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Abstract The demand for global fisheries protein source continues to increase with the increase
of the world’s population, causing decrease of natural fishery resources due to the overfishing and
the degradation of habitats. Under these circumstances, the fisheries industry for marine products
has rapidly grown in recent decades to promote the stable production and utilization of fishery
resources while managing and conserving them. Mass cultivation of microalgae is essential for
efficient production of artificial seedlings of bivalves whose resources are rapidly decreasing.
Diatoms can provide high utility as a primary feed because they contain a high content of fucox-
anthin, a carotenoid pigment. The marine diatom, Chaetoceros gracilis which can accumulate
fucoxanthin, is a promising feed for fishery products. However, marine diatoms are known as a
taxonomic group in which stable cultivation is difficult, and it is necessary to establish a cultiva-
tion method that enables high-density cultivation.

In previous studies, the factors involved in the growth of marine diatoms have been investi-
gated by controlling the external environment such as light intensity, water temperature and nu-
trient concentration. However, the establishment of high-density cultivation for marine diatoms
under each optimal environmental condition has still not been achieved. A problematic point in

the high-density cultivation involves the heterogeneity of the light intensity, water temperature,



49 75 N T % 15 (2021)

and nutrient concentration in the culture tank, which limits the growth of algae. Previous stud-
ies have reported that “agitation” of the culture solution has the effect of promoting the supply of
CO,, as a carbon source, and the removal of dissolved oxygen by equalizing the internal envi-
ronment of the culture tank, and is essential to improve the productivity of microalgae. However,
the performance of using the agitation method remain to be solved in mass culture operation.
Intermittent agitation frequency is one of the solutions for low-energy cost operation. There is
no previous research comparing biomass productivity per unit of agitation energy input between
the same species using both continuous and intermittent agitation methods. The objective of this
study was to evaluate the productivity per aeration energy under different agitation frequencies
toward high-density cultivation of marine diatom C. gracilis.

C. gracilis (UPMC-A0010-2) isolated from Malaysian coastal waters was semi-continuously
cultured using modified Conway medium in 1.2-L bubble column reactors (n=2). The culture was
conducted under stable light intensity 300 zmol m” s (12 hours cycle of light and dark) and tem-
perature (25°C). The dilution rates were adjusted at 0.3 d’'. The aeration rate in each reactor was
set to 0.2 L min” (2% CO,), and aeration frequency was set to the following three conditions: (1)
continuous agitation condition, (2) intermittent agitation condition once 9 every minutes, and (3)
intermittent agitation condition once 18 every minutes. The cultivation period was a stationary
phase of the biomass for up to 5 days, and the absorbance (750 nm) and pH of the culture, and the
dry weight were measured.

The biomass productivity per algal volume was equivalent to that under continuous agitation
conditions even with relatively high frequency of intermittent agitation once 9 every minutes.
This may be caused by the high light utilization efficiency of the cells because the cells in the
culture are distributed on an average without sedimentation even after the aeration pause period
without agitation. The biomass productivity per unit of agitation energy input in the intermittent
agitation conditions showed a higher value than the continuous agitation condition by several
times. Intermittent agitation performance can be evaluated as an environmental control technol-
ogy that can maintain biomass productivity equivalent to continuous agitation conditions. The
reduction of energy consumption by intermittent agitation is expected to significantly contribute

to the reduction of operating costs for outdoor closed-system reactors.

Keywords: agitation frequency, biomass productivity, bubble column reactor, mass culture, pow-

er input

1. %%

EoTWh, THLIERND, KEREZEE -
LoD, REMIZARE - FIHT 2720, FFET

WRDOKES 37 POFEIANAOMINAEST (IR EOBEEEDSDEEL TS (BT
AP RO =%, —F T KEBFEOEIE 22000, RKGIFEOWMAHE LW HDON L
R4 BREOEAL LA RBKEGROBA D HE  WAEEZENIAT) 7201213, R TH 2 Al



KANE7, 57 DUELIFRSM T2 B0 2 B A 50

HOKELEFEINNRTHD (Su et al. 1997, Dueer
et al.1998, EH 2001) o EFEHHORGHERH O TY,
FRC BRI IO T /A NRBETH L7 a0 T
v %% &4 35 (Peng et al. 2011, Tokushima et al.
2016) ZE D5, FEEEE L LCORRMEEA B
LTSN, 7axYrFE. BUBLER. HUE
WEH L A O B85 ] %) 4 (Ganesan et al.
2011, Peng et al. 2011) 25H15H AL, 7 ) A > Mo fa
B LCOMMAPIIFES NS, FFIZ. Chaetoceros
gracilis X° C. calcitrans 73 E QW EEEFRIL, %M
& ARGl R A M AR BE S K R
B X DWEER A L7 AT LT 5,
L. LB RNA T~ AL ER B35 i A
X, SNFET, RKEEHTHLAELV)FR70lL
T O 2 FIZBRE S (Lee 1997, Kitto et al. 1999, AL
1 1998) . HEFR RO BEFERE D 99% LL b2
TWBEDONBIRTH D, ZOHHEIZ, TALVF—%)
HOFVL =AY 24 R EOBRII ORI C
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ABRANE S AT DOICE /DS, HMEE A O # B 5
ST COBBRERERDOMETIZIIRZESTHR,
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JE, K. REIERE A —L 7% (Carvalho et
al. 2006, Leupold et al. 2013b) . % %8B 5H Al IR
ENDLTENBITHN D, RO [ NIE, 5§
MANOBEE 2 —ILL . REFEIFETH S CO, DHHRR
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WFDID B L D3 S (Carvalho et al. 2006, Le-
upold et al. 2013a) . fAEEIH D A2 pE PRI EIATT
RThbh, LirL. WL LZFNF 1T,
A NA T < ADERETAND 40% Ll EE o b L

