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Effect of Temperature-induced Two-stage Cultivation on the Lipid and
Saccharide Accumulation of Microalgae Chlorella vulgaris and
Dunaliella salina

Yeon-Ji Lee'?, Chi-Heon Lee'?, Kichul Cho?®, Hye-Na Moon', Jin Namgung', Ki-hyuk Kim',
Byung-Jin Lim?, Daekyung Kim* and In-Kyu Yeo'*
"Department of Marine life Science, Jeju National University, Jeju 63243, Korea

2Jeju Center, Korea Basic Science Institute (KBSI), Jeju 63309, Korea
3Geum River Environment Research Center, National Institute of Environmental Research, Okcheon 29027, Korea

The aim of this study was to evaluate a temperature-induced two-stage cultivation (TTC) strategy for the regula-
tion of lipid and carbohydrate production by two microalgae, Chlorella vulgaris and Dunaliella salina, for biofuel
production. The microalgae were grown under several temperature conditions (15, 25, 35, and 45°C) and optimal
growth was observed at 25°C for both microalgae. To test the TTC, aseptically cultured microalgae were incubated
under optimal conditions (25°C) for 20 days, and then divided into four aliquots that were incubated at 15, 25, 35,
and 45°C for 5 days. Similar but somewhat decreased growth rates were observed at the non-optimal temperatures
(15, 35, and 45°C). In addition, while total lipid accumulation increased in a temperature-dependent manner in both
microalgae, total carbohydrate increased with temperature in C. vulgaris but decreased in D. salina. However, for
lipid and carbohydrate production, while the highest lipid productions of C. vulgaris and D. salina were observed at
25°C and 35°C, respectively, the highest total carbohydrate productions of C. vulgaris and D. salina were obtained
at 15°C and 25°C, respectively. These results suggest that the TTC strategy may be easily and efficiently applied to
bioprocessing for biofuel production.

Key words: Carbohydrate, Lipid, Microalgae, Temperature, Two stage
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(algae)E AHEE 739 ti7] % CO, 1117%5 ol Al ek

4: e sel Agjetel AR AG S I 2 A E 4 lrke Z|ni4lee} e SRS AU oR o

23t A = Qs sjadstet 7l 5 24 2w A 4= o= FA JUAR o] AA LrthWang et al., 2000~
ZM A7 BzbE] 31 QIti(Mata et al., 2010). 2|2 0|23 24 Miao and Wu, 2006; Packer, 2009). £3], n]AJ&<] u]A| %

= olldshy] st 38, 28, g, vtejedr & A S 283 afo] e Az YAtol wt Wgo] H 2y 9}3

U A] Fofof| ot t’ré‘ol A F7Fekar Qo T dtof| of o w25 Hlo] 2.l A(biomass)E v <] o YA] AFHC R
g A AR Q0] B} Sl 9l S Ao CH(Chisti, 2007;  BHR 31| 913t 9157} 2|45 11 QJrhWang et al., 2000; Chisti,
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S Al ol Ako) 13 A4 ol Bhe st vhol = 4}
o 29] A Alolnl, 7| ARA o] ul3) W 4753
A AYito] 7Hset A&7 AFH S 2 o] AR AL §lTk(Chist,
2007; Mata et al., 2010). E3F 7]& AR Eof vj3)] whe oF
O] A4 Wl =I5 ZH5}7] wj o o] & XA A Hio| oA
(biodiesel) Y H}o] 2 o] E-E(bioethanol) 5-2] HFo| L AR E AY
4ksl7] SR AE 5 B 7Is=0] 7 AL QoK Chisti,
2007; Harun et al., 2010). 1] A28 2t} 80% (wiw)2] 2|2
= 54 4= 9lom vlo| ufj Ao F2EE A2 o AF L
SH(transesterfication) §F-5-of 23 HioletjA 2 o] 75
51, =3 5 AE2 i (fermentation) A4S E-8 Hlo] &
oeh-EE AeAIA w2 -5 4= AUtH(Chisti, 2007; Harun
etal.,, 2010).

