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Abstract: This study systematically compared the effects of different glucose concentrations, nitrogen sources, and C/N ratios on the
biomass and astaxanthin accumulation in Chromochloris zofingiensis under mixotrophic conditions. The aims were to obtain the highest
biomass along with a relatively high content of astaxanthin in a short period of time, and provide a scientific basis for high-density seed-train
expansion of Chromochloris zofingiensis and astaxanthin induction applied technologies. The results revealed that under mixotrophic conditions
with a constant glucose concentration, NaNO; was the most favorable nitrogen source for C. zofingiensis cell growth. The highest biomass
concentration of 9.23 g/ was achieved on the sixth day of cultivation, with the average growth rate as 0.24/d, corresponding astaxanthin yield as
12.38 mg/L, and astaxanthin accounting for about 46.94% of total carotenoids in algal cells. As for the effects of different glucose concentrations
and C/N ratios on cell growth and astaxanthin accumulation of C. zofingiensis, glucose concentration at 30 g/ and C/N ratio at 34 were found to
be the optimal conditions for cell growth, resulting in the highest biomass of 11.28 g/L and average growth rate as 0.32/d, with significantly
higher astaxanthin yield (21.77 mg/L, p < 0.05) and percentage of astaxanthin in total carotenoids (increased to 52.71%). The results obtained in
this study will provide the guidance for rapid seed culture expansion and large-scale astaxanthin production by Chromochloris zofingiensis.

Key words: Chromochloris zofingiensis; astaxanthin; nitrogen sources; glucose; C/N ratios

IFE 2 (Astaxanthin), fB2EZFRN 3,3 - F5E
WiksEER: 2017-12-04
BEEWB: NFEAQEfRSNEKREE (2016A010105001
s TN ARIHIRE = EHEAHEX TR
(201704030084) ; [ H&EF BRI S EZRET (A201401C01)
EEEN: EET (1991-), &, EFIHASE, MstAE: MREYR
S
BIRMEE: 8K (1966-), B, Hi%, EIESIH, WzAE: DSy
S

2015A020216003 )

-A44-ZHE-p - R, PSR b A
W R BRI TR EAE T H R B R P AL
Wk, HPTEALRE T2 p-IE DA 10 %, 484K E
(K1 500 fir, BE I BRLELR B, AIELR R IRIEE .
SRS 5, RmAE st BE2555 07 T AA
B i R RS U R AR R LR AL A P
RGN, MRRIREUIRE KR ENE . 24t
APUAMMESE R T A IR
RIRMNF R IRIR LA =T WHI5ERE0Y)

155



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.8

R BN IR . g
R AR ZLBREERE N R A 7 R AN 2R R S ki, (H
BB AN RAR . AKIBE. S5 G, Tt
SRPEDH AR AR, A e m, AT R,
LA R SRR N 2 KA P IR RIS E i
%o

BEREE Chromochloris zofingiensis &R 7K H.
sk, A EAVER] 2~15 pm, JEETEMEETEE
AT 2 A Tl R T 9R, IR
AT AN IEREAT 595, R I ] AR DGR S
AU TIRFEAEK . AGERNE & 2R EiE
PR RS b (FEAFET R, - b
FAF KR IRGEAE bR (FEAFFIFE &R
PRI JAE T S5O L TR EER 485,
DT T R 2368 52 B[R A A28 2 kT

H 1l B AT SR R FR IR 7T R 242 R 7E S
FERWBEITIH, W TIRFRITEHGEAN D, (HRIRTR
U EOSEENAEYREIRE., ERERYE T RFR%
T R0, ACSZIG S e B IR IR 41 R HEAT 5256,
FEH TIRFRFM N, TR IR, % b
TR FE AR R LN g e AR KA R AR R I, DA
ARG 5t AR W IR P AR Ry PR R B i

1 SEEMRIERE

L1 SEiatst

L1l 3AF

A SZ G BT R W 4% B ( Chromochloris
zofingiensis ATCC 30412) ¥ H & ERIARE R HAT 2

(American Type Culture Collection, ATCC) B&#H {5

Hut.
112 EZZBBHEE

AEVMESTHTIX SBA-40D T H 1L ARARIFR A
VIR FERT: SRGBAR BT H 55 [E Dionex A7l
BD Accuri C6 it N4 M4 H & [E BD A
ModulyoD-230 & % T /5 #HL H Thermor Electron
Corporation; GLZ-A Jt& T 1HW HHTIEE AR
AwEE.

