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Abstract: In this study, supercritical CO, extraction conditions for sea cucumber powder were optimized using single factor
and orthogonal experimental design, with defatting rate as an indicator. The fatty acid composition of the sea cucumber
powder before and after extraction as well as that in the supercritical CO, extract were detected using gas chromatography,
and supercritical CO, extraction of volatile flavor substances was investigated using headspace-gas chromatography-ion
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migration spectroscopy (HS-GC-IMS). The results showed that the optimal conditions for supercritical CO, extraction was
optimized using single factor and orthogonal experiment, with an extraction temperature of 60 °C, extraction pressure of
40 MPa, extraction time of 2 h, and a degreasing rate of 57.6%+3.89%. A total of 25 fatty acids were detected in the sea
cucumber powder, extracted sea cucumber powder, and supercritical CO, extract, with a higher proportion of
monounsaturated fatty acids in the supercritical CO, extract. In contrast, the proportions of polyunsaturated fatty acids such
as arachidonic acid (ARA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) were higher in the extracted sea
cucumber powder. HS-GC-IMS led to the identification of 70 volatile components. Notably, substances with fishy or
pungent odors such as dimethyl sulfide, butanal, E-2-butenal, pentanal, heptanal, benzaldehyde, pentanol, 2-butanone, 2-
hexanone, 3-hexanone and other substances were significantly reduced in the extracted sea cucumber powder, substantially
improving the overall flavor. Therefore, supercritical CO, extraction can effectively separate lipids from sea cucumber
powder, while removing a large amount of volatile components with fishy odors.

Key words: sea cucumber powder; supercritical CO, extraction; orthogonal experimental design; defatting; fatty acids;
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e .
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— VRIS RR TR AR RS 5
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BrZ2%5 Li 5500 (105 e 1B
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Fig.1 Effects of extraction temperature, extraction pressure,
and extraction time on the degreasing rate of sea
cucumber powder
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1.19%, TEZEHU v il v, (B =35 22 [R] JC e 35
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Table 4 Effect of supercritical CO, extraction on fatty acid
composition (%)

i WSk FEEURRSH  ERY
T R C14:0  2.09+0.10° 1.78+0.18> 3.71+0.14°
+ PRk — s R Cl4:1  1.39+028" 1.22+0.21° 2.59+0.23°
T R C15:0 0.15£0.02* 0.13£0.10*° 0.27+0.07*
KARER C16:0 9.41+0.27° 6.79+0.17° 11.39+0.14"
IR Cl16:1 13.79+0.52° 11.67+0.36° 21.64+0.63°
HOtigm C17:0  0.85+0.03* 0.80+0.21*  0.70+0.10°
fii fE TR C18:0 8.02+£0.44* 8.36+0.29" 7.83+0.37°
TR C18:1n-9¢c 5.72+0.11°  4.7240.04°  7.64+0.04°
SR Cl18:1n-7 6.39£0.10° 6.64+0.06* 6.19+0.12°
VR C18:2n-6¢ 3.02+0.24° 2.71+0.12°  7.85+0.62°
R C20:0 1.70+0.16* 2.03x0.31* 1.00+0.25"
7= JRRFR C18:3n-6 3.88+0.24°  5.69+0.24" 1.86£0.30°
kTR C20:1 3.05+0.45" 2.80+£0.13*  3.33+0.40°
o- P JRRAR C18:3n-3 1.34£0.10° 1.25+0.04* 1.61+0.08"
ki C21:0 0.80+0.11° 1.14+0.15* 0.45+0.07°
TR C20:2  1.21£0.19° 1.22+0.24* 1.13+0.51°
1L R C22:0  0.90+£0.09° 1.13+0.21* 0.56+0.03"
TR C22:1n-9 0.43£0.12*  0.49+0.22°  0.05+0.04°
T =R C20:3n-3 1.03£0.04*  1.14+0.18"  0.86+0.20°
B RV C23:0  1.64+0.20° 2.49+0.02"  1.04+0.02°
WA DHETR(ARA)  C20:4n-6 8.26+0.79"  8.46£0.38"  3.68+0.56°
Ry Y/ 01y C22:2  3.41+0.85°  4.34+0.09" 1.3620.15°
ZABRAIETR(EPA)  C20:5n-3 13.97+0.26" 14.64£0.40" 8.52+0.92°
R C24:1 3.50+0.35* 3.93+0.49* 1.72+0.14°

iy N/ A 1] .74 C22:6n-3 4.06+0. .44=+0. .02+0.
“ A ZARISIGTR (DHA) 4.06+0.22°  4.44+0.18"  3.02+0.24°

AR IR 25.56+1.43" 24.65+1.64° 26.95+1.19"
PRI AR TR 34.26+1.93" 31.46+1.52" 43.15+1.59"
BN R i 40.19+2.93* 43.89+1.89° 29.90+3.58"

TE: FATANRING PR A R 2 BT 35 22 57 (P<0.05) .

