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Research Progress on Suspension Culture Conditions and Compositions of Benthic Diatoms
QU Qing-mei et al  (College of Life Science, Ludong University, Yantai, Shandong 264025)
Abstract Benthic diatoms are mainly used as the main bait of abalone and sea cucumber, and are important to the growth, deformation and
development. The active ingredients extracted from algae have a unique nutritional and medicinal value, and are widely used in many fields.
The suspension culture conditions on the growth and nutrients of marine benthic diatoms were reviewed, which provides basis for large — scale

suspension culture of benthic diatoms and the research of active substance.

Key words

TR AR A R G e E SR A 7= 3
EE AR B IR R L R O, B R 2 B R AR R
SERE R TEIRPEAE S R GE W SR B0 R 5 i 2l b A A
TR o BT AR R T 4 B 2 R
A FRIYE T, PRI 5 el B R K SRR R AR M 4
FUIRAOG o MRAEANR B AR5 07 2K, AT DR PR IORE 40 T
BRI o Tk, B E LR T B IR IR A i
VRIS 0 AR FNE IR T W52, 5 T8 RS 7 5
Fr AT R B LR M BRI 5 B AR AR
1 MR Y FHFE

AT C R4 285 J& , 353 10 000 ~ 12 000 Fh"', fik
BORREEATCAEM B R4, 5 HAEBAR L, i B &
AHEEFINE, REA RO B HAL E Y B . rk i kAT
TPy B BE (R AN 73 288 U B N T Fe 23l Al i 28 75
RN, G HR/IMUA SR Y 1/2 B 173 I, ik i s 47
ATV A o RATITEE T LA 23008 LA K B 1A P A
2N EPS, MR — IS [ 35 FIRR 35 A5 15 A BCBE, ih T X AR
AR, DHARMESEA T B S 57, IRk H Aip7K ™
FRFEANE v 77 M 3 SR I A 28 (8 ik BV g A= W R, T
AP E AN TR I 2 R 10 S0 22 1 A I

Roberts 2> M4 03 i 60 S A AS T 4 & BOF ALK I
WRESEST Ry 3 FhSAY . BRAEJRLIN ) 75 40 U B 0 S A
BB PR ZE WY IS W RE B\ U5 ROR e 22 WO IR A 9
T VE I B B B W] R 2= 1, — AR TR AR R ZE RN RK
73K 2 AR DR R VE SRRSO IE T,
ARG A RCR A B R

BT AR A6 3ot A3 L SR A 3 RS ( I I 3 (Vo
vicula latissima Gregory) \FHE 3 ( Navicula sp. ) . 7577 25 FF 3
(Achnanthes orientalis Hustedt) . H JE #: (Amphora sp. ) 47 WF

EE "
wmi AW,
WFEEE 20130920

WA AE(1988 - ) &k, L AMBEA LB A, FRF @

Marine microalgae; Benthic diatom; Suspension culture; Compositions; Application

G, A ke TR e Rh , ERAE A F I, AR 1L
T DX I 00 £ A TE 4 ~ 6 J1, DRI TGV Al i LU G LA
SR R PERE, 3 A/ IR G ik 98t BE 3 IV g 3k 30 °C AR K i, Ut
A SRR SR BE PR AN S SR B R
2 RWEEENERKZETF

SMBEEA R R R 2, ot R EE GE IR R EE R
B BRUR A HLE T RV E YA
2.1 & JEHRAER—AEAMAESKH T RS
U8 DEBT OEIREREE OEIREIIADEIESE , FEXReE R K
S R 5 AN T S S M A 2 R BUR A
ST, X (e A= 2 e oK 2 0 3 TG RO J 19,
MG R — D EE S5 TEMFE DR T, A EDGIE S
I HEER TS oot 2 BRI E MR o 22 FOAR TR K
%1 Rene H. Wijffels Z4#2xF 1 d POGHRIGIRRHOE A ROR
RO S N A HEAT T R GEIESE il i AN AT A A
7] ) S 2 A 2 X I 0 T AL GHE 1 A A g

Couteau P S} T 5 B 58 36F (438t 2 K A9 B i, /)
SAHRE RIS FOEHE R 8.5 x 107 quantacm s ™' KA
PUEFRIE DGR N 4.3 x 107 ~8.5 x 10" quantacm s ™' |
KRB Rt [T 18 b, X T AR EDGIE , HikLr
S LA

