$ IBmBsETNE
E#@ I*% C E305 2022F F4H

DOI: 10.16210/j.cnki.1007-7561.2022.04.024

B, XN, IMEG 45 AR/ NEREERRE IR BN BT[], A & Rk, 2022, 30(4): 178-184.

YUEHY, LIU XJ, SUN M, et al. Cultivation and application of Chlorella pyrenoidosa[J]. Science and Technology of Cereals, Oils and
Foods, 2022, 30(4): 178-184.

HE PSR B IR T 7 B LT E5E

Ea, AR, I & F o, x Bl

(1. EAmERLFRE, LiE 201415,
2. b THF R ARAE, L& 200062)

H E: aAENAHXREBIHITAREREOHDHRE, BT LR A RAKFHRR RN E
AF 2%, RBAEANA 10 g/L; @i s &G4 RERARANH T, KETERTWIZHRAER:
BB A 47 0.6 g/L, BRER4E 0.2 g/L, FiBR4h 11 g/L, BBR4T 0.8 g/L, #ARBrgkiE 0.006 g/L, R4S
0.05 g/L, %44 % B,0.11 g/L, EDTANa,0.01 g/L, 458244 0.08x107° g/L, RALAL 0.02x10° g/L; F#K
AP R G w B EERR, AREAMERALIE 20%4E4E, KRIFT 8.648 g/L 0T Hk, £
ST, BADRERTORASESE S8 g/100 g, AEASAFEHRARFT HRAE, A&
REHFRLES, AMEE T ZRambREFTA,

X8 AAKXEEE; TambkdE; 25, F1

FESZES: Q815, TS213.2 XERFRIRED: A XEHS: 1007-7561(2022)04-0178-07
W& B & RFE: 2022-06-30 18:51:39

M2 B & itk : http: //kns.cnki.net/kems/detail/11.3863.t5.20220629.1739.026.html

Cultivation and Application of Chlorella pyrenoidosa

YUE Hai-yan', LIU Xiao-jie'><d, SUN Min', LI Na', LIU Zhan-feng’
(1. Shanghai Urban Construction Vocational College, Shanghai 201415;
2. Shanghai Research Institute of Chemical Industry Co. Ltd, Shanghai 200062)

Abstract: A closed gas-up reactor was selected for self-cultured Chlorella pyrenoidosa, the ventilation of
carbon dioxide from carbon source obtained by univariate optimization was 2%, and the sodium nitrate of
nitrogen source was 10 g/L. More suitable medium components were obtained through the uniform design of
Chlorella pyrenoidosa culture medium: K,HPO, of 0.6 g/L, MgSO, of 0.2 g/L, NaNO; of 11 g/L, K,SO, of
0.8 g/L, ammonium ferric citrate of 0.006 g/L, CaCl, of 0.05 g/L, vitaming, of 0.11 g/L, EDTANa, of
0.01 g/L, Na,WO, of 0.08x107° g/L, NiCl, of 0.02x1073 g/L; In the experiment, a suitable light source with
intermediate white light and surrounding colored light was used, and the oxygen was maintained at about
20% with an oxygen scavenger, under which 8.648 g/L dry cell was obtained finally. The protein content of
Chlorella pyrenoidosa is as high as 58 g/100 g, and the amino acid and mineral elements of Chlorella

pyrenoidosa is also rich by analysis. We studied the replacement of wormwood powder with Chlorella
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pyrenoidosa, and produced Chlorella pyrenoidosa gingtuan.

Key words: airlift reactor; Chlorella pyrenoidosa; cultivation; gingtuan

FE /KB (Chlorella pyrenoidosa) A4k
BET/NERBE AR A e, R — R ERE R
MMIROK B, WHELOGE B FRAERKE, oM
W AN S A FE AR 4E4ER .
WL, BV IR . AR TR St g%
R4, BAVEN. R, FEOR . B85 ks 3h
FRHARTE AL o el 2, e Nk A 1 R R N
T, HEAHR RN TER . LSRRI, b
FENRE TR . B 20 AR R ) DL K3 s A AR S
BE 153 SE R H AR NERBEAE N I R
mn AP ERRS A A 30 ZAER L, AR
e, AR A R A A A 7 8T I /N 3K B A Sy ]
BRI . R A R A TR 2012 4
e (e NRIEFE & 22k ) M i g
A BRI ) W R IR/ NERE S R B B T
F&E T ENEEEREE R, CEN TRk,
BRI . G RmEFLEIS . WA PR TR
A1 e e T RE M 5 P R AT 2 T T R A
1o FH R

