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Table 1 Research situation of astaxanthin production from lignocellulosic feedstocks

T} VISR R AR INE R &’ B

Feedstocks Processing methods Strains Biomass/(g- L") Astaxanthin yields/(mg- L") References
HEA EUKB LS I EF 4 BRI ARG Phaffiarhodozyma JTM185 7.16 2.56 [14]
KEFRFE KB LS A 4 R FIAR RS REAAR Phaffiarhodozyma JTM185 12.78 2.99 [14]
B, Tax: 3 FRBRK RS It 4 e AN 2T 4 - WE B EG A Phaffiarhodozyma ATCC 74219 ~ 182 [20]
HAKRE R Phaffiarhodozyma NRRLY-17269 103 7.19 {29}

NaOH B FAb G 73 3R R B FPBAE k. D (1):10 (1):1.6

FEAR AR 1 0) G A E R b AR Phaffiarhodozyma ATCC 24228. (2).8 (2).14 [30]
gRAAB WRRITSER @%ﬁ%@“ﬂﬁigmﬁ% Phaffiarhodozyma ATCC 24228 10 2.14 [31]
K TRER KA Phaffiathodozyma ATCC 24202 4.6 72 [32]
KEFEFF KRS AR BN B Phaffiarhodozyma ATCC 74219 - 23.6 [33]

211 BH LR F EREMS RO Yh JREF 4 R IFORHAL B 52 5 2R F 2 R A [R) O EL BE 7T A

FIFA T £F 4 R JROBHE M 40 35 R BE R B BIR , B0 7%
BLIERE R BT 4 R RO HEAT FUAL B K K % BUE TR . A
HAARAERIENAERBE=IFEENRE, BXS
KB4 R JFRH R 8 26, AN [E] B JFoRHRP S, 20t kb
R MRS E RIS R B A 2218 X, I Montanti Z"9F]
FHAR R B 2 CERUKIR I ) X e i A R A FE AT Tl
R 5 A B R B AR RIEBK AR, B 2 MoKy
IFEE-EMEZER K, RERA R RS2 0K A
R R R EHER K, HR, ERAAEERER
BHEBRIR I, B 2R B B0 5 FOBH AL 3 K% B
JT A £, W Vazquez 5] Cruz 2503 R Fi A AR1E R
¥, ERTH R 10%H) NaOH 12 ¥ Filab B 59 5 82, J & W
K ARG BR AL B8 5 1 , SR 5 A FRAS 3 B9 /K e v VR B R =
IR R, R IR R R AL HRAS 2 7K A VR0Z H NaOH 2
EFAEER M KERITE R B]S. B&E, IR
4 R FRMERIRIE ST 7B K, 11 Cruz EP7E K

—FINE RGNS B AT B, 57— M R £ &
B, X RESE 1 FiiB DL AS B RO /K SR B N B B, 45 2 F
&7 R B FNET 4 03X 2 FhK BRI BIVE ML ik R
B A= R R AU, S5 R A B, X 2 Mok g mis 2iav 4
PR BERE A ) B K BONGE (B R A 4 4 Z e 15 2
B 7K S P B4 BT 2 7 B A K (] B A 4 44 2 g A -
BT BB 15 B A KR, X I A 4 R L A
WA TaERBERTERAHBIFEE,
2.1.2 KR FIEF G TR

KRS HEN AT EE RS, BN
AFEEE, BETEE MBS E AR R ER
B BIRBASKIES . XU TAL T L B8 B R
AR R e R 5 B ELfEtIE ¥ I 8, SR 78 ik #
i AR 4 7R A K B B PRI QAR AR | 5 P B R, X
BRI R A R B = AR R K, 4 Martin
SEPURRESY T R RS R A TR ER /K AR TR A By K