Fik AR PO HRE R Z07E 1000 ~4 500 Lx, JEEA fif 3
U R R P A 2 5, 91 3 B A5 PR G IR 3R
$5i(1 500 ~3 500 Ix) , 1715 7 I 36 FAR J7 25 -8 0 ik P4 s Y
FEREFREE (500 ~ 1500 1) "™ A RESEE i A 50 O AR
SRIEZIN 1500 ~2 500 Lx, FE5EGE B FHOCFIR UL, S5 51
JEEAV ik 358 P9 200 L X AN [+ DY e ) e B AN [
2.2 BB ARRKEER IR R WA [R5 M (s e 3
R0 BIEY R S 2 20 ~ 25 CAT R T AR K
10 ~ 15 C WA Il F ot 2w LR ks M2 5 i
XF 1 Fhg WA /K B 15 % ( Microcystis aeruginosa ) BT & PREXT
JEHR I EORA AR (H AR KA IR B I M AR, 30 CTR



41 % 33 4

WESE  RAREERFER RS D R R

13091

ALK SR RN B, AR K ARG Y L D 30 ~ 35 °C LIRS
CHE A DR T s T A B A T A1 mT i ek s
R R 9 BEOK SRR AR S . A R4S Xt Mi-
crocystis aeruginosa HATWFFEA KL IR 15 C IR 240 il AR
1, 1M 30 C By il S5 N AROIRGE R4 . X BEWHIIRfd Mi-
crocystis aeruginosa A FURBRARAS | BEAK T 40 A 19 A1 B % 4,
DT 5 Wi X 38 5 8 W S M D45/ T s o 4 ) S
R

2 FE A0S ool S 4 i ( Isochrysis sphaerica ) AT HF 5%
KIHEGEIR L 20 ~25 C AKIRAFIT PUFAs AR, 0
DHA fﬁﬂﬁﬁ%[m Xtk A= K1 (G 3 ( Dunaliella. salina) 3474
FERIAE 20 ~ 32 °C il A BEA U B2 10 T i, $R 2B A TR 4
U F1 L A A B 3R B v, LRI U TR T o LG R
Z AR T o5 L A28 AR

TRLEERR T X A AR A P R S A 3 S PR A RCR:
AR SEHEIIN T2 — . ARGEAESE BT T AR (25
£2) 4, =5, =22 C)Nt& 8 [ R # ( Pavlova viridis ) FIFR 5
#f 4 PE (Isochrysis galbana) FIFE , &P — 22 C & & 8K
AERAT (45 d LIE) , BT RCR B

TR R A ek e B A A AR D i ek 3t
MR A 5T SR BRI R, I, SR ik e B
3Bl TR AR AR, 455 SE PR A 7 o B B R R
ARNT A 7™ e T A VAT Ak B, SRy VB 7 42 T B W 4 I O I
TR
2.3 #HhE BARSBESEERE AR
P X TR ER M B HL B BB R (E [ b R
ER VDX JECAT ek TR A T R BE T 52 PR 6 T IS 7 2k
R HATN 2P, AR et A A A Y de i £R B, 5 0
I U B, B e A R T 9 0 2 A A i
WA 1) fie i R T AE 25%0 ~ 32%o0,,

BRARIA S BIF ST T 8 Bl AT RE 8 & B LR T 1 R R
25%0 ~40%o, BRZFHELISL, 3 BE o m mtd IR AS ) T4
BRI AR ) G Y B 15 T 40%ol , S 17 7
TR
2.4 pH JEMiER/A KIERIE pH o 7.8 ~ 8.2, T KR
JKIY pH K210 8.1 ~8.3, — i LA E . & 24 pH A
FITFHI CO, BRI (EAREL i, #5 pH i 22 R CO,
ERRAIDEE
2.5 HMEF o Rk 8 g e A Bk
FlEERCZH A SRR SR
3 EFRYRNEAEERERKNZID

