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The Nutritive Value of Nannochloropsis oculata Cultured Batchwise or
Semicontinuously with Different Renewal Rates

Kenji Sakamoto*12, Hiroyuki Kouch*2, Eiji Okimasu*!2, and Akinori Amemura*:2
Rep. Res. Inst. Mar. Biores., Fukuyama Univ., (9), 15—23 (1998)

The chemical composition (protein, carbohydrate, lipid, and fatty acids) of the marine
microalga Nannochloropsis oculata was studied in batch culture at five growth phases
(logarithmic, late-logarithmic, transient, early-stationary, and stationary phases) and in
semicontinuous culture with four rates of three-day renewal of the culture medium in the
range 10—30%.

In batch mode, protein and carbohydrate contents of the cells were high from the late-
logarithmic to the transient phases and from the transient to the early stationary phases,
respectively. On the other hand, content of lipid did not changed significantly with
growth phase. The content of fatty acids, especially that of eicosapentaenoic acid (EPA)
which is considered to be essential in many marine animal diets for growth and survival
rates, increased at the late-logarithmic phase and decreased at the later stages. Thus,
the nutritive value of the late-logarithmic-phase culture was evaluated highly because of its
high levels of protein, gross fatty acids and EPA.

In semicontinuous mode, 30% renewal rate gave a high level of protein content of the
cells, the level decreasing with a decease of renewal rate, whereas maximum levels of
carbohydrate, lipid, anpl fatty acids were obtained with 10% reneal rate, although EPA
content is the highest with 30% renewal rate. Growth in culture with 30% renewal rate

was maintained at the late-logarithmic phase and the maximum production of cells with

*WEEEAEM T %R (Department of Marine Biotechnology, Fukuyama University, Fukuyama
729-0292). |

*2 YUY B FEIZERT (Research Institute of Marine Bioresources, Fukuyama University,
Innoshima 722-2101).
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a high nutritive value was found to be obtained when the cells were cultured and harvested
under this condition. . -
Key words: Nannochloropsis oculata, semicontinuous culture, cell composition,

nutritive value, renewal rate, eicosapentaenoic acid

WA QTS T, SEEN S L TOMBIEO A REEINEA RS 2 WL EEER TN T 5,
ESEROE S, RS RY - B 55 W LHEIIGEL ZRIC SRy NS L TEE LT
BEENTWS, FEGEERT, BMEISEETES 5B L 2RISR O— B e NEL, 5
VWS REHT 2RESRTHS. COBS, BRITEARD S LT ARG 5h s,
IS B kORI, T 5 MRIRIEIC & > THREANZT 5, E5IEEIC B TR
EEFIEHTC BN IR D RL D T & A4 OEFRHIIEEI DV TIREINTHEY 19, KR MoE
W R BRI T 2RO BB X NTVWD, LAL, FEEEE0SES, BAREs
B (FER) ko THRRAMEDL S BT 5 & - ERIFERIEE A SFbh TN D,
EHETIE, ANBEOBEEEOIHERN A WS N TS Nannochloropsis oculata % ¥ 3 @4
THEEL, SEEHTOMBRA 2N, DVTEEGEELT, BEREEAL LI DR
DUEDEI LT 2HEHN, EOFHERTE 5N-MEIER & LT OXRRMITEN TN BRI
DNTERZT> .

REBRFE

ke LEEKERBRENS D5 E2Z), b ERSFFAT TRAMCES2E L /= Nannochloropsisoculata
WEFERL.

wmEAE EHEOBECHE, REKEMATHEES 28 ppt IKHB LMK 1 LITHE (FIEss)
65mg, RE (FHIAFTAY) 6.4 mg, BHEMARK (£8) 9.6 mg, 7L Uy k32 GEELFEE)
4.0 mg #iNA (pH 8.5) , 120°C T 20 min BGRE L /-1 # Az,

E2 RIS IDEMEET 101 DR —KRx— MNEOERBZE AW, {RE 20T, @52 8 I/min,
HEGHRERT BA14h/ BE10 h, RE4,0001x THEEZITO . FEMEEEIZ1 X 106cells/ml & L7z,
Y EFEERICIL 250 ml OEMEED 500 ml ORO 7S5 A A% AN, EHEEEFCERE, R,
FE, BEEMREEOTT, 100 rpm OAERE D KLDBLETY, BEEF o/, BRI EE
BIBEICEL =K, Zhen0 7 5200 5E#kE 10, 15, 20, 30%Kk S, RIUEBOH LWL
EHFTBHR (FEK 0, 15, 20, 30%) THEGHEREPMBL -, HBEOKEWMY, KOOI
2 BBE, BHOBEBEICT S, |
HREESSCHRERONT HREO—HERRL, BEFRE b —< MR BEE RN TS
EME T T E L, MBEE (cells/ mI % /2t ODwonn) BRIz, Eie, HBHEELHEE
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(3,000rpm) L, B5NiMEEANL, BESRETOEREHFEL, HEIK]1 ml YD ICEES
NHEMBOELBREE (ng) &L THRLE. ' - '