$15 3

RS - FUFR LR TR IR ML LR KR B A PR RO R 311

MERAE M R B RE NIRIEA I E R, AR AR
RS B MK IR IR T B R g, Hh— 1T RE
B0 I R R R IR AR R /K A 7 A Y R BRI SR AR X b —
$b, Paraj6 50" Vazquez S5 R BR AL B K 47
He R R, SR R FHAH R MR A U SR R EXT IR, R
TR AR PR T Ak B 5 A2 P PR AR K SR VR R A R R R AL R R
BERE PN E R WAEE B E . B RTHH R a sk R B
B irE R R L, 3 B ML 7T R E
5, R, B 55 0 ) 500 Xk 41k R A A 1 LR AR L
RS
213 FFEFHAMFRKELYD

FIFA R 4 R FRME MR R BB T IR E R
BRIR, KE BRI BENE— 0, AR AR
23 WAL BUK AR S B B T A AR A = IR E R 2
ARPIFE R A58 R ZBE RS>, IR
[T 4 K 43 B B f 5 15 B M TR e P ke A= P AR
ERH A= 5 XA A AL B BB 88 78 M AR R £F
Y E KRR P RIARYE . Neghiem ZF* 03105 THIAE
KL 2 B R FEAT R P MR F £ A LB, # AR R Fisk
HEBMIY  FEERCESRYE T N ERL
. Horiuchi 25 F] F T Kt B 5 BR K A TR = AR
ZEERIFE R, il AR 2 B LB bR K g P R o
ABESE AL B AKE B , ) P BRI R B K A% B B3R 4 3
EIREEAL R 2 B, T TR T B — e AR % B % U A SR AR
R R IR R BRIR, BBUS T AR
R, TaERERRMET2F ARG EE KGR
)30 JERE , BN SR A 5 oAt ™ S AT B = L2, B T
Fo o P K S b B3R SRR, 3R S ORI

REIR UL, RBTA AR LFRREREZ Mk
BE , NFEAE 5 B b AE Rl R, B A BB F AL IR A
A K B PR ERE R R ERL, (B H R AR — S B AR R
—RENTFEE AN ; — RRBKEENSEY
M T MR TR IRE, TR RS T =R RAMNE
R 2 R BEM B IRTR , FERRRCREA S, BN 4R R
FEMETHEABRRBAT , RBUFEEA=RAB S
22 RitEHSEEYERIYER

R B R, AR EREE A
TERMGIMERKE T, EEMEYER, Fiki AR
TR FH SR OB A 41 vk R B I A SRR R A P iR
%, HiTR LR ZH/KRIT S EEYERY T ERZ
2Ot B CH T AT LS, X R
H YRR R B AU R RBRIER, IR E

R R EH MRE R B B & BUE R BB TR 69

HARE , R R RBRIRER T & F & FEMESMNE A KR
BRHAE YR E G E R ERE T, X
R BRI I 2 R 280, XA R R
B AR = IR RABRIER , FF R &R RES A MR
IR BE B R SR A ERR IR 19 3.5 509, TSR &%
BB A R OB R AR FL , B LA N L0k R B 1 A 7= 4F
HRIBRIRN , B/ AP R R EEAE 11.47 mg/L™, &
RAKREFRRBREE FAER L ESMEYER,
RANE KA F B Z AR EEFET

PR ISR BR MR, KA A .
2.3 HE

PR Tl BB =&, b2k 28 B R IR
TRBHARTTBEEZR. BETEEREFEST A
EEtENE, RIAEH TR R B R, BLE TR A XM
EHRE= RN EEA L, B g REaE R #EE
HIBRIER A PR E E o 40 Haard S B2 (N
49.8% , B %I BE 4.4% , TN 4.6% ) VE M40 R B £ OB IR
RS R, SRR N 10%MBE B R e R h BUS B
IR H R, B2 1182 pg/g (IFER/GNE) , TAE
Xt BE AR LR (BIARSE R R VR LU AR B ) T H
E=R R 875 ug/g (IR B/ B8, FHTTRERBE T SH
RHITFRRENHEF . EHRERAZEE LT HEARF
BRIR X LIk R R AE P IR F R B, t R B XT 4T
BREHNERBNERN, ZHE S THREMEER.
BEAh , An SR FEH 0B (R E R 0N A
B E RO RENBRIEA I E R, ER MR EE
FHRBEWFGT T EEEB N 24 myg(IFFR/E
). MERFRESHES HNERK, BB KR,
{E0R L F iR B A =] BB AE7E 5 H M AT Mk (R
¥ &3 FORH [A) L, JRBLEE R AR B MEEAR TR
24 Hil

