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Progress in the Screening and Culturing of Qil-producing Microalgae

WANG Yu-rong et al  (Fushun Research Institute of Petroleum and Petrochemicals of SINOPEC, Fushun, Liaoning 113001)

Abstract Microalgae, with the merits of environmental adaptability, high photosynthetic efficiency, neutral net carbon value and high lipid
content, is one of the most competitive options for biofuel industry. Based on the research progress both at home and abroad, the latest re-
search progress of the selection, cultivation and photobioreactor were summarized, and suggestions for the microalgae biodiesel industry devel-

opment trend and research direction were proposed.

Key words

1 T A RRIR Y H R 00 R L A R VR G 1R 5 2000 1
JE ORI Z MR T AR F B RS o e vl fHAE REIR AT
SRR OB A A BE R LR S il JRURH S [ P AT
PR BRIl R A AR I T 2 A B A R PR O, T A
Yot o ARSI AR A, 2 — T L )
AEREIR, AT R B R TR S AR D — AR R G SO
GEUR, D0 R b2 S i R SR 2 — o BRAR AR )™ e 1o
HAb AR IACR S AR ™ SR g il o 3R
SEEE LR | [ BB HEROR 35 A R (L A B A O AN 58
DHAIXLEREE . P, XA S A T 18 7 LA P TR
R A R RE DRGS0 B, X e BEA T DA B 57 el
AR T I R R PR R B R
07 E G A A M S 0 T2 AR SR X R A
i 2 | PR A i TR SR AT T DA O ELGH R 7R
SN AT TR, 35 T2 R SR L Bk s AR I S St

Biodiesel; Microalgae; Genetic engineering; Photobioreactor

Jo B, R REE LR M S A A R RERI A R 5 S8 4
THB
1 REBEFEYEHTZE
FHRCEE A 7 A= My i 5 AR SORHH LE, e 2 BEE B

TG 5 i SR AR PP A 2 TR, R R TR A A S Y
VRS HELA —E MO P0BE . BoEhE £ L H =

R R AR TG A BE v, DR AL it ) o
AN 7 2 TRV REE ) T sl g . HEAR T 2 ad fe
S IO B OGRS s A T O B
A FHES o i 8 55 T B N SR 2 POk oloolie SR DT
IR NG s foe e RE B AL R AR S . AR AT e A A
RO, SR P O 1 e g i P T AR AR AL R A A
PRFRAEAT TR RO BN A5 AR A (Y W SRR I
Ao PEBELE S BN 1 B

K+
= L] —l—r
H———» TR A Bk B A4 E R - X7 )% 38
@,
0,
KMy LR
= |
w1, 4k, % P BA R, = v ¢

§ Ak fapt
ffe. o= dh

Bl RoRdmseimilgE

2 RREMHGE
TR T R 1) O 8 S TR RE DH AR ) 1 BRI AR
EEEN

EER(1989-), %, AR FEITA AL AE ,FFRF @
FEE A W FR, E-mail ; qimuge1989@ 163. com,, * i@ R AFH,
HAR B H A LA, W, AF A% R AR AL, E-mail;
tongmingyou@ 163. com,,

WimBE 2013-07-13

K, SEIET L H AR [ 5 A4 2 A RE TR IR 1) B 8 7 T A 17K
RETAER S ENTFE PR e BT R 5 i o i e
o FIRT, TR0 21 (1A SRl |k 8 A0 20 6 s 114 e o
(1), TR T BRI AR B
0 A P AR SR e ) il R R R A
A, A, A R AR B R A AR AL AT, AT m vk CO,,



11106

B HOR A AY

2013 £

TR MR R, b TN TR A L
WEAEAE T ML , 55 1 SR JHRSHL A6 U 23 Hr i i & i
FEEIEATOR G, 2ot 2% 01 . AE LR e B a0 R g tEae
JeYekl BODIPYS05'® i 35 A g7 BEA T €5, 405 A 9 ' S e
IR M ASCHEA T 077 0E . A 908 24 €00 i 95 200 6 N 8 €20 3 7
KANE L0, 1T AR A e b s

