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AR L 123 Lol 4, S m s B2y (2. 17 =
0.02) x10° ind/mL, 1535 ¥ A ¥k 4 ¥ 7K Hh s i
NaNO, 0.1 g/L K,HPO, 0.05 g/L J £/2 {870
FERE 1 mL/L 35580 B R EE DGR KoL IR
FE4 R 27 C 60 .24 L:0D 3 500 Ix.,

1.3 HMRERNE

Bh SR R rp R R IR I 22 A4 5 B 35 R
) N PV,

P L B Bk T B, R KR
AL

un=(LnN, -LnN,)/T
S, Ny N3 R A N 1k B ) 3 40
T Ry¥EFR ],

PR 0. 22 pm P8I U8 B IS RS TR . B
FER SEEAT TN iR G SRR 1 — 585050k
JCEEVEINE , TP R RS PTIE I o SR~ 2H e rp
TN TP 5 15 38 A8 2 U2 FH 240 0 235 B2 11533045

BRI T R, AR BBV ZRES L AL (8 000
r/min, 4 C) BLOSRIK, BERZ —42 CRIHETHRE
T HrE s, #HaE A A KDN-04 & A3
A, SR EST - A E . B S 23R IR K
fifeJa 5L A 3h 7 B A , Ig TR &% — 1
JHIRE TS 16 5 76 HP6890 A U A (a3 1437,
I HIE— LB IR W R I T A S R
BRI E 15 2 NEE HRdebrillE i 3 MEE
1.4 HIESGIT

IR A R E  infEE TR . B
FH SPSS 11. 5 31} One-Way ANOVA 4347, 31k
47 Duncan [CZH LK,

2 4k

2.1 AEAFRSFRATEHEMBMEKER

Bt 0 ~1 d NIEG, 56 2 RiF AR
9,55 6 ROWH I, 565 5 R YNNI B femy , 41 A
2 B 4 C A 2 B 43 ) 8 (9. 99 £0.25) x10°
ind/mL . (10.73 £0.40) x10°ind/mL F1(16.23 =
0.40) x10°ind/mL( & 1),

FATTAR R AE K BA B E R, W
R 3 RIFIR, 4 C ry4n i s B o 2 5 T4 A il
20 B(P <0.05) , HggE K A A K (B 1),
2 C ERBEAMIA AR % 0 (0.29 £0.01) , B 3%
FF4H A(0.22 £0.01) 14 B(0.23 £0.01) ,A B
LR KR TC R 22 7 (P >0.05)

00 o A groupA
18 - —=— 4B groupB a
6 F —a— #4C groupC

ERI
R
S 3
Tk
g0
2y g
s
By 6
#7 2m
0 1 | | | 1 J
1 2 3 4 5 6
FrFemtlE /d
cultural time

E1 AERSAFAXTHREMEMEEKELZ
AR —RIGBME EARA R F R RoR 27 BE . TRIE.,
Fig.1 Growth curves of D. salina under
different bubbling modes
Data of different treatments in the same day super-marked with
different letters means significant different( P <0.05). The same

as the following.
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G NI, R PO TR, B n e TP AR HE IR AT
3 K, T AN B IR TN 5 48 00 1 25 2
(P>0.05) W54 KIFh, 58007 SRR
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T AR BH(P<0.05),A M B HFHFRHH
TN SRR ETEZER(P>0.05) (K 2),
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Fig.2 Variations of total nitride concentration
in the culture mediums of D. salina

under different bubbling modes
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FFRh TP &l R, Z 5 W IR TP &%
BN, BRI R 1 d i A d11E5R
PR TP &8 BF T B.C M4L(P <0.05);
TEHAB B FR IS 8], 58307 U0 KAk TP 35 0
M (P >0.05)
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B3 AERSKSAXTHREEREK TP RE
Fig.3 Variations of total phosphorous concentration
in the culture mediums of D. salina

under different bubbling modes

2.3 AEARKAXTHEMEH TN TP S £
T IER

Bl G IR AT, ER B AN Y TN & 56k
T (K 4) . 250 0 ~3 d, EhEedi ey TN &
NI T LRI Y (3. 77 ~3.78) pg/ind [ 25 3
FHI(0.73 ~1.26) pg/ind (P <0.05) . 3 ~4 d, 4
MOy TN Fr i o, 265 4 KIH%(3.56 ~3.74)
pg/ind(P <0.05), 4 ~6 d, 4 TN &&484ki
T (P >0.05)
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B4 FREESHRAFREMMEST TN 28
Fig.4 Variations of total nitride concentration
in the cell of D. salina under different

bubbling modes

AT SR 3 d AR SEEA ML TN 5 &
A B EERN (P <0.05) ,C ¥ d0in TN & &
BERTHEHP<0.05), 7EHEFR1.2.4.5,
6 d, 7857 XU Eh B A0 TN & &8 1500 B 5 15
(P >0.05)

