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A5 I P BCE ) A K AR T M BB s 0 W AR AT CO, FRKFRFTE W oy k42 T ¥ A FBE A 50 MPa, FBUR
FES0C,»BE19EH6MPaiRE 55 C, o5& N49)EH 6 MPa iR E 50 °C,CO, %= 45 L/h, 5 60 min.3 # 3 B J7 i% 69 K 38
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Supercritical CO, Extraction Process of Ajoene from Garlic and Analysis of Its Components
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Abstract: Objective To optimize the process of supercritical CO, extraction of ajoene from garlic,and to analyze its effects on the
components of garlic. Methods The single — factor test was conducted to analyze the influencing factors of supercritical CO,
extraction on the yield of ajoene from garlic. The extraction time, extraction pressure,extraction temperature,and CO, flow rate were
used as the evaluation factors, and the extraction yield of ajoene from garlic was used as the evaluation index, and L, (3*)
orthogonal test was used to optimize the extraction process. High — performance liquid chromatography (HPLC) method and gas
chromatography — mass spectrometry (GC — MS) method were used to analyze the effects of supercritical CO, extraction and
traditional extraction methods (steam distillation, ultrasound — assisted extraction) on ajoene and other components from garlic.
Results The optimal process for supercritical CO, extraction of ajoene from garlic was as follows:the extraction pressure was 50 MPa
with the extraction temperature of 50 °C,the separation kettle [ pressure was 6 MPa with temperature of 55 °C,the separation
kettle Il pressure was 6 MPa with temperature of 50 ‘C, CO, flow rate of 45 L / h,and extraction for 60 min. There were
differences in the content of ajoene and components in garlic extracts under the three extraction methods. The yield and content of
ajoene in garlic extracted by supercritical CO, extraction were much higher than those exiracted by steam distillation and
ultrasound - assisted extraction. Conclusion Compared with traditional extraction methods, the supercritical CO, extraction process
has more advantageous for the extraction of ajoene from garlic.

Key words: garlic;ajoene ;supercritical CO, extraction;steam distillation ;ultrasound — assisted extraction;extracts
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1 UE5KHE

1.1 {¢z%

UltiMate 3000 % &5 %08 AH 8 35% 4L , TRACE 1300 —
1SQ RIS A (23 B3 B AN, TR — 1MS &Y 1009 — F 3
R A B (30 m X 0. 25 mm, 0. 25 pm) , 21 [
F&[H Thermo Fisher 23 ] 3 XS205 Dual — Range 173 #7 K
YOS R+ 743 22— ) , AL104 B 4381 R O -
2 ), B0 A AR - FER 200G (L) A BR A
KQ — 500E 7Y 1 75 I 1 e e (ES Ll iy 8 5 s A PR A
H), IR 500 W, A% 4 40 kHz) s RZSCF220 - 65 - 2L
A A CO, AR K ke B (g 3 A B A I AR &
JNFED .

1.2 iR%

BEMpEETILARE S, AR BmELEYRHY
A RIRZA  11R) 2Z v  ) E AT 245 UI  E Ohy 1 5 BT J X
HE ity CRYN T Bp 2 05 A W B 4 A RS ), 46 > 98%) 5
95% .1 To/KBRmREN HEE IR (b4l , 1E ke (i
afi) BT MR B (e gkl A5 Merck 2
) s CO, (T ARMEM A& T AMAAT PR F] L 264 99. 9%) .

2 HEEHER
2.1 ®BIEFE CO,ERE

HURY W G 18 il 1, P A MBI A iz v, 43531
XFAEHUAE 43 8 2 AT, 5 X6 ) ¥ HIL B ik 1 ol ¥4
0 A 3 0 R B, RS COL, S, o i R 2 X
FEWAE B ST IR, 2SR I3k 2R 56 U 7 K OF
B, S&H] CO, S, TP IR G IR IR, R4 26 L, 4R 48 A5 e psf
), DN 535 4 rhoioRl AR AR LY, BNAS RaRi IR 2 CO,
W), I EMCR A BCR (%) = W (g) 1 K
aRAEHE () X 100%, FIEIRICR (g / g) = ZHU) (g) x
)BT e (wg /o) | KarsekhE (g) .

