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Abstract: Astaxanthin is one of the carotenoid with strong
antioxidant. The conditions of extraction of astaxanthin from
Portunus trituberculatus were optimized in this work. Six fac-
tors of conditions such as, extraction method, extraction sol-
vent, ratio of solvent to raw material, temperature, and time,
were investigated. For the increase of the extraction yield,
ionic liquids were used as additives in the extraction solvent.
The optimum extraction conditions were found: heat reflux
extraction, Dichloromethane/methanol (25:75, v/v) as solvent,
1:30 of the ratio of solvent raw material, 80°C, 90 min, and
ionic liquid as additive. As a result, 45.81 pg/g of astaxanthin
was extracted from waste.

Keywords: Portunus trituberculatus, Astaxanthin, lonic liquids,
Extraction, High Performance Liquid Chromatography
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o}AEFFAME (3,3’-dihydroxy-B,B-carotene-4,4’-dione)-2 7}
R} ol Rl PRI WAL F Fi BT
AL T 9 72 E| o] =9] 3Lt E xanthophyll9] dF
o] 4} 20|} (Fig. 1). Bl ebal AS] ATFH| 2 o] 23l Th9)7}
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BEES7HE AT AR Z = ARG H T [2-4].
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Ab4 &5 (quenching) FHo 24 itel 315 7Hthal
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Fig . 1. The structures of Astaxanthin.
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1-methylimidazole series ILs (1-MIM series ILs)E Al 3l A7}
30 2A ofAE IS 2 ESHe H A 242 s
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2= R0y
21. 4@ = % Ao

H Ao A AFRE EA = old HoFEE (Incheon, Korea)
oA 5t o, A = (Incheon, Korea)o] A 2012 10
Lol 12 o ZAZ A SHATE BRA R ofiet AL
Sigma (St. Louis, Mo., USA)o| A T+l R o, &1} o] 5
ol AHEE =, gk, oghE, ol HotAE 0 E, olA| E Lt
o|Ed, tJ& 2 212 DUKSAN Pure Chemical CO., LTD
(Ansan, Korea)2] HPLC gradS AFS-3}%ith Adof AFEH
Ionic Liquids (ILs)x= 1-Methylimidazole, n-alkyl bromide,
sodium tetrafluoroborate (NaBF,), hexafluorophosphoric acid
(HPFg), lithium bis (trifluoromethylsulfonyl)imide (Li(Tf,N))<
Aldrich (Milwaukee, WI, USA)of| A] 72 )3} AT}, o] &A1 ol A
2 %7}eh =] ALt C]o o8] 2 OCI CO., LTD (Seoul,
Korea)& A5tk 4@l AL§ 8 BLE A B5-& HPLCY]
FU317] Aol ¥ (MFS-25, 0.45 um TF, Whatman, USA)E
o|-g3to] of sl .

2.2. HPLC analysis

B o] AF2-5 EA-8 HPLCE Waters 616 liquid chroma-
tograph (Waters Associates, Milford, MA, U.S.A) 7] 7| & AL
3t A&7 2487 UVE AHESEGITh AHEE Z -2 RS
tech (Deajeon, Korea) A& 2 & Cyq (5 pm, 250 x 4.6 mm)ZHH

2 AESEGIT. o] 5 -2 e /T S R 2ot ELtol E
/5 (85/5.5/5/4.5, vVIVVIV)E 3191, BEA & I AA A=
Z9lgke 10 uL, A& 7] IS 480 nm, -9-2F-2 1.0 mL/min
= sto] A5G

2.3. BE89 9] v

Aol AHEH REGNE REA R OFAEFTAE S S mgS
10 mL 9] H &/t S 2 2% (7525, viv)oll o] EEUH
o2 AP 11 %, BELNS 5450 0.5,0.25, 0.05,
0.025 mg/mL 5= 2 FFNE A Rste] HFAS THEL of
EEHE AP EHE EA5A

2.4. o} 224 E 9]
ZAAA S E4sto] g B vhsaL §ufjof whE ofx
= S5t vgh-S/H S 2 =2mE (75/
WRlo=E= 71 W
L A}8-5EYIT) Lol B 9 1:5, 1:10, 1:20, 1:30, 1:40)°]
E A2 8l v 1:30, F2AF 30202 275 TGA]
7 AAISHL 352 3} (30, 50, 80, 100°C)efl w2 A=
A R 1:30, 3525 80°CE 215 ALAsHA S
S A7 H S} (30, 60, 90, 120, 150, 18040l whE oFAE}
AR O] 25 a2 90X S48
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2.5. 1-Methylimidazole series 0]-24) 9 ) 2] Fy|
1-Methylimidazole series ILs= th-&- 3} 7Z+-8- Hlw o & S}HA 3}
4t 1:1:3009) & Hv]E (mole ratio)=2 1-Methylimidazole/n-
alkyl bromide/ methanol-& WH-g-A] 71T}, 1-Methylimidazole/n-
alkyl bromide/ methanol-2 1:1:3002] H]-& 2 =33t £3-8-of
< wRE7]O A 15X 5¢F 70~80°CE 7} E 3t th W23t
th. Hlo] A of tloEd ofH| = 100 mLE gl W2HA[7] E3HE
= Holg ofg| 2o Mo (drop wise) & 7}5} 1t} H|©
7 vpero] shFY M F o] A wh7hR] Ao A 23t
SEFA M A & of ool ARE-SH

