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Supercritical CO, extraction of broccoli seed oil and its fatty acid composition
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(1. College of Pharmaceutical Sciences,Zhejiang University , Hangzhou 310058 , China ;
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Abstract ; Using broccoli seed as raw material, supercritical CO, was used to extract broccoli seed oil.
The effects of extraction pressure, extraction temperature, CO, flow rate, extraction time and grinding
particle size on the yield of broccoli seed oil were investigated by single factor experiment. Based on this,
the supercritical CO, extraction conditions of brocceoli seed oil were optimized and determined by orthogo-
nal experiment. The fatty acid composition of broccoli seed oil was analyzed by gas chromatography —
mass spectrometry (GC —MS). The results showed that the optimal extraction conditions of broccoli seed
oil were obtained as follows: grinding particle size 40 meshes, extraction pressure 30 MPa, extraction
temperature 50 °C , extraction time 4 h and CO, flow rate 7 BV/h. Under these conditions, the yield of
broccoli seed oil was 24.03% . The main faity acids of broccoli seed oil were erucic acid (58.26% ),
oleic acid (23.76% ) , linoleic acid (8.99% ) and palmitic acid (3.56% ) , in which the content of un-
saturated fatty acids reached 92.36% .

Key words : broccoli seed oil; supereritical CO, extraction; GC — MS; fatty acid composition

P4 2% 4% ( Brassica oleracea L. var. italic Planch. )
N FAERE = B g H R LSk AR BR O 7 b () —
AR, AR AR AR A DR
W, P2 AU 4R R Y A B TR

#s HE7:2018 - 03 -27

PEZ B A BOICEL(1993) Lo, AR 1, W58 5 1] g R 2 4
7= 1725 (E-mail ) 284693404 @ qq. com,

BB S, W, 2L 0 (E-mail) 1un@ 7.

edu. cn,

it e BASUR R EE R DI, X el T2 e S A
PR 3 2 T A A ) e R v 2 B S SRR T
FAL AW HA R R G P, o B AR
K NRERD L BGPTSR
M AT DU R S0 AR M, 8 B A e
SREVATT FLA T O BB EAE S 7 Bkl
PRV 22 AL RN [ PR b 452 R TE M 2R 52K

PO 22 FEAF D PG 22 A8 1 U T A 1 SR AR A
B O IR R TR [ Y M2 LATG 22 IRy
JEORHRBOLIG PR R o i T o8 2 AR A E



2 CHINA OILS AND FATS

2018 Vol. 43 No. 12

R BRAY , 2205 0375 53 0 B2 43 8 AR K
FO VR , I35 6 %0 G 2 4B AT HEAT I b 77 L (L
J FR TP 22 2L RFIBUIR T 2B 5, K 28
WFSC# R R R B L , 07 1 T T 1 A B P AT L
VAR S P Sh I St BRI R A

IS CO, LA H T 1 557 i B AT
VR {6 T 20T 8 T A 5 R 2 A, ) 02 B
EMIR AR BGS L (H 6T B A CO, 3
U 24 AR I D 5 A TLARAE . A% S 3 R L i 5
CO, FEBUEAFE P % 7EKF I, 7 26 PR 26 500 1 38
L HEAT IE A SR , 159 B I T 2250
ST — FI (GC — MS ) 16 FH 4007 79 22 26 KP4
G MR ZEL I B A 5, T 2 AT 30— 25 T
TR R R YR
1 HESHE
1.1 Zat#

P24 90K, W T R4 SR T A IRA R R
AETE (LEHE KT 99.9% ) 5 £l (60 ~90°C) A
Tl B I L4, B0 40T 4

HL -3 x20 L/40MPa - ITA Bl IE & CO, ZEHL
W H (WM R AT R/ 7)) ; METTLER TOLEDO
ME204E #4047 K7 (P45 — $600 240 BR 24
) 3 DF -20 & 2E SR FEHL; XMTD - 8222 45
R T HRAS (LE 2  RA F) 5
7890A —5975C A (1 — R 1% A % 22 5
R RAR)

1.2 ik
1201 PEEAERE A S i

IR FRIE . K75 22 A6 R E 100 °CREAR
HERE 2 b By BB TR 40 FLS , MERARE 20 g,
A 12 A5 RBRAG A E, 2 EC R 16 b, SR 544 B
VMR 26 5 7 25 T, T 25 AR 0 2 T ORI
IARAE . TAHRELS U
1.2.2 PEE7EARIIRIG R CO, 2

