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W ¢ COMUEAER FURIER Spirulina platensis, F—HBEHE B R4y > IR T RBEERH/L
I BARIEFUE R R R RN © SR B SR B A
P T2 SR OB ATB AL E40°C B BE T A M B A BRI 5 ZATT » 42
P 40° T4 CIFS T 1 75 1 B R MO B SR B0 M B o

| BIBIER024g/1 7 SIRUE R MR R AU RN 33—45°C BR1—16 Klux BUTTREANRE s i~
RO ESR 5 H BL » EHET R TRz T > SUMIBPI 2 BRI
FEE BEF BREERERER G RSARS ALK BN 5 SRS T TR
AR B S F ) BE OIS 5 IR e MM I 2 — 33K > MR
SR 5 BUAE SHT Pu A R I AR Y 3035 12 » RIEHK 2 7 »
REFTABIL - HGRA AN o |
#237°C, 6 Klux 5 40°C, 4—6 Klux'F » UG 743 20 el T LI SR kR 21 ~ 9k
o BBERER -

W2hesE (Spirulina) R—FERE 2 A HEEAEEMAKE (Blue-green algae) ° FEFARAHAT
HIEMIZ M A =T O > TLUERA M ZEAT R B A% BIEMARE  Chad, Aranguadi
W5 BEMZS. platensis T H BFEFFSOSA Texcocolfh A FIMRE A2 M 7 BES F1.2 S. mazima
WRERAEEREE S o BT IEMKanemik 0 BT Aztek kP AREFERAZERT
FEZERIN s R BEEEEA > £ ) PEESE BT EE B T RENB T ETEE
BE- AR ESRAR > FEHAFAEERMLARRERR W

B RREBTREEHE  REHGESREBE T ROBEAR » HHRT2EFRASX
K (semi-natural) FiEsE B9 > EEFAEREEWE] @0 > £EE O kR (B BEEEEES)
© HEHET AT AKBEEEEEE - R BEREN T EBLER  FE LS/ EER Y HEE B
BB 0D o phTERREE - BB MR R AEERENS » BREERGKE > ATl » R
A REER AR RAE » AR EEEENREERERFREE (Biomass) B °

HNBEGRIE 2R » Meyer 9, Nguyen 0 BiOgawa #5750 S A\BEERFHEIREER -
W (Optimum Temperature) FTHEERBH LB S5 ZH% o Ogawa K7 35°C
TS. platensis ZHEEFHE P » WEANTFBLIRE (Light Intensity) ¥Rz
20 o Van EykelenburgRIf2215°% 39°CH10.3%21 klux JRE T MIRE RAERNIMARSE 2 ER
(28,29,30) o A5 B iy ALV B (L S L B — AL IR0 0 (TR GY o BRI B R B R AR B AT

LEBBRBRRARTT WRMER 1168 4  ACEEAETIEEHIRECRIZ) -
2AFBRLERYEIER - BERE BPR FIEE-
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Feo MY S, platensis HEAZE30°CH AR T AR » AEFREEKERTEE 40°C b4
BEEEFIBERE (30° = 45°C) T ARBEHEEHEBLERER - BE > ERE (Protein)
» &2 (Nucleic Acid) » %8 (Carbohydrate) -~ ##%3% a (Chlorophyll a) -~ HEiHEEHE
(Carotenoid) - ## 3% (C-Phycocyanin) #ERHEAEEIEZHE  HERGREEBER
HEBRENEZ o

MEEAE
—~ 8RR ¢ Spirulina platensis 8 S. maxima (FEEXERELERKERVTE TEF R

SAVRRL I -
= BRI ¢ 5 Zarrouk BRI O ML BHTT :