2.2 RGEREAE

TR ZRIBHE I UMY R I 1 57 200. 0 g, 0 5 A
FE L IN4lifb7K 2 000 mL, K ZE B 6 h, WA &
T, BVAS R PR U, Bk T (0. 75 ), THR A SR EY)
W H0.375%.

TS 7 T B B« AR EBUR AR 2 1 5% 200. 5 g, K
BRRE , I195% 212 000 mL, M5 H B2 H 1 b,y it
TEW E 60 ~ 65 CIFE M 4 , [l 2.1, WS e 4 4, D
PR R SR, FRE i (20. 6 ) , T A SR EUY)
WK 10. 27%.

2.3 XKnMEKBSENE
2.3.1 i &R0

{4354 : Luna C g (250 mm X 4. 6 mm, 5 um) ; i 5l

AH:FEE - 0. 1% HRRIAT(65:35,V/ V) ;%% :0. 8 mL/ min;

64

FEIR 30 °C3 R K 2254 nm; PERER . 10 wL.
2.3.2 BERHE

I BT A X HE A 9. 98 mg KE B FRAE , B 25 mLA¥ il
o, P R AR E R 25, BB SV R 0. 391 2 mg / mL
P4y BT 22 s XoF HE i B Y BBURR I B CO, 2K IR | B 75
T B R B K ZE R ZE R AR U KGR 4R U 29 20. 0 mg,
B S mL S I B RO E L $E2T,0. 45 pm
TP PR E ST | B AR A S VA TR
2.3.3  [TE WAT o &

K2t 2. 3. 2 T T BT 4 X R 28 Y 1, )
% 5 R v B2 43 90 R 0,001 956, 0. 009 780, 0. 019 560,
0. 097 800,0. 136 900, 0. 195 600,0. 293 400 mg / mL i
AR RE SR 2 2. 3. 1T (i 2 HEREIN 2 , LA
TR (X, mg / mL) A As AR TR (V) AR T4k
PR A5 BIH AR Y = 324.91 X - 0. 521 0(-=0.999 9,

=7) 45 S F W, BT s 6 R R Y T R VR B A

0. 001 956 ~ 0. 293 400 mg / mL L Bl P 5 I i FRZe M 6 &
RAF bR nT A B I 1 75
2.4 GC - MS &
2.4.1 RIBAME

1)GC & S HERE TR £ 230 °C5 28750: 99. 999% 1
S E R 1.0 mL / ming 20 G 200 1 FEE TR
W HE TR B 40 °C A% 2 min, L 6 °C/ min 1 E T F
170 °C A%-#8 5 min, A 10 °C / min f 3R T} & 250 °C 3
30 min,

2)MS F B TR B2 (ED 5 B 7R IREE
230 C; B T HL B AE . 70 eV GC 5 MS 42 L& Har 28 i
B 1250 °C; JFifar o (m / 2) FHETE L : 25 ~ 650 amu.,
2.4.2 BHR G E R H A

BUB G A CO, FEHL | £ T 75 il B 4R B K 8 R 7%
PR U R AR U 24 20. 0 mg, WS 5 FRGE , B 5 mL 2
S, NIE OB O 2 B AT, INGE EJC K B R
B, EE 1 h,0. 45 pm GLFLUE B, BIAS I S
2.5 BIER CO,EMITEZMhik
2.5.1 BRHEEFRE