ST 22 EHELE 100 C AR TR 2 b By RN
TSI HEFREN 2. 0 ke, KRR BISEHY, Ve B AE U S |
R | CO, YLk AE UM ] ) W 3% 5 A
EHETRIG L CO, AETUH R 22 500 , I PR 225
R b, R Ly (3°) TE 2S5, DAY 22 7 KF 1y
MR, 05 B T 24 . B 5 CO, AEH
Sy BRI BS 2R FE J1 0 T MPa, 4 B IRE Wy
40C .

% = Y 2% AT I R T % 96 R R R
100%

1.2.3  GC — MS 437 74 =2 A6 FIH ) 1 10 R 4 A
1.2.3.1 PE240FrIh A g gk

WG 2= AEkAm 0. 1 g, & T 50 mL £EJEHEH, n
A 2 mL 0.5 mol/L. NaOH - CH,OH &% , #6571 , it A
60 CKEH EIE 30 min, B 2, IIA 2 mL IEC
Be AT, HE 2 B R, 1F GC - MS
G3HT
1.2.3.2  GC-MS &/

SR GC — MS X7 2% 28 A7 30 () 15 7 BR 2R 45 40
B, SRR — b i A PR A , 3 o K R Wiley
B0 R R AR (0 7 1%, A A TR v 1 R B Ao

GIBTARATE B A RS HP - SMS 4
(30 m x0.25 mm x0.25 wm) ; FEAE T E 280 C;
AN He Mt 1.5 mL/min; #EFERE 1 pl; 730
b 20: 1 F2)FFHE , 80 °C L4 5 °C/min FHE % 300 °C,
PRAE 15 ming LB )7 O 2% 3 IR (ED 5 5
TR E 230°C; B B BE i 70 eV L iy £ R ¥
250 °C; PUARAT I BE 150 °C 5 B F- A3 4% (EM) H1L
1 812 V; FEEMAT R & 3 mL/min; % 4R 10 min,
2 #R51e
2.1 BERAFGEHE

RICIEEE MG 2 FY S HmER
24.10% ,
2.2 RIERCO, FRERFEE
2.2.1  FEBUE I H iR A 5

FERWRRIEE A 40 H FEBUR Iy 45 °C (CO, i
7 BV/h FERESEI 4 h (40T, B IUE
JIXF PG 22 AEHT R s2 ], S5 R LR 1,

251
23

21

/%

15 20 25 30 35 40 45
U J1/MPa
E1 EBEHANAEZEFHBERNZN

HIP LAl 22 HUE )2 30 MPa I, i 5
Beie AHUE ST 20 MPa 3% 30 MPa i, 25 H
i J3 500 04 22 FERF 9 Hh i AR B M AR R, I iR s B 1
31.40% o JEUTE T2 IBUE ST, CO, i i
SN, R RE N5, A M T R S L3 Y A
HARUE TR T 30 MPa i, AR T30 P 22 AR Y
H TR WA B, B B T R B AR T
CO, MR AT AR PRI/, 2 BT 3 CO, JR A



2018 4F 2 43 % 56 12 1) el

g 3

SRR ARSI B 53— 5 T, AEIRO 7 5 R A R P s
SEPY 2 AERPBIA B HE 8 RN, B IO BlRE
TS HH i 3 B AR 5 [T, A6 IO i iy 2 RO 3
B A A o L7 LA, AR S0 v PR AR U
7175 30 MPa,
2.2.2 ZEHGHELEERS R i R

