44 3B #® 2012%F $£57% $1H:23-31

Y (rPIEREE ) Al

www.scichina.com csb.scichina.com

SCIENCE CHINA PRESS

s A AR\ i SIS S S3Hr

BT, RFRT, AT, 2R

D KA R A TR BE, K 300457;

@ E R AR AR 2B, 55 266100;
@ HhEEE R E, I 430074;

@ T EBE BRI T, TS 266071

* It Z& N, E-mail: gcwang @qdio.ac.cn

2011-05-22 Wik, 2011-10-27 H252

[ SRR LR T AR 0 (SQ2012FY4910019-1) . KA 37 #3181 (10ZCKESHO070) 1 K i 1 Bk 247 30 H (KX2010-0005) %% B

Tl %

TR Ay BOR L R AT B & E B A b 8 78 AN, A ST T BB £ A BOR 7= Mk 8 &

Kefitinl

B, AABAMEEDRFEARARAYFER TETREFANE KBS, BEAHNT | Bk

R Al b 2 E o v 7 R E Rt KRR (B IR) B — A R AR
FEXFARB E AL b, ARSI W T K E KR A M BOR i B R S, B R A A B R R
WITREENZMEREMAR L, BORENBEAN T LA R EEFES M mE” & L, B3

Ak B A A B AR A0 3R R K

Tl A B AR 2 B AR A W B AR B AL o 2
— U2 H R X SR SR, A 20 HAD
60 AFAC H A KRB A 7= /NERBE LK, ad it JLA-4F
MR, WORAEYHORE 29 BB, JF WoR BRI
WV T, SR TAER Al BN T LR i
AR, EBRAL A REIRN MRS ik, & U B AR
BB R RS H A 2, S — R YRR R
B TIT A 51 A FE PR o ks AU, A3 R 5
T, BEEAYIEOR BTS2 B4 O S R AL,
BT RS B0 7 L, U B AR A B X — 4
ARG P, FATTA ARSI A AR
T T 39 AR B R Y 4

ot A WO 2 m I BRI L FRBE BRI ER 2y
DA, FEREIROTE, Gl BN AR B YY)
W) LR A AR RN S B RREAE AR A Y S 2 e
55 3 AW BRI ISR FE IR U,
A R MR D HE IR 2 R AR BT T, R AR AL B AR
I R Tl 5 K A5 D A R R R UL e
an AL, IO A HE 0 O N 26 B I R AR i S

£ 4 e R
A 40 %
LI
R

J L G L S D R 0-3 KEEA ARG B
R S5 A BB RV IR AR R 2 T A A, A
BRI T SHOFTRIPTAE R YU AOR RE 25 WY
e DA aE

SRR BRI B R, H2 H AT
BEA W HOR 7l g R B SR B3 F /DS, s R
FURE Tl A 55 37 02 32 0 1+ 4E i Pl it 24
SRR MU (1 7) 55 77 9 BB D0 b A BRAEHE . /hBk
B FEICER BT AR LR 2, BT IIRE R AL A
BRI AT B A FRBE IR AR AR
AT i B AR T S BMEAS TR 10~20 {ZoC AR
M7t

UTAER, e o A AR L R R, e
TERE: A W REVRAIT 4 7 1] 52 2B | BHITHLA A4l
{1 e 2 S0 SRy R I A B AR R
R A JE, el AE B, FRATEA H A e
AW ER AL A R BEAR, Al A AT AE Y 7]
R, 3 Xk B T B el A BIF R SR A T FRATT O
BV

FICHI A LiJ, Zhang X C, Hu H J, et al. Prospects and research strategies for the microalgal industry (in Chinese). Chin Sci Bull (Chin Ver), 2012, 57:

23-31, doi: 10.1360/972011-1024




M % B B 2012518 $57% 1

1 AR AR 12 2 )

Tl A Wy B 7= L WU AN T 22 18] 14 22 B 3 22
BT MR BB R B, 18 2 BRI
WA, MBI DT Sk, AR R 4,
5T AY . A AP BB A T S A e R
MPAAF R B AR TR, L 4R R 4 T S0 fl A
PIE AR WA A A5 G AR T X T L AR A ol A
P BN I, (8 A B 7l A4 2 R A7 A
R 22 BA PR ) B Al A ) A, 3 B8 A B A ol
I B W) ol O 5 R BT B AR e SRR T AN 2 L
B\ 3R T RE LR AIF 52 98 55 55

L1 PSRRI AN

T A W B ™ b i A BE A A R AR AT A
B, ZORAHOU TR, OSSR A W) 2 T
HE. B, WANFERAWN E R s 2
FEVE, JE R ARAA IO E R PRl fildn, e R
SEGCAR IR KA B A 5 8 P O e AR A /N R, A
Fr LA R W DT R E B /D BRos A, R
PLEEFE ST IR AT 0 A RS AT A A A I S Y.
PAlTE, @EREEYFAAILH TR EE 2, [
oo AR BOFICE A A 3.5 T3 R, i L 1 4R
G A AR 2 DA MR i R B B, X T Y SR
WFFE R Fp s, LUK, R0 Rl 0 o ) B il A ) 2
WFFE AR # v 5, OE A DR A SR T BLid
T Z PN R E R O AR A
MBI A, B2 5E il 1k Re, Mk
MRS TAEC AR, BT LIRS ot AR Wy B oK
WE & W RO LT B A AR 5T TARPL 5 5%
T AR, GlCBEA [R] P b 1a] A Hy ~ ee k 22 S AR, 491
/e, IR Al —Jm, HEAS 5]y b I 2 AT 2 £ 22
SRR . B, B A RO A R
T2 9 Rl 0 BE R AR 0 27 5 o 1E— 25 i 27,

