Korean Chem. Eng. Res., 56(3), 376-380 (2018)
https://doi.org/10.9713/kcer.2018.56.3.376

PISSN 0304-128X, EISSN 2233-9558

OMZEFE2EEEL| O|{X| E=X Q| Astaxanthin | 7|= Tl
AMY - 2[8T - sl ST
shatigta skaalaA)setad
34054 TIRFIA] 4T FIUIE 1646
AT ek ﬂ%‘@“é%i‘l‘%
46241 FAbgIA] S Bkt 63w 2
(2018 4€ 109 A5, 2018 S€ 4 FE Hp, 2018 59 8Y AfEY)

Recovery of Astaxanthin from microalgae Using Simple and Energy-efficient Method

Sun Young Kim, You-Kwan Oh*' and Sung Ho Ha'

Department of Advanced Materials & Chemical Engineering, Hannam University, 1646, Yuseong-daero, Yuseong-gu, Daejeon, 34054, Korea

*Department of Chemical & Biomolecular Engineering, Pusan National University, 2, Busandaehak-ro 63beon-gil,
Geumjeong-gu, Busan, 46241, Korea
(Received 10 April 2018; Received in revised form 4 May 2018; accepted 8 May 2018)

e <o
7383t ksl astaxanthin®] SHgo] the A F-gel Bl3l o} astaxanthin YAt FEE Sl
Haematococcus pluwvialisi= 733 F7|2] A8 NEHS 7FK] 1 Qlof, Al3E dfE $18]) B2 oflUR]7} 2RF 1 1]

go] v wRIEo] o] 85 1 Qik. olel| H. pluvialisZH-E WAk} ”LZV]‘“LO‘ 0]-8519 astaxanthing =47 8407
TEO]‘ WS AAIEATE BAke) BAPES o] 5ke] 33 - FF 2R acetonitrile, acetone, methanol,
dichloromethane : methanol (1:3, v/v), ethylacetate : ethanol (1:1, v/v)Z ARE3}0] HI WSS W, acetones ©]E3
S W] astaxanthing 1.13~1.29 ] 1 £ &% F5T F AT T3 acetone® 2 H. plwvialisZ2 5 5 7
S, 12 FEFZ2 H. pluvialis®l] F2F]0] = A astaxanthin®] 96.7%% 315 9= 91S H L= acetone astaxanthin
FEa80| ¥4 H pluwvialis7} AEU ] £ astaxanthin 524 5437 ester-HE|Q] astaxanthin® T} %2
sk, 55 U9 thefst el astaxanthing: w2|3H] Hgte] E% Tl AIAES 289 HPLC 45 535}
ST}, H. pluvialis®l] Z2F)0] Q)= AA astaxanthin 5 free astaxanthin®] 45.9%0]3, UHA] 54.1%% ester-3 B 9]
astaxanthin®| I},

Abstract — The astaxanthin recovery efficiencies were compared in acetonitrile, acetone, methanol, dichloromethane :
methanol (1:3, v/v) and ethylacetate : ethanol (1:1, v/v) as a extraction solvent after the grinding of the H. pluvialis cells.
The astaxanthin extraction yield in acetone was 1.13~1.29 times higher than other extraction solvents. It was also found
that 96.7% of astaxanthin accumulated in H. pluvialis could be recovered by a single extraction. Since astaxanthin exists
mainly as astaxanthin esters in H. pluvialis, a gradient reversed-phase HPLC analysis was carried out for the separation
of astaxanthin esters from the extracts of H. pluvialis. Among the astaxanthin inside the H. pluvialis cell, free astaxan-

thin was 45.9% and astaxanthin esters were the rest.
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A3 Qiet o] &2 Q18| 71573 AFH MAE, ditsl B oist
o] S7Vskar ATk 21 % ketocarotenoid Al 2] A1 4~21 astaxanthin
(3,3"-dihydroxy-B,p'-carotene-4,4'-dione)> UFH= 72 E| 0| = HTE
223k 108 o], X84 vitamin EQ! o-% 3 3] & (a-tocopherol)
Hl= 5500) o]Ae] dakel AL 7HA] = s ealkel BA 2
24 T} 1-4]. ©]+= astaxanthin®] 7] ?Zioﬂ’\i C-4%} c40l ¢

A8k oxo 15 Wil A O H x| o] U 1]. 53], astaxanthin
A8 ZARRFE 955 ol 4= 9l 45}9} s = gt



HAEFRTE S ouA] mE

AL 271417131, AN 2

oJekEolvt s, 2% A Sl L AAEA S Ego] 7]
w31 Q= =AoltH2,5,6].

