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The nutritional value of Nannochloropsis oculata
in different growth phases

HUANG Xu-xiong, ZHOU Hong-qi, ZHU Jian-zhong, NI Qin
( College of Aqua-life Science and Technology , Shanghai Fisheries University, Shanghai 200090, China )
Abstract: The nutrition values of microalgae, Nannochloropsis oculata, in different growth phases were analyzed.
The results indicated growth phase had effects on the main nutrition values of N. oculata. The algae in
exponential phase have the highest crude protein content (33.99% ) and the lowest (28.33%) in stationary
phase. But the algae in stationary phase and phase of declining relative growth had higher amino acid content,
225.02mg- g~ ' and 214.82 mg- g~ ' respectively. The algae in exponential phase had the lowest amino acid
content (98.87 mg-g~'). The total lipid content of algae in phase of declining relative growth was significantly
higher than those in exponential phase and stationary phase. As the alga grew, the composition of fatty acid was
changing and the compositions of EPA and PUFA declining. From the viewpoint of nutritional value and growth
characteristics of microalgae, the phase of declining relative growth is the best harvest time of N. oculate under
the batch culture model .
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Fig.1 The growth curve of N. oculata

under experiment condition
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Tab.1 The contents of crude protein and total lipid of
N. oculata in different growth phases

ERBE HEASE(%) BEWHER(%)

growth phase crude protein content total lipid content
ﬁfﬁﬁfg;ﬁfg 33.99+0.78™ 21.61 £0.61*
et of decinng rlate roweh 33 05 £0.91% 26.74.20.34
#5 LL 53 (SP) 28.33+0.88B  20.77+1.06°

stationary phase

B RPRFLERERRANEFHERERBE(P <
0.05)  AMAEFHRRERBKEE (P<0.0D), UTFHEE
% 1

Notes: the figures in table marked with the different lower case
means their differences are significant ( P <.(). 05). While different
capitals means their differences are very significant (P < 0.01). The

next tables are same as table 1

24 FRAEKHRAGHKEEERANRSE
MER2AA, FREKMBMHZRE HEZRE
BERKNER HRRFEEERYHERERLHAMA
MERKTHEHASE FHREMKH., BLHOLLTE
EMA A ERA RN 121.31 mg-g~ 'RE L 225.02 mg-
g M RAMER TR ALFEXABRMEAER Y
F1% 103.46 mg-g~ "FEGL N 214.82 mg- g RE & 5 T H K3
KMa BT EEBRMEEERHI{L Y 49.96mg g
RGN 098.87 mg-g” EER . ERRE A KB B A M SR E
HEEMBTER BT HEERMEFB A HARE SR
F—8, BEHRETTHLTFTEER P, His M Met 5
%/ ,Phe Ml Leun WS BHEWEL,
2.5 FEAEKMBEMERBOIBHEAK
HEIUH, MERBEOEHRART . SRSk
ABR K 16:0.16: 1n7 F EPA(20:503), F [l tF & 0F B i 52
HREMENRARAER. MEFNRNER, REKE
0 O P 1R B i R 69 Eb ) e 6 00 K 1 B9 28.98% 1 E
B ILIRY 33.93% , i EPA . & N4 15 5 BR 69 L 4 20 4 51
M 22.50% F1 42.18% FE 1% 2 16.80% F1 35.79% ,

3 itig

AXHMBRRENERNE, AFGHE FEEPEN
PiRE A AT, MASV I MERGREN &
IEEBESTEN20% ~54.5%, &5 5E NP LK
RHAEX. HREFEPANTRMBRM KT T RERE
HBIBHERY 260% ~34%. AXBNEHHNBRES
IEHi&&%52.77% ~26.74% , S ERIREHA—-F, B
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Tab.2 The amino acid contents and compositions of N. oculata in different growth phases

