E NI o T % MR Vol.67 No.4
2016 £ 4 A CIESC Journal April 2016
LiEras

INKRERBERR TR E KRR RIERERE K

TE', e KR, S, HEL, TR BREY, AFsgl #HES
CHRERERE A HARRE ARRS, REPRENTEERERAARSNHE SLRE, PERER MR
BEFHT, T/ T 510640; 2 AEVIRASEIN RIS RGBT R0, RS ARM 450002; CHERRITIEFEL, IHEEMRES
BEE R E SR, VL5 MR 2233000

WE: 7FmiRBSKAH A H BRI E SR Tween80 T RMEH A EIRT 11.4%. RIEHBRRER IR
R KER, HBENE. AR 4 WEbn it fS DU A A AR VR A AT ) BRAR R (VR S R TR 4, IR A &
HEPERIEFRE, 4. T Tween80 Fl1 BG11 (Blue-Green 110 W%, HE/NREEANFEHFEFHRTFE
KRAEMTRRE . 4R BN Tween80 X /NREREK EAMMIER, A4 _HE SR/ RERAK, NIREE
70 BG1 A ST R AR RE, N 1.97 g+ L7, 7EEINI BGL B BEARM T A B B HER AN
BGI1 K12 &%, f£4H Tween80 fl BG11 HIEEERSAMH R B IEITRR & B &=, 238 6.90%, EFAREFERTE
HIREITER LA Cison Cisits Cigss Coon 1 Cooa NE; BEFEMEMMALTI B — S REMEE Y ERHEE.
XERA: TR AW Al REEF WS SERBAK
DOI: 10.11949/j.issn.0438-1157.20150977
hESES: TK6 NEFRERS: A XEHS: 0438—1157 (20160 04—1549—08
Cell growth and fatty acid production of heterotrophic microalgae Chlorella sp.
cultivated in enzymatic hydrolyzate of sugarcane bagasse
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Biomass-based Energy and Enzyme Technology, Huaiyin Normal University, Huai’ an 223300, Jiangsu, China)

Abstract: After adding Tween80 into the enzymatic hydrolysis process, the glycan conversion of sugarcane
bagasse (SCB) pretreated by liquid hot water (LHW) was improved 11.4%. The enzymatic hydrolyzates with and
without Tween80 were prepared as media to cultivate heterotrophic Chlorella sp.. According to the compositional
feature of enzymatic hydrolyzate, the synthetic media composed of glucose, xylose and cellobiose were prepared
to mimic the media containing enzymatic hydrolyzate. The medium which only contained glucose was used as the
positive control. The glucose concentration in all of the media was 10 g * L™, The synthetic media containing
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Tween80 or not were mixed with BG11 which did not contain carbonate, while the hydrolyzates media were
prepared with or without the foregoing BG11. The cell growth and fatty acids yield of heterotrophic Chlorella sp.
cultivated on the above media were investigated. The results showed that Tween80 could inhibit the cell growth of
Chlorella sp., and cellobiose could also put negative impact on the biomass of Chlorella sp.. Chlorella sp.
cultivated on medium containing glucose and BG11 attained the maximum biomass of 1.97 g L' The biomass of
Chlorella sp. growing on enzymatic hydrolyzate media with BG11 was 2 times more than that on enzymatic
hydrolyzate media without BG11. 6.90% of maximum fatty acid content was achieved when Chlorella sp. was
cultured in enzymatic hydrolyzate media containing Tween80 and BG11. The chief fatty acids produced in all

media were Cigo, Cig, Cis3, Coo.1 and Cyoq. The addition of inorganic and organic nutrients into cellulolytic

hydrolyzate can enhance the biomass and lipid content of microalgae.
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1.1 #§

HE® (sugarcane bagasse, SCB) & HEAK
GRS RE, B VR RS A RA AR
i, SRR AT 4 R 0.25~0.42 mm
BRI, KRS T 105CHTEREESE, TER
TR T TP &R . NEK#EE (Chlorellasp.) N
AL RS FAERBEE T EMRELYHEA
BHRAF], ™H—MEEBWE (Penicillium sp.), I8
4REEE (FPA) A 113.8U « (g #K)". BG11 #HHK
B T RN NaCOs 4t FR s 5 SCERISIHHIE . 1
LM PRERETEH 30 g BENE, 4 g BRI L
ml BG11, £ 115°CK# 30min %H.

