FRmi%: 10384 A =N B

= B, 20620131151515 uDC

B R}
B+ % i #® X
8K 57 B KW E Desmodesmus
brasiliensis BIHF3E

Research in the recovery of Desmodesmus brasiliensis by

i—

foam fractionation

KRR =
HIHIFEL: AR R & HK K
Sk iEFEIF: H A %
+ 0 5 AR K F I #
WwXRIXAH: 2016 ¥ 5 A
wXE#HRH: 2016 ¥ 5 A
FEKTFEH: 2016 S A

EREREERE:
i 121 A
2016 % H



BiIREZMIL X FE SRR

AN EZ WAL SCEA NIE I TR, JUL5E IR 7T R -
ARNER GRS AR NG O 2 R R WA TR, BIFESC
DL =07 U AR I, JRARFSVR RO A (R T TR0 FTAE 22 ARE

AL GRATODs

FHb, ZEAALR N ( ) PR (2D
W FURR, RT3 ( ) W (D A PRESE = )
B, fE ( ) S ESE . GEE EHE5 NIHER
Rl PR A 9 DTN B BR BEBK, RAT LIS W Y 2R Y, Al DAAMERY
A )

FIAN (ZE4):
¥ H H






BiIXFFAI I EEUE R FRA

ANFREEITRZERSE (e N RICANE A A7 26018 47 5t 7
%) S RUE DR AE FH AR S, I 1A 2 BT B R R HLIE
AR S CRLARAR RN T RO, SEVFEA AL SCRE AN TR 2
FoUE BRI AT 5P A NFRE TR A A8 ST
St e LA N 10 o= VA TS S 0 N VA €/ ) S ik ke P e o AT =l
PR I G i, SR SEEN . e Bl i H ey sU A B R ) 22 Ao
Wi

AR E T

( ) LaF TR AR E R
¥ TR HEE, i EE R

( ) 2 AR, M BRI

CETELL EARFE S NET “ v 7 BUE BAHN AR . RE AT
MR DA H TR RS R R e AR, REE TR
DR 2 1 B AL SCEN AT AR S LA AN S 1Y,

RN AT AR, Bd ] IR IRAL D

12 BB ZE R AR O,

pii

B

FHAN (3542):
£ H H






H

H R
B et |
ADSTFACT ... .o Il
B—E BRI 1
TLRREERBRIR . .......ooooieeee e 1
111 FETERTZH IR BT oo 1
1.1.2 553707 0B SRR T EE I oo 3
1.1.3 FIE N E IR FIT TR oo 5
1.1.4 M35 Z AN B AR A BITEF oot 7
115 P B A E A IR oo 8
1.2 FEEEHIRIBITESE ..ot 10
1.2.1 RIFDTIETE oottt 10
1.2.2 BEM 3 B oo 12
1.2.3 FETEVE oot 12
1.2.8 VTR IIBEIE oo 13
L3 ATARBIBER . B SRHZE s 16
I e N ) = 0 OO 16
1.3.2 B TEPIZR coveieeeeee ettt 16
BB L Sl BT e 18
AN ML g SRR 18
2.1.1 FIGARFG SEIEALRZ oo 18
212 TEFH oo 21
2.2 BEIETTIE oo 21
R 1 =0 OO 21
2.2.2 IR B L L T AETFE oo 21
R 15 - OO 22

R e L SRRSO 23



H

2.2.5 1L AW S HERETR (oo 23
IR X 310 b - O TN 25
2.3.1 IR FEIBE SR FE M IE covoevrveeeeee e 25
2.3.2 T AKPESZIFITUIE oo 25
2.3.3 HEIEBR LI TE covovvvevece e 25
2.3.4 FEVRAEDN B IIIUIE oo 26
2.3.5 FEARIH ZE B A B IE (oo 26
2.3.6 BT PR E R B ITIMIE oo 27
2.3.7 BRI BT IE oo 28
2.3.8 TEARTR KA AN G BEHITIE oot 29
T KRS B ERYHE Desmodesmus brasiliensis BIZRHE 7
BEFUIREE ..ot 31
B Bl s 31
R M g SRR 31
B3 GEREITIL oo 32
3.3.1 JUMM R TP A S AR LM TE S oo 32
3.3.2 )\ M I A VLA 23 BRSO ARG5S, 33
3.3.3 HAKME LB TE ZE B oo 36
3.3.4 YR 7 B R WSOMHBE O R TV PR AR e, 37
BATREEINGS ......ooooeeeee e 39
SBUNE RUYHEE Desmodesmus brasiliensis I ZE/ZR.....ccoco...... 40
AL B B et 40
B2 SEIEPIZE oottt 40
B3EERSITIR ..o 41
4.3.1 CAPB 7 #% H U B X R UM% Desmodesmus brasiliensis 52041
4.3.2 KX F W EE Desmodesmus brasiliensis FIFEI ...o.ovvvvvvveeeeeeeeees 42
4.3.3 JEIAKAR T WM Desmodesmus brasiliensis FIEZI ........c.ovvvevenees 43

