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Advances in microalgae cell wall disruption

LIU Junguo, DONG Yaokun, ZHANG Yuanyuan

(School of Bioscience and Bioengineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract ;: Microalgae cultivation shows the advantages of high photosynthesis efficiency, good environmental adaptability, fast
growth, high bioproducts productivity and good environmental value, and many valuable products including astaxanthin, lute-
in, high-unsaturated fatty acids, lipids, etc. can accumulate in microalgae cells, so microalgae has become the focus in scientific
research in recent years. Cell disruption is the key and difficult step to extract those products. Starting from discussing the cell
wall structural characteristics of three species of microalgae, the current situation, trends in scientific research and technical
development of cell disruption strategies including mechanical, wave-based, pyrolysis, chemical and biological methods were
discussed and summarized. It is pointed out that practically the combination of chemical and mechanical methods, with chemical
procedures as pretreatment and mechanical step as final disruption, can solve cell disruption problems for most microalga, and
is a more feasible cell disruption industrialization technology. Prospectively, biological method is feasible economically and theo-

retically for most microalga because of its low energy cost and mild process conditions, and tends to be a deservable method.
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ol R — AR i M VR IZ 0 A0 I B SR SR AR A, BOR SRS AR I RCR BN BE IR R 5 L AR R
WL 5 TR/ R W B AR IR A B S R R ARk, R IO AR IR R M R VAR
HORAER BEEE QMR REEE) S A AR IR A S BB 58 5 SR TIT &, 2 BT 95 i
FE. M 2015—2019 4FHY 5 45 PN, B ZEM o & R A CNKI i 3CA 2 306 5, i E Z WL F) 1 591 T, fh
TEEL dt B2 25 PR f B TR AR L UIACHRORE A5 U B A TR AF B T R T

A AT AEAR 2 B AH MU N R T I AR 2 TR R (i rp ok 26 N RIBGEB Y R R 2772 T
0 B Y 5 3 6 5T B 4R IS TR R R e X e A T A I B L 5 — R AE W 2 M BE A L L R 2 B S A
B, B A B K ) IR S AR A A A 2 A 7 0 A A B e AR R 4 2R W 3 R S BRI 5 DA O 0 P 1 B A 4% o
WY IR SC IR o AR SO AT B85 TS T RO R R R IR 5 R R, S RE RS
RO B2 M LB

1 fof 758 20 Hl BE Y 45 M i

T Ve o T AR PO T BE R R, AT DA B SR T S IO A R RE () S5 A R . AR SC R B X B 2 RT3 R RO
AT IS .

1.1 T4 LI 3K%E (Haematococcus pluvialis )

TR AR 2L 3R R R REAE PR N KRB R IR T RN 1R R B 07 R T ) 32 G T JHC 40 i B T A K B B AR K BR
BAEAmA, MEFRJZERSH, WALKREIMNEERE 6, FHE, FFEHME YERFEAR
A, BB W i O N 6, O BARE IR KAWL R, A IR B i i B RSB A Sl 1 3]
BUCRAHEE K Bk 2RICRE g BE AR A R BT, WA F R A4 R T & 5
AT ER 162, B4 a0 T W2 7000 GLar H 880 (5 89.4 00 AT A5 WE 6.4 00 BTRLAAME 1.6%0  AHE
L3%) . F4E 3% . EAR 6%,

A AT R AR v R B A R )RR A 21 3K A i 2
S RBUEA S RERK, L TAABTRENR (‘) h)

RIS I 40 WL BE 53 D9 2 J2 < S0 )R 2 it BR ¥ algaenan (JI CH3—<CH2>x—c%O—<CH2>3.— ¢ fo—cm), —cr,

B JEE 30~40 nm; NE R HBHEMAYER, B E
400~700 nm. JKEHEE—Fi A B oK Ak 59 85 7K A5 I R A2
YR 4yF, 0T HE N 400~2 000 Da, i1 26C F
28C JRIR 5 1L Al 30C B 32C WY Bt 5k I U7 B2 45 & A
fis , Z5 A AN B 1 BT AR T . X Tl 4N i BE 4 ) 7 R
J& @ T WA

1.2 /NERTE (B FREE , Chlorella spp.)

EIVE/NERE R ERHREANAE AYERESFIH -HEEM AR S, DMEREHAER 2~10 pm,
TCHEE IR M B, 18~24 h B R, FrAd FA e fl, DA JLYUK, & B Y m
KZ 8T BUAANRL , A0 B BE )R I8 20~25 nm, BUEAAN AN BE 73 S NS 2 12 S0 2 it BR A IS B , 5T AR 41
BREE—FE, NZHAILT I,

NORTHCOTE &5 4 3485 (4% /N BR SR A A 55 R 0, BE A0 B B A% 3~4 pomn, 40 O BE LB 21 nm, o5 410
MTEM13.6%, EEPEAFTELY L 27%, 525 9.2 alpha £F 48 % 165,400, L 4T 4E % 31,000, Hj 4
BhilE 3.3%, K43 5.2% . Fovh calpha-£F 438 el A 4000 28 FUM BT R0 0008 L H @0 L RO R 2R A B A
W e 2643 T LA TR Bl v b, I A B BE TP T BEAS S A LT BT, B WIS B ST 4 SRR B L A0 B 2 A 38
LT AE Y 40 B O ) A 4l B B by, SR 4B TR B A2 3~5 nm, 43 2 /75 [ S A0 0 3 7% 82 38 4R 7 — B, 40 B 1Y
P A M S5 Ry A B 25 0 g RE oS B A R TR .