WREEDBE MEAORER (K doubling / day) &, ABA-HEK K> TRIET B2 EM5, K
RIck > TRDE (BEL, NBIUNIZ 6BLU,HEOMREBEELXT) |

N; = ]\f1 o 2Ktz ~ b)
K = [3.322/(t; — t)] - log(Ny/Ny)

HBSR S DT BRSHE U MR 2K I BRE B E iR (Tomy UD-201) U7z % 0% HIEzE &
U, BEEidBradford DHHEY, BOkLYNET =/ —VREEE O KD TR Uz, IERIL, BUESEM
FlaEl 2B/ OOFRIVA—AY /=) (1: 2, viv) THIH LU/, Bligh and Dyer D HE L D E
BU, EHBROFERIE, IBEZEKBRILT NI A0.8 M/ 0% MAF J —ITHr ALLEE, Kk
— R ) —WVB%GN) IAF )= TAFIEL, TOAFIIAFINEFID, 7a—XRFEYET—
F5L (80m X 0.25mm DB-15; J & W Scientific) Z2F3¥E L/ HA 707 k&5 7 (Hitachi G-3000)
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Fig. 1. Cell density (A) and growth rate (B) of N. oculata in batch culture .
Cells in a 10 I tank were harvested at the following growth phases. »
Growth phase: 1, logarithmic; 2, late logarithmic; 3, transient; 4, early stationary; 5,

stationary.
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Table 1. Biochemical composition of N. oculata cells harvested at the various growth phases

Growth phase
Component (%)*
Logarithmic  Late logarithmic Transient Early stationary Stationary
Protein 23.3 29.4 30.1 114 12.2
Carbohydrate 7.3 6.9 16.3 12.8 11.6
Lipid 18.1 16.4 17.4 14.2 15.1
Fatty acid 3.5 6.4 2.8 1.9 1.9

*Expressed as % of dry cell weight.

Table 2. Fatty acid composition of N. oculata cells harvested at the various growth phases

Growth phase
Fatty acid (%)**
Logarithmic  Late logarithmic Transient Early stationary Stationary
14:0 5.5 6.1 5.1 4.5 4.4
15:0 Tr* ® 1.4 0.8 Tr 2.1
16:0 18.9 18.9 12.8 24.1 29.4
16:1 n-7 23.5 23.6 17.5 16.9 22.0
18:0 Tr 0.9 Tr 5.6 Ty
18:1 n-9 1.7 2.1 4.6 9.8 15.5
18:3 n-3 1.8 0.9 2.3 2.0 1.0
20:5 n-3 47.2 43.5 48.0 35.9 22.1
20:5 n-3*3 1.7 2.8 1.4 14 1.5

*1
* 2Expressed as % of total fatty acids.

Tr: Trace amount (< 0.1).

* 3Expressedl as % of dry cell weight.
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ERIZFE—Y > TN DWT 3ETWY, ZOFEEERDE, £z, NUT 2 ZX5H (ANOVA) 12k D
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Fig. 2. Growth of N. oculata in semicontinouous culture with different renewal rates.

Cell densiry: (A), ODego nm; (B), cells / ml
Renewal rate: O, 10%; @, 15%; A, 20%; A, 30%.
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[E]5) BE 22 1031 2 BRI & RE IR IC BT DR D OB 2Tz, EIEMhR SR Z Fig. 1 1T
7T, N. oculata VIHEERERICIL 0.6~0.9 doubling /day DHEFERTHH L, 12 HEICEILH (i
BEDS.1 X 107cells/ml) WEL Rz, MEBOEFEM, SBOEEENY, SEREMER» SELHAOBITH,
R, b en TR ERRL, MiRoEAE, kKb, BHE, EhROaEBLUE
Bk E ST Lz, TORER%E Table 1 & 2 1R . MEOEAESRILHBIEMEEN» SBITH

(29.4~30.1% / cell dry wt) , RAK{LMrERITBTHD SEILRTH (12.8~16.3% / cell-dry wt) IZ&
<, =%, [FEEEIEEEBE TENUIESAN/RN (14.2~18.1% / cell dry wt) T &b olz,
BILHICAZ CEAESROELWETRRSNS ., BHBRESRIZDOVWTIE, MEHEBHASHNEICS
< (6.4% / cell dry wt) , iz, ANMEOYHER L L TREEARRL, THEIITAAYRI I LR
DEBDHMEEEHBIANRK (2.8% /cell dry wt) E72D, BTHLERICIIEA Lz (1.4~1.5% /cell
drywt) . T a3YRFLUBRIOLIBHBRF O EIINECEE NN SBITHICMAITEEAEEL
72N (43.5~48.0% / total fatty acids) , IEIFEROMRSD /2 O BSMEEEERNICE< Lok
DIz, FEHROMBRSZD OSEMEALERICES. UL, #EHCIERRPOEE (22.1%/
total fatty acids) ®MEFOER (1.5%/celldrywt) BIICBPLE, —FH, NIVIF B (16:0) ,
FLA VB (18:1n-9) OIEIFBEHOARIGHIEMICA DR L 7.

