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§ 4Bk n|mslol & APES e thkel 445t BEEES H4 8 B ohie} skl 2,
Felolat 2 PelBY BEES Al FAER vole U< 2 7lek 491 9 ARE Q14 Holgie v]
AZF LI, G, 3 5 NAEA AEd 0 iR wlok 2o WE YRS B9 57 st oyl dhat A

T Wol XaElo] ANt 7128t 2052 SAIARQ] adtel whE At AstetEd 2/ Wstel tigh A= A9
8= 2] okghet. mEbA] o] Aol M= AR o ® wo] E8E 1 Q= F A v MZEFR] Chlorella vulgarisSt

Nannochloropsis granulata®] 4+-(10, 30, 50 psu) & =52(20, 25, 30 °C)Y] FA] vk 7 ef wpE nlo] @ vj Ao
W gle} nfo] @ o =]ef] ARG-E= ZHXV] 9 =ko] 22 WElE 3@k )‘]6431 oA S48t 1 A%
30 °C, 30 psu =AM C. vulgaris B N. granulata 27 7P =2 A4S VeERA L, 339 M 421 chlorophyll
a 3l carotenoid®] F4 ol 21t EH 08 Frlslglon] FAEI} e & *% Hrdt 250 Z3el uf
g} 7 F2 ool A2 thEA e AMLE ER1E 5= QIQITE. o] & 3l vMERFE] diel ost A A
AA g make] 22 o MR thE &% 6 wet 1 Wl AT gE2A Uehd = Qluke AFLS gl &

99tk

Abstract — Because microalgae represent high growth rate than terrestrial plants, and it can accumulate significant
lipid and carbohydrate content, and other bioactive compounds such as carotenoid and polyphenol in their body, it
has been considered as one of the promising resources in bio-energy, and other industries. Although many studies
has been performed about the microalgae-derived biochemical accumulation under various abiotic conditions such
as different temperatures, salinities and light intensities, the studies about simultaneous effect of those parameters
has rarely been performed. Therefore, this study focused on evaluation of simultaneous effect of different salinity
(10, 30, 50 psu) and temperatures (20, 25, 30 °C) on the changes of biomass, lipid, starch and photosynthetic pig-
ment accumulation. As results, the highest growth rate was achieved at 30 °C and 30 psu in the both algal cultures,
and the photosynthetic pigment, chlorophyll a and total carotenoid content, were increased in a temperature-depen-
dent manner. The accumulation of lipid and starch contents exhibited different aspects under different combina-
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tions of temperature and salinity. From the results, it is suggested that the changes of microalgal lipid and starch
accumulation under different salinities may be affected by the different temperatures.

Keywords: Lipid(*&), Microalgae("] Al Z5), Salinity(F+), Starch(3"%), Temperature(-=>-<)
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HAETE 54§30 A T 3 we) Y
3 Ti7) % olattekasl Wl oS ol g3lel B

o of
ﬂq. il
> ofl

shz Sl AEolnt. nlMZRFE A A 9 HATE o
2 BAAFE A E] T B o} vl AR, A AR W ZHE
2] 9ekE Tow &8 3 4 gl AkA] 7AE AW ol
(Priyadarshani and Rath[2012]). <+ |72 A&k g F8°
2 Qlsk 2kl 1247 tlEo] ti7] F olAkslRkAS] F7RFo] Eo}

