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Owing to their high growth rate, marine microalgae such as Chlorella, Spirulina, Porphyridium and Dunaliella
have been believed to be potentially useful for the production of foods, drugs and energy from light, CO. and
minerals. In this study, we investigated the relationship between the growth and fatty acid composition in the blue
green alga Spirulina platensis when the temperature and light intensity of culture conditions were changed. The
optimal growth conditions for Spirulina platensis from the biomass and lipid contents were 30C on 6391 uE/m’/sec
and 35C on 4235 yE/m’/sec. The difference of lipid contents between exponential phase and stationary phase were
very large according to growth conditions. According to growth conditions the fatty acid compositions of Spirulina
platensis differed, but regardless of growth conditions the main fatty acids were C16 : 0 and C20 : 0 in saturated
fatty acid, C16: 1, C18:1 and C18: 2 in unsaturated fatty acid.

Key words: marine microalgae, Spirulina platensis, fatty acid cdmposition, temperature, light intensity

A =

B 24 chlorophyll-as} Itetsh &
P oA ER v A R §7 A Ao
B}7R0) EAsim 2714
BHaF3 Qg §3) Ui} o]
2 Agey, gad A,
3T 2L g /7182 S A 53
deiA AR, RAEET} w9 e} BARE
ol FojAe Aoz HWIHA Ut (Rich-

=
iy

(R

gl
dTE
A, FHAME 47 sl zRY A+ e F2
o] AFRS YU AR A7 RE| L o &7
oz Qs 12 A FEE w¢ Aok 58 wiA
He} 71Fe FAFHOR FlHoln
79 wke oA o] FojAA] ¥
ol & wlA 2 F o Ak i A7}
o 3 Aoz Hrdr}

&

2

2
8
A Az
e, HF71E

=0A FaA

%
9\1]\
A)
T

409

FH, vAZFA i FH29 dFe AAA v
Ao g B8 ¥ Spirulina % (Nichols and Appleby, 1969;
Boussiba and Richmond, 1979), Porphyridium % (Ra-
mus, 1973; Percival and Foyle, 1979), Dunaliella %
(Ben-Amotz et al, 1982; Ben-Amotz and Avron, 1983)
oA Aoz AL QT ol v4 o
wadozmat ofje} A, G,

B ZHAAE §48 o2 ¢
A o8 mAZFY AE B
o, 53], €4 i BaAo

g8 Spirulina & g
ARH ofZsto #& F2 gy
Foz ol &Y, AZd AY
2 MESAY AEAzAY Aotk 443
4t} (Ciferri and Tiboni; 1983, Ciferri, 1983). ©|
Spirulinae @9 @, A4 wlel AF 59
48 4 e AEFA Rez EF
T AE o8I d' AR
platensis® & & d9stdq 54 Wy
oe] Y 20 W2 AZ7 AR o
54 Aty g4 2 324 dgd Ay R

=

= -
= s

AT T

=
3]

=
<~



410

N

T AR AR b5 E YRR Nesgr)

2 =3d M= Mg 28 BE Spirulina platensis®)
A A 2 L AR wstel g 435 st
of Bastanzt g,

NE Y

1. A o3

2 4794 A8E 27 EY HEY FY HEF
& AT 4HA biomass AN Aa S g8 A7
5|3 Qe & (Spirulina platensis SAG 20750.80) 2
WY 239 B2 B 24 A& A 257 Qe
#F2 YA Spirulina %9 7ol M EA4L 7}
A2 g vAZzFAD.

2. i HiX] R =A
Dl ¥R
2 oAzF g AHSE wAe durdoe g Spin-
lina platensis W o) A LZejd 77) A 9d), 1
24L e 2o

#2] A I NaHCO; 136 g, Na,CO; 403 g, K.HPO, 0.05

g, D.W. 500 m

HjZ] B :NaNO; 25g K.SO, 10g, NaCl 10g, MgSO.
TH,0 02g, CaCL2H:0 004g, EDTA 008 g, FeSO.7H,0
001g, Micro soln. (H;BO: 20g, ZnSO.7H,0 10g,
CuSO.5H,0 0.5g, Na;M00:.2H,0 10g, MnSO.4H,0
20¢g Co (NOs),6H:.0 1.0g, EDTA 04, FeSO..7H;0 0.7
g in 10000f DW.) Saf, DW. 500 mé