TER TR g 40 H ZEHUE /10 30 MPa, CO,
Wit 7 BV/h FEHURE] N 4 h B R0F T B A
B2 PG 22 AEKF R A S, SR LI 2

24 ¢
23+
&
= 22+
=
21+
20 1 1 1 1 1 J
25 30 35 40 45 50 55
R C
F2 FEEREXNAZEFHBERNZ

TLEEXT CO, J A i f b A SR AR . —Jr
167, TS, CO, AR R 4> F#az glin e, 4 i
JE RN R R I, LV A PR RG n 5 55 — T D TRLEE T
11, CO, JRARAY S BEREAG , A MR PEREAR . Il 2 7]
A ZEBGRBE Hh 30 °C 1 FH 5] 45 C I, H il R 5 i 3
e JEBEAEF UL CO, WA B AR, 73+
Rz sl 7 32 YA BUGRE R T 45 CCHE, €O,
TR 2 B BEAR N 32 5 R, 7 22 JE AT Tl e B
K", ZEBORLEE A 45 C B, PG 22 A0 Tl R B s
DRI, S 56 e P B AR AR IR o 45 °C.,
2.2.3  CO, JiLaxd iR 5
TEMWERIEE A 40 H FEHUE J18 30 MPa ZEHL
TEIE R 45 °C MU [ 4 h 4544 F, % %% CO,
TN Y 2 TERF IR A, 25 R LR 3
24 -
23+

22

/%

21

20

19 . . . . . .
3 4 5 6 7 8 9
CO,jit/(BV/h)
3 CO, mEX =TT H M EMF M

HiPE 3 A1, CO, Jite o 7 BV/h i, P4 22 B #F
bR o CO, I A0 39 0 Xt 301 25 1) 52 0 S
FLUHIEN S BV/h 2 7 BV/h, JEIAE T ad
RIS, CO, F A R, 32 i 7 700 7 A M) T A6 B

Al RAGE S . 2 CO, W KT 7 BV/h i, i
TR, WP b [R) AR R, PR N B A 5 B
B, FEAEIOR e 2, R, I, AR S2 R vk
FeftE CO, Jit N 7 BV/h,
2.2.4  FEHURFTR]OS AR 0

TER PRIy 40 H FEHUL S04 30 MPa A8
HLEE Ny 45 °C (CO, Yt N 7 BV/h B F R, B 438
SRS (B8 VY 22 AEF HE Tl R A RO, 45 R DL IR 4

261

2 3 4 5 6 7
T ] /h

B4 ZEEUET EX P =147 il 2= A #2008

Hi [l 4 AT, AL R] B, iR R H B
A AR TR ] P S A, T 5 I 1) S B 3 0 % o
Jir PRIAE 2 B ) 4, 2 B 7R 0 784 (H Bl A 2
RS [A] R JE 4, A% AR 3] T T, S5CR TF AR FRAIR, 5
{37 5F 6] PR Y R R R . BB T AR
SRR RIS ] A 4 h
2.2.5  MHEAORLEE X H TR A RE R

FEAEUE S 0 30 MPa  ZE I EE by 45 °C L CO,
TR 7 BV/h FEEES A 4 h AR T B AR iR
R EERT PG 22 AEAF HR Il R A 5 e, 45 2R LIRS

26

%
— )
o )

~
T

11

0 80

oLl
AkE 20 40 6
Bk ECH )

B S AR R X P Z A AT i R R0

HIPEL S RN, AR BRI D 40 H I, H il 5
o HPPRHY AL B AN I BB R, A7 AR 58 B 1Y
VU 22 AERE , RBBAD 0 VY 22 AR b B 5 B0 R B B 5L
RARFE, CO, MR 55 W fk T AR A2, e il 3R
s 2B PR RE 1 R, i 20, DY 22 AR B AR HE
WK MEBR I UR R B AR B 4l e, AT BH 28
S AEIURSE 4, ISR o R, AR S ik
R P 22 AE R PR 40 H o




4 CHINA OILS AND FATS

2018 Vol. 43 No. 12

2.3 RIER CO, XREREE

FEBADR 2 S G A SERE B [ RE VG 2L AE R R R
PRRLEE k40 H, #E £ CO, Yt (A) L 28 WO B
(B) WU S (C) KA E (D) X 4 ~MHE,
Wit Ly (3%) IEAS R HEAT IR R =K F- 15858, 1F
S K L 1, 1E 58 SE 0 45 0 5 4 A L
22,

1 EXXWERKE

K- A/(BV/h) B/C C/MPa D/h

1 6 40 25 3
2 7 45 30 4
3 8 50 35 5

R2 EXZIREREHN

9k

H %

D

1 15.29
2 23.69
3 23.85
3 21.69
1 22.75
2 20.41
2 21.45
3 20.31
1 22.76

W W W N NN = = =
W N =, W = W N o~
N = W o= W N W N =N

1
2
3
4
5
6
7
8
9

k 20.94  19.48 18.67  20.27
k, 21.62  22.25 22.71  21.85
ky 21.51  22.34 22.68 21.95
R 0.68 2.85 4.04 1.68