H i A AR S i A PR B — RRRI PR, AR KR
B 53k, HI DL H M M 4L R A - IFE B R
U, REUS A R4 7= A . Kusdiyantini 855 T
DL gt e A L3k R B A = IR R Bk IR BT pH{E X
HlwRg BT IS R -8R m, SR RA Y pH{E R
6.0, MG HMEEBERE N 378 gL, U RBER A KRBT
ﬁ%%%ﬁiﬁﬂ%ﬁftﬁ , 7097 mg/g (¥FF Z/H M) o
Silva ZEUIE) LN Al AR A 4T 5 R B R A PR IR R BR
AT TS, R B Mg R B H i R B W 40 g/L
i, IR 25 CHE, 24t 168 hiI KBS, IFE B BiA 3 &
KIEH 1.7 mg/L, AU, HilRE—FIERIEAIEARREE
B PR AR E R ROBRIR , 405 R B R F H Wi VEBR TR A (X
Ak RIFHIFE ZEREENHHEBERRE, HHmE
Sk T I Ay — 1 1) R 4 o P Y AR MR AR, A W Sl
A PR AR (L BB E , XXM
KAEKKITEZENRBESARKER, FFATRSY K
AR ELHNE, '

3 ZitS5RE

FI AL B R BB A 7= IR B R, 5 SR 2 OB LR BR
TR BLAS fi 5 2 Tl 2402 b1 R AUAR AL L P B E B R B2
—o W FHRIES AR R BERUR I BUBRIR , BEARUF
HR AT HA R R RITE R B R iR,
HWE BTRLARE RE RMESE A R A B SRR AT A
BRIRGE & 4L KRB R A IR R AR BB (B H A
MR, DUE R TR B R /N R B A 72, i TR
MU Tl AbAE ™=, —SeRRfr EDORIR) 2 A9 J5URL R AL
EFIRE R B RFRIE . XERRFERGEKRER
B FEBER H AR ST 4 R KRR 5, (H X SRR
B E — LB R, L Kk RIS FORF7E 30 1 R e ik



312 Pk TAE2EAR( http://www.tcsae.org )

20164E

PR ), 4 2 S JRURH L IO A s M 07 T A7 () R, 2R OB
R BAFTE R ML 2RE, ARBUAF4ERRFRRIRT
Z AR IKER AR S B S, RRAAEMT
HUBALAR B S B A 7= MR R W JROR) (LRI AP —

B T X SRR A AR B0 TRIAR , AR SR AR £1 3% R B 7
I BRI W B BT R R T ILA rE: DES
BN FRH T & - i1 T B A0 2 05 RN R TR TR A
[G] B R B , DRI -0 IR TR 32 EL A I R 1 BB e
EAFERN—NTEBENRITE. 2) B TREZ LM
B, R BTEF 4 R IFRLIE R R B A IR RE R
T BB B, ST R SR AT 4 R SRR EBR VR B TR E Y
BRI, £ J5 X 05 RIS N B4 BN IR A TS
Je AT 4 2 OB BUAL B L2 2 4 KA AL KRR
R BHIPOFAR SN 233 DENE R RE LG RS SN S B N
PR TZMBTR S, 3) BT YRR B E 2
JEORE 32 2 A 24 R 3 R RO B R AR A, IR, K
JEORE SR R iR A2 S JFORL ) 1 AR A i A 2 5 J5 B 52 0
6o 4)H i RE @ A 4 7= AR Yy S il KB ARG 3F HL 4%
R B , ST R T T o 54 2% B 00 P BT 40 1k ok B - AR
R, 4 J5 BT 58 B E s 07 TR 2 p v o B B
A BREARBEEY WA IR PR EESR
KRBT,

(B £ X W

[ XFis, L& 5FE R W AYTEERIF RN ARRD]. &
EWE Y, 1997,63(3):46 — 49.

