgaamse Dunaliella tertiolecta TuviAUAIQUIUIUIA 2 GRS

AsUsuunsiioAsineiy

v ¥ = a a [ a
ﬂ')"lﬁJL‘UﬁJ‘UuﬂJENQVIu (Uaansy/ans)

CO, 2.5% _ | CO,25% _ | co,25% R
o anAUns RRRRGIHAG] a1n1AUNG

W | Tegdsuns TneUsunns Tnadsunng
(lulnsiau (lulnsiau (lulnsiau

(lulasiau (lulnsiau (lulnsiau
150%) 500%) 1000%)

150%) 500%) 1000%)
0 0.17+0.07 0.15+0.04 0.03+0.01 0.02+0.003 0.1+£0.01 0.11+0.03
8 0.49+0.13 0.91+£0.03 2.26+0.24 1.88+0.23 3.25+0.23 2.79+0.34
nsnangiu @adnIu/nu)

CO, 2.5% _ | co,25% _ | co,25% R
o anAUdnG a1 nAUdNG a1n1AUNG

W | Tegdsuins TneUsuns TneUsuns
(lulnsiau (lulnsiau (lulnsiau

(lulasiau (lulasiau (lulasiau

150%) 500%) 1000%)
150%) 500%) 1000%)

8 2.34+0.69 2.2+0.1 2.14+0.2 1.66+0.23 2.49+0.08 2.01+£0.36
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M15199 A-1 ANNTULALSTIvRERYeIRaaIs1e Dunaliella tertiolecta TuuIALAINLTUY

YR 2 AT NANULANAITY

. anududunalsiiuaes (Fadnsu/ans)

w 30 i 70 Wi 110 WG| 150 Wi
0 0.01 + 0.0001 0.12 +£ 0.006 0.17 + 0.002 0.17 £ 0.001
1 0.13 + 0.02 0.4 + 0.045 0.09 + 0.15 0.17 + 0.09
2 0.68 + 0.5 0.45+0.12 0.19 + 0.55 0.2 £0.15
3 1.2 +0.24 0.66 + 0.76 0.27 £ 0.44 0.32 + 0.33
a4 1.89 + 0.46 0.97 + 0.41 0.54 + 0.26 0.38 + 0.87
5 1.85 + 0.7 0.97 £ 0.5 1.1 £0.49 0.53 + 0.79
6 1.8 + 0.59 1.43 + 0.55 1.4 + 0.89 0.81 + 0.25
7 2.28 + 0.47 1.61 + 0.88 0.86 + 0.99 0.98 + 0.31
8 2.64 +0.48 2.18 + 0.96 1.72 + 0.39 1.35 + 0.42

P Y v P ¢ ] . 3 v
A1519N §-2 mmLﬁumuLL@Iwuaﬂmsuaaa;amvmEJ Dunaliella tertiolecta 1ummLLmQLLim

U1A 2 395 NeNUutululnsausneany

ANUUTULALSAURER (Hadnsu/ans)

YW [ 51fman%n- | 62 Feanda- | 9.3 ReAndi- | 124 fedndu- | 15.4 ReAnd- | 18.6 Sadnsu-

lulasiowans | lulasiawdes | lwlaswwdes | Tulesewdes | Tulesew@es | lulasiowées

0 0.19+0.01 0.23+0.12 0.22+0.13 0.21+0.03 0.19+0.11 0.26+0.003
1 0.45+0.4 0.59+0.42 0.48+0.26 0.55+0.21 0.56+0.23 0.59+0.52
2 1.54+0.26 1.33+0.66 1.5+0.45 1.36+0.66 1.41+0.55 1.83+0.14
3 1.52+0.14 2.66+0.89 2.78+0.65 2.47+0.45 2.23+0.98 2.16+0.69
4 1.88+0.55 3.06+0.47 4.2+0.89 3.83+0.57 3.08+0.74 3.28+0.45
5 1.62+0.98 3.36+0.51 4.47+0.47 4.63+0.98 3.88+0.71 4.05+0.58
6 2.35+0.47 2.88+0.23 3.6+0.62 4.39+0.12 3.84+0.66 3.66+0.59
7 1.09+0.65 2.38+0.45 3.53+0.66 5.27+0.7 4.74+0.41 4.73+0.67
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Y v = § A a o a
ANMUduduLAlsiivesn (Uaansu/ang)

