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Extraction, Separation and Purification Methods of Astaxanthin

Pure Product from Rhodotorula mucilaginosa
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Abstract: In order to screen out a method of extracting pure astaxanthin from Rhodotorula mucilaginosa through optimi-

zing wall breaking method , extraction solvent,saponification'method and extraction conditions , Rhodotorula mucilaginosa

ZTHY2 was selected as the starting strains for astaxanthin extraction. Initially, dry bacterial cells were processed through

acid heat method,freeze thawing ultrasonic cleavage method and dimethyl sulfoxide anhydrous ethanol method. Three sa-

ponification methods of astaxanthin crude, extract , including methanol A method mixed with KOH, methanol B method

mixed with KOH and ethanol mixed method with KOH , were adopted with six developing solvents separately. Subsequent-

ly,the free astaxanthin was identified by Thin-layer chromatography implemented by column chromatography with 200-

300 mesh silica gel to obtainits purity. Ultimately , astaxanthin pure product was determined by High performance liquid

chromatograph (HPLC). Results showed that the best breaking wall method of Rhodotorula mucilaginosa ZTHY2 dry

cell is acid heat method , and the extraction solvent is a mixture of ethyl acetate and ethanol (2:1). Furthermore,the sa-

ponification solution is ethanol solution of 20 ¢/L potassium hydroxide and the saponification conditions is 40 °C , 30

min. The adopted spreading agent and eluent is a mixture of n-hexane and acetone (5:2). The free astaxanthin ratio de-

termined by HPLC-was 35% ,and the extraction rate was 96.8% .
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1.1 E#k

WELTERE ZTHY2 | A Tl Bl 5 15 2 S 5 %5 )
BRE  BURAE T v ) AR B SR ) AR O (DR
4% CCTCC NO:M2015296) .

1.2 #ExE

IR TR SR 2% BRI R 1% BEREE
2% i #WE 2% NaCl . pH {H A %% .

CIERE R TSR IR 2% B R 2% WEREE
1% £ AT 2% #7458 2% NaCl 0. 025% MnSO, .pH
HHA,

1.3 FTHEEAMmG &

W RELTEERE ZTHY2 43} [ DR AT DA P 42 T 210
BEFpF R 5L, 30 °C (140 rpm PR35 15 55 48 h {0
JRELT PR B V05 B 1 W 4% 5% 10T 20 I B
T3 53,30 °C (140 rpm 4@ 3745 5% 72 hy BRI A ELL
PR BE IRV 5 P A IRV T 4.000 rpm 5.0 20nmin , 5
B, FH K PR ZE 4R 7K Uk TR YR B DT E 40 50
CRA T = E WA PR,

1.4 EEMHEREENTTE
1.4.1 B #ak

FRECO. g TRl i T ot inA 3
mol/L ££1% 5 mL, Y59, % IR # & 40 min, WK 3
ming WIHEH1,4 000 rpm B0 10 min, 7 1S, 2=
PEIK VT 2 s A 7 mL 2489, T 50 Cokis iz
Ht 30 min,4 000 rpm B0 15 min, EEREC2 KK
VEWRCE T 20 mL 2 EEAE A 0 N RV TR L LR
CWR+ (2 D) ISR ONE + R (7.5:2.5) %
WNER PR MR AN P 5 2 25 2 15 mL, B R R+
FOHAEW, R
1.4.2 R A Am+RFBREME

ZHOSCER (1L ] g gy ik, 47 1 eleif o FRERL
0.1 g THKRAMET 2.0, INAZERK 2 mL, 1R
5, R IR (-30 CHRAE,37 CHME) 3 K, M

FE AT 2L (RS AR 40 kHz, Ak B[R]
10 min &% R =) , 7R INA SR SR 7
mL, 7% 50 C /KA HEEL3 h,4000 rpm B0 15 min,
BRI 2 U F BYEWCE T 20 mL Z)EE T H L
i TR E 25 2 15 mL, B AR MR T, 7
1.4.3 —FXATAM(DMSO) + K LB %