A3 glom e whE A2}, skt 3l S ohokst $%
Q1 A7} o}7] = 31 QIT} (Chisti[2007]). o]l whet H= A4 7}
5P X5 7153 ¥k (carbon neutral) 7HE 2] ol =] e
St L 9 7F F7EE AL Qlom e dish i F SRR
v |25 nfol 2. miE Eg-sh ulo] @ Aol tisk A7f ullg-
gubslA 213 % 311 QIEK(Chisti[2007]; Fatih Demirbas[2009]). 7]
Eo AREE S AE T A ES E83 ol dEo A
2. A2 F TAYSH= nitrous oxide (N,0)9} 22 A A3}
S ol A7) wie] B e e o] 2ATIAE e
R0 BAC] HAFARL 3] SHeA 28] A s}
o718k 4= Qlth= K17} QA th(Bridgwater er al.[2002]; Li et
al.[2008]; Fatih Demirbas[2009]). wbA] P Hlo] 2. wiAR =
& vA T Alol e miAE vlo| e AR® dgab] fd ATt
7} # s z18E AL 9lor o)F F3t e SHS 3t
7] 93k =30 X< 11 QIth(Schenk et al.[2008]). TIAIEF= &
A v o vk 2 o] HES sheth A A
2, S8 njuste] g oz W ok A A g Uy
of 2 & 7 qlon, FE9 AAE AR &go] 7hsshal &
2 7S] tiA AR G838 77T UTHChisti[2007]). 7
AR Z, vAlZ2Fe S g A2 ek Aol s B
e wlol @ miag e = Q7] Wil B A9s e w o
A 9kl ¥ Sdol g&Folgt & 4= Qluk Al AR v
Axfe dEs S8 A sligel g 5 JorE A5
A2l PE AR RorR B B Sl 4] &4
g otk ] AR, v s $740 S2E 2y QIxte] 4
& A AR Fomw MRS FAE JO7A] et
A AR, AT S AE vlasto] Fedagol] oF 3
H] o] 7] wiitel] A 2dske] A1l Y] F o kslekAE
UL G824 02 AAT = ek o8 MAR vAZ2F= $ol
gk o] st ohekst wiek 2zlollA At 7hsdh 54
LHFE JoRtoz T 4 ola A Ql, T T2 A
299 EEE Wt 7 gl 58S AWrtHMoazami et al[2011]; Miao

and Wu[2006]; Widjaja e al.[2009]; Subhadra and Edwards[2010]).

=

e

v EF7E FAeE theket BRES A0 2 wet 1
ofo] FEb 7] wiitel] A, &%, A FE W F 21 59 1)
BEAQ DR BET wiepe) nek YokelEe 24
HSAIA A2 o7 ggates A7t @] xldE o] gitt
(Takagi and Yoshida[2006]; Zhu et al.[1997]; Ho

2% 31 QITH(Juneja ef al.[2013]). 5
g Askel 2710 FAE ohe YAl F, tARE
Fe JeE vtk HaEo] ghom v W A4 31
o} FAAE FIN7 = T3 Q47T Q4 Fo] gt (Juneja er
al.[2013]; Vonshak and Torzillo[2004]). G+-of| 2]3+
ShulAlERe] AdET B diibel B e Frha Bl F
Qom 5 FollA] & ditel FE A5 w2 AT w@rg)
Eo] A= B 7 A tHJuneja et al.[2013]; Takagi and
Yoshida[2006]). ©1 =5, 1= 3 A0] 248l oJgh njd=4
Efie 2do] hdahy] wiel miek 2112 ®iglel] gt vle]
L AR I Fololl o] 8 = glom HAs | v e 3
7] 918l &5 8l Ae] $A1E mvel e viAlRRe] Ad ) &
3 gii 2 T1of] mE vl wjAl] A el tisk AT-Eo]
sl sEo] gitt, B3] 25 vHEFe Al B Jdke
u| X 57} F7} E4E Nannochloropsis oculata, Ochromonas
danica ¥ Spirulina sp.8} 22 PR FEolM A4 4 &3}
=9] FH%o] F7} Hrk= Barr} Ql31tHAaronson[1973]; Converti
et al.[2009]; Ogbonda et al.[2007]). ©]&13t A+ AI}E-L 5 vl
Az vlol @ AR E et 7 Sl wikelARl EdlEA -
TOTARE &8 Qlok ulebA o Al nlele A
B2 Agtsitta g3 F T @l vIAEF Nannochloropsis
granulataSt Chlorella vulgaris®] &5 2 el 2gt SA14 Hl
Frrdol whE At Akt EA] F2 el diste] Elst
L olE EdE vle]e vz &88 ol widr IS AlE)
2} g,

=
BN
4

lo
o
o
)
u
)

!

