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Study on the heterotrophic cultivation optimization of
Chlorella sp.
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Abstract: To examine the effect of glucose, KNO; KH,PO, and MgSO, on the growth of Chlorella sp.,
single factor and orthogonal experiments were employed to determine the optimum condition of
heterotrophic cultivation. Results showed that on the basis of BG11 culture medium with the condition of
glucose 20 g/L, C:N 3:1 (mass ratio), KH,PO, 0.05 g/L, MgSO, 0.15 g/L, Chlorella sp. obtained the
maximum biomass 4.45g/L .The research provided basis for heterotrophic cultivation of Chlorella sp.
Key words: environmental biology; Chlorella sp.; heterotrophic; optimization
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1.1 BEFf

/NERSEE (Chlorella sp.) W B HF FEIRL S B B 28 2R YTl 57 )26 10 /K B b 2 o

1.2 BHEEGEFZEF

ARSI AE BG11 A 32 3O R St EREAT AL

100 mL B5 77 W0k /- 250 mL #ETEH, Rt 10%, R5IRE 25°C, TAR IR bR 9%, JEsR
J% 3000~3 500 Ix, JEWEEW 12h:12h, FERFRE 3~5 K, ETCHEFFT N EUFE .

1.3 UHR5%&

SEIG R3S AR A AT WA e e BT UV-2450 CHRM S fEAT) « LRH-150 A4k 359540 ( Lifg—
TERHE A BRAFD « TCEEMA WI-Z] Gt e ZERHE A A D Jel S T SmartARS23+ (]
INBE R SR R EERATD o 0L 80-2B Gl R R R A S E IR AT LUK RS Motic BA400
CIER SR A ) o
1.4 SEET5IE
1.4.1 AEYEWE

P LT AR IEORE, AN VAR 540 nm K R BRI G (ODsyg) o

0 o 25 0 A MR R ML ERVEEOE . SRH 25 X 16 B BR V40, AR5 B N= (80 N/
WA %/80) X 400X 10° X Bk A ¥, AR4LNE 3 W, BOT-H1E.

A TS R IO R % A1 /MR 2 mL, N CRRE B W) KB hit
AT, 8000 t/min N0 S min, BRI B, FZETB/KUEGEAN R, A EL. YEk 3 UG, 80°CHE
TREEE, HETRVPRE JiEh W) , WEEATE ) o 4= 3%, BeFHHE.

RN 2 AT 73 A

W= (W,—W,) x1000/V,
Hrp, W AELEES (g) 3 Wy WO THERESER (g) ;5 10004 1 L ER; VoA FTHER AR
(mL) .
1.4.2 HAEKERIE

Eb AF K 3 ] SR PP 88 A AE — 52 I P B B AE S o 2R I T E 55 DA ish B L ey 00 52 FA W e
TEDI B S T/ W1 NP

u= (In N—1n Np) /(=T ,
Horh, o HAE KSR (A 7D N T IS ZIR AR 1 (10° cellsmL ™ ); Ny g T I Z (K40 AR (10° cells-mL ™).
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s, R IEASSZe i T B 36 498, C:N, KH,PO, K& MgSO, RS, #iE T efin NekE At
KSR E R KN e R Lo (3% IEAZRHEATII RN AP IER LK, W 1 Fin.
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HRA BT X, T ik : TT
AR (R IO'E R 5 RH N 1 A P % R AT ’

AT AR S . AR T ODex 5 A TR (g/L) 10 15 20
AT R LS, SRS 540 7= B C:N OFhtED 2:1 31 41
BT EMEM R, WE 1 R. HE 1 c KH:POJ/ (gL)  0.05 0.08 0.12

AR, PNERFEEANE N (X 10%ellsmL™") = D MgSOy/ (g/L) 0.050 0.075 0.150
19.45x0Ds4—1.816 5 (R*=0.981 1) ; #4ATH DW (g/L) =0.434 8x0Ds40—0.050 7 (R*=0.9629) . il
b B, IS WO AR W] AT 36 Y. e 4 i B X T8 (A4S OD ik T 0.8, N2
D
2.2 HEFEREN DNREEKKE N

T 4 B /N BREE S IR B IR BB B U, T LA EL A AU AR R o A R SR R 2 Sl s N
5, 10, 15, 20, 25 g/L Wyi%ieE, HRaeERKihd&um® 2 Pron. il s k2807 20 0kl s, AR
WS I 2 BN ER R AE KA R B 2 (P<0.05) , KB 3~KE 4 IANEMR L /ANER A= & 11 A2 4k
(R