1.2 P EREAR LAl g5

A0V W A 0 e B SR A HU B, e Tk A B
Fr BB 1 A B F AT T RO R R R 3R 1Y
F B T A R Y A s SR A
R AE AT AT 5E SO0, (ER A AL T B IR AY R
ai, I HL el T R SR SR A R B — 1 d AT A B
TR, (oA 55 IR I A T AR A B 1 B A A Wy

24

A ARG Y. H AT DT A Z H G Y SO AR
AEAS 2 (Il AT ) 5 95 3R 05, A 97 1k Aok A 3
Yo, O A A AR w0 DR, A e B
{EL A 1= 2 IR, ol A W B ™ M R Tl A
k= a1 SAMEIA L, e R, T
A5 R BE S5 iy A B R A A )AL R A B SR
H LR B B ARAR, JF ELAMARBUD, B UGS A9 &
GERRMOT BEE A AL TR B AT, 3 T e A
W0 A 7 AR R B T R R R
KA T T 500, 7 AR A AE; R
I SR A, T R RO A A BE, X SR
B Bt 2R AL Tk RO G AR A A 7
s B PR LR AR A9 AR URE, IR B 1
FRIAS. I, AR BICE A My B AR AR T AR
o BEE I D7 T — R D, AEAEAR BRI (£ it
TRPRERIAO) SR ik = 52 4 714,

2 IR EREE A AR T R e i R i

il 570 Bl P IS T — PRI % A e A ) I
TRAY . 2006 4F LI, @EGH L T EE RN
AW BB R & B 23 w150 a3 880w ABUR
B HEGE | ATM A BRI ZS 28 7] A5 R J A 20 9 S 4,
AR A W TR R JR B R F & D78, 2Bk A2 B
WFHLAE . 25 23 I I A 35 00 A= W 2 R O T i I 5
T A MR AR P ST B T 48 A R Ry 3
55 i 318637, «9737 SV« + — 18 k& T 4%
TEJEAHSCHEZE. X F H A 2B W H AR =k B
KABFFEIEH, BATA W FILSE .
2.0 PiZ e I Y RE IR AR 5

FoCE A W 4 AR S A v ) ke E IR T B R
JEBETR | FREE RN ()R A O I S (B A i
AL H AT SRR 2 U R 0 R IR A A
BE. AL BRRE B B AT B, L RE RS T
UL B DR R A R A A SRR B AR B T fiE
TR T S 0 P 2 N\ 2K 0 200 T ) A0 i e g i g 41
b A 1Rk ) R iR ) RSO K = 1 A AR Bl
SRR EASRE WY, AT RET] K AN AT A O
Je ST S A W I RE TR N AN B 8 B A T RS2 A BR
R E, T E A S AL B B HE L. SR, B
B A= SRR IR AE 7 T X —— R PR L LR A,
KA ) - B T b IR, B AL T I A Y RE TR




EaEs

HRAM AR E A4 A 5w, St AR
BRI BT, il & R E RN R T LR )
R, e K BHBE YR AR, A R D
B - Hb TR AR A 7 R e R B A W BT RE VR, R B
2ot 2 R R B RE IR T SR ) R i ke e == T LA
A BN EL ) ER B . I AV 45 i B vk £
o DL K g e AT AR R IR O AR L R AR YRR TR
ATEA =AY Re VR 1Y R B, 38 BB AR 7™ K & B9 e 2R
AR SR ARl AT ol B S, sl 2D AR A %o A b 1)
M, NI RS AE N, Gt B 2
PR, s A W ae VR B R A 5 B R B9 v 1 FNs Ny
Hij 5.

ol v A Wy e R I H X R A R B A L
BEAORZ, AMTREZ, KEMEERNEFERSE
K, AIFFSERE VR AT & A A AR B HEC 2 R T
R EL T kR R AR DL ) . TR, 3R R B R,
ANAMKZ, BAFEE MRS LY ™ & R T &
TR bR A BRI

2.2 DYEEAYIRE DA T IHIN SCBL™ L AR IR T fE
PEAKR

T A= WY RE IR 00 O i 75 ik DR AR 22 BA kA
PR AR A, TR — I AR i
Tl A2 W RE RO A4 R 3 A AT, H RT#%
I O A Al A X — 0 B E . [ B | — 2
A RRHIELA D 1 2RA3 BT, EWUE H X R0k
FEYIRE IR T E AL T TR LA BT SRR L
TCBE A= B 7 AT SR A A0 300 4 e B B, e A
W B A 7 SRS AT SR AR G, R A Do A ) T
AL R R A i AR U5 o 70 45 v B o o O,
17 A= ) S0 i 25 Bl A 0 BE B R 7 il ) SRS 1 {EL A
XARAG. FEF7 s b, TR0 9 A= M RE IR L 1 e Ay
TER, BRESKRYIMKRENTE, HRIFBA R
P AR YR IR B AR IR AL, R
i 2R I A A 0 B ) A 7 SIS TR A R T
%ﬁ}i}:—&‘jKHISO].