A WU 8] - 76 FE B 7143 5114 20,40, 60 MPa, 5
TEE N 50 ‘CRARF B4 4y 48 1 1R T 9 MPa,
TR M55 °C, B WML AYE S 6 MPa L K
50 °C,CO,Hii A 45 L/ h) ', % 28 A UK Bl A% B
[i) 114 725 Ak o 235 S A TR g 19 v AR ORT 2 BRI %6 (AR U
BT A ) S ik 3] - i T 5 B[R] X945 50 76 20 MPa & )
T A IR R ] s 1 WA RR X ot A IS (] 1 i 2%
P4, AR HL 120 min A GBI 2 2K BOE7 76 40 MPa &
TR L AEBLTS min N, A YR Bl AR IO (8] 9 35 i
M 45 =, ZE B 75 min 35 274 5 78 60 MPa JE ), 2L
40 min PN, A< ) R B 2R I P AL 3R 147 I A ECERE ] 1) 15 o
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HEHICE | % PR / pg-g! I | % BIEISICR [ pgeg™! HEIAICE 1 % FTEEIGICE [ pgg ™!
2.0 1807 2.0q r160  2.0q r 160
1.8 v 1607 . — ! T TT—
1.61 z 140 /_———_2 -84 //. ) 140 1.81 r 140
1.4 1201 . . /__y—f* /f—‘\._. )
13: 1007 ] r120 h r120
0.8y / 807 1. 41 1. 41
0.6 607
0.4 407 .21 1100 o 100
0.21 20
0 . . . . : . 0 . . . . . : 0 ———————————r 80 1.0 ; ; . , , 80
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80 30 40 50 60 70 80 90
HEIUEFE] / min AEHLAF ] / min FEWUE ) / MPa REWURE 1 °C
A, A, B C
R | % PR HRIOR [ pgeg ! R 1 % BAEIRICR / pg-g ™! AR | % BIHEIRICR [ pg-g ™!
2.0 L r 160 2.04 r 160 2. 04 r 160
T~ . ./.___./
L8 \\ F 140 181 L, [0 L8] . F140
1. 61 1.64 e 1. 6
r120 r120 r120
1.4 1.4 1.4
- k100 . k100 . k100
1.0 . . ‘ . 80 1.0 : : : ‘ . 80 1.0 : . : . . 80
3 6 9 12 15 18 21 40 45 50 55 60 65 70 20 25 30 35 40 45 50
Sy#% 1R / MPa SEETREC CO, ittt / Leh~!
D E F
A, - A, FREE B EREH CERRBE D 2BF1IEH E 5BF1EE F.CO,AE
EEAAEAT,1,2,398FREH 45 % 60,40,20 MPa; B B ZEF P, 145 9T Mol 5,2 48 Rk
E1 BERKBER
A, = A,. Extraction time B. Extraction pressure C. Extraction temperature D. Separation kettle | pressure E. Separation kettle |

temperature F. CO, flow rate

Note: In Fig. A; — A,, 1, 2, and 3 refer to extraction pressure levels of 60, 40, and 20 MPa, respectively. In Fig. B — F, 1 refers to the yield

of ajoene, and 2 refers to the yield of the extracts.

Fig. 1 Results of the single — factor test

M 42 155, 40 min Ji5 22 2k S5 398 i A8 BT (] %o g 5% i) AS
KBEILE 1T A, FIE 1 A,

FEWUE S7  AEZE B R 50 °C R AH TR 4385 4544 (4
B 1 KRS89 MPa i EE R 55 °CL o T AL =
J13 6 MPa . JiJE K 50 °C,CO, W 45 L/ h) T, %%
AN TRVAE B %5 26 BROISCR 11 5 o 45 SRAEUT F°8 20 ~
40 MPa Fif, € B R Bo] 28 s 114 1503 34 I 4 O g 1 T
T A L RO T2 40 MPa 5 , 2 SR 401 B0 8 2 114
WSO P P A % T LR 1 B