[2] Schmidt I, Schewe H, Gassel S, et al. Biotechnological

with  Phaffia
Xanthophyllomyces dendrorhous[J]. Appl Microbiol Biotechnol,
2011, 89(3):555 - 571.

[3] Misawa N. Pathway engineering of plants toward astaxanthin
production[J]. Plant Tissue Culture Letters, 2009, 26(1):93—99.

(4] B EHE ERGEYFHRABAD. TR,
2002,11(5):38 - 39.

[5] Andrewes A G, Phaff H J, Starr M P, et al. Carotenoids of
Phaffia rhodozyma, a red- pigmented fermenting yeast[J].
Phytochemistry, 1976, 15(6): 1003 — 1007.

[6] Calo P, Gonzadlez T. The yeast Phaffia rhodozymaas an
industrial source of astaxanthin[J]. Microbiologia, 1995, 11
(3):386 — 388.

[71 Palagyi Z, Ferenczy L, Vagvolgyi C. Carbon- source

production of astaxanthin rhodozyma/

assimilation pattern of the astaxanthin-producing yeast Phaffia
rhodozymalJ]. World Journal of Microbiology & Biotechnology,
2001, 17(1):95-97.

[8] Park K M, Min S H. Production of carotenoids by B-ionone-
resistant mutant of Xanthophyllomyces dendrorhous using
various carbon sources[J]. Biotechnology & Bioprocess
Engineering, 2008, 13(2): 197 -~ 203.

[91 Meyer P S, Preez J D. Effect of culture conditions on
astaxanthin production by a mutant of Phaffia rhodozyma in
batch and chemostatculture[J]. Applied Microbiology &
Biotechnology, 1994, 40(6): 780 — 785.

[10] fy8E, RIEIL, JalE . 55, 0A R 1 1k %) 203k K B BB AUAR
EEEZMAEROMAD. TIMEY,2007,37(1):63 -
66.

He Pu, Yu Jianglong, Zhou Pengpeng, et al. Optimization of

astaxanthin production by Phaffia rhodozyma using response

surface methodology[J]. Industrial Microbiology, 2007, 37(1):

63 — 66. (in Chinese with English abstract)

R, HER , RIS, 5. LR KRB P BRER NS ]

A5 RBET,2002,28(2):7 - 10.

Liang Cheng, Huang Yanjun, Wu Haizheng, et al. Two-step

addition of carbon source for the culture of Phaffia rhodozym[J].

Food and Fermentation Industries, 2002, 28(2): 7 — 10. (in

Chinese with English abstract)

[12] Persike D S, Bonfim T B, Santos M R, et al. Invertase and
urease activities in the carotenogenic yeast Xanthophyllomyces
dendrorhous (formerly Phaffia rhodozyma ) [J). Bioresource
Technology, 2002, 82(1): 79 — 85.

[13] Johnson E A, Lewis MJ. Astaxanthin formation by the yeast
phaffiarhodozyma[J]. Journal of General Microbiology, 1979,
115(1): 173-183.

[14]Montanti J, Nghiem N P, Johnston D B. Production of
astaxanthin from cellulosic biomass sugars by mutants of the
yeast Phaffia rhodozyma[J]. Applied Biochemistry &
Biotechnology, 2011, 164(5): 655 — 665.

[15] Vazquez M, Santos V, Parajé J C. Effect of the carbon source
on the carotenoid profiles of Phaffia rhodozyma strains[J].

[

—_

Journal of Industrial Microbiology & Biotechnology, 1997, 19
(4):263 - 268.

[16] RHAZE WK, RIER, %, AR R LR E X4 % KB
B SRR [T]. R B L R F R B AR 2R, 2002,

30(4):77 - 80.