FRELO. 1 g TR0 T 250, A S mL
CHH 50 “C 1) DMSO,IRA), & T 50 CoKEH#Hh 5
min, B BLOAEIFINA 2 mL JoK OB, P DOGHFE
B¢ 15 min,4 000 rpm B0 15/min, B8 2B 2/ ; %
EIEWCE T 20 mL 2D FITOK OB E R 2 1S
mL, R HRTE 2R, 100
1.5 MHRRPHSERIENINE

FHE AR AE UL A5 S RE TR 2 bR i S R+
FORLAMCHEAT 134, 005E 476 nm Sy i RIS,
B IWOGAE () B I/INE P ST R 21 1 AL 4
WOTERTT R 3 AT,

1.6 MEFRKFERWENTE

TEREDCARAET CRUR T ZOMAR I 15 mL s
e 25 AL (IREE R 35 °C, HLA5 2Ry 0. 08 MPa) ¥
7% 5 mL, B IR R A0
1.6.1 KOH + ¥E& A %

S mL BRE RGBT EOAE T AL
¢/L KOH iy B 3 mLL, T4 C R Mg
7 h,10000 rpm 4 CE.L> 15 min, W s, BN
BALSE BYERTE R PRI, A TR R SE
1.6.2 KOH + WE2 B %

B2, 5 mL MR R WA, BT 20 A L
A 10 ¢/L. KOH B EEE 2.5 mL, T 20 C K5 5%
T ¥R 60 min; AL S 1% I E A 2 10
mL, {1 0.45 wm SFLUE IR U, uE W ED S Ak s 1Y
BRSO, AT 2 R TS
1.6.3 KOH + Z& %

S mL AREF WAL, & T 40w -, A
LM S mL Al 20 ¢/L KOH f) Z B3 # 10 mL,
T 40 CHEALHE 30 min, I ASEAN NaCl 353 H 2
WK I, BT 4 CrkATP#E 3 h, IE L2
AR TR CBEAR, RIS BAL S B ERTE R S0, i
FTHRENT S E
1.7 HEEMETERRFFINIEE
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(7:1:2) VW OE O BE + IR (72 3) Wil IE C e +
PR (5:2) VSR A ik + PR (22 1) 90 R B +
CNE(3: 1) WAL R 2 & e F )

HRAE LERARL 73 2 B AN 0 25 B A 7 b, DT
e BRIl A I, TFREAR: EME = b/as 4y
BIEE = 2d/ (W1 + W2) ;20 a: 0SB R IF 5 Al
WPARE B (em) b 50 1) 4 BE &0 1 R 5
(em) ;d: AHSEPBE S O IO FE B 22, W, W, AHER Y
e B
1.8 HEHSBHNEXR

FHRR L B 4, DL IE C B o0 2 A5 3 7, B ik I
(200 ~300 H ) 32 Be A 3506 ZE M E A
P R ACSS HIRE 2R B BGRR I T 2 A A ek T
FH 2 2 M e85 0 09 R J TR 570 A e B9 R S AS
[F] RV B 2H 5 o
1.9 SHEHEBEEZNENRSESE

ARG R R e S AR ih 26 KA 2 AT 3015

(VRN ZE 3 FH e 50 AE €533 (HPLC) i iR 5 %=
9fers s 8

HPLC 4514 :Novapacl8 Jz [0 i% 4 (3.9 mm x
150 mm,4 wm) , JEFE 10 pl, JSAH 0 : A 1,
PR - Y S0k Rg - £ (532360 1) 5B W, Ko BB BEVE
Wi 4510 ~40 min, A & LB 65% ~100% ;40 ~
45 min A Wi LB K 100% ~65% 145~ 48 min, A Wi
Feioh 65% 5 sy 1. 0 mL/min &% J{°h35°C , K
MPA g 475 nm,

2 ZERESH

2.1 HEREWFEMLLR

JERLL RN 7 RO R R R LR 1
HI 1 Al SR Ol o S (20 1) WA iR
SRR R PR AR AR SR 3R A OB R =, B S A
T A PR RO o
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Table 1  Comparison of extraction methods of astaxanthin from R. mucilaginosa

i 0 - T T 175787 175,07 VR -+ 7S I R A 1 DMSO +
%;%f Efﬁifffﬂ LIRLT + LB 25 + 17 B LR ook LBk L
Extraction method process Acid thermal Acid thermal Freeze-thaw + DMSO +
Leaching liquor Acelone process/ Ethyl process/ Acetonitrile Ultrasonic Anhydrous
acetate + ethanol + methanol cracking/ Ethylacetate ethanol/ ethanol
W 5%:{E Absorbance ( A476) 0.393 0. 886 0.267 0.291 0.164