4.3.4 B FE SRS Desmodesmus brasiliensis FIEZM oo, 45



H

4.3.5 43 B [a) 6t SISO Desmodesmus brasiliensis FI5ZM oo, 46
V) TS M eSS RRRSRSRSN 47
B, L B T Y oottt ettt ettt ettt ettt 47
A.4.2 T R T A SZIR oo oo e et e e e e e e et et e s et e s eseserererenans 48
A A3 TBGAETESZIR oottt ettt e ettt et et et et et et et et et et et e et ee et aranes 55
B ZREE NG ...ttt ettt 55
BHE RS EERKHEE Desmodesmus brasiliensis %3#ie
HEEESEBRIEM. ...t 57
S =1 =SSOSR 57
B BRI R I E B oo, 58
B AP MR EEAI S E e, 59
DA R R RIIE B oo e 61
5. R K B T S B oo 62
NI =7 AV S TSRS 62
e = - - L 63
T3 S OSSP 63
8.2 BB G I o oo oo 64
2 v WSS 65
=l 7172 ST 77



CONTENTS

CONTENTS

ChiNESE @DSTFACT ..o I
ADSEFACT ... 1
Chapter 1 INtrodUCION ..........ccooviiiiiiiiiee e 1
1.1 Introduction t0 MICKOAlgaE.........ciiiiiiiiieece e 1
1.1.1 The composition and application of microalgae .........cccccccocvvveveiieiiinnnn, 1
1.1.2 Effect of cultivation modes and conditions on microalgae.............cc.c.c...... 3
1.1.3 Photobiochemical principle and proCess.........cooevvivivieininiesiienesine s, 5
1.1.4 The application of lutein and function in microalgae ............cc.ccocvvvvriinnnn. 7
1.1.5 Lutein biosynthetic pathway of microalgae ..........cccccccvevviieiieie e, 8

1.2 Methods of collecting mIiCroalgae .............cccooereiiiininiiieiese e, 10
1.2.1 FIOCCUIALION ... 10
1.2.2 CentrifUQAtION .....ccooiuiiei it 12
1.2, 3 FHIIALION ..ot 12
1.2.4 FOam TraCtioNation .........ccocuiiiiiieieiese e 13

1.3 Purpose, significance and content of this study............cccccevivieiiciciienenn, 16
1.3.1 Purpose and significance of this StUdY ..........ccccvviiiiininiieeee, 16
1.3.2 Contents Of the StUAY......cc.oiiiii e 16
Chapter 2 Experimental SECtiON .........cccooeiiiiiiiininieieeeece e, 18
2.1 Experimental materials ..o 18
2.1.1 Chemicals and eqUIPMENL. .........cccoiieiiiieieee e 18
2.1.2 MIICIOalgae SIrAINS ......cc.ovvertiiiiiiiiiieiieie et 21

2.2 Experimental methods..........cocvoiieiiiiii e 21
2.2.1 EVAIUALION INOEX ..ottt 21
2.2.2 Experimental apparatus and its operational process ...........ccccovveevvverveanne. 21
2.2.3 CUITUIE MEATUM......oiiiiiii it 22
2.2.4 Plate cultivation and strain preservation ............cccoceevveviiesieesiie e sie e 23

2.2.5 1L Batch cultivation in 1 L photobioreactor ...........ccccooeveveneneniniieiiennn. 23



CONTENTS

2.3 Analytical MEthOGS. ........coviiieiee e 25
2.3.1 Calculation of critical micelle concentration ...........cccocevcvveiiniesiniinniennn, 25
2.3.2 Calculation of hydrophobiC...........cccooiiiiiiiie e 25
2.3.3 Measurement of light INtENSItY ........cccoovviviiiiie e, 25
2.3.4 Determination of microalgal cell concentration............ccccoecvvveiieieiiinnnen, 26
2.3.5Determination of chlorophyll content...........cccooieiiiie i, 26
2.3.6 Determination of carotenoid and lutein content...............ccocoovneiiiiiinine. 27
2.3.7 Determination of protein CONteNt ..........c.cccvevviieiieeie et 28
2.3.8 Determination of carbohydrate CONtent............ccovviiiiiiniiiisiieee, 29