B K ECE TR BT, TE SIS ik 3 A 15 75 v AR
P HRPE IR TR, R B RS FRBC T, LR R 3 R 0%
ST SY BRI U R AR AR AT LA 3 4 EPS
R X AR R A IR BT W 3R, LA R B E SR R
BB R R R K T B SR, W R
WREL A 10:1:0:1:1 (mg/L) 7 3 4k % 457 % Navieula
BTOO1 WS¢ % B N P Fe Si 4 Fig FREh i 1IE S5 K F N

KNO, 150 mg/L Na, HPO, + H,0 40 mg/L FeCl, 4 mg/L Na-
Si0, - 9H,0 200 mg/L, BRAEICE DAL, A ) 28 X 5
HRERAT W,
3.1 FAEGEXMEEERERAOII 1 REER AR A
WAL R, IR E WAL R Bth ™ ) TR
FOOT R Ak i A 1 AR R B S A AR AN [ W R e 2 SR R
R0 B B 38 I R TR A i 2R (B A BR . Daume
A 0 £/2 SRR R O [ R A RS R 1 A S R
ARE RN . Ker Uriarte ™ 4 H4 15 37 3 b 2200 JEE 14 14
JAT LR N incerta WhER 1 BT FR R, DA 5k 25 1 s i €11 4y
WA, 55— R ISR N AT RN S i
AR BT RE 3 R AR R A O e e
2B g e W 2R UM B T B (75 mg/L) Rk B 4
MR E AT AR R, ik m A E WL I A Re e i
YRR AR BT A . RS S AN AR Rl 1 25 55, 7T
RS FH T AN [ 0 U A ek 3 0 028 VR B2 1) B AN [F] o 3 156 1]
R I IR SRR R I BN R 22—, Chelf™
PR RIAZ AR R E R

Wen %[33] SRR ( Nitzschia laevis) 47 A [R) &R I 3% 557
IR I, 5 IR 2 LR A e, E IR ERAE A U5 T AR A o
FKTI EPA, SB35 H NO, - - N, NH, " - N,
CO(NH, ), — N ¥5 5= HE #E ( Nacicula sp. ) &I ik FEEAR
VKA 5.20 F180 mg/L, Wang ™ [RIEEFHIX 3 RS Y N 555
WNMETE AU 3 (Amphora coffeaeformis ) & 3R I f5 A v BE AR IR
7 1.54.7.00 F112.50 mg/L,

ESMTEF AR A TR B A R AT RE e i 2R
Y M S B S 2 AR 0 . HEA RIS B g R WA 7E
TR I, B S0 B I 8 0, LA 22 5 1) 43 W AT 3 1
iR EEA
3.2 FERBGEXEAEEREROIm WS DI
FIH CO, VERBRIE ARV 2 R 252 ma ) CO, AT i B2 (n
BigR ke ny pHLOK IR KR B 38 1L ok 2 58 i Y
CO, WM MY B Ak A A R IR AR 2%,y /b CO, 195 it
i, R R R R S B AR R T AT 1% ~5%
(1) CO, EREAFT o BR T KR CO, Ab, 15 3R R
AT EARAATEHLIR , 105 NaHCO, . Angelstein™
YR T T L HCO, ™ 11 Ak AR i) JEA LB IR, 2™
TP 1 RS GETH Z2TE 8 ) 55 & IR N 400 mg/L
) NaHCO, AT RAX 4t i A < 21— 2 AR HEVE A
3.3 FEBEXNEEERERAOSN B2 A By
NG Z— WA Ak e i A KR B AR, 53 A XF
B IR pH S —E Mg s, w4 i
o SR B A BT AR JEE A ek 3 ( Nitzschia constricta) FIBIFST
R, U WU BE Dy 4.4 mg/L B, W] A5 B 5 K b R K R
0.31, Dh3esesst™) e IRk B Wl nl LA Sk SRS TG 1 0 M0 41 22
BRI R, GG R GRS EE AR — 2