JINBRBE N L BE 53 32 B R A IR AR K. B An AR A ik vk B T v B, 2 T SO R R R R S
TR W PRI REART . AR SRS IR R R /N BRI A I RE (0 SR BE S i 70 %01

%=2426  y=2527 =12

A1l E#H>TEMA

Fig.1 Molecular structure of algaenan
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1.3 & 3KE (Nannochloropsis spp.)

& A KB A G DTS , f 3R A 8 R R e AR W BB VR A5 32 . SCHOLZ %55 1) e %
8 L o AR e 2T AR TR SRR B T I B A KR BR B A i, R IR A BE (h N4 2 BB N2 A
TS (TRE B0 M4 2, 4N B Bk M, DU 8 £ 4. ARNOLD 45 W 58 B iE 32 T X — &,
BEACHAM %M 5T T 6 Fh fif ot Bk o8 1) 400 it B 45 44, R BILIX 6 v gt 33K 98 4 o O 2800 300 b D) 1) 4t
BEE T BIAE 63~119 nm, M R /KR BRE (Nannochloropsissalina) ML BE B 18, 5 Tk e, b 38 F T4
A S .

2 RURdRmERAR

2.1 Wt A EE
2.1 R AL R

KWAK U GRE T — Rk 49 B 80O ¥ R v 59 B0 7 0 8 & 65 A 40 A 105 4 DA AT {66 91 s 1 4 DL VR 40 12
H W iR (>>350 g/L) R k. FH%E‘J‘%‘I%%%&(HSM)U\?@“#%&%(Aumntiochytrium sp.) RGBS .
5 R W] HSM B8 W 2 32 5 il A5 19 7 3, HLA A800H BRBEL 1R 8 900 201 28 2ok 40 BB A K e e, OS5 E e W 5 IR
B B BE A AR B R . Al LUA H, HSM BB 4 (it — b 2 K B ALACT B, FH R A A 0 2 L /DN Y 3
770 DA A 0 S o R BB IR

OLMSTEAD %" (g5 R B, v F 4 AL 18 T 5 YR BE (20 %6 ~ 25 00, ik 43 0 A T B AL, 800
MPa £ J7, #1510 K, /NERBE R I B SR R 293K 5] 90 % . B SV RS T o A0 IR e /N Bk B 40 i L 7%
FIRAET. 0 B TR A 140 g/ L, 2[R 5120 94 MPa, 5 i [E] Jy 14 min (B 3—4 W) . 7RI R
3 /NEREE A IR SRR L 520,

HY T 00 20 N RE S5 A B0 B TR X B ML e 2 BN AL, 1 T B LAY A A ML B 2 R v e i LK
a5 A B B U VE T . 24 IR 17 B AR B T AN B R B L AR M R R A SR 4, B 1 ke TOAN MUK BE
REFEN 0.25 CT MR L 100 Aok Z B SR IERE SR B A D) ~ 147 kW « h CT40HIW BE 0.85 04 . i £ FR 3L 5
FERI A

BRI BALE IS S T RMAAE 7, AR ROR & (H 2 REFE %5 » B & 20T , RO KR k) T JHE R
2.1.2 IREEHE

TALEB %" R Fi3& [ Constant systems 2\ & 4 7= 1 8 HE 3 BS B B A S B3R, B AE R 0 2 175 MPa
B A0 MR R Gk 9800, R RFGEREFE R . PAN EUSRF ST T — P ot B3 4 AP B I DL R S IR
M, 15 B B A A M R B PR DR 2.3 m/s  BEAN VR 1500 L W A5 I [B] 40 min, 20 S 9 % 4 R W] 3K 3
986 A b, POSTMA [BFFEUESS , S50 b B I 8] L 1) £ B HE (5~ 10 m/s) S Bk FH At COF 8 2o B I 25 AR I
85 V) A F FH P AL AE R, R %5 T LA AEFE 2 1 kg T4000 81 KWh'™®), ZINKONE"*) 4] %t
BB v X o B 3 SR RE R R R AT TR L LS W T AR R B R B AR 0.4 mm, SRR T
14 m/s, WA S B8 40 M Ao T T80 TR 2 L/ 0 L 14 0 e 3 B B . POSTMIAL 2500V B 5% 1 B 5 3 v B
R E AN 3 Fhilae 8 /NEREE (Chlorella vulgaris) & M 4% ¥ (Neochlorisoleoabundans ) 1 P4 J§ %€ DU H 3
(Tetraselmissuecica ) WERERCR ML . B EAR/NF T 5 s i BE S 22, 0.3 mm (WIFIFER L REFE A/ HAR
0.3~0.4 mm B FERTR W BESCRAF L BEFEAR . BRIE SR BOA IR Rubisco R EHE-1, 5- B R AR AL BE/ il 41
Fif) BRI AR B A5 R, Uk FHER BE v FL AR R . GARCIA U R @48 )y Bh 98 T 3R BE o5 o S 1 e vk o A2
HAYLET T 2 Pl GCREFE A ) 3 B8 Bk K/ AT &, DL TE 2 R A [m) 0 SiORE B B ML B v b i) il ik s o . BT AR
B AT DL SRR o R R R AR FTBOR BT, O AT DU AL 45 A S5 0 52 BRAIR BB AE | 15 18 51 | TR R 1) 3 4
MR T2

