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Abstract

The extraction characteristics of volatile compounds from powdered citron seed have been investigated
by the use of supercritical carbon dioxide(SC-CO,) and cosolvents. The extract was analyzed by GC and
GC/MS technique. The extraction yield was increased as the pressure was increased, the temperature
was decreased, and the quantities of the fluid was decreased. The extraction condition for maximum
yield was determined with the extraction yield of 19.8 wt% at 600 m of particle size of citron seed,
313K of temperature, 20.7 MPa of pressure and 20 L/min of SC-CO, flow rate. Ethanol was the most
efficient cosolvent among ethanol, benzene and hexane. The extraction yield was increased by about
1.33 times with the addition of ethanol as a cosolvent to SC-CO,. The average extract was composed
of five major components in the order of acetal, oleic acid, palmitic acid, 1,1-diethoxypentan-4-one and
ethyl palmitate. The volatile compounds extracted with only SC-CO, were acetal of 4.56 g, oleic acid
of 2.31 g, palmitic acid of 1.96 g, n-hexanal of 1.59 g, ethyl palmitate of 1.47 g and 1,1-diethoxy pen-
tan-4-one of 1.22 g per 100 g of the powdered citron seed.
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Fig. 1. Extraction yield as time for various pressure of
CO, at 313K,
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Fig. 2. Effect of temperature on the extraction yield of
citron seed with supercritical CO, at 20.7 MPa.
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Fig. 3. Effect of flow rate on the extraction yield of citron
seed with supercritical CO, at 313K and 20.7 MPa.
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Fig. 4.Effect of cosolvents on the extraction yield of

citron seed with supercritical CO, at 313K, 20.7 MPa
and flow rate 20 L/min.
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Fig. 6. Gas chromatogram of volatile compounds of citron
seed extracts by supercritical carbondioxide.
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Table 1. Chemical compounds of the extracts from citron seed with supercritical CO, and various cosolvents

Compounds Retention time Peak area (%)
Only CO, Ethanol Hexane Benzene

Acetal 2.693 23.04 7.78 29.30 7.24
n-Pentanol 3.067 1.23 - 1.24 -
n-Hexanal 3.446 8.03 6.28 1.49 1.66
1,1-Diethoxypropane 3.598 2.00 0.65 491 2.10
n-Heptanal 4.880 1.11 0.86 240 0.80
Hexanoic acid 6.386 2.86 1.01 0.51 -
2-Octenal 7.648 1.23 0.80 - -
1,1-Diethoxypentan-4-one 8375 6.18 1.94 8.99 13.56
3-Nonene-2-one 12.294 1.35 1.85 0.57 1.28
trans-2-Decenal 12.799 1.34 1.16 - -
trans,cis-2,4-Decadienal 13.784 1.56 333 - -
trans,trans-2,4-Decadienal 14.517 3.69 8.08 0.50 -
Glyoxal, bis(isopropylimino) 15.356 1.54 1.15 0.65 -
2,7-Dimethyloctane 15.594 1.96 1.59 0.96 1.00
trans-2-Undecenal 15.999 0.86 0.60 147 448
Ethyl-3-methylbutylbutanedioate 21.603 2.48 1.75 0.54 0.66
Tri-n-propylamine 22.773 3.80 3.96 8.08 572
Palmitic acid 35.493 9.90 14.56 14.76 19.76
Ethy] palmitate 36.245 741 8.81 5.12 8.26
Oleic acid 40.599 11.68 24.21 8.23 19.66
Ethyl oleic acid 41.090 1.91 0.69 1.24 2.26
Unknown compounds 5.65 8.94 9.04 11.56