INSDERERET SE, N. oculata [IHEFEZEDT 0.5 doubling / day IAK T 9 2 MBI
EHE, FE, BIXUOBEHREDDIIAIYRIIUBOEGENEL, HREYE U THRENICE
NTns EBOND, ZKAMEYERIIZORIMESBITHUBICE 25, TATORKEYER
WWEOERIEE &> TEHEAEW TH S N. oculata DRAYERBOEZEEZ T WOT, MEHEE
B OMBEEERSE L THWS ZEREBIBERZWEEDNS,

N. oculata DE3EEEAEEMICBIT DHBOFEMICONTIE, T TIREAS 2RZD0K (BHE
PRSP EBE) KDOWTHRHFLTED (KR 25C, HEOEE 30 ppt, HE3~4klx) , FILHICAS S
EPA LEAB OB ENHEEEIICHRTELIBAL, £k, VI FUBREFT LV VBROMRLIX
WIZHEMT 5 ENSERIE, DObNOBERE-HRLTVWDS, AR THLNIZR >=L DB T
HBR ORI EBMIBEBNTNE LD TH D,

FEFIEEICHITHMBEASDEL FEGEEEMAE 12HET, WINOBARTOEEDIZIEE
WIREBIZE L 7= (Fig. 2). 42 10, 15, 20, 30%IZ B 5 EHIREFRF O R IIZNE10.06, 0.09, 0.12,
0.18 doubling /day T& D, MEHE I I:WJB%L—’MJS‘E S, ki, BEMMRESEIT TN ENT1,7.1,6.5
55 X 107cells/ml 75D, BAERMENT 3 EBSTHEANAS ML, UL, IS h MR
14178, 266, 325, 413 x 107 cells / renewal EFARMEMEFICEFL <HEML/z. BHEKROD pH TS
NH7.7~T9 W TLE LI, :

FEFE R 27 HEICIUE L MR O RS 0T O R % Table 3, 4 IR L7z, MIBERYS/-D D
EOBEEREBEAERNES RS LKITEML, Kb, BEBIUCEH®RSZRIIBICSDRBD LUk,
—%, EPADJEIEE, JEE, M%Z00ERIINTNG 30%DRIHRAT, BERNTNBINE->T
BALz. BRI OF VA CBEIBERMES 2B EEML, /UVIFURIIIBER 20% DR

BRKTHHO/m. HEENMNSHET S &, BEAER10, 15, 20, 30% TELN-HIIEIS EEOE I, &
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Table 3. Biochemical composition of N. oculata cells in semicontinuous culture with different
renewal rates S

Renewal rate
Component (%)*
10% 15% 20% 30%
Protein 29.6 208 32,0 336
Carbohydrate 158 14.4 128 11.0
Lipid 15.1 14.9 14.3 12.3

Fatty acid 3.7 3.2 3.3 3.1

*Expresséd as % of dry cell weight.

Table 4. Fatty acid composition of N. oculata cells in semicontinuous culture with different
renewal rates

Renewal rate
Fatty acid (%)*’ ‘

10% 15% 20% 30%
14:0 4.7 2.7 3.3 3.5
15:0 3.0 0.6 Tr* 2 Tr
16:0 22.3 17.9 23.4 13.2
16:1 n-7 22.9 25.0 24.3 23.0
18:0 4.7 1.2 , Tr = 1.6
18:1 n-9 13.2 10.8 8.6 7.8
18:3 n-3 26 1.1 Tr 1.3
20:5 n-3 20.é 32.8 36.4 ‘ 41.8
20:5 n-3*3 | 1.9 2.7 2.9 . 3.3

N :

: 2Exp]ressed as % of total fatty acids.

. Tr: Trace amount (< 0.1).
3Expressed as % of dry cell weight.
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LSRG, BT, WECEREHRHOMICHENL, EoBRICBTS EAKBERI0% GHEHEHE
HsiicHEY) THESNOHMRIIERE, EPASENRICES, HEL L TOXRBMIMEN TN ER
bz, Tk, NEEHEL, JOFGTEREZET S LEGNICREMOSWEERMREZ LRIZE
5 ENHIFRFTE S,

WHIEBEOBAEREZL X I HEEEE#IC DWW TIE Otero et al.® 7% Phaeodactylum tricornutumiZ D)
T, Otero and Fabregas?’? Tetraselmis suecica IZDOWTHE L TWwb, T. suecica iCHNTIL, HE
% FT5LEHESRVEMNT 54, kAKHE BITEICRDSL, BRIXEEAERLLBENERR
5NTHD, N. oculata KHBIZHEREFUL TVWB, 2, WTHOBEHIZBWTHREMIEHER O
SREIBARO LR EHIHEMNALNS, I3, BERE FT5EREBERABOHNAERNLERL, R
HINERRIT/2 5720, LAMEORWIEBIERX D725 BRI, FEfEORWEIRI D25 K
HEECBE RO =D TH 2 EHAINTNS,
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