HH 2 2 AT, 25 PR 3% ) 2 UKL 5 1) F) /NIt
Jehy COAERUETT) > BOEBUREE) > D (ZEHU
[[]) > A(CO, Jit) , H b A BT 77 F0 A€ O BE X)
RS MR, S 5 o R v e A I A A O
HHNER, ELS R BRI HAGH A,B,C,D,, B
CO, Jii i 7 BV/h Z& B B 50 °C  ZE W% J) 30
MPa ZEHUF[E] 5 o AR FR R RS20, VG 22 AR FF 1Y)
P VHh 23 e A IR () 1) B T B o H AR 1Y AR L
i [] 33 I Az 77 BEAS R ARG A 7 30, T Ik 3 i
AP TE] Ry 4 h AR A aE o B AS S P 22 AR A
MG S CO, R HE L2 S 800 e 40
H, 2 HUE ) 30 MPa, 2 B0 50 °C |, 22U} ] 4 h,
CO, it 7 BV/h, fERAETZ 4R, 10226k 1
HH R R 24.03%

2.4 T 20 IS R R L R AT

WG A CO, LB 4S9 == fbFF il R 1L )
AT GC = MS 738, P8 2% bk =L AR RR 4 i
FHXT B W 3,

®3 BAZRMEHPEREHRANEENSE %

il AEXS il AHXF
FER R 3.56 A 0.55
TR 8.99 FFR 58.26
TR 23.76 MR 1.35
TR R 0.87

13 3 AT I S CO, ZEHAYPY 2= 0Tl 3= 2
A T FRIRNTRR T, R AR IR £ 2N FER R
(3.56% ) s AN F AR 107 IR 3222 A IT IR (58. 26% ) (i
Mi2(23.76% ) FOLAMER (8.99% ) o JFriRse—Fh B
ol sk, P B IME S T R Rk
JERTELRE L PSRRI R T R i, ATk
— I EFIH .

3 & i

lIm A CO, AP 2= AEFF Il Y fe L 25 454
N ERLREE 40 H, A HUE ) 30 MPa, 25 B B2
50 °C, ZE WUt [A] 4 h, CO, Jiife 7 BV/h, TERAELZ
FAET, VY22 AERF AR 24. 03% o SR TR Iim St
CO, ZEHUPY 22 AEKF I, T A3l iy B 68 VT TC iR
GBI 2 IE

PO AERAH N AR T RR 1) 7% 1R 92.36%
FENTFIRANER, Horh Ir R I & i S ik 58. 26%
BRI, AT DAk — 25 0 53 P4 22 A6 il 78 oMk Jy T 1Y
N
S 30k
(1] B, V82240 RS0 ] . AR RL#,2003 (10) :26.
[2] ALBENA T,DINKOVA K,RUMEN Vet al. Glucosinolates

and isothiocyanates in health and disease[ J]. Trends Mol
Med,2012,18(6) :337 —347.

[3] Z/NA UL DL, 01, 4. 8 DB R S0 DL B9 4
JR[T]. i 2§#1,2015,38(8) ;1768 — 1772.

[4] HEISS E,HERHAUS C,KLIMO K, et al. Nuclear factor kB
is a molecular target for sulforaphane — mediated anti — in-
flammatory mechanisms[J].J Biol Chem,2001,276(34) :
32008 -32015.

[5] B, FAE, BOR R, 5. 7Y 22 AR TS ALE I I o 55
HHTEE LT ]. Mg 2577 ,2014 ,4(6) 405 - 409.

[6] DAXENBICHLER M E,SPENCER G F,CARLSON D G et
al. Glucosinolate composition of seeds from 297 species of
wild plants [ J]. Phytochemistry, 1991, 30 (8) ; 2623 —
2638.

(7] MRBL, KA, 2E0eis , 55, PU 2468 MR 4 I
T2 )] fe2E 544 T ,2014,31(12) :48 - 50.

(8] 2. eIl S A A 2 R HEAE G ol g i FH LT
WA 5IhAg,1995(1) ;37 —44.