1.2 377k

12,1 AFReH &

M B Bristol’s medium! 43 _FHRE— /N (745
BEE Y, FEEEREA 10 g/L &1 Bristol’s medium
AR E . 7E6RE Y 10 pmol/(m?s), TaJE A 26 C )
N, BTOCIRESR IR 7 do EAREFRIE TR

156

FHREC N EEVR, BRI AESE 10 gL A
Bristol’s medium Y, 7EYGHE Y 10 pmol/(m?s)- TGN
26 “CH3# M 150 t/min TR FRFEHIESSE TR 4 do
122 TR QBRI ECEFREMEAREZE
RE 7w

PIAEBIE R Bristol’s medium ANFREANE; 775, 7
[F]— AR FRE (30 g/L) 4T, $ZIBAH R RIRRE
e (O/N B 34) TEREFRIEH T BIIMNGS RN FhE
R BEREE . IRE. RS . BT —=AFAT,
¥ pH A ZE 6.50, 4334 250 mL =, 29
FON 100 mL, 7E 121 CZM4 N K 15 min. #%H 10%
(R AT RN, ZEYEIEN 10 umol/(m*ss), TN
26 °C, #9150 v/min 5 T EE% 8 d.
123 TEMEAR R AR ROt & 4R34 M & A
R EFREOTA

PAAERURM Bristol’s medium AZEAE; 7EEE, 4]
URHIETIEIR SR 20 g/L,  FEIRERE L 22, 34,
42 IONHHIREN, BH=AFAT, TR 5 pH i
£ 6.50\ /M EEFFTE 121 CEAF T KB 15 min. $2HE 10%
(R AT ERY, ZEY6IE0N 10 pmol/(m*-s). TREN
26 °C. B:3K 150 r/min M R 8 d.
124 RFE) & B4R EVABAR Gt &k
W EVAR EZ R 7

PIAE BB Bristol’s medium AFEEAREFRE, DL
I SRRV EME— IR . TERSFRER I
PR EE (LA A58 Glu) /3128 10 g/L 20 g/L. 30
/L, [FIERRZE A AR B 2 1 NI IR L 22,
34, SAIINEEEREN, F N, HauubaAmsE
AR A AR (10 gL, 20 g/L. 30 g/L)
KT, WWERELL DA 22, 34, #HATSER.

WY pH & 6.50 F7r%¢, FEBEHN 100 mL, 1E
121 ‘CZAF T K 15 min. EEEFIE N 10%, RN
10 pmol/(m*s). RN 26 °C. #:# A 150 r/min %%
TR 8 d.

1.3 4%

13.1 ARzl

R AW R T R TI E . W 2 mL
BLREER R, BT THROHER 2 mL E0EH,
Bl Yilk. BB EERS S, BEEE T RS
TRFEHRTE 60 CHETZ1EE, ot K FirEH i E
ZefH, BAFEMEZN =R, BCFE.
132 FEHFE (gg)

THAFE a=(m;-my)/(x,-X,)

b om. bt AR ESERE, . x A



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.8

tye o BT XL 4G F E MR
1.3.3  fafiedy-F3 A Kig %

PG AE KRR TR T A S RS N
73R,

1.3.4  F EHERE M Z

SKH SBA AWML BT O e FE IR AR K
THRKE . SBA RLIEREFEN 0.5~1.0 /L. 5E i
1.0 g/L I RERRIE e br, BRI Bis, MR s
EREVEREN, FFREEL 25 pL RESHEITIE o I 5E Bk
PR E RN R R TR
135 ERegne

5% (Total Nitrogen, TN) [ 2 R FHIA H W5 &
/AT ] DRB 200 Tl #2351 DR 2700 43606 E,
HH DR 2700 6B BT IERFE N 0.5~25 mg/L
5 2~150 mg/L, BUFFN_LIEW, WMBEREEREN,
P4 Total Nitrogen Persulfate Ay R0 L2 AR 515
IR E T DRB 200 a5 H A7 M 30 min, R34 40
EEIRJG, IFFTIE(TNA, TNB) M5, F DR 2700
e EETHINE
1.3.6 & B amE