Hi5 2 (Leupold et al. 2013b, Kim et al. 2013) . %
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&%, Chlorella JEDT% AT F ) —& 720 A e (dry
g W'd") ZPE L BAEZE R T 5 &, EkTd
PRI W SN2 Chlorella sp. DHEFEVEIX 0.12 dry g
wW'd"' %5 0.16 dry g W' d" (Tang et al. 2011, Ryu et
al. 2009) DHPATH >7zDIZxF L. BIRIEHEEFW
72 C. vulgaris % C. lessileri D¥3TlI, ZNLFN
0.40 dry g W'd' BLXU0.51 dry g W' d' (Morais &
Costa 2007) LW AN F =) A FEEZ Rz,
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L 72 7e 6137 < RIS 953514~
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R FICBIT AN Y AEEEB LOBA T RV
F—H7o) EEEZFMTA I 2 HIE L7z,

b}

2. MREHE

BB, L= T inES S B SN Cha-
etoceros gracilis (UPMC-A0010-2) % FIH L 720 AR
PeA BRI 95 F T, % Conway 5:#i (Tomp-
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L min" (2% CO, i) 12— L. BESIRIEOHIEE
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SRS CIER 048 THER L. BMHEE 410
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IR LD E S B L7 E R, 3T
FICBWT B 47 HHRIRIC TE— 2 250 kL.
BRI E — 7 REDH 50% RO MBI L 72
(Fig. 1c) o
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5 63 HHOMIMIZ BT, Efti 4T 15 0.087
£0.005 g¢-DW L d'\ 9 732 1 43 OB R34
T 0.086 = 0.006 g-DW L d\ 18 2512 1 43 F DRI R
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A EVE R HERFCE B 2 EDSIHL 87572 (Fig. 2) o
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Figure 1. Changes in absorbance at 750 nm (a), pH (b), and dry weight (c) in each agitation frequency
condition. The agitation frequencies were as follows: Wl continuous agitation condition, A intermittent

agitation condition once every 9 minutes, and

Each plot is expressed as mean + standard deviation.

BRI AN F =7z AL, SRR T
0.410 £ 0.024 g-DW W' d'. 9 4512 1 53 [ D K 4K
RS 3.883 £ 0.303 ¢-DW W' d', 18 43 [l 1 43
MO KIEIRSLMT 6.669 + 0.106 g-DW W' d' 7R
L. BRI LD HEHE S DR VIZ LB WA E SRR
L7z (Fig.3) o

BRI X 2 I AT AV F —d 7o) A1
(Pyp) (&. HLBETREH 44C 0.124 = 0.000 g-DW m”
d'\ 9 43I 1 43 o B R $E#E 44T 0.122 * 0.006

intermittent agitation condition once every 18 minutes.

g-DW m” d’'\ 18 43I 1 73D K IEFESAET 0.105
*0.004 g-DW m” d" #/R L, HHEEHZ L5 T AL F—
HEEZZE T L, 1857 I 1 OB RIEHE ST
A FEED I 20 6 2 Db 572 (Fig. 4) o
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Figure 2. Biomass productivity per unit algal volume in each agitation frequency condition. Each bar is

expressed as means + standard deviation (n=6).
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Figure 3. Biomass productivity per unit aeration energy input in each agitation frequency condition.

Each bar is expressed as means + standard deviation (n=6).
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Figure 4. Biomass productivity per unit power input in each agitation frequency condition. Each bar is

expressed as means + standard deviation (n=6).

Table 1. Comparison in biomass productivity per unit algal volume and unit power input of various mi-

croalgae in a different agitation condition.

Algal species Aeration rate Agitation Biomass Biomass Refer
(LL" min) productivity productivity ~ -ence
per unit algal per unit
volume power input
(dry gLtd?)  (dry gW'd™")
Chlorella sp. 0.25 Continuous 0.38 0.12 [1]
0.20 Continuous 0.34 0.16 [2]
Nanochloropsis 0.25 Continuous 0.48 0.13 [3]
oculata
1.00 Continuous 0.28 0.10 [4]
Scenedesmus 0.25 Continuous 0.16 0.15 (5]
obliquus
Chiorella 0.30 Intermittent 0.18 0.51 [6]
kessleri
Chiorella 0.30 Intermittent 0.14 0.40 [6]
vulgaris
Scenedesmus .
. 0.50 Intermittent 0.24 0.41 [7]
dimorphous
Chactoceros 0.20 Continuous 0.09 0.12 This
gracilis study
0.20 . This
(1 min 9 min'") Intermittent 0.09 0.12 study
0.20 . This
(1 min 18 min™) Intermittent 0.07 0.11 study

[1] Tang et al., 2011, [2] Ryu et al., 2009, [3] Chiu et al., 2009a, [4] Hsueh et al., 2009, [5]
Chiu et al., 2009b, [6] Morais & Costa, 2007, [7] Eustance et al., 2015
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INVEN) T 7 5 —F IR T O AT H I A B
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720 ZDHHHK) 98% NHEZUZ L HIANTH B EFLIR
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FIHBEOHIL, BIVAHR) 775 —DdEfma A b
HIIC R E A G595 LIRF SN G, HIRBESIEIRIC
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T CITE R IRI AR, AT AN T —B7-) A i
MEDSE WE[T DA SIS (Table 1) o C. gracilis DHERE
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ROt 7 B R SR e 2 BRI 95 7200, MBIk
AR L. BRI HRDER & i KL T & BB AR
PR 5,0
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BRSO S E SR 235l 7 1 75 4 (SATREPS) 12
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AR HER IR K0 B2 B 2 e ig 2 15 -
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