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Study of the effeciental cultivation of marine microalge on mass algae cultivation
system for mariculture breeding

Hiroya OKUMURA*

In Mariculture, micro-alga is necessary to use breeding for shellfish. It is difficult to cultivate mass volume chamber under
artificial luminair in marine-micro-algae. A lot of type cultivation systems were made to mass production of foods for men or
another. Popularly a kind of alga Chlorella was produced in fresh water under Sun light. We made a mass production system for
micro-algae using artificial luminair. It was possible to controll at water temperature, air flow and light intensity in luminair, and
have a 200L chamber (artemia hatching jar) in this system.

In first section, we described component of mass algae cultivation system and light environment of chamber fulled sea water or
cultured sea water. Air condition was exminated Pavlova lutheri (Droop) Green culture in several inflow conditions and babble
size conditions, it was basically factor in cultivation. Optic value was found then. Espeally, According to change inflow of air,
maximum cell density was changed. It indicated mixture of the chamber relate to a factor of cultivation condition.

In second section, we described to response maximum cell density to light intensity condition, and to appear special characteristic
of chamber in algae cultivation. In high light intensity irradiation, it was not occurred light inhabitation at low cell density.
Maximum cell density was as higher as light intensity irradiation. It suggested higher maximum cell density was necessary to
irradiate higher light intensity. But cell growth ratio was not changed in each light intensity conditions. It would saturate
photosynthesis in each light intensity conditions. Then it suggested cell growth ratio was not related to light intensity condition.

In third section, we simulated light environment in the chamber to reduce to light intensity at luminair during cultiured period and
optimized to the PPFD (Phtosynthesis Photon Flux Density) in luminair according to increace cell density. Using light absorbtion
ratio of micro-alga in several cell densities, shape of chamber and light intensity of luminair, we surpposed suitable cell density of
effeciental production with chamber. It was contributed to cut off the cultivation costs.

In fourth section, we tried to culture P.lutheri under variable light intensity condition, light intensity condition in luminair was
changed with cell density and cultivation period. It was possible to reduce cultivation costs of light for changing light intensity with
cell density or cultivation period, and to suggest significance methods of cost reduction on mass algae cultivation system. And it
proved to be estimation of light environment in the chamber.

In fifth section, we examined to culture micro-alga under 4 kinds of flouresent lamps (red, blue, green and white) to investigate
effeciental luminair in mass algae cultivation system. Cell growth ratio was change each examinations using each lamps pairs,
fastest cell growth ratio was obtained the examination in red and blue lamp pair. It was possible to reduce the cultivation priod and
achieve more effeciental mass algae caltivation. We suggested more avarable guidline to produce is using additive of carbon

dioxcide through inflow of air.
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Fig.1-1 Schematic diagrame of culture system using irradiate
cylindrical chamber (Artemia hatcing jar)
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Fig.1-2 Sectional distribution of PPFD in seawater under
full light intensity in 200L chamber. a) is plane
type PPFD sensor, b) is sphere type PPFD
Sensor.
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Fig.1-3 Sectional distribution of PPFD in seawater
containing P. Iutheri at a density of 1.0-107cells-
ml™ under full light intensity in 200L chamber.
a) is plane type PPFD sensor, b) is sphere type
PPFD sensor.
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Fig.1-4 Effects of aeration and growth rate on P. lutheri
cultured in 200L chamber receiving irradiation of
full light intensity at 15C.
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Fig.1-5 Effects of bubble size of sparger and growth rate
on P. lutheri cultured in 200L chamber receiving
irradiation of full light intensity at 15C and
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Fig.2-1 Effects of water temperature, pH and growth rate
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irradiation of 10%, 30%, 60% and full light
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Fig.2-2 Relationship between maximum cell density of
P. lutheri obtained and light intensity. Each was
raized under 15C and received aeration of 30-
liter*min in 200-liter chamber.
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Fig.3-1 Effect of light on the growth of P. lutheri
cultured in chamber with 10%, 30%, 60% and
100% light intensities at 15°C and aeration of 30-
liter-min™. O, 10% light intensity; A, 30% light
intensity; <, 60% light intensity; [, 100% light
intensity.
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Fig.3-2 The effect of light intensity on P. lutheri at 3
different distances from chamber wall. The
distances from light were <>, 137mm; [,
187mm; A, 237mm. Vertical axis indicated
relative reduction of light, E, was intensity of
light, and Ei was light intensity measured at
different cell densities.
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Fig.3-3 Relationship between cell density and light
intensity at 3 distances from the wall. (a): 10%
irradiation, (b): 30% irradiation, (c¢): 60%
irradiation, (d): 100% irradiation. <: 137mm
distance, []: 187mm distance, &: 237mm
distance.
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Fig.3-4 The relationship between dark zone ratio of
chamber and light energy irradiated in bright
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at the end of liner growth phase (D.) and light
energy irradiated in bright zone per 107 cells.
(a), gray symbol is maximum density in culture
and open symbol is density at the end of liner
growth phase. (b), gray scale is consumption
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L=0.135'R+2.013 (until 15.1%) 3-4.1.
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R=0.0695-CD-26.6 3-5.1.
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R=0.041125-CD-9.575 3-5.2.

(from 6.0 X 10%cells ml ! until 1.4 X107 cells-ml™")
R=0.019-CD+214 3-5.3.

(from 1.6 X107 cells-ml ! until 2.0 X107 cells-ml™")
CD=29.04-T+50 (less than 4days) 3-6.1.
CD=207.68-T-664.38 (after 4 days) 3-6.2
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Fig.3-6 Effect of light intensity simulated from cell
density. The gray line is cell density assumed
growth curve 100% light intensity. The black
line is light intensity of light.
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Fig.4-1 Effect of light on the growth curve on P. lutheri
cultured on 10%, 30%, 60% and 100% light
intensity at 15°C and aeration of 30-liter-min.
O: 10% light intensity, A: 30% light intensity,
: 60% light intensity, [1: 100% light intensity.
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Fig.4-3 Effect of light intensity control method to cell
density. The dark symbol is cell density at 100%
light intensity. The open and gray symbols are
cell density of step-style light control method.
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Fig.5-1 Spectral distribution on 4 kinds of fluorescent
lamp, white, red, green and blue.
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Table 5-1 Electrical power at rated lamp voltage, photosynthetic photon flux, Photosynthetic photon flux density per
illuminance, peak wave length at four lamps, which are white , red, green and blue.

Lamp color Rated lamp Photosynthetic photon  Photosynthetic photon flux density per Peak wave
wattage (W) flux ( mol-s™") illuminace (4 mol*m™2-5"=1x™") length (nm)
White 55 63.0 0.014 540
(100)
Red 55 60.8 0.019 610
(96.5)
Blue 55 57.2 0.044 450
(90.8)
Green 55 575 0.01 540
(91.3)
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Fig.5-3 Effect of light combined 4 lamps on the growth
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Fig.5-5 Effect of light combined lamps on growth curve
and pH curve on P. lutheri cultured in 200-liter
chamber at 15°C and aeration of 30-liter min, a
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