HAlE AN R I iR 2, Hasaeoy
[EFEH ARG FRE . ek TRk JF
SR e A iy e w sl S B I S e
KW, &AL (C/N) FRR LA
H IR SR 2 0 [ s as s i TP Ik
BT, LA FWwHEA, I
BhH, MRAEEENY, AEEH; HFENFIE
AL R AT ISR R IS AR T R, S b
RO RREAR, BB e DL R 2
AN AE I R, DR AR SCHR R — R S T I
i SRR N E NIRRT, RISk
MW IE R AR, IR E RIS N E A
/NBR T AR
1 HEEFE
11 #ESHF

FAZHB-5 /K . HRHGE K A= A= Yyt 53 il 5

HFREN ( AR ). BiFRHP ( AR ). MR 4% (CP ).
WIRE (AR), WHMR (AR ). iR (AR) %5

E 2 BRI A BR A R BRI 81 (AR ).
AME (AR), WM % (AR): kil
AL TABRATF; HIRE (=99% ): Lifffbs#
RAABRAF; B (AR): iFSREETIAEIL
FRAREBRAF] ; BRBBR G . AL AR B
ABRAF; KRR . KRBT LA S U5
Wi AccQ.Tag 43 A8 FI /K fifk & BE 2 Uy v 1)
. FrmtemR S AR A,

12 UHF5E&

IRH-IS160 % fbfe s 55 /4R 5 15 5% — 1R H4
st bi A FHCA RA R s RSB CHL: UNION
5KR Hanil Science Industrial Co., Ltd; CX41 &%
%% . Olympus Optical Co., LTD; TGL-16aR 5%
HREDHL: B2 R2E LA ; BCD626WDI11HP
BV WBAEAS (J7R) IKFEARAA
MP1002 L7 K. LilFRFHE TGS
HX12L-0179 5720 ) 28 V0K W i - AR R ]
AL A BRAE] s GY-FYQ-1812-ZZ e J%
SeAEY R N A EGTE AR A RA L
AE K1100 4> A 3hgl e BAL . B SRk A
ARRAF]; L8900 4 H B A ELMR AT [ HIX
TGRS M AR AR BBk
BE1E (L ( ICP-OES ): PerkinElmer Avio200, MA,
USA.

1.3 EWHE
1.3.1 AR T2

¥ FAZHB-5 /NEREE3EFR T JC T A e 3G 97 4k
H, RREBMA, REENTER, RERE A
WATCTE AR, PR E N ARk 2%
B, AR 21%, IR 25 °C, 12 h eI/, 555 8 d.
1.3.2  BRIEFMAIEIL

KB R 528, DL FAZHB-5 /NERFE N &
bk, BGI1 N33, 100 mL/250mL HETE I %
Wik, % 100 r/min, 7E EARRR B R AR G R
— K46 12 h JGRE/24 h SR 4 d, R A AR
AN e B % /N e AR R I S

KB R 525, Ll FAZHB-5 /NER SN &
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MR, 2% A AbilE i, % BGL1 Bkt
HBR AR £ LA SR A 43, 100 mL/250 mL 4%
AW B, B ER 100 r/min, 1F ARG IR
Rigg— R 12 h BHR/24 h §53% 4 d, WMEEAH
B R AR o A 8 o) TR R A 5

1.3.3 BRI A 8

BGI11 }3:4£( g/L ): NaNO; 1.5, K,HPO, 0.04,
MgSO,4-7H,0 0.075, CaCly-2H,0 0.036, FFAERR
0.006, F1 1 R £k 4% 0.006, EDTANa, 0.001,Na,CO;
0.02, As1mL,

As(JRLE4JE , g/L ): H3BO3 2.86, MnCl,-4H,0
1.86, ZnSO4-7H,0 0.22, Na,MoO,-2H,0 0.39,
CuSO,4-5H,0 0.08, Co(NO;),-6H,0 0.05, pH 7.1,

TE AR S i L REE L DGR DL G R B ]
RS, 5% BG11 B3R EIES MY,
K10 BIE 12 ACEH AT, IR 1. Rk
RHEREN . BERR A T . BRI R A
i, e ARG TR B T R T AR =