HEmpeey TP &% bl & Y5 R 0T, B
P TP S e m A REAIR (B 5) . 3557
0~1d4ifighy TP & el b Fh, P SE5 I iR B
((0.80 ~0.81)pg/ind FFF-EH 1 d (1(1.43 ~
1.53)pg/ind;1 d ZJ5 A .B.C 3 4340l TP &
T T2 d Z )5 A 4B 4140 TP & i
TIEIEREE CYL/N,3 d 25, S 4L 40 TP &

FEREFR 0 ~2 d, 737 0 i 4 TP &5 570
WEYE W (P >0.05) . 3 ~6 d, 78377 200 2
il TP & A B E M (P <0.05) ,C 4 i 40 il i)
TP & BT A 41M B 41(P <0.05) ,A 41 F1
B Al TP & B2 5 (P <0.05)
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Fig.5 Variations of total phosphorous concentration in

the cell of D. salina under different bubbling modes

2.4 AEESAXNTHEEHSERBHRA
s EA G|

FeA Ty A AR B AN AR I S A B
M, A 41 B 411 C 4110 Ek 3 40 A i 2 i 20 30l ok
FHEM 9. 52% +0.32% 9. 95% = 0. 56% Fi
7.97% +0.45% . ,C AR R E T A4
FMBZ(P<0.05), AZiFIB ZHAIfEIT & & i
HEMEF(P>0.05),

R0 R R 4L R h 2 O MR R g T R
(PUFA) & ffie e (2 1), Horp DUy 2 (C18:
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2n-6) AR I2 (C18:3n-3 ) 1Y) 5 it 5 i, 43 0 K
Mg Wi R ) 16. 66% ~ 19. 79% Fl 16. 71% ~
19.00% ; A4 %] EPA Fil DHA, #3191 A g
Wilig (SFA) th DL C16:.0 & H &, N 20.01% ~
21.88% .

oA ER B R TR 2 A S S
A 3R SFA Rt Em T BAM C4l(P<
0.05),B ZH A1 C 411y SFA &&= E EME2E N
(P>0.05),C 21 #E 4 v 5 A 16 0B D AR
(MUFA) & B #8F A 418 B 41 (P <0.05),
I PUFA SR EH &S T A4M B4 (P<0.05),
HA B WA A PUFA SRR EMER
(P>0.05) ;C 2 H) MR & & dwe s A 4lIRZ B
Hiefh,3 HZm ¥ A E2ER (P <0.05);B 4
)RR IR & i e e W C IR Z VA eIk, 3 2
[ 344 8.3 %5 5% (P <0.05) .

F1 FRFSTHEFROLRAERHERAR (% 2IEHER)

Tab.1 Fatty acid compositions of D. salina

under different bubbling modes %
gy R 4 A 41 B 4 C

fatty acid group A group B group C
C12:0 0.28 +0.01° 0.33 £0.01° 0.28 +0.03°
Cl13.0 0.66 £0.03" 0.87 £0. 05" 0.66 =0.01°
Cl4:0 0.62 +0.03* 0.37 £0.01° 0.56 £0.01°
C16:0 21.88+0.19*  20.01 £0.10°  21.35+0.04°
C18:0 0.92 +0.01° 0.94 £0.01° 0.81 £0.01°
SFA 24.36 £0.19°  22.52+0.15°  23.66 +0.01°

Cl4:1n7  11.72+0.15°  11.94£0.13*  11.10 =0.19*
C16:1n7 0.85+0.01° 0.77 £0.02° 0.78 +0.01°
C16:1n5 3.55 +0.28" 3.41 +0.03" 3.34 £0.02°
Cl18:1n9 7.81 £0.07° 7.02 +£0.09° 6.73 £0.03°
Cl18:1n7 3.60 0. 02° 2.96 £0.08° 2.89 +0.01°
MUFA 23.98+0.16*  22.69 £0.27°  21.50 £0.16°
C16:2 1.40 £0.01°¢ 2.93 £0.07° 2.39 +0.01°
C16:3 3.34 £0.01* 0.86 +0.01° 1.52£0.01°
C18:2n6  18.61 £0.16°  16.66 £0.11°  19.79 £0.09*
C18:3n3  16.71 £0.47°  19.00 £0.07*  17.64 =0.08°
PUFA 41.20 £0.64°  40.00 £0.44°  43.80 +0.16"
HAth 6.91 £1.02° 10.89+1.21°>  9.06 +0.97°
I [J =479 EARARING F R R 22 57 W3 (P <0.05)
Notes:Data in the same line super-marked with different letters are
significantly different( P <0.05).