1.2 ERESKTLE

EIEMAS/K (liquid hot water, LHW) TiiAb##
5B HER[14], HEE%&MHRH 190°C, 4 MPa, 500
remin”', [ 20 min. WALBERE T 60°CHTE,
WAFFE TR H, VENE S TR T — D EE RS
1.3 BE/kER

FREL 20 g TALEE fE R H RERLE T 500 ml =4
A, A 200 ml 0.05 mol « L' ZFREEM MK

(pH4.8), UL 30 FPU « (g AH41R) " MBS 4E
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8, BT 50°C, 150 r- min ' IRAT, IEHAK
fR 96 h g, K/KMBHRERZE 100 ml BLEH, T
40001 * min~' T &0 10 min, WEKME. F—41R
5 R MR, REMEKBIKRFLL 0.125
ml * (g FH5) " KB Tween80.
1.4 BFEFNKE

BUNEREBMRGHM, M THTFHERE, BT
25°C, 160 r+ min' BERIEH I FHEL, BUSLE
BEMEEMNTMHFEFEES, BT 25T, 160
remin BRIKIREEEFE 24 h 5, B 16 MTOKEIE
CFRE () 2 ml EP %, 7€ 12000 r *min~" 2648 F 50>
1 min WWEEEFR 0.15 ¢ GBE), FALHEFE 7Kk
B2 WE, FEAKM, WA 1 ml MRKEEFEE (R
1), RAEEAEIMMN RIS, BT 25°C, 160
r e min | RRIEHEEFR 120h, BMRBAMBEANE
5. EEFIEPER 24 hB S m EREETFD
FRER 7 ml EP &4, T 10000 r+ min~' B0 15
min, WEEKMHAEEAR. Bk TTHE < E FREESE 2
W, BT 50CHTREHRE, K% BP FHRER
R/ NEREERI Y E . BRI RS N TR E .
1.5 9HEZE

3% /1 2% Ghose B4 7EMY, B 1.0 cm X
6.0 cm ) Whatman 1 S-JE4CE T 25 ml 2|/ EiREH,
B 1.0 ml 0.05 mol « L™ ZERZE W (pH4.8) A
0.5 ml B, BT 50CHE 60 min FEUH, SLETHD
A 3.0 ml DNS %% (3,5- —THEKBHBIER), #K
# 5.0 min J5, SRIHUHE FAKF, JAA 20 ml
FETKENFET 540 nm FMEBRILE. FE
BC 1] 2R 51 R RO R BT RE PR YA W, BX 0.5 ml BrvEpE
5 1.0 ml 0.05 mol « L' ZERZEME (pH4.8) IR
L35, MM 3.0 ml DNS %W, %8 kAR 771
T 7€ W P T L WE VR P - G P B b v il 4% 5 Bl
T8 S YR B G P S A v R 2R X R, BURERE 2.0

mg « ml™ FRAERER S FOWROE S 3R BB SCRR[ 151 i
TitE, BEEAKERS.

H RV R A AL BB R 4 o B B R E AT
4 REJESILe 3 (NREL) BB K AR 77120,
FeFH T2%IRERBRAE 30°CHR G AKMYIE 1 h J5, K
MRMBRIRIE N 4%, BT 121C/KME 1 h, TEsR
BRI R IBARIRIE, RIBRREEMTERE,
REA TR A AR R IR R . BT 5 BRI
WEEE | 5-32 F FLMERE FH 5 GRAH E% (HPLC, Waters
€2695) 5E, FE A BT I YR ZH M2 (RI
2414), HEEE. 5-F% HRRRRER (AU A AR T 2%

(2998 PDA), 73#1HE4 Shodex SH1011, 4347444
N5 mmol « L™ BRERRAENFENAE, WK N 0.5
ml * min~, AR EAEESHERE N S0T, TrEM
R AR 4y ) B % CER[16-17].