38 S 2o R AR 2 R R T A AR R R, B R
rP ) U B S R AT R PR I A, IR U B Lt 255



13092

BAR AL F

2013 £

M JFATG 1 356 0 R AR BT DRI 9% /N TR I 8 R 0
L AE R PO,-P ¥k EE R 0.2 ~ 1.1 mg/L, B i& A9 PO, — P ik
R 0.279 mg/L, A EA0E R 651, 78 I 2504 T 4 M 4 it
BN Austin'™ i S BIFSE & BE A BB H oM. 15
0.16 f& 5 4.45:0. 16 i, Bif A= A= 4 ( 32 22 DUR 8
F) WA A B R R, R A R A A B R
3.4 SEFMEEREEROEM  2RE%S LB
FERERRIG T Amphora coffeaeformis (Ag. ) Kutzing [ #5342k
WeJEH 0.1 ~0.5 mg/L, Cocconeis scutellum var. parva Grunow
H Navicula mollis (W. Sm. ) Cleve Hi&E e E 7 0.5 me/L,
3.5 EEXRMEERAKAZN h TR AR R
A YRS , DRI A 2 JEC G Ak e A R AN AT D R T
2, VML 2 5EE A A A BRI AR 15 G 4 i
4 A DNA AR T B R A R LA™ 4
FHN TR B SR HEG IR BT, & AN IR A5 50 T 31X
BANBE RAFAE R M VR AR N, WIFFE R T, X i ok B 1 5
K5 AR RE B RN AT G, o 5 A A AT DA Gl I
J ST A 8 A A s X e o B 14 75 SR B R T v N Y
JRCAPG Ak 35, A1 A, VA ik 98 A A 1) oo ek Ve B2 S ik T RIS
LA K A AR R

4 REEENEFRMNANE

TR A BRAR Pl 2E — R K D, 5800 &
AU R FH KA, DRLICAR MEREA T KA 37, 1 DA AR T IX
WA B R AT ik 35, B R A AN B CRAIE , LA R ik e 4 A 1
Bhos R R 0 0 T R SR E . XA A
RIS TR AL R 40 0 A B FR
(A FIRR TR 42 )8 125 1 NS 20555 ) I BF IR I 4Rk A4
HPTRIE AN I RE 8 A R IR A RIS, A e T
T Tl A A 7, xS A 1 43 Ky A 55 5 T8 Y
W,

VE R A= O R A RS I 0 T3 AR K = 48
Ve iy A [ R 2k B AR [R) % & B Be, 7 2 HIAS 6] R AERL, 4
BRI RS AF AT K 7 S 0 4 R R R B
R B O AR D T S I R L S Y
EFN T2 T 40y v A AR, THARCR LS
REBTEA TN (BOE 5 BE | 4 B (77 ) 5 R B0 4 1 4 i A
KON AT KL P A X B — R Y R AR A
Hahn' ™ A A f1 Ay i 01 7 000 5 AEARH A4 ok 38 57 12 LA i 0
KRBT T LI B RN B4R /N T 10 um Z545
JEWHEBE (Navicula lenzi) BA W Zy 1R R4 A5, PRLHCE 2
—MIRA R RHTSF AR  ERL

JRAT A 5 L P 3 R 0 4 B TR AT R g s
R EA GRS R SRS 75, SWRREEMER
INE I (EPS) [y EE R ™ 20K FRBRE B b £ F 1
R AR AR PR A 2 K
25y rh ARV TE SRR , R — 2 BB RS PR BT
TEPE POEE TS PE T, e B R A R AR M
MIZEEN S N R PP RO R, AW SR SRS EY)

1EPEPY . Dimitri Moreau %[57] AN Odontella aurita Y71 (25
B R BAT—ERIZHRL, X bR AN RSB AN R AT
— S PTG TE G

TR TR & (T IC# AL 2 000 Fh) |, JL4E
e B I b B P S0, R TR IO R IR AT

FHETS, G TR AR B, T 2% S it iy

BIFFE ) ARIBURE TR (0 3 P A B, Tl T A 7 A S

GRS Z I Tl ik i £ RE WS A 1 6 5 S5 1T

TN B i, 7 A i A ) B

VP, I e 636 e 36 DB A LB 9 B A

TRJ7 T SRR

S 30k

(1] SUHE. HEE Ry 2 A S S AE B IR T LT ). [ RS2
EIPRRIAAA 2001 ,40(2) :566 - 573.

(2] P, 2200, e ErRoR T M. Aent: e Tl AR, 1999.

[3] ROUND F E,CRAWFORD R M,MANN D G. The diatoms[ M ]. Cam-
bridge ; Press Syndicate of the University of Cambridge,1990.