TSI H Y, S IRAR 2 AR,
X L6 AR ) v IR AN BEAE Gl o 1 A W L Bk
B B (s AR ) A 2 USSR 22 X A R At
FETAE, b5 BEAE GO R RURE 1 37 TR R A )
JT e Ak B TR U AR 2 1 B R S 2. Gk
AR S AN AT REAE S I 8] PN 58 BUAY, BT LA S0 A )

F8 U8 B2 AR AE 1 09 R A A BREA i A SR OO A
E [34,48]'

T AE W RE VR A P FE P ML FUBEAR K, fE 4
BRAT DAk B TA2 36 0. Rl — A~ d5e /N0 A A e A=
Yy 4 H ] (87 2L HAA 200 J7F 7 K Y A 1w AR
FVEAL & T0 0 P AE FAE A e HA il AL i 2 55 A7
PP H AT A B R AR A PR A A 3
{C.3ET0, SR A = Uit o5 H i A S A L
K. ATUATIE, B AR T N S Bk Bk R = e S
ARMESL 2.

X 3 R, 38 SR ke A W B R B R 7E 3T 3 Y
FEAL AL T REE AL, B, BRI E e AR B
AR B A, A=t e ik B —2 DL Y
TR T, A2 () B 3 A 26 B AR K P AR X
%I, AR TR H R LR A 3 55, KRt A
v B EE AR AE R E 20 20 51 3E Y E A AR K I
Tl e 2E 0 BB VR AR 1 = Ml Ak T S B R S 1 1 =l
B LR AL B 7= TR AR A B, WX s H A
MR E B AR &, Hk, IREMHEED
F AR R 8 A R R B AR 1 S R 5 T AR AP O —
e R RE R M A — B 2R, B aen
IR NE s % NS L 7R s S L & i TS E5 5
CEL/E s Nl | A E ¥ N A Y NS P A B N € 2 7
RERTE KA, LEMHARS ETEH T LBAEE
FE X R A e A P A B I R TR SR I Z BT AT 20 £
ARG, T HLE 5 | 40X YO A A TR,
83X T 1 B A 5T A S W BR R0 Y
Hevh, T E A E AR AN TERI G K R B, 7
A B 2R AR E AR, 70k A & LA g
JTHEAT OBl i R R B FE &, 7l AR &
B4 5V 7 B R IR EHA ARAEAE 22

2.3 BRI HAR AR BAT - 5

I L %5

FeAl 1t 22 5 9 [k e (e A= M B ™ Mk 1 1
Fe DO A T RE U™ Ml A S B AE T AR ol A ) T
REVRAY A 7= A, R AR5 A — 5 . iX—
DEFAAIE DA 3 1 9 55 8l 1 AR, HEAb A A
BER, b BEA AR A B A AR R T R
BEZ, BrARRE K- RIEOR, 72k 8 E R AT RE R
WA 1 AT AN, R A B AT e S B R L Al is
FEIT g, e Y e K 20 22 80 4R

25



M % B B 2012518 $57% 1

BB AL T IR, WICEIA, B 2 i 5 AR —,
ey e ER—E L BRI 4k, RO EYIRE
PRB AL AT LAAE AR 7™ A 1) R DR A4 [ e s e il 2 A
TR, TEARABRRR, FRIEAT AT RER Y A L HE
AR AR R 22 W K, B HE AR O B
HEE PR Z —.

F [ ol 22 0 7 ML R A K RIS - P
TR GREZR, P e e A ) RE TR U Y
RIS T 0975 A0k FE A R AR ME S B, R, n
RICATRER 2T E A ROE LE Y EAR ) Al E AL,
TR T8 e A Wy BOR SR AT 58 A0 AT 42 1 [+)
I, BRERS: T VU7 JedbHoR, et 5|t [ AME A G4
ARGURFELE AR IR A Se it R, ARG TR 5 155 5
FE| AR B AR B R, O J 3 ] 1 A e
EYIREIREEAR DT 26, IR AT R A At 3 R 9 R e e Bt
oA My REIR A A A JE AT i

3 RIERLEA BRI BFR Sn

BT [ [ O 7% RO AR M ROl i K
s, FATINT, TR A P HoR N 2%k BUROEE 2R
B AR S i B R M AL B R O T i SR g 1O 20, B
Tl e A= Wy RE B AR B BIF 26 N7 2% B (e FE R 9T L
TR A W B 77l Al B BIF 25 I 32 L A o B
PR AR B, FRIBUL e Gl AR M HOR T2 T il i
DA Ak B8 Y A A= 35 % 7K 257 T