A AFEH = T2 astaxanthin 3}8H4] 0 2 M ¥ =,
ZAA AN A== A astaxanthine]] B]F] ksl o] v A
Al T B vivhs WS 7 I QIo7,8]. s w2 g
£} 257 e tisk SHE QAUSE AA A Fof| Uigt 2 TR
A astaxanthinol] theF A7} 2250] ks Xa8E 11 QIoHs]).
A, S 52 AU &%, siA8E 5] astaxanthin®] I ¥
F-golct 1zRoA 28 astaxanthin 50| 18- 442 9oL}
E2 3 9 7)Y O R ARgo] AEE L Itk £ 5 Phaffia
rhodozymai= A% 2] astaxanthing $H-3-5F3 A o] FFo] W
FHETHS AAkslo] dA FEAIE RN E85 3 Q= A7goloH9].

B v AE T2 sty HA A 3L v A Z F-(unicellular
green microalgae)Q! Haematococcus pluvialisi= -5 0 T5 8=
astaxanthin®] At 52, astaxanthin®] 0] 1.5~3% 02
A2 0 F o] 8% 31 Sli= Euphausia pacifica (L2 A5-, ~120 ppm)L:
Pandalus borealis (5= A%, ~1,200 ppm)2} 2 T2 5ol
B8] 352 $H(~40,000 ppm)yS B Wk ofujEk A yjel| A <k
sk e 9] astaxanthing 95% ©]F AAFSHEH4,8,10]. 2]+ 3+
z70l Wt H. pluvialis= AA) 7 7F] FH, 542 QUAE 3
Hl (green vegetative cells)?} #H-=22] FH EZ M E 3 E(red
cyst cells)@ LFroj 2t 11,12]. 24 $40dM = F 70 ARE
WA 3L frdshe 28] QEAET} A 0= Attt A
434, 1 BT 2Ah 22 2% 5 22 095 S =
ZEHH F AEF0] o] FAo] gl H2M2 FH 2 AlER
Xgksh, ol 22} AMFE R astaxanthing TFF F2 30} 13-15].

Sk st S At MEE S 71 H pluvialis 2 5-E
astaxanthins- +%3}7] 913} homogenation, sonication, microwave,
supercritical fluid 55 ©]&3t 34E50] K% §lov; 72 31
o] A B oUX| & Q7 s AR 2 ARgolEe @S]
l16]. 181 P2, 17Fe] | Qlo] H pluvialisZ-E] astaxanthin
S & FE2T 5 s B A= ek

olef] ¥ AFrellx= QokE, S, A% SollA] ofg] 714 thekst
71%5740] 5 1 Y= astaxanthin®] 32 $HF0 7 ZAHo] Q=
Haematococcus phwialisZ5-E] 7181 E- ©]-835]9] astaxanthing- <=
A EEH 07 FE37] At RS A=l 3, FF 35l

£ 32889 93 w3 gopr Sttt Astaxanthin®] TS
At W o R 33 I HPLC =4 W& &3], /.
pluvialisZHE] FZ3F astaxanthin®] FE S-S v 415130
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2-1. A=

2 Ao AMEE Haematococcus pluvialisi= Haematococcus
pluvialis powder A030 (China)°]t}. Astaxanthin ©]Fd3H& 7+
R =33 sht= R Al A% Al A3 dlef ofsl gA] vf] = o]
Fgo] 14517 wlitoll, astaxanthing FE317] A2 H. pluvialis}t

A9l Astaxanthin 3] 7] 7l 377

FZ 39| astaxanthin Woll =& =X LS FPHA] 20 °Cof|A]
s AT

Acetone> Oriental Chemical Industries Co. Ltd. (Korea)®] #3%
O £ 99.0% ©]AS, methanol, ethanol, acetonitrile, ethylacetate,
dichloromethane> Burdick & Jackson (USA)S] A|#F o7 L5
HPLCHS AFESIITE 1 9 BE Aok BaA|ek o] AlES

AFgBsLE.

