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FE: [ %] BA N4 K EF (Cobetia marina) =T = 4 K& B4 K E W I =4, TAA
—AI A W A Y EEF . HIEAME (Desmodesmus sp. F51)2 —F AF 4R et HE 4T
B, WOAAR—FI LR E R, 2R Z AR RA G E & ZHIBAME A XFRIL
S ARIRE, [B ] AZEAMEA T R, AREHE AN ZERANGERBCE, FxEEEt
MR FATMFTRT. [FE] WEERR A RKNEMER R AN ERR . Feg. X
BETI) . pH AT EBRAE T, S AW ERAGAEAR, FULERRE pH £H TR
ek MR A 5 im AR A Zeta AT TAL, ARMERE T ST IR AW E 5
MG E NERVESBMEA K ZFETH, pH 8.0 Fn 2 mL A EH|, K%t 15 min
LRBORRAE, 34 82.1%. W Zet s B SR T T S 4R A B LA G AEBOMOE, b s )
AN L HR GG RESY, SH VEREMK. R Bradford HnE KA ¥ &G4
44 0.4%(R 2 k), BT RE-FREZN T EAE R T 54 34.5%(n =k), 5 FTIR %
AT R RARE . A EF A pH 4.0~11.0 13 60%vA a9 R, AR B ABRMK
AN LN TR ARG, %A Zeta WAZEATRI, FEN ALK F A B
EBRNILF & T FIATH TR RAFER . (48] ZAREAMEREA EZ
093 e LR B OL,
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with a novel bioflocculant

ZENG Si-Yu! PAN Xue-Shan? SHEN Liang? LING Xue-Ping?
LU Ying-Hua™

1 Huizhou Health Sciences Polytechnic, Huizhou, Guangdong 516000, China

2 College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005, China
Abstract: [Background] Cobetia marina can produce many extracellular products
with flocculation activity and therefore is regarded as a novel bioflocculant.
Desmodesmus sp. F51 is one of the best new resources for natural xanthophyll due to
its ability to accumulate large amounts of lutein. However, up to date there is no
report on the use of bioflocculant from Coberia marina for Desmodesmus sp. F51
harvesting. [Objective] The flocculation efficiency and mechanism of the new
biological flocculant on Desmodesmus sp. F51 were investigated. [Methods] Effects
of bioflocculant addition in different growth periods, the addition amount of
bioflocculant, flocculation time and pH on flocculation efficiency were investigated.
The functional groups of bioflocculant were analyzed. Zeta potential of Desmodesmus
sp. F51 before and after the addition of bioflocculant under different pH conditions
were measured, and the morphology of Desmodesmus sp. F51 under the microscope
before and after the addition of bioflocculant were also analyzed. [Results] The
highest flocculating efficiency (82.1%, 15 min, pH 8.0) was achieved when 2 mL of
bioflocculant was added at the stationary growth phase of Desmodesmus sp. F51.
Fourier transform infrared spectrum analysis showed the characteristic structure of
polysaccharides and amide. Thus, it was speculated that the bioflocculant was mainly
a mixture of heteropolysaccharides, containing a small amount of proteins. According
to Bradford method, the protein content in the bioflocculant was about 0.4% (W/W)
and the total sugar content determined by phenol-sulfuric acid method was about
34.5% (W/W), which was basically consistent with the results of Fourier transform
infrared spectrum analysis. The flocculating efficiency is above 60% when the pH
value ranges from 4 to 11, which indicates that the flocculation efficiency is higher
under both acidic and alkaline conditions. The analysis of Zeta potential indicates that
the dominant flocculation mechanism of the bioflocculant may be adsorption bridging.
[Conclusion] This study is of great significance for microalgae harvesting by
bioflocculation.

Keywords: Cobetia marina, Bioflocculation, Desmodesmus sp. F51
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H, BAEEEE. Nk, AUEFE—MEe RSN R 12, MaEFRaE R
YA, FETEIE 4 (10 AL FH S OR R FLE ) A AE TS

AR, R BB I E VITE RS IS FR B P G 9%, Rt i B
LRSI . RV BEFIEN— PRI, BT H g arERmE SRR, AN
Je— PR AR IR AL BR AN SR A s SR 46, AW Sk R B A vl AR e HLE — kS
P s, 2R TRZH RGN ZREN, ST LB, BUATRIRE, 2N R
P AT i L R 50 40 2 T P i 368 ek A e B B8 D 30 1 P 5 RS L it e Ak
& E FEH A fr it — i B,

i A (Desmodesmus sp. F51)J& —Fl B A & 3 3 B AN A & 7 2RI e, B
WA — BB D4 3 ZORVERO, gl DURR EC I (C. marina) & —Fl I igifg 7K b 2 B A3 21
2% BRI , e — Rl KB, TP A K E 4 A= 0, ARk Lei ZE02% 31
HAAGAEYEEGETE, RIS R LY 20 mo/L R IR T 74 A 2557 5 5 mmol/L
CaClp JLAEHI A ROl /Nak i, ZUECRIAE] 92.7%, ATAA— R B A LB, T
Bz A ZRERITE B 58 1Y) pH BRI B2 VG BN PR $ERR e, AR TR S Al 24 TR . R 2%
AR B e AR 1 R WA GRS, R AHIE TR C. marina BT AR R 8L A= 4
LB E e m TR, FEARAT ISR .