2. M= 3 U

2.1 OJMIZ=F HHQF

Nannochloropsis granulata BDH02 (KC128500)%} Chlorella
vulgaris (KMMCC-120)3~2 2ot e} $h= ) ]| M| 25723
(Korea Marine Microalgae Culture Center, KMMCCYIIX 22} 7+
Q1 skAct. wilFel =)= Erd-Schreiber’s medium (ESM) AHE-3151
O w9 A2 o3 2t} NaNO; 12 mg, K,HPO, 0.5 mg,
vitamin By, 0.1 pg, biotin 0.1 pg, thiamine HCl 10 pg, Fe-EDTA



238 735 oA - F3Y - oK -

25.9 pg, Mn-EDTA 33.2 pg, tris (hydroxymethyl)aminomethane 100 mg
(Provasoli et al.[1957]). WIA] 8] pHE= 8.00.% A5l ov d+=
10, 30, 50 psut A= A7) flal Aae) ]l el AlAd
% (Red Sea, IsraclyE AFHE- aF3ITh. §1E2 SK-108S digital salt
densimeter (SATO, JPN) FH|E &-8-3t1 HgatA S48t AHS
Ak Gi-S wE 2] wiA= 15, 30, 45°CE 289
multi-plant growth chamber (JEIO TECH, Korea)ollA] w515l 2
BV 12:129] L/D cycle®, %+ 150 pmol m? s'0F 4]
3193 2 L min'9] flow rate® aerations A 3}o] w77t &
QF FAINAT. 7] AI2E F%= 5%10° cells mL! $1.0H, 1)
F871= 2 LY Erlenmeyer flask IWAZAKI, JPN)S ARSI 1L
F 892 1 L2 9ol weke Astgint.

2.2 OMIZ=RS| LY & 2 HIO|L DA £E

S EE 7S ol&ste] S e mf 24471 mirt
synergy microplate reader (BioTek, USA)E 2511 96-well platei|A]
600 nm ¥ F optical density (OD)E 573111 Axio Vert.Al
F8F Au)H(ZEISS, GER) ¥ A7 ARl A 555 574,
e s wjde vl EFE] oD gk2 Agslo] AEFrE
AXFSIATHAI Ahmad ef al.[2014]). Specific growth rate (SGR),
divisions per day (DD), generation time (GT)< Uha2] Aik2AS
o]g-3lo] T8} tH(Fogg and Thake et al.[1987]; Levasseur et al.
[1993]).

SGR=1n N,/ N)/(t,— 1) M
DD = SGR / In2 &)
GT=1/DP ©)

N, N;: 523371004 2718) 1 $-9] Al3EF5 (Cells mL™)
t, t; 57378710 27]9k &

uA| 272 vlo] @ vl Zhu and Lee (1997)2] S o4
3o b3t o] 7433 tH(Zhu and Lee [1997]). ©14 10 mL
n Az AR v)E] H1xste] FAIE M 0.2 um pore-size®]
glass fiber filters (Whatman GF/F, 47 mm)% ] 3}8t o] & S742
HF F HEE 80 °CY drying ovenoll Z1%3F H | dessicators
o] &3] Wy SISitt). o] %, ixE HEof $hiE vlo] WA
AAAEE g FAE S4s18lth.

2.3 Aty MAO| £H

HEHd 421 chlorophyll a (C,), chlorophyll & (C,), total carotenoids
i Wellburn (1994)0] A|QFst wlghed: & WS o] gslo] that
7o) 4319 tH(Wellburn[1994]). WA, 1] A2 wijoFd 5 mLE
31E 13,000 x g oA AA EEjsle] e ds A 3, SRTE
o] g3lo] AEZ 33] MolFiet. 1 F tha] Yal¥e] & Al
AA 7 1 mLe] HEEE H7Fske] 60 °CE 2 ¥ heating
blockel A 3047 &3 3 10,000xgollA] 3%-7F QA B3 &

A5 M-S 7315 spectrophotometer (Jenway, Staffordshire, UK)S

0]83}°] 470 nm, 653 nm, 666 nmelA 2}z ZA3 F the-o] 7|
AH2S 0] 8310] 3151 TH Wellburn[1994]).

