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ABSTRACT: Objective To determine the moisture retention rate, 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH)
free radical scavenging rate, fatty acid content and volatile components composition of the Brassica oleracea var. italica
seeds oil and sprouts oil respectively. Methods Gas chromatography-mass spectrometry (GC-MS) was employed to
analyze the fatty acid profiles and volatile constituents of Brassica oleracea var. italica seeds oil and sprouts oil. Results
The main fatty acids in Brassica oleracea var. italica seeds oil were erucic acid (31.94%) and oleic acid (31.28%), with
a total unsaturated fatty acid content of 84.07%. For sprouts oil, the predominant fatty acids were erucic acid (29.43%)
and oleic acid (29.62%), and the total unsaturated fatty acid content reached 85.21%. In addition, 57 kinds of compounds
were identified in brassica oleracea var. italica seeds oil. Alcohols were the most abundant class both in species and
content, with 15 kinds of alcohol compounds detected; cubanol, propanol and butanol were the major alcohols, while
ethanol was present at a low level. Tert-butyl alaninate was the most abundant ester. Only 3 kinds of aldehydes, namely
hexanal, nonanal and 2-propenal, were detected. By contrast, 26 kinds of volatile compounds were identified in sprouts
oil, which lacked olefins compared with seeds oil. Aromatic compounds were the most diverse and abundant
components in sprouts oil, with 6 kinds of species detected, among which 1-benzylindole was the most dominant.
Meanwhile, Brassica oleracea var. italica seeds oil also exhibited moisturizing and strong DPPH radical scavenging
activity. The ability of Brassica oleracea var. italica seed oil to scavenge DPPH free radicals showed a significant
dose-dependent effect. When the mass fraction was 10%, the scavenging rate could reach 97%. Conclusion Brassica
oleracea var. italica seeds oil and sprouts oil possess high safety and distinctive flavors, supporting their further
development and utilization.

KEY WORDS: Brassica oleracea var. italica seeds oil; Brassica oleracea var. italica sprouts oil; fatty acids;

volatile compounds; gas chromatography-mass spectrometry
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VG 2246 (Brassica oleracea var. italica)ff R+ F 4R
BEHSAEY, HEFRME S RIS MERLsr H 45 52 B R &
a5 AR R 25 A S TN BRI IR AN, P 244
Tl B 2R R A A W B K 8 R 1
AR, HAT W AP P R AR s,
AH T B I SR B3 A BT % T BB BT 8 VR 1 I & ) L
AEE R,

AT, PO TEFF S 2R oS A T et wiAg, &
T 7 (5% e 17 Je 400 4 2 B 0 10 T i 55167, (L P A 5
ZAE T TR ER O e = ok 2 il g AR R 1Y
RGEME AT BHAT, P9 2A0FHM 0 e D7 R4 U 55 A
— e iRil, wISE IR 43 Al R,
FERRAENG TR & Heik 53.13%, BIZEZM T IR R Co,
FEBUFFIM A RS D7 R S 92%. ERTEZ X5 24 18
ZEVMAE R AL BRI TY,  HLis Al Z % W 2SI g g i e 4
TR AR R R T 1 R Gk LA, A R AE NG W R A Ak
5542 S P XU 490 3 T P Bk 0B o AN e 38, 20 T AR
PR AR AT R S S E A o ASIESE R LLATE 22 AR HT
V5 2 B 7 PR 2 L S RV Ay, PR R T FERE
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e, ABIE S 3R A8 T 04 22 AE K il -5 283 B0 s 7R 4
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1 MR5ERZE

1.1 #Rb W SEE

PO BRI T 45) o

ToK (Gt 2, B 2548 B Ak 2= 10 A BRA D D;
-2 BFREAW . 0.01 mol/L #) KOH Z.EhriElE . =
AFBE-KOTRIR AW . BB . SR S o e
T I TR A R VR (S b Al B EEE B R AT BR A AT,
(et S % = 99%, 7R M BT ZICBEA R ), 4B
SUR[Sal, Frdr TR A RA ] 1,1- 2K 5 -2-
= 4 & 2K BF (1,1-diphenyl-2-trinitrophenylhydrazine,
DPPH)(fa k%), 4id: R E(orHral) (L2 e A bRk B
FAn A BRA FD