Chapter 3 Selection of surfactants in recovery Desmodesmus

brasiliensis of foam fractionation technology................. 31

L INEFOTUCTION ... 31
3.2 The contents of eXPerimeNt ..., 31
3.3 ReSUItS and diSCUSSION .....c.oiuiiiiiiiiriiieeieiesiesiees et 32
3.3.1 The results of CMC 0Of SUMfACTANTS .........cooiiiiiiiiiciee e 32

3.3.2 Results of surfactants collecting Desmodesmus brasiliensis in foam
FrACLIONALION ...t anee e 33
3.3.3 Results of hydrophobic experimental ..............c.ccoeoiiieiiciecccececee, 36

3.3.4 The choice of surfactants of harvesting Desmodesmus brasiliensis in

foam fractioNation ..........ccveieiiieie s 37

B4 SUIMIMBIY .ttt b et bbbt n b ne e 39
Chapter 4 The research of collecting Desmodesmus brasiliensis......40
A1 INTFOAUCTION ...ttt 40
4.2 The contents of eXPErimENT ........ccooiiiiiiie s 40
4.3 ReSUItS and diSCUSSION ........ccveiiiiiiiiiieiiieee e 41
4.3.1 Effect of CAPB dosage to collecting Desmodesmus brasiliensis............. 41
4.3.2 Gas flow effect to collecting Desmodesmus brasiliensis .............c......... 42
4.3.3 Effect of the feed volume to collecting Desmodesmus brasiliensis.......... 43

4.3.4 Effect of the feed concentration to collecting Desmodesmus brasiliensis 45



CONTENTS

4.3.5 Effect of batch time to collecting Desmodesmus brasiliensis................... 46
4.4 BOX—BeNNKEN dESIgN ....c.vvoiiiiiiiece st 47
4.4.1The teSt MO .......coviiiiii e 47
4.4.2 Optimal experiments of Box—Behnken design ...........ccccoovevviveiciecnenne, 48
4.4.3 The verification eXPerimMeNtS..........ccooerieiiririnisieieee e 55
A4 SUIMIMBEY .ottt st bb et e s nbb e e e bb e e ssbb e e anbeeesnane s nnae s 55

Chapter 5 The effect of lutein content of foam fractionation to

havesting Desmodesmus brasiliensis................c..cccovvene. 57

T8 A 1 011 0o 11 Tod £ o o I TP PPSPRSR 57
5.2 Chlorophyll content of Desmodesmus brasiliensis..........ccccoocveveieeieiiennen, 58
5.3 Carotenoid and lutein content of Desmodesmus brasiliensis..............c....... 59
5.4 Protein content of Desmodesmus brasiliensis..........cccvveeeveereiieseese e, 61
5.5 Carbohydrate content of Desmodesmus brasiliensis ...........ccccooceveveiviinnnnn, 62
5.6 SUMIMAIY ..ottt e e b e et e s et e e e e b e e e nnbe e e anneas 62
Chapter 6 Conclusions and recommendations..............ccccceevveenenn, 63
6.1 CONCIUSIONS ...ttt ettt e sre e eneesreeneeaneenreas 63
6.2 Prospects and SUQQESTIONS .........coeieeiiiiieiie ettt 64
RETEIENCES ..ottt re s 65
PUBHCALIONS ...t 77

ACKNOWIEAGEMENTS ...t 78



S

=

BTGB RN B 5K BAES IR P PR IR, 43R
AT P TS FE R FAS o BN P L B AR 1Y) 20%-30%, il Tl )87 FH v i 22
FIERT R B —FPRERS ML, (RBEHE M BRI I 2. IR 7 6
A, LV R 7 B BT, X B R R 53R4T 2 85 1) — s o L J A
e IR PR 3 B R o AR SRR 70 B R AR Al WAL 4R s o O B 3R AT 1 AL
HR B T RME AR . B pH . A FORAET . SRR A B
[F1) 88 D] 3R 508 70 B RACR R 5

B, BB\ MR I R R AE 5 VR 2 B EE VR Desmodesmus
brasiliensis A pH B AR AR K ERREE R 1K 7> B8R . 320851l
71 (Cocamidopropyl betaine, CAPB) {E R HE MR /258K pH=3 Kl
# (R(%)=93.63+1.75) Al 5L Gt R 51 CTAB JIAK 5 B8 B 1 HCR AR SE
Hlk4i SR w4t (E=23.1240.028) it KT CTAB. [, sAEFEIAE NI
TR A B2 RS 5E Desmodesmus brasiliensis (1% 11 i 1471 .