SAFT 25 £ 3tk BREEA 5T 7 1 Fe 2 B AL L BRBE BIL Bk o /o5 s P 37 R RGVA 4 ol BE D7 VA O BB BE AR
e I v 189 T ML B S ALK SR B A B RE SR AE 95 06 LA L B IR RE R

TR B VA U B TR B TR, 55 SR B AIG, R A AL I RE B i s . HE T R 3R Z
] LA R B8 B 5 4 o BE 22 0] PR AT B 458 38 S e B Lk, OF AR W 7 W RO T 1k o B R RT AU P BB LS 5 A
VEEEATRE SRR E AR 0.5 mm, BRI B s/ N A 2 (TR 0058 e e 28 B YR T 7 R R B 2R (L
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TR AL D S5k SR B4 T ER 280 B VAo P A R A B Bk (L AN B 38D SR B AT
2.1.3 KB NE

K F128 Ok B AR R AR AE it SO B 2 AL B, & B B i R R R TR . M
B AR T WA TR TR T 0058 R o B R A, ORI TR P AR 2 4 B Ok, PR AR R (100 nm~
3 mm), XM ZS UG . A B A R R R, 28 e R B, 25 R A E R A SR R A e B 1R D R
FE 3] ik 10. 13~506. 62 MPa(100~5 000 atm) , 383 1] 3% 500~1 500 K, X J& Bl 3 44 b 77 78 49 40 B
i T S 45 R = A SR AU M BT VIV A, S B AT

LEE 2™ W58 T K F1 28 Ik B R G SR 40 L. 5 8 7 U R M B, 7 I RE IR) AR RE & AT 4R R (500 ~
10 000 KJ/kg) s 7K J125 73k i IS R R 25.9 % ~99.0% , 5 25 FAE S D B AR (16.2%~66.5%)

XA AE O Z AR B R R A S FR By — 1K, 254 Fluent BUEBEBURM, I T —&
K 128 AL A0 M BEAR ER S B, 04T T AN BE AL B . BB AR LS SRR X T 2 LR WAL AR AL AR
JE R LA 25 A5 1 8 5 RUE AC B AL o A I A ORI T IRUB 50 o A . X T30 A R Ml
T B S B B s B R A 5 RS ELAR B I, ST L 2 AR OCR U 5 X A I T U TR K B B G R I
45 B 1 AR X 3 T R R S A (BN 28 T 4 35 K I 7 B AT A S 4 R I 5 I B B R AR
I E RS RN, 2 W R R R AL B B MR AR I . A K 125 Ak 2k B X Bl S0 4 Bk ot 0 47 0 E
S 3RS L A0 4 R WA 0 T R 40 M A A B T Y, Ak B A ) A ) 30 muin, B BE BRI TT 3K B 90 %6 LA
- {H B 2 0 R O 4R R BERERICR s A7 0.1 MPa #2755 5 0.25 MPa, 41 i i BE 5648 55 £ 30 6 5
AL ARG 0 HAJNE] 1 200 r/min, B BERE T L 20 %0 s SEF S ILAR L, K F1 53 ALk Bk BE 5 54 (38 4,
H AP R & TR A a1k,

WAGHMARE 4517 5t 48 75 ik v FK F7 25 ATk 16 35 5 B0 & Fh LA B HE AT T A4k L3RS 15 s 19 40
ML S RE . B 5T ] M P M AR A SR A AR R R SR AT 100, (5 48 b 8006 T A A 54 W IR R 90
min, KM 0.5% S A LA AL #E/R . F A 75 2 40 e il 24 T 7% 9 15 () s 20 B 50 min, SCEE B A LR E 1
Al & 180 min, 7% 0.5 MPa FIFEAI A E N 0.45% . A 0.5 R AL B )5 , K Ty 25t ik b 7 &
K 4T B 4 T 75 5F [R) 9820 Bl 105 min, A, THE T AR S Bk MK ) 25 b2 40 A 4 i 7 1 BE R, 2 K
125 AL T AN MR R A 5 T B B R

KA 2L AR RN FEE 5 TR R RUR I M5 . o — R R, 5 TR & A T K
B A 7=, 0 BE RS G, REFE EL R BB vk AN R R 38 SR (A R e RE A .