®1 BHEEHESR

Tablel Theessential factor for the uniform design

0 S eV e
X, R A 41 /(2/L) 0.01~3.2
X, PR 2k 8 /(g/L) 0.01~0.4
X iR /(g/L) 0.01~0.22
X4 fi§ AR M/ (g/L) 1~12
Xs A /(g/L) 0.01~0.22
X 4/ (g/L) 0.1~2.2
X, #:4: % Bi/(g/L) 0.1~0.12
X EDTA Z4h#h/(g/L) 0.000 5~0.04
Xy SAbBR/(g/L)x107 0.01~0.12
Xio HWEREN/(g/L)x107 0.01~0.12

1.3.4 Stk

WANE TNEMINE LED JGIE, M@
10 000 lux; 41 : ¥~ 4 : 1 AEIE: 5000 lux.
1.3.5 @EAEIERTE

SR FH AR B o A8 I et 4
1.3.6 THkHER

B — e R L 4 000 t/min &0
20 min, 7 FVEW, WURIREIR, £ 80 CHLT 2
T, MK % 7 R FRE
1.3.7 AR /NEREEE 55 B
1.3.7.1 R4 A shEl e AR I 2 H A%/ sk

BWEAT SR K GB5009.5—2016( & %4
] SRR £ P R B I DA —3 o 10 mL
WHRER A 1 AL (0.5 g BFRH AN 6 g BFRHT )
IAFIREA 0.5 g & A /NERER IHALE T,
200 ‘CiH1k 1 h, SR)5 420 °CHRZE1k 1 h; M1k
WIS EAL.
1.3.7.2 R4 A Sh & FE W o3t A 2 2 HE iR 40
AR 50 mg ANVEREMIMAE] 1 mL
6 mol/L Rz, 110 °CHERf# 24 h, HL 200 uL &
&fA 535 uL 2 mol/L S8 AL FI, H] AccQeTag
Ultra Borate Z% i fi B 2 £ . B RS 10 ul
JIMA 70 uL AccQeTag Ultra Borate 2% 1 A1 20 uL
AccQeTag iIXFHr, 55 CHMFA 10 min, B4 EHL,
1.3.7.3 SR HRFE A 55 B F 1R & 65 X
(ICP-OES) MIEW WL ER &t PRI 25 mg
ANBRME, TNAFIREA | mL ARRVE R R EE T,
WKZEEZ 1h, MEBT/KELEZE 10 mL, LK
A B TR R SHETEAL (ICP-OES) ME 0¥
JItE .

eI RUETER 55 MR 55 R
SyEFTE] 30 s; FEALPPGRETTE] 30 s; B REL 35
FERTE] 5 s
1.3.8 /MRS A )7

FERIAL T (g): FKH 150, KB FR (%
Il ) 50, F4H 10, MRS 30, 7K 180, HVMF 250,
2 HBRE55H
21 BIEXNEEEKZN

B IR SR/ NER S, SR AR BE AR B
MOBCEVERIRY), HUREE 2w AR AE K
PARTEM B B, fE—EmEn, JeA SR
Bl — S A v B T = b, (A B — e R E S
A VE SRR, 3 2 RO S Y
AR S R SRR AL, T T IR

AR AS TR B X /N ER AR K RS e, S
ek R 20 WK 2 MZERATLUIEL, Ak
R FETE 0.4%%) 2%IX [N, BlE — ARk
e, NEREEE AR (L) OD %R ) R,
B2 — SR BRIR BE M I 2% 5 , ST AS I F B 44
A, I TR BT FE T, ek 2% Ak
VARl 5 1) e 1 VR
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Table2 Effect of carbon dioxide aeration rate on
the growth of Chlorella pyrenoidosa

75 TR RRR B /% OD/ (600 nm )
1 0 0.000
2 0.263
3 2 0.503
4 3 0.242
5 4 ~0.100

T WO LUR R O h fE X
Note: The absorbance of the fermentation broth at 0 h was
used as the control.

22 REXNEEEKZID
/NEREERESS R SRR ER VR /R, T A,
HAME AR SR ARSI A Xt
FRAERK I, SLIEEIREE 3 PR, R 3
LSRRI I 1, 10 g/L A9 RHER AN E & /N ER i
AR AR EIRAN IS G, EARA K
ZEE, AL RF it — BT .
F 3 EEINE X NBRE A K B

Table3 Effect of sodium nitrate addition on
the growth of Chlorella pyrenoidosa

5 filmaeh/ (g/L) OD/ (600 nm )
1 5 0.127
2 10 0.763
3 15 0.496
4 20 0.335
5 25 0.189

TE: WO LU BRI 0 h 7E %) i,
Note: The absorbance of the fermentation broth at 0 h was
used as the control.