AR A8 ZEBUE 1 4 50 MPa Kk [R) 43 55 45 1
(e 1 R J1o09 MPa JR A 55 °CL 43854 AT AY
JE 71 6 MPa iR JE J 50 °C,CO, M 45 L/ h)F, %
FAN () A BT B X A BRSO3 1) 52 M) 435 S 2 L) i e
W B SR AE 50 °C P X5 Bt A% BT BE 1) T i e, 2
i ¥ i 2 ST B ) v T AR AR L T 8 A IO B T
HOMT CO, AR g RE T, 3853 H AR 53 7F CO, ¥t
A B i B 38 i s /D b A O LR 1 C

A T RS AEFERUE 18 50 MPa B N
50 CAARRI B A (g de TR 55 °C szl
FIL A4 18 6 MPa JiLEE K 50 °CL, CO, i A 45 L/ h)
T, BERE A T S0 ZEBOKCR (5200, 45 5 bl
BB 1R Ty 0 i T, 2 B FB 28 I i i
KR, TR S & 1 R s oA F) T =)

HI AT , B 22 10 B CO, TG P10 2 43 5 22 11 f AT B
TR ARG  MEFEGENTES | R OAR TS
H A o i 2 Ol PR ILIE T D

S IR AEFEHUE 18 50 MPa R BURFE N
50 CRAAR B4 (orEi4e [ R J16 MPa, 73542 11
I H 3 oA 6 MPa IR R 50 °C, CO, i M 45 L/ h)
T, EBERR B4 1 5B X A BORCR B 52 o 245 SR B
B SCRTE 45 ~ 55 “CRYRE S B 28 1 IR 09 T i 2
1, MR 55 CCRA LI, Bl J 0 CR SUTRRAIG, n] RE S
BB A 7 2 O T s A B SR A OC TR LR T E

CO, Wi i« 7EZEBUE 18 50 MPa A BUE E 4 50 °C
KA B 4 (422 1 Y IE 1 6 MPa JRJE K
55 °C,or e WA H 1 6 MPa il % 50 C) T,
B ANA] CO, Tt 1 X A6 USR5, 45 R s, 3
CO, Jit 5 A7 1 T2 1m0 Bl 2 07 i 50% A R) 2 IR F
CO, Tt A, 3 3] -y e 75 s [) e, 30 24 41 1 €O,
it A R AR R AR U I LR 1
2.5.2 L3 EXRRBHELY

R 41 B DR 2R 248 SR DA K B B 0 R R
fehr, IZEBUE T (HER A) FEBURE(HEB) %
IEA(NEC EETRE(NED) NEENE,
YAERT. AT AL R 5KF WL 1, 1E 28 150 14
TS5 IR 2, 5 220 B 48 R L 3% 3. T L, Xk K g e
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&1 BEESKE

Tab.1 Factors and their levels

KE BEAMPa) BEEBCC) BEZCMPa) EZDCC)
1 40 40 6 50

2 50 50 9 55

3 60 60 12 60

£2 L(3)ETRBiGTEER
Tab.2 Design and results of the L, (3*) orthogonal test

F5 HBEA HBEB BHEC RED MEHKE(ug/g
1 1 1 1 1 154.7357
2 1 2 2 2 140. 397 4
3 1 3 3 3 129.222 1
4 2 1 2 3 139. 1726
5 2 2 3 1 137.746 4
6 2 3 1 2 164.921 2
7 3 1 3 2 130. 904 5
8 3 2 1 3 157.078 2
9 3 3 2 1 138.0782
K, 141.452 141.604 158.912 143.520

K, 147.280 145.074 139.216 145.408

K, 142,020 144.074 132.624 141.824

R 5.828  3.470 26.288  3.584

RI3 AENWER

Tab.3 Results of the analysis of variance

FERR BEF A BAHE FE FREFMEL P
A 61.958 2 3.237 19.000 >0.05
B 19.138 2 1.000 19.000 >0.05
C 1122.395 2 58.647 19.000 <0.05
D 19.280 2 1.007 19.000 >0.05
R E 19. 14 2