F1 TATEF WS

1k 0 blilisgzgy
% (dew)
oA i B4 %5 7% Botryococcus braunii 29 ~75
( Chlorophyta) JINER: Chlorella sp. 28 ~32
/NERE C. protothecoides 15 ~55
IR HE G Dunaliella tertiolecta 36 ~42
fAUEREE Nannochloropsis sp. 31 ~68
kel INFREE Cyclotella sp. 29
(Bacillariophyta) ZZMUM: Hantzschia sp. 66
ZZIE W Nitzschia sp. 28 ~50
=15 #: Phaeodactylum tricornutum 20 ~30
R 4% 5 Thalassiosira pseudonana 21 ~31
4] 238 1 3 Pavlova viridis 19 ~82
( Choysophyta) VYT AR #4388 Isochrysis zhanjianggensis 27
ZEMI4: 3 Isochrysis galbana 8701 23 ~50
S 435 Isochrysis sp. 25~33

TE: % (dew) Fonim & i G0 TR A BRI

3 BERIRAERSRERESE

SR T AR S 32 2R TRREAINIR AR , i SC A Ak
DRI sl e DR B 42 LA i oot A B P s IR O AR . SR
AT PEA REUR S Y 2 (NREL ) A4 78 14 T 3 K 2 K0 ik 3 1
Mo AE FARAAE T IREBE RN 5 10 5% ~20% I, TR {3k
BN A S A T T 2 60% DL 12 AN
BrFRms AR & hkik 40% DA b TREROEE T IR DT A B 3R
FE T CBEHR A RILAE(ACC) R m kL™ . A
T, WFFEE — LT TS 19 7T A, i ACC R 7
A FEREAIA A Ty Rk . SEWETE, HOE - 3 - BRI
U B TR AR T . B T 5 P % il 25 Pl T )
DAL FE 542 i (s Bl i 1 R4 42 . Hsieh S5 1092l
SRR WA Qg AR, /Bl UTEX 2219 BT L
A YA 2 A5
4 FOEAER
4.1 BFARAMBERERPRI RO T
K, AR R ARG IR o 0t AL 3R VR IR R IRRIDL IR 4
PR
4.1.1 JEAFRESR. Jt A IRIIR R e A i
KU, LAz T i SR At B IR R A B AL O AR P g
oI o o A SRS IR O R R R 2 5 TR
Il H B R B IR, LR R AR, R AR A
PR TAE At AR AR ) O o' I 37 B 3%
AR ARG BOT IO A FR B R AR
WAL WG R IK Iy 25 K CO, PR AN I 45 AR, XE LA T
JE BRI A R
4.1.2  FIRER. SIRRIR AR B LA HLERIRAE D e

AR R 07 L MO SRR IR D R R
Peah Y AR SN R LRI, XA TR AR ROR
G I B G o AN F R 2R 3 R il 5 90 4500, A
JE AR MR B R AR o R SR v e I B R
ARIE R E S RS R AR R, WS Tk
I, BEbk Y06 75 B IR Tl % 9.40 mg/ (L - d),
TESEFR A T RIMAR ™ 46 201. 29 mg/ (L - d) o {HR TR0
B FE AR A WL, A, JF FUREIL CO, , ARER:
AR BHEEFIFI I ZE S B CO, , 1 HIF AT A M et mT
PLHEAT S 30 AR 4G, 2 3 S AR AL 0 i, e BB = SR AR K
T