22 ETK(GES)HWAMAEE
2.2.1 PR RE

X 28 S A St B TR A AL TR B T /NER B A M e B i . AT 45 SR T L 45 DR 3R X T I 4 BSR4 2 iy
TR BE 9 R /IR g - Dy 38 > 41 i 9 J3E > S Y 2 > A IR) > 3R 38 > A0 HORI MR . & & % SR 0T IR 3 B R A B
MREME, R RN SHAS . BAEDZE 220 WRE 25 C 4 F o 6 min, 40 1 5T & % ¥
0.2 g/mL AL 120 mL /M-8R R BRI 0.4 g¢/mL, WANG 2520 g BIF 58 35 W, T 40 B A i 45 8 T i =
PR s TR RIS P BRI RCR S T M. O T I8/ 75 i B 20 72 vp TV R 1 BB = 5 B & 6
Ak 2 7k W BE BV [0 IR b S R R T S MRk ML R AT . YEL 2500 FIS W) 28 4 1 40 i R AR O 1
o mI R AE . S5 RRIA, IE C Bk A A AT 2 SR AR S R, HANIBTE B . 5 M
FUAHE AR = T 1.4 5, SRR B L B A % 8 30.2% . SKORUPSKAITE 455V 55 T #8745
T 1 TR A 9 R /INBR R P A MU B TR R . RS 60 min, [ B A URAK R L B R TR AN BB PR SR Ol 52.6 %%
8 47 S5 35 O AR A 0 M e AR R AR AR (BB A R B, AR B MR R . B% 3R 24 000 1/ min, B VRTHEE
#E 60 min K ILF] 48.5% .

R P U T AR T 28 OB, R A A KR P R R U TN R AR T sl . R R U R T R LA K
R I S S R T SR A T AR IR A R R BRI g, (H— M TS ME LR KA PR Al
F B B A C B S R R N S L1
2.2.2  BRUEEWRE

BB 2 BB R 1 R A TR Ay 40 L PN ) A 4 5 A 7K 4 55 TR MAC A U R 5 40 L P 3R BB R T L A
WK PR BT 72 A K P s 68 440 SR 200 M B 32 B8 ooty o 3 A ARIIBHS O A L SR FLASON DA K HR 3
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A0 fof 240 i IR P 30 7 4 4G K 4 B e ) SRS RN AT 4 R A 4 S BN TR E AR BB OB RE . 4R 2 450
MHz (4 5 5 B8 BE o 0 A 1 8 10 38050 B B o WP A o ARG VR 2 ) Rl YR A3 A A0SR L v R ) R VR A B A SR T
CHENG %55 Bi 55 6 B, S ik AL BRI ] A O min FF7E £ 20 min JF , /NER 540 8% /9 JE B iy 0.11 pem 38 i 5]
0.59 pm., M40 HERE E A FLARHH 0.005 pm BEHNF] 0.18 o, B Ab B 45 41 g e AR 45 R T B A .

LEES SR I & 29 0 s R Bk LMk 1 LR AR VR AN 10 % NaCl vA VRIE Mo AL 335 . 1) FF B0 05 (iR
P 1s 1D 43 0 B2 T 2 3 /oo AR 38 b Tk B 5 485 18 3R BRI 1 Tl AR $R IR %5 . BALASUBRA-
MANIAN 260035 31 T — & S i I i R 4R B R 45 1.2 kW, 2 450 MHz, b 3R 36 & B 50 %6 BN, 95 °C,
30 min, $EULRIKF] 76 5 ~77 %, T R BE LT B BOK IR R UUR R 43% ~47%, HEO R T H iR
A PR B E TR P LSO P N R Y i R R L JURD O R A SR AR R R G AR R Bk
TR AL A 0 /BRSO 2 I 4 OO SR (TR R LR A R H

1R » SO0 T B A R B Sy S B 28 038 AT M T BE A A8 05 LR T B T ME A2 B R 25 T R BR ), LA AE
FEL S I DR, E DA SE IR N o 5 AR X N S T A 2 ) R R S G A FH Ak e BE AL, AR
PR Tl MO B RE L T RO L,

2.2.3 e ALk v R, 3 1 R

ik vfr P, 37 T B R A A o AE A L RE BRI KT 36 V/pm MRS, PR AR T 360 kV/em [ HLALBS
JE O Y R B A S TR L A R AL T R T AR A, 4 A P R 43 R S T TR ] AR B PO R AR
e AR 4K B 22 (8] 43 22 () AH B S8R A 48 L DA T S 0L 440 O 235 A ) A O

LAT 4 VB 7 B ik eh i 37 GREE N 30.6 kW » h/m® ) Ab 3R )5 , M 3 (Scenedesmus sp.) B g 15 B2 FH g
B3R BOR LA B 3R 5 3.1 £% . [T, SYTOX-green et 40 i 45 5 3R B 4.7 Yo w5 ) 96.8 %0, REWK 5 40 M
I P 2RI . LUENGO %559 5 i 78 158 B, DA Sl v 4 ot 3% 3R, i i 48 25 kV/em 75 431 0 37 4 3
JG R R AR BRI R T 3.5~4.2 f% . OriginOil 24 6 9 — 253 R FH o 14 325 A8 73 ik M BE L, 45 & pH A
W 7 95 0 MR S W 0 e A ek T R e SR T,

A VKRNI T T R TS AR K E A R K e VR R G /N BRI RE L R PR R ik b R 37 9
R i A R R S ) R S K e R g Ak BRSO ) S B DR 2R T K b B L bk e R 0 R R B A
AINERBE WAL BACR A K, Mo EMN 2.5 MV/m ¥ n%] 5.0 MV/m BF,20 mS/m oL 53T (1 /R i
MO WE B R 17.21 Yot i & 83.29 04 s M ik oh ik A BB B % BN 8.9 kJ/L #4 A% 149.52 kJ/L Af,4.5 MV/m
HL 3758 VR F R I /NER B 4 Bl R 8 K 9.78 Mo H i 3) 81,7824,