Zhu Mingjun, Pu Yuewu, Wu Haizhen, et al. Effects of carbon
sources and concentration on the culture of Phaffia rhodozymalJ].
Journal of South China University of Technology, 2002, 30
(4):77 - 80. (in Chinese with English abstract)

[17] Parajé J C, Santos V, Vazquez M. Optimization of carotenoid
production by Phaffiarhodozyma cells grown on xylose[J].
Process Biochemistry, 1998, 33(2): 181 — 187.

18] Stachowiak B. Astaxanthin synthesis by Xanthophyllomyces
dendrorhous DSM 5626 and its mutants on carrot extract
medium under different illumination intensity[J]. Applied
Biochemistry & Microbiology, 2014, 13(3): 279 — 288.

[19] Parajo J C, Santos V, Vazquez M. Co-production of carotenoids
and xylitol by Xanthophyllomyces dendrorhous (Phaffia
rhodozyma) [J]. Biotechnology Letters, 1997,19(2):139 — 142.

[20] Nghiem N P, Montanti J, Johnston D. Production of
astaxanthin from corn fiber as a value- added co- product of
fuel ethanol fermentation[J]. Applied Biochemistry &
Biotechnology, 2009, 154(1/2/3):48 — 58.

[21] Calo P, Miguel T D, Veladzquez J B, et al. Mevalonic acid
increases trans- astaxanthin and carotenoid biosynthesis in
Phaffia rhodozymal)). Biotechnology Letters, 1995, 17(6):
575 - 578.

[22] Meyer P S, Preez J D. Effect of acetic acid on astaxanthin
production by Phaffia rhodozymalJ]. Biotechnology Letters,



151

JRRERESE AR R SR TR IR L0 R B R MR R R 313

1993, 15(9): 919 - 924.

[23] Flores-Cotera L B, Martin R, Sanchez S. Citrate, a possible
precurs or of astaxanthin in Phaffiarhodozyma: influence
ofvarying levels of ammonium, phosphate and citrate in a
chemically defined medium([J]. Applied Microbiology and
Biotechnology, 2001, 55(3): 341 — 347.

[24] MREFIR (50, B Z X, 45 FLEREARS e R BERL = UF 3 RE

WA LT]. B dh S A BT, 2010,36(8):106 - 111.
Lin Shule, Ni Hui, Xiao Anfeng, et al. Effect of sodium lactate
on production of astaxanthin of Phaffia rhodozyma [J]. Food
and Fermentation Industries, 2010, 36(8): 106 — 111. (in
Chinese with English abstract)

[25] Gu W L, An G H, Johnson E A. Ethanol increases carotenoid
production in Phaffia rhodozyma [J]. Journal of Industrial
Microbiology & Biotechnology, 1997, 19(2): 114 — 117.

[26] Yamane Y, Nakashimada Y T, Nishio N, et al. Astaxanthin
production by Phaffia rhodozyma enhanced in fed- batch
culture with glucose and ethanol feeding[J]. Biotechnology
Letters, 1997, 19(11): 1109 - 1111.

[27] H/NBE, RBIZE, Gt b SRR b 25 8008 R R AR B B AR
FIPLIRHATT]. EEBRFEYIRE, 2003,25(2):27 - 30.
Tian Xiaoqun, Zhu Mingjun, Liang Shizhong. Research on
mechanism of promotion of astaxanthin synthesis by chemical
activators[J]. Amino Acids and Biotic Resources, 2003, 25(2):
27 - 30. (in Chinese with English abstract)

(28] E/NE, BR4E , BRI, R . EBAKIE H Nt 400 R 6

REE AR R W MT]. YPHZRIR M), 2011(1): 73 -
77.
Wang Xiaolian, Wei Wei, Li Qiushuang, et al. Influences of n-
hexadecane on producing astaxanthin by Xanthophyllomyces
dendrorhous fermentation method[J]. Journal of Shenyang
Pharmaceutical University, 2011(1): 73 — 77. (in Chinese with
English abstract)

[29] Vazquez M, Santos V, Parajé J C. Fed- batch cultures of
Phaffia rhodozyma in xylose- containing media made from
wood hydrolysates[J]. Food Biotechnology, 1998, 12(1/2):
43 - 55,

[30] Cruz M, Parajo J C. Improved astaxanthin production by
Xanthophyllomyces dendrorhous growing on enzymatic wood
hydrolysates containing glucose and cellobiose[J]. Food
Chemistry, 1998, 63(4): 479 — 484.