4.1.3  IRFE. IR NFRIRTR  RTER HIDEREFN CO, SFTHL
T ) [ IR, DAAT LRI AR by b SE i Y5 AR U A4 — Fh 85 37 7
% REN MRS ERS R REAOE KA &,
P i i, 0 EL A A iE A AR R ok B 7Rl
PRI CO,, BFFERM] LRI T B 3%, 5 i 1
PR/NERBEFN 1 RN, SHe T3 I I 7 2843 ] v ik 102. 48 Al
129.13 mg/ (L - d) , & AFRA4MAS =0 6 F18 £ . {H[
FFRRFR AR IR B A Tk

4.1.4 St ERFDCRERFME SR T,
FEE I o Rl R A HLER IR AR &, [ RE B A S AT B
FORAL A B3 3 B 2 H R, . Fabregas 55 H] 8 5
NEYDER IR A B o B % R 1.4 x 10° cells/ml,
AT SR 3.9 45" . /NERBE Chlorella protothecoides F
FrEEFRIN , SRR P58 A R, IR R kT E
55% , Lt E FEmE R 4 45

4.2 BEFEGOMRL  REEMARKEE FEBOR TSRS
1, Hor i AU O BR IR B RN R B (pH) A2 AR
Mo BiFRrh B IR TR R A 2N s A 1Ko R, A1k
IR, 2 % IR A A Y — S AR
i,

4.2.1 EFRITTEX BRI

4.2.1.1 BRI, BRIR & ROEA PR 45% ~ 50% , TR
BYEITTEE CO, FERTCHLBRIE , W A= R AR 7 R
CO, WML, RUSE CO, 2B MR 14 1%, 1 v
WRIE CO, FI T 107 TR 14 8, AEL 2 410 ) B 5 1) 25 40 1 15 28
KU Tang S0 58 T £ N 7 W BE 9 CO, R, A AR Al
Scenedesmus obliquus SJTU-3 F1%& (H 1% 4% Chlorella pyrenoid-
osa SJTU-2 (AR FNMIR ARG OL . 4R R, XM
FIBEAE 10% CO, ¥ BT AR R st il CO, ¥R EE (30% ~
50% ) M S A Z ARG AR B B R ol T R AR
B LRSI A S AR BRI . A R
CO, HERCIR Z — , HERLHY CO, 25 ARk SHER Y 7%
FI AR CO, , [R AR S Az 77 A 4 S 1 SRk, T it
PR GBI 42 3R e HAT g 7 S, Doucha 5571 ] /NeK
B BRIEE P R 10% ~59% fy €O,

4.2.1.2 HiF, AENREENARKCET B nRE R
FEEAEENGEW, AL TR A IR XSS B B



41 527 #H

IERF FmEGHELRAMTEE

11107

YFEN , 25 SRR, IR 2R A R Sl 55 ) T A0 M %) 2R (HASA]
T AE AR B A R AR R BRI T AR 19 & i (B
TAMM A A A 5 I REF BEAG R T 4 0 A K SOR TR i &
S R k2 PR, 2 PR AN i P AR R LR
Liang Z8%5/NR AR KRG 725 , S A0 M i BT &5 iy 33% 15 =
38% "7 Widjaja Z530 i % /NER BE RO BIF S % 3R, K0T NI
Bz LA G S R, A AT H = e AR
SR, AIUHOIF A B SR S EOE AR & i A3 N, Zhila S5 B
SRR, A BRI S TR Ak BT R B Al 28. 4% ~
38. 4% B SBE BRI H A = e A i R oA A
4.2.1.3 JAbEFICE ., IMBERTE T Fe' T X oA K
THAEFR BRI, 25 R0, IS Fe' A R T 32 QU0 19 38 1Y)
AR RIS SR, 2 Fe' B Ry 4 x 10 " mol/L i, HiA: 9y it
FR(0.65 /L) ,JHBE i En ik 318.96 mg/L, AN Fe'* 4%
FeM 6.15 45 0 oAb, B ik Mg MR R FRILER
BB AR & R R
4.2.2  REXEEA KT, IR X AR R
AR o SRR, Sl 2k AR w218 . & R
FETH G, de A A A E S, 20 A P9 5 T DR G R G 1 il
B AR HEMBE R R RLEEY  YR T AR IR B
A= AR & S s D, PR i R S AN N
TG A ISR S ARG )R WL 20 20 35 B T LA
SRS T AR DT RRZEL IS L SRR IR, A L A g I e A
HERR DT IR 9 5t 23 B s AR TR B R A D0 AR A
TR A SRR IR ) & a3 . BRI, A2 A 7= A A e LA
FEFOE R T 3G 3%— Bt ], A4S 5 A i Je i AR
T H R BE R 2 R AR R .
4.2.3  pH XSS IR . pH AUA]5E i 5 | 240 A f
FE far AR AL RIS e 5 0 5 P B ok 52 i S 2 X5 3R )
Fg R A , T L 5 5 0 240 JH0 PN 22 R P35 L R IR 2k
TG (R 5 pH ARSIR], fi 125 Joc £ pHL, T3 26 R4 Py A SR
5B BRI AZ A0, DT L i o i A= R AR AR R . T
PEAN R AR AR pH — WA HIE 8.0 itq
5 BEFRECREMNEY KRR