LR PR P SR G AR A 5 , WX 1 mL
BrFR R s, MR IEERE . g e
SE YA ERRETE A 700~1000 AN/l 5 FTAFE b 2
PR 138,

1.3.7  fmfie e 64 €& 69 4R IBVAZN]

AERAFR VR TR 10 mg TIRGE T, A
EEIHEZR. T 1 mL &6 0.1%m/V)1] 2,6- 4
THA-FEIEH (BHT) HIH EE S 5P b BT
(3:1, VW), midfR 30s, ZJiiid E TE e
H, SO B i S S R A K,
T, e RIS, AEAWRT, A 1 mL HigES
FILRUT 5 (MTBE) WREER) (1:1, V) E%R.
B 022 pm FIRFLAEVIIERH T I8, #atse
L, AR TR UL LT B R B
FEHIZAE FRAT, Dl el fErh e = fE . &
S B IR R S IR S SRR 52 T A T
U0, e IR 2 (41659), M4 a (96145).
M43 b (00538). MEEZE (07168). fiEE (11775)
Y 321 Sigma-Aldrich 7], ¥ IR R HE b L
il AN R BE (AR AEVA R, kA 38 HPLC Fril e 2%
T, BESIANEEARHERLZE, S TR P R
B E A E BTN E .

1.3.8 #dBELitaAr

“¥:H Microcal Origin 9.0 Software. SPSS 4t 1173 #T

AC/TR

2 HERSIH
21 FRARMEREEYERES 6AE

BEEENT W
2.1.1 KRR AR &R AN RET A
A ol = THEREN
ol —eBEAN
~ —a— R BEF
%‘o 8r v JR&E
I 7T e RS
o o6t
oo
£ 4
EGl 3l
2
1 1 1 1 1
0 2 4 6 8
R FEmtiE / d
b 35 —=— fHEREN
3 —e— i Ak
5 —a— R RETY
’E:R( 20k —v— TR A B
=
g 10
5._
00
R FEmtiE / d
Bl 1 FREEEG T BERNE KL () IREEERERE
fhék (b)

Fig.1 Biomass concentrations (a) and time courses of glucose
concentrations (b) in the cultures of C. zofingiensis with
different nitrogen sources
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Fig.2 Total nitrogen utilization (a) and time courses of pH (b) in
the cultures of C. zofingiensis with different nitrogen sources
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Table 2 Pigment yield, productivity and percentage of astaxanthin in total carotenoids of C. zofingiensis in the cultures with different
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TN 20 g/L AL TG EMDIRAS; SRBe 2510 3
FBRELA 22, IR N 30 /L ARZE LA 34,
HI TR 30 g/L [P AL AT 240 AR
MR FE AR 4H AR = B TR RIS b
FEOIRIFE RN AR EER, X EWAELRKERIE
AR EAL AT, W TR (e R R
HHZL AN ARUR TR EVIRAS TIZIM, X AT REETE
SEUG SRR AR N 30 g/L, BRI P
ZH B ARG o B B AR W R R EAR K 1 SR R 22—,

FEANFRV IR B2 A S B s LL I L T, AE8S 9%
SERIS S AR R FE AN ] 7a PR, FESCER 251
FRELER 34, HEINEREE N 30 g/L B}, (4t Ay)
BIRERCK, AHAF] 1128 ¢/L, 1fi Po-Fung Ip %"
MNWFFAEIRIRFAAE T, HIEFERE N 30 g/L BHAEY) &
ik F] 9.45 g/L. FIF SPSS 434, WAL A 34,
PR N 30 gL — A= EE T T HAL R4
(p<0.05), BEFHAREERTHEL A 22, H4
B 9 30 g/ —41 (p<0.05), Z55FRH], 24704
WRPE3 5 20 /L A1 10 g/L I, FEASZIRZMET, A
—HEPERE T, AR G E A Y R R
TR EMEZES; TERARRRE N 30 gL B, AFEBREA
LX) R A B E R (p<0.05), H
HIETIEIREE A 30 g/Ls kAR 34 A FIAEYE
WKFEREN 11.28 /L, M HEEAFZEA 97.37%
(nlE 7d o), P A KRS R R AL N 22,
PR IE N 30 g/L 21 1.2 1%, & BRI N 20 g/L
FAF TP 1.23 £, SRR AR 10 g/L %14
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NP 1.85 fi%. g/L), BURER LA ARG, VRIS & T 35%,
Z5 b, (SRR AL 34, R AT HEIR L 30 g/L P AE KRN R R (032/d) HIE4&HF T gt
KIS T A KR, HAYEREIASHRA (11.28 FERE RS ST R A TR DA R
R4 TERELFGTRERENEER~E, mERNSFRML2ERE MNENESETL
Table 4 Pigment yield, productivity and percentage of astaxanthin in total carotenoids of C. zofingiensis in the cultures with different