[31] Martin A M, Acheampong E, Patel T R. Production of
astaxanthin by Phaffia rhodozyma using peat hydrolysates as
substrate[J]. Journal of Chemical Technology &
Biotechnology, 1993, 58(3): 223 - 230.

(32] Parajo6 J C, Santos V, Vazquez M, et al. Production of
carotenoids by Xanthophyllomyces dendrorhous growing on
enzymatic hydrolysates of prehydrolysed wood[J]. Food
Chemistry, 1997, 60(3):347 — 355.

[33] Nghiem N P, Kim T H, Chang G Y, et al. Enzymatic
fractionation of SAA-pretreated barley straw for production of
fuel ethanol and astaxanthin as a value-added co-product[J].
Applied Biochemistry & Biotechnology, 2013, 171(2): 341 -

351.

{34] Horiuchi J 1, Tada K, Kanno T. Biorefinery for bioethanol,
lactic acid, xylitol and astaxanthin production from corn cobs
[J]. Journal of Biotechnology, 2010, 150(6):171 — 171.

[35] Ramirez J, Obledo N, Arellano M, et al. Astaxanthin
production by Phaffia rhodozyma in a fedbatch culture using a
low cost medium feeding[J]. e-Gnaosis, 2006, 5(4):1 - 9.

[36] Ramirez J, Nufiez M L, Valdivia R. Increased astaxanthin
production by a Phaffia rhodozyma mutant grown on date
juice from Yucca ffillifera[J]. Journal of Industrial
Microbiology & Biotechnology, 2000, 24(3):187 - 190.

(37] Luna-Flores C H, Ramirez-Cordova J J, Pelayo-Ortiz C, et al.
Batch and fed- batch modeling of carotenoids production by
Xanthophyllomyces dendrorhous using Yucca fillifera date
juice as substrate[J]. Biochemical Engineering Journal, 2010,
53(1): 131-136.

[38] Jirasripongpun K, Pewlong W, Kitraksa P, et al. Carotenoid
production by Xanthophyllomyces dendrorhous: use of
pineapple juice as a production medium[J]. Letters in Applied
Microbiology, 2008, 47(2): 112 - 116.

[39] Floréncio J A, CR Soccol C R, Furlanetto L F, et al. A factorial
approach for a sugarcane juice- based low cost culture
medium: increasing the astaxanthin production by the red
yeast Phaffia rhodozym[J]. Bioprocess Engineering, 1998, 19
(3): 161 ~ 164. .

[40] Fomtana J D, Guimardies M F, Martins N T, et al. Culture of
the astaxanthinogenic yeast Phaffia rhodozyma in low- cost
media[J]. Applied Biochemistry & Biotechnology, 1996, 57/58
(1):413 - 422.

[41] Meyer P S, Preez J D. Astaxanthin production by a Phaffia
rhodozyma mutant on grape juice[J]. World Journal of
Microbiology & Biotechnology, 1994, 10(2): 178 — 183.

[42] Dominguez- Bocanegra A R, Torres-Muifioz J A. Astaxanthin
hyperproduction by Phaffia rhodozyma (now Xanthophyllomyces
dendrorhous) with raw coconut milk as sole source of energy[J].
Applied Microbiology & Biotechnology, 2004, 66(3): 249 —
252.

[43] Haard N F. Astaxanthin formation by the yeast Phaffia
rhodozyma on molasses[J]. Biotechnology Letters, 1988, 10

(9):609 — 614.
[44]1 An G H, Jang B G, Cho M H. Cultivation of the carotenoid-
hyperproducing mutant 2A2N of the red yeast

Xanthophyllomyces dendrothous (Phaffia rhodozyma) with
molasses{J]. Journal of Bioscience & Bioengineering, 2001, 92
(2): 121 -125.