ZYA olsekiel] A% fANe] BAEQ FE3 38 R 163

Sl E H7H Ao A9 10 SFEFEEwW%)
£ acetal (16.84), oleic acid (15.95), palmitic acid
(14.75), 1,1-diethoxypentan-4-one (7.67), ethyl pal-
mitate (7.40), tri-n-propylamine (5.39), n-hexanal
(4.37), trans,trans-2,4-decadienal (3.07), 1,1-dieth-
oxypropane (2.42) % trans-2-undecenal (1.85)2 1}
B, 48] S0 SHEES] e W 62.61%°]
Aok FAA 2 100 goA 1.0 gl EFSEE Q)
£ IES YA CORF AME3F 739 acetal 4.56
g, oleic acid 2.31 g, palmitic acid 1.96 g, n-hexa-
nal 1.59g, ethyl palmitate 1.47g % 1,1-dieth-oxy-
pentan-4-one 1.22 go| Ut} B8 &S 7t
3 A% oleic acid 6.37g, palmitic acid 3.83 g,
ethyl palmitate 232 g, trans, trans-2,4-deca-dienal
2.13g, acetal 2.05g n-hexanal 1.65g % tri-n-
propylamine 1.04 g 2 UElRtch 22|32 YA
COBF AME-3 9ol 3IRHES FYHRE ERs &
& etherf 31.22%2 7PF ®WE, 2 thEoRE
acid¥ 24.44%, aldehyde® 17.82%, esteri+ 9.32%
5l amine® 6.69%7} Ff-Eo sieH, 2 de

&89] alcoholF, @34 E 7EF SYEEINU
o, E3 AMRSE RzAu)e) FRo] uet JEFF
o] wislyt A el & A THEFCA
Hshy goten], Bxgn] i3 WS AR
719+ 2-octenal, trans-2-decenal % trans,cis-2,4-

decadienals}§H&-2 F2HA g}

FEAZIO| e SlEteE HE}

FAH L FEAA 2YA €O HIAZANA
I BE FEHE IS F U BXE dEsE
£ 2ml/ming F71gE A9, 7 FEA7 HE 3
RS B2 4AE Table 29 YRR F
ZA)7F 308 oldole B 7R 3FEL FEFHA
ot} Alzbo} Ziagel wt o7 1A S3E
Eo] F&due e & 5 Utk Table 204
retention time 158 o|Md] HA&EE IAPEL 32
Al7bo] 7ol we) sgtE o] ARR Ftske
78S BYOL}, retention time 158 o] Fo| HE
E & tri-n-propylamine, palmitic acid, ethyl palmi-
tate ¥ oleic acide FE 27 B2 go] F2H

Table 2. Compounds of the extracts from citron seed during extraction time by supercritical CO, and ethanol cosolvent

Extraction time [min], peak area (%)

Compounds Retention time

10 30 50 80 120
Acetal 2.693 743 16.39 2223 2437 2548
n-Hexanal 3.446 1.91 2,61 4.44 5.16 6.59
n-Heptanal 4.880 - - 0.50 0.63 1.19
Hexanoic acid 6.386 - - 0.60 0.56 1.00
2-Octenal 7.648 - - 0.73 0.65 0.87
1,1-Diethoxypentan-4-one 8.375 - 1.76 274 327 4.90
3-Nonene-2-one 12.294 - - 1.19 1.01 1.45
trans-2-Decenal 12.799 - 051 147 1.52 1.89
trans,cis-2,4-Decadienal 13.784 117 097 244 3.25 337
trans,trans-2,4-Decadienal 14.517 2.89 2.51 6.15 7.66 8.03
Glyoxal, bis(isopropylimino) 15.356 - - - 0.64 1.01
2,7-Dimethyloctane 15.594 - 3.09 2.42 1.72 1.17
trans-2-Undecenal 15.999 1.06 0.63 0.52 - -
Ethyl3-methylbutylbutanedioate 21.603 - 0.91 2.07 2.17 2.40
Tri-n-propylamine 22.733 4.89 2.33 1.64 1.17 0.75
Palmitic acid 35.493 4.95 4.38 3.31 3.11 1.90
Ethyl palmitate 36.245 17.27 14.34 1247 10.26 8.49
Oleic acid 40.599 44.56 37.84 26.76 25.02 23.39
Unknown compounds 13.87 11.73 832 7.83 6.12
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