C/N ratios
CINE  AYERE/NYL) EF /7 Himgl) £ R/(mg/Ld) STEEMEEEET FENT %
tEE AEE EE
22 8.08+0.14 7.0040.14  3.58+0.10  5.72+0.12 0.71+0.02 35.10+0.20
34 8.35+0.20 11.61£0.18  5.02+021  7.64+0.18 0.76+0.01 40.53+0.25
42 570+0.11 2.70+0.12  2.00£0.13  6.62+0.13 0.83+0.02 58.38+0.21

* 5 TEIRELURFEIEENERERG TaEENTESERTLLERKER
Table 5 Yield ratios of biomass to glucose and specific growth rate of C. zofingiensis in the cultures with different under different C/N

ratios and glucose concentrations

. BRI A 22 BRI A 34
TR A
10g/L 20 g/L 30 g/lL 10 g/L 20 g/L 30 gL
eI ing/g 2.90+0.23 5.99+0.28 7.30+0.32 2.70£0.12 6.25+0.14 9.63+0.25
FEIFE/(g/e) 0.290.02 0.300.01 0.32+0.01 0.27+0.02 0.310.01 0.320.01
Tk Kik F/d 0.18+0.01 0.25+0.02 0.26+0.01 0.18+0.01 0.25+0.02 0.320.02
224 P F EHEREABIE Rt E55% G AN RV RIE R DL BB LR (G B
EFRR A M AR UE 8 A, AHFIEEERET,
a ol BB 4 % PR e, WFE R A R, MBI,

IR s, W R Al HAER SR N
30 g/L Bk a3k 6 Fias, B AR FE 0 m,
MEREL N 22 I, HRE R A B AL E] 1.89 mg/g,

FEERELF] 16.89 mg/L ;7 # Y 2.11 mg/L/d, HAdRE
KA SAHE MR EBI 57.56%; MBRE LN 34 1,
] e MRS ERmET 1.93 mg/g, FRAEE 21.77
S ) mg/L, PERAEAE 2,74 mg/Lid, JErAR R A
’ ’ ’ " 3 NELLGI 52.71%; [F—HEMEREE T, Bt

BESE / (mg/g)

ae
b m, INE R RS SLIRE RRHEARSLI AT,

1(9)8: T%%%%*EE‘J?ﬂfgﬁﬁ%ﬁ%@%ﬁﬂ%ﬂ%%o 5
, gg : Po-Fung Ip U A\BFFT 43R 2R K AORT 7t 45
ey Ffhe Gia Kl 7o, SERREEREN]: BRI )E, A
;ﬁé 4518 i b, MRS R BRI, X5 Zhang %'
& ;8 i NI TR SR — 20, HA R AT ah 2218

10F iy, JTHERINER.

P P P A o o R0 G B BT R Lo 6 S 5
P L %, LRSI 6 iR, W BE
8 TEIEEIEREURBALL N BEERRESE () RE PR, RN & B MG M A hR R T

ZERBERANE () KNG MTbE, MRS A G 0 G AR B ) T e

Fig.8 Effects of different C/N ratios on the pigment MK Mg RS BRI A PR N 10 g/L Bk E
accumulation(a) and pigment percentage(b) of C. zofingiensis. BRELLA 22 I, B RECKATIAH] 2.56 mg/g, UGN
in the cultures with different glucose concentrations and C/N FrER A A IAE] 11.40 mg/L, &S EET 32.39%. 1M

ratios AR SRR R, HBAMEN 0.42 mg/g. WHFTRIE
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RARABM SR NEATTR, RS EA LM
ZHA PN SR BRI R, AR TR [ —
BRELLSRAET, BEER AR, RS ERK,