ANERE A G G R AL AR K & 4L A B E R L AT
SE V18]I A B, HL 20 mg B4, A 2.5 ml
2% MER R HELAWE, 80°C RHEEMM 2.5 h, ¥
MEFEFIMAN 1 ml BAEAANEBA 1 ml IED
S, ¥EJE 20001 ¢ min” B0 3 min A=, WELLE
BEZEYN—EREBEES, X FEHEBA | mES
R E MR 2~3 W, WELERE, ERRTER
WH); BCH 0.3 mg + mi™ IEH-H kR RESEIRIE N
AR, B 1 ml AARERE TSR TFRIBEEES, 3K
B 1595 F B GC2010 AR Gkt AT E AT,
faill#s A FID. FHRFZRFA: 190°C f*%F 5 min, BL
10°C » min™' FHRZ 250°C, B{R¥F 7 min. il
N: DB-WAX, EFF 025 um, K 30m, H4E 0.25
um. LAIE+-LEeER B B FREE

2 KBR&ERHIT®R

21 ESRBAVKLIEH A AERE
RRFGEHLEEMAKLIE, K5

®1 TRIARAREFERA

Table 1 Media composition in different tests

Tests

Media

A 1 g glucose dissolved in 100 ml 1 ml « L™ BG11 solution

T O mmuyu o w

1 g glucose and 0.137 ml Tween80 dissolved in 100 ml 1 ml » L' BG11 solution
100 ml 1 ml » L™ BG11 solution containing 10 g * L™ glucose, 1.72 g « L' cellobiose and 1.41 g+ L™ xylose
100 ml 1 ml « L™ BG11 solution containing 10 g » L™ glucose, 1.72 g * L' cellobiose, 1.41 g * L7 xylose and 1.37 ml » L™ Tween 80
100 ml enzymatic hydrolyzate of LHW-treated SCB containing 10 g * L™ glucose
50 ml enzymatic hydrolyzate of LHW-treated SCB containing 20 g * L™' glucose mixed with 50 ml 2 ml » L™ BG11 solution
100 ml enzymatic hydrolyzate of LHW-treated SCB containing 10 g » L™ glucose and Tween80
50 ml enzymatic hydrolyzate of LHW-treated SCB containing 20 g * L™ glucose and Tween80 mixed with 50 ml 2 ml » L™ BG11 solution
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Table2 Compositions of raw and LHW-treated SCB

Sugarcane
bagasse

raw 353105
53.6+0.04

Acid-insoluble lignin
and ash/%

242100

Glucan/% Xylan/%

20.1%0.3

pretreated 8.9+£0.3

29.5+04

RV, NR2TUED, HEBLEER
DK HE G, HARE (RERXGF4ER) EYRH
B te) RS, HRE (RREER) frbtt
B 52 18N, BRAS A YRR B 5 Ee B A B A
iR B, & EiR A KA B A Y R AE
S0 Tween80 5, HEFFMESBEMN. £4H
BRI EEEEY, 2Lo.125 ml - (g T
PR I BRI Tween80 EBEAR R &), K1k
AW FTELE T IEA . AN Tween80 KM T HIE
B EARBERE 96 h [ = Fh 2 =B, NRRE
FHESER, SRR 3. ARPITUEDH, &
N Tween80 5, £F4:—FE. BERERANE=EHLL
REIN Tween80 HIE, M FRE 11.4%.
Tween80 2 AT LLRE S 1R i3 A BT 41 4 & HIBR AR 350%,
REAESAKREARKEEERTAERBES AR
R R B SR E, MBI T AR 5 4 4 R BB I
TEHR I, 5 547 4 R BRI S 8 1 24,

RI ZERBSKLEHEEEEAR. X Tweens0

FHTHESHE
Table 3 Enzymatic hydrolysis of LHW-treated SCB with
and without Tween80
ltem Cellobi?lse Glucoie Xylosg Glygan
/gL /gL /gL conversion/%
without Tween80 1.6 50.5 7.5 85.7
with Tween80 20 57.2 8.3 97.1

22 MEREETREESFEPEYENTK

INEREE ) S R B IR A & 0B R £ B HLUA,
HIBRTCAURRYR, AR 47 15 v B AR £ SR IC il AH S A 15
FRE, B E 1, &R E AN 10 g L7, Tween80
MEmMEmEREPEBRANEMBRE EEN
Tween80 (TR F &P+ E3RE . LUK R A 48Ah Bkt
INERIEEE AR R, BF 25°C, 160 r min™'
BRIRG % 120h, BHARBEEHIK, &F 240
LR, MERAMBRIEFETHEHESE, 41
W 1, BB K 2 KA RN EY)
B, EMREBBERNEEREIRE.

