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Abstract

This study aimed to evaluate the growth performance and biochemical composition of the
marine microalga Tisochrysis sp. TISTR 11470 cultivated under outdoor cultivation using white
rectangular plastic tanks with a volume of 600 L over a 9-day period. The results revealed a
continuous increase in cell density, as indicated by the optical density at 750 nm (ODys;), which
rose from 0.10 on day 1 to 0.50 on day 9. The culture exhibited a highest specific growth rate of
0.58 day ™" at day 1, reflecting efficient photosynthetic adaptation under outdoor conditions. The pH
increased from 8.54 to 9.33, while salinity rose from 15 to 19 ppt, which was associated with
photosynthetic activity and water evaporation under outdoor conditions. The total biomass yield
reached 1,275 ¢ (fresh weight) or 24.84 g (dry weight; DW.), with an average productivity of 0.81 ¢
DW m?day". Biochemical analysis revealed that the microalgal biomass contained chlorophyll a at
2.47 + 0.03 mg ¢! DW and total carotenoids at 1.90 + 0.23 mg g DW. The protein content was
11.48 + 0.95 mg ¢! DW and carbohydrate content was 127.46+17.41 mg ¢ DW. Additionally, total
phenolic content was 5.29+0.02 mg gallic acid equivalent (GAE) ¢'DW, and total flavonoid content
was 16.66+2.17 mg quercetin equivalent (QE) g'DW, indicating a high level of antioxidant potential.
The results of this study indicate the feasibility of cultivating Tisochrysis sp. TISTR 11470 in outdoor
systems. However, further investigations are required to optimize key cultivation parameters, such
as light intensity, temperature, and nutrient composition, in order to enhance growth performance,

ensure production consistency, and improve its potential for industrial-scale applications.
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n1sAulad1nag (Specific Growth Rate: ) [8]
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Biomass per Unit Area = (X;-X,) / Area 2)

Productivity = Biomass per Unit Area / Culture time (3)
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AOAMABINUIIBIIUVDY Tato Lag Beiras [16]
$1897U3 Tisochrysis lutea d8nT1N19103LAULR
qﬂuigwL"T‘JmLﬁ@lﬁ%’uuamﬁmwauaxﬁmimauﬁﬁ
seiies uenanil Almutair wavAmy [17] 519974
NI YVBIEMIBVUIALEN LT Log Phase
A" OD. warAUNLILLLYBASds NI uDE 19l
HodAgyaiely 5-7 FunsnveInITIzaee 39
Tn&esfunaluauddod nasfida op. 3udl
wwaliumsiindsfudl 6 orainainnisfiansenns
wan wu Tulpsaunievleanedasuanas 5w
nsLfinTuese pH (>9.0) fionadamaliinisazany
993 CO, Aldarnusseinidanas vlinas
duasizinasanuszansainaa [18], [19] Fadu
aumlinaaiydvlndigssessraada Snits
anmvanufuiinty an 1510y 19 ppt) &
913NANTENURDANRARDAUTAYD YRS LnBan e
Tuszuunanaudeiifinissemevesinegssotiios
[20], [21] fausl Tisochrysis sp. aziduamsienzia
Fnusadaennuduning uinsiUasunlategis
sndronarilinsudaadanasiansm dadudn
Hadeiidemnalit OD. Wit uidrewinevesnisnaass
agnslsfnunisiian OD. iisTusielomann 9 Su
Ve ilarndulldfasinazidssamsned
naNaLee wazasafiaziudunals Jedenndes
AUNAKEANIATINEaNYINE (24.84 NFUUNY) uay
nandmads (Productivity) 0.81 NSUWIFIHBA15S
sty (319t 3) Isannsoideyailuléidu
ﬁyugmlumsﬂ%’uﬂqamzmummﬁm%amamaa

amsne Tisochrysis sp. Tusgiuigmamnssusaly
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A1519% 1 ArANULAY (Salinity) wazaAAudy
N3A-A9 (pH) VOINITIWIZLEENAINTNE Tisochrysis
sp. TISTR 11470 52/ Uv818UUIA 600 803