Y NITES G s

CHE R

g b, [F—BRELFM T, I RIS EhEE
* 6 TRIFEREFRALLZG THREEGRSE, FERINEEMH2LENE MNENE ST
Table 6 Pigment yield, productivity and percentage of astaxanthin in total carotenoids of C. zofingiensis in the cultures with different

EHRRZ T TS, HEEORE A 34, AIETREIK

FE 30 /L IR

= AL LR
R BB R]

N 1.93 mg/g, HAYI=

WA 1128 gL, WNEZRSEINER AN 21.77
mg/L. 1X 5 B Sk e I v 2 R b DA S IR

AR ARG IR LI AL 1 RAF ISR

glucose concentration and C/N ratios

) &% Z/(mg/L) NHEEZ% SHEEAEEE
e s A EIRE/(gL) /
"HEE fak HEE (mg/L/d)  AF M EE /%

e BALLAH 22 4404011 11.40+0.18  0.10£0.01  3.87+029  0.48+0.09 2536021
FEAEREA 10 g/L R

BALLAH 34 4331023 835+0.32  0.15+0.01  4.32+0.02  0.54+0.03 33.71%0.16
- BEA 22 7.60£0.14 1221021  0.92+0.01  8.56+0.72 1.07£0.10 39.45+0.23
RIS 20 gL BEMLAH 34 7704021 10732021 1344001  7.93+0.12  0.13+0.02 39.65+0.22
N BRREAH 22 895+0.15 9.71+£0.15  2.75+0.01  16.89+0.33  2.11+0.12 57.56+0.25
REHEREH 30 g/L L

BALLAH 34 11284017 14.90+0.14  474+£0.11 21.77+0.11 — 2.74+0.15 52.71+£0.26

3 Zhig

AL EEWTIT TR T, ANFREIFPE,
HIEPERIL . BREE (i A R T USRS R
BRI R RYNRIRFA T, IR skt
AR BRI, HUGERREE . KRR, BER
i, TUBRIR S ANIE SN IR s I R R
CARHEREN R, BRELE Y 34, HIEIFEIREE N 30 g/L,
RELREAERPTTR MIEAL Rk, e R nl A5
AR AN R, RN R R i
HERE, NSl U In R R PG R, 5SS
PELIPN I G Ve I

BH T HK

(1] HERRFRARMERORHE N RTRI P E S
B 9%,2011,17(5):33-35
XIAO Su-rong, LI Jing-dong. The characteristics and
application prospect of astaxanthin [J]. Chinese Food and
Nutrition, 2011, 17(5): 33-35

[2]1 MIAO F, GENG Y, LU D, et al. Stability and changes in
astaxanthin ester composition from Haematococcus pluvialis
during storage [J]. Chinese Journal of Oceanology and
Limnology, 2013, 31(6): 1181-1189

(3] VRS IREI],SAE T AORBERE LA A I R A
FREERT L[] DU i FHE,2012,8:1021-1024
WANG Hong-man, XU Xue-ming, JIN Zheng-yu.

Industrialized culture medium of phaffia rhodozyma for

astaxanthin production [J]. Modern Food Science and

Technology, 2012, 8: 1021-1024

(4] REIZE SEECE SRR, S5 RS R AT FUE R[] 20 Tolk ARt
$,2000,2:79-81
ZHU Ming-jun, ZONG Min-hua, WU Zhen-qiang, et al. The
progress on the research of astaxanthin [J]. Science and
Technology of Food Industry, 2000, 2: 79-81

[S] LIU J, SUN Z, GERKEN H, et al. Chlorella zofingiensis as
an alternative microalgal producer of astaxanthin: biology
and industrial potential [J]. Marine Drugs, 2014, 12(6): 3487-
515

[6] CHEN T, LIU J, GUO B, et al. Light attenuates lipid
accumulation while enhancing cell proliferation and starch
synthesis in the glucose-fed oleaginous microalga Chlorella
zofingiensis [J]. Scientific Reports, 2015, 5: 14936

[7] IP P-F, CHEN F. Production of astaxanthin by the green
microalga Chlorella zofingiensis in the dark [J]. Process
Biochemistry, 2005, 40(2): 733-738

(8] AR, 5k o vl BRI AL E 7707 s A iR A A Bk
Py o 2R A ORI SR A (0] A it AH,2017,4:160-
167
WEI Dong, ZHANG Hui-zhen, CHEN Jiao-min.