E—ifH R OB OB EE K

Table 1: The composition of synthetic medium

NaHCO; 84 g/l K,HPO, 0.25 g/l
NaNO; 15 K,SO4 05
NaCl 0.5 MgSO4-TH,0 01
CaCl, 0.015 FeSO,+TH;0 0.0
E.D. T. A. -2Na. 0.08 As soln. 0.5 ml/l
Bg soln 0.5ml./L

a As soln. (g/1) : HyBO; 2.85, MnCl,-4H,0 1.81, ZnSO4-TH,0 0.22, CuSO4-5H,0 0.08, MoOjs 0.15
b Bg soln. (g/1) : NH;VO; 0.023, K;Cry(SOy) - 24H,0 0.096, NiSO,-7TH,0 0.048, Na;WO,-2H,0 0.018,
‘ Co(Noyg);-6H,0 0.044

= HEEE  BEEHBERM (Log Phase) B2 IEEK 300c.c. BABRKAAD 2 FER
EPHEET » BERAEEHERER » B EH6OW HCBREHER » BIF0m/ NS —% o

Mo CBRIEE B EEH BRI ZIEERK 250c.c. A 500c.c. ZAHMN > M ERATERE
RERFAER » AR GEER A EREARY CEEENL.5vvm) » %Ll 43 20WHHBH
ERRRIEEE -

Fo BENE  DEAEERE ANA—300 Bz o s2 LI (Intensity of light, KLUX)
RINZ ° /

A BBERENE  BEERER 1A7H5 A% EZAKEET » bl HITACH Model 124 Double

A Beam Speétrophotometer?ﬁﬂ%?ﬂ?i}j’ZE%OanﬁZ%’d‘ﬁ%‘f%{ (OpticalDensity E?Abéorbance)
fiEi » MLLO.D.seo (d=1cm) FRZ o EREEBEZMBERLL X, 25 o 8% 5 (Dry Cell
Weight » f#D. C. W. ) BILITREE 1 D. C. W. (me) =0.55X 0. D.5eo < B (c. c. )

+ > BEEBATREEE ¢ IR 100c.c. BEAIFEWERM » DIBHGR I Sk » —HBBHE A80% P B b %
WIBHEER ) — IR LB L K SRR AR A > TROABREE » (RS ST T B AR R o
BlUltrasonics Co. Sonicator Cell Disruptor Model W-220F #EWBREEE 2 —3 58
%o WHRE R EE RS > SWHEEE  EAE  BBRAMEE -

A~ BREIEIFEHE : L HITACHI Model 124 #iX UV-Vis. Spectrophotometer » &}

(slit) 1nm » FFHEEE L FIKAESS0ET50 nmZ 6 o
> BEBEME ¢ hkigLowry et. al. (19) FEmLMEHiIE o &I~ Na-tartrate\Na-Citrate
TR



278 rhEE BT & 33 & F 3 1984

+ ~ BERIIEE ¢ £10.25 N HCIO, 2R =4 %7 260 %280 nm AYRMBRIEHEERAAT K

ATEEBBE

Nucleic Acid (mg/c.c.)=0.0630. D.z6—0.0360. D. 5 ®
+— ZFEERIE | UB-—HBEREZ Y
+MERE &8 2FERRE  UTRHE

BMEEAERSEE (mg/D

=0. D.5oX0.55 X B (c.c.) XZKHEE (%)

+=  EEFKaPE : HB0% KM » MHIE660K 730 nmZzWEHEE » RATR :

Chlorophyll @ (g =10Xv XX (0. D.ggo— 0. D.730)/890 18 '

(v:BEEEEc.c 8o f: REBEH » ERFRaR T el %,=890)

0~ R | BRI HAE620 R 750 nmiZ LKA » RATR :

Phycocyanin (mg) =10xvXfx (0. D.g—0. D.750)/73

BERBIHEB%,=T3® » JLREE £ 4 AllophycocyaninfiPhycoerythrocyaning

2)
+E ~ EMEERNE « R80% MBI » MIIHAEATSR T30 nmZ R HEFE » AATA

Carotenoids (mg) =10XvxXfx (0. D.sy5—0. D.750) /2500 0©

(BWRERRITE e1%,=2500)
+7% » L#% (Floating Ratio) #i5 : Hl0c.c. EHEWEWEBNAE 12mmz & » JHAE 560nm
| ZRKEENE (0. D.s) MEDERZ o 8B —/NERR LBREA W » WEL O. D.soffi »