(4] #o30,XU I, UL 5. 605 P AP B B AR SC A STt
(1] iR ,2006,24(4) 611 —617.

[5] ROBERTS R,KAWAMURAT T,TAKAMI H. Diatom for abalone culture: A
workshop for abalone farmers ( Gawthron Report No. 547) [ M ]. Nelson;
Gawthron Institute ,2000.

[6] FALCIATORE A,BOWLER C. Revealing the molecular secrets of marine
diatoms[ J]. Annu Rev Plant Biol ,2002,53 ;109 - 130.

[7] BREEAS, B, P52 Sra i T —— s R g iR [T . 50
P, 1977,23(1) 47 -52.

[8] Rzill. AR M. AL R R, 2005.

(9] JCH, F#BLARE: , SFE G, SRR E A K AT R s [T ] A=
Z4+,2002,22(6) :58 - 59.

[10] E25E. LED SIRIEHE R AR T [ D], 75 R ER R,

2007.

[11] MARIA CUARESM,MARCEL JANSSEN,EVERT JAN VAN DEN END,
et al. Luminostat operation: A tool to maximize microalgae photosynthetic
efficiency in photobioreactors during the daily light cycle? [J]. Biore-
source Technology,2011,102(17) ;7871 —7878.

[12] COUTEAU P. Manual on the production and use of live food for aquacul-
ture ; Microalgae[ R]. (FAO fisheries technical paper 361 ) FAO, Rome,
1996.

[13] SR, PIVRAT , 38/ )Nt REFRAR I TR e A RS2 [T 1. 7K 9%
¥H,2005,26(5) ;11 - 13.

[14] AFKES {REDA TP ARG K S 2 S sei [ T ). /K 975H,
2011,32(1) 20 - 23.

[15] sk H, T8, plod, 5. (R EERD C IS sk R e A= i) .
TR AR, 2011 ,26(2) 224 -27.

[16] BRfR, M VR, BPies , 55 AN S T T AR R S B NIk
EEAAIEENA[ T ] . 2o 201,17 (13) :23 - 25.

(171 SR, RGP, $RREE, 55 SRt NI P K AR s (Mi-
crocystis aeruginosa ) FEEHIEREHIREM [ J]. N FHAE &4, 2003, 14
(11) :1967 - 1970.

(18] =5e, ZPHAY, T8, 5. YU RN ER G HE 5282 (Jsochrysis sphaeri-
ca) AR I AER BRI e LT ] R EHEY 1R ,2011,33(3) 1295
-301.

[19] HNVA, F224T, VrA, . I AL E A= SRR R B ) 2
L1 PSR E AR, 2011 ,34(S2) 123 - 126.

[20] A5t W vuls , MERAH. TR 2 PR B E RS [T ].
FR}2#,2006,30(10) :70 —74.

[21] EiRiH, HEGE, 5T, G IR 8 FRRARESEAE R M HIRU RSy

AL ) ] RS REEFAR,2009,22(1) :30 - 34.

[22] DARLEY W M. Algal biology: a physiological approach [ M ]. Oxford;
Blackwel Scientific Publications,1982.45.

(23] A LRI iR AR IR [ M. s R G,
199583 -92,127 - 134.

[24] £RIH, HESE, 17T, 5. SEHRIER S 8 PPt vae A K S Ho A=
ARSI ) ] IS A4, 2008 (1) 246 - 52.



41 % 33 4

WHEME R FEASGAERD AR R

13093

[25] BULL A L,SLATER J H. Microbial Interactions and Communities[ M ].
London ; Acadmic Press, 1982 :567.

[26] STAATS N,LUCAS J S,LUUC R M. Exopolysaccharide production by the
epipelic diatom Cylindrotheca closterium: effects of nutrient conditions
[J].J Exp Mar Bio Eco,2000,249.13 -27.

[27] A, £55M, £ 58, 55 DURPE SRR R Navicula ) BTOOT A
FAEERIENR ) ] P SIH 2007 ,38(2) <157 - 162.

[28] BAKER E W. Microalgae : biotechnology and microbiology[ M |. Landon
Cambridge University Press,1994:18 —24.