Wil S RS AAL T I e A 3 i B T LA VA R AR MG R T AR R R, B R 2 R 20
kV/em JiiEE 5.4 L/h, 4% 130 Hz, JK9E 6 ps, FAPFKEL 3 K. A F IR BCRER 61100, 5165 b1k
R T 15.9%.,

CARULLO S WF 98 1 ik ol vl 3 01 w85 e 289 J5k 3ok /0 Bk 9 0y g B 3o 8, A 900 4 e ) 30 328 1 i Pk ol e 3%
BRY 3 TR 3E 0, DN A M B R T g S 8 TR £ 7 A R A MR . ok i B 3 e E 0 L AIE O ML T
TR FL A 7 IR B A B R SR AR . T v 389 U0 32 00 JC 25 J31) i 2 55 L VN 45 o 7 400 A 4R R 38, 2
PR B L Ik b R R 11 AL R MR BUICER L ik v B A R 10.3 fiF . X UL IR bR E AN T
JHL PN 7= 40 1 s 80 R B T R R 34 50k T LA AR RE TR R — R R EBRR A FIRE NN .

LAM 25U R FI 3 05 A 8 (Creinhardtii ) (1) 41 ML RE (il 2 5 75 3 R ok A5 01 25 o 40 B B ) A8, TF 5% (o
Jik o B, 3 R AR 0 B P B BRI . 5 SR AR 0 RE G 5 AR R 1 M 9 SR K MR B 1 RT DL SE R, HE
JEfRRER (0.05 kW « h/kg) $1 AR, 5 70 %0 B2 (1 n] AR, T B /K Pk A S AR 52 & B8 A7 F SR 40 i 9 35
FEL AR TR 6 I ik b e 3 (O T 7 S8 40 L i 8 U T 4 M T e

o AT K o i A A B R — B RV R Y T i R A R S R AR R AR B DL T L 8 FGE A A Tk R R
BN R R B EREY . E—R T EOR, BRI EDR SR R B B 0 A 2 8% R TIEHE F oll i 4%
Sk T AL AL RER R .

2.3 HRRTE
2.3.1  ZEVRIBRNE VL i RE

FRVRMR BT T 508 R 0T 21 4 3 b0 R i T AL 38 , R T 4 2 & in#v 8 180~240 °C,0.10~0. 35 MPa

(1.03~3.45 atm) , 4ERF JLAr 4 . SR 5 HE 7 S8R W Ol i K O £ 4 28 3t > R T B Ak, o & 48 1 40 B B ) P
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Wk, FASEN M B R A BV SR A0 A . 4 AR VR WU RT3 0 B 5 min AL BEAN AR A
SYIE HERONPIUR 09 1.53 HER B 1.65 5 B2 78 VAR M 1) 26 W o038 70 0 B AR, R A0 M F ¥ B 1.69 pm [EIK
B 1.44 pm, BRI AR DO AR BE 1T T AL (0.08~0.22 pm?®) B ZE VIR B E R FF B M 19 k. 2R IRIR B
e 5 TR B R 0 BE BE AR HH 1B e R Y 33~529 MJ/kg B EREALE] 8.15 MJ kg, (i 12 3 it i 2 B 26 ¢ A< kb 31
i 56 %048 B 3 93.9% . CHENG 25U B 58 T Bk isF 5t 5 o 28 700 2 A Adh BB DL 9 , % T2l 40 i e L
T AR BE 2 VR J0 A iR (1.0~ 2.1 MPa) T 38 K, it A 75 57 $2 BUCE AR L il g i e 3R 38 76,500, T X MR 40 A
36% . ZEVKMEWE L FARRE 0B SR K T B A B . GUNERKEN 2607 35 5% 7 — i 1) 75 42255 B A7
W, LA CO, S SRl A48 1 Dl HE AL BRAHOEE A W B . O 0 3 2255 8 5 14 4 1) B X B0 S8 L A 3R A, 26 B O A
PHETE 4658 T 3.2~9.6 15, AW E A RRSCRIES T 2 f L E,CO, HFERIEMR T 2~4 f%,

VR BIA R T E MR R, R UE H F 40 R RS M B0%  Bis =i s iR m e R EAR S
S A B B 5 b2 S R A L /N R B AR A P R S A R AT DASE
2.3.2  IIERWAL L RE

HAR AL 38 G ) PR AR I S B 0 I B B K (280 ~370 °C,10~25 MPa) , Hi BF A i B %0 L8 R,
B TR PR BN R BE AR A B AR L TR/ G K R, KPR R R B R s ELA R
it RH AT T B A ST T i 43 R 4 4 P R O R 60 DR AN B RE 43 0 T B WA R AR W Sl R A )
TG 2 A G R T R AT A S R I A Y ACEE AR D IR AR 2 A IR I A A A A o A
i B BE T A 39 MI/kg™ . YOO 2N IRGE T ARG — 28 A 3 (200 ‘OOY A 3% THRERRENEY
iR . HU U85 1 4%k (NaOH/ JR 255, BRIR TR LA K8 75 U 0O 1B S #AA Wb 1 39 b B - B . NaOH/
PRAFE WA FEIE T30 33.7 00 T B 2R, 77. 2 0 B S W 41 %, 46.3 20 1 A 1 40 2 o (HL 2 LA A v Ak 2 AR 1Y
BEFE B BRI, FLImAR A SR IR I IR A TR S AR AR P . LT SECVWRSE 1 ) FH B0 YAk 12 DA /0N Bk 8 2 B
TG A R L AL S B S5 142 320 °C L 60 min, I 09 H2 BUKCE 2 38.1% .