JA3003 A3HTRF-OREE 0.01 mg, 11 JRALZRBH
ABRZAE]; VO-6090HC IR .25 # X — A b AR (R 3 IR
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B BT A A BN FD); Agilent DB-5MS (30 mx250 pm,
0.25 um). 7890B-7000C < AH & 3 - 57 3 Bk H 1Y (gas
chromatography-mass spectrometry, GC-MS)(3 & Agilent
Technologies 3 Al ).
1.2 WREHE
1.2.1 0 2 045 i e 5F i 69 $2 IR

SelTE 2L A TR 8~12 h, 7E 20~28 °C, {BJEF
60%~80%551FF, JEZF 28~32 h GG 248 2F. RIEXR
FHPIES PRI 2 AR IR AN 2RI . ADFR T 2% 11
TR RSN, (2 RmRREE G RS, WK
AEPR, AR AR E AR B I BE T SR F R IR S R M Ay
I H MR R S K F I AE 5.5%~6.0% A%/ 43T

PG 22 A6 2RI BRI T 20/ 45 Am v 38 AL T R
SR PO L AEFFATH IR G EIR2S °Cx1 °C)lt iR 6~8 h;
REFRIRIE 26~32 °C, hEREFE | FRSEANNHEEE 80%+5%;
SR RN ZER AR KRS, RS RS R IRAR 24 0.2~0.6 cm 37
RPZ8 1k WA 2R, SR AR IR 3228 R — R T, B8 T
JE(38+1) °C, HZH-0.06 MPa, HtT Z i k& T &
IKE 5.5%%0.5%; $EETHA R, 6 R ik
SR N TFET 45 CCOMIE: RRAINEIER, B
BETHE ERE 45 °C, XBIFMERT 100 °C), MM FFEAHY)
MR VT2 Lo
1.2.2  BAMZad BACAE 6] 2

FRAE A A AT I RE 5351125 GB 5009.229—2016( &
hhE A EEME BTN IIINE ) AT GB 5009.227—2016
(BN TEEZFE B El
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123 iR Fayn

R HBFRUE QB/T 4256—2011 Akl SR 1B U EM 45
), R R IROR K S R R AR, TEMPE 22
AT R 5 Rt fE . BRI E 3 WAEYH AT,
R B AR HRAL . 10% H i PR XT HRAL; 23R ok
FH SPSS 26.0 FFJRHE K J2450HT, P<0.05 Ml 2= 5 H
EENIE -8

(W56

TE RS — B0 TR SR I, HERRARE 2.000 g AN
W% . 5%. 10%. 20%)F8 2= IEAFIhEE FURE dh 38 51 ik A
FHEFEMITHS, KR SHCE FHREE 25 °C. HXHBE 75% 1Y
{EIRAER TR, 5T 4. 8, 12, 24, 48 h EWEUHAR
T, SRR R IE . LAGEK AR R S XTI 10%H 2
TR PEPEXT R, R TP TR R R LA (D).

W5 R /%= (m~mg)/mo] X 100% (@8]
K mg MBS WIER TR, g m, NCE ¢ B2 SRR A
Fite, go
Q)R

B MBI 2.000 ¢ 585F7K, YA 1.000 g
AFHIE 2% 5%, 10%. 20%)7 =Lk R o8 4 35

JKIE, ZHET 25 °C IR 43% [EiRER TH, &
ZERIN 48 h, T 4. 8. 12, 24, 48 h 4 HIFrt:, HAKH
KA, S HAEUNS R R TR, NEHEmg; M

PEXT IR IR SR 10% HIMEE R, &4 3 RELE .. HE%R
HE AR Q).
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o Am s RS ALK BUS i, g5 Am wa JFESD
KB &, go
1.2.4 DPPH & &7 Ak Ay e

PLIEIK 20T R 5 390 e ] 3R 90066 32 Wk B8 W 22 AR FF T 1
W, BEFHYEER E VBT E SR, JoK O FEhE
MzE, BHEE 3 REARPATHEBRERERE, it
R SPSS 26.0 #4744 4T, P<0.05 AR 25
HAESEE L VAR RIBS G S RGN 30 min,
F 517 nm AbME G RE, A o IEERRRITE LA (3),

A 1 EL I BR2/%=[1-(4,—4,)/(A3=A4)]*100% (3)

e 4y FOREIRAERIBGEE; Ay FORIERAFE S
(R IERE s Ay R FIOGRE s Ay FRFE S IO
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NERTTR A E 2 18 GB 5009.168—2016 { £/ 24 [
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1.2.6 A M Fm 2