REB T RN 2 PSR e Y R N A A B =
JCREFI A, FERARIRES T T35 18% , WiAH ) A £ KA
FIFHAST R 0.2% , FYEA W I i g5 il LAEA T 42 RAB )
B E SRR Re L IO A W R B R T AR
B g S A AR A R AR T A B T O
FN A 53 R T AR W s o i RN 2t =6 AR W R N 2% o
5.1 FRAXEWMRNEE  FHEOCAY O A B
Be3% 2248 (Open pond culture system ) , Hodw 28 H B4 5 248
FE AT HA L UAS IR SRV T, 238 07 FH T fse RS 8
Fer, FFRE RN #F B3 4 28 TF 0 SO 4 | B
JNE 2% I S g DA S L S i o e, S A R
FEIFF R R 402 Oswald 151179 Bl 3E i 52 17 5 ( Race-
way photobioreaccor) "' . B FIF I I F5 i B 2O RE IR
85 H ARG B, I H 5 Bl BT A= Bl 0 A H A e o

1% R, A 3E T /0 B LA BE T 52 B s B4 45 1) ko
it
5.2 HEAXXEWRME X TIRAFAEEIRNMEE.
T a4 A 155 PO s DL R SE IR TR st , R AR 3t P X0
YR NS SR . B ROCEY RN 2B T AR EOLRES),
FAh 2 5538 FH AR ) SO 2 AE AL 38 P = Sy 2 40A BE R
HYTT LA A2 IR A R THRR, i /D 1 BH S A00U0 X Rl 55 32 1) 5%
i) o 3 A B 0 v T LA - 42 i 5% 5 W P3G, G o
T KRR Y R pH, SR AL DL RCE SR T 4y
i P, KRBt T LR 3 A 20 g 5535 . (R3]
O BRI FR AR 2 Y B RO R
I B R BRI A T A S R SRR RO
A BN 2 1 O B R TR R, 38 A TR 119 2 A0 KRR %
FEHO MTREIRAE BT AT B8ORS o R 1Y
AR AP A KA RS R W R
Bt R PR B PR 42 S0, 4 R 77 1. Wed S5 40l , A1 A IR
F i i /NBR T ( Chlorella protothecoides ) fF=H 32 = T 2 &%
2 M T, B O A Y RN 8 MO A Il
o BEE SRR R IR T, I b SR 5 i TR
N B PAIEO A RO 2545 58 R I, 2R 77 AR AT REAIR, I
B ERN A E Tk tbA =,
6 45iE