16 0.40 3.0
~ 14} [iaeTE . 1035 2sh
B 12| | dMREE s+ {030 i
8 10t fo2s 2 =
=] =~ 3 L
X 8t 1020 #® 9
ﬁ g © 15}
g 6 10.15 = L
L ] 1.0+
= 4 0.10
2 10.05
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0 t t 0 N 1 . 1 L 1 L 1 s 1
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ODsy9 i) /d
BT ODsgo 55 /INER e A0 5 S A AR T 1 R AR 2 R Ok R P2 AN ) A 2 B A JRE S /N BB AR A S
Fig. 1 Linear relationship of the cell numbers and dry Fig. 2 Effect of different concentrations of glucose
weight of Chlorella sp. with ODsg4q on growth of Chlorella sp.
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20 g/L I, NEREEAEKAS UL E, 40 ERRAT F A H1IEF] 106.548x10° cellsmL ™" A1 2.737 g/L, XA
5K N S T B R A R TN 10 /L OSSR, ATREE T R4 h . b 22 e MRS SR N 5 |
(K. YA AR AN S 25 /L i, EWRE RN, DU e R T SRR,
BRI, WA T/NEREE M AE KTk Nk, AT AT RS 20 /L W B K& F. £24
HE T A [ A 5 0 2 B R /N ks A R TR [P0 L
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Fig. 3 Effect of different concentrations of glucose on Fig. 4 Effect of different concentrations of glucose on

biomass dry weight of Chlorella sp. cell density of Chlorella sp.

R2 TRAREFEEONELR

Tab.2 Measured results with different concentrations of glucose

5 B TR/ (/LD Ni/ (X10°cellsmL™)  Ny/ (X10° cellssmL™) ( Xé?ggcii :L/ N bt Kt R /d ! T KA/ (g/Ld
5 13.220 110.462 97.242 0.303 2.329
10 11.818 110.400 98.582 0.319 2.367
15 8.034 112.345 104.311 0.377 2.524
20 20.384 126.932 106.548 0.382 2.737
25 10.562 117.596 107.034 0.344 2.584

2.3 KNO; #EX/NREAEKIZ W

FORME A K E RN FR0E. SHIEDIHR T 3 AR KNOs. Z/KMIKFEN Chiorella
protothecoides 7K A FZ M, ASLEH KNOs /E A /MR A K I AR, (AL nldsm 0.8, 1.2,
1.6, 3.2, 6.4 g/L [f] KNO;, H g KMh& il 5 fron, i4s =7 220 Mk vl 5, AFERFER KNO;
X /NEREEAE KA B (P<0.05) , B 6~ 7 A ARRIMRE R /INBRE A5 AR B .

1.6 0.8 g/L 0.9

—e12gL 0sl

14F | —=—16gL !
—»—32¢g/L

12k —e—6.4g/L g(”.
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T o4l
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0.6} ol

0.4 0.1-

0 2 4 6 8
Fif fE]/d
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Fig. 5 Effect of different concentrations of KNO; on Fig.6  Effect of different concentrations of KNO; on

growth of Chlorella sp. biomass dry weight of Chlorella sp.
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HE 5 AT LA, DEREER AR AEAN R P
KNO; 1 2RI R 2 7. WA 3 RIFARE AT £
AR, KNOsHKJEN 0.8 g/L I 1.2 o/L IEEH, M
912 RIFwE#EANFE W], ksl 1.6, 3.2, 6.4 g/L
WIS, B 13 RITURKHEERE NFEE 1, U0 ik
1) KNO; 1] DAZER/NEREE 0 2R KO BB 6~18] 7
ATLLE /N BROE B & A I RN R I
3.2 g/L>0.8 g/L>1.2 g/L>1.6 g/L>6.4 g/L. Hitiii,
PR BUREL, ATLARE /N EREE D), 2 KNO; WK JE
032 L AEBRLTTRERAML M W o oo e ok i i
5 25.799x10° cellsmL" i1 0.870 g/L, I, Fig. 7 Effect of different concentrations of KNO; on cell
ST T s i 2 KU B, KNOS IR J3 0 3.2 g/L density of Chlorella sp.

A HBGEAKSKAM . R 34T AR KNO; b /NEREEAE K3 AR 10

T3 AEIRE KNO; BN ELR

Tab. 3 Measured results with different concentrations of KNO;

/(<10 cellsmL™?)