BEOEK Y (EP) M3 4 KT &  (PDRG) 1L (SP)
e AR(mee ) BAEM(%) FR(mgg)  EHAER(%)  FR(mgg)  EAEHMR(%)
content composition content composition content composition
Asp"! 10.08 10.2 22.01 10.2 19.98 8.9
Glu™? 14.15 14.3 32.17 15.0 27.66 12.3
Ser 6.21 6.3 11.67 5.4 13.18 5.9
Gly 6.60 6.7 14.33 6.7 13.73 6.1
Thr 4.76 4.8 11.06 5.2 10.58 4.7
Cys 0.07 0.1 5.04 2.3 5.60 2.5
Arg 5.74 5.8 13.78 6.4 12.53 5.6
Ala 8.19 8.3 V.7l 8.2 16.07 7.1
Tyr 3.60 3.6 8.42 3.9 7.43 3.3
His 1.00 1.0 2.86 1.3 2.38 1.1
Val 5.09 5.2 12.97 6.0 11.61 5.2
Met 1.65 1.7 3.60 1.7 3.29 1.5
Phe 14.28 14.4 14.57 6.8 41.23 18.3
lle 3.66 3.7 8.77 4.1 8.36 3.7
Len 8.58 8.7 20.64 9.6 18.38 8.2
Lys 5.20 5.3 15.20 7.1 12.95 5.8
SEAA™? 49.96 50.5 103 .46 48.2 121.31 53.9
TAA 98.87 100.0 214.82 100.0 225.02 100.0

T 1. Asp SEFR Asp Fl Asn Z #1; * 2. Glu LR Glu #1 Gln Z #; * 3. SEAA 7 9 # EAA(Arg, His, Ile, Leu, Lys, Met, Phe, Thr il

Val)Z M1, Try 767K #3372 AP B BEAT

Notes: * 1. Asp consists of Asn and Asp; * 2. Glu consists of Gln and Glu; * 3. SEAA consists of 9 essential amino acid (Arg, His, lle,Leu,

Lys,Met,Phe, Thr and Val),Try was destroyed during hydrolysis

®3 TREKMBRMEARRBEHBRAR
Tab.3 The fatty acid compositions of N. oculata

in different growth phases

BEEKY M ERTEY #1H3A

(EP) (PDRG) (SP)
14:0 4.96+0.16 5.76 £0.05 5.21+0.01
16:1n7  22.68£0.24 23.61+0.10 24.83+0.07
16:0  22.35+0.16 23.17+0.11 26.61 £0.22
18:3n3  5.17+0.17* 5.09 £ 0.05* 5.17+0.08°
18:206  5.78+0.62* 5.14£0.10" 6.9410.13%°
18:1n7  8.73%0.11 8.22+0.12 6.88+0.09
18:0 1.67 £0.19 1.47+0.06 2.11+0.08
EPA  22.50+0.46™  21.71z0.12* 16.80 £+ 0.132
SSFA  28.98:0.16*  30.40:0.20° 33.93£0.25°
SPUFA 42.18:0.44%  40.16+0.29" 35.79 £0.29°

75 :SSFA 3% 14:0.16:0 #1 18:0;SPUFA 13 4% EPA . 18:3n3,
18:2n6 1 18:1n7
Notes: SSFA consists of 14;0,16:0 and 18:0. PUFA consists of
EPA,18:3n3,18:2n6 and 18: n7
AFENEANPEARNTER SR ERSEMTR
EMuFR, AR PEERNSBCEEOSEE
EAEHRBEAMMNEARERNME. E—REERITE
LHEFEENER, EHRPABRSERREEXY