M | 3158a80%u- | 62%a8nSu- | 9.3 0a8nfu- | 12.4 fadnSu- | 15.4 fadndu- | 18.6 Jadndu-
Tulasiawdes | luleswdes | luleswdes | Wwieswewbes | lwiesewbes | lulesww/ées
8 1.49+0.48 2.45+0.55 3.65+0.16 6.44+0.15 5.38+0.95 5.81+0.79

M19199 A-3 ANLTNTULALSTIvREAYeIAaIMs1e Dunaliella tertiolecta TuuInuAIRULTUY

1A 2 395 Aunaslulpnsiausnaiy

. anududunalsiueen (Fadnsu/ans)

B NaNO, Ca(NO3), Urea (NH4),SO,4
0 0.1 +0.02 0.09 + 0.006 0.08 + 0.01 0.07 £ 0.001
1 0.14 + 0.07 0.12 + 0.03 0.14 + 0.09 0.14 + 0.05
2 0.33 +0.14 0.26 + 0.12 0.28 £ 0.2 0.25 + 0.17
3 0.68 + 0.25 0.71 £ 0.25 0.64 + 0.18 0.64 + 0.04
a4 1.26 + 0.88 1.14 + 0.66 1.1 +0.18 1.68 + 0.64
5 1.71 + 0.68 1.43 + 0.7 1.12+ 0.5 1.77 + 0.45
6 1.63 + 0.56 2.1 +0.68 1.35 + 0.98 2.16 £ 0.15
7 2+05 2.14 + 0.56 1.8 +0.72 2.36 + 0.69
8 2.22 + 0.89 2.59 + 0.47 1.99 + 0.69 2.64 +0.76

M13199 A-4 ANUTLTULALSLEEAYeIIAaMIIY Dunaliella tertiolecta lUvIALAINUTUY

WA 2 GNT NANUDTULEIR1IAY

AMuutuLAlsiuaee (Taansu/ans)
o 64 lulasivmaw/ | 201 lulaslWmew/ | 402 lulaslnaeu/
ANTINNAT/ UM ANTINNAT/ AU ANTINNAT/ UM
0 0.18 + 0.09 0.11 £ 0.02 0.1 +£0.04
1 0.16 + 0.04 0.14 + 0.03 0.15 + 0.04
2 0.41 = 0.07 0.41 £ 0.1 0.47 + 0.05
3 1.19 + 0.33 1.05 +0.21 1.13+0.2
4 1.14 = 0.06 0.77 £ 0.14 0.69 + 0.57
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Y v I § A a o a
ANMUduduLAlsiivesn (Uaansu/ang)

MW 64 lulasivmaw/ | 201 lulaslWmew/ | 402 lulaslnaeu/
AR/ AU AR/ AU AN/ AU

5 1.59 + 0.56 1.25 + 0.46 1.5+0.22

6 2.04 + 0.34 1.8 £0.19 2.18 £ 0.2

7 2.01 £ 0.27 1.47 + 0.08 1.73 + 0.42

8 2.88 +0.42 197 +0.1 2.62 + 0.64

M19199 A-5 ANLTNTULALSTIvREAYeIRRaIs1e Dunaliella tertiolecta TuuIALAINLTUY

UIA 2 AT NANNYIIAAULAIRIIUY

174 v I f A a o
ANMUdNduLAlsiuosn (Hadn3u/ans)

el Funs (ANUEIAGL dunitu (Aue1RaY 3v17 (ANE1IAGRY
660-665 UNLULINT) 430-460 WULUAT) 400-800 w1 luLn3)

0 0.14 + 0.03 0.13 £ 0.03 0.13 + 0.02

1 0.17 £ 0.03 0.12 £ 0.02 0.19 £ 0.05

2 0.66 £ 0.11 0.42 + 0.02 0.71 £ 0.1

3 1.26 £ 0.26 0.99 + 0.06 1.15 + 0.37

4 1.52 £ 0.22 1.14 + 0.13 1.45 + 0.41

5 1.88 + 0.27 1.74 + 0.2 1.88 + 0.46

6 224 +0.14 2.13 £ 0.02 227 +0.514

7 1.85+ 0.2 1.76 £ 0.06 197+ 0.3

8 214 +0.14 217+ 0.1 235+ 0.45
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M13199 A-6 ANILTNTULALTTIUREAYBIRAaIS1Y Dunaliella tertiolecta TuuIALAINLTUY

WA 2 dns N3Usuunsiionasneiu

Y Y o § A a o a
ANUduduLAlsiivasn (Uaansu/ans)