2-2. AN

2-2-1. H. pluvialis=5E12] astaxanthin 5%

o) w2 HX] Qe hEA 20 °CoA W5 B3et H pluvialis
A L 40 mgS UpRAPTel] War vk 127 Hojgk 2 A
kit A7 v FEe ARE-SHE &1l 3 mLs 37t
of Efsk3irt. 17 $ 10,000 goll A 527 A4l EEl sl 94l
2] F 4TINS iR st &Fulw SYZ A ¢ Bt
3Tt e S el st F uhgel HolQli= H. pluvialis 33 70E0]
UA] SullE 718te] 58k W8S H. pluvialis A|3E2] B440]
2HA3] o] Fo| A wj7kA] wHEste] XIS SFATH17].

2-2-2. FE3Fo| WE FF & vl
el 1eF H7] oF5 hA] 20 °ColX WE B3 H. phovialis
Al 40 mgs IAAPT ] W1 BxkE 121F Hojgk 12
Akt w317F U acetone 3 mLS H7Fske] 23F w1 E
< 10,000 goll A 5E3F Akt 4w = 13
up2 F2jste] BASIATE A S gt H vt
| pluvialis 7420l ThA] S0 71810 23
to] 8YePEA 2-72) 5% A5 A4S welsle] Basla,
e s A whE BASIILE FE3 N o
23 & nyeioict,
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2-2-3. %% astaxanthin 2]

UV-VIS Spectrophotometer (Biomate 3S, Thermo scientific, USA)S
ol g3t} 2ol 480 nme] SN FYEES ZH5to] FE4
astaxanthin®] & HA31ATH17].

2-2-4. Acetone® % F=E7F F5 2] HPLC w4

FZ % astaxanthin high-performance liquid chromatograph
(HPLC)E ©]g-sto] A& 242} ARG8T 5,18].

HPLCE= Agilent AF2] 1260 Infinity LC System (Agilent Technologies
Inc., USA)°ll Waters Symmetry C,q column (4.6 x 250 mm, 5 pm,
Waters, USA)S ©]-8-3t] E7]+ UV/visible FE71(474 nm)E
ARSI, Column 25+ 4 °CE A3t 52 1 mL/min,
O] 52 1l A (methanol:fert-butyl methyl ether:1% (w/v) phosphoric
acid, 81:15:4, v/v), €1l B (methanol:zert-butyl methyl ether:1% (w/v)
phosphoric acid, 16:80:4, viv)E AH-8-3F31T}. Free astaxanthin?} ester-
FE 9] astaxanthing &4 IE2J8l7] 9lato], 2424e] ol g2 Sl
0~1527H4] vl AZ 100%= 3 5, 2332744 vl BE A7t
e} 0~100% A& 5% Tl E ske FAE o7 SR, 1
T 4% Fek 4 B HlE-S 100%E A 3 T 81 -t Sl
AS] BIE&-E 100%E 41313}
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3-1. Astaxanthin2| F=0| O|X[= 02| Hek

Haematococcus pluvialisZ-F] astaxanthins § 8407 &
371 §18lM= H. pluvialis©] AEHE sfshs WHo] Fosit,
Alaze g5 918l vk} vk, 747, 250}, rlo] AR
B o2 ARl BalshE WSl LA l=E[16,19,20],
-2 319ke] S 8 oURE e R she AU k] aAE
AREEHE Y Al eRrpe} BEpARLE: o) 8L\ H. pluvialis Al
= astaxanthing 7FESAME §&8 07 Sng =