3.1 PhEAEYREIREAR IR K d R BCE AR A

5% I

BE SR W0 26 ) R IR A A 3 300 P9 S Bl Ak Y
b A X R, 30 399 A9 s gl 7 32 000 B - Aot A
PORIERMBEIETT T, FFBARRBE, AR 8™ AT
S BEE HEA . (e A B R G I Y Ak A T 45 B
B AW~ FERIIT 5T R0 TR R SE Rl 5 W1 5 T
(A 7. BE TS TR WS A 1 B ZE R IF 72 USRS 2R
BV R, L i 2 A ek ] el A ) R IR T 5 i
TE T3] AR A B B AR

(1) WAV AR NE. By
BT 5E 0 355 e B SR AR AN 22 | TR R R 45 | B
BHEA Y WORCH Yy BoEA e | Bk
Py FROAE S DA TR A IE . DA JE R B TR A= )
GEUR S r O A B 28 TR (A B Rl R i AR A T
o A IO T2 2 T A D BE U I ) AT 55 A

26

RS, SR AR 4 R RN B G RE AR L AR
K, S . &4  EIERD™ 6 5 Tk
25 A0 5 T B B O R AT UK R IER 1
Yofhep BA — A BULA AR R, EREA 2
R Pl R LA E . O A P BE TR i 1
MR ERF R E T H R AP L% HAT LB 0 4
S AT BESE BUAROEE BE IR i (147 4K

5 80X el A5 AL A R M A A B BT 5 84 O 3k
B, TEROR I PR A~ | Bl A R
Aoz ORI S | RO E B | RO R M s A
Tl 2 I AR SUEOT IR A ST, 58 LA B 26
B AR, PR — L8 B B E D) RERY 2L
FIEE B, I G 08 4 ik s s AR A ™ B A=
I 0~ AL A A 4 2 ol A ) R TR AR 2R Wy e
Rl AF 9 F 7R R S

TE LA b B SRl AR ) 2 T 50 AR Rl B A
A e ol I A R B RSP £, R Bl AR R
R 40RO R 1) ). A Bl e
g Jrik, RBUL gAML F P S 1A Z 0T E X
W E AR R A BB . T LA R R R S
JR A 12 05 10 R BV AT BT TR A T B T R AR
B W RE DR U BRIV, X T TR AR (E A
1+ JiE AL,

(i) AR TREMPFRNE. B
Yy H AR TR RO 50 0 45 S Tk UL 37 5 4%
A B Tl BRSO = P ER B 5 HoR S, Bk
R Hr . PIAR AL I . Ml A MR A 7 B0 ol 1 77
VAT, AR AR (Y Rl 15 3R T 20 % O AR )
REVR A TR I B2 AT 55 2 — ). fipdx —
TR A TRl A W R 7 ol e JR v TR R, O
POl EAR TR LR T UG ORI, KA
JIEAS AR T A B8 s SR WA 7 ) i M T A A
JE CHE LR W RE IR B 00 EE B R N A, X T T 3
R RO .

A T R R SRR A 7 Bl = i, BE AT L
WER AR IR 2 W T A 7 B DR R AS, S B T R
(R ON L N R RS 3l | Fa AV € A M
PIX — R AF a9 S5, T ZOT R Gl TR SRl F 50
T, JUHX TR A R IR LR UL, ey T H™ b
0 AR BT R 5, ) i 2t 2 A 0 ) Tl P R
SEACBRAE A7 IR L SR 5 1. R UL Uy
ety TR C 24 AR e s, K



EaEs

B i TR % IR A s AL s AR TR b R
AR 10O, R AE 7l R R R R
S IRANS IR 5 A — LA 1) T AR B R AT & TAE.
Tl s % ok e e S A Oy B A A L
AW TARF TSN 20 A . 5 3 PR It
AT LA ] fol 8 1 57 0 R P AR I A s 0 ol 1 4l
£, RIRERR RS | IR A AR P AN A 2 iR e PR TR
TAE. oy B g RIS R P A A O A g S R A
FRisE, BERSMRADIAIR. X — I M T e
W) B g BB AR BE A IR B I R A mT LA i B e
TR E | 2 0 T IR 57 I 1) s R TR A B R O 1
Ir FE S TR AR AP R LR W T e B B n] REME. X Rh
T5 1 BEOREEAA FE S i v SR AL 2 R L 4 R
245 ] REJE By iR KL L HUH AR AT B, (R X Al
J7EEAT R PREE 7 H AN 2 0 RS R 0 SR AR 2
)R, R IUI ot Pt m] R 2 S U A sh ™ A S 2 1k

3.2 BLEEAIBART AL TF K T N AE S B

IOELy™ fih L2

S H Rl e BRI R, A ]
AT Ml A £ 7 4 Bl oo BRI ity B A 1 20 2
I 2R e RVES AR i G 2 il PR G G sy
s DAL O BRI PE s, 55 Bl 2B W O R 1R it A L
REAL 7K 32 T oy ) A ) B 2 7 AR