23 BFREMRNK

INERBERE SR B . AR ATCHLER
F, TELL FAZHB-5 /NEREEN H R BHE, 2% %
FEBRAE BRI, 100 mL/250 mL #ETE S WA,
FE T 100 r/min, 75 S ALBREE IR 5 15 % — R4
12 h JEHE/24 h K557 4 d, B R BERR A A
TRIREE . HIREN . BRIRHN . Fria RN . AT
4t % By . EDTANa,. RN . SLBRHITINR
11 10 KR 12 KP5S8, 545 TR
BRIy, LR RIS R LR 4,

XFF 4 Mg T ik 2B A R 43
Br, AL IERIA AR .

Y=1.3X;+0.006X,+0.2X3+7.0X4+0.01X5+2.0X +
0.01X740.001Xs+4x10Xo+ 6x10 X,

Hr: R=0.999 998, F =159 230 7, P=0.000 6.,

T AT DUARAS AL IS (0 35 FR L A i . R &
TP 0.6 g/L, FREREE 0.2 g/L, HEMREN 11 g/L, i
R 0.8 g/L, FrEEIRELNE 0.006 ¢/L, S ALES 0.05
g/L, 442 B10.11 g/L, EDTANa, 0.01 g/L, 4
B24h 0.08x107 g/L, SALHE 0.02x107 g/L, Hlig I
Al LIFRAS 8.500 g/L T4,

DL 2% A Abmi o iR, i AR A R Sk 4l
B, AT PR B ST A SO A R SR
FEFE IO R AR IEATE LT, AR N TR,
HEAT 3 RE G KR, WIS E R T8 5508 8.539.
8.648 Fl 8.407 g/L, HFEAIAFIH: 2@ LK,
SRR E A T, BRI IRy R T &

R4 BHEAXBFIHTRER

Table4 Thedesign and results of uniform experiment

F5 X X, X; X4 Xs X X5 Xs X X0 FH1A/(g/100 mL)
1 0.01 0.02 0.04 4 0.08 1.0 0.08  0.0240 10 12 0.480
2 0.05 0.06 0.10 8 0.20 2.2 0.03  0.0080 7 11 0.513
3 0.10 0.10 0.16 12 0.02 0.8 0.11 0.0005 4 10 0.510
4 0.20 0.20 0.22 3 0.12 2.0 0.06  0.0280 1 9 0.334
5 0.40 0.30 0.02 7 0.22 0.6 0.01 0.0120 11 8 0.777
6 0.80 0.40 0.08 11 0.06 1.8 0.09  0.0010 8 7 0.535
7 1.20 0.01 0.14 2 0.16 0.4 0.04  0.0320 5 6 0.815
8 1.60 0.04 0.20 6 0.01 1.6 0.12  0.0160 2 5 0.090
9 2.00 0.08 0.01 10 0.10 0.2 0.07  0.0020 12 4 0.657

10 2.40 0.15 0.06 1 0.20 1.4 0.02  0.0400 9 3 0.575
11 2.80 0.25 0.12 5 0.04 0.1 0.10  0.0200 6 2 0.707
12 3.20 0.35 0.18 9 0.14 1.2 0.05  0.0040 3 1 0.835
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e R SOLEENA RN RELNAER,
BRI MO RE R, FRR AR AR R S Tk
KAEEWITENR . MHERE a, MEE b MRIOETE
HIA, 53 BN 630~680 nm 2T 6 X A K
A 400~460 nm (15 2656 X PY % I LED £,
A B K AR 450 nm B9OG, M TSR TR,
ZLIGHR A A 2 A

B R H FIR A IR AL T, A A
SIAEY R AR SR, e E A
ettt AMEOLT , SARMN BRI, J6lE4 LED H
Jt (10000 lux ) FIZLEE#G (421, 5000 lux ),
B0 EE 2R PN PO B RTDG JE A  RO
URFR RN E, 5 ZOG IR RN 2 B X /NBR 5 B
T ER W, SRS 5 PR,

