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Research progress of supercritical carbon dioxide extraction
technology and its application in oil

WEN Ya-Qing, GUO Meng-Yao"

(Sinograin Dengzhou Deport Directly Under Company, Dengzhou 474100, China)

ABSTRACT: Supercritical carbon dioxide extraction technology, as a unique, clean, efficient, and energy-saving
separation method, can solve many defects in traditional extraction techniques such as the use of toxic organic
reagents, high energy consumption, and low extraction yield. Therefore, it has good application prospects in food
processing. As one of the 3 kinds of major nutrients of human body, oil not only maintains the normal physiological
function of human body, but also has many beneficial physiological functions, which is of great value to improve
human health and prevent diseases. Therefore, this article focused on supercritical carbon dioxide extraction
technology, systematically summarized supercritical carbon dioxide extraction’s concept, mechanism, process flow,
characteristics and influencing factors, as well as the research status in recent years regarding its application in plant

oils such as wheat germ oil, rice bran oil, and soybean germ oil, as well as animal fats like fish oil and insect oil,
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aimed to provide a theoretical reference for the scientific research and food processing applications of supercritical

carbon dioxide extraction technology.

KEY WORDS: supercritical carbon dioxide; extraction; oil
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Fig.l1 Schematic diagram of the relationship between supercritical
fluid and solid, liquid and gas states

F1 BlaFRESSE. RIEMERIEE
Table 1 Comparison of supercritical fluids with gas and
liquid properties

W /(kg/em®)  FHEE/(uPa ¢ s)  PUELERE/(mm?/s)
Sk 1 10 1.000~10.000
RIS 100~1000 50~100 0.010~0.100
BN ’
TN 1000 500~1000 0.001

1.2 BlIgF CO, ZERMBEARELRRIE
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IR, [EI CO, I S (0.468 g/em®)is T R HR I 5
VAR, R ELA BRI WL R RE T o IEAE, CO, AR AR
B FARE] . e, L4eTE. BT, BTaE.
EREERGE R . LR, AR T ORIE R = R AR I
JHE, BERR R e FRAR B G R AR, T N TR
BEL AR A PR O R A R R 2 | Al SR A
EIE

®2 BERENFREEBFRSH
Table 2 Common extractants and their critical parameters

P, ImAEEE

T e o AHXFAN T T
ﬁﬁmﬁl/wiﬁ’m;;ifi’rwc MPa oo
—HAk o, 44.01 30.98 7.38  0.468
7} NH; 17.03 13225 1133 0.225
—HLZH N0 44.01 3637 725 0.452
K H,0 18.02 373.95 2206  0.322
H e CH,4 16.04 ~82.59 4.60  0.163
a5 C,H; 30.07 3217 487 0206
ke C;Hg 44.10 96.74 425  0.221
g C,H, 28.05 9.20 504 0214
P C;Hs 42.08 91.06 4.56  0.230

FH et CH;0H 32.04 239.45 8.10 0.276
i C,HsOH 46.07 240.75 6.15 0.276
IR C;HsO 58.08 234.95 4.70 0.273
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Fig.2 Schematic diagram of supercritical carbon dioxide
extraction apparatusm]
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F.OMEEICRSE, M AT 255 YR A
IAINZZ R 2 R B 2 IR 2E SR A /N ZE IR 250, & &k
A 2 E (vitamin E, VE), DK & ARG RilR | ALY
BE . BENE . b \GE B SR AR FRTEME LS, WA IA
— iR L R O T R S RE MG, BET & iR

e 3 N E N AME FENRHEBIG B CO, AEBUNE IR 2E i 1
SRR AOITE . R 3 ATEH, AREEE AR
5. X ATRE N FEAR U N MR 2Rt R b, bR TR I
Fb CO, ZEBUN T2 2SR UG R Ab, /NEZ IR 25 1) 7= Hb
Kot WK i 1 A 2 /N IR 2T A 4
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J1; SR . e A ORI P P A B AR AR E, I
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o-VE FLE VE W& &=/, 705010 2.90 mg/g. 5.21 mg/g.
OZCAN ZEBVRBIGE R ARG R CO, i AR A BN
Z WRZETh, XA A A T BR 4 AT B PR I R
CO, # WA 5 1 B-VE Y & i (49.39%) & T & 1 ik
(26.82%).
2.2 KM