Optimization of trophic modes for enhancing the production

of biomass, protein and Chlorophyll from Chlorella
pyrenoidosa [J]. Modern Food Science and Technology, 2017,
4:160-167

[9]  BRIE AP KRR, SE A FIBEER 3 MR A A
T[S S+ ISEMA[C. L ZRHEFEIBIVE 4 2017 SEBTRHLS.
2017
LIANG Ying, LI Ze-bang, LIU Chun-qiang, et al. Effects of

different phosphorus sources on thegrowth andinterspecific

163



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.8

[10]

(11]

[14]

164

competition of three marine microalgae [C]. Shandong Ocean
Lake Society 2017 Compilation, 2017

CHEN J, WEI D, POHNERT G Rapid estimation of
astaxanthin and the carotenoid-to-chlorophyll ratio in the
green microalga Chromochloris zofingiensis using flow
cytometry [J]. Marine Drugs, 2017, 15(7): 231

Pl A1, SR AR, 55, B TR T HONT pH R K/ NERERAE AT
TR B IIRE AT FE 77K RE#,2013,9(4):33-38

YANG Xun, HAO Zong-di, ZHANG Sen, et al. Effects of
trophic elements and pH on growth rate and lipid productivity
of Chlorella zofingiensis cells [J]. South China Fisheries
Sceience, 2013, 9(4): 33-38

QIN L, WANG Z, SHU Q, et al. Medium optimization for
Chlorella zofingiensis biomass production using central
composite design [J]. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 2016, 38(6): 769-776
Mulders K J M, Weesepoel Y, Bodenes P, et al
Nitrogen-depleted ~ Chlorella  zofingiensis ~ produces
astaxanthin, ketolutein and their fatty acid esters: a carotenoid
metabolism study [J]. Journal of Applied Phycology, 2014,
27(1): 125-40

K2, F5 77, A B A RUKCE R e N A &
I3 S AR AL (T[] AL A B 241, 1999,35(3):
198-201

LIU Xue-ming, WANG Ju-fang, YU Ruo-gian. Study on the

changes of chlorophyll content and biomass of het-eroteophic

Chlorella vulagaris under different nitrogen concentrations

[15]

[16]

(18]

[19]

[J]. Journal of Plant Physiology, 1999, 35(3): 198-201

IP P-F, WONG K-H, CHEN F. Enhanced production of
astaxanthin by the green microalga Chlorella zofingiensis in
mixotrophic culture [J]. Process Biochemistry, 2004, 39(11):
1761-1766

IP P F, CHEN F. Production of astaxanthin by the green
microalga Chlorella zofingiensis in the dark [J]. Process
Biochemistry, 2005, 40(2): 733-738

TLATRG, B 25 o T A5 G I B 0 T A 2D BRI  R
PR RIHUALIRE P2 (1] DU B A, 2015,10
JIANG Hong-xia, LET Meng-yun, LIN Xiong-ping, et al.
Effects of light stress on astaxanthin accumulation and
antioxidant activities in Haematococcus pluvialis [J]. Modern
Food Science and Technology, 2015, 10

ZHANG Z, HUANG J J, SUN D, et al. Two-step cultivation
for production of astaxanthin in Chlorella zofingiensis using a
patented energy-free rotating floating photobioreactor (RFP)
[J]. Bioresour Technol, 2017, 224: 515-522

TR R AR T, S AR LR R I A R (R B A
6 5B AR RHERT E (1] RAR I 92 57T ,2010,22
(5):850-854

WANG Qun, SANG Min, LI Ai-fen, et al. The dynamic
change of pigments and photosynthetic physiological
characterstics of Hanmatococcus plivialis  cultures [J].
Research and Development of Natural Products, 2010, 22(5):
850-854