A fE]/d

KNOS IR/ (gD (¢ 106]c\glﬁsmrl) (X 10"]:;21/15-mr‘) ( fﬁj(’j‘f ilﬁfﬁ*‘) i %ﬁ(gﬁg/ggf@
0.8 6.022 29.653 23.631 0.159 0.773
1.2 7.033 27.471 20.438 0.136 0.657
1.6 6.839 25.234 18.395 0.131 0.614
3.2 7.811 33.610 25.799 0.160 0.870
6.4 5711 18.828 13.117 0.119 0.512

2.4 KH,PO, WREX/NEREEAEKEIZ MW

A TR AR K — AN IR R 1, AN ) B2 R B2 A AN R R Bk o ARSEG R KHLPO, 1E N
ANEREEAE K R . AEESIRIE R 2 HIE N 0.04, 0.08, 0.12, 0.16, 0.20 g/L ] KH,PO,, HmFRK i
e 8 o, [ 9~ & 10 AR FE T /ANERER AR A 1) AR A A L o

1.8 0.9
oL | —=—004gL osl [——0.04gL
YT S o0sen —— 00891
14l | ——012gL o7l |[—012gL
I 0.6 |—*+—020gL
g 1.2 %
8 Lol XX
“r ]
- H- 041
0.8
L 0.3F
0.6
0.2
04 1 0.1 . . . .
2 4 6 8 10 12 14 16 ’ 2 4 6 8 10 12 14 16
mFIE)/d I fE/d
K8 ANl KH,PO, i BEXS /NERBE A K S B9 ANl KH,PO, 3 SES /INER 5 20 Jif T 3 1) 5% 1)
Fig. 8 Effect of different concentrations of Fig. 9 Effect of different concentrations of

KH,PO, on growth of Chlorella sp. KH,PO, on biomass dry weight of Chlorella sp.
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HE 8~ 10 rTLUFEH, AWK KHPO, [

XN K A R R e 4, R T | ey

) KHPOL P NSRS R B P g, B G | g et

B A TR A S KIFH, NREBEARIS 2 T

K], AR I 6 (A KR KHLPO, g L

Wt 0.04 /L BN 0.08 /L I, RiEmEE 57

WEIRIIN, AR R, B, %k ® T

502 g/L I, B, BHIREKERBRBIE T A T g

FREEI A, XA T O A B Y S e e

KH,PO, #JEHy 0.08 o/L I, Sy /INEREAEK (155 3E 1 10 M;;?jdﬂ% I
. 10 N [F) KHL,PO, 9 B 6T 7N TR 75 20 it 85 )35 1) 52 )i
VIR, T 4 T TR 40 M B 4 ik F) 0.127 /L 204 K %

. | Fig. 10 Effect of different concentrations of KH,PO, on
1 21.501x10° cellsmL ™. & 4 25 T AF WK E cell density of Chlorella sp.

KH,PO, X /N ER A A H R RS EE

£ 4 FTREIRE KH,PO, N ELE R
Tab. 4 Measured results with different concentrations of KH,PO,

KH,PO, ¥/ 5Nl/ L 6Nz/ B ?Hih;’ﬂ%é%ﬂ%/? H A =PI i)
(g/L) (X10°cellsmL™)  (X10°cellsmL™) (X 10° cellsmL™") (g/L)
0.04 11.954 27.386 15.432 0.159 0.104
0.08 12.207 33.708 21.501 0.136 0.127
0.12 11.876 31.471 19.595 0.131 0.122
0.16 12.674 33.221 20.547 0.150 0.120
0.20 10.865 24.955 14.090 0.119 0.104

2.5 MgSO, WX /NER#EEAK 3

B /MR A KT H MR TR, X HEATH MgSO,. 7EE; 7RI 43713 i 0.04, 0.08, 0.12, 0.16,
0.20 g/L [¥] MgSO,, HFFRAEKMEWE 11 Fiow, B 12~E 13 ARRMREE R /NEREE A=Y & 10 A2 0
o

1.8

1.6

14F

121

ODs4

1.0}

FHE/L)

0.8+

0.6

041+

1 1 1 1 1

2 4 6 10 12 14 16

8
il /d MR/
Bl 11 ANIR] MgSO, ¥k BE R /N BRI A K 12 AN MgSO, R B X /NEREE AR T () 5
Fig. 11 Effect of different concentrations of MgSO,4 on Fig.12 Effect of different concentrations of MgSO, on
growth of Chlorella sp. biomass dry weight of Chlorella sp.
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11 AL, RV MgSO, i /hekiE 40