[45] Kusdiyantini E, Gaudin P, Goma G. Growth kinetics and
astaxanthin production of Phaffia rhodozyma on glycerol as a
carbon source during batch fermentation[J]). Biotechnology
Letters, 1998, 20(10): 929 — 934.

[46] Silva C M, Borba T M, Burkert C V, et al. Carotenoid
production by Phaffia rhodozyma using raw glycerol as an
additional carbon source[J]. International Journal of Food
Engineering, 2012, 8(4): 186 — 191.



314 Ak TREZEAR( http://www.tcsae.org ) 20164
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Miao Changlin, Wang Yao
(Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: Astaxanthin production by Phaffia rhodozyma is environmentally friendly, safe, and cost effect, but the cost
of the medium for culture of Phaffia rhodozyma especially carbon sources is one of the major factors that constrain this
process from achieving massive production. Using cheap and widely sourced raw materials such as saccharides, low-
value starch, glycerol, and waste lignocelluloseas carbon sources can effectively reduce the cost. In this paper, we
summarized the current use of Phaffia rhodozyma to produce astaxanthin, and systematically reviewed, compared, and
analyzed domestic and foreign studies on astaxanthin production by Phaffia rhodozyma using different carbon sources.
Conventional use of pure sugar such as glucose, sucrose and xylose as a carbon source for astaxanthin production by
Phaffia rhodozyma has good effects, but is applicable only in laboratory studies and in small-scale fermentation due to
its high costs. Fruit, when used as a carbon source for astaxanthin production by Phaffia rhodozyma, has wide resources
and is easy to pretreat, suitable for microbial growth and widely used for astaxanthin production. However, due to the
seasonal fluctuations and geographical limitations on fruit, it is difficult to promote the use of fruit as a carbon source for
astaxanthinproduction by Phaffia rhodozyma on a large scale. Molasses, which has a high sugar content and is subject to
a wide supply, is a good carbon source. However, using it for astaxanthin production may result in competing resource
with other industries (such as fuel alcohol). Therefore, the stability of its supply cannot be ensured. When glycerin is
used as a carbon source for astaxanthin production by Phaffia rhodozyma, not only can Phaffia rhodozyma grow well,
but astaxanthin also accumulates steadily in the body of Phaffia rhodozyma. However, it is difficult to obtain high-purity
glycerin. Crude glycerol generated during biodiesel production contains a lot of impurities (such as methanol), which
can significantly affect microbial growth and astaxanthin accumulation, and may also have food safety issues.
Lignocellulose has a variety of sources, which primarily include some agricultural or forest waste such as straw, wood
chips, and corn fiber. Currently, a popular application of lignocellulose is the preparation of fuel ethanol, but the
utilization of xylose poses a major obstacle to the preparation of fuel ethanol using lignocellulose. Phaffia rhodozyma
can make efficient utilization of xylose. Therefore, lignocellulose is a very promising raw material that can be used for
large- scale and low- cost fermentative astaxanthin production. However, its utilization suffers from the following
technological bottlenecks: complicated pre-treatment; the inhibitory substances to microbial growth produced from acid
hydrolysis need to be detoxified, which can result in a decrease in astaxanthin production efficiency; and, the high cost
and inefficiency of cellulase used for hydrolyzing lignocellulose, which makes it costly to prepare reduced sugars using
lignocellulose and produce astaxanthin. Based on these, future studies on the carbon sources for astaxanthin production
by Phaffia rhodozyma should focus on the development of more cheap carbon sources or the comprehensive utilization
of multiple carbon sources, while aiming to overcome technological bottlenecks that restrict the use of lignocellulose as
a carbon source. Finally, the future trends in and key research directions for the carbon sources used for astaxanthin
production by Phaffia rhodozyma were envisaged.

Keywords: carbon; microorganism; wastes; Phaffia rhodozyma; astaxanthin; lignocelluloses