WK R E O RR. SOERRIMERBT
U2 JjE 9 ( Spirulina sp. ) B HEZRSMKY REHL B
(Isochrysis galbana ) B9 ¥ 2 4 & B WA 55 5% 0 (8] B9 22 4K T R
KO, ARBF MERBOHEAEREEKHONE
(B (33.99% ) , HUCKH XA K FREHI(33.05%) , B 1k
BHEANEERMK28.33% )RR B R UM EHLER.
BEHEAEMESBNAH LS E R (225.02 mg-g7'#
&), R opAERT A & T RERI(214.82 mg- g ' HEM )R Z,
FE RO KRR (98.87 mg-g ' BES) . MIRMEIAR
ER % ¥E & B ( Jsochrysis galbana)ME%%i&A%ﬁﬁi&%
MFFHEHM B CBER TS RSB PR E SR, R E
TMREMEE, A ERAEEE KPR T REER
BM,AHHEMARATESEREOS BN RIE, EHE K
gkl AU ARANTRAEEASBRERK. &
GRS AR I B B, AR A K B R R OO R S
HAFETE, EYEAREARKFHBIRNE EHHA
BUMEAATBREESSBNRE, EBBFARERY
BARNHKND AXRPRERENEERSTENELA
BRERESHSEAMATAEEEAN T HMBEHAM 4
FARAAERHHONSREOSHEAERHERERE
(F2). Bt NEEREFRAK L THLHAMHAMN &
KTHNNMERER T4 THEEEKIRBRRE,
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HERI2BE 2P EEREBEREER LM
BOMESSE MHMEBRBEEREKHE SYAKT
FERFEEHNEERESEE25H 29.06% .55.00%
M 79.43% . BWTTHER, BEFEEEEE, S EHRER
BHHEASRETRT EHREELERD . PEXHA
SAHESMBEMEFRENREAMBAREX, CHREEMNR
MERABMERBERS AR WEREPE, %M
P B ( Microcystis  aeruginosa )[11] 1 E PE ( Parietochloris
incisa ) 1121 HE i | B 5 B 1A O PR B LB L TE — BT N 4
T 5 A0 MO 0 A K AR

AREh ERFWNH AR EFRTHARER
BOMGHRERSRERBERETH AR, FERE
HEn. BITHEFEH EFREPERELR TELEMNEK
T4 0% Wi T RE MRS SR A A BB SR AT B B A A M I
AMUFEEKHA KL EHRAESHEER, UG FHREE
Mtk EREEHRAMNEEARTHMBEMRK, MNmHE
BREAPEER/HEANLEAS. AREP, HER
ENMBEVERERFABPEABHEGE D, HTBLM
EEMAEOIRE B EREBEIA R L, B 5 A A
BIE K, 0 AR B BE B L B 35 40, T EPA \PUFA 8 . 1 %,
B (F3), MEXMNFSEEMN EPA PUFA MR E{7i# &
RIFBGENESRERAEERRY, B4 8K
2006) g 5 B8 37 2 03058 4R 2R 3 R 46 U B 20: 406, T 45
REPFRBMBZIEHEE. XS HERENEF
S RS ALIE RS kRN KL

SRR NEAGERE EXEREE B AR KB
WEREARSEFREAFEES SR IS MEERIE,
FEENAMI AR T SR MBRRER BB,

AEABMEER PRI LERERF P A SE5H
RHEHLUBEAL AL ERABEREFHAS L
4 LR

SE -
[ 1] WeiD, Zhang X C, Sui Z H, et al. Effect of nitrogen sources
and N/P ration on cell growth, total lipid content and fatty acid

composition of Nannochloropsis oculata [J]. Marine Sciences,

2000, 24(7): 45-50. [ FKR.IK¥ M, BEEL,. 5. JEH
N/PXIRAHIMEHRENAR SIS BB RARNZ
W], MRS, 2000,24(7) :45 - 50. ]

Zhou H Q, Ding Z P, Zhang X R, et al. Study on
Phaeodactylum tricomutum and Chaetoceros muelleri as live feed
[¥]. J Shanghai Fish Univ, 1998, 7 (suppl.): 323 - 331. [
BB, THP,KBH,%. MB(CZABKENERAE
B)ERHHRI]. B RERR, 1998, 7(HF]) 323
-331.]