DR RATIIAR
. - Floating Ratio (%) =(D;x2)/(D,x10) x100%

o ERANS

— EEREES R R

EIEES - REt B &4 (Obligate autotroph) 2 » f2FI A CO, » HCO,~ FERMIR
ETLEERATAES » ATAELRBET » TRABASHENEEE « BBSUMEEEN S
platensis§iS. mazxima ¥ #E30ZEIT°C ThR » MU BB =IBEBE o BNFRABRAATER
2S. maximafel6 Klux, 40° % 45°CTHEBA NI RILT IS » RILELL S. platensis {ERIRFTEH
T REERE CERERRERN 40°C T RXEBRSIEE 24 N RESHIR4 > 6 K16
Klux » JIEEETE 6 24/ 20, D.seofl o $5EME 1 EEREEERBRERRLIE L RERRE
RERBANR BEEREASIERERDRL » TRERRERTH (X0=0.023) FFEEBWHE
Bt » RMBREUNSEERTRIES - A
" fk#Ogawa & TeruifR 2z » HM7e 40°C 2 4 Bz (Specific growth rate, #) {E
FE3BH—37°CTHEEE ® » fiVan EykelenburgEUJ:jBlOC%ES. platensisiy FHEEIBE %9 o MAF
EREREE L EEIERRE N 37°, 40° 245°CTF » L4 » 6 » 16 klux ZIBEEE24NE » BIR
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Fig. 1 ; Time courses of Spirulina growth with various inoculum sizes and
with various light intensity.
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Fig. 2 : Effect of Inoculum size on Spirulina production in various temperature
and cultural light intensity.
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(A day’)

SPECIFIC GROWTH RATE

FHEERRIAZE & 33 & H 3
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Fig. 3: Effect of cultural light intengity on the specific growth rate of
Spirulina platensis with various inoculum sizes.
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Fig. 4 : Lineweaver-Burk plot for the effect of light intensity (I) upon

pecific growth rate () with various inoculum sizes of szrulznu
splatensis.
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B EIR e 2 8 ] » 16 klux[REET45°C B 40°C » TN7E 6 ~ 4 klux RETRLL
40°CER3T°CE -

MR EMEAE BRI W » Ogawa KABTEESERIFESZRET » HEERNP 28
FHAE R () HASEEE (1) %A Monod-Typeif@R #=#max L/(I,+Ky), #max £
Bl B > Ky BEEHE @Y « B 3 R RREERE RERHE T RS2 AERESR
BRI 2 B » BB ERAE » HERERBRL o 6 /NEERTGEB LA RERRNR2NEFE
; EERERELRBAK o 238 Lineweaver-BurkAR1/#=1]/#max+K. /1, fFE » DIHA: R E
ZRER R RS 2 BB IR S e B B EhEE FT DR & R B R T 2R R REER GRENZED R
St (REASEE) o FlE 4 Hoth R B ORI B B BR IR AT R 18 2 2 58 B IR T 2 #max K,
ERERE 2 o REOgawaKHiss » £35—37°CT LGB H 2 BEIEEMEH Zemax B2.2day™,
Ko B6.7klux @ o $H #max (EEAFKARFT G RAALLBEAER » EERE (40°C) THEW
FErEEEmEE (X,=0.09, 608 X,=0.43, 6/)F) BFRMIALEREE » AR EERE
Bk e (Ku 5355 & 3.6klux) o X s LL X,=0.023 3236 - MK 6 /NEHEREER LIRS
#max B4.0day™ » FRENFEIRR 6 /NI A —k > AREBEE R » AR ERARE
R PRI » B EA > AIOFRHENERE THER °

‘ E Sl gy N2 R - UL UL Op 1
Table 2 : Maximum specific growth rate and light intensity saturation constant

salculate d from fig. 4

§\ —— Ttems Maximum Specific Growth Rate Saturationifl(‘zg;;?tn; of light
R T (#, day™) (K, Klux)
T Time
Inoculum Size \'\\\\ 6 hours \ 24 hours 6 hours 24 hours
(Xo, 0. ‘D-SSO) T \
|