ME 1) AEH, ANEAREE Nk
YIEILE 48 h ik BB K RIS Tween80 HIE& FH:

=A *B AC vD

—
o

o
T

glucose concentration/8&+ L
N
biomass/g-L!

0 2% 48 72 % 150
time/h

(a)

~1

glucose concentration/g+L

/t\[
biomass/g-L™

4k 1
.
1 ™ _/
2 N\
b4
1 1\ - a 10
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time/h
(b
1 NERBRESRIERE () MESREE b hAYE
BB R FRAR R E BN S B R(A~H 5% 1 55D
Fig.1 Biomass of Chlorella sp. cultured in synthetic media (a)
and enzymatic hydrolyzate of LHW-treated SCB (b), and
glucose consumption curve in culture system (A—H are

corresponding to those in Table 1)

FETHEESEE 48 h BE 0 g- L7, &
Tween80 [ & g TR B & 05 & B 72 h (B3|
0 gL', HAREM Tween80 iRIGLH (1) /NERFEAE
YIE TN Tween80 MPRINA, FHEZKEAN
Tween80 MIAFLERLIE T /NEREEXS ToHL T SR AR
WP, AT T NERIR A SR ARRERI AT 4
TR SRR NREEMENR TN B EE
fosEFRdE, ULBAAREEA4E R N ERER A KR
HINEIER. B\IREDD, NREPEECERE
RE, HEREUUSRESOCHEHEEANEE

TR AR IR E B AR, DEREXN
WEF R REBAK, MR ELBRERES 5/
FRIERIHAE A R UL HE IR 1T B8 2 (R o 41 4 — p
M E 5RE AR, SE RS NERE
HoEREEARKE, FE-REGIKEEA
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b, B T HXE AN RIBRR, NTRE T/
BREAVERI T,

MBE 1(b) HFeTLUEE, /NEREEFEARIN BG11 ()
KIBEBFRAEELE 48 h ABRK, TEATM
BG11 H/K R &5 HIAE 72 h F196 h J5H B
EF; A Tween80 FIREHE K AR /N ERTE I A4
EHE T A Tween80 MFEE /KW N BG11 #Y
IKIEWAE T2 h RG-S EMS 0g - L7, K&
BG11 FI7K #1208 & 2 1E 120 h 43 T PEF) 4.15
gL' 1482 gL, H/NEREATM BG11 KK
SRR R AE B R ARSI BGH FIKER I 2 5%,
VLHRTE IR IR, TN TR AU = 2 /N BRI
XEERERFEL, A HAENRE, X5
Ren ZPIRIRF R RAAE . 3TLE 1@@). )T UE
H, DEREEN S AR REFNEYEL
Hihsgsas, HEBEN197g- L B4k, KR
ARRAZBERSKGEE T4 RE. S-2H
EREBSRY, Smemsssek!P, HRpE
B, 067 g« L7 MBS, 1.13 g L7 552 L pRAS
MEMHIMENERK. WE 1) O)TFTLLER, B
EIME. KRB BRSO BLRE TR A, /hER
BAREEMRES NN 1.72g L7 (% Tween80)
F11.65g L™ (& Tween80), T LAY K AR
B, PERENSEEEYESHN181g- LT CR
£ Tween80) 1 1.60 g« L™ (4 Tween80), UiEAE
BRAKGEEES AP RAEG, HElF=9n
WRIE . 5-F5 P BE MR 45 R /N BR V8 1) A= 38 i 6 T
B, AR AREL 10:1 FELE 50°C FTIRY
BRR 4 R iR A /KA B v, 35 OISR VR
KA HPLC 73t H R . 5-52 AR R
¥, BARERMNERI, EARBRHBIRE, HIE
B, S-RHARBESRI MRS BRI, RABHM
BIANERIEAE KR .