AA| 2R 7]E] Hho| LA R0 B2 AREHE S/A=
I} v wgk off ohFel o] FE 2=t WA, W BAA7E 8
S SRR vlel W 31k AHA|8HA] fhom B Fo 9
gk Jko] Atk Aol Aok mebA S/ AES A &
A Fot B S I 374 Q1 Aok WA b=tk Tk uA| 2
F= A A 7H(generation time)©] ZFal, Ag7fo] w2 g A A
FRESES 53 AL AAto] Zhash A A o] 3t
ago| Eu 7] F oA s agHom S48 = 9l
Wk ofu ek, w4 A1 A& ekl 7] wiioll 218H
Hpo| ot AJ4ke] Yz 2 Al Bg-st7]of golsitt. 18]l
Nz Ao S8k A4S, a5 62 Bl 7+
FEARAS BTHoR F4tt 4 Qonz
A2le] Az BTk eb] 248 At 5
Al ed|a ol 2Ael= FFAFE EEsto] Hlo| AR
4 7|8t e RS Patel= Mg A ola ag2 <l nj of
A AAkol it gt4do] 7hasteh w3k sof B 7]Ad mlAl =
T B E 2R 5HA] grom S, T S SAHAHEA
H AF o2 A FETHA7L A 97] Hlmoll & B A9k 4
TS TAE oA geth wEbA A md 2T S
29| TAIE AT Hhol LA RS 2 AuE 5L
TH(Chisti, 2007; Amin, 2009; Mata et al., 2010).

FL ol mA 2 RS Hho| e AR o) AR 2 S-EoH] sl
A = el o) BAMYE =ol7] flgh s, -4 8k
718, A AAAERo] 5 0] 1) W 47 (harvesting) 7]
T AR Blol e iR 88F wol7] AIF vheket s
o] A8 =] a1 Itk(Chen et al., 2011; Baicha et al., 2016; Yang
etal, 2016). 53], vA|2Fe 255, G, T2, YEFY
Fe 5 AR 2ol wet Al Y W YR 54 EAE
2t A o] bR 7] wiZoll, thekeh vk d 28 &
B3 nA 25 Blo] e A& AgAbe] et A7 JFA LR o
Fo]A YtHGoold et al., 2016; Kinnunen and Rintala, 2016;
von Alvensleben et al., 2016). L 5 2|0l = 204 w79
of whet mA 2R Hho] QA FAEZ O] A S BISHAY]

oft

¢

A

ﬂllo oL

o

AN

1o

l

= A7t A o] o] ]l QlthSu et al., 2011; Zheng
etal., 2012; dos Santos et al., 2016). ©| 2|, Su et al. (2011)
2 Nannochloropsis oculata 52 Z| 2 Fz=A 0| A 154 uj
G Xlggsto] 2eHA = Fado] AP JH = HA viFAIA
b Fa 2ol oF2.89h0) 1) AVAH S BRI A 4 9)
chal ® 315tk 8} Qlek 3FH Xia et al. (2013)2 2 & uljoFz Ao
A 1A vk A% Scenedesmus obtususE2 NaCle] =%
£ S7HX 2 A| vl F 21 ol Al ThA] vl ekRE At 2] A A A
T} T tlEo] FA o viol e S Ak 4 Qlokar B
SEATE wheba 2ehA wjor S S8 79 HE 2 A
SHoA Ao g wA|2FE Hlole ARE Ak 4
JTHSu et al., 2011; Xia et al., 2013; Zheng et al., 2012; dos
Santos et al., 2016).