0.023 . 4 [ 1.7 1 1.5

0.09 2.8 ’ 2 1.5 5

043 2.1 \ — 3.6 _

X,=0.02352 324/ N5 0. D.seofE3EF10. 11T HamaxHD 7 X,=0.09% » HRBETREH
EEBRHET » FLER NSRS MR REHEEE L BRI RMEA R EH
(Stationary phase) B(F# M (Decline phase) ° flE 1EBAERBVARTEL » BEREXR
B » I EEE40°CTAR -
S EEHRENERAREARSZHE ‘

MEEEE X,=0.43 ZHBEEWENTRERERBETERAIRENEHERER » BB
B 2EREBARS > WA FEE L A RO AR » {5 R ME b B - JERBRIR B R A RO
Ko ZEERNMEDEHRAEREERE -

FEREFIEE » KIRER I S 2B B IE TR AASRBELET » A TFREBRET

RZ » BEEARESERIIFELANRERS » @RAALEH (Nitrogen assimilation) ##
18 > FE e (Respiration) HUESRFESIE o FRABTHAERFEHRZHS » B Van Eykele-
nburg 7RI B S B PR InFAMREE B I T DU R AR 7SSO CLL LR E A RIFF 2 BE B M AR AR 0
s FHEE AR ST LR AR R R R EL S 4 BB 2 £l o Faucher et. al %H%
S. marima¥iR HFZ FIRE TR EYHE ZREIF MBI « Y fFERE S, platensis HETTRIR
FARAREHESREBRENEK » SRR REWR » HABEBBER » BRBMRERT; M
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REREWE F 38 & H3

5 ARRERRBRET » BEHARBEE» O. DalS ERENE -~ 2WEERS BIEE

Fig. § : Effect of specific growth rate, temperature and light intensity upon protein,

SPECIFIC GROWTH RATE (A day™)

nucleic acid and toal carbohydrate content in algal cell.
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Fig. 6 : Effect of specific growth rate, temperature and lignt intensity upon protein,
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nucleic acid and carbohydrate amounts in Spirulina cultural medium.
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SEFERTEER  SRBEEATNEEE (EEMBERE B> BERESEE TRI0E20% 44
BB LT o RABRER L FEEASNIE SE— R B -

X Verstreate’ F WL ELfk i Anabaena flos-quae 7 %5 BOE SRR 2 FI B REH6 H 2 2 VR 79 S0
EFERBE B D - BREAERTER  CEEBRAMEERENBMTREHE » A4
BEEERASRERS » TREEBME  MESERBETKmERAESET LSS ERE
B UBEFEENEMESEERD  FTLl » EREEEE 40°C DERERBEXETEER  IHE
RRECEMBRERREEREDESERMRERER 2R -

B EMERER S SV R B EEANERE - KRE2HE > HERERBEZRG
AAUE 6 o BIIESEAZBEEESREXE T2 BN REREE Z30E35E » EEEES:
#90.14g/1/ day SR RE L 2.5—5. 045 T R HE R 3.5—7.0g/m*/day - X HlEBRE R G E
ZEBIEH AT MM EENERE RO EREBESE RN > ME40° C, 6kluxiEERERRK ©
= RERRENERaRERZEE

BVIRIE BT 2 BB JIREGHEREER » REFEBAEZMRKEBK » Fi 750nm
F330nmZ EEBREBHBMCEDRE o £ ENE Ta, bR ESa, bFIR - HETals it RERETRET

b IN DIST H,0

a IN 80% ACETONE

— 16 KLUX 1x2 —— 16KLUX
——= B6KLUX ——- B KLUX
X,=0 43

TEMP 40°C

430
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—660

=>

| S IS BN N NS N B | N NS N B S
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7 MECRREE - R TR AR R R > 6 R RO