W2 A%t BE E#3Y pHE 90952 23 Vi-
tamin By, (10 mg/100 mé) S 1wl 7}8lo] wj<f vl 2 8}
Ao

2) Wg z2d

HiF 2w W Z2E WA I|HA pH 2 FAFS
ZR39 2, WFFol pH 24L& 4% COo, 9 H7te
agon, z v 289 f5FA719 FA7AM A
EF Fskd =A% FFH AP 24E B

3. B AJAH

W F e SA G 2ujge F dAZ Yo Py
<, 94 F79 F7& A8 1000w § 2AGY )
FEAE ol$aAn, AAY TR FFE YIS
73 wjF ZA (plate type bioreactor:Vol 10L)o 23
TEZE U Bujgsiged, 4 AY 2l e
FaAF Aojo] A3 LAE HF ZFo]71 Y A

F4 - 2070 - ol $E2

ol&s

TYY ¥x9 TEE AT S FH e ex, Y
% pH 24| 7} g AT, W FHZF
538 NEE 9T FAVIE 223o A4 EA A8E
AAE  A=S FEAC & wWF 20 gaHd
S 27 A ¢ AXF g2 249 4FL Pge
£A% (batch system)¥ %S A (Fig.1).

p
&9 pH 3L FFX o] B2E pH meter22H
A pHE 3432, A 94 &5 2HAA pH meter
(GREINSINGER electronic, Germany)2 A& std
W FEA pHO ¥t A3}

AAZ 33L& Spirulina 49 ol HAE EAA 0.
D. && 337 Terld AP Az FAY TAS
2R3t =, Microfilter paper (0.2 um) & 100Co| A 2
A2 7kE Az 308 dAACHAA WERE 7
& Z43te] ofA] FAE FIF doj ABE B
7t 239 AHAG A et FEie] FUAF 2ANA 2
A Az F dgstel dojd 2FA2RY Az o
B2 FAE ANstS FAFE T FHA 2A
FE o83t NG & D ARG #A) AAE 5
Aldat o,

2 ZAT FF L AP 2 B2 g 2
3 g ATl e 2AY FE EFEV (22X
F U9E=2:DE o|434Ed (Bligh and Dyer,
1959), & WFAS JNLE s dojR FA ] sea
sandS 4AF Ul WA FAE AYF 3 F

NIV

Plate

Medium reservoir

se==

Sparger

O

pH-metar

L e L.V Q .
co, ) ST Heater or Cooler

Gas exchanger

Fig. 1. Diagram of plate type photobioreactor.



Wl 27 W& Spirulina platensis & 8% 2 AP 24 411

2 $ojE 20| Uiro] WhsEN T miAsEA 2 T
Ae 22890 Ado) FHE 2592 BYFE .
e AZAZ F RAS ZAs 2T FFL 2H -,
sk, e " .
A7 4oz dold AWAL Metealfe and Sch- A
mitz (1949) ¢l Wil wte} 23t 3 methylationdto] gas T 1001 .2
chromatography2 A4 A& EAsgd, At e *
24 EAME Shimadzu GC-14A% Shimadzu AQC-14 e 2
AEFUNE o 83U, ZHL SP 2380 (30mX $0.25 T T
mm)E AHEHAL, $& $4 (1000120, 5C/min)E 38!
CETLY £
9.0 . — T — T Y
S £t a 50 100 150 200 250 300 350 400
E-L} . _T,_E 22
B)
I By 207 at e’
D % BE-2695 yE/m/secl N L% Wste] ©e l o« 4
WA 259 4% e ".
) pH, BAF R MY SR WS- 9 A EM . s
oA g wedd WEdde W pH, FAZ & 27 e !
Weh % M2 £E WS Fig2l veieh exe § 09 LT,
A0 MG SONWARE pHA 27 AEE §A& @ 091 ut v
A7, A AAE mAstgEd, o A2e wA 064  w p——
of U dzFe 4371 Aoz VLI, oIF oalgdt w00
e £2o] Hel FA% pH WS UehisEd 40t o-zf S
oA wlo¥ 150A12ke] Al pH 960 22T F ¢ 0.0 +—T—T— T — T
0])‘& ‘ﬂi"ﬂ' ﬁ%:\l, 25’ 30 ‘;‘l 350(: }-Z“_QP“]‘L:" B}]Q} 400 ] . 50 100 150 200 250 300 350 400
AZAA A4} 2718 wded 53, 300 WG 22 20 © cnee
o) i 340417t 7ol Ahe) pH 108e] =@ pH It
Wske} gtasted FA G WEe BAHRW, 40CAA 16 =, 4
= pH AR W 150028 7128 FAF] A el
N8 BARS ¢ 4 AW, FE A L5 AE . AL
2% gYe] 27 RQEY, 0CAINE NFIRAT, R a7
25T, 35 ZANAE W 304N AsHoR & E Y
A% HEY SEY 5748 ReAFT gloiA W 1 .
pH W3te} WA Bdo] 1&g ¢ 4 Ach ol u]A v e o 25
279 A% 24 4%% Ad At €O BE 04{ v 1o
29 2R Bdo| Yed FAZ FAEALR B ! v e
F40] B2 F $2 CO.9 FE&E B4 pHY 50| P
dre A dojdties A o]yt pH Aeo o ARS 0 50 100 150 200 250 300 350 400