[29] DAUME S,LONG B M,CROUCH P. Changes in amino acid content of an

algal feed species(Navicula sp. ) and their effect on growth and survival

of juvenile abalone( Haliotis rubra) [ J]. Applied Phycology,2003,15:201
-207.

IKER URIARTE,RODNEY ROBERTS,FARIAS A N A. The effect of ni-

trate supplementation on the biochemical composition of benthic diatoms

and the growth and survival of post — larval abalone[ J]. Aquaculture,

2006,261 ;423 -429.

Fp A, RN, SR, 5. T R AT R AR M A

M) ). AR ,2011(2) 231 - 64.

[32] CHELF P. Environmental control of lipid and biomass production in two
diatom species[ J]. Journal of Applied Phycology,1990,2:121 —130.

[33] WEN Z Y, CHEN F. Optimization of nitrogen sources for heterotrophic
production of eicosapentaenoic acid by the diatom Nitzschia laevis[]J].
Enzyme Microb Tech,2001,29.341 —347.

[34] Ehi532, 205 MR, —Pie] (EBRIE Z TR RO TR B R B
TRAFRIRITGEL) ). PRI 1985 ,4(4) :36 - 39.

[35] WANG Q H,LI M,WANG S H. Studies on culture conditions of benthic

diatoms for feeding abalone ; Effects of salinity ,PH ,nitrogenous and phos-

phate nutrients on growth rate[ J]. Chin J Oceanol Limnol,1998,16(1) ;

78 -83.

BRUCKNER C G,BAHULIKAR R,RAHALKAR M, et al. Bacteria Asso-

ciated with Benthic Diatoms from Lake Constance:Phylogeny and Influ-

—
9
(=)

[t

[31

il

[36

[

ences on Diatom Growth and Secretion of Extracellular Polymeric Sub-
stances[ J ]. Applied and Environmental Microbiology,2008,74(24) ;7740
=7749.

[37] *eytenk. Bl fURETR SRR M. et Rl ek, 198670 —
181.

[38] JIMENEZ C,NIELL F X. Influence of temperature and nitrogen concen-
tration on photosynthesis of Dunaliella viridis Teodoresco[ J]. Journal of
Applied Phycology,1990,2:309 -317.

[39] u , Z2hEe, IMEAR, 5. NaHCO, I BEG A e o NER s F g H257E
EeAEREma [ ) ]. B ,2001,19(2) (71 -76.

[40) FIMIR, Z2RE, VLA, J NER RS R 8 AR ) ] Rt
,1986,10(5) :35 -37.

[41] D2t 0, IRRE. FhEEATE FRPR G 3k PR se i A e
AR s e S () e [T ], i H 18 417, 2009,95 (1) 195 —

102.

[42] FAIRCHILD G W,LOWE R L, RICHARDSON W B. Algal periphyton
growth on nutrient — diffusing substrates ; An in situ bioassay[ J ]. Ecology,
1985,66(2) ;465 —472.

[43] ZEHELR, Tkl 0 2k B TR R e A= s i s [ ]
TR AT, 1998,13(4) .7 - 14.

[44] AUSTIN A P,RIDLEY THOMAS C I,LUCEY W P,et al. Effects of nutri-
ent enrichment on marine periphyton: Implications for abalone culture
[J]. Botanica Marina,1990,33(3) :235 -239.

[45] WERNER D. Silicate metabolism —The Biology of Diatoms[ M ]. London
Black Well Scientific Publications, 1977110 —149.

[46] RIBGH ,FAFHEECEE , BT . PGS Cocconeis sp. {358 NI
SRR ] KRG, 1992,40(2) <241 —-246.

[47] GULLARD R R L,KILHAM P,JACKSON T A. Kinetics of silicon — limit-
ed growth in the marine diatom Thallassiosira pseudonana Hasle and He-
imdal[ J].J Phycol ,1973,9.233 -237.

[48] EPPLEY R W.The growth and culture of diatoms[ M]WERNER D. The
biology of Diatoms[ M ]. London : Blackwell Scientific Publications, 1977
24 -64.

[49] e, Sesfia T Mo, . T E SRR R Ak T o [T . [
[T IR AR FAARIERR, 2005 ,44(6) <831 - 835.