Fig. 7 : Absorption spectra with acetone extracts and cell suspension from
S. platensis cells grown illuminated at 6 and 16 Klux.
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Z LTS R LU tH 3 Ra G (6605 430nm) WEXERA » MEMBERFEYIE (G10£340nm

) LR W) o K3 FIRE S. platensis 1
BIEZEREERERBRRIEZE (n-Hexane) piEABRKEER ©

®RZ L IBEEZERSRER

Lable 3 : The composition of carotenoids of S. platensis

-
H (o

RRTIERIEEF ZEMERARK - £ 4 Fim

S—
Te— Items
. e AP B1% C2%

Sample \\'\ .
p-Carotene 38.5(%) 42.5(%) 0 (%)
Cryptoxanthine ., 5.0 13.9
Echinenone 53 11.0 12.5
Lutein and Eﬁglenanone - 7.2 v

- Physoxanthine — - 8.25
Xanthophylls — 25.0
B-Zeacarotene 2.5
Zeaxanthine 354 79 715
Unidentified degradation 17.0
products of carotenoid
Total amounts of carotenoids 1,071 4,000 6,000

(mg/kg)

=M IR EERANT S EVRER 2R ARG R

Table 4 : Principal absorption maxima of some carotenocids® presented in S. platensis

Carotenoids Maximum absorption (nm. ) Solvent
p-Carotene (429) 452 478 acetone
pB-Carotene (425) 450 471 n-Hexane
Cryptoxanthin 446 475 n-Hexane
Echinenone 460 acetone
Echinenone (432) 459 (483) n-Hexane
Lutein (420) 44 475 n-Hexane
Myxoxanthophyll (430) 478 510 acetone
Oscillaxanthine 4770 499 534 acetone
Physoxanthine 445 474 n-Hexane
pB-Zeacarotene 407 421 454 n-Hexane
Zeaxanthine 452 479 acetone
Zeaxanthine 424 449 4776 n-Hexane
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B 8a FIRBTREBEEEIE 16klux, 40°C TAREBEEM: 6 R ZRIKEE - HIET7a
REERTDBEARREREEL (00 X.=0.8) K> RIMERED  EURTHRERER (X, =
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- Fig. 8 : Absorption spectra with acetone extracts and cell suspension from
S. platensis cells grown with various inoculums izes.
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Fig. 9 : Effect of specific growth rate, temperature and light intensity upon

pigment content in algal cells,
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Fig. 10 : Effect of specific growth rate, temperature and light intensity upon pxgment

SPECIFIC GROWTH RATE (A, day” D
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LeE R 8EKratz & MeyersK¥#f Anacystis nidulans &8RRI TRML 2 R RES 07 427 o B10AT
FRABTREREGTERMEBENSAERSBERLEREE  BERBEZWG - BZERTL
FHEFEEFMEERL TR  BERUEFRRMENET RSB0 RETURIERS 24
ARERLT ERBERERMESBRACKSERY -

BERFRBEBERT (Phycocyanobilin) BAS FrEAERERLATR » BXTEERS
BRAHEE S FinZzEAREBRY > THEFHREMFE o Boussiba %> IRNESBELEE-EEA
BRI T .

RERBEMNRSITCNE

S. platensis H S, marima HIBHHEZ —KERINELE LBENTHERNE - Van
Eykelenburg K3 S. platensis GHR A2 FlE (Gas vacuolem®Gas Vesicle)? - Walsby
KRERBBENEELRST2HEAES THE X RMEREMEZL IR ERE &
oY o FRLE LRENZHE  AERHTE - Bl FRESTRAERBETAEZRE i
LR R ERHAEZME - tEFTTUENEAESERRE LR R LR ELMS
@ S MTAEXATRREREERY  BRTRERSRCERSHE/N » FREEATEMBIIS T
REz— -
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Fig. 11 : Effect of specific growth rate, temperature and light intensity
upon floating ratio and protein content of S. platensis.

A ERSAHRARERRERZHE .

