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Study on the cultivation of Chlorella sp. using small molecular organic acid/alcohol
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Abstract: Chlorella sp. pure culture experiments was carried out by using the strain with tolerance properties on hydrolysis-acidification liquid and
high lipid yield and adding different concentration of small molecule organic acid/alcohol (acetic acid, propionic acid, butyric acid, isobutyric acid,
valeric acid, isovaleric acid and ethanol) into BG11 medium. On the basis of single factor experiments, the effect of mixed small molecule organic
acids/alcohol (acetic acid, propionic acid, butyric acid and ethanol) on growth of Chlorella sp. was investigated by response surface experiments. The
research indicated that when the concentration of acetic acid, propionic acid, butyric acid and ethanol were 1.02 g/L, 0.42 g/L, 0.40 g/L and 0.18 g/L,
respectively, Chlorella sp. had a highest cell number, optimum growth situation and higher biomass (1.18x10® CFU/ml).
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1.1 ## 5 X A

/NERE Chlorella sp.: (L K# R 5 4EY) TRESER L
RERE: CR. AR TR, 2. 7R 7 TB’RS
B ieD . BAER L EAFERAF.

BG113557%: NaNO; 1.5 g/L, K,HPO,04 g/L,MgSO,*7H,0
0.75 g/L, CaCl,*7TH,0 036 g/L, Na,C 0,02 g/L, F7#E£ 0.06 g/L,
FrEERH: 0.06 g/L, Na,EDTA *H,0 001 g/L, 287K 1000 mL,
HMETEEB AS 1 mL/L,

MEITTEEB AS:H,BO,2.86 ¢/L, MnCl,»4H,0 1.86 g/L,
ZnS0,*7TH,0 022 g/L,Na,M00,*2H,0 0.021 g/L, CuSO,*5H,0
0.08 g/L, Co (NOy ,*6H;0 0.05 g/L..
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XB-K-25 M ER 7 0t : b RGN BERA R
PH-3CHUEHERPH: LI =(5{0FK/ s H-1850R & X HiH
PEREOHL: WIFEW R EASR TR B R A F]; ZC-2102GZ
TERRERRR K : B M P BB HIEF R AR
1.3 R FH %

1.3.1 /Nik# Chlorella sp.#y 3 3¢

/INEREE Chlorella sp. X FIBG115 SR IR IR A
HATE R SR. HEIREE 25£1) °C, B 150 r/min, Yt
PR A (50£10) wmol/ (mPes) « FEENKTEUHA R BEFh b, 32
T8 10%. FEBGI1EEFFE T 2N —ERERER &
BRI T RV 7 T BRI R LR, JF R R4
pH{E 7.09, EEHMBG13EFRIEFRINARFIER NS
F A HLEE XS /NER B Chlorella sp. E B W .

1.3.2 3 g f if Fuon

R0 AL THEOR) F i BRHHOR AT VB
133 AT HNR/BE N RELEFEREFRR

BB #E I BG 1 B9 55, I 1 B BRI IR /K UK A IR AL
BHEFF R EPFAMA—EBNZR. B AR T
B.RER . T BRI, i BRI ERESE N0,
0.2 g/L.0.4 g/L.0.6 g/L.0.8 g/L.1.2 g/L; { HER K1 FH B IR
FERREE 50.0.1 g/L.0.2 g/L.0.3 g/L.0.4 g/L.0.5 g/L; T
0 R B IR BB 25 0.0.1 g/L.0.2 g/L.0.3 g/L.0.4 g/L.
05 gL:; R TR BERERHERN0.0.1 g/L.0.2 g/L.
0.3 g/L.0.4 g/L.0.5 g/L; [ RERIIREWREERRE40.0.10 g/L+
0.15 g/L.0.20 g/L..0.25 g/L..0.30 g/L; {# 7 IRER I R B K E
BEEE40.0.10 g/L.0.15 g/1..0.20 g/L.0.25 g/L.0.3 g/L; £ 2
B i R R R RS FE 40.0.05 /L. 0.10 g/1..0.15 g/L..0.20 g/L.
0.25 g/L, KipHIA ¥5 47.0, 2121 CHEE K K H20 minf5 ,
AHETEREN, BLATHHIHNEREEZER
N, B E RN 10%, RSB EE THECRIE R A #T
TCH 3 FR, #3E 150 v/min, JB 25 °C, SRR K (50+10)

pmol/ (m?+s) .

1.3.4 8 R K 30 A X/ BRSE Al Sk 4
R EFRRBEM L, 2B W . KB® . T’ WO
MZEE (D) AZm R &, /NERE 40 B () RN A, F
FiDesign-Expert 7.0 4 5 1HR % &, % B # 5K F
W WR TR,
#*1 Box-Behnkeni®l&igitBIEEE5XKE

Table 1 Factors and levels for Box—Behnken experiments design

gL
K A B BHE CTi DZ#
-1 0.80 0.30 0.30 0.10
0 1.00 0.40 0.40 0.15
1 1.20 0.50 0.50 0.20
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Fig. 1 Effect of acetic acid concentration on Chilorella sp. biomass

HH R0, 98 I AS TR 8 79 LR %) /N ER #E Chilorella sp.
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Fig. 2 Effect of propionic acid concentration on Chlorella sp. biomass
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Fig. 3 Effect of butyric acid concentration on Chiorella sp. biomass
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Fig. 4 Effect of valeric acid concentration on Chiorella sp. biomass

B B4 T &0, DL R AT AR R /N EREEAE K BRI, 7
IRAER T NREAK . SRR EIRE N0.25 g/L
B, DRI IR EH TR AR R K, GEIER]S5.7x
10" CFU/mL. WK, R BKIR AL BRIE L E R R
FEER R P37 A B R BR S LAt /b 2 F B LR AN 2B,
ANERERFE A KT R e A AR AR o e LR D9, 5 R