(Mo T SR

;O

SHAEE B 28] B AT WA GFATY 2wt
U YRS BEI PP FHEo] 9lon] LExl We
=] Al

of o3k 2ttA| vt ofl et A= Aes] F-53 Aol
250 B9 mAlER A B4 9 A7l et 9 rA
okl &ef A ik o] & S Converti et al. (2009)-2 20°Cof| 4]
25°CE oS 7414 749 u]A| %7 Nannochloropsis
oculata®] A% SAeFS oF 2u) F7HAIZ 4= 1AL, 25°CollA
30°CE v =5t S7HAZE 75 A E3tdo] @52 2u)
o] Zraxgirhal B gk vl Qlek, w3k 2= WL nA|
7ol AFH 28-S M= R eE W H[EA0 S
Hol| A AEg7goll A 0 &2 2]-8-0] 7l5ahw tf g ZAE=)
27| (photobioreactor) W <=2 & 50 9F = (raceway pond)2}
e il AL ol = A A8 = qiek whehA] vk
T H3kE B3 29 A i S8 - XHHEHA nl M| 2R
Hho] oo A S =Y 4 Q1S Aol wekE T

ufeha] o] gl ol A vho] 2.9l R 0] §uEOR B} W
Q= F 59| %27 Chlorella vulgaris®} Dunaliella salina®]
2ol whE 29HA| v F 270l A Hho] @ A 7 2] QIAFR] T3}
& % A2 FA 7 ks gRlste] 4h A Q] o] &7FA]of| Hf
off Brlsi Al nA| 2 Bho] e w AR S Y &
U= AETH ol gt 7| 2 QB E Alwstarat gt

O:

Iz
OJMZF B

Alg o] AR 5 £0) u| M| 25 Chlorella vulgaris (KMMCC
-120), Dunaliella salina (KM979516)= H-7tjst sl=3]
oA 2723 (Korea Marine Microalgae Culture Center,
KMMCC)Z} Jefishiol A 22k elshsick. sfopul
Erd-Schreiber's 81 2|(pH 8.0 AlZako] 4150 AFs}5cH
(Okaichi et al., 1982). Z}Z+9] vl x]+= 15, 25, 35 W 45°C= %
A% multi-room incubator (JS RESEARCH INC, KOR)©| 4]
HjoFsll o 327 E 12:129] light:dark 712, B=s 3



34 o] - o] AF - 274 -

2 ofd

5= FYL = sto] 120 umol m? 579 Al7| = w77t &
A8 C. vulgaris 9 D. salina 2] 27| A E sE+=
12+ 1.72 %100 cells mL' 9@ 1.58 X 10° cells mL"'$1.2.1, 100
mL9| Erlenmeyer flasks TWAZAKI, JPN) S A}-&-5}o HljoFoH
% 8958 S0 mLE W0l Worsiele). ot 25h) £ vjep
294+ 450 mLe] Erlenmeyer flasks (DURAN, GER)E
ARE-510] = w9kl 300 mLE A7 (stational phase)”} 2 o]
74X 2047 5l 9F & 100 mL 2] Erlenmeyer flasks (TWAZAKI,
JPN)of| 50 mLO| &0 & A ZH7bo] 2Ieof A 5UXE ujeF
stk

oMzR 48 &4

N

n| N 279 AL 24A)7HH} microplate reader (BioTek,
USA)E &-85}0] 570 nm 1142 2 533 (Absorbance) S =
Aste] ZAskot 544 4 == OLYMPUS BX53 333}
1] (OLYMPUS, JPN) % &+14|<=7](AO-Spencer, USA)
£ ARESHo] Al s e s S T A2 sko] i F4=9 4
FAE vhso] vl o] Al x5 ALtskeiTt.
OM=Re EtrslEm &Y