®5 AEXBEMEIENFEBIE
Table5 Experiments of different light sources and positions

HAEH L 8T el B paE L
el A®LED  HE6G PO E@LED R LA

SR LED SBMR HUEAS LED {t, LED
KW
16 16 16 16
REUL
iﬁ
”.?% 8 8 8 8
At 8] /d
AT
2.815 4.727 8.635 3.434
Hm/(g/L)

M S SR T LI 1, B oy R
J&, WART E HACE TG OBIERE I T 70%, T
OF A LED ATHY S 6, AR T B 42 5 1 1.8 £,
Pl w4 T 3 5L L, SCRIEF I E; Skt
BRI, VU bR RO, MR T ERS
BRI AN BHAR . B 263 1% LED T 23 58 47 b
FEEIRESaE e
25 |REXNNKEREETENZIG

SEUSH R, IR KB IR
IFE, &EE 8 d, EA R B 40% A4, B
U SR FH B3 SR W st i 1 A0 R TR AR A0 B
HRTEARINE 6 iR, IWE 6 HSRL,
ALVEL, A58 20% 0 E A WikER, JLTE
23 SRR o AR i R AR A A
X5 SCHR R A A — B

®6 TREASEXMNEEFERZM
Table6 Effect of different oxygen content on cell growth

A% KERIER/L R/ R TR (g/L)

15 16 8 3.225
20 16 8 8.634
25 16 8 8.132
30 16 8 7.208
35 16 8 6.524
40 16 8 4.722

26 FAZMKEEFEIKN
2.6.1  HE A% /INBKEE AR 1 B
WA GB5009.5—2016 £ 4 4 [ F b i
T EABEANIE) B, RALAaElK
FERAL, MAS RN RO T e A
58 g/100g, Wi T %M AR 20, nlLikg
A S A PN EREE, X S5 ET AR
FEHRE — P,
2.6.2 RS RIE
I FH 28 R S (SRS D T 2R A /N Bk i
Mo, SiRRNEAZ/DERESAHFENE
fi, MEZE R 7,

I
FHe

R7 BEARNKESERSE

Table7 Amino acid content of Chlorella pyrenoidosa

S HEWR JNERE/ (mgl/g)
L-N& W 41.258
LBt iz 1.652
L-ifi 2 2 45.952
L-ff 2 2 0.001
L- RN AR 25.147
L5 & 42.233
L-Fedi 18.888
L-JR &R 20.204

MR M SRR S5 R T LA, A
e/ NERBER TS AR (WHO ) A [
AL (FAO) Mifi T AIE TR A R
b, JE—Fi R R R
2.6.3  HHMZ/NEREE YT R I E

8 GB5009.268—2016 { £ 5 24 4> [ i pm it
Bt 20 R NE ), R EFH G 8 TRk
FPHEIE (1CP-OES ) iz & M A%/ NER g h -
P i, MEZRER: 97l cE K. Ca.
Mg & EFER; H4E Pb, Cr fl Cd &k
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Table8 Main mineral element content in Chlorella pyrenoidosa

WY FoeE /NER#E/ (mg/kg )
Na 14.186
Mg 3.802
K 9.816
Ca 5.183
Se 0.004
Fe 0.019
Mn 0.078
Cr 0.000
Pb 0.000
cd 0.000

27 EBEBZNIKEFHEGME

WRAEIERE N D7, RO E AL, Wit
U HR/NERBE R AN N, ©A2R TEIER
2k ORI BEVERS . FURGE . JORRIRSE O A )
B/ BREEE A,

3 #it

1) BRI RIE R 2% F bk, &
U84 10 g/L (URSER AN s 51 IR AL 1y 5 57
B WERRE D 0.6 g/L, BRFREE 0.2 g/L, THEREN
11 g/L, WfREH 0.8 g/L, FrERRENE 0.006 g/L, &
1£45 0.05 g/L, 44 2% B,0.11 g/L ,EDTANa, 0.01 g/L,
BN 0.08x107° g/L, SALER 0.02x107 /L,

2 ) SERGUERA U N 20%0, S B AR RS
AL, LED 2T 4 : 1 BB Ee,
SR T FEH A AR, EA AT
YEF#EAT o

3) /IR B BT B A 58 ¢/100g,
B &6 FEmaEm . hamR. WaER. 79
JitZ K, Ca. Mg %,

4) RIS E A/ NKEE, HIE T EA%
NEREEF AL, R TR PR NREETE R G Tk
F1%) 17 FH 450388,

SE Wk
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