TERZ WA, R BA A K AR KRR S
BV E A B L INRIE PSR R, R o=
A B B X (R, B R A s i B
YRR TR G B o B il ol i e TR M A 1 R 302
A5, Sorguven S55E 1 B 7 25X S A 0 S8 T L A B R
B, S2BRT FF G f L ASE  Se e R 17410
fFRE AN RE LLR 3 AN T7 T AT 5 —, T e s F AL
B, R LA 2o B R TREAS v Al B o g 1 SR i e B
Fa AR Rl A K R R AR DR R AR TR AR
= is A T A R 3 O 2, AT AR A K
ik N, S R TR A HLD R L, T LA e i A R A
WA FFRAL, JFE MR L RS2 58 = O EY
SN g B TR 2 G e RS S (1) B B, S o U Aot
I RLBE DL B A% J57 5 Z A i R Mk I R, B % F 5 ) TR
A VE R AL o €5 BRI, Dol TG B 2 1 4 A WU A1
R, BA T TR LR IS
5% 30k

[1] TRAN N H,BARTLETT J R,KANNANGARA G S K, et al. Catalytic up-
grading of biorefinery oil from micro-algae[J]. Fuel ,2010,89(2):265 —
274.

[2] 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[ R]. Canada:IEA Greenhouse Gas R and D Programme
Executive Committee ,2002.

[3] ANDRE DUPONT. Best practices for the sustainable production of algae-
based biofuel in China[ J]. Mitig Adapt Strateg Glob Change,2013,18.97
-111.

[4] Wkati, FERE1E, 1o e, 6. et mtBe G EOR It e [T . (o5t
F£,2010,22(6) ;1221 —1232.

[5] ELSEY D,JAMESON D,RALEIGH B, et al. Fluorescent measurement of
microalgal neutral lipids[ J]. Microbiol Meth,2007,68:639 —642.



11108

B HOR A AY

2013 £

[6] COOPER M S,HARDIN W R,PETERSEN T W ,et al. Visualizing green oil
in live algal cells[J]. Biosci Bioeng,2010,109,198 —201.

[7] ELSEY D, JAMSOND, RALEIGH B, et al. Fluorescent measurement of
mecroalgal neutral lipids[ J]. Journal of Microbiological Methods 2007 ,68 ;
639 —642.

[8] HUANG G H,CHEN F,WEI D, et al. Biodiesel production by microalgal
biotechnology[ J ]. Applied Energy,2010,87:38 —46.

[9] HSIEH H J,SU C H, CHIEN L J. Accumulation of lipid production in
Chlorella minutissima by triacylglycerol biosynthesis-related genes cloned
from Saccharomyces cerevisiae and Yarrowia lipolytica[J]. The Journal of
Microbiology ,2012,50(3) :526 —534.

[10] HUANG G H,CHEN F,WEI D, et al. Biodiesel production by microalgal

biotechnology[ J ]. Applied Energy,2010,87(1) ;38 —46.

[11] SHEEHAN J,DUNAHAY T,BENEMANN J et al. A look back at the U.
S. Department of Energy’s Aquatic Species Program-Biodiesel from algae
[D]. National Renewable Energy Laboratory,1998:1 —294.

[12] 3, FBR, 250, . RUsEREIR BRI AR ALY A e B8
s 1], A= TRZFR,2010,26(7) :907 -913.

[13] HUANG G H,CHEN F,WEI D, et al. Biodiesel production by microalgal
biotechnology[ J]. Appl Energy,2010,87.38 —46.

[14] RATLEDGE C,KANAGACHANDRAN K, ANDERSON A J et al. Produc-
tion of docosahexaenoic acid by Crypthecodinium cohnii grown in a pH-
auxostat culture with acetic acid as principal carbon source[J]. Lipids,
2001,36:12410 —12416.

[15] YEH K L,CHANG J S,CHEN Y M. Effect of light supply and carbon
source on cell growth and cellular composition of a newly isolated microal-
ga Chlorella vulgaris. ESP -31[J]. Eng Life Sci,2010,10:201 —208.