A A TSR . AETT 4 R, R MgSO, 35

XK KA A S, IS S FTFAL A 3 0

ERUBIE A SUE K. 12 R 13 01, AEEE % os

A I (R E KA, ELAR IR BE I MgSO A & gl

B MNES O RIFUAT= A 35 2 5 IR 1 0.04 g/L gw'

= 0.08g/L I, /NEREEEYEAT BN, H ol

KN FEFES ) A 0.08 g/L>0.16 g/L>0.2 g/L>0.12 g/L> ol

0.04 g/L. ™4 MgSO4¥KFEN 0.08g/L I, Ay/hakigA:

K BRIGEHIKE . & 5 4 H TAFRKE MgSO, X}/ i/
A B 13 AN MgSO, ¥ X /INER AN i 2 F5 19 5%
FREE I A L Fig. 13  Effect of different concentrations of MgSO,4 on cell
density of Chlorella sp.

£5 TREIRE KH,PO,MMNELR
Tab. 5 Measured results with different concentrations of KH,PO,

MgSO, ik f/(g/L) (X 106]<221/ls~mL’1) (X 1061<:;21/15~mL’l) ( lg(?sn?eﬁji%’/]) 2 il d ﬁﬁifji/
0.04 8.336 22.232 13.896 0.109 0.447
0.08 10.826 34.124 23.298 0.134 0.710
0.12 9.445 24.524 15.079 0.106 0.463
0.16 9.815 32.638 22.823 0.124 0.679
0.20 9.309 29.137 19.828 0.127 0.601
2.6 ANEIEFTERNDREEKKZMN
F3 1 W AT DY R 3R =K P IEAZ S5, &5 Rk 6 s,
F6 EXLHRER
Tab. 6 Orthogonal experiment and results
SEH A CEZEBD B (C:ND C (KH,PO,) D (MgSOy)  #AATH/ (g/L)

1 1 1 1 1 2.63

2 1 2 2 2 4.33

3 1 3 3 3 3.65

4 2 1 2 3 4.21

5 2 2 3 1 4.412

6 2 3 1 2 4.13

7 3 1 3 2 4.25

8 3 2 1 3 4.45

9 3 3 2 1 3.46

ez 0.714 0.700 0.367 0.736

M2 6 I, 3 8 A1SE0 1/ IR EE K S if, T-H ATIAH] 4.45 g/L. 4 B R0 /N EREE AR K (1 5% i 4%
W22 K/NHES A MgSO>Hii 8 Bi>C:N>KH,POy, 1t B MgSO, % /NEREE A K e i i %5 . 2 C:N M 2:1
BEANAS 31 0, AR, (HRIER] 401 AR B N R gkITE S A R EUR B e R AE 4~5
Z I —Fh LA s 4 1F, ARSI BRI AR 0 3:1, FHZEAKR, TR LIS R 2 2%
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A K. Nk, BAFHIKFA SN 43B,C\D;, BIARZGHRIE ) 20 g/L, C:N & 3:1, KH,PO4 &4 0.05 g/L,
MgSO, # &4y 0.15 g/L.

3 it

ANEREEAE N AR A DRI B BRI, RIS R Wl AR A . s Sl e gR
B 207 AR R A 2 BiOE R (/N ERBE R K AR AR 7 1 oG, B AE BGLL 5 9R LR JE R B, 4y
IR T TR 8 IR0 5, I R R DL E RS S, SRR IR A

1) /NEREE AR DA (1) ODsag 55 40 B2 FE 3 B RAF IR G R o X — 0 0] kg /N BRI A i 25 13
S I I AR AR A

2) fERPRIR S, HARE, KNO;, KHyPO4 S MgSO, R FE XS /N BRI AL A 5 i AT 1 2% 72 57
BEAE B TR0 R IR MG I, ANEREE AR AR R N, AR R B IR 3R 00 3 T s TN BRI AR
YA h 20 g/L, KNO;WE N 3.2 g/L, KH,PO4 ¥4 0.08 g/L, MgSO, W/ K 0.08 g/L I, 43
Sl AT LIS 1 g K TR A o R R

3) HZHE, CN, KHPO,, MgSO, 4 FiIKZE M, MgSO, Xf /NEREE (LR T fe K, JLUE 46 .
S L IEAT SIS B NEREEAE KA 5 1F,  RIBIZBE 20 /L, C:N 2 3:1, KH,PO40.05 g/L, MgS040.15 g/L,
TEREAAT T, ADNERERTHE A S 4.45 g/L.
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