>

Chlorophyll a = 15.65 A5 — 7.34-Ass; “4)
Chlorophyll b = 27.05-A5; — 11.21 4444 %)
Total carotenoids = (1000-4,,, — 2.86-C, — 129.2-C,)/221  (6)

Agee: 666 nmOIA 2] F-3 % (Relative value)
Agsy: 653 nmol|A 2] &35 (Relative value)
Ao 470 nmolA 9] &332 % (Relative value)
C,: chlorophyll a2] % (ppm)
C,: chlorophyll 52] < (ppm)

2.4 OIMIZ=RS| YK Y =1

/A1 A 9] ghek2- Cheno] A9kt dimethyl sulfoxide (DMSO)$}
microwaves -8-3F Nile red & AHE-3to] thaa} o] =
33tk (Chen er al.[2009]). PIAIZF-2] 459 50 uLE DMSO
100 pLo} =33 ¥ Nile red €-(100 mg L™ in acetone; Sigma-
Aldrich)& 10 pL 378kl Q500 sonicator (QSONICA, UK)E ©]
8-5Fo] 137} sonications 3F3ITE 1 ¥ Synergy microplate reader
(BioTek, USA)E ©] 83} excitation 520 nm “12] I emission 580
nm IO T FPZS S8 B AL triolein (Sigma-
Aldrich Co., USA)S AME3ITE.

2.5 OJMI=R/S| =2 JE

v 25 5] 23S McCready et al.(1950)3} Branyikova
et al.2011)2] WL o]g8to] tha3 2ol S48tk (McCready
et al[1950]; Branyikova et al.[2011]). "IAZFS 54 AZXS &
Az9 vlo] 2 vl 10 mgs 3xF S5 10 mLe}k 41 $- sl
vortexate] 4 7 A1 ¥ 1 mLE £33t 3% F<F 10,000
xgi Yl aplnt. o] Adelle AAG ¥ 3%} T 0.25
mLE 37}t 5 heating blockel 4 15% &<t 100 °CE 9531
hydrolysis #Fe= Y OFT}. 1§ A2elA] 1X17F 5=t 218111, 30%
perchloric acid 0.25 mLE 713+ $ 25 °CollA] 15831 shaking 31531
ot I ¥ 5577 0.6 mLeF 35 412 381T 10,000%g= A4
3t 7 827F 100 °CollA] B33t &, E3ME 0.4 mLel| anthrone
2-9(0.2 g anthrone reagent in 100 mL of 72% H,SO,) 2 mLE
71T, 71 3 AF2of|A A%l Foll Synergy microplate reader
(BioTek, USA)Z o] 83819 625 nmollH S4ES =Hs19 1 &

T (glucoseys ¥ EAE Asle] 52 FE Tkt

2.6 SHE M

Al S 30k 0 7 283} 11, two-way ANOVA 2} one-way
ANOVA % post-hoc #testE Microsoft Excel 2007 2% 13 (Microsoft,
USA)E 8-3to] TAEZ #41% si3lom, P<0.05018k] #k&
Hehl= SARE Tai8it.
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dlole QAR Ajgle] A2 Al gato] of 3035 psudl Al A5
71E0% 1050 psudl FE 7L Al ABE WAL,

= QlubAQl TR Wi A 240 2500 TFo
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Specific growth rate (SGR), division per day (DD), generation
time (GT)9] #t2 VAT 2l2nl 104 F-ol S4silom N
gramulata®}t C. vulgaris=* % B528E A5 25 HIX| T A2
T2 i) &1 27 SloAE Table 1 W Fig, 20114 Ba= v} 2o]
T Fo] AR T S UERIY C vulgaris$t N. granulata®)
o] SGR 30°C, 30 psu BIolA] VR 4542 SGRE Kl
20°C, 50 psu HI%F X.TF C. vulgaris®] 73-%- 12990, N. granulata®)
739 1338 HEE] 52 525 VERITHTable 1). 523F, Table 197141
C. vulgaris £ N. granulata®] “3732 571 DD 4 #44¥ GT2t
N = oE:Aow Tk 2l gRld  lsler 549
Hlol @ wiAo] s Fal e A whs de 7 ST VIS
ol oebd iz wAlERFE] AE, AlEe] Ao FE=
T Qo Lol whet 71 Fedo] thErkaL Harxe] grom,
F ek 257t mAI T vhast AA F5 W E8e) & Y
= 7 7] witolgk &e1A tk(Juneja et al.[2013]; Raven and
Geider[1988]). &= T2 Aol] mp=m 2527} vobdd 749 tjAked
dell Wz g A7k sk FekAdell vk PsbAS] Aol A