Culture time(hrs)

A st7] HEo A&FH CO, THFLE pHE 243
of 3= Aoz AFH2 Y=Y (Gudin and Chav-  Fig 2 ggznggero(\):ﬂt]herapt?(%)’vlv)ii;;lmﬁlsltsl?g and spe-
mont, 1980), & dFAAE CO.9 A4FQA FFol light intensity-2695 uE/m*/sec-at each tempe-

A9 Pgriel A&HA 4F3 E4 pHY ¥ rature.



412 RN

& RoFa g 28y 35C vl A ME 350413
74 A4AQ pH 37tk #AF 718 BYFa gle
U AZ FA F7he 240413 o] 32 AR, WY
300/ ko] AV A v R A4 74 @4 24
o] BRHAY. 30T 35C wigolq Aol 4 A
A ZAFE F ot 21 BF 20 my/myeh 18
ool 2% 40T 2L g 150~200417F Afolofl &
0 A4E 295 (FAF 1omynd), F4F #AF
A5 Bgon AA wFrIdlA 15012 o] F FH %
24 48 el ol of= mlAZFI 15~20TY A
L oM AlE 2L FHS 4% HEE AL
A AT, 35~40C9] g G M v zF whe}
2~3C o9 &x HIdE FA FA AlEL /A
&otx B33 91tk (Kruger and Eloff, 1978). 34, ¥
%2695 uE/m’/secol A 30T} 35C W53 Y A8
ERou AR 79 JH2 Ads R 30T o
Y3 W 239S & F AU

W) 2 2o @2 A g% 2 247 2%
o @2 AA s 557 g 788 FANR
Foge 11~18Y (Y 2o we Zol7h g8
AEE At 2 59 A2 &F WUE Fig
33} 20 25T W AlEY S 79 18dA L] FAF
2 1.0 mg/més} 2.0 mg/ml2 FH)Q] 2o]E Hol: 9lo
U A4 FFeMe 719 W 45 001 my/miel ¥HE,
1844 WY AEE 018 mg/mlZ TYA A E 9 oF 20u)
AE2 ¥ @s YT, ol AFd AR
Spirulina 4°} ©] W% 27 A chlorophyll®) %3 o]
e 22 Aoz HAYdd (data not shown). 30T
wjoko) A= 7UA A E7} 0.04 mg/md, 1528 A E7}0.05
my/mZ W FY & Aol BE FAF Tt A &
Fo F7be vESA ggd 2y 35T vins &
o 30C v} 2do] AF FHo] Ade AL THEY
g, durzgoz wA 4% Ax BE 3 £
o} vl g DA BA) A, AFY AEE vpiriA o)
o oA AF dEx HF AF 24N M 8ol F
Age ez <A 9o (Sato and Murata, 1980).
3} o]F FF AYAY A 2AE FN% A
Table 13 2t} AA A2 2o #AZlol Cl6: 09
greko] 43~49%2 7HF XA, BEOFE C20: 07}
30~40% BT AA Egk AHbe] 70~90% £ F-#
ojllem Cl6: 1S F23le v AWt 7~8%, 1
5 233 Ak C18: 27} 5~15% % AA 3k ¥
Ao M NP CI8: 32 30T 35T A n|F Fe
Hog ¥olt},

SRES L CIFIEE 9

o =
o] %%
25 - 20
1 71 Biomass 7D L 48
! 1 Biomass 11-18D :
—4@— Lipid content 7D
20 X& | w toagcontent 11180 | - .16
(e 1o ] 4
g & L 2 £
£ 154 g
£ - 10 F
2 - 8
£ - .08 §
6 10+ i hy
. — R
.| =5
/ll\\\n\ o L 04
5 -
| i
‘ o] \“\\
b t 0.00
0.0 *»" }
20 25 30 35 40 45

Culture temp.(°C)

Fig. 3. The biomass and lipid contents of S.platensis
grown on light intensity-2695 uE/m*/sec-at
each temperature for 7~18 days (D).