TS 9 bR FEich

o= W84 B2 astaxanthinS H. pluvialisZ 5 G520
2 FE57] Y3t gl 7S 9157 acetonitrile, acetone, methanol,
dichloromethane : methanol (1:3, v/v), ethylacetate : ethanol (1:1, v/v)=
AHE-5Fod 1] AT, Dichloromethane : methanol (1:3, v/ivy 71+
gy o] 5= = guljo] 1L, acetonitrile¥} acetone> F=F TH0| =%
ool &R gufoly, 712] 31 ethylacetate : ethanol (1:1, v/v)2
7|E AHEEE 71 8ME 2 599 Fol7] Y8l AMEE =
FF 21 Gufjodx] M3t v walSlTt. H. pluvialis 1A
< upAbTe W3 vhbE 121 gk D2 A e § FE5E
5 H7kete] F7hE AlERalS W, Alatel] F21€
SR FEE

Acetone= FZ-21| 2 A8 H. pluvialis=5-E] astaxanthins
FE9 v 3% 359 e} astaxanthin®] ] E FEE HIE
Fig. 1@)%} (b7} BT H pluvialisZ5-E] acetone®. % 18]
E3 et W2 kY] astaxanthin®] £ 2 FE% ], Svl|2 73]

astaxanthin®]

Fig. 1. Images of extracts from H. pluvialis (a) after 1** extraction, (b)
after 7' extraction with acetone and (c) after 1% extraction,
(d) after 7' extraction with ethylacetate : ethanol (1:1, v/v),
respectively.
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Fig. 2. Effect of solvents on the astaxanthin extraction from H. plu-
vialis (DCM : dichloromethane, MeOH : methanol, EA :
ethylacetate, EtOH : ethanol).

F=3 39 H pluvialis debris= 18] %3 59| H pluvialis
debrisel] B]&l E40] 2bAs] o] Folxl R o7 gl & = g1z, 7
3] =8P H. pluvialis®ll $)+ astaxanthin®] T FZ5 ST},
Ethylacetate : ethanol (1:1, v/v)& FE8&H =2 AFH-3IGS wol=
AR A7t e s F1E 4 oAl 2 W (Fig. 100} (d)),
1 9] e SVlES AREERE Aol E A 73744 58 o
W AR T H pluvialis BAEA O o] F2Mo] Holx]
by FAlE A0 F astaxanthin®] 9] EAIEH] & ER1E
ASITt

H. pluvialiszZ*-E] 912] T 7F4] Bl 55 247} o|-g-8fe] 73]7H4]
FE% 5 7+ |2 354 astaxanthin®] %S spectrophotometers
o]-g-3to] 480 nmelA FF =5 7 sko] B33t Fig. 20 ®el
Hl-¢} o] acetones ©]-8-& ¢~ TFE dichloromethane : methanol
(1:3 v/v), acetonitrile, methanol, ethylacetate : ethanol (1:1, v/v) &
el ]3] 3 %=7F 1.13~1.29 8] ¥ =34l ©]+ acetones ©|
$319& W astaxanthing 1.13~1.29 ¥] ¥ & § 8% F58 &
Uea HolF= Aol 2R 3k AHolA= acetones FEEHE

Hgste] Abgalaict.

1% o

i

32, FEL| ME F& FS H|W

H. pluvialisZ5-E] 9] astaxanthin® 7} 84032 F&53 &
U SR A acetoned o] &8t A4 F& 3GE HAEY]
flate] 12k % A5, 2-72F & 459, 8-104F & AFe
HPLCZ #4J3}9] astaxanthin ZF%-5 B] W3} CHFig. 3).

H. pluvialis?} #-222] 4 23 A|Z2 Agksh 23} tjARak
E2 M E el 5438} astaxanthin %2 5437 ester-3 B 2]
astaxanthin® T 528 ¥0k olug} 7 ester-3J Bl 2] astaxanthin
= o}2] Y]] astaxanthin 0]/ 2 A 9} TFESE A HAto] Aeto]
HAAE PR 1 FFE tFFetH[17,21]. Ester-3 Bl ] astaxanthind}
free astaxanthinS 2] 5}7] ¢]8Fo1 HPLCOIA] o] FA; &l A
(methanol: zert-butyl methyl ether:1% (w/v) phosphoric acid, 81:15:4,
v/iv)2} 41l B (methanol:fert-butyl methyl ether:1% (w/v) phosphoric
acid, 16:80:4, v/v)E A5t F & ] A]AELS A ekl o,
acetone= ©|-83+ H. pluvialis? €] FF 3t astaxanthin®] 2
W}E 735 Fig. 30] H.oJFT}. Retention time©] 93] YER}=
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Fig. 3. HPLC chromatograms of extract from H. pluvialis (a) after 1°' extraction, (b) after 2"-7™ extraction and (c) after 8™-10" extraction.