CHENG %55 ZE W Iifs #2 7K (310~350 °C ,0~17 MPa) £ 4 F A AL 75 I i 2 B D088 - /K T A Bk 98 1)
FAGMAR & & . 418 (Galdieriasul phuraria) , FEBALESAME T o 3R K T 40 BR 3 01 21 35 %) A Wy S8 s 45 R 45 1 &
59480 31% . REE Tt R . EhAE LT3 SO MIRE EE AZE W48 Th , AT 3 UH 59V MBE R HFEAAY
seh  CHEN 2094 5 T H#E A 4R (Ni, Pd, Co fl Rw M fL SBA-15 41 5% F T i 4k 14 9% 09 34
fRm bt . SERRW. RN ERE 613 KIRE FRA BB MIMERAREE. ZEAeRNBEZmT
VR AY T 0 B AR R T SIS T g B T T R D B BT N B AR SR IR B B AR T Ak Rk B
78.78% AWy eI R IR F] 24.11% . WADRZYK 254 fIF 58 1 L $R A 1AL 1 I I 55 7K 4cb 39 0 98 200 i 3
ey Sl i L AR L HEWT T RS ML A BT AR A 4 4 v 04 4R 1k S T DA A A R I ALK R AR 0 T
SR

PAE AL 5 R VIR R IR, S I 2% 14T 20, o ANGE FH T 4T ML BE 55 M SO, PR TR R R R E AN S
Sr B EOAE DL, L AN AR P AR E RIS . HA R e, LR ERTE R & S RESR X PR O R i RE
2.4 fEFEiRuiEE
2.4.1 BRI RE

BFREEAETFEY, —BEAVHEFAMLIRAVHE TR, & LKA FAERELETF.
BB T DK T ALK L B T IS TA R RS T M E PR R & T S W R AR B T4, W AE
0~140 °C 2 ILWLA » FOAE AR I 80 D5t D] 2 445 ) v i 88 B 5 (30 S S5t K 8 0 AN 00 DU e, e R 0 1 7
H. ATFERGR, LA RGHRRENE, BAAE EFRE, TR MR E — R0 05 4 J
YEHTIE] M A AT M, R % . KIM P9 R B W& [Bmim JCF; SO, , DLW BEAE 4 BhiE 71, i B
BRI F] 19 %, m & T RME/ F AR BCR (11%), PRAVEENKUMAR 5% 22 50 {8 Fi] 4 #0257
RATAE LT IR PR BE T R EA M AAYH L T2 LI Emim JEtSO, RHZEBGH, 1 min 7] i 165 & 191k
IR 19.5 pg/g. BAL G i 3 A LS I A UL R 827,

Sy — Flr A R R, B T R A I R L R A o I 4 0, R T R e L RO i A L B
B TR S B B, FLAE T 4 32 B R A i B %) 3 o S BT, RO S R RIS
2.4.2  BKRL T RE

TR 0 & B B IR AR — s i AE AR R G 25 00 (H R i S ) & 8 B F S B IR 4 e 1 AR BT
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RE. T 4R ALY 9 oK 0K BE A% 7 A 15 1 4, I TR RBEOR A0 JHL , 1 5| — 28 R T 4 T 4R Ak W 4 K JBURL HE 47 4
JH 0k [ I B PR (D 40 DK AURE B 05 40 1 B A% R DR i (58 T B2 FH 0% 7 2 AR DA K i M 2R 40 i

HUANG 5578 35 T F 40Kk SR B0 ON T 50 n) B BOF B RE R 400 . 4582 %0, 1 min, pH
T REAETR  BEAM A R IR IR B 98,8040, T B4 96 h (¥ S Ah B 44 K UKL AL BES L I IR 1Y 3 B3R 5K B
916 . PHESF & 1% M 5 45 1 (9 B S Ak 0 90 oK BURLS™ , o e B = AL R Ak -0 R fk = 4k (CTAB-
Fe; O,),7E 0.46 g/ (g MO A5 & F/NBRBEIRIFRIA B 96,600, J34b . @l Bhn+ e B s mk i SDS, af L
B S CTAB Fe; O, 9RO 5 B, (43 91 K IBURLAS AYE R A T, B AT 5% B A7 . WANG 4659 ]
KR AEAL ] M/ TiO, (M=Fe, Co, Ni, Mo, Mn)fE 4l &k Bk # 00 FA M WAL S 72 Ni/ T1O, bR R, H
Bk R IR BE S 300 °C LB 4L RN 89.28 %0, TS fin Ni/TiO, FEARIA R BE R, BT 159 A4 ¥ 56 3 o A MR 30 o5 41 40
B