R 2 ZZ AR FA IR 9 B, 7E = RS £
AEFRENTR & Lbs3 528 40.19%+2.93% . 43.89%+
1.89% Fl1 29.90%=+3.58%, TE A% By b o FL B fik, #
WS 28 P AE AR WG R (ARA) . ik FUkw TR
(EPA) 1 —BR/SIGER (DHA) &5 Z AN IS i iR

o e B R T AR (P<0.05), S-SR EUEH
G e 25 52 (P>0.05), AT RIS h Z A
FINRIIFR (PUFA) & 5 i e PERR I, R
A B AR BB, AT R IR A CO, AR B
S8, H PR B AU MERR T A B e, 4555056
K25 5, il 2t Ml A CO, B AR AR
TR oy B/, TEAEBUS Sy b o e s . TeESh
B i EPA F DHA, BT TS5 /O i A5 55005, SELR K
Jivi s 2, il RE A e A= R AF TIRE, YRYT R AR ILAE, 2%
SN 5 25535005 , AR E AR IE & 2 B Y, ARA i
RERSHEIFAHZUESE | 10 G B s LA B A i p
ZRTFE, FIHBIGS CO, AT ARSI T2
MR AT RS, TETF RIS D16 R SRR s
a7 T AT BN T -
24 BImF CO, EWMAT/HFESH HS-GC-IMS &7
waKi)
2.4.1 HS-GC-IMS 3 EI Xt 43#7  HS-GC-IMS %
AT LUK A i 22 [0 (4 A4 Jo A s A 7 B0 e A
Fw2E W, 1 2 il S Bilm AEAEHCET S HS-
GC-IMS Kl & HE) TS S3% b 22 Ak ig I, L
WES RS 28, X L sl SRR UG RE S P T
AR EAEASFRE S R 252 S8 D, 21 R
P BTAE Al R B v S B T DU A G ERAIR
FTZREEES . HE 2 7T UL, VSR G A A BT e
PRSP R A VL8 T HS-GC-IMS 158 T 3%
WA ES, HoAT BDUR FE A AL BRI SR i 2 e XU Bl
SYTRIN2E5E .
2.4.2 FERVERRY) T EME T it il vk
YR FE SRS, T B L B PR I R ARG
J5 Sy 5 e R ST AR Ak . a5 SR an &l 3 it
N, B AR S AR R R A&, A TR
Fe—MFES PR ERUY AR S, IR IE— %
K VEA WLIAEAS [RIRE G A ) 5 A5 5 0 R, B0 (0
TR 2% W ) T B e B i BT, A RRARE S 2 S AT I
3K PHLARES TR AN Y 85 Fhd%E &M i oy, st
J5 4551 70 FhE KRR Y B, B E 3 AT LA
AT F1 SCAT W5 K&k XA Jo 4H A7 7 BH B 25 55,
RS S AR I, G FR Sk . TR L S -2-
T L G . PR R G 1S3 DY
Wil |, 2-"1 W 2-cL | 3- L A FE AR I AR UG S
B B RRAIG . RSN OB . LR BRI
T RLE SCAT TGN, X I RE 5 & [k CO, /776 B &
T 2 2 BRI AN AT S8 301
IRV S R AR R LAY, H TREEZEAR
I (LA X AL, e JEh XU BT iR R, HLAIR i
PP ZIS HLA AN [ R 1) A b R PR AR, an P L
Ak, Sl I A RS, SCAT T EE . 2 -2-
TSI G | PR A e B D, RISy AU
BRYRISEE, ok, SCAY vh — I LR mEFN RS 1k
BB RS B NN & BRI, 3X 5 Shimoda 45141
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Fig.2 HS-GC-IMS migration spectrum in sea cucumber powder before and after supercritical CO, extraction (difference chart)
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