Sol Ao AHEE o] 24 NA Br-5 ZF 3 NaBF,

Table 1. 1-methylimidazole series ILs in this study

Abbreviation Structure of cation Anion
[EMIM][Br] \@/\

[BMIM][Br] \N@»/\/\

[HMIM][Br] \N@~/\/\/\ .

-
NN TN
[OMIM][Br] \~@~
P N N N
[DMIM][Br] \~@~
M N SV VN N

[TMIM][Br] \u@u

[EMIM][BF,] BF,
[EMIM][PF,] \~@~/\ PFg
[EMIM][T£N] TEN
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(BFy), Li(TEN), HPF, (PFo)= o= 22 o2 et

of. S0mLe| EefAF0] 0.1 g o] 274 HA|9} 0.3 g9 BFy,
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2.6. 1-Methylimidazole series 0] 24 A A 9] &

ZA A (S0 mL)of] Z2A22 1 g2t /e ILs 3 7hsto] 5=
| 30 mLE Y1l 2525 80°C, FE A 0202 5
2AE YA A FE3ATH FE23 T ol = EAEY
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2 YA 2 E
oM HLOR 253 ABsHAL, 7+A W

ng/gl 2 A Wyt 2gut Rt 7hEu o A g
25 AL 3Hola}lth (Table 2). 71
S A EE A48t o
el A4, o ek, all-sAl, 22
Zueh, o " olNg| o E, T E 2 2 el e (25:75, v/v)
oA 7HA & sttt & 2 AL ot Lo ot =&
WL 7td Mo 2 22 o 80°CE ALY E) &3
% A7, B2 0.50 pglg, ofleh22 12.54 pg/g, All-8j4k-
0.57 pg/g, U] 22 ZHEFS 329 pg/g, of ElobA o] E = 2.59
nglg, H 222 S/ e (25:75, viv)2 19.17 pg/g9] ofX
EfAAMEI O] 25 88 YEY ot 2R 2y e/dErE
(2575, vV)o A 7H W& oF o] of AEFFAMEI o] & Qi T
= AL U F Q) [11]. o] =, ofAEFAAMEI O] 22 B4
of ogt Ao B EEG F2H O & o|FATE 7H ofx

Table 2. Effect of extraction method

Extraction method Temperature (°C) Amount of
Astaxanthin (ug/g)
Dipping Room temperature 9.62
Ultrasonic-assisted ~ Room temperature 15.61
Heating 80°C 19.17

(Extraction time: 30 min, Solid/Liquid ratio (g/ml): 1:10 (0.5 g/5 ml),
Solvent: Dichloromethane/methanol (25:75, v/v))

Bt 2 S 2ololgtE = A At Bl o 44| vy H
o &/l gttt 18] al 284 = o)7] mEoll o4 F
At 725 7HA AL QLo =oll divt S =7t Sk [12-13]. oF
SBHEAAME 2 &, o E ofAlH| 0| Eof= F mA] ¢hStt. o]
A0 2 ofAEt AL O] Fofl F 4] o= W8 = olF
© e FUSIATE Al ok LBt AR 2 Bl S AT O R &
HrEjo] Qlof ogtEolu 2 22 e/ e (2575, viv)Z
= 7182 A f gA o] F= 4= At [14].

3.1.2. o 22 2FH
obAEtAAE S 2E57] 9la H Aol
Ao 322 that S Hl &t
210] ATbo] wh2 ol AetAALE O] 2% 4%
He ARt LY H 2% 20 253
Hoz g o2 2uhuehe (2575, vv) 183 L5
80°Cel 4] 3087 A A B 9{ek. WA, 32Bo] et goje] v
29 AN 1:30 (¢mL)e] B &0 37.22 pgfg© 2 T )
Zol vl ohietAAIE 0] Ho| 2%E AL syt
(Fig. 2). Lo} A Theol e Alglol 4 S22 ak Gojof v
£ 130 (¢mL)0.2 Aeste] Aasheirh. Sw sl uf