Table 1. The composition of fatty acids in S.platensis
grown at 2695 yuE/m’/sec on each tempera-

ture
Fat LEl'
ay 25 30 35 40

acids

A* B A B A B A B
Cl4:0 14 10 10 13 16 - - -
Cl16:0 46.8 443 492483 435479 — 492
Ci6 -1 58 68 39 52 31 37 — -—
Ci8:0 13 08 10 08 18 — - 81
Cl8:1 20 23 14 18 34 33 — -
Cl8:2 52 88 67 53 148144 — 91
Cl18:3 - - =01 0102 - -
C20:0 376 361 400372 317305 — 336
C2:0 - - = - - - - -
Satura. _
fatty acid 85.0 822 91.1876 786 784 90.9
. Monounsat. _
fatty acid 77 91 52 70 65 70
Polyunsat. _
fatty acid 52 88 67 53 148 144 9.1

'Light intensity (uE/m"/sec) - LEI : 2695
Temperature (C)
*Culture time - A : 7 days, B : 10~18 days
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Fig. 4. Change of the pH (A), biomass (B) and spe-
cific growth rate (C) with culture time on
light intensity-4235 uE/m*/sec-at each tempe-
rature.
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Fig. 5. The biomass and lipid contents of S.platensis
grown on light intensity-4235 uE/m’/sec-at
each temperature for 7~ 14 days (D).
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Hiokd] HAF 49L& ¢ 5 Uk
3) W BA=-6391 yF/m/secol A &= Wl weE
ulA 279 4%
7h exd mE pH, IAY L HF4 &5 W3-
6391 yF/m¥/sec®] ¥ ZEolA 30Ce 35CAME 42 )
% 3164123 240417 Hr) pHel =933 (Fige),

Table 2. The composition of fatty acids in S.platensis
grown at 4235 yF/m’/sec on each tempera-

ture
F LE2!
a.tty 30? 35
acids
A’ B A B
Cl4:0 1.6 1.5 22 21
Ci6:0 382 332 46.5 454
Cle:1 33 46 22 35
Cig:0 1.3 1.8 1.6 1.6
Cig:1 1.1 94 43 40
C1g:2 84 16.9 136 13.5
Cl8:3 08 0.3 - 0.2
C20:.0 454 325 29.7 299
C2:0 — - - -
Satura.
fatty acid 864 689 80.1 79.0
Monounsat.
fatty acid 44 14.0 6.5 15
Polyunsat.
fatty acid 92 17.1 13.6 13.5

'Light intensity (uE/m’/sec) - LE2 : 4235

Temperature (C)

*Culture time - A : 7 days, B : 10~18 days
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Fig. 7. The biomass and lipid contents of S.platensis
grown on light intensity-6391 uE/m’/sec-at
each temperature for 7~13 days (D).

Table 3. The composition of fatty acids in S.platensis
grown at 639 uE/m’/sec on each tempera-

fure
LE3'

Fatty 30° 35
acids

A’ B A B
Cl4:0 13 18 20 11
C16:0 412 385 457 452
Cl6:1 40 41 15 15
CI18:0 09 13 18 23
C18:1 22 33 50 102
Cl18:2 177 154 62 140
Cl8: 3 20 12 02 -
C20:0 306 346 377 258
C2:0 - - - -
?;tt‘y“zb y 740 761 872 743
Monounsat.
aty neid 62 13 66 118
g‘::g‘cs{g' 198 166 62 140

'Light intensity (uE/m*/sec) - LE3 : 6931
*Temperature (C)
*Culture time - A : 7 days, B : 10~18 days