TR A B 5 AR P = AR KRR (S B I 5%~10%)
JE— R R R, S EE IR . R
WKAA D ARTE R 205 . AR R W S MRS,
HAMNE S 12%~23%W 5 T, 23RO il 25 KB (rice
bran oil, RBO)"7, RBO J&—Fpik o . Wk, 8

WA 81%~84%AHIM = . 1%~2%ABEH M. 2%~3%
TR . 2%~6%IiE IR . 1%~2%B50E . 0.8%HE g .
3%~4%HE 1 4% A B AR R DAL R
S—%0A R RBO E—FhfdR R 8 & D, 23 Af]
T2 W

MINGYAT ZEH0L) 3 oA ] (R 25 0 JEURE A L ve 1
2L ERIEBGEFEIG B CO, 2 RBO, 455 & TR R
I 5 CO, ZEBREE AR B IUE A 14.76%~18.16%, HEBAF
FH#BIG S CO, ZEBUHEA fefE A Eb & S FI T A AL PR BE
JUCHEN Z5MER ] 2 BedE Ry ety ), ¥RIE AR (40
60,80 °C). JE77(100. 150,200 bar). &% (0:1.0,0.5:1.0,
1.0:1.0., 2.0: 1.0O)A H IR 5 CO, #2H RBO MYZICR, A il
Ft CO, ZEMUH A AT I FREARERAELAS . $25 RBO HYFEHL
R SOARES Z:2 U H fiff A 7 5 AL It  CO, B RBO,
15 Hy R RS R AN E] S 160 W, 40 min B, ZEBUCR &L
12.65 wt%; TEAE B KBNS T, 28 RBO H7*
HIREE 9.94 wit%o, RIEFHAR-BIGA CO, MR AT
fifi RBO [4=BRF= RGN 27%., RARBIGF CO, ZEBUTFEH
/NRBO, @iFE ., KRAEE | AL SIRDZE, KFidk T
J Fse it e B S A B, T FE SR S RE AR L S EE U TR
25 MPaltf, 8% /K i/ INKARTE 35 °CA£HL4 h, RBO AL
KA EIk 91.5%M, RAF—se ek R BIGA Co, #
B AR A5 5 4T . PR RBO, [HIZ ) ik A =,
H TR B A SE R FBE Tl A 7
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Table 3 Optimization of supercritical carbon dioxide process for wheat germ oil

RAETZSH

— SR/ % S0k
JEJ1 TR/ C AU 1] CO, ittt
350 bar 50 / 0.4 kg/h 10.94 [26]
50 MPa 60 / 30 g/min 8.87 [27]
25 Mpa 40 141 min 30 L/h 82.79 [28]
30 MPa 50 2h / 11.05 [29]
300 bar 40 8h / 9.00 [30]
336 bar 58 10 min 2 g/min 5.30 [31]
35 MPa 50 1h 22.5~25L/h 10.15 [32]
30 MPa 50 3h 8 L/h 10.50 [33]

T /2R SO P IR R T 50T
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PP A R I S CO, 3RS S Y A R 253 v 0 3 R
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AR —SE S REPE R b A TR SORL 7 e RO U R
b, iR COL ZHUEARJEBL 1153 K AMZ A L%

4B BT AP AR TR I S CO, ZEHL, H
A, I S COp AEBRA)RE 712 I A 2% R LR R )
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Table 4 Research on supercritical carbon dioxide of plant oil