ajw]7] wizell viAlETe] A 25l oal 2 I e T

L
b o w2

il

itk & A lthJuneja ef al[2013]). ©|H AFolA SBlE= A=
U2 G 20004 vAZF Ad3do] Xl o3l s s
AglollA M3 A37gat vlo] @ miAE Z42ke] R IzolA Hlu s 73
10 psuX.th 30 psug} 50 psuclA F7Fske A d& vepdoke
APLE g1 4= QIIT). BESE 10 psuE 715 E HWSFA 50 psu
oA C. vulgaris®}t N. granulata®) SFFF AL F-Ao] 25 °CollA
102 vliek F2F C. vulgarisoWi= 1.084, N. granulata®l¥= 1.12
vl O] S7Hth= AR BR1SE = QISITH(Fig. 1, Table 1). o1&
AtellA BaE yl-gel M=, Mg ujel o Alo]g] &

5 5] As ARG 2R Q] HAY & el =
H 2/ AEE & 4TS LS vy Rud vk ol
(Juneja et al.[2013]; Priya[2013]). B3t AFEStol] 28k AE# A=
Al G537 o] Fol] JEkS mxm 19} tlEe] g AR Sl
T & & £ B7t UItH(Ding et al.[2013]). WA 212k

& o2 A3l vAEF 3% Ale B G210 psu) vl

Aol Sl8t g FF A2He

I Ao
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N
N
lo
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Fig. 1. Effect of different salinities (10 psu: O, 30 psu: A, 50 psu: []) and temperatures (A, a: 20 °C, B, b: 25 °C, C, ¢: 30 °C) on the growth
of Chlorella vulgaris (capital letters) and Nannochloropsis granuilata (lowercase letters) under 12:12 of L/D cycle and 150 umole m? s of light

intensity.
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Table 1. Simultaneous effects of temperature (°C) and salinity (psu) on the specific growth rate (SGR), divisions per day (DD), and generation
time (GT) of oceanic microalgae Chlorella vulgaris (CV) and Nannochloropsis granulata (NG) for the 10 days of cultivation time under 150

pumole m? s’
Species Temperature Salinity SGR DD GT
10 0.4524 +£0.012 0.6527 £ 0.012 1.5321+£0.012
20 30 0.4393 £ 0.012 0.6338 +£0.012 1.5778 £ 0.012
50 0.4022 £ 0.012 0.5802 +0.012 1.7236 £ 0.012
10 0.4809 + 0.012 0.6938 +0.012 1.4414 +0.012
CvV 25 30 0.4803 £ 0.012 0.6929 + 0.012 1.4433 £0.012
50 0.4511+0.012 0.6508 + 0.012 1.5367 £ 0.012
10 0.5070 + 0.012 0.7314+0.012 1.3672+0.012
30 30 0.5207 +£0.012 0.7512+0.012 1.3312+0.012
50 0.4692 +0.012 0.6769 +0.012 1.4772+0.012
10 0.4205 +0.012 0.6066 + 0.012 1.6485+0.012
20 30 0.4108 £ 0.012 0.5926 +0.012 1.6874 £ 0.012
50 0.3634 +0.012 0.5243 £ 0.012 1.9074 £ 0.012
10 0.4549 £ 0.012 0.6562 £0.012 1.5239+£0.012
NG 25 30 0.4541+0.012 0.6552 +0.012 1.5263 £ 0.012
50 0.4054 +0.012 0.5849 +£0.012 1.7096 + 0.012
10 0.4732+£0.012 0.6827 £0.012 1.4649 £ 0.012
30 30 0.4836 +0.012 0.6976 +0.012 1.4334+0.012
50 0.4346 £0.012 0.6270 £0.012 1.5948 £ 0.012
08 12
07 | (A) m10 psu m30 psu - 50 psu (B) ®10 psu m30 psu 50 psu
1
0.6 B B¢
_os Jx -~ 08 A Aa y
? F(a) 3 I
4 04 I 2 06
5 5 Eb)
803 a I
04
02
02
01
0 0
25 20 25

Temperature (°C)

Temperature (°C)

Fig. 2. Simultaneous effect of salinities (10, 30, and 50 psu) and temperatures (20, 25, and 30 °C) on the biomass (g L") production of
Chlorella vulgaris (A) and Nannochloropsis granulata (B). Different letters exhibited significant differences (p<0.05). Both capital letters
and lower case letter exhibited comparison of different temperatures and salinities respectively.