[16] LEE K,LEE C. Nitrogen removal from wastewaters by microalgae without
consuming organic carbon sources[ J]. Microbiol Biotechnol ,2002,12:979
-985.

(17] S, D86, 2500, 5. s i AN e SRR R
ARLT]. FEAD TR ,2012,32(12) :66 - 72.

(18] 7%, Bl sk, ANERE TR 53U N Rlse e A se I 1. A
(b5 THE, 2011 ,45(2) ;15 - 19.

[19] FABREGAS J,MORALES E,GARCIA D, et al. The soluble fraction of so-
lanum tuberosum enhances growth and pigmentation of the microalga tet-
raselmis suecica under photoheterotrophic conditions [ J ]. Bioresource
Technology,1997,59(2/3) :263 —266.

[20] MIAO X L, WU Q Y. Biodiesel production from heterotrophic microalgal
oil[ J]. Bioresou Technol ,2006,97 :841 —846.

[21] GE Y M,LIU J Z,TIAN G M. Growth characteristics of Botryococcus brau-
nii 765 under high CO, concentration in photobioreactor[ J]. Biore Techn-
ol,2011,102(1) :130 - 134.

[22] TANG D H,HAN W,LI P L, et al. CO, biofixation and fatty acid composi-
tion of Scenedesmus obliquus and Chlorella pyrenoidosa in response to dif-
ferent CO, levels[ J]. Biores Technol ,2011,102(3) :3071 —3076.

(23] LRrHe. BOEEEMHE ST CO, FUA M AT [ T]. ZrE R,
2012(9) :182 - 183.

[24] DOUCHA J,STRAKA F,LIVANSK Y K. Utilization of flue gas for culti-
vation of microalgae Chlorella sp.in an outdoor open thin-layer photobio-

reactor[ J]. Appl Phycol ,2005,17(5) :403 -412.

[25] PRie WTL%s, JRne:, . R iR S e IR Ae ki B ML L
(RS T ). TRREE BT, 198,25 (4) 187 — 190.

[26] RODOLFI L,ZITTELLI G C,BASSI N, et al. Microalgae for oil ; Strain se-
lection induction of lipid synthesis and outdoor mass cultivation in a low-
cost photo-bioreactor [ J ]. Biotechnol & Bioengin,2008,10(2):1002 -
1023.

[27] LIANG Y N,SARKANY N, CUI Y. Biomass and lipid productivities of
Chlorella vulgaris under autotrophic ,heterotrophic and mixotrophic growth
conditions[ J ]. Biotechnology Letters,2009,31(7) :1043 —1049.

[28] WIDJAJA A,CHIEN C C,JU Y H. Study of increasing lipid production
from flesh water microalgae Chlorella vulgaris[ J]. Taiwan Inst Chem Eng,
2009,40:13 -20.

[29] ZHILA N O,KALACHEVA G S,VOLOVA T G. Effect of nitrogen limita-
tion on the growth and lipid composition of the green alga Botryococcus
braunii Kutz IPPAS H-252[J]. Russ J Plant Physiol ,2005,52:357 —365.

[30] 7, S, i, 5. P R T e e Fe'™ X
FAHIERAR s ]. g, 2012,37(12) 270 - 73.

[31] 53, S0, ZRAIUE. B A% NEREER B TR R [T ]. (i
11,2008 ,35(6) :855 - 860.

[32] F5575, Betth b, [RIee. BRSRSR T BE B B AR M2 DHA 7= 5 (19 5201
(1] #HERY2,2002,26(2) 62 - 65.

[33] SATU N,MURATA N. Temperature shift-induced responses in lipids in
the blue-green alga, Anabaena variabilis : The central role of diacylmonoa-
lactosylglycerol in thermo-adaption[ J ]. Biochim Biophys Acta,1980,619
(2) :353 -365.

[34] B0, 225, SREE, 5. JR O G R M IR RRZH R S
[J]. EiiF 5914 ,2005,26(6) 9 - 12.