(1) BOlEE MR MIT R, BRI
ARA = RARIRF T R KW Z 256, ERENIPE 2
BT /NI LA, (BTSSR AR K =S ). AR
TR ORRNE MR, Y ZH T K™%
SRR R B i, T BEAE 3 {2 2E7e A 1o
SR, PR AR P A B SR, A S SR A A Y
D5 A O A W DR R R SR A A
[, CEMA O A e — 2 B UG, AU e v
K= PRSI0, HC R P A BRSO T A
FEMIEAR A I RARIT T 2, HA IR e . PR
JiE BT LA B SR A A DR, R IR R R
. ELR T RO 2R W0 BOR R3S 3R AR 7 R
o AT A A ERE R, B RLJG L AL T4 i i
T 3R ALK DRRS I 70 17 37 v 5 4 1501 2 el e
P BARE R R T2 KPR i, R ip
TR AYE P UASE W FRE. Foli SCRRIRIE, A
TR 7= B AR AR 2R A AR n] REAR T4 T 5 hl
U5 2B AL A, 3 AT RE D e A B ARl AT

T T —A K 342K ITERE ZoK = 375 57,

rh RS Y BIF 5 i A AR B, TR A W R A
I = e R < AR s e
WP MR, B WS R A . AN
B L JERRE FILC G 000 A0 S LE W T Re, I SR
JERBEILFER THAER, AREESHAERE A
FGAT )32 B A7 AU SE ), AR
BOlA 1.5 123850, FERRIN, HEYI R IR A -2 2 gk
E (R = TRy I R A I E L OFE SU s B o
MTT A AE R, XA = A R 28 (1)
T 3 AE M B R A RIS, KA 0.03%, Jf
HARETY, ) AN ARG, RN
A PR R A R BE R (3) T AR R AW T A
AR A S ] P9 58 B, e BRI 55 8 7. I EUA
T FE 4G P B R AR R, I H AR &
A SR R R E R T, iR
WFFT 2B, WA A =t & R, B2 7E H Al
e AR I B AR K, SR T 75 38 19 7 1 A EEAE
AR B A e . Bl &R E 5 HRST B )
WA 7K - 1) £ v B A 7 i B R R,
BRI F3 45 4 7= B R T RE N & R, B
JUZETTH =

(i) fesEAmisdEr= M k. e A FRE
TR -3 AP RRA EIE M E K=k, o-3
A FI IR TR 2545 DHA, EPA FIE BRIRZE, 12 Ak
FEE RS, APE . B O IR . FRIAE . B
Bl Bk BE Ak NP s 45 E A BRI BE, AR B S
WAL R E BUEE AR T B4 T VARG K
LA IETH. AN, @-3 AEFIRE TR 2 T
TF K T B TR, -3 ARG iR T 7 H
fRK, 1¢ DHA 7E£E T A 100 12370, &5
- -3 AT FIR I A AR fa g 2, {EL M £
HRERECE RGBSk B RER RS TS Y
SR Bl T AL B IR AU, -3 R AR
Fii 7 A 7R RS W T L R R A T 0-3 R
oL IR J R T AR E 7 S ) R RN PR R AR E, TR
AWK T T 5, R B, B
Gt A Y. B FREE FRORE A 7 DHA P2 R R
BB T LY, BN RN AL G i VR TE A A
E3ES, BT DY . IR R SR o R
EPA %5 R0 IR 5 R B A Vs 7 3 301 P9 7=l AR 770!

Tl B NG 7= o 1 e Mk At Al A T RE4E T

27



M % B B 2012518 $57% 1

TlCBEAE W S ™ k. —J7 T, OB AR Il ™ i A 2R
AEJH TR AT, HAAR 2 T AR 5. (5 A4
R INE 27 | A A = = W R o i
1 T A S, A I A A Ik 2 B A AR
A=y S AR D RE TR 9%, R 2 R A e
B 53 —J5 T, OEAE Y S i AR T B R
it 2 A TR A2 W IR A o s ), ad A T2k
P o ad R AT, G A 7 A 5 S B e T e
WG, IR ARG 2T A i H U AT LUK, s
A=Wy R BE ™ a9 R L AL 1 R T s AR )
S i

3.3 DR AR T 2 AT el 1% 52 44 ™

TSGR AR PR K

1 G sk A A H R 7= i T A | /N BR S R A
el R 58 493 1) A 7 A RN AR M KR B VR 7 A E AR
XA . SRE SO H AT R A BUARTE 25000 JT/m L
b, /BRI Y AR 7 AR AE 40000 J6/0E DL, T AL R
R A PR BUARTE 80000 TT/IE L I BT
AR EFRIE T FE G2 IH L o TR . —
SRR S SRR L SR SR ) B L I R
SRR B RN D) TR A an AR k) A
SR TEARROR G IR, e K A Atk iy iRt 2
FH, K T REFRAR 8 A4 7= AR 3000~8000 JT/Mli; 4
SR A R AT R, B RE Y 29k 2
I 5000~10000 JG. Kk, RHLLEBIHEAR, 125E
TR I A 7 AR W] R R A 2
10000 JG/MELLTR . /NBREEFAL

Frdh, JUHILRE o 4L W 2 B 1. Bl AE IR
IR A B s A A Y A W 5 RT RE P T AE M RE TR L IE R
RV Ak A5 (51821 e b 3 7K B AR F K 1 3 o EE
A, AEPE A A RIS AR, R (Y — 4
W AR A SR AL E A T RO SR R,
—SE Ty B TS Qe E e N R, X AP
FERFATZ N5 ol B K AL BB AR BT 2

4 Hie

e A= W B A0 ML SRS, (=AY
TR AR S =l MU RN 9 7 B 22 B 2R IR T
T Ay~ R A B AR TR A A BT e A A

Xt ARG A R 1 KBTI B, FATA 3
MIERF RN S —, OB 1k
WL Ao R A RETR | PREE R B RIS, (i
R E AL 5 T, RO AW RE IRE AR I T A 2 A
AR Z2 HA PR O B SRIRE, 3 3 ™l Ak
BB R, 5 =, RIEPA RO A YA L K
R T A 3R i 2 ) RN T B R LA A 7 AR AL
ARG U S OB AR BRI K .