1 MBSk

1.1 RIERH

111 ZEEE#h

AL DURE IR T (C. marina MCCC 1113), B [ 53 &) 28 =g At 7 ot o [ o P AR )
Tl Y PR B O BRI

[#] A Bt A s 75 2 (g/L)  JB R (1 810.0, B% £1#5.0, NaCl 30.0, Biifi20.0. Fil 755 77 85 (g/L):
JEEE F110.0, B%REKY5.0, NaCl 30.0. KEZE:FRIHL(Q/L): Hi%iFE10.0, JREEEIRS.0, BERE
1.0, WT80% (FRFALL) N TiE/AKAI20% (MRARLL) 288k, N TR (g/L): NaCl
24.0, MgCl, 6H,0 11.0, Na,SOs 4.0, CaCl, 6H,0 2.0, KCI 0.7, KBr 0.1, H3BO; 0.003,
Na,SiOs 9H,0 0.005, SrCl, 6H,0 0.004, NaF 0.003, NH4NO30.002.

MIE R ER B 7R 0k ERRH B VR He bl T Fp 7 o597 5, 28 °C. 150 r/min#%7236 h. Kiff
T HEB IR E10% (R L) e R EE R 7755, 28 °C. 150 r/mink% 3732 h.
1.1.2  Efh

A Desmodesmus sp. F51USIEE HH [F] 78 il Th K2k A8 B s it FhrPREsRit N
Modified Bold Basal 3N} 77311, sua6 5% 9% 3 yModified Bristold 37 3£1%1, 1% 3775 502 [ Xie
s8] MSPAR bR ~23E 4k, $ERpT250 mLBEEE i, 35 CH;FE, 300 r/minfid Jidite,
2.5% CO-Z IR G, IHAE0.05 L/min, YRR 60 umol/(m? s), 15374 0Dess N3.5(F N
Fhfo BRP RPN TL LRI, R E9%, 400 r/minfd 1%idE, @A E&0.2 Limin, G
FEE600 umol/(m? s), HiA AR L.
113 FERFIFLEE

BE IR RS B SR B ) £ A SRR A 5 [ = 43 M AR 7 T B 254 A K
HIRAF . TR pH 1F, Sarotius 2] [HIE M1 HEEERS, R T T AL
BHRTUEAF; AETENL, RRZIEHARAR: Zeta AL TI/RICAF;
FTIR 43661, Thermo A+,

12 RETE



1.2.1 AW ZERI T &

AR BRI £ 7152 WOCER[14]. BARPRA: KEERT 4 <T. 9 000 r/min &0 15
min, YWEE EIER. I 3 AT /K B4 CHiR), BRI, REBREWET 4 C
%, 9000 r/min 20> 15 min UYCEETTHE, I 10%+ 75 keFEmtne (CPC) £k, ¥ T 253 1K,
FrEHUN S, 9 000 r/min &0 15 min WERTTIE, H 75% LBEGEDUE 3 Ik, WK TG
RIAS A BB AL AR LB IO TC 281K T, BL B i &N 10 g/L, AT
Ja R .

1.2.2  ZEF B A I

100 mL 75 ik 75 R P 4 B 25 B PR A 42 23(60 r/min). R 1 mol/L HCI % 1 mol/L NaOH
W pH B 2> 318 4.0, 5.0, 6.0, 7.0. 8.0, 9.0. 10.0. 11.0 #112.0. ¥ 2.0 mL 20 mg/L
AW BB BN pH IR T . F Zeta BRATASCIN 52 SR« 78 025 4 2 6 551) () S8R W AE
AN pH 2644 R i) Zeta B4

KH FTIR 706 0eFETh, KR B 0T AR Y R B0 5 A E (KBr) ¥y BB #%, [\ KBr
#it, 7E 4000~400 cm ™y A6 el A AT L AR e 2D AN (FTIR) GG &2, AR AR 4 2277
IRFIEAL 22 2L ]

I 2 4B W SR R S MRk . R 2R - B RV D £ i 1S
Bradford 25 & (5 & & KA B IS o- SR IR SRR 1 O NS I 55 A R
FmM, Benedict 15646 i AT,