ek 7R Jrik

ES
4t - %
SCHK

SR FRI 5L CO, LA LB A ¥ 500 (¥ i W PR 2

1£ 60 °C, 18 MPa 451 F, il A CO, ZEHUAY
SEALRF R AT B RS K 91.17 mg/100 g; TR A

BiFhG AR, TRICE B VE SEMEATIH H B " ;
”ﬁ$@&*;ﬁ%;$;ﬁﬁmﬁmm O BERGLE, RN a-VE Skt FE /7 [51]
= - »-VE #1 5-VE & &
SR
RO, SAEREI BB LR B O35 T 5,
AR CO LRI ERGEERRN,  AGE FUBAF R TSRS, S A e o
HERGRIE H 313-343 K, EHUE 1% 20-40 MPa G F IR 75, ISP . CO, o
T 13 U
RIS COLIHERTI I (o 4§ 33 Wi 43 O PR
CO, BEBUHATHE, LSBT L, f25 e [53]
e i o G IR SRR i CO:
’ - ARSI 5 15(81.81.0) g/kg
fidaken XA AT RO I U TR 7
e byt e T A Y T g i 2552 ] /I &= D
@;ﬂiﬁfigﬁiﬁi;ﬁgii@;ﬁgﬁ COL PR AT > 2EGRIE: I H 5]
SRR U, ST A ARIUES 23 MPa, FEIGHIE 45 °C, FIRNTD 186 min, - [4]
PR s ;#;w;g A COL itk 550 Lih, TEMLILAEZF R, HiATkFh i
" HEIUE K 8.87%
— . o SEIRIITE COL SRR T (ORI TR
R Coﬁﬁggﬂ%m MPa)RfFF 76 130 MPa. 63 “CAHF T, SERHHIE CO, il (5]
o VR N 191 g/kg
SRR

WFFE TR (10~30 MPa) FSEAFFM A I # CO,
FEWCHAR, LR T7E 30 MPa LI R H 3 R R I 5t
CO, ZEHGH A Y25 1

RPCER KM RAET 250 )7 24 MPa., #RJE 40 °C,

CO, Wit 1 L/h, AEHUSHE] 140 min, $2BCR N [56]
(20.5+1.5)%

PEBGEHUE J1(15. 20, 25 MPa), ZEHUREE(303.15.

318.15. 333.15K). CO, JiiE(2. 3. 5 g/min)ly { 7L,
A SR BOR i, #6473 BIZ 3 KR
TPEALSEES, T SCI BRI 40T, MR e f:

A= BRI P A A i T2

BAET 2R IR 318.15 K., JE /1 25 MPa, CO,Jite

5.0 g/min B, ZEBUER A 27.6 wt%, HULEAE T 3RS0 [57]

AT RO TR IR R

1 3o B PR ZR A IE S i X SR T IR 5 CO,
FEIOEARIBU A A i R IR Z AT A

ST AR AR R AU AU 7> AR >

HEBUSHA]L 40 F A4 JEORBURL I 762U ) AR L4351
926 MPa, 45 °C&F NZEHL 3 h, A IhZEBREE
42%~45%, MR i T 254

[58]
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HEARAT e 5 ) S SR B AT T Tl e S el R
CO, ZEBUATF R (1 BT = U AR HAT i i e AR 1, [59]
BO WA . BRI TR S,
TGRSR . MR AR R

Sk
Al RGP, 4T R,
GO TR SR A R T, e COv PRI, ARIELRA UL
e REFE R A5 T B SR E A PRI RE, RIBHR D [60]
a WR TR, B B R . RS Ay v
I T CO, BT L5 50 Bl s BT o A RE2e
A A A Wk, DU AR T2k ARl kI
ﬁ@ﬁﬁiﬁgiiﬁﬁzigﬁﬁ A LA, SEULEALA L, SR CO, [61]
e SRR IO BUR T IFLEA, MR 7L
N SRR I S A R

T B R R SR I T HER, IR AR E AR
X B BT TR, $RSY COL IR 2K IO

VaiRlii IR

AR T FERGRIE . AR 1 AL A O
5¥51% 40 MPa, 50°C, 1.5h. 40 ke/h B, Hifriy [62]
HmAeN 3.32%, MIAET 240

3 EBimA R RN S T BN

3. &

A 0 N 5 A R A R 0 (i SORHR) 20%~80%),
AT DU b AT AR R R A BB . SRR 28
S ERL . AR SR AR B S, AT IR D IR TS
PRI, Horp, DAt 2 R T A B B A I
gy, BVH, 2 B AR Bk TS R (eicosapentaenoic
acid, EPA)FI —+ —f#% /N /R (docosahexaenoic acid, DHA)
2 -3 ZAMFIEIIR (polyunsaturated fatty acids, PUFA)
i T BRI —7 EPA I DHA REMS (L HE S LAY Ik Al
PR B, ROl LA . M RGNS . RS 2
Tl g HAT T 3R Y7 R S,