BT A W HOR ) M B e e e R 3 [ [ 15
FRATTHR T SR A 5T Al AT e I 5 A F A SR
WmE 1 PR, NEARE: (1) MEEYREIRECRIT
HH G N A RERE BT SE b (2) BeBE R RO B 7l
T e B A A o B IIMEL ™ 5 (3) 7Pl AR T
7] o SHE 5L 2 9 ol A 7 T 2 O R I K A 3.

R B O LS O R 7 7 SR, ﬂﬁfﬁﬁF

N N JESRN S W\ .

R R R L, FORES

TIHFERA &, (HAnSR R [ \

BB H AR IR T, Tk . o , ]

- o s MR MRSRE AR BB ARG FEAL TR SRS 55

WG 3R AP /N Bk i R [ R ™ i T8 E S B WS AW A 7 TEAEA0ME

(02 P A S E=R BABSSK
FI A AR TS . Tl

R, WS IR RS BRI S AS S ot = T ERE

AL s, I AR 7 R - - T -

F A= R AT g

SRITE K AL BT R AR B, T AR TR BT MESABELTS MEBRMBS K

AALHE £ B 15 K A B,
B RE 2 BR A RS A O E

28

B 1 REMREWBAR =LA & K



FATARLE RN HERE BT AT R IF RN BB A SR, DR F fRlOsE 2 W RE DR B AR AT 7 7K P Aoy

S, BB T HE B 3 [ Gl A B A R PR T Rk SRR 2 R, R A ) R TR AR A T
fl e A . AT Ry R R WESE A" M A IF B B N A S S 8™ A A T RERY.

RPN

O 00 N AN W R W =

[ —
- o

22
23
24

25
26
27
28
29
30
31

32
33

34

Borowitzka M A. Commercial production of microalgae: Ponds, tanks, tubes and fermenters. J Biotechnol, 1999, 70: 313-321

Becker E W. Microalgae: Biotechnology and Microbiology. Cambridge: Cambridge Univesity Press, 1994

PRI, 200, BOSAEYHEOR. dtat: b EE Tl A, 1999

TRAERL, R . GO R TR R s EAE. R, 2000, 11: 24-26

Richmond A. Handbook of Microalgal Culture: Biotechnology and Applied Phycology. Oxford: Wiley-Blackwell, 2004

Haag A. Algae bloom again. Nature, 2007, 447: 520

Chisti Y. Biodiesel from microalgae. Biotechnol Adv, 2007, 25: 294-306

Chisti Y. Biodiesel from microalgae beats bioethanol. Trends Biotechnol, 2008, 26: 126-131

BHEER, FRSL, PV, SF. MR GLREAE A Wy ST A T ET . EVERLA, 2008, 32: 76-81

Benemann J R. CO, mitigation with microalgae systems. Energy Convers Manag, 1997, 38: S475-S479

Mallick N. Biotechnological potential of immobilized algae for wastewater N, P and metal removal: A review. Biometals, 2002, 15:
377-390

Hammouda O, Gaber A, Abdelraouf N. Microalgae and wastewater treatment. Ecotoxicol Environ Safety, 1995, 31: 205-210

Becker E. Nutritional properties of microalgae: Potentials and constraints. In: Richmond A, ed. Handbook of Microalgal Mass Culture.
Boca Paton: CRC Press, 1984. 339-408

Behrens P W, Kyle D J. Microalgae as a source of fatty acids. J Food Lipids, 1996, 3: 259-272

Plaza M, Santoyo S, Jaime L, et al. Screening for bioactive compounds from algae. J Pharmaceut Biomed Anal, 2010, 51: 450-455

Del Campo J, Garcia-Gonzdez M, Guerrero M. Outdoor cultivation of microalgae for carotenoid production: Current state and
perspectives. Appl Microbiol Biotechnol, 2007, 74: 1163-1174

Milledge J. Commercial application of microalgae other than as biofuels: A brief review. Rev Environ Sci Biotechnol, 2010, 10: 1-11
WA, EFR, 200, & OEREIREORIT Z AL & R B SO B TSR, 2010, 26: 907-913

Huang G H, Chen F, Wei D, et al. Biodiesel production by microalgal biotechnology. Appl Energy, 2010, 87: 38-46

Li Y G, Xu L, Huang Y M, et al. Microalgalbiodiesel in China: Opportunities and challenges. Appl Energy, 2011, 88: 3432-3437

Qiao H J, Wang G C, Zhang X J. Isolation and characterization of Chlorella sorokiniana Gxnn0O1 (Chlorophyta) with the properties of
heterotrophic and microaerobic growth. J Phycol, 2009, 45: 1153-1162