FoR, BT RTR . SRR IR BN 4 B T [ 45 B 30T RL IR 43 B AR
RIS . A3 2R 25 KB Desmodesmus brasiliensis fif 561 09: B
pH 1H%5T 3. CAPB {EFER T HIMRZ N 0.035 g/L. 3K B H% Desmodesmus
brasiliensis %% & 2% & v 200 mL. <3E A 1000 mL/min. &R N 1.35 g/L 1
Jr I Ty 15 min. PR B A A T IR 70 B R OoE B WCSE # R(%),
SRR 7> B M Desmodesmus brasiliensis % & 3 & v 207 mL. <34 1068
mbL/min. B REZ N 1.34 g/L NN eIt FREEAT SER SR 1S BIRIYLER R Oy 94.3%,
TCAN FH e 2 THVE AT 2 B B IR & R(%)=94.4% —F.

B » R 43 B R A2 Desmodesmus brasiliensis A1 45 25 0043 551
KI5 Desmodesmus brasiliensis #E47RLr 74T, X FH4RE co MRS
B 5 RIS BT R % Desmodesmus brasiliensis (135 &2 & T 55
g B RN M Desmodesmus brasiliensis, 11 HoAth ey FEAAH A . | TSk
IR E & EE MR, BUEEE, BT DR AR SR8 (K 73 B R R SO



S

Desmodesmus brasiliensis, 3R AR 31 i35 2% .

SR M ML VRO E B dE



Abstract

Abstract

Due to tiny in morphology, algal cell density similar to density of water and
low concentration in microalgae culture, harvesting microalgae consumed the
whole microalgae industry chain of 20% to 30%. The important step is to find a
method of a large, low energy and efficiently economic to collection microalgae in
the whole process of industrial application. With bubbles as separation medium,
foam fractionation is conceived to be a simple, gentle and effective choice of
microalgae harvesting technology. In this paper, the foam fractionation technology
was studied in the field of microalgae collection. The efiects of the type of
surfactants, initial pH, gas flow rate, feed volume, feed concentration and feed
batch time on foam fractionation performances will be investigated.

In first part, this paper analyzed eight kinds of surfactants on the effect of
foam fractionation with Desmodesmus brasiliensis culture’s best pH and best
hydrophobicity concentration. The conclusion shows that Cocamidopropyl betaine
(CAPB) as surfactant can reach recovery percentage of R(%)=93.63+1.75 with
pH=3, which has an equal effect of traditional surfactant CTAB. Further more, its
enrichment ratio E=23.1240.028 is much higher than CTAB. Ultimately
Cocamidopropy! betaine (CAPB) was chosen to be the surfactant to collecting the
Desmodesmus brasiliensis on foam fractionation.

In second part, this paper investigated the effect of gas flow rate, feed volume,
feed concentration and feed batch time on foam fractionation respectively. It
shows that collecting Desmodesmus brasiliensis with foam fractionation method
can get best effect under this condition: pH=3, CAPB 0.035 g/L, feed volume 200
mL, gas flow rate 1000mL/min, feed concentration 1.35 g/L and batch time 15
min. And then Desmodesmus brasiliensis’ recovery percentage R(%) is optimized
by Box—Behnken design, the result shows optimal solution is as follow: feed

volume 206 mL, gas flow rate 1068 mL/min, feed concentration 1.34 g/mL, and



Abstract

experiments get the result of R(%)= 94.3%, which is in accordance with
Box—Behnken design’s optimal result of R(%)=94.4%.

In last part, this paper analyzed ingredient of desmodesmus brasiliensis
collected with traditional centrifugation and foam fractionation method. The
content of chlorophyll C and lutein in Desmodesmus brasiliensis collected with
foam fractionation method is higher than that with traditional centrifugation
method, and the other ingredients are basically the same. Due to the large amount
lutein in Desmodesmus brasiliensis, it can use foam fractionation technology to
get lutein of Desmodesmus brasiliensis.

Key words: Lutein; Microalgae; Foam fractionation; Enrichment; Recovery

percentage
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