=
=

2.5 FEARSARTHEEEASERTER
2H Y, HY 22 M1

A2 B A C A En S 20 0Hh
T 37.64% +0.80% .37. 8% +1.08% Fl
30.98% +0.95% . Fo/3 77 2] £h 3 20 o kL A
F&E A EEW, C AMHEAR S EEEK

TAHMBYH(P<0.05), A BHRME
HEmIREEER(P>0.05),

R 17 FhE R (R 2) e I A A
M2}y Arg (Glu Ala F1 Asp, % FEARAY Z ZER N Met
1 His

AT AR WA A LR S A B
(P<0.05), CZHAEILR M (124.80 mg/g) i
AL T A 2H(293. 60 mg/g) fl B 41 (305. 41 mg/
g) ;C 4 9 Fh iR OAy 2 HEIR S it (62. 83 mg/g) i
ZRT A 2H(156.56 mg/g) F1 B 41(160. 31 mg/g)
(P<0.05), A 41y Thr Glu His Met F1 Lys & &
BEHEIT BA(P<0.05),A HIY Arg G EEHH
FBAH(P<0.05),A 45 B 41 lle,Leu, Phe
Val & ol #2555 (P >0.05),

#2 FRRSTHRANAREERSE(mg/s TOR)

Tab.2 Amino acid contents of D. salina under

different bubbling modes mg/g DW
R A4 B 4l C4l
amino acid group A group B group C
Tau 0.33 +0.01° 0.33 £0.01% 0.27 £0.02°
Asp 24.51 £0.53°  25.58+1.05%  12.04 +0.55°
Thr 11.92 £0.78%  12.58 +0.29° 5.76 +£0.43°
Ser 10.51 £0.19°  11.21 +0.98° 5.01 £0.04°
Glu 43.9 +1.33° 46.95 £1.24*  19.67 +£0.56°
Gly 15.13 £0.76%  15.82 +0.66° 7.09 +£0.43°
Ala 24.54 £0.98°  25.50 £0.77%  11.27 +£0.71°¢
Val 15.12 £0.45*  15.44 +0.73* 7.05 +0.43°
Met 2.52 +0.28° 4.31 £0.03% 1.46 £0.02°¢
Tle 10.6 +0.07° 10.69 £0.09* 4.79 £0.03°
Leu 22.85+0.87"  23.61 £0.98"  10.52 +0.45"
Tyr 9.67 £0.46°  10.01 £0.47* 4.09 £0.16°
Phe 14.55 £0.85*  15.12 +0.67° 7.21 £0.21°
His 6.07 £0.05" 6.32 +£0.03* 2.29 +0.01°
Lys 15.47 £0.56°  16.22 +0.2° 6.37 £0.27°
Arg 53.02+1.47°  51.13+1.07°  14.66 +0.88°
Pro 13.22 £0.64°  13.92 £0.44° 5.52 +0.16°

TEAA*  156.56 £0.82° 160.31 £0.83° 62.83 £0.61°¢
TAA ™ 203.60 £1.02° 305.41 £1.21° 124.80 £0.97°¢
1.« TEAA f045:9 Fh 4 LR, Thr, Val, Met, Leu, lle, Phe, His,
Lys, Arg. Trp TE/K it FER IR . o BB A S 4402

Notes: * The essential amino acids contain Thr, Val, Met, Leu, Ile,

Phe,His,Lys and Arg. Trp was destroyed during hydrolysis.
#3% taurine is not contained in the total amino acids.
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R, 3% 5 Fdbregas 25 3o £h B (19 F 55 45
R—3, o A AT fig & i 2k s AR (1 15 R 7S
SRR NG SR CO, & B M T A
Ko TENTEFFNGOT , B T% 85, s
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Effects of bubbling on growth,use of N and P and biochemical
composition of the microalgae Dunaliella salina

TENG Huai-li, HUANG Xu-xiong *, ZHOU Hong-qi, HUA Xue-ming,
YANG Zhi-gang, LENG Xiang-jun
(College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306 , China)

Abstract: In order to assay the effects of different bubbling modes on microalgae during cultivation, the
growth , biochemical composition and utilization on N and P from medium for Dunaliella salina treated with
three bubbling modes ( shaking flask manually, continuous aeration and CO, bubbling ) respectively were
investigated in this paper. The results showed that the biomass(1.62 x 10" ind/mL) of D. salina treated with
continuous aeration was significantly higher than those of the other groups after 5 days. D. salina mainly used
the nitrogen stored in cell for growth and reproduction in the first 3 days. Then N in the culture medium was
dramatically absorbed by D. salina cell. While the cell of D. salina could rapidly absorb P from the culture
medium after inoculation and store P in the cell for the following growth and reproduction. After first three
cultured days,N content in the culture medium treated with continuous aeration was significantly lower than
those of the other groups. The bubbling mode did not affect the cell of D. salina to absorb P from the culture
medium significantly. The contents of total lipid, crude protein and amino acid of D. salina treated with
continuous aeration were significantly lower than those of the other groups. The content of PUFAs ( poly-
unsaturated fatty acids) of the cell treated with continuous aeration was significantly higher than the other
groups. It is therefore suggested that the bubbling modes affect growth as well as cell composition of the
microalgae D. salina. The growth performance and fatty acid nutritional value of the cell treated with
continuous aeration improve while the amino acid nutritional value of the same cell decreases.

Key words: Dunaliella salina; bubbling; growth; total N; total P; total lipid; crude protein; fatty acid;
amino acid
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