UL 2 g KRS AR 20 mL ZEBUR, fIA 10 uL 46
TEAFENFR(REHE N 515.5 ug/mL)SR)E PUE S E . B
FEMBE T RAMEERCE & b, BB N 60 °C, Tizs#
B30 min, EREAMF: @i5H N DB-SMS (30 mx250 pm,
0.25 pm); FEREIIEE 250 °C; #HS N 4143(99.999%);
WA 1.0 mL/min; F2FAHRAMGIREE 40 °C, LL S °C/min
FR 3 T3] 180 °C, LA 10 °C/min FY3E B FH 3 250 °C, {735
2 min. JUIESM: HTFEGHRER, EFEEE 230 °C,
fEHERIRE 230 °C, PUMATHRE 150 °C. GC-MS XAy
S BRAC AL B B 5 k100,
13 HiRELE

AT SRR LI AR IR 25 2 . RRIDTRRALK
RAE e M B e AT A SR R R e T AU — Ak vk il A 7
B R R K DPPH A I EEPRF LIS 3 K
FATER, S5RBOFIE . R SPSS 26.0 AT RN E )7
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Gt o SRR AL B FARHIVE R Microsoft Excel
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3 o AL, T LATEAS T i 1 S R AR
T -3k 5 0 A 7= i T AN A4 B 94 22 Ak AR A
(KOH) W 1.2 mg/g, 148 4LME R 0.016 g/100 g, ¥4k THA%
KOV AR B 22 B M AR K AR RR BEAIC, U0 5 M D 1R 5 i 2,
Ut B JRURKZE SRS R0 Tl At v 2 i I O /K A FH 45
55, i 7 T T 2 B0 A A, AR DR R A IR,
A I Ao AR A k2 B Tk B P AS LR TR 4 A 2 A B S 1Y
A AL ROV, WIZAA " W (i A R R B, Bl
HA e tsm, £ 1o XaTae5S 50l R 4w DL
T ol R v AU R R B T R R A A G TR,
B ELA B T R S M N

PPN A SRR IR (LS MR ),
N 2 RAT AU S @ DAL, T S E RS
DIReM . CARIERM, & MR o4

TEST TR F T WK, e+ FERHEY T2 A4,

HEAPUAL . PUR L5 T a5 B AOA S5 AR BTG . DI,
PO 22 AEAF I AR B b 2B D A 1) i SRR, )
I AE S RETE 20 7 AR AT T LE AR S e BEAE

xR 1 B hRRERTN
Table 1 Evaluation of quality indicators for Brassica
oleracea var. italica seeds oil

s e (e
1 Fi& iy (KOH) 1.2 mg/g
2 it A IE 0.016 g/100 g
3 ST R R 1.51 mg/kg
4 WM& HER B

PEEEE 7N S A VN S T

2.2 F=TIFHERIER

WG QB/T 4256—2011 FHICEER, R FSLg Ehnifkk
X PG 2ZAEATF I DR D8 S R T RBGHE AT R gl e . B 1
ZER R, EERER S E A T IELE 48 h, A
VNIV B2 (4 PG 22 AERFIRE S DRI R 53 50 2% N i B £
BN 99.67%, 5%IINEFRIEARN 99.75%, 10%A8 &
B BRI R A 99.91%, 20%Ws I BRI Z 015 100.01%,
PRIE AR BEAT IR B T 2 bR X T RE S G R 3
JoT 2% 18I T S 2 i /K PR T A O, 2 R RT AT 8 B 7K 43
AN H, ARG K 5378 K

Wk RE N R 2, SRR B, AR ST 48 h 1,
2% 5% 10% VG 2 TEFFIRMITIB R R 0%, X 20%
FERES IR HEN 0.99%, HARMIERE ) 55 . XUl pE 2
TEFFIMBEA R HLAWR IR, Hoor T 850 vh e = SR K 1
A, XELLIREE PSR 53 o ZRG 40 BRI, PE 22 AR FFIh
T L 9D K S SE BRI, LA FREE H iRl
Koo

a
100.00 b I
|
S |
g ¢
X 9975t d
9930 T st SURPEEE 10%P2EIE 20%75 2508
¥ ¥l o ¥l
sl

e BN RR S B, P<0.05. FH-.
[E3 1 A 0 F SR
Fig.1 Moisturizing effects of Brassica oleracea var. italica seeds
oil

2.3 E=TEFFME DPPH BEHEBRE

A QB/T 6172—2023( fLtle it BB BNHAFN A
HIZE(DPPH)TEBRYE ) AHOCHLIE, R IS5 3 R AMEIN 7 ik
XV 22 FERFI A 5T AL S R BT AR R I . P 2 45
RN, TESLRBARMESRAT T, ARSI 7Y 2= 20k
(1 DPPH [ Hy S35 BR BE 71 778 B S50 438000 2% 8 i ik sk
F G BR N 31%, S%USIIELR S 54%, 10%5 A i
ALK 97%, 20%IN IR ERR R I5 103%. BIIREE AR
g m, Hrafbae ) BEngss, SR RMIREIKBUC AR .