3] 37} free astaxanthin®] I, 20-26+% Alo] o] d&sl= ¥ T E0]
ester-3 Bl 2] astaxanthin /50| TH22]. Acetone . % H. pluvialis=
FH astaxanthing FE3 ¢, 108]ol| AA] FEsEEe (2 +5
ANl H pluvialis®l 2= o] 91& A A astaxanthin®] 96.7%
ol’do] 9l& =R acetone astaxanthin & &-F°] =3 CHFig. 3).
O]i= acetones ©|-&5 18]TF FESIE NS H pluvialis=5-E )
astaxanthin =% F34US B T3, H. pluvialis©l 52
%] o] ¢l & A astaxanthin & free astaxanthine 45.9%°] 1, L} 4|
54.1%= ester-33 | 9] astaxanthinQ!t], 5 35 5Nl =)

3= free astaxanthin®] H|&2 12} & A5 Nl 45.9%0°] 11, 2-7
2} 3% SN0l 45.8%, 8-103F & A5 el 56.7%CICt.

H. pluvialis®l| B]3)| astaxanthine A% AJAtehs= a5 75
Phaffia rhodozyma= TF-2-0] free astaxanthin®F &2 5= RHd
H. pluvialis? = 54.1%7} ester-3 B 2] astaxanthine 52 5}a Q)
T}, FZ 3t ester-3 B 2] astaxanthins-> cholesterol esterase2} 2
2 &4 A2} methanol®l -3l gk NaOHS} 22> 947173 &l
o|g3l o] AES AASH: 71523l X2lE F3 fiee astaxanthin
el AgE 7 QIrH22-24].
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7&det T8 Aagk Al EHS 7HA 3L Q1= astaxanthin T
21 Haematococcus pluvialisZH-E] 112 1142 343} 2 o
UAE QR sz ] glo] AlEHS 3kafsto] astaxanthind &
AA &0 E FEo= WS A=A Bhake) wiAbS
o] &5t BASIAT H. pluvialis A E W 52 % astaxanthins
HASIAXNE &40 % S &3 = QIqlct & Aol
acetonitrile, acetone, methanol, dichloromethane : methanol (1:3, v/v),
ethylacetate : ethanol (1:1, vivyS &2 AR5k U] wakelS o,
acetone ©]4-51%1-S 1] astaxanthinS 1.13~129 ¥l U] & 8=
FZ2 F AT H pluvialis7} A/ E o %2 3h= astaxanthin
=2 EAA ester-F B Q] astaxanthinZ U S0 2, 55
o] theFet el astaxanthing w2l 8171 f18e] o5 &0l A
(methanol:zerz-butyl methyl ether:1% (w/v) phosphoric acid, 81:15:4, v/
v)2} €1 B (methanol:fert-butyl methyl ether:1% (w/v) phosphoric
acid, 16:80:4, vv)& AH&-3to] F5 Hll Al AES & -8-3 HPLC
B ST H pluwialis®l] %28 %]0] = %4 astaxanthin 5
free astaxanthin®] 45.9%¢]3L, W A] 54.1%= ester-3 E] 2] astaxanthin
0131 °™, acetone® % H. pluvialisZ 5 F= 7%, 13 F=E0]
H. pluwvialis?ll %250 Sl %A astaxanthin®] 96.7% ©]/d] $&
2 acetone astaxanthin % & -§0°] it} o]t e] Ay
wpxo} BRARES: o] g-3to] ek 5 acetones FE-SVIE AR
St H. pluvialis M3l 52 ¥ astaxanthing 7FASFAAE &

Ay
#402 F5E 5 9l TYUS nolFETh
7 A

o] =2 2017 % ghdthsha Skl g2 dn] Ao o]t

A7} S,
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