Norton T, Melkonian M, Andersen R. Algal biodiversity. Phycologia, 1996, 35: 308-326

Metting F B. Biodiversity and application of microalgae. J Indust Microbiol Biotechnol, 1996, 17: 477-489

Radakovits R, Jinkerson R E, Darzins A, et al. Genetic engineering of algae for enhanced biofuel production. Eukaryot Cell, 2010, 9:
486-501

Parker M S, Mock T, Armbrust E V. Genomic insights into marine microalgae. Annu Rev Genet, 2008, 42: 619-645

Grossman A R. Paths toward algal genomics. Plant Physiol, 2005, 137: 410

Ball S G. Eukaryotic Microalgae genomics. The essence of being a plant. Plant Physiol, 2005, 137: 397-398

Pulz O. Photobioreactors: Production systems for phototrophic microorganisms. Appl Microbiol Biotechnol, 2001, 57: 287-293

Eriksen N. The technology of microalgal culturing. Biotechnol Lett, 2008, 30: 1525-1536

Ugwu C, Aoyagi H, Uchiyama H. Photobioreactors for mass cultivation of algae. Bioresour Technol, 2008, 99: 4021-4028

Benemann J R. Open ponds and closed photobioreactors ccomparative economics. In: 5th Annual World Congress on Industrial
Biotechnology & Bioprocessing. Chicago, 2008

Salim S, Bosma R, Vermu M H, et al. Harvesting of microalgae by bio-flocculation. J Appl Phycol, 2011, 23: 1-7

Grima E M, Fernandez F G A, Medina A R. Downstream processing of cell-mass and products. In: Richmond A, ed. Handbook of
Microalgal Culture. Oxford: Blackwell Publishing, 2007. 215-252

Williams P J B, Laurens L M L. Microalgae as biodiesel & biomass feedstocks: Review & analysis of the biochemistry, energetics &

economics. Energy Environ Sci, 2010, 3: 554-590

29



38 & 2012518 $£57% £14

35

36
37
38
39
40
41
42

43

44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60
61
62

63

64
65

66

67

68

69

70

30

Sheehan J, Dunahay T, Benemann J, et al. A look back at the us department of energy’s aquatic species program: Biodiesel from algae.
Golden, CO: National Renewable Energy Laboratory NREL TP-580-24190, 1998

Edwards M. The Algal Industry Survey. Tempe: Arizona State University & Center for Management Technology, 2009

Gross M. Algal biofuel hopes. Curr Biol, 2008, 18: R46—-R47

Service R F. Exxonmobil fuels venter’s efforts to run vehicles on algae-based oil. Science, 2009, 325: 379

Spolaore P, Joannis-Cassan C, Duran E, et al. Commercial applications of microalgae. J Biosci Bioeng, 2006, 101: 87-96

Birol F. World Energy Outlook. Paris: International Energy Agency, 2008

XA I G AR IR 45 1 18 R A R R s T HE AR RRIRIT R AL, M IRRL A= HE R, 2000, 15: 154-164

Solomon S. Contribution of working group I to the fourth assessment report of the intergovernmental panel on climate change. In: Climate
Change 2007: The Physical Science Basis. Cambridge: Cambridge University Press, 2007

Solomon S, Plattner G, Knutti R, et al. Irreversible climate change due to carbon dioxide emissions. Proc Natl Acad Sci USA, 2009, 106:
1704-1709

Boddiger D. Boosting biofuel crops could threaten food security. Lancet, 2007, 370: 923-924

Williams P. Biofuel: Microalgae cut the social and ecological costs. Nature, 2007, 450: 478

FIu)T, WRAM, HIEH]. RO S B AR A TR R R B, b ERIRL2, 2009, 11: 64-70

Wijffels R, Barbosa M. An outlook on microalgal biofuels. Science, 2010, 329: 796-799

Waltz E. Biotech’s green gold? Nat Biotechnol, 2009, 27: 15-18

Benemann J R, Weissman J C, Koopman B L, et al. Energy production by microbial photosynthesis. Nature, 1977, 268: 19-23

Greenwell H, Laurens L, Shields R, et al. Placing microalgae on the biofuels priority list: A review of the technological challenges. J
Royal Soc Interface, 2010, 7: 703

Singh J, Gu S. Commercialization potential of microalgae for biofuels production. Renew Sust Energy Rev, 2010, 14: 2596-2610
Vasudevan P T, Briggs M. Biodiesel production current state of the art and challenges. J Indust Microbiol Biotechnol, 2008, 35: 421-430
Pienkos P T, Darzins A. The promise and challenges of microalgal derived biofuels. Biofuels Bioprod Biorefin, 2009, 3: 431-440
Stephens E, Ross I, King Z, et al. An economic and technical evaluation of microalgal biofuels. Nat Biotechnol, 2010, 28: 126-128
Olaizola M. Commercial development of microalgal biotechnology: From the test tube to the marketplace. Biomol Engin, 2003, 20:
459-466

Guerin M, Huntley M, Olaizola M. Haematococcus astaxanthin: Applications for human health and nutrition. Trends Biotechnol, 2003, 21:
210-216

Li J, Zhu D, Niu J, et al. An economic assessment of astaxanthin production by large scale cultivation of Haematococcus pluvialis.
Biotechnol Adv, 2011, 29: 568-574