CO, 2.5% _ | co,25% _ | co,25% )
o RRRLGIAE a1n1AaUnm RG]
W | legUsuas Tnadsunng Tnadsunnsg
(lulnsiau (lulnsiau (lulnsiau
(lulasiau (lulnsiau (lulnsiau
150%) 500%) 1000%)
150%) 500%) 1000%)
0 0.1+0.02 0.09+0.008 0.08+0.01 0.08+0.008 0.11+0.06 0.07+0.02
1 0.1 + 0.002 0.06+0.01 0.11+0.02 0.26+0.31 0.16+0.02 0.22+0.02
2 0.73+0.2 0.67+0.22 0.5+0.06 0.45+0.02 0.91+0.05 1.04+0.2
3 1.06+0.15 1.9+0.75 1.92+0.66 1.54+0.07 2.38+0.14 2.55+0.21
q 1.35+0.24 2.63+0.18 3.05+0.53 2.8+0.12 3.77+0.23 3.87+0.19
5 1.61+0.23 2.7+0.09 3.42+0.13 3.38+0.3 4.61+0.26 4.49+0.12
6 1.61+0.46 2.82+0.07 4.06+0.03 4.04+0.16 5+0.17 4.78+0.12
7 1.74+0.41 2.79+0.19 4.6+0.1 4.55+0.17 5.32+0.08 5.02+0.18
8 1.93+0.7 2.91+0.21 4.75+0.16 4.51+0.46 5.37+0.04 5.2+0.19
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M19199 a-1 anududuretlulasiaulusuretumsnuasweanadaluglvasloaniug 0

wayiui 8uesgaanine Dunaliella tertiolecta Tuvinwiigusuwun 2 8ns NANAY

3N
. Aanududuvaslulasiau (@adndu-lulasiau/ans)
T“ 30 Wil 70 Wil 110 WAR | 150 it
0 13.64 + 0.68 13.44 + 1.27 13.24 + 0.16 13.32 + 0.45
8 353+ 0.46 3.5+05 222 +0.04 277 = 0.61
. anududuvasaanads (Uadnsu-waanaea/ans)
T“ 30 A 70 Wil 110 WA | 150 it
0 0.91 £ 0.05 0.45 + 0.01 0.88 + 0.07 0.89 + 0.07
8 0.3+0.1 0.13 + 0.06 0.09 + 0.009 0.1 £ 0.06

M13199 0-2 anududuretlulasinulusuretumsnuasneanadaluguvasoanniuy 0

wazun 8vesgaans1y Dunaliella tertiolecta TWUIAKAINUITUIWIA 2 BT TATUTY

Tulnsiausneiu
Aututuvaslulasiay Hadndu-lulasiau/ans)
i’ 3.1 fiadn3u- 6.2 fiadn3u- 9.3 fiagniu- 12.4 fiagnsu- 15.4 fiadn3u- 18.6 fiaan3u-
lulastaw/@ns | lulasiawdes | Wieswwdes | Wleswwbes | lulaseuw/@es | lulasiaw@es
0 5.63+1.73 7.57+1.32 10.42+2.73 11.88+1.22 13.34+0.75 17.14+0.76
8 2.53+0.48 2.35+0.29 2.23+1.05 2.85+0.42 4.5+1.35 6.52+2.45
ANUduduvaInaanesa (Hadnsu-woanasa/ans)
T 3.1 fadn3Y- 6.2 TiAANIY- 9.3 fiadn3u- 12.4 fadnsu- 15.4 fiadn3u- 18.6 diadn3u-
lulastaw/@ns | lulasiawdes | Wieswwdes | Wleswwbes | lulaseuw/@es | lulasiaw@es
0 0.92+0.38 0.9+0.27 0.85+0.06 0.89+0.006 0.9+0.05 0.87+0.004
8 0.14+0.01 0.11+0.009 0.14+0.06 0.13+0.005 0.16+0.04 0.14+0.03
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M19197 a-3 ANUdutuvedlulnsiaukaseanealugveaneamlniuil 0 uagiun 8vesya

@318 Dunaliella tertiolecta Tuwinuiigusuawia 2 05 Nunadbulasiausineiu

aNudutuvadlulasiau Gaansu-lulnsau/ans)

w NaNO, Ca(NOs), Urea (NH,),S0O,4
0 17.14 £ 0.67 16.52 £ 1.03 17.1 + 012 17.04 + 0.004
8 3.66 + 0.25 357 +0.62 0.33 + 0.01 0.13 £ 0.02
. anududuvasoanassa (Hadniu-waanasa/ans)