Ogawa FEBBBEANRITCRIIERRTINIE ™ » ATKBAKRBIEEERS. platensis
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4= : 40°C,l16klux FFEIEE24/NE
(x200)
Fig.12: S. platensis grown with
sedimentation 40° C, 16 kiux
(% 200)

4= 42 °C, 9klux SRAITE 24 /MFE
(x42)

Fig.13:°S. platensis grown with

aeration, 42° C,9 klux (X 40)

B - 40°C, 6 klux SEEIEE 24 /s
(% 200)

Fig.14 1 S. platensis grown with
aeration 40°C,6 klux (x200)

4F : 40°C, 4klux BEEE24/E
(X200)

Fig.15: S. platensis grown with
sedimentation 40°C, 4klux
(%X 200)
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Table 5: Growth rate and cellular compostion of S. platensis grown in
different cultivating treatment

|
Inoculum . .
.| Tempe-| Ilu- ; Growth|Floating| Nucleic .| Carbo-| Chloro-| Carote-{ Phyco~
Grtc;vgéng rature |mination| SIZ% Rate ratio acid Protein hydrate| phyll a| noids |cyanin
(*C) | (Klux) | 560) (#) ) | (%) | (%) | (%) | (%) | (%) | (%)
Sedimen- 45 16 0.09 1.58 2 31.58 52.92
tation
40 16 0.09 1.54 1 419 | 3392 52.38 0.22 0.22 1.58
40 16 043 127 3 3.03 | 3192 | 4769 0.22 0.19 1.47
40 6 0.43 0.99 32 5.83 65.82 13.37 0.96 021 548
Air- 42 9 023 0.42 2 490 | 2742 | 4583 0.24 0.22 1.38
bubbling
40 6 023 0.85 58 6.09 | 62.50 | 27.22 0.75 025 2.10

EXEEMRF TEERERRTRES R » BRMREME2RE 2~3mm > BigH=
mt o MHEAEE S 2EVIRE B (REL2) » BURERERBERARREE MK
B YRERFTAIEE L HEAGHARNE (RE 13,14) - BERBETER ZEBRARESE T 7
BRE > MRS BIERE » AMEERETERZER (RE5) - MRS - fk T nERE SRR
ST EER M B R RT BB ARG - FILTER SRR » DR ERE
WIEIGE » ILLRIPT SR BB HERFIE W R R -
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Studies on the Effects of Temperature and Light
Intensity upon Growth Rate, Physiological and
Biochemical Characteristics of Spirulina platensis

Huey-Ing Liu?
Summary

Edible blue-green alga, Spirulina platensis, rich in protein and carotenoids, is an
obligate photo-autotroph. Not only light intensity, but also temperature, inoculum size
and cultivating type affect the growth of this alga. Violent agitation would decrease
the resistance of high temperature and strong illumination, then slow down the growth
rate. Too diluted inoculant and strong illumination at 40°C would quickly make the
algal growth approaching to decline phase. However, the maximum algal growth rate
and lesser saturation constant of light intensity could bz obtained with dense inoculant
and increasing the cultivation temperature to 40° and 45°C.

Spirulina grown in exponential phase with inoculum size about 0.24g/l were cultiva-
ted under 33°-45°C and 1-16 Klux for 24 hours. After analyzing the cellular composition
and pigment content, it was found that algal cell grown with high temperature and
light intensity had extremely high carbohydrates ‘content, but less in protein, nucleic
acid, chlorophyll a, carotenoids and c-phycocyanin content and lost floating ability.
Under microscopic examination, the cell was transparent, contained few granules,
forméd short fragments in aeration culture and very long (2-3mm. in length] in sedi-
mental cutlure.

Comparison the medium for Spirulina grown in high temperature and strong light
with low temperature and dim light, it was found that the amount of total carbohydrates
presented in unit volume medium of the former was 30 to 35 folds, chlorophyll a
was fewer, c-phycocynin was equal and other components were more than that of the
latter.

Maximal production of protein, chlorophyll a and c-phycocyanin in Spirulina could
be harvested with sedimental cultivation at 37°C and 6 Klux or at 40°C and 4-6 Klux.
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