NANNKAY STETLIAT 9 U

Culture
Salinity (ppt) pH
Time (Day)
0 15.0+0.00 8.54+0.07
3 16.0+0.00 9.11+0.10
6 17.5+0.70 9.34+0.12
9 19.5+0.70 9.33+0.10

M13197 2 9UNYHVBIDMITUALUTTEINIA (B9A1
Wwalged) 14981 9.00 Y. kay 16.00 W. ¥83IN15
W LAYSaINSY Tisochrysis sp. TISTR 11470

STAUVLIBIUIN 600 RS NANNUTT Teuziian 9 Ju

The period of temperature (°C) data collection

Culture time

(Day) 2.00 AM 4,00 PM
media  atmosphere media  atmosphere
0 242£0.2 27.8 27.6£02 336
1 24.3:£04 28.0 285+04 34.1
2 24.2:0.5 28.0 28507 332
3 235+02 275 282409 335
a 24.0+04 280 286+1.1 34.5
5 23.5:£0.7 275 28.5£05 337
6 23.5£0.2 275 28704 335
7 24.2:0.7 28.0 28.0£0.7 335
8 24.0£0.2 275 28507 34.1
g 24102 275 285+08 338

A15199 3 ANLRAUTINIALAYNANANYDINIS
WWIZLABIENNI18 Tisochrysis sp. TISTR 11470

SEAUVLIBIUIN 600 BT NANLDT Seezian 9 Ju

A19199 4 ANLRAYRIAUTENDUNILATIYDIFINIY
Tisochrysis sp. TISTR 11470 tW1La89uu1a 600

8m3 nanaudesTeIan 9 Tu

Parameter Tisochrysis sp.
Chla (mg ¢! DW) 2.47+0.03
Total carotenoid (mg g DW) 1.90+0.23
Protein (mg g DW) 11.48+0.95

Carbohydrate (mg g DW) 127.46+17.41

Phenolic (mg GAE* ¢! DW) 5.29+0.02

Flavonoid (mg QE** ¢t DW) 16.66+2.17

Parameters Tisochrysis sp.
Specific Growth Rate (per day) 0.58+0.01
Fresh Weight (g FW) 1275+127
Dry Weight (g DW) 24.84+1.13
Biomass per Area (g DW m2) 7.31+0.33
Productivity (¢ DW m? day™) 0.81+0.03

* Gallic Acid Equivalent (GAE)
** Quercetin Equivalent (QE)

Standard Curve of Gallic Acid for Phenolic
Compound Analysis

¥ =0.0014x + 0.0447
R2=10.9968

OD. at 765 nm
=]
o
<

0 50 100 150 200 250
Concentration of Gallic acid (pg/mL)

Standard Curve of Quercetin for Flavonoid

0.70 .
analysis

0.60
& 0.50
=
7 0.40
=
2030
Q0.2
5 0.20

0.10

0.00

vy =0.0049x + 0.072
R?=0.9995

0 50 100 150
Concentration of Quercetin (pg/mL)

gﬂﬁ 3 NIUINTFIUYRIANTAEATY Gallic Acid i
AULTUTY 0-200 pg ML (A) waznsIWLINTZIY
¥948130¥a18 Quercetin ALYy 0-120
pg mL* (B)

99AUTENOUNLATIVBIAINTIBVUIALAN
Tisochrysis sp. TISTR 11470 MLW1ELA849UIN 600
ans vihanansdaduian 9 Ju wunamaell