KA R CO el i, MUARRKESBEHFE
ZRmTo i, BilERERTEAL . (R BRI TR AE RE I RETEY)
JET TR BB AR, [FIR RIS M MR E 1 -3
PUFA failh HIREE A AF; ks . . CO, Wiht. 42
TR ] 48 4R TS A R0 JEORE 1 B 1 I 2 5 v 0 3 £ R i
CO, ™ W ¥ fif A& 1, MM Bk AE 2 B R U
RUBIO-RODRIGUEZ %517V 5% S B 4 f 1 1) /K 43 fik
it 20%0F, FIMAREE 5K A E R 2 M UM DG . XA e 2
PRI it P 7K G vy AR 3 48 e v 1 g D0 47 R i
BLCO, IR, MTTIZE R 1 3 55045 7 I 22 T 4 s ) U721
XFF R RLAR, KE 54+ 0.25~1.00 mm, X2
SRR B, S BEARRE S R A, R B AR

PEHS1, AFITFHIGR CO, 5tk e {8k
ik ZINESF U 5 0 S A el ORI, ok AR ECAE R
AR5 : L) | eI DI S QAN A R it LSO kel iR A I P 1
TLR2EBEEMRAMBIG A CO, ZERGL Y, NEEs
FEA 77 THI IR 2R AR 5 T AR UK
32 RHim

TEFTA SR B ) 7 60%, JeHiER bR KiE
PI2ERE;, AR AUHAEER R . SR AR .
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EAEPEIET, RRdhs SRR, R4S, K
ZALE NG AR IR, HA Bt it el
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R I L COy R A FH T HE B S g BT
R fgrn] LA E] 80% 1L VS, AR mk R L Sk
AIUE] . CO, Witk . ABUE ST . ABGRE SN K5
e WA AE AR AR FIACR ) SRARFA TS Hh A e S AR
MR SR A v, RIS, AhASIEW, SR
A Tk A B 7 I R R, R R FRBIG R
CO, AE B A A 2k S0 Ak (8 0 R {1 2 b A o Pk £ B A KK o
JUESFERT TGS CO, 2B A IR Mg 7 — 253, {Hh
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HERR, XA 4 B AR I A COL ZEBU T ZIHE T TS,
N AU ) 5 B0k B 4l UE BRI 5 CO, r (1 i 2 2 1F
A, $R AL UE Sy AT LU ZE G 2 ZE ISR %) #
gy B BR 4L AU A B BRI, £E 250 bar ., 65 °C4%
T RIS AL TR gl sy, AR A 5 A B AR R
R i, B AT DA o AR 4R BUAC R DA T S B TR A
07 2 (41 43588 A B SRR I BR RS . MUANGRAT 250001
MG CO, FEBUML BEHU A AR AT 4 Huh, $RECE LK
20.18%~25.94%, UG EZE R0 A KRR . R |
TR FRFAE I
3.3 WMEMH

A W B SRR B LI AR, 2 el T A
BE OO BRI SR A N RIS
B AL A Py AESE AR AR, A TR N R s B SRR
H Al Tl Ao A: 7= i Z N G 7R 32 22 s 4 2
B, Gz 2Rt A e SRR s, A2,
PR EARE, NREW AL ST E, midE s A
Wie, R BRI, E—FE % B p AL AR 4=
Fer

TR A S 3 A BT T AR R ISR, AR T HoAh
TEHEY A A KA. A AR . A2 5
R, ATRUE A A R FHEE R CO,, 72 ML SE BN AR
R RIELE . PATEL S8 T #IG A CO, $RBUEE AR
SRR T, 3G AR O WL UEA X . bR R A 5
T3 e HAT & I v BE T, TR e B A R T
BEBEICT 2SR vk, 7 FhE st i A co,
PREL, RBU/INEREE . AR BRI 5 R B SR TR
BB & R4 0N 36.25% ., 31.81%F1 26.85%, 44k
MBS, A BRI R & 2k 5
91.15%, AIYE &kt BT R fa B 2R IR
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