3.2 OM[Z=Fe| St ws]

M| 250 3] M 4] SH7eF AR-EE= cuvett cell2]
53 Zo](path length)ell Wt 1 578 20] ThEA] Ve ofu]
olz] 42150 B¥ vl Itk (Lorenzen[1967]; Wellburn[1994];
Tkachuk ef aZ[1988]). ©1%1 Aol A= methanol F-& =& 2-8-5}°]
H3d Mg FAEglor 7 ]ioﬂ methanol, acetone, ethanol,
chloroform, dimethylformamide %! dimethyl sulfoxide 5 T}F3t
F71 &u FA4 B el gt 578418 A<=t Wellburn (1994)¢]
WS ARt AR MAE v‘f—j. staict.

el TRt it B 25 20 1043E vkt mlAl 2

l

[

©m, Table 204 K.

chlorophyll a%} total carotenoid $-2- 7319
g A F=

= kel 2] C vulgaris®] 73-%- 33 Sl chlorophyll a
50 psus ALl 2% FEH 07 FEI AL Gl o3 &
;ﬁ' 07 Zhadls ATS Bolvk. I8, N granulata oAE M
| &5 SEA O R 50 psul] 7oA F7IsItHE AMLS 2
QI%1eH, chlorophyll ai= Gl oE4 0 2 FhasiilaS
& AATE FF AR 20 °C, 25 °C 274 év‘i— 9]
Aasglom 30 °Colrf= E vhE Aol AT
0] A F=Q Qlxlo]7] wiE-ol] chlorophyll
R R R
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_ur_4fu

mii'_{;og
moﬂ‘ik

o
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&l =2 FAH 2
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Table 2. Simultaneous effects of temperature (°C) and salinity (psu) on the photosynthetic pigments accumulation of oceanic microalgae
Chlorella vulgaris (CV) and Nannochloropsis granulata (NG) for the 10 days of cultivation time under 150 pmole m™ s’

Pigment (mg L")

Species Temperature Salinity

Chlorophyll a Total carotenoid

10 3.1879 + 0.005 0.6916 + 0.032

20 30 3.0838 +£0.015 0.7447 + 0.081

50 2.1768 +0.021 0.8686 + 0.093

10 4.0563 +0.102 0.9664 + 0.024

CV 25 30 3.8637+0.016 1.0292 + 0.009
50 3.1650 £ 0.121 1.0439+0.019

10 4.1448 + 0.087 1.1196 £ 0.095

30 30 4.3873 +0.055 1.3852+0.112

50 3.0139 +0.045 1.5706 +0.019

10 1.7122 + 0.064 0.3839 +0.099

20 30 2.2090 + 0.045 0.5603 = 0.020

50 2.1841 +0.155 0.5532+0.010

10 3.5908 + 0.007 0.9476 + 0.065

NG 25 30 3.5659 +0.077 1.0435+0.012
50 2.7391 +0.048 0.9078 £ 0.077

10 3.5356 + 0.069 1.1414 £ 0.058

30 30 3.5282 +0.053 1.2072 £ 0.090

50 2.8765 + 0.057 1.1571 £0.043

Qlakint, A gk W %9} 52 -2 chlorophyll
WS AT 7IE Aol 9t - FI Sl 3
S nXTh= Bt QA THDing er al[2013]). TS GES &
A A8kl ]lo] | 4= glom vk % sk WAl Wi o]
abaleba 31 FAE YR A 11 &2 74 991 = 5= 9l
TH(Juneja et al[2013]). hebA] o] A3 Av=RY Z7 4