YW AEe A Y 2 At o, x4 wit
t}a o Aol YA 4235 uE/m’/sec? 6391 pE/m’/sec
Abolel Wl Zxrt AAG 29 A 4CHNE ¥
B TAR A BFo] AAHR AF o) APEO
Yol Ao ARHAUL, 25T ¥ 2roM e 4
o] AAFY. 30T 35C7 AAH LxPed, ¥
Zxo] wt xo Meo] g} dhe A& ¢ F
Asdeh AA FFe 30~35C &5 4235-6391 uE/mY/
sec Atole) B FEAA AdE HAFT glon A
AL g =4 A Cl6: 07} /Mg & v &
& AAFYIE, C20:0, C18:29 ¢olglx, EF A2
e Aiolats 2w Addd C18: 39 FgFe
2 ZAGATE 3 2oz HEIU

HAtel &

e

ATE 96 E FXTEAEAEY T AEH
B ATH Adez 59 WEY TAUG 4
TAAA o]Foj3 Astolu] o}&d LR

FAARLAE Y G5 A7H Aol 9sto] £HHY
FUt #3332 WED T HEFS A7
Ao e d7dEdA 2e Y %& Asuz @

o 1



416 Z22 . zut7] .

Mo
ek

%

Aaronson, S., T. Berner and Z. Dubinsky. 1980. Microalgae
as a source of chemicals and natural products. In Al-
gae Biomass, ed. by Shelef, G and CJ. Soeder, Else-
vier/North Holland, Amsterdam.

Ben-Amotz, A., A. Katz and M. Avron. 1982. Accumulation
of beta-carotene in halotolerant algae:purification and
characterization of best-carotene-rich globules from
Dunaliella Bardawil{chlorophycea). J. Phycol, 18,
539~542.

Ben-Amotz, A. and M. Avron. 1983. Accumulation of meta-
bolites by halotolerant algae and its industrial poten-
tial. Ann. Rev. Microbiol., 37, 95~99.

Bligh, E.G. shutdownand WJDyer. 1959. A rapid method
of total lipid extraction and purification. Can. J. Bio-
chem. Physiol,, 37, 911~917.

Boussiba, S. and A.E. Richmond. 1979. Isolation and cha-
racterisation of phycocyanins from the blue-green alga
Spirulina platensis. Arch. Microbiol,, 120, 155~159.

Ciferri, O. and O.Tiboni. 1983. The biochemistry and indu-
strial potential of Spirulina. Ann. Rew. Microbiol, 39,
503~ 526.

Ciferri, O. 1983. Spirulina, the edible microorganism. Mic-
robiol. Rew., 47, 551~578.

Gudin, C. and D. Chaumont. 1980. A biotechnology of
photosynthetic cells based on the use of solar energy.
Biochem. Soc. Trans., 8, 481~482.

Kruger, G.HJ. and JN. Eloff. 1978. The effect of tempera-
ture on specific growth rate and activation energy

microcystis and synechoccocus isolates relevant to the
onset of natural blooms. J. Limnol. Soc. S. Afr, 4, 9.

Metealfe, L.D. and A.A. Schimitz. 1949. The rapid prepara-
tion of fatty acids esters for gas chromatographic anal-
ysis. Anal. Chem.,, 177, 751.

Nichols, BW. and R.S. Appleby. 1969. The distribution and
biosynthesis of arachidonic acid in algae. Phytochemi-
stry, 8, 1907~1911.

Percival, E. and RAJ Foyle. 1979. The extracellular poly-
saccharides of Porphyridium cruentum and Porphyri-
dium aerugineum, Carbohyd. Res., 72, 165~171.

Ramus, J. 1973. Cell surface polysaccharides of the red
algae Porphyridium, in Biogenesis of plant cell wall
polysaccharides, Loewus,F Ed., Academic Press, New
York, p.333.

Richmond, A. 1986. Microalgae of economic potential. In
Handbook of Microalgal Mass Culture. CRC Press, ed.
ARichmond, Florida, pp.199~243.

Richmond, A. 1986. Cell response to environmental factors.
in Handbook of Microalgal Mass Culture. ed. Amos
Richmond, CRC Press, Florida, pp.69~99.

Sato, N. and N. Murata. 1980. Temperature shift-induced
responses in lipids in the blue green alga. Anabaena
variabilis. The central role of diacylmonoalactosylgly-
cerol in thermo-adaptation. Biochim. Biophys. Acta,
619, 353~358.

19983 29 259 H&
1998 5¥ 8 F4g