Yi C P, Zhon H Q, Ding Z P, et al. Effect of different

nitrogen's different concentration on growth, total lipid content of

[12]

[13]

(14]

Nannochloropsis oculata [331.J Shanghai Fish Univ, 1998, 7
(suppl.): 332-337. [BRFV HHH . TE¥, 5. AKX
SO B A G R A BRI & B R B8 I BRI R e
(3], LA =K% ,1998,7(1 1) 332 - 337 ]

Hua X M, Chen P, Zhou H Q, et of . Effect of salinity on the
growth, total lipid and fatty acid composition of microalgaelJ]. J
Shanghai Fish Univ, 1998, 7 (suppl.): 338 - 344. [T 4,
PRI, L % S M E R CEIEN SR RIS
PR MM (1], LK™ K224 9R,1998,7 (JE 1)) 338
-344.]

Ma Z Z. Nutritional values of microalgae commonly used in
aquaculture:: a review [J]. Modem Fisheries Information, 1992,
701 12-19. [BE2. HFRMEEHMBROE D ISR
(0. AR (ER,1992,7(11):12-19.]

Wei D, Zhang X C, Zou L H, et al. Effect of cell growth phase
on total lipid content and fatty acid composition of two marine
microalgael J]. J Ocean Univ Qingdao, 2000,30(3) :503 - 509.
(B FRRFRLARCLL S IR KT X B b i 1
Ol EEMEHMHRMBEmREI]. ¥ BB FEXFER,
2000,30(3) : 503 ~ 509. ]

Chen M Y. Culture of live feed[M]. Beijing: Agriculture Press
of China, 1995. 65. [FRAAME . £YEMHEFHIM]. L= .+
B ol AR AL L 1995. 65. ]

Feng W M, Wang T, Fang G R, et al. Quality control on
production of Spirulina[J]. J Aquac, 1999, (1): 25-27. [i§
PRVEE, FAN,F. BIEFE~PHERREREH]. K
3% 54,1999,(1):25-27.]

Zhu CJ, Lee Y K, Chao T M. Effect of ternperature and growth
phase on lipid and biochemical composition of Isochrysis galbana
TKi1[J]. J Appl Phycol, 1997, 9: 451 - 457.

Liv DY, SunJ, Gong J, et al. The effect of different N/P
Marine Fisheries
Research, 2002, 23(1): 29 - 32. [XURME,# %, 0 &,
F.THAA BN REESFEERNFWHI). B
=B 95 ,2002,23(1) :29 - 32. ]

Gao X Q, Ren J C, Zong Z X, et al. Studies on the nutrient

ratios on the growth of Isochrysis galbana[J].

Acta Scientiarum
Naturalium Universitatis Pekinensis, 1994, 30(4): 461 — 469.
[FEZEKEARK, ZEE. S AL&UBREERNIETR
(], dER R 2R AR, 1994,30(4) 1461 - 469. ]

Liv J G, Liu W, Zvi Cohen, et al. The high productivity of

energetics on Microcystis aeruginosa [ J].

biomass and arachidonic acid in continuous high density culture of
Parietochloris incisa[J] . Oceanol et Limnol Sin, 33(5): 499 -
508. [XEHE,X 5, Zvi Cohen, % ER B FHF E L
FAHEVMRNELNBROE =], BESHMEA, 2002,
33(5):499 - 508. ]
Liu J K. Status quo and prospect of research on essential fatty
acids and phospholipids of marine fish during early development
[J]. Marine Fisheries Research, 2002, 23(2): 58 - 64. [ 348
. BEREHNRLTERBRABIEORRAR SRS
(3], #g AR B9T,2002,23(2) : 58 - 64. ]

Shiau S Y. Nutrient requirements of penaeid shrimps [J].
Aquac, 1998, 164 : 77-93.