[35] T2, X1 3, FHEEH, S5, PIhBE RS 7 58 S MRS IRt
[J]. NSRS AEA1R,2011,17(6) :897 —900.

[36] FHEsE, %, (. M ROEERE IR SO G A I N A8 B iF 9T 1t
[J]. AL T354,2008,18(3) : 11 - 14.

[37] saltsge, 5, ke, 5. R ROt RN STt e[ T] &
R ,2006,27(12) (772 = T77.

[38] CHISTI Y. Biodiesel from microalgae| J |. Biotech Advances,2007 25294

-306.

[39] ERIKSEN N T. The technology of microalgal culturing[ ] ]. Biotechnol
Lett 2008 ,30:1525 — 1536.

[40] CHISTI Y. Biodiesel from microalgae beats bioethanol [ J]. Trends Bio-
technol ;2008 ,26(3) ;126 — 131.

[41] WEI X,XIU F L,JIN Y X. High-density fermentation of microalgae Chlo-
rella protothecoidesin bioreactor for microbio-diesel production[ J]. Appl
Microbiol Biotechno,2008,78:29 —36.

[42] SORGUVEN E,OZILGEN M. Thermodynamic assessment of algal biodie-
sel utilization[ J ]. Renewable Energy,2010,35(9) ;1956 —1966.

(43 ] Wb, SR, 8o, 56 ‘w5 i Monoraphidium sp. (993 B3 1 Hith

MEERE T2 oT ()] - Rl RE#,2011,39 (32) : 19988 — 19990,
20124.

[44] HE R,LIU J H,WANG S A, et al. Screening of the gene for chlorella
identification and identification of oil-producing microalgae[ J ] . Agricul-

tural Science & Technology,2011,12(6) ;795 —798.

(R4 11051 1)
DAt PR 5 10*,10°10° F1 10" cfu/ke AR 4 FLFT 1 9 K
B F VA TR P L X IR 2 (5 4
3 NG

WA R AR A 0.1 x 10° 1 x 10° 1 x 10° 1 1 x
10" cfu/kg FHEHIFUAT T 0 T RE 4 FE e , D005 K 0 K AR B s
TR eS8 R RU HFLFF I Saccharomyces cere-
visiae P13 W DATAC3E: R 3 0 19 3 55 At RELAR 2 W IR ) A s 0
T3 AMARTE T3 LA L35 1 TRt 3% 4, 4 5 K £ 1) R AR
PERGE . WS AT S B £ S 5E A W DR F AL B
U , PR SR P fl R
5% K
[1] PAN T M,CHIU C H,GUU Y K. Characterization of Lactobacillus isolates

from pickled vegetables for use as dietary or pickle adjuncts[ J]. Foods
Food Ingred J Jpn,2002,206:45 -51.

[2] SUNYER J O,TORT L. Natural hemolytic and bactericidal activities of sea
bream Sparus aurata serum are effected by the alternative complement
pathway[ J ]. Vet Immunol Immunopathol ,1995,45.:333 —345.

[3] YEH S P,CHANG C A,CHANG C Y,et al. Dietary sodium alginate ad-
ministration affects the fingerling growth and resistance to Streptococcus
sp. and iridovirus, and juvenile non-specific immune responses of the or-
angespotted grouper, Epinephelus coioides [ J ]. Fish Shellfish Immunol ,
2008,25:19 -27.

[4] NIKOSKELAINEN S,OUWEHAND A C,BYLUND G,et al. Inmune en-
hancement in rainbow trout ( Oncorhynchus mykiss) by potential probiotic
bacteria (Lactobacillus rhamnosus) [ ] ]. Fish Shellfish Immunol ,2003,15;
44352.

(5] 7848, 25, XURNE. SeA= B AR PR LT ). S S Tkt

Fla 2012,33(4) :90 ~92.