AYE G AR 2 20L St 271 Aled
FEET §oH12 130 (gml)S 2 §sto] HHL WAsHY
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30f) LR 9131, 80°Col 4] ofAEbLATEl 0] 3% 480l 7Hg
$9tTh. e el A B 1} o] 30°Co 4] 80°C7EA] = of
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Fig. 2. Effect of extraction solid/liquid ratio. (Extraction method:
heating, time: 30 min, Temperature: 80°C, solvent: Dichloromethane/
methanol (25:75, v/v)).
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50 Table 3. Effect of cation ion
. . Amount of
% ol e Cation Anion Astaxanthin (ug/g)
= /- . [EMIM] 45.81
£ . [BMIM] 36.55
g 30} [HMIM] [Br] 36.43
3 [OMIM] 33.67
3 [DMIM] 29.40
gr [TMIM] 36.37
E (Extraction method: heating, solvent: Dichloromethane/methanol
‘2 10k (25:75, v/v), solid/liquid ratio: 1:30 (1 g/30 mL), Temperature: 80°C,
é Time: 90 min, Concentration of ionic liquid: 16.66 mg/mL)
<
N N N N N N N N N N N == AN O ]
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(25:75, v/v), solid/liquid ratio: 1:30 (1 g/30 ml)).
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£ [Br-]1& AHE5FITh AL ¢
o 2adyoz AgEglon 1 24
FE25 80°Co A &= T 2 = 2| /M g3 (25:75, vv)
}ﬁﬂ@%%&#ﬁﬂAﬂ%;rMQMDOEWE
Z3}= Zo|th A9 A7 Table 30| e
MIM][ r]o] 45.81 ug/g O & 714 w2 ok OP*E}E*PH
B gdch, [EMIM][Br]5-§ [OMIM][Br]7}#] o} A
o] Z 7} =) at [DMIM][Br]Oﬂ/ﬂ O}AE}ﬂ*&%
= A=
19} o ﬁ4L alkyl chainA 2 0]9} (Br-] 011“
Z3}A (miscibility)at} J&?ﬂol a1, 0] HAJo] =
FEVNA= AR F LEP [16].
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oFo|emu} of] g} 0] EFF H&] BA O 2ZE g8
3 7|2 7] "o 1-ethyl-3-methylimidazolium ([EMIM])
ILso]| 47}A] t& 50| Br, BFy, PRy, TEN & A&l sf A ¢
= X5kt [17]. 2L Fol A [EMIM][Br]e] of2Et=AM
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ge
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FE519ch 1 A o] 24 AA 0.5 gof| A ofAERAAE
o] ol 718 wol == U (Fig. 5). o] A2, th o] &
g A Bk [EMIM][Br]9] R/ o] sto] o] 27 i) <]
ol S7HEE 8l o] S0l S7H8) &Y ofLEA
Ate o] 35 B8] fats AR A3 [16]. thE <
TolA FE & 344 /100 g A AA| TR E o] 29 F
o] 11 ng/gol AEH 3L o] T, ofLEfA A E 0] 23.6%0°] A
ZE . 5, 2.59 ug/g (11 pg/g x 0.236)2] okAEpA4tE o
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Fig. 4. Effect of anion ion. (Extraction method: heating, solvent:
Dichloromethane/methanol (25:75, v/v), solid/liquid ratio: 1:30 (1 g/
30 ml), Temperature: 80°C, Time: 90 min, Concentration of ionic
liquid: 16.66 mg/mL).
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Fig. 5. Effect of concentration of ionic liquids (mg/mL). (Extraction
method: heating, solvent: Dichloromethane/methanol (25:75, v/v),
solid/liquid ratio: 1:30 (1 g/30 ml), Temperature: 80°C, Time: 90 min,
Ionic liquids: [EMIM][Br]).

S 2 Holr [19]. £

224 4 A7} WYL W), 25
482 0|7t 9l

NAE o]-&sto] A H7|ZRFE ofAEAANE S
‘%%3H37§:}*Eﬁi&%,y¢§¢;%aégﬂhqlmq

LEHARME Y H Ao 25 202 7}03:‘%}‘:‘;2& FE 2
80°Cel| Al o o S = 2 Al| /M E - (2575, vivyS ARG5St
gof 1] 1:300.2 9087k &3t Aot} o] 3t 22 27
o4 o]/ A [EMIM][Brl& 0.5 g H7H5{ S f, obEf A
AVE O] 22 4280 458] ug/g & AF A 0 & Lakgirt 7
= 22 3tolA o] 24 HAE H7IsHA k= W, &
£0] 38.7 pg/go| B2 o] 24 WA E HUHHS Wl & o F

o] &8 AL 3015}ttt o] = F 3 B ALy} ol AETAME
#—%%ww HAFE2AS v Al 57 2oF 7
wopoll e e & Ao E A

& A7 20134 S Fpatit Al e g s ofatelried
THY A Y-S wrof A ] A A = EAFY

o (71 W ZTHEAR]Y).
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