USunaumanlsilas (a winnu 2.47+0.03 Jadnsume
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NSUYDINNUNLAT LATLALSTIUBYATIN 1.90+0.23
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wasgaluszuunanaunds amsiegdnandiuim
naslsiaduaziiinarsiostunas dudunaln
photoacclimation 71928l igadaiu1sasse
Ussdnsnmnisdansigvimeuasle [21]

d@1m918 Tisochrysis sp. HUu1ulUIAY
11.48+0.95 fadnfudenfuvininuis uas

v
a o 1 o o

Aslulawnsn 127.46+17.41 Taansusonsutiun
wiha Vinnaulusiufliganniahameseaeglu
szaefiinistaialulasiau (Nitrogen Limitation)
WlnAamsUasusainislduunueaduainnis
Fuareilusiuludnisazaunisiulamsaviodiin
desanlulasiwuduesdusznoundnvesldsiu
waznaslsilad Wiaianisuawpaululnsiou wad
ametinasnisdaaseilusiulasdsudunis
wunuedduludnisazaunisivlamsanieladuy
Wy [22] [23] SetunaiiléSsassioudennsuusi
YasEmseRean1zawngsy Inaamelussuy
mnzLagInananssiienaidesiinduansenis
vauzfiviununslulamsaluamielaginlleg
TughaUsyana 100-400 fadniusenutimdnuis
LU Chlorella vulgaris, Tisochrysis lutea Wa g
Porphyridium sp. fia15lulatnsadssuna 170,
55-150 way 400-570 fadn3usensutmdnuis
ANUANU [24], [25] LLaxmmsmﬁuqﬂ%ﬂﬁmU‘Lé{
anmzanuiaTen 1wy masdalulasiou Fansedu
Tamsrodsunisldunuesddueinnis
dumseilusiulidnisazauansdisoandau
Uszianandlulonsn waznisifiuduvesdn pH

lugr9Uaneni1sinigldgaganAanInunis

WasuwUasiang1n nsifindseansnmnisnan
TUsAulu Tisochrysis araviiuaauiduduvas
Tulasieuluomsides Saanunsataedfiunsavey
lusAuldegnelidedAny [26] sudanisaiuny
AMULTULET LU N15LETaRUakaarNI3ATUe
sroznanfiuiiifimuian Inoanizlugig
Exponential Phase @ tf udaefiangredings
dunmenlusiuge

wenaniEmMINe Tisochrysis sp. §9diUTune
ansiluednsianun 5.29+0.02 fadnsunsnunadn
auyaroniuininuis uazwalusssiemun
16.66+2.17 fadnTumoiwiiuauyasiondutmidn
wite WelfisufuansazateuinsgiunIaunada

(Gallic Acid) wagiaaatg¥iu (Quercetin) MINE1AU

{ = o

(Uit 3) Faduansoongnimstanmiidunumly
n1sfueyyadaszuaznislasiuainuinien
aanTLatU [15], [27] ﬂumzﬁamiwmmmﬁmﬂmﬁuq
WU @318 Tetraselmis sp. Nannochloropsis sp.
Chaetoceros sp. Thalassiosira sp. fafadae
nueaiivsurailuednnanun 19.87+1.50
10.04+0.79 5.86+0.26 Way 2.98+0.2 Haansunin
Lmaé‘ﬂauga@iaﬂ%’mﬁmﬁnuﬁa AUANU [28] uay
Tisochrysis (utea fafadotuaswnuoaiia
ueAnTiwLA 4.43+0.57 way 2.32+0.36 faan3unsa
LLﬂaaﬂﬁmyjaﬁiaﬂ%Jm}’mﬁﬂLLﬁd AINAIGU [29]
dmduvsianaluessvanun inuluainine
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sp. Thalassiosira sp. A1 37.49+1.53 31.48+0.86
17.82+1.16 8.42+0.78 fadinTuiAleliuauyane

[
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mMsfiamieainsasinueyyadaszfanan
Tuanmzimeidsnanudienaifinnnnsmeuauss
yosameienniuLaarnsUAsuLUAeq
dawanden Tanszduliiinisdunsgiaismiend
Wiensuntleawad [27] fefuanine Tisochrysis
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s
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(Species-specific Differences) @n1gn15LWIzIaEN

asanaibgiunisana 35nsane [27]

4. d54

9
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