NN 25 F8EEY] S gls-SA S 285k 54
S} TH(Masuko et al., 2005). 8] w25 8 1 mLE
13,000 goll Al LA =efste] A5 d& AARE $ 34 SHRGTE
A|22E 23] washing 5131, THA] 32} S/ 1 mLE o] A+
F& F 100 uLE £3]5}0] 300 uLo] 213k FAkat 5% w4
N 100 uLE &3l 4] 90°C of| 4] 5E7F RES-A|AFSITE. o] wF
L85 AFeo]|A A3l B microplate reader (BioTek, USA)S
o]-8-5t0] 490 nmof|A FBEE S Tt s E
331 D-glucose S =2 E = HRFSFITH

nMERel XY 5

oA 257 22 2] F=F2 sulfo-phospho-vanillin FH5-H-2- 0]
£510] 2435 tH(McMahon et al., 2013). WA 25 HjoFl
mLE 13,000 goll A 94 2efsto] -5 H & AAR &, S5/
£ ogsto] M-S 23] Al A3 o] 3 Al Ao S/
1 mLE gof AHFAIX1 &4 100 pLE £33 ¥ 5 mLo| %l
HFARE 90°Coll A 1027 WHG-AJAFGi Tt o] Whg-& 400 uL
o]l phosphor-vanillin A|2F& 6 mLE 3715t & Ao A 455
ZF BESAIA AL, AR2of| A W] 3 microplate reader (BioTek,
USA)E o|-§-5to] 525 nm oA 3 =5 S74sk3ich
0z gl ol B

cxuslo] f2 uA 2R Fests Bl istel 7t
H)A 22 dekel 10 uLE Sefo] = Zehiof 43 OLYMPUS
BX53 &34 0] (OLYMPUS, JPN)L- ©]-8-3}¢] bright field
mEw ulyx5e] Pu WelE Bas .

oy - gl -

HHEROEE

A187ke] A= Excel 2013 (Microsoft, USA) &2 1S
223+ one-way ANOVA U d|o]g| 7+9] Turkey's multiple
comparison tests E3f -FYA HAEE 23511 BE Al
g 3RkE Adof o3k Bt + FFHAHmean + standard
deviation)2 UERH T},

2 % n3

OMzFe 220 e JTHst

20HA 2= vljoFHo| wWhE v 2% C. vulgaris®} D. salina
o] A wljof L5 o] $Ii15, 25, 35, 45°C 7 &-of| u}
E PAERO 24417t 1A 0] sk Akl 1 2
3} Fig. 16]4] Yrepd viet 2Fo] C. vulgaris 9 D. salina <+ &
B 25°Coll A 71 2 A4S WERHAL, C vulgaris®] 745-
35°C, 15°C, 45°C2] =2 &, D. salina®] 74$- 15°C, 35°C, 45°C
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Fig. 1. Effect of different temperatures (15, 25, 35, and 45°C) on
the daily growth of oceanic microalgae Chlorella vulgaris (A) and
Dunaliella salina (B). Error bars represent meantstandard devia-
tion (SD) of triplicate experiments.
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Fig. 2. Microscopic observation of microalgae Chlorella vulgaris
and Dunaliella salina under 15, 25, 35, and 45°C of incubation
temperatures.

o T go| AR Fe thE 4% TS e £
45°Co] 2ol A] 7 FO] ulA| 25 vl B Aol A 214
02 A skt Aofykam Aol o olAh F7k5HA elgleh. Eat
PR RES SRR EC DS R EE R
o A Waph ol Aol o o)A $7k5HA) glojet. gt
Fig. 204 B ule} o] #n) Abxl.o.2 Baket A} 45°C
ofl A 1 el Ao thE 2= 2719 vl F nA| 2753 vl
P& o FAs] R E = D) R 1e| Rl Hefo] Uehd S g
QIgk 4= Qlglet. o] 2|k #Ak2 38°CollA] C. vulgaris7} 540
A 3] 0 & WSt o] A 279] A7-Eo] A% Converti
etal. (2009)9] 17279} u]25i0] AT Aol A B v
of Zro] o] Aol A 22 2L & QI AEY AR Q| Al
=7} PR A o2 wekE,