B, SR EE RS B N0.15~0.25 g/LAH.
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Fig. 5 Effect of ethanol concentration on Chlorella sp. biomass
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Fig. 6 Effect of isobutyric acid concentration on Chlorella sp. biomass

HE6RT &N, 7 T BRI 7] AE R /D EREE A K RIBRIE, IS
MERNRTREEHN T MRENEK. 48 TRNAE
WREER0.15 g/LiT, NEREREF R HTRN A RECH B,
REIE F5.1x10™ 4 /mL. 7R~ B R KIRHEABRIE F &
RIREF R AR A R T BRAEM/ N FHYERM
LBE, PEREELE KT FE P R IR I R B KA R B
TR, SRR FBFRETRTREEN03~05gL
HH.
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402 g/LB, NREZFZHTRNHAREARK,
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RIS F4.6x10" N/ mL. TARRE, PR R KRERHEE
SR IR PR SN AR A ) S IR AN LA Ny TR AL
FICBE, NERBEAE AT R R e R F /K AR P () e TR,
GERR, WA R IR A B 50.15~0.25 g/LAH .
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Fig. 7 Effect of isovaleric acid concentration on Chlorella sp. biomass
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Table 2 Design and results of response surface experiments

RKS A B c D Y#HIREY (x10" N emLD
1 0 0 0 0 10.5
2 0 0 1 -1 8.8
3 0 1 0 -1 7.6
4 0 0 -1 1 9.7
5 0 0 1 1 9.3
6 -1 1 0 0 53
7 -1 0 0 1 7.6
8 -1 0 1 0 5.2
9 0 -1 0 1 5.9
10 0 -1 1 0 6.3
11 0 0 0 0 10.6
12 0 1 0 1 9.6
13 1 -1 0 0 5.4
14 0 1 -1 0 7.7
15 1 0 0 -1 8.3
16 0 0 0 0 10.5
17 0 -1 -1 0 6.6
18 0 -1 0 -1 8.0
19 0 0 (] 0 10.8
20 -1 -1 0 0 5.2
21 1 0 0 -1 7.0
22 -1 0 -1 0 7.4

23 0 0 -1 -1 9.5
24 1 0 -1 0 7.2
25 0 0 0 0 10.7
26 1 1 0 0 7.1
27 1 0 0 1 8.2
28 0 1 1 0 7.7
29 1 0 1 0 8.2

B PR AR 45 R W] BLE W, /NEK R Chlorella sp.7F
DM AR TR CENEFREY, EWER S,
S /NEREE I A KA BB B RE R, AR KRR

W, ERRERBNEM L, UZB QA . AR B .. TE
OMZED FRERFEIEBEZE, MRENEYE (VD
R W) AR, i AT e . TR A ST, B I A N ER R R
KB ERVERA S, m R s K 45 R k2.

1% F Design-Expert 7.0 B AT 07 5 8 T &
KI5 5 /N BREE 40 M Sy [B))3 77 72

Y=10.62+0.56 A+0.63B-0.22C-2.5A?>-2 .46 B*~1.06C*-

0.32D+0.4AB+0.8AC+1.02BD

1 i Design-Expert 7.0%¢ 4 % 262 12948 1 & B 47 43
FrEVAE FR BB -E2ZE ZIRIFIA TR T 254
K BEHRR LR NEKS.

F3 TRERBRMAESFER
Table 3 variance analysis of response surface quadratic model

TERE FHM HhE BE FfH PE  BEH
A 86.11249 14 6.150892 110.8031 <0.0001  ***
A 3.740 833 1 3.740 833 6738795 <<0.0001  ***
B 4.813 333 1 4813333 86.708 13 < 0.0001  ***
C 0.563 333 1 0.563 333 10.14797 0.006 6 ok
D 0.100 833 1 0.100 833 1.816427 0.1991
A? 40.459 5 1 404595 728.8437 <<0.0001
B 39.253 62 1 39.25362 707.1208 <<0.0001  ***
c 7.288 216 1 7288216 131.291 <C0.0001  ***
D 0.674 635 1 0.674 635 12.15298 0.0036 *xx
AB 0.64 1 0.64 11.529 06  0.004 4 *kx
AC 2.56 i 2.56 46.11623 <<0.0001  ***
AD 01225 1 0.1225 2206734 0.1596
BC 0.0225 1 0.0225 0405318 0.5346
BD 42025 1 42025 7570448 <0.0001  ***
CD 0.0225 1 0.0225 0405318 0.5346
E 0777167 14 0.055512
KW 0709167 10 0.070917 4171569 0.0906 AEE

R 0.068 4 0.017
HF 8688966 28

FE R P ROR N R E R S R E (P<0.00D

d 3040, AR AR B 2 (P<<0.01), [ VIR AL {1y
RE R BUR= 0.990 5, Ui B AR R 5 BRIl & R A - A
BEER B EERTUUEH, —IKIMFAB.CH &R %
M Ak & % (P<0.0), Z R A2 B, C2. DA% 45 S 2 i)
82 (P<0.0D), X HIH AB.AC.BDX| & R Wtk &
Z (P<0.0D) . KBUIFP=0.090 6>0.05, i WA LA FEIR
U, ge s A AR 7 A RUN 4 RN X N R Y &
I o
2.9 HR R HLBRR LIS

2 & Design-Expert 7.05K 1, 22l H /D BREE A 4 2 Fl
25 B A4 e B T AN 45 TR 2k 45 SR LB