(T#%17 1)



2018 4F 45 43 %5 45 12 1] H W hE 17
x5 =MHAREHFHEERERR

Wi TR AR I R CO, LU = MR SE AT R B B I A CO, ZETAY = I ASE

AR R A =M AREATI EA R FNEIR JCRR B =M ARE R A B A R AN R T R R

B T B I B

@ (25.4 mm f)  #25410.5 #25 £1.0.6

IR R R/ % 0.16 0.19

FEA(E/ (mmol/kg) 2.2 1.4

Wi {ti(KOH)/(mg/g) 0.6 0.9

MBS/ (mg/kg)  137.3 87.5

(2) Sl i B I 5 CO, AXHUNIR i b 2
FLAEMIG S CO, ZERUR) = M A FFIMAR L, B 1 i
SEARLEL, ROy BRAA SR B BT AL, HLRERSAR i 3t
B = M ACE A P P B
S 3Lk -

(1] R b ) R g B 22 DA 2. P A A 55 29
B[ M. JEaT: B ik, 2001 9.

(2] SRAMEH, SeigIl, A B B, 2. 2 AR — I AR e B8 A %
TR IR A SR A [T ] oo [ B A A WE D5, 2013, 32
(3):58 -62.

(3] BFRE, MISC, M/, 2. PR = AT A5 8 g 3 X
TFRRTT S (], R R 2 5 sh A9, 2017 (5) .44 -
45.

[4] MRZ  mE-. RERHEY 27326 [T ). Y
#,2001,18(3) :332 -339.

[5] IO, B2 T RS = AGE AT B S = A b
B RS R AT L) ). v [ ,2009,34(9) =77 - 79.

[6] B SRE. 2 L BR A1 = Al 5 3ih w107 8. A o3 #Y)
GC - MS/RHT[T]. PUdLts 2441, 2007,27 (5) : 1035 -
1038.

(7] /INER B Ak il 5 CO, A I = A b3l 14 F

55011, P25 ,2007,30(3) :345 —349.
[8] FF#r, WorNk. ¥4 Biig i I Re iR Fn b s AR Wi 1R - 5 5%
@R[ M. A0 PO R A, 1999 :50 - 51.
(9] JAGmAm. = rAEFFMEE I R AV E R [ D], K.
g Aol B4 R ,2018.

[10] Ji%i, 2R, A e, 5. ASEFPIR R s & &
K g e 05 R 40 B 43 e [0 ). BVl g, 2018, 43
(3) .83 -89.

[1L] AL, e fRe s, 55, A A0 2% = A I i 45 A=
WIS IT ST [T ], E AR I 24 4, 2015,30 (1) : 76 —
80.

[12] S5, BRI, 3Ky, 5. BIG A CO, ZEBUATMMY T
CRMIFFELT]. B RHE ,2007(2) 1139 - 141.

[13] Ffizb2s AR R4, 45 i AL 3 - #BIG 5 CO,
PR TEM R [T R E g, 2015,40
(5).9 -13.

[14] NN, R0, TG Mk B - Bk 5 co, #

A TESET]. & Tk B ,2014,
35(24) ;253 - 263.

(157 BEAE, I35 S b BRXS I ZRFF B2 v 8 8 A1 g o o

FIsZm [ J]. &5 Ik,2012, 33(5) 66 - 68.

(L% 4 1)
(9] BREER TKRA W, BT AT Ty ok 4R - O, 4. B BRIl
i 5 COy AR T2 K ML i R 2L ) o3 e [0 1. v [ ik
§,2015,40(1) ;1 -5.
[10] JEEedse, T BUE , WRIT 8. AN [ 5 il il 20k F 1 25 v R 0
M5 P 28 98 50 M A 5 [0 1. o e i L 2012, 37 (1)
75 -178.

CLL] Jdh, i, 2GR B ER [M ). bt Bhag i
Jtt:,2010:153 - 158.

[12] JRZR. il 5 — S A B A U7 B o0 23 B S B Ak

PEBATE L D] Bt st ARl K5, 2007,

(131 PRBEST AURAR , PREHL, . B AR IS 1) X e 49 245
TR 725 B 1 R i fey o [0 vl ] R 2 Tl A
i£,2002,33(11) ;533 - 535.

(14 ] YL PRIRMK A 47, 2. i 2 CO, XL
T ERILNR W R A o A [T]. B i, 2017, 42
(11):24 -27.

(15 ] L83, E24E PSP ST KA Al [T ] mE
Mg ,2002(3) :30 - 32.