TEAR R Z b, BHEXS BREEAE R E TR BRI IS
0.04 mg/mL B, HEEERREN 50%, LraXT R, £
BRI T P 2 BRI AT BRAE L 2 B AR R B X
— LR AT RE S R SRR T X KRBT A AL IS 1) ot
AR, KR A S R T s 5 DPPH [ Ak
BB, Ml A i gE U, FRA iR . A
A R S BUL R TR R R, HISEERAE 119
WAL DTG B 5 F, P2 Ekr B B
R e BRAE ), w] e S A R A el e B IR SR A A
RULHA TR GU RN N, S BE— 28I Bz kit
FEE R F S B A

110

a
Qmm b =
§9“
& 80f
$r
= 70_
b
H 60r c
{1
Esm
e B
ol |
20
2%PE40E S%PELAE 10%P5 2278 20%P5 2478
Al Al e paaii AT

B2 PY24EKHH DPPH A &G BR R
Fig.2 DPPH radical scavenging rate of Brassica
oleracea var. italica seeds oil
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PO A 12 FIEER, & ERZMEITR
FUHER, 43500 31.94%F 31.28%., FLUCEFEEER(8.13%)
FEAR(3.49%), —HE Y NMFIIRIIR . 2R P FFE S
12 FIIEWIR, & B2 MR MR, 45914 29.62%
F129.43%, FLUE AR (9.91%) FIEEHH AR (7.54%) . {HAS
RN, AR & 2 TR R S . IMRRAE
N —Fl AR FIRR R, AUkt A R, 5T
WA, AR L T B KT, R B B A 0 1045 95 0 0
L5 B RE R hRE . AHELZ N, ZRMH IR & AR T
i, IFRRSE—F T R AN AR ILAR IR, BEATT
Wil 2, 7555 M R EF.O R, AFIFA
TRAERERO, R, 5 I AR 7 i nT RE BRI LA S 2 Y
KM o B AR S AT T =, b 32 B2 5 & ik
S5 2R R RO L R ARVE D R B AR i R
A, R TT R XU 5 45 G HLAR N FH 3 S5 1T 1 o it 4h,
FMF TR EERES TAMT SR, LhREE
(9.91%) 21 WHHM(2.39%) Y 4 f%. TWIMBRZ A FI G
1%, FEREAIG L5 E RS L B L 100 75 s A5 R L AR DR 6 Jr T
L BB MIERP . BRItz b, 2R e A BR S
BT 0.14%, MikFMREIANSA AR . AR Ak
A A A bR R AR AR, AT AR Sk AR A 9
BN g e — P R A FIRR I AR, P R AR AT 5 IR o e
K, WRIAE, £ 2.

F 2 FEZTEFF AN FHAR ARER LA AR (%)

Table 2 Fatty acid composition of Brassica oleracea var. italica
seeds oil and sprouts oil (%)

o HFE 43 L
75 &Y e Er

1 JERER Cd 0.14+0.01

2 +=hiR 0.19+0.02

3 + IR 0.32+0.03 0.31+0.03

4 KEAE R 8.13+0.81 7.5420.74

5 Jrgg# 0.45+0.04 0.42+0.04

6 RS 0.28+0.03 0.32+0.03

7 TR 31.28+3.13 29.62+1.15
8 TR R 3.5240.36 3.21+0.31

9 RIAITZ 2.39+0.24° 9.91+0.99*
10 -3V R 2.49+0.25° 1.79+0.18°
11 P 3.49+0.35 3.28+0.33

12 ﬁ}jﬁ;gg 15.5241.54 14.04+1.41
13 IR 31.94+0.20° 29.43+0.93"