o] AIgt W= ZZAA chlorophyll a7} 5718 o]-f+ vlxZF7}

AFeHg-2] wgo)el AJzhen, Bk, -2 30 °CollA chlorophyll2]
Aol tEA KAl olfi= st FAdel Avke aao] HA
ol W O} A Wsk Qe 207 weeiglt. T8l B
wolxli= ROSOl 213l 7118 ARSIAEH o) &3 JEAE 7
SR gt Mgsle] A Ak H22 AN 2ow o
=% 71 A7 chlorophyll a 37d¢] &A= 1 vio] @ i~ A4t
Qe v 2o AT e AR} Lol Yt P
73 Az ofAlel] aFE A= ofn] vofet Folld Bare uf Qlrk
(Vonshak et al.[1996]; Kirrolia et al.[2012]; Ding et al.[2013]).
U3 O % Table 2004 Hi= A7} 20| 2] total carotenoid

A ek el ool ofal AFE e Wekes BT 4 9)
=

' oX oR T

l

=2 tAXxAO =
o™ C vulgaris®t N. granulata <+ & 5714 total carotenoid®]
e 2% o)EA 0 F VLI Covulgaris®] 739 Bg 5 ollA
AR JE=H o7 I8N OH | N granulata®) BFEE X%

3¢
719] 30 psucllA 2 carotenoid X7} ¥z F| 31T}, Carotenoid=

73et dAksl a9E vERE 2 879 &40 2R E 1S4 A
AL Wolshs w28 988 she Zo® 484 Q. webA A~
FE GEAE Hed Enk o} oluR] He A=
&) S CH(Armstrong and Hearst[1996]; Juneja et al.[2013]). Total
carotenoid= <= 'HAYA] oA o] & Rl w2 oA
S7F Boks ARo] ofu] Bl Eo)Qlth(Juneja et al.[2013]; Liu
and Lee[2000]). 7]& A7-9} Bl23bA], o[ ATrolM s 2% 2
£A 07 ulA|Z7F9 total carotenoid’} =7} HATh= AMIS &
Qs 4= QIS 11 o] f= - AEY A tiEt B )% wlio]
2} AZHET) I e Al &J8hH 8 93> Dunaliella sp.©ll
A carotenoid 5245 EolF= deleo] & 4= olrkar vhelul 9lrk
(Borowitzka et al.[1990]). 121} o]¥ AF-ollA N. granulata®]
735 710l A7 83 vlsseh s JERIA] gick(Table 2).
TIHEE carotenoid F4> Foll W 1 54 WS} of=rka 9
e

(m
h)
b

3.3 TYXIE FH2| Hel

F/3AA 9] AL 1043F Hll%F Fof| Nile redE &8s 3%
o7 =4 Hdrh ol Bae] W, whekslk ¢=4) vt
TR TS AEHE ZH QI Chlorella®t 22 53579
X2 0] £7L dimethyl sulfoxide (DMSO)2} microwave B
sonications A3 WHlo] @-&&olgli= B 17} U Y(Chen et
al.[2009]; Ren et al.[2013]). Fig. 3014 BE=nle} o] Z} njxj =
o F9AAL A7) v Ay fEE o]Folxl 27 Sl
Tt thE 3RS HRlus AN ERISIITE. C. vulgaris®] 74-5-
S/3A14o) 25 °C, 30 °CellM At A=A 0= TSIl 20 °C
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Fig. 3. Simultaneous effect of salinities (10, 30, and 50 psu) and
temperatures (20, 25, and 30 °C) on the neutral lipid content (ug per
10° cells) of Chlorella vulgaris (A) and Nannochloropsis granulata
(B). Different letters exhibited significant differences (p<0.05). Both cap-
ital letters and lower case letter exhibited comparison of different
temperatures and salinities respectively.