E:F, 5(2,2) = 19.000,

Note:F, ,s(2,2) = 19.000.
FERERZI AT A C > A > D > B, [N & C X bl g 4
WCRA M (P < 0. 05) o S HRESACHIERAEA AN
A,B,C Dy, RIAERUT F7 50 MPa, 26 BUE BE 50 °C, 43 228 1
B 71 6 MPa IR ¥ 55 °C, /s 4 AN 77 6 MPa.,
IR 50 °C,CO, MM 45 L/ h, 28 60 min,
2.5.3 BifRE

$2.5. 200 F AR BEAE T 28 S5 B AT 3 HE 56 IE 3K
55, 5 RSP HUY B T AR R 1. 832 6%, $E Ly
Bi] 2 95 B S Bl 162. 098 7 wg/ g, BT & N
0. 884 5%, 5 1E A I 245 RAHAT & , 2 B 1E 28 B L ok
B T AT 1T
2.6 3FAERRERSREME D 5

KoMl B CO, ZEHUY) 5% Ge et Uy L He B2
L4 0] W, K I T CO, ZE UMK 2 T /K 28K 2%
TR VKT 7 A Bl B 5 IR S CO, A% BT P 75 ] g s
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*4 KmBlEH CO,EMESEFRMAEFRMERILER
Tab.4 Comparison of extraction results of garlic between super-

critical CO, extraction and traditional extraction methods

. AR Co, % R B T k
Bk KARAERE BB
RBDEF Rkl ke xEE *AB &,
RBIME (%) 1.8326 0.3750 10.2743
MES42(%) 0.8845 0. 000 0 0.050 6
ME SR FE (ug/ g) 162. 098 7 0. 000 0 51.940 6

WS R B it 34 v T K R AR AR R R R B B R R
FHTHIG FE CO, A Bk A R T HE UGS v By B4 | imi
TKFERZE R AN REHE ORG24 B

Fi22. 4. 170 F GC — MS £ AR X 3 Fl w45 B o
T30, 410 i K1 28 NIST11 USRS FEAG 2%, 45
B SCHRRBIF RN T3 T, 25 58 035 S B Il A CO, %
BUE TS R ar SR SR 31 AV &, 25 A3 - 4
Mgk - 1,2 - TR -5 - O (23.60%) .3 - LK
- 1,2- T2 -4 - RO (9. 63%) MR 2T
(8.92%) . (52,10Z) = 5,10 - + Ik - 1 - [
(7.32%) . — Hs N & = B Bt (5.35%) . i 2 H Tig
(4. 83% )55 ; KR ZRMMIE IS Fsn SR Uy LAt 33
&Y, FE G R TR EE(22. 40%) 3 - LK% -
1,2 - ZWid% -5 - O (7. 39%) . 0 P9 3 DU o Fik
(7.35%) I TN 35 H 3 = B Fik (6. 07% ) 5 8 75 %l B 12
B S KRR U G 17 Fib &8, 8 A
HE =k (14, 52%) s N 2 B =i fik (7. 56%) . M
DAL i (5. 28%) o n] UL, 3 Fp R EUTT 15 45 K s B
Yy AR RURR N 43 & EAFAE R 22 5%, ATAR PR 5
RS R BT
3 iTig

I CO, 28 B ARAE by — oy 78 1 2 6. 32 B4y
BRI, B A IO FE AR AR BROR P 5 My L 1l skt
AR A GO RERS, BT M TE
25 B AT ORI, R AR A T Ak R
PR b A Bas AR 2 -2

AWFFE R H Lo (34) 1IE 2R B AL AL T #8 1If 5E CO,
AP BB M 1) T 54544, BRZE U 7 50 MPa, 2L
MBS0 C,BE4E 1 KT 6 MPa i 55 °C, 0 &
Z WAL R 7 6 MPa R B 50 °C,CO, i 45 L/ h, %
B 60 min, 3% T 24T, KR 01 2 Bl 28 4 i 32 R
162. 098 7 pg/ g, Bl 2 Jds 75 5 4 0. 884 5%, F W I ik
FE AT, AT T I BT g A o e B