23 AENEFEP/NEKENEHEBRERE”E

INERBAERNEREFE (D B 1200 )5,
BOWERR, AETERE, KRB CHRERNER
ST HFERAR RS E. BETRSE (B
Wil SAEMERFRES SO BWE 2, EHBRHMRE
HEENRK 4,

ME 2 AT LAE H, BTN A A E &5 BG11
BRE (A PEFRNIRBEEDERR, BEE
HERIBR & BEARE . £ H Tween80 il BG11 )
EEKBH (HD HEFRN/DRENLSEIRSE
B, 5% 6.90%. TEAEH BGl1 KB /KB

7 —2.0
[ Jtotal fatty acid 3 biomass

6 L
S 1.5
~ .
g 5T )
k=l =
g af g
= 10 g
& 3k é’
£ 8
& ES)
= 105

1 -

0

0CA B ¢ D E F G
tests

B2 NERBAEAFRFEFESR 120 FHEYER
BEVBRSE (A~H5F 1 MR
Fig.2 Biomass and total fatty acid content of Chlorella sp.

cultured in different media for 120 h (A—H are corresponding
to those in Table 1)

(A4 Tween80 ) E FIE Tween80 1) G) FEEFHI
INEREBREVRBRENARRAENRK, HEES
BB SES R XRHAREE, 23N
5.54% (E) f15.27% (G), YHITE/NEREFFFHEFR
i, VB FX ARSI DTN, M
B IR R Z Xof i T PR 1) A RS M /N BT R A R R B
R SRR B NIRRT & K AL &4
Re MR SR g 52, W 2 BT UE S, 7
MBI E A BRI EAHT, NREREYE
M, WS AR DiBR e =Bk