VB Sy — T B B BE AR, 9 KL 7 BB RE 7 Ak T 2 R R i B, BE B ORISR B HTGE ARG
2.4.3 AR

LEE % i U — E ALK At Ab AL R R SR AN IR T il el K b ™ A R ik A i 3 (OH - ), il A
BT BN . HUA SR80t T R0 2 H Ak 27 B U R 58 (T O, -REMD , 15 72K 8 40 M 1% B85 00 38 43 83 5
BN AL AL B BAS S AE —R. Z5 R R, ZE R UEST U8 2 A BT 4R T, WAL 3% (Scenedesmus
dimorphus) 341N TE S B B2 B IR O6-E& TG B R, il T 241 Z Sfb e fb g A/
TH R 42 B RN T 5020 A 47, ULKER Y57 76 H R S B B s 40, 1 ¢ T4 0.5 g R 4]
BT, RAMBEERCR B W TR BRI DL S P A T . CARDENA Z80VRT 58 T LS 42 Ak 291 1 358 200 i
KA UERE BT bt . G5 R R, RAEATEV LS ERE P A0 =8, 1 g s & vk =4 B e
f B AT A 432.7 mL, LA BRAL R 6600, HL AR AL e WD, SR AR A FE T 95 A0 6L RE 445 4 11 SR PR L T
FWIR,

AL R R AR B TR AR . ER TR 10 5 481 700 365 o8 A L R 1) 7 S e 24 R i P o AR
T2 B AR X E AT R S RRUE
2.4.4  HAbAbA L RE

MM A A7k, W8 3 5 bl 5 JBETE AR T LU BOR AN, B T, X 45 4 B0 0 A0 R U BUR A U
— MO SRy AT BE 7 vk RO IE & T Be . WG R 1 VLA B 00 B s TR B A R T AR v TR ARCR L TR 160 C Y
WERER B m F 120 °C Y B RE R0, 120 °C B U VR AL B A0 L TR AL 2 5 B0 H AR R A AR R A R
HUANG S5 3R FI = 2 e / WO BE N 300 0 32 S8 37 1 A0 T8E A= 00 S 3l 14 A PO BB AR AR AR 4R IR O 125 . BF R R
= R R A T INE e  IR AR O MO B R B SO HERR S 3 ¢ TURB D 1E i 2
I A v A T i BREOER B K 12 D 80 0 IR AROHE A A rh SRR, I B IBUR AR X T B IR B 92.5 %,

it 0 A R, 2 R A O A Y A L R ) 21 43 S O M b VS I T 2 R T L TR R LSRR L B TR KA A
B2, MAFFEI 50U B 58 1 £F 24k 2 B A H 58 ARG X R ek BE 5 M Rr e R 2 o . 45 SR 3R WA, 9T D A0 G 1 408 Tk
DRG0 40 M R O L3 2 i () B 7] E 8 4% 42 2 o i IR 10 B2 BB, e g SR BB g 40. 8 0 fR i B 7300 LA I
WU ZECTD 55 T XoF o 40 i S A7 $A B Ah B CpH (B R 10.5, 110 °C .4 b 25, T8 & 8 F 27 4 K i Rl R
FIEE AR, SRR Z AR AR B TR — 1, 78 Bt A R T IR IR R ik 9000,
ZHANG Z5US 5 T LLAF 2 R Ml AR SRR I SR M8 16 0o 7= Yo s A 0 1 7 B 1% b R, SR R o 7 1T 9 £ 4 7 i vk
FE R pH B A S T4 4F. MR FTIR 43 B85 R R U, 55 b BRI 1 40 M0 BE 1) S5 48] , 41 4k R LA Ko
FHERTH a W5 EBBIR . DEMUEZ %1 42 1 7 68 A W16 0 B8 08 40 e il e i B U vk 23R T4
H 1 oz A v AR AN B R A B Y BE R T B AR T IR 9 T
2.5 HWikmE

CHENG U [ Paramecium bursariachlorellavirus (35 B H /N ER 50055 35 ) 40 3 /)N BR 4 95 40 At o =ik
BE [ B 5 0 Ve A Tl o 5 0 L VN P D R RORLK A, TR T OB R % . S5 SRR W IR B AR B IR R IHAETE R »
THCRE RIORAR 4

KAVITHA % BESE T 304 ) & B TR TR E S 40 0 A= 7 e (9 5 A . 45 SR SR T, BB 1 2 I AR 1 7 D2
i LA B 7 44 28 M 1) T AR T SO SR SR B T A L OB Bk 51 1 100 mg/ L, MR RE SRIAH 26 26 5 1M H BE S i
R R JGE 3 8 1) AT R DA % L 43 A A SR I 1 TR R BRE R Ay B Dy 2300 RN 1800 . FEIREUK BRI PR L RS
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G WA TE T VE R B L) e T 4 2B R TR R AR R4 R R BR DT R IA B 1 000 pg/mL,

PRAVEENKUMAR 4559 i 5 & B, ) F W A 21 BR324 B R0 005 0, 0 35 92 30 d R R R B %
PV AELLIREEA S F R AR E T A @M IR 838 A F i &0k 12~18 h, i E R # IRk 3l %
KRAE . 77 A AT AL K A B0 4 S5 PR S50 RO 200 B BE , T T IR 35 SR I I . BE 3 B IR AR B
SR 19.5 pg/cell, a3k 2 iy He 2 B UL RE 25 ALY R AR BOE R g 82001 . KIM 2817 2538 1 41 Jfd
RE QA AR IO B A F S R I, TR AN I8 1 (Rl 24 40 L M 10k 5 AR B L AR 5 3R 4R B & Rl Ak VB AL
FULRAEY T