Scott S A, Davey M P, Dennis J S, et al. Biodiesel from algae: Challenges and prospects. Curr Opin Biotechnol, 2010, 21: 277-286

Lii J, Sheahan C, Fu P. Metabolic engineering of algae for fourth generation biofuels production. Energy Environ Sci, 2011, 4: 2451-2466
A, ETR. WA SRS R A Py S A 7 b A RIS HE S MR, 2011, 35: 122-129

Negoro M, Hamasaki A, Ikuta Y, et al. Carbon dioxide fixation by microalgae photosynthesis using actual flue gas discharged from a
boiler. Appl Biochem Biotechnol, 1993, 39: 643-653

Pedroni P, Davison J, Beckert H, et al. A proposal to establish an international network on biofixation of CO, and greenhouse gas
abatement with microalgae. J Energy Environ Res, 2001, 1: 136-150

Higuera-Ciapara I, Felix-Valenzuela L, Goycoolea F. Astaxanthin: A review of its chemistry and applications. Crit Rev Food Sci Nutr,
2006, 46: 185-196

Newsome R. Food colors. Food Technol, 1986, 40: 49-56

Lorenz R, Cysewski G. Commercial potential for haematococcus microalgae as a natural source of astaxanthin. Trends Biotechnol, 2000,
18: 160-167

Fernandez Sevilla J M, Acién Ferndndez F, Molina Grima E. Biotechnological production of lutein and its applications. Appl Microbiol
Biotechnol, 2010, 86: 27-40

Blanco A M, Moreno J, Del Campo J A, et al. Outdoor cultivation of lutein-rich cells of Muriellopsis sp. in open ponds. Appl Microbiol
Biotechnol, 2007, 73: 1259-1266

Ceron M C, Campos I, Sa nchez J F, et al. Recovery of lutein from microalgae biomass: Development of a process for scenedesmus
almeriensis biomass. J Agric Food Chem, 2008, 56: 11761-11766

Ma L, Lin X M. Effects of lutein and zeaxanthin on aspects of eye health. J Sci Food Agric, 2010, 90: 2-12

Kalariya N M, Ramana K V, vanKuijk F J G M. Focus on molecules: Lutein. Exp Eye Res, 2011



71

72

73

74

75

76

77

78

79

80
81

82

83
84

Piccaglia R, Marotti M, Grandi S. Lutein and lutein ester content in different types of tagetes patula and 7. Erecta. Indust Crops Prod,
1998, 8: 45-51

TR, Y, RSO, 4. W Dha BE SRS RE XA &8 Tl P AR, B AR, 2010, 31: 446-450

Luiten E E M, Akkerman I, Koulman A, et al. Realizing the promises of marine biotechnology. Biomol Eng, 2003, 20: 429-439

Molina Grima E, Belarbi E H, Acién Fernindez F G, et al. Recovery of microalgal biomass and metabolites: Process options and
economics. Biotechnol Adv, 2003, 20: 491-515

Harun R, Singh M, Forde G M, et al. Bioprocess engineering of microalgae to produce a variety of consumer products. Renew Sust Energy
Rev, 2010, 14: 1037-1047

Ward O P, Singh A. Omega-3/6 fatty acids: Alternative sources of production. Proc Biochem, 2005, 40: 3627-3652

Munoz R, Guieysse B. Algal-bacterial processes for the treatment of hazardous contaminants: A review. Water Res, 2006, 40: 2799-2815
Pizarro C, Mulbry W, Blersch D, et al. An economic assessment of algal turf scrubber technology for treatment of dairy manure effluent.
Ecol Engin, 2006, 26: 321-327

Lesmana S O, Febriana N, Soetaredjo F E, et al. Studies on potential applications of biomass for the separation of heavy metals from water
and wastewater. Biochem Engin J, 2009, 44: 19-41

Wang J, Chen C. Biosorbents for heavy metals removal and their future. Biotechnol Adv, 2009, 27: 195-226

Yan D, Lu Y, Chen Y F, et al. Waste molasses alone displaces glucose-based medium for microalgal fermentation towards cost-saving
biodiesel production. Bioresour Technol, 2011, 102: 6487-6493

Park J B K, Craggs R J, Shilton A N. Wastewater treatment high rate algal ponds for biofuel production. Bioresour Technol, 2011, 102:
35-42

Oswald W J, Gotaas H B. Photosynthesis in sewage treatment. Trans Am Soc Civ Eng, 1957, 122: 73-105

Craggs R J, Adey W H, Jenson K R, et al. Phosphorus removal from wastewater using an algal turf scrubber. Water Sci Technol, 1996, 33:
191-198
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Microalgal technology has recently received significant international attention from government and industry. In this review, the
developing trends of the microalgal industry were analyzed, indicating that the commercialization of microalgal biofuels might not be
realized in the near future, although the technology has great potential to resolve international challenges in energy, environment and
food production. A research strategy for the microalgal industry in China is outlined. Research on microalgal biofuel projects should
focus on the basics of microalgal biology and engineering, and the development of commercial microalgal projects should be restricted
to high value added products. A concurrent effort should examine wastewater treatment.
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