oA 50 psud Wl A SFSIT). o9} WIS, N. granulata VY
Folr] ZgA1 L) 9k 20°C, 50 pswell ] FaEIAaL 25 °C} 30 °C
of|A S7 it 7128] o] ATtellA] olw| mM|EFe] T4
FAGE Gl o8l S7F 2 5 vk ®avk IS th(Zhila er
al.[2011]; Fabregas et al.[1984]). TE3F G¥-of| 2|3t AEH A= 1]
A7 FAAAE F45 Y AZ F vk s gl
(Yilancioglu et al.[2014]; Kumar et al.[2010]). A5k o]H A+
oM thE 5 ZdstelA ¢ito]l A F o AZ tE
FEE s AR GRIE 7 Uik ob o] WS A
QHARE, W oA F AR doTlE S4 B0 R
el A FA k] wislE Flvkar 2Pt 523 Fig. 36014
K= nle} o] il &gt A F42 2o we} A v
3= HERASI o™ 53] 10 psu, 30 psuollA] 5= jEA o
F/3A o] A FQIvhE AREE ER13E 4= QISMAL 50 psuellxlE=
238 oA e Ad e ATE BRlths ARS gelsiglnt
213 FAAAL C vulgaris?] 50 psu M FollA] & JEH o F
=7V 0™ N, granulata WX 30 °ColA ZAsh A 1

ﬁ_

P

2718 A ol

Stk olef @ 5 Fo| U APHE 7 Fuhtk A T ok} 7
=% Qg Hake nAEA Auelsol AsE F4 opol o

Erhe AbAE molFEd

3.4 SO ST Hel
AT FAH 58O o2 7|Ee AT vl e B
MZ5R Chiorella sp.2] perchloric acidE 283 hydrolysis =
ARE-3F31 31, anthrone solution®} sulfuric acid®] WHg-of] whz b
Hslo]] whe} Hu-g B8k th(Branyikova er al[2011]). 5%
Z}zke] o) i Z3ellA] 1083 vleE - =7 sHloH Fig 4A
oA K= vk}l o) C vulgarisoIA = 50 psuE A2 10 psu,
30 pswollA] &% 9JEX 07 Z76lol T 30 °C 52 Al9)slar rEsth
G oEH o Tl AdS UERYt. N. granulata= 10 psu
MR ko] Qo] 21t o]EA o' o F7FSHAl AL 30 psush
50 psucllA] 53 A3ko] T FX| = AJANE G EX 0w
BE 250X T7HITRE AR S 18 5= QIgict. o)A ATMellA
n| M| 2572 BrslkE 392 Calvin cycle® el diAl 4

> o =

flo 4
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Fig. 4. Simultaneous effect of salinities (10, 30, and 50 psu) and
temperatures (20, 25, and 30 °C) on the starch content (ug per 10°
cells) of Chlorella vulgaris (A) and Nannochloropsis granulata (B).
Different letters exhibited significant differences (p<0.05). Both
capital letters and lower case letter exhibited comparison of differ-
ent temperatures and salinities respectively.
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B3l G vESA O]t’] J% adenosine triphosphate (ATP)®} -
Ql = F oA E ARESRO EM] o 8- AdE oA = /14ts)
tiatell &3l 378 #7go] o]Fo] A 4= vk ARdo] ¥he 7l vt
SITHEmerson et al[1944]; Juneja et al[2013]; A. Lehninger and
Nelson[2005]). V] AlZ£7-2] =2 F2l|l X 250 alﬂ FEF
nlt}h TR BrslE 52 S Bol7] Wil ofds] st A=r}
uh3] X %] = ¢k 3kTH(De Oliveira e al.[1999]; Chen et al.[2013]).
o ATrellx= PR WA ETE] HE o FHAE FHEHA K
a1 o]H e A= a-amylase?} a-glucan phosphorylase2} 32
BAE] 2 25238 °C)elM B} H7] miteleha sk
CTHNakamura[1983]; Nakamura and Imamura[1983]; Juneja ef al[2013]).
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o ohE G40 G2 YEO Apolef| 2Fl 71l Aol Azt
S o] o= FH|EAIE 2 L5230 °CPIA C vulgaris 7}
50 psud wf @3] o] FHAE TR ARLE 1T 5 3l
O (Fig. 4A), 71:52] T 352 St AR Terraselmis sp.
T L FH215 AN TR= HI5g Ha7} QltK(Yao er al[2013)).
TIHY N. granulata ASEANA HTE] 2 At o|EX O FE 93]
& 57} SITHFig. 4B). ol2lsh A Bk B0 A g Aol
A 7191k A o7 ket

7l_0_

42 E
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TP $7 AEd QAR] G} £ 208 Ao WS
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