B NaNO; Ca(NO3), Urea (NH,),SO,
0 1.02 + 0.03 0.93 £ 0.03 0.89 + 0.084 0.94 + 0.03
8 0.05 £ 0.02 0.07 = 0.008 0.05 + 0.06 0.08 £ 0.2

M13199 0-4 anududuretliulasiaulusureslumsnuasweanadaluguvasloanniug 0

wagIun 8vegaans1e Dunaliella tertiolecta TUUIAKAINUIUIUIA 2 0T NAITULAS

$iN9rU
ANuutuvadlulasian @adnsu-lulasiau/ans)
o 64 lulasivmaw/ | 201 lulaslWmaw/ | 402 lulasinaeu/
ANTINLNAT/ UM ANTINLNAT/ AU ANTINNAT/AUMN
0 18.32 + 0.93 18.75 + 0.11 1756 + 1.12
8 3.62 +0.19 4.63 + 2.33 3.24 + 0.35
AMuntuvsnaanada (Hadniu-woanada/ans)
M 64 lulasinmaw/ | 201 lulaslWmew/ | 402 lulaslnmew/
ANIURT/ AU AR/ AU ANIUNAT/ AU
0 1+0.03 0.97 + 0.03 0.94+ 0.02
8 0.06 = 0.03 0.01 £ 0.03 0.01 £ 0.05
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M19199 a-5 anududuretlulasaulusuretumsnuasneanadaluglvasloaniug 0

wagIu 8veRaanI1y Dunaliella tertiolecta TuuIAKAINLIUTWIA 2 AT TAIUYTIAGY

WeIRNanU
Anududuvadlulasiau @adndu-lulasiau/ans)
e Funs (Anwendy | Sk (neenedy | 8 (anwenanau
660-665 ULULINT) 430-460 U ULUAT) 400-800 W luLA3)
0 17.52 + 0.04 16.7 + 0.01 17 £ 0.02
8 1.93 + 0.01 1.74 + 0.005 1.64 + 0.01
AnUuduvaIneanesea (Tadnsu-waanasa/ans)
e}l Fune (Anmeanay | Shdu (wenaedy | 8 (inwenanau
660-665 ULULUNT) 430-160 unluLuns) 400-800 unluLun3)
0 0.85 +0.04 0.77 = 0.02 0.76 + 0.01
8 0.02 = 0.01 0.02 + 0.004 0.01 = 0.02

M13199 0-6 anudutureslulasiaulusuretumsauasneanadaluguvasoanniug 0

wayTuil 8¥099aams1e Dunaliella tertiolecta luvinumgusuvuin 2 dns suuuunisii

2INAN1NU
anututuvaslulasiau @adnsu-lulnsau/ans)
CO, 2.5% _ | Co,25% _ | co,25% R
o anAUdnG a1 nAUdNG a1n1AUNG
W | legdsuns Tnadsunnsg Tnadsunnsg
(lulnsiau (lulnsiau (lulnsiau
(lulnsiau (lulasiau (lulasiau
150%) 500%) 1000%)
150%) 500%) 1000%)
0 17.73+0.04 18.08+0.009 45.25+1.64 46.53+0.5 94+4.43 98.2+1.16
8 1.89+0.005 1.98+0.001 6.08+2.5 2.28+2.34 38.72+6.72 31.14+8.07
ANUdutuvasaanass (Hadnsu-woawasda/ans)
W | co,25% anAUnG CO, 2.5% anAUNG CO, 2.5% a1 nAUnA
Tneusuns (lulnsiau Tnadsunnsg (lulnsiau Tnadsunnsg (lulasiau
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ANUNTUYBslulAsaN (aansu-lulnsiau/ans)

CO, 2.5% _ | co,25% _ | co,25% R
o RRRLGIAN RRHRGIAN RRRRGIAN]
W | Tegdsuns Tnadsunnsg Tnadsunnsg
(lulnsiau (lulnsiau (lulnsiau
(lulnsiau (lulnsiau (lulnsiau
150%) 500%) 1000%)
150%) 500%) 1000%)
(lulnsiau 150%) (lulasiau 500%) (lulnsiau 1000%)
150%) 500%) 1000%)
0 0.71+0.03 0.66+0.009 2.27+0.08 2.3+0.06 5.81+0.26 5.59+0.18
8 | 0.09:0.004 | 0.13+0.003 | 0.09+002 | 0.15:0.03 | 0224008 | 0.21+0.03
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