Juneja et al. (2013)0f] W2H == nAq| 70 A} A
zo] 27, Aol 24 9 ok Sl AREE i 7t
& Fath e a4 F shuolw miA| 2 Al E o] A Eol
S Fo] BAUT WA FHE LU 4TS At
11 & A th(Hope and Walker, 1975; Raven and Geider,
1988). E3F =7} W3S A ti7|F oliksletae] i Eo|
FAshelA] B 28 A AR )7 vl o]
A &li(photoinhibition)2} & U3t BIE PO7]|= Ao U
A QL F4 LEnT} £ 2710]44 RNA unit § 2] of
1] Abke] QFo] golR| = At &, il A o 4 A go] Al
= @do] doju A S AsAlRIthE 27t lek(Rhee
and Gotham, 1981; Kakinuma et al., 2006; Juneja et al., 2013).
wheba] o AR oA = 7ol M2 EQ] 25°Cot H S
u) e 2Eel 1SCoA] thakebe] Aoh, 25°Chet e
2531 35°Coll A= T A Y B89 AR el A7
Kgo] o A5l Ao prereict,

TS % 5 C. vulgaris®} D. salina= £-=of w2t A2 sl
o] ThE 4 TAL Uk on] HA 2521 25°C M} 8 £
Lo A D. salina 52 A7%o] C. vulgarisit} ©] 37 &ol&
The AMLS BR18E 4= QU9ie). o] ejst AL D, salina’} C
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Fig. 3. Daily growth of microalgae Chlorella vulgaris and Du-
naliella salina under two-stage culture condition. One-stage cul-
tivation was performed under 25°C for 20 days, and subsequently
two-stage cultivation was performed under 15 (o), 25 (m), 35 (A),
and 45°C (A) for 5 days. Error bars represent mean+standard de-
viation (SD) of triplicate experiments.

valgariso] W]3) | 5317} 26 Al zulo] A4 E|0]9]7] tE
of L Walol olg o oA 2 Azmutel S wol u o
Fole}a wekEls Tof we} g o) A 27 o]
Ut sk £ kel A7 Qloubs 2102 whekEth(Cowan ot
al., 1992).

2T HHof ofgt OjMzFe| &% 3 HIO|QUjAL
3}

27| wjgell ofRt WA= 7o A aE =] flsf
u| M| 2% C. vulgaris®} D. salina®] 22 A 291 25°ColA|
1EHA] B 88 2097t X3 3 & W3k} FE3i6HA] 2helo] B
59 H¢F15°C, 25°C, 35°C, 45°Col|lA] 2¢HA] uioFS- 23Y5}e]
t}. 7L A3} Fig. 30][A] Wz 213t 2o 20HA] v FAI R FHE] A2

& 20| whE A% Aol & EelE 4= gl

HA Fig. 3A0A B AMH C vulgaris?] 73 23]
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Fig. 4. Changes of cell dry weight of microalgae Chlorella vul-
garis and Dunaliella salina under different temperature (15, 25, 35,
and 45°C) and temperature-induced two stage culture conditions.
Error bars represent meantstandard deviation (SD) of triplicate
experiments and different letters exhibited significant difference
(P<0.05).

25°CHL} 35°Coll Al 71 & A4S B33 25°C, 15°C,
45°C 0 R 52 A4S YEbith E3LFig. 3BojlA] Bi=
AAY D. salina®] 7-%- 25°Co| A 7H =& A% HEP 9l
I 15°C, 35°C, 45 CE o2 2 A% A4S Yepdl o o]
gt 2ol = Sl Arget 2ol whE AR 1 Tl A 9Hd 9|
A3t A 7] 918k= A 0 = AYZFE T 3 Fig. 401 A Lrepd vf
oF Zro] 2eA| viGF & m|A| 27 A| 3L 24| 9] A gk(rfo] vl
2)g vl A3 HAAQY 2521 25°Ce Bl of 2%
of whet thA o] Aol = YEREAITE 15°C 9 35°CEgkell A vl
gk ol upo| Qui AE A& =7} Q) it SFAITE45°C - Toll A
= A7 ZA Lolton SR O 2 HhE A2 okl
Hpo| QA B Gt} o] 2|5t AWEE Fol 29 vl S &