5545 55 1) 7K 258 S RN 3 FIVER 75 B B B A1 1L
R I S C O, 2 BT 1 BT i A3 R B i Y O vy, SR IR
Ilf - CO, A B B AT ) T B b B BT g 0, /K 78S
e SR IR Y TN Rl U e S U o N 0018
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Tab.5 Comparison of components extracted from garlic between supercritical CO, extract and traditional extraction methods

4t MW e o RIERCO, RERE ARFHY it 4%2@1‘-1 o o RIERCO, KELE 2FHs

(min) ARG e R)(%) (min) ER%) ) RR(%)
I 658 HAATAZAE CHS, - 0.8 L5 | 00 3-PAARR 10 - 0.51 -
11D NN-ZPARRK CHNS 065 37 317 |28 261 HiAs CHS 0.80 -
315 3-TAddR CHNS 075 038 085 | 29 285 3-TaiER (1,0 - 0.37 -
4181 ZFAZRE CHS, 0.3 020 290 |30 BT BER-TE CH0, - 0.3 -
50008 AiEo Gy 1.86 - 0.80 | 31 518 (1-Aik-KA)- Ak CH0S - 0.92 -
6 1078 ZHRAZAE CHS, 189 240 528 | 32 2530 34-ZA-MH-%% CHS - 0.53 -
T2 A-1-BAZRRARE CHS,  0.58 L3 L4 | 3B 2601 2-FAEY (I 0.50 - -
§ 1212 BARTAZRE CHS, 0.95 607 TS6 | M 268 (IE)-A-1-F-1-8E CHS - 1.94 -
9 1326 3-THA-10-ZRE-4-FTE CHS, 9.6 051 LS |35 M2 AX-35-2LA-124- ZEEREE CHS - - 2.46
0 1332 135-2%K CHS, - 0.23 - % 3000 4-PA- ke CHNS — 0.85 - -
0 1384 3-THA-10-ZRE-5-KTH CHS,  B60 139 29 |3 3079 EEETE CHO, LT 0B -
0 W3 4-TA-15-2% CHN, - 0.40 L% | 3% N1 BEMLE CHO 30 230 -
B 152 RA-2-#h# CHO 0.9 - SN s 1-Ak-1-RE CHS - 0.50 -
41547 35-2CA-124-25E CHS, - 0.60 - |40 N EARTE CHO, 106 050 -
15 1603 ZHAAzAE CHS, 5% - 45 | 4 D6 RETE CHL0, 48 - -
16 1639 fAER CHS - L8 03 | &2 BT 4-FAETEE-1-8 CHO 0.3 - -
171663 3-PAALE CHO  0.40 - - M EREETE CHL0, 0.5 - -
181656 3-(HAARK)AER CHS, 0.62 - -4 ue IRERUE CHO, 2% 3% -
9 107 13-ZERE CHS, - 3.1 -4 MM RBRLE CHO, 892 0.6 -
0 1.8 2-t-%# CHO 0.7 - -4 Mw TREUE CHO, L3 - -
A 169 2-FRAKRTE CHO, 067 0.5 086 | 41 301 2-EEHEHE CHO, LS8 - -
N8 RRS-TARK CH,08 - - 102 | 48 40.37  (52,102)-5,10- T2k -1- 5 a0 1R - -
B9 RALS-ZPAds S - LB - |49 400 EPR CH, 03 - -
U199 3-FA-3-LH-2-# CH0 - 03 - | S0 0.8 6-PA-ERF23-hw CHNS 1.9 - -
521 ZhAAwss CHS, - 13 L8 | sl s 2-FATAR CH, L8 0 -
% A3 2-(ARR)LETE CHos - L6 -

E: - A TwAK S,
Note:

1 o Ja BT R FTH IR AL CO, 2R s A Hofth o B8 ali Ak R

MK GR PR 432 Al A BT Jds , DT A 2 o v Al

Y AT s 7 i

5% 3k
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