[50] JHIEEE. HR AT EE R i B IR AR A 2T [ D . KPR HE T

e 2007,
[51] SeREH. MHAE AT AR A RS S R O R [ D] R s R
TR T K2,2008.

[52] KAWAMURA T,ROBERTS R D, TAKAMI H. A review of the feeding
and growth of postlarval abalone[ J].J Shellfish Res,1998,17(3) :615 -
625.

[53] HAHN K O. Nutrition and growth of abalone[ M ]//Handbook of culture
of abalone and other marine gastropods. Florida; CRC Press Inc. ,1989:
135 -137.

[54] TRE, Bttt BIR 0. =P iy N RIS dmes i )
R ] A SIE ,2004,35(3) <273 -278.

[55] SIDDHANTA A K. Marine algal polysaccharides — functions and utilisati-
on. Trends Carbohydr Chem[ C]. India:Surya International Publications,
1995125 —131.

[56] BREEHR, e, AR, EBEs MM M RIS IR [ ] 7Tt
il 2000(8) :50 - 52.

[57] MOREAU D, TOMASONI C,JACQUOT C,et al. Cultivated microalgae
and the carotenoid fucoxanthin from Odontella aurita as potent anti — pro-
liferative agents in Bronch opulmonary and epithelial cell lines[J]. Envi-
ronmental Toxicology and Pharmacology,2006,22(1) ;97 -103.

[58] EAF. il J]. LEW 94K, 1997, 14(1) :20.

[59] PARKINSON J,GORDON R. Beyond micromatching:the potential of dia-
toms|[ J ]. Trends Biotechnol ,1999,17:190 — 196.

GG G G G S S S S S S O P G G G GG G S G G G S O S S S G G GGG S G S G S S G S S S SO SO SO Wy

(L% 13089 1)

VLA BV U0 f TR Rk T e
o R ) 2630 B B AIKREE,

2.7 BEEHREMEBEER BRI E A R
BRI I KPR R AR KA R
K7 ISR AL A R R, SR A= Tl A VR
R, SO 048 25 4 B bR e , A BUE & K= i
[ 3t 24 b o

2.8 SElPEXRFREREBARAE AR RTHRE
£ €1k SERAEROSZ SR WAl NN R T Wl 7 e A
R i AL A= B SR BT T A i R R, s b
BB AR, REAELTAEA, a4 B A ™
s DX P L

S22 3k

[1] BEsTT. hEA LGRS I M. dust: hEERE R AR
#1,2005.

[2] FEAPRL. =R AR P SRR T ] Bl R, 2011
(17) :297 -299.
[3] s, Boli%. A BB IERT TR M. Jbst B e R
Bt ,2012.
(4] PRI, BeREIS, X 2 0, 5. BRI A DR = 1 rh BB 42 s bR S Mo TR
FREE PO E R 5T [ )] Z2BUR R, 2012,40 (36) - 17873 -
17875 ,17878.
[5] PRI, BN, X 24, 55 BRI A X REZE TS S 2 Mk
ARG AT ], 2Eef LRl ,2012,40(35) ;17181 - 17183.
[6] PN, BN, X 24, 55 BER LA DA IR bR S R P S
A FAIAFRES SR . AR R 2012 ,44(12) (119 - 124,
(7] TEE: X TR F5 SV RS b K Pk XK= ) ]
FRR R[], FhEK™=,2006,371(10) ;7 - 8.
(8] Woscli , b, /B BRAE, 5. [ K~ ZRIR (AP X R R T
5[J]. FRERZSST,2011,29(5) <165 - 171.
(9] IR, BMFENI, X2, 55 BER L A XA R S kst P O fR 45 5
AP TR T]. T 7ERL244R 2012 ,24(10) ;160 —165.
[10] PR, #MEN, X242, %5, B R X DR IT e st = i
arERER)]. EREHFR(FARM) ,2012,29(9) :10 - 15.

[11] PINERE, FAE, wERim, <5, me LRI A HEb R 5 45 b
TR ] Bl Rk ,2012,58(2) 1143 - 147,152.

[12] PIVEE, B RENR TS, 2. IR L X R MBI bR 5 5 S s
[1]. &EF%5T1,2012,28(10) 1930 —933.