o NF - 2714 - Bt -

2 - C. vulgaris, D. salina 5 % 250l A15°C 4 35°C
© HAAAGL L vt g Hlol e AE 5T 4 Qlth
LAJALS BHOIEE 4= 91 9] 71 45°Ce & & AEHY AR QISH A Z
AFEE vpo] Qi A o] AAteF 2|5l7F AA| Loluhs A U 4
ASATE. wHEbA] 26HA] Wi FA45°CE] uljoF 2= vl & A o2}
3 IS 45°CE A 23 157C, 25°C, 35°C L) 2% A
A o AS Zlsstaict

Ol 279 A4 3 ka2 AR ARl vlo]l e dw AL
o] = B2 A v FAdo] & Aoz defA] JITK(Chisti,
2007; Chen et al., 2013). U 25 B0 A9 F2 Al
HO M E 8 @ Ao MAA| o] 3 wgo] 28 YRR
O] Q1o lignind} hemicelluloses®] o] A 7] wfj&of 4
A R Yo s HeAIA Hio] ofghs A4 FA o] AR 4
9ItH(Chen et al., 2013). T35+ 0| A 272] 2] 22 triacylglycer-
ide (TAG)7} = Ad=01m, TAGE Y&} Sl A|5tof 4] of &~
E] 3K transesterfication) W3- E3f Hio] QU] Al & A F1A] A
AFR17 Q) o] o] 7Hsalrkar oe 4| QIrk(Chisti et al., 2007).
wheba] o]l Aol A 45 0] 26 vabe] AR ARl 48
7Ve/d= B7kel7] S8l 29 A ok 240l mhE Al 2R
o] 2|4 9 BhpshE Z4jer WSS SISk w7 2 7te] &
= 15,25, 35°Coll A 26HA] vjek glo] 22 717H25%) &<k vl
et m|A| 247 vio] QU AE Wof 26HA] uj ot v WS wf S
A gFol Mak7} QleA] Hlas) Hedeh. 1 Ay} Fig. SollA] e
v} 0] C. vulgaris®] 3§ 35°CLE Z70)H A 2}
of| Zto]Z H ¢ 31(Fig. 5A), D. salina®] 7$- 35°Col| 4] gk=3}
= SAel 2ko]& Ueith(Fig. 6B). sAITH A 9
E9 250 tE 3 o2 20 wigel M= 72t 2=
of| A vt m Al 2ok FUSHA ekl WA A1 A o] 54
&2 C. vulgaris®} D. salina 7 & 270|454 sHA =7}
71kl et st A Uetillet Covulgaris®] 7
- 7P A A7) =2 15°C uieF 2o A Zdf 9F26%9]
A A Frgs Vel en 35°CR oA = 2 AQ1 9F 21%2] A
2 b UEbch £ 15°C 25°Col = 2= 271 73] A
Ak pololl -9/l flsich. webA 21E 9] 2ttA] v gkx
Aol A A 2] AARL- 15, 25, 35°Cof|A] 22+ ©F 0.183, 0.196,
0.164 g L' &2 25°Coll Al 718 352 A& Uehdlith= A &
I 4= QU3lth. D. salina®] 73-¢- 15°Co] =0 A oF 15%
O] Z|off A4 FHekS UEFHAL 35°Coll A Z 2] 9 oF 11%2] 3
2o LRt AR 15°C, 25°C, 35°Coll A 242 oF 0.094
gL', 0088 gL', 0065 g L'Z 15CY w] 714 =& A2 A
ARS U,

o]g gt A¥H=Xin etal. (2011)©] Scenedesmus sp. Ff| A <
EAES B A ASHPAS Thotat Aafel fAlelA ekt
A9t Converti et al. (2009)2] S-Lof| A X 11¥ Nannochlorop-
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Fig. 5. Effect of different temperatures (15, 25, 35, and 45°C) con-
dition (m) and temperature-induced two-stage culture condition (o)
on the lipid accumulation of microalgae Chlorella vulgaris (A) and
Dunaliella salina (B).