2 GREM

2.1 ANEAEACH RIS MR ET X SRR R RS

N T W FE AR A AN [F) A A I BB RCR OSSR BU R SEadl: 1) TMihEeZE
KAFHEIR I A BB 2) THIRBER BRI NN AE W 2057 3) Tl A AR 2
WA N 2GR o B RGBS AP SR ) I AR RSO IR A, SR 2Rt
MEHE 2/3 1) FEX Ab BEZH A IR A (R B SR Wi b AT BORE s T 20 66 FETHIUE 685 nm ARWROE
JEAE LAVPAN 2 BERCR IS, A2 Sein ik 3 HAMFHE .

e i AR A Kl 2 B BB RCR AN 1 TR o MR RER R R 3 JONAE KA, AR
FET R EWAC, B ass 4 RAVBEA M HUE KW, 28 6 RITUGRE TR E M. BEAE mild bl et
PIEIIHR, BUTRERCREE Thm, MR S B DR RCR B AR E 1 (11.4%), X2
TAAEEKVIAEYERAC, SR, A5 RETRE; BEE B0 A K &2 155005 A
TR, RO R OK, AR IS B A RO R B N, S 5 IR E R . AR IR AN
AR K BRI I AEY 2B, REESEETIA 74.6%. IX 7T AE /2 T Fa U K i
B LR E M2 W E L RSN 20, ENTRE SR FRET NS RE TG, NI RER
SRUSIT R, R A AR A 2 AR S I AR ) 2R R R R R £
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Figure 1 Effect of bioflocculant addition time on flocculating efficiency of Desmodesmus sp. F51
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K AN TEAFR Y 2R 70 I TR 77 ZE A I b, SR BTN I 0 2 BRI 5
MU 2 JT7s o ARSI 26 AOMIER: E TR RO 14.2%, BEE SRBGTIANINER 38 I, 2kt
RERBEZ G K. Forr, IS0 2 mL AP ZEGRIN ZUE0CR 0N 77.2%, AN 3 mL 2Lkt 45
B KBBE, J978.2%. MY, MIANZREGG, SIFBH IR, K12
[EAE R E R TR 7, MTREVIRE. BB REGIR IR 4RS00 N 2 4 mL i, 2
BRCRA PR B, XA REDR D 2R B S M (R A 25 5 A0 R TR, FHAS 1 ket —2b
TR, FECERERCR TR AR ZREGIRE T, SREGHIAINEAT S B SRR 1%
SRR, AR RBUSRE T, AW R BT AN I v s R 2 R i 22 1
FHRCR . BTN 2 mL A1 3 mL AV ZEGT —E RRCR I EA K, GREHIEIRIEFER
I 2 mL AP EEGEAT JR Bk Ba it 7T .
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Figure 2  Effect of bioflocculant addition amount on bioflocculating efficiency of Desmodesmus sp. F51
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BNk, Bt ZLBE ) 3G 0, TR PR SR ETA BT, BB A ARSI N . T REZH
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Figure 3 Effect of time on flocculating efficiency of Desmodesmus sp. F51
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KR AN L R ) B RERIREAT 0T, S5 R 4 Fos. JBIETE 3417 em™?
Ab S5 7R SR B T A, X HREIR R RS B AR (—OH) R4 A1 N-H $Rzh5142, Wil 4
THAFEAE . 78 2924 cm b, LR BN AL C-H M4EHRE T, XSRS IRRIEIE
BRI HBLAE 1723 em ™t 4b, KIAAZLE C=0 Huhifhiikah. Bbsh, 7F 1643 cm™t 4b H B Hi
iy 22 i 2,1 22 3 (-NHCOCHR) R 3L (C=O) A AE R iR 5h . 7E 1539 om ™ AL Ml £ — >
SN FRBL G, B AR LR R AR AR SRR RS, Ak, 1000-1100 cm 2 f) fr MR i I
SENERATAEYIMRRE, XU A 2SRRI iR S ] . B gqE H BLAE 1061 cmt, iHA
figh 748 C-O-C fuffiRzh. MIELLELEE, FTIR FIEAM SR T 2R RESE ), 1 H
IR T B 5 R R RS o 3R IZHT R AR M R B L = R o R BE A A R 1
T, UEHEHRMEMRE, X5 Zhang S0 708 A — 5020, BREERAALE W] LIER 4
FHES TR 45 & 00 B, 2B i O R3E . BRI RN R34 25 B A [ ] R e i R SR T A 3
THT FL Ao 18T, T S B AR PV P o P R ) 2 1) 5 gt v TR W 1) 2 M L o
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Figure 4 Fourier transform-infrared spectrograms of the bioflocculant

gELRTIR, MY SRR R B R R IR AY), SAOREEA. 4% Bradford
I E BRI R R A BN 0.4% (FELl), 8 A -6 R E SR E 0 BN
34.5% (Jfi & LL), 5 FTIR 1540 b 45 R IEA AN o 117 HL Bt /K & 8 =Bk . 5 55 (4 < M Benedict
RIGMFZAEEEFT o-Z MR 7 REAER . &R HE A E M