MFE AT LLEH, NREEREEFREP=E
MIAERTER LA Creor Ciss Cigs Coon 1 Coou AL
EUE A SRR R R AT, A CGHERE+
BG11). B (Bi%j¥¥+BG11+Tween80) 1 C CHi#&Hi+
ABE+LF 4 _FE+BG1L), Cigy B E=, HEKIK
A Cigas Cisos Caoq 1 Coorr D (E FE+ANE+
#F 4 —$E+BG11+Tween80) UL Cigs B, HiE
@{77\% Cigii~ Cigos Copa *ﬂ Coois Eﬁ@i%ﬁ@@ﬁﬂ%ﬂ
FidEsREH (E. F. G H), Ciga P BEm, 74
n BG11 RIER/KEREFRETS (E. G, HEM
%E‘H%EU%WW?’B C16:0‘ C18:1‘ C20:4*H C20:1a E{%‘%
n BG11 W K@EBIEFRES (F. B, H)5/
B HEENKIKIKA Cigi~ Cigos Coon A Copar BESF,
TEFT A RE /K ARV B 7 2k P 3 25 0 /D ER BRI AW HY
Crao FIFEFE, T 7E 7 %5 08 S5 AR AE DB 1) ) 55 B
BEFRHNEREERIG I C a0 FAFAE, XL YIEE
TK AR AP AR AE B FE L Bl o3 (AN 4T 4 RBE I BP0
T /NERERI AR ER AR, EGHUE SR EER
WA /NERIER AR T ER . PRI, AT DAARYE LB &
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Table 4 Fatty acid compositions and yields in Chlorella sp. cultured in different media
Fatty acids Proportion in total fatty acid/%
A B C D E F G H
Cuao ND ND ND ND 3.23 3.15 3.67 2.52
Cian 0.00 0.73 0.00 0.00 0.61 0.00 0.00 0.29
Ciso 14.96 15.26 15.34 14.85 19.42 18.10 19.13 13.60
Cist 0.00 0.00 0.00 ND ND 0.00 0.00 1.94
Cigo 4.87 4.79 4.66 5.53 6.00 5.82 6.20 4.87
Cis 30.47 30.03 27.84 25.23 16.51 18.82 16.01 13.88
Cis2 5.90 5.12 5.00 531 3.81 5.17 3.81 4.56
Cias 23.54 20.22 22.65 25.61 26.96 36.84 26.85 3297
Caoit 9.01 10.46 10.70 10.78 11.75 11.99 12.47 11.25
Caon 4.79 7.19 8.08 7.48 6.39 5.67 7.14 6.57
Caoiq 9.54 11.14 13.82 13.64 13.75 10.65 16.13 11.05
Cao3 2.24 2.30 5.29 3.09 5.71 1.66 5.65 4.75
Caoss 3.25 3.31 0.00 322 3.55 3.25 4.94 3.61
Cao 1.07 0.90 1.86 0.00 0.74 0.00 0.82 0.68
Caao 0.00 0.00 0.10 0.11 0.00 0.12 0.00 0.00
Cae 5.31 4.54 0.00 0.00 4.83 0.00 0.00 3.86
Note; ND—no detection. A—H are the same as Table 1.
#£5 SEYMEUKBIERA TR/ KR RIEE
Table 5 Comparison on biomass hydrolyzate used for biodiesel production from Chlorella sp.
Components of media Time/h  Total fatty acid or lipid content”/g * L' Ref.
10g- L™ glucose 120 0.10 (total fatty acid) this study
0.49 (total lipid)®
enzymatic hydrolyzate of sugarcane bagasse containing 10 g * L' glucose 120 0.11 (total fatty acid)
0.43 (total Lipid)®
10g- L™ glucose 120 0.10 (total fatty acid)® [8]
0.50 (total 1ipid)
enzymatic hydrolyzate of sugarcane bagasse containing 10 g * L' reducing sugars 96 0.51 (total fatty acid)®
1.97 (total lipid)
enzymatic hydrolyzate of Glycyrrhiza uralensis containing 10 g » L' reducing sugars 144 1.91 (total lipid) 9]
10 g » L™ glucose 120 0.40 (total fatty acid)® [61
1.97 (total lipid)
juice from stem of sweet sorghum containing 10 g * L™ glucose 120 0.69 (total fatty acid)®
2.68 (total lipid)
10g- L™ glucose 240 0.28 (total fatty acid) 4]
1.38 (total lipid)
hydrolyzate of cassava starch containing 10 g * L™ glucose 240 0.53 (total fatty acid)
2.05 (total lipid)

(© Total fatty acid or lipid content = biomass of microalgae X percentage of total fatty acid or lipid.

@) Calculated by ratio of total fatty acid to total lipid in Ref. [4].

WAL SRR 7, R s/ MRS B AR & . BT B BT BIRRNES, ENRE
2.4 EMFUKBFEER ISR KRR B3RP RRKNENBRES EMEORZFBK
Wit 2.3 WHOHE TR, THUESREREME B, RS RE T PRBEARBRET RIS
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IR MR r- BN . WRFATCLES, XA
TR HIERAE YR e =B & K, TTaEREE
AR TS RETIEFRARRE ML, Bk
TEREFRBEPIRIENE 7. OVlEhngkdh. Bk,
EhEh . WHEREL . BERRELERIAVLE R EEER
EARG. E£R. RE. £LEERSESENKET
AT IR S RAT e TR R P AR B R B AR R
B2 rik[4,6,8-91HIFF T 90 AL E T2k
AT TR BB T EYVEF, CHR[4,8]ERE I7 3L
AN T IRE, SCRR[6]ANIN T BEEKT . H & BRI 4
KB, HEFRRSBRAFEE, FILEmAg" &
B e XML T 70 /NERTER S TR B IR R LAk B 97
gl U m A LMiE =&,

3 % ®

(1) Tween80. #F4k — MM/ NREA Y=
IR, AN BG11 B /K RIS 77/ INBRTE IR 2K
REUEREBAHE Y, EEELT;

(2) THLEFRYREG I /NERFETE 7 3R 8 5%
R R,  FE0E /N EREE P T T R A

(3) FEWE KRR P AT e A7 78 B 5l 43 B i /1
BRI B R T BR 20 A

(4) /DERBER Y E R e s &) @i 5% 5%
HARIIF R — DA
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