sis sp. BAIER0] Aok tha A vt

S AR AR e H S off 22 =0 k= vA|
g AhelA B A B70] ol Hrka wa o glevd,
whaba] B2 2 Q] 15°CollA] ASAE G A7 A Skl 19
u}2 S AFAF(reactive oxygen species, ROS)o]| &Jst AE
gl &7t miN 2R B AR] Gk wAAL o3t AR
A AgkeFo] Z715k Zl o2 ghtto] Hk(Cho et al., 2016; Xin
et al., 2011). Z28]2135°C vl 204 =& gafo] 7rAast
olfi= @ 2B 20| o3t Am o g Qlsf A -G/l Foist
L 5471 98)E 9 7] wEel Ao g Holth Renaud et al.
(2002)0f] oI5t 2-teof whE Adtat Aotelad 4o wek A
T-of] &J8}H nA| 25 Isocrysis sp., Rhodomonas sp., Crypto-
monas sp., Chaetoceros sp., ZL2| 1L of| A Z|t] A&Eo] 42+
27°C,25°C,25°C 9 30°C= Uegom o Ao} vl
| AFES Uetle 2e20H1 T 52 2270004 A
Ao sk A= UE AL, o] 23t #4443 Renaud
et al. (2002)= A& @40 2o o5t HAJo| 7|01k 7o
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Fig. 6. Effect of different temperatures (15, 25, 35, and 45°C) con-
dition (m) and temperature-induced two-stage culture condition
(o) on total carbohydrates accumulation of microalgae Chlorella
vulgaris and Dunaliella salina.

N

2 Arggt vf Qlok 28 sl wE gk e F F
C. vulgaris?} D. salina®] %2 7 3F/do] A& k= et
Yh(Fig. 6A, 6B). WA C. vulgaris®] 7% &7} =713k
e} s S7HE gedkE ] A UEioen A
Q1 35°Coll A 2F 50%2] Z T3k e YrEbd B, 24
A1 15°Coll A= ¢F 31%9] &k ke Bleh 3t C
vulgaris®] 2¢HA] vkl oJgt vio] e uj A tfjn] FehrshE o]
RARES 15°C, 25°C, 35°C2 004 ¢F 0.214 g L', 0.254 ¢
L', 0394 g L& 35°Col|A] 714 =4 YElytth D. salina®)
78 REH R 15°Coll 4] H|tf 63%2] T3 SheFe YEpiaL
35°CollA] 2F 30%2] thedha HA S el o, vho] @
2 fjn] & g2gl2 o] AARES 15°C, 25°C, 35°CR A 0| A] oF
0.391gL",0.403 gL', 0.174 g L& 25°Col| 4] 714 =] Lte}
w4} Ogbonda et al. (2007)0] w2 W @251 Spirulina sp.©f|
A EF 25°Col|A] 40°CR F7HAIH S f ehe3HEo] 4 0]
14%0°0 A 21%= F7Hith= 2a7) 9191l vbd de Castro
Araujo and Garcia (2005)0]] &J3j 125F Chaetoceros sp.l|
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K L7} Wol 4R wsiEe] 2Xo] Z7HCH: A
o] Ruw v} itk E3F Hosono et al. (1994)0] o) Hx25
Chlorella vulgaris SO-29] o] W2 o 22 2L 7} o}
ApE Foleths AE Bars vE Stk o dAtof A 52
Q1 C. vulgaris®t D. salina= A2 o2 SHEES UEH
=0 7L o] f= A4 o] thE Stoll A EelE St 2l
gt g o] Zpol7t Ql7] whiEel Ao wetEh 53], v
2L7h gebglof whet Alazuto] &= HiskE 19t ARt Ed
2 2o ofsf FokS WA B YFAF el Halrh o
oJUHA Erhal delA o, ol2|gt AskAE g A 28-S
o18}7] Y3t IAFSHEA] 7 & A (superoxide dismutase), 7122t
oA (catalase) ¥ =F-EFE]-2-AFS}A A (glutathione peroxi-
dase)} Z-2 413} & A (antioxidant enzyme)@} oFAF 2 H]
“Hascorbic acid) 51} 22> H| & 42 Aikst 540 #8]7H d
olUA H L, o] gt H4let 59 #H| Y  Thlth A=