25 pH X &R MR RS E R 2

K15 AN pH 25 T A=) 235670 e A ZLEE R 1 . H I 5 T RN, BRI B
H pH HIFH s, ZUERCRIZEIIE R, pH N 8.0 I 2R i 1 (82.1%), < J& pH #t— 5Tt &
I ZUEE R RGBT . XA R AUk 2B pH TS 200 T B, BRRR 2.
AR R, AW ZREFIE pH 4.0~11.0 Z [AIHLR¥F 60% LA I ZREEHE . R Em T
AT R B A BT N B, AT R T 2 B RS IR AR S 0N T 20 A P R B K
TFE, S5 T RBHRI T . AW SRR BRI SR A N R B IE BT B T, BRSO
B AT RS T, LR T T R AR R SR IR A B e 1 H R A SR AR, TR
A IE B A AN AR S o THOBE pH 11 5038 23 RN 2R BN SR At R P A R R . S TR
AW BEEIIIE BB pH (B AT RER I B 5 AR A R R RN AN« B HEN pH A8
2 S22 1 B R T FE A R, T R M 4 P 2R R R ] 2 T P 2R ROR B
71, I SEEERE /TR, pH 4.0~11.0 ARG INA= 9 S5 ) v 5 57 1000 B 2 20kt
B BRI
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Figure 5 Effect of pH on the floculating efficiency of Desmodesmus sp. F51
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BEAMEIE T ANF pH 6 0F T a A 25 5 mim MR Zeta HUALE AL, IF LIRS
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Figure 6 Flocculating efficiency and Zeta potential of Desmodesmus sp. F51 at different pHs

2.7 BRGERNRINE G RHEREEST L

Binu



IR VNN 2R 5 T J A AR A DL 70 MU 7A T U H MR A M A 2R T 2 2] A
THIRHA, BSINZEN G (K 7B)HERANNE i R AR

E7 FmMEHREFMAESB)REMENEHRBL

Figure 7 Microscopic photos of Desmodesmus sp. F51 before (A) and after (B) bioflocculation added

3 WEER

A 2RSS — MRS AR T Hom G E AR U7V, R DURE G (C. marina) 2 —FioHT
R RET A, Lei FMATFR T — MR EEGREAIMII #7715, R IR DURR KB =
A P AR 2R R T LR Ik VR A A AT /N R TR o 33 A ) R B A AT R AR R AT A
ARAF AL 7o v AT (Desmodesmus sp. F51) & —Flg X (R 8 kU5, AT 9T B 72T
R R RS 1 G TR e SR B e A B A P T Ui T2, 0 BN AT )
WO HT. ERRMATEIRZ AW S e, AR BFEE BRI gt m s (R AR
SR e & (R BB R . N4 4L ER B (Rhodococcus erythropolis) = Az i A= 4 48 e 571 1) it o
WA 20 mo/LP3 . ZURET IR B ST A P T S 52 R R B S e, FL VORI 2L ARG
HRIE ¥ Solibacillus silvestris WO1 T8 Fk Al 7= £35E575) F T 2 BEUCEE 4L ER 5 (Nannochloropsis
oceanica), IR BEIKE N 200 mg/L I Z KR L 76.3%P1. ¥ % 14T i (Bacillus
agaradhaerens) it 7= AL W) 2555 T T R BRICER IR /N Bk i, B T VR FE R 8 mg/L e 2344
2N 80.63%I12%), 1F fim A AR K B e BN IN 2 mL AEM BRI, £E 15 min N ABERUCR N
82.1%. fliE pH KIS 2 RoM ZUEERI T PR AN R B A TR APE o AR B BRIN S B
2Lkt pH B 1T B8 R B By 20 A S ZUEERT RIS [F) T AN R 40 Bacillus sp. PY—90 7= Az 1 2L 555
TERRVESE T 2 hE M =0, R, erythropolis 724 i UkEIE P 26 1 B A B e SR Bl
271, 5 1A KB (Klebsiella sp.) BT = R EEFIE pH A 4.0~8.0 B £35S M4 80%, FidH
pH 184 7.087, AHF 7T R B AE YD 205578 pH {E 4.0~11.0 2 [AIER R FF 60% LA b 1) 208 R0R,
YLEFIZOH B AR V) SR e 1 R B I pH e L, B RGN AT S 498, EERE S
PSSR NI AT, DA 9 SEEL A P 256 AR BROAS o 5 0 RS A 7= 85 0 (R I (1) 38
A SLIG BL Al
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