P - P T e BE AN AN AR | S P e ) ik
A, T L ZHE X VAR 4 20 % R AR RE 1 1 R B e S )
N AR ST I FR PIEHEA TR BE PR 2R TR
(20 1) IR BN MLIA AT HE L, 78 5306
FCRETE T B RN A . 5 T S R R+ R U R A
% DMSO + Zo 3 Mol & B B R, 77 i ik
497.4233 pg/g, ik 5 T B4 BB oY 45 SR A
— B e i A TR I S 4 SRR R] G i 4 R
J& DMSO VAR TR L . R PR L BE AR —
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IO Gy R R R 1
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BN 2R 38 O 2 2T B S s e AR R R
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b KRR S AR R, H R BRI AR
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Fig. 1

Map of thin-layer chromatography from concentrated astaxanthin and its constrain mede,map

1 :A:KOH + HIEE A 1% ;B: KOH + HIEE B 12 ;C: KOH + Z W1k,
Note : A ; potassium hydroxide + Ethanol A metod ; B : Potassium hydroxide + Ethanol B metod ; C: Potassium hydroxide + Ethanol C metod.

IR AR TFr— AR A s R A i, 3t B g P S O PR
FERX T HE S W7 P R W7 40 CF 124k 30 min
IRV S 73 08
2.3 RIFFHIERE

WEZZ AT TR IR & R IFIN ] | LU RS (R %

OrEEREE R 24 3R 2 AT, IE O b + A1l
Mk + LR MR (7920 )PS5 IEC b + B (5:2)
VIR 3 RE R i IE C e + PN RV TRAY LE AR
1 Y, TN (] du 5 o BEAE
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Table 2 Comparison of developing solvents of thin-layer chromatography

, it 17 A1 "
R RIND > S
. Devyeloping time R; value 8
Developing solvent . Resolution
('min) (em)
IECKE + 5P + I (5:2:2) ), 041 .
N-hexane + Dichloromethane + Acetone ’ ’
IEEUE + A + (720 1) | 056 6.6
N-hexane + Petroleum ether + Ethyl acetate ’ ’
TEEKE + i + 225 (7202) . 0,40 i s
N-hexane + Petroleum ether + Ethyl acetate ’ ’
Any R (7:
IECKE + TNER(7:3) 7 0.42 2.5
N-hexane +-Acetone
=g .
IECE + TERE(5:2) 7 0.43 5.8
N-hexane + Acetone
AT+ AR (2: 1) 6.5 0.6 2.3
Petroleum ether + Acetone
B + 25 1) i

Methanol + Acetonitrile

AR V] 1 IE Cobe PR A L S
LR LT A L6 25 o 4R 7 AR5 A
IR JZ T4 T3], F WA IE 2 e F TR (50 2) TR
BN ST (Y 73 B RCR B i, SR AR L
HTE TG 4 A e XS IMBLLSE T GBI AL R
R BRI 28 0 B Al v i B8 JE O 502t 0 2 -
T BT (50 2. 50 1) VIR R SR ER A /4L
MEkE RY 4 PRS0 70 By 2B AL IS T ik 1) 0
HEEM R ClE (20 1) fE N HARIFRIA R =

TR LA S A SV SR IF RO 4y, A
5 TR E 2R #E— L5 .
2.4 HPLC WERABHSHERHNSE

IR RAOPRAE 2 LI 2, i1 2 AT, HR
FRAE 1 ~6 pg/mL kB2 F NN C R R, —IR
M J7 B2y = 3. 182x +0. 748, I R R R =
0.992,

SR R o ity B B 2R B B 9 9 I 2 70 Y
HPLC [&[3E WLPE 3 FiE 4. h8 3 A&l 4 w0, R
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