2 A0 2 dHA QIth(Lesser, 2006; Chokshi et al., 2015).

wheba] A4St R A O] BH| P Afo| = Qlsf AtgtAE g A9
H5ARgo] Fof wa} gebA]aL, &% wsle] o3t At Ed
20f| jEg-8h= A 7h g 7] wiitol] nAl RS 223} thARE 4
o] 2zl i) Ueht Ao Al Eah A the
Az 9 A szue] 25 7HR] 7 F1He] 224 %1 Ao e o]
2jgk 20 AskehER 20 Yrs Wb 8el%e) ol
e} AYZHEI), el 3 D salina®] -9 571 27Kl et
A Epglgo] B Ak A4S Belon, ot A
ARS ET) B A7 s A, 57 27kl et g
AT} S ThE 22 AR E O] oFo] A o & golA| WA
ehrdE T 2| d o) ok 7 Ao = Helrt.

F7H4 2.2 Fig. 194 = AAE o AtollA] C. vulgaris
9] AL 2w AEH A0 Q3| 35°C, D. salina®] 7% 15°Co|
A Z A 2201 25°C 27 Hith= FAFAT F HAR =
2 S UrEblaL olnf) ©hr3hE o] FA 7R 25°Col| Bl EfjA]
S7hoRs ARAS e et oleie BARe thoret Au
2 27000 OJsljA] mlA| 272 BedlhE FA o] ST o 9l
T}= Pancha et al. (2015), Markou et al. (2012) 5 7|29 &
AT AX|sh= AtolH, Aol B& WA Uehd 2= 24
(C. vulgaris®] 79 15°C, D. salina®] 735 35°C)ol| A 23]
Spshgo] 44 A9l 25°C 2247 v of 2aE A
= Elek = Ql8l=T, o]93t A= Renaud et al. (2002)2]
Aol A H ALl w|A| 257 Prymnesiophyte NT199} H] 529 F
& UEhlen olejgt o] = AER A HETF U
ooz dofet 49 0ale] B4ahe tlARkAel Thefshs
a9 SR 549 o] "olx|7] thiEe] A2 HehE
t}. Tammam etal. (2011)2] ¢1720] &J8}H 5mof w2 ¢ o]
Ofsf| At AE g A7} dojubr Ziof whg 7]2kS & Malondial-
dehyde (MDA)7} 57F8b= A& SRIsHA AL, ©hr3k=9] 5k
= Qo] ofgh AE#|AT} bl ek Zlehe 3AE 1

o7 - 2713 - B - g A -

A718 - A - A - el

o|th7} YA 1= o]4k(1.25 molar)o| A= 938 HAadt= A
&2 et MDA it vt = 34 Yebdths A
AZ ERIRE B} 911, o] uff R4S} E/dE UEl = v a4 A
& 9] =219l ascorbic acid®} satalase, peroxidase, glutathione
reductase, glutathione S-transferase@} 722 g4kl a 4 0] EHA
o] TGt ABIAE | ATE STl whet A sk o)dollA =
A SRtk AME S gk v Qlok, wheba] 2Ieof] ot AE
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S7Fe A 2B 2of| o3t o] 7|2k Wt A 9 H]
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ofHl A= Foll = T vH=F C. vulgaris®} D. salina®|
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