ACRURAAABE T W ST T 5 b ¥ o T (O 8 T 410 111 988 288 A K L% A 98 285 i A 35 AT MO ) — S 400 T 9 L
FR SRR ARG A YRR RS A B B4 AR 4%, X R B S A ) 2 A A B A D XoF 40U AN B A
EANM PR SR IBCSCR BN . & B 5 PRI BET AY_E ISR DR A i 2 B LA Y BRI AACR , b Kordlia sp. (O
PETE ) B 40 W s R SR A AR B IR R B I U . DEMUEZ V9 L 161 A= W sE i BE IR AN R B T 45
. CHEN 4§71k 1 42 i 18 v 19 42 00806, #2140 1 () B R I B8 A0 B BE 1) AL 3B 5 9k . TSR 3R
B, /NBR R 5 0 A TR R O R AN Y RE T R AR R L fE SEM HLBE T W £ 4 i A 7 % S 100 X6, T IS R
WKy 21.5% .

LENNEMAN Z:7603% Neochlorisoleoabundans UTEX 1185 Dunaliellatertiolecta CCAP19/6b (3838 1
—f) 5 Pseudomonas pseudoalcaligenes AD6, Aeromonas hydrophila AD9 (R B4 Y HL1%3E, = 8 8
FEHRIRIEFRILRIG - PR WCRIE B 50% . WANG 25U RS 1 — i 40 BT By 4 358 40 e 24 ik B e AR 4R U0 726
fdi ;i Nannochloropsisoculata UTEX 2164 (&t# UTEX 2164), Dunaliellasalina UTEX LB200 (# [K h ¥
UTEX LB200) #1 Sagittulastellata ATCC 700073 (& %3k W ATCC700073) 335 6 d, BE#E % Ky 50% ~
60% , HAE W RIS T 1.39~1.85 £, MUNOZ L7 3 51| 2 ph 3% 32 Botryococcusbraunii UTEX 572,
Nannochloropsisgaditana CCMP 527 (i [C %5 % 3R B 3 L 3K % CCMP 527), Aeromonas salmonicida
MC25, (F S BB E MC25 ) Aeromonas bivalviumMA 2 (W52 S B E MA2) , Raoultellaornithinolytica
MC3 (5 WH 5 /K MC3) ,Raoultellaornithinolytica MAS (fft & SRR 2 /R MAS) , 75 {5 8 5% 52 1)
Fa e AR B B 7 2~3 d, Kl 40 M 4R AT 2R 500 ~6000, NG Bk H Be =B 4 17 158.7 %,

A ) R BE S R R T AR A B sl A A A AR I R b R A Y — R S G e T K R AT B
T B Tk LA 20 B Y BT A SRR IR N L RE B R ORI, B R R IR R R Y TR AR B R

3 RESERE

ST Uy A A P TR A0 I RE S A B S A X DL R 1 R I (AR AER R R UKL T D
TR A5 V0L b WEREXE SR W OB P A B — R A R R . I R BE T SR AE SR AT AT M A 4
DEPE EA7 e A BE T R MU A 7= I R R A — e B

Bk SHME — B e T 2 — R L BT AT 7 A E R BR 2R . SR A"k, T TR 3 THT 356 118 59
S5 PEATTAL B, TR v e 44 JROPL B A B R AT ML I R T LA S 2R S 0 4 i P A R ) A

SR B AR A YR, TR UL AR 5 R R L B G A2 T4 Gl A2 I 4 il i
i B 4 5T M 7 5 WA o LA R SO DT 1 BE AR L AR SR T DA B 9006 A b, JR H AR H /D 4y
FLEYE VYR LE AR T R I BERSR 2 A R R AN D IR AN R AR B DU, B AL L X BAEURR
B T MR R R A MR TE Y . SRONPLBGE BERE R, & 5 IR AL & 4% 20 R 48 » DUARIERHEUAN 25 I AL
PRABE T BORLRE IR T T BEIR H AR B R AR 3 . TT ELBILARUR BE 3 AR v, 23 SR IR, 38 ) A 7™
Y E AL AT REAE R L BE TR 5 P IS X I Il JRGR AR 3 H AR

AL R B R R R . B AR AR A AR AR AT — R A W AR A KR SRR A T X — e R
AT — o 38 X T LA 97 2 1) 45 R X 7 94 3% T R O T W) N SRR 2 1 SR B A R BE B 5 DR L A ) 1 R BE X T 4
REBEIBATARTATE . [ AP0k BA 25 PR IER LR 3 e L p T (B3 v 7 0 R 2 T PR ) e L (G
HA LT AT MOGREUR 8 SR A S is Ve o, AR Wk R R i A9 e . i T Z M EAHE
AF 0 % e S T b AT AR 4 AS () ol o ) e R P R ) R TS A g AT A B 5 BN R AE R 5 BRI AT
AT BN 53 B A YL B RE T2 MBS IR K T Tl A= 7= b, HAHA R A Wy i il B
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BB 45 20 it P22 T Rt ol 2 A o A 22 DU B BE

AT B8 AR € 7% ol TE Ak P DA S 36 2 1 g ol A DR R 2 7 4 I B » BB AL B8 3% 3% AR 8 AN W Hh B T

55 M T A T LA A B B AR AT R R AR M FR Y . U S AT N SR A K ) B BRI R A R R ROR
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