AN EARNG B RIR 22 5 B 3 (P<0.05), T

2.5 WEIFHMERELA MY RAR ST
23 BN T T 2L AERFIMA 2RI T B R R
AP R A B 57 FhE A EYI R, AFE 10 FEks . 12 Fp

B25 . 3 RPEEZE. 15 FPEEE. 4 RRERZE . 5 RPERZE. 5 RIOF
FEACE YR 3 R . SRR AT R A R 2 1
A, B & fm AR IR AR R G . B2
BRI 10-RT B (R)-(-)-2- & HE-1-N | 4- T4
F-1-TEE L-GEE, 1O, 2-(FEI) RS, 2005
ik 173.29., 35.17. 1631, 17.03, 48.42 F1 12.06 pg/L, 2-(FF
A, [S-(R*, R)]-1,2,3,4- T TUEE | 2,4,4-= I HIRIY,
B LS B IG, {UF 3.21., 1.48 F1 4.00 pg/L., NEERAL
BN R)-(-)-2-F F-1- 5 WL 7 MR, L F gk Y,
RERE IR T M IR I B AR o WE HLHIDR R, 1-C FHE #
R 4 e A A AR A A O B G, & Fi AN
R JEE B2, A A i AT e R R ) A XU B R
SEIE G AR, XHHBEE XK TR B . TR
THERERIEh & BRE i, &k 40.73 pg/L, RS
PRI A ) 25k TR L D R i 0 e X - T I B0 2k 2 TR TR, 4%
IE 5 18.55 pg/L 1 19.20 pg/L. BERAL-SYim 3 hmEs
G MLIRE o B AL S BB B, FOTE 5 1A & rh B R BR i
MR VIS, a2 A R E . WE, W%
FAUMBEA B IR IR A, AT IFME . 3T AL
IR[3.2.10°E-2-M S b Eah b & i e i IR IR AL B W o Pl
HECE., TEMNGE -MBERY R, 2558
26.77. 62.12. 6.56 pg/L. MMy 3% e IR i A AL e fie ™
Ao XY AL S AR s A, AT TR n-6
22 AL IR I3 2 1) SR AL R R R S 5 R 7 3 B vk i
FrmIs E LA YR S RERFEMYI, Mk 103.14 pg/L,
AUFFE R, wkIZb A Y 5 ORI g B A Ak = i it
— RO, HA S 5 I R E AR AR,
o RN . KB R, BUMARRE S
SR, ZEmrh G 26 FHE LY R, W5
43k 2 FOBRZS . 4RSS S RIS S R, 1 FhEAZE .
6 FIFE WAL S I 3 T . B E Y2 &
e R ARG, BERFIIORZ . R EYIh
1-RBEMS (S 1R 422.14 pg/L, 20 P B R ms ) 5T
MACHEERIE SR E, WIS Ak G 3 o Sk U8 T (0 2R AU
0 P IR AT . KRR, AT 2
Atk 2z SALRIPRE Y T . EESAFE 4-B0T RN L K
B, ORI, SO R RNA 202.69 pg/L, CEEHERA
BVEWAAR P 13RSm0 p- AR SR i A e
DEAh, I 0T 1 TR SR U5 T AN A0 I8 107 1R 1 S Ak 24 i aod
021 TR I 2 P S R AR RS TR B AR R Y %
Ao 10-F BEREZFMP S 2R SNEEE, SERB
282.53 pg/L. 54U T 31, 3-2 IR Aol b4t o ma sk
Y, SRR 15.26 pg/L, TRYEAS Gy RIRRIEAS B XU
AN, FEAAAEFFRmAZEm Y Bt 13 F, 435
o4 FhEE2S . 3ROSR A Y. 2 FEESS . 2 FRERZS. 1
FHERZEFD | FHERZE . BERMAIE(R)-(-)-2-25-1-HEE. 3-H
F-1-TEE. 1-GEEA 10-F VB, 2- KLk . 3-75 mkmg
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FUXF A S IR S A 55 B AL Ao LRI H Ao
FRECREMTRE . JLIR 5 BRI N ZRL T TR A 2k
TR R WRRRBUT BRIE R 2] £ 2 e &9
Z—, U] e 5k S LR A BRI S AT K. TR
I R HAT AR B AR A, R I R S R R
W HAT — 2 sk, (P EAARTE BT i — 5. T
PRy B 2- N EE-3,3- T LA BB T
P S-RUT $6-1,3- K R . BIZIMAR LA 7 & v o 1y
IR TR AL . BERLA )R . BRI IL A i, 1A
T NRIE R B R R (RS M Y R
KEFE R, ATV E A R B ECEFRAE: H 3 LU
Koo R TRmEh T, BRI EREM . AALEIRE; 2R
DAMSIRE T ) . W2 . B2l &, /AOKARIESE, (HAR
Jo SR AR SR AR B 5

R 5 25 45 R R ) B A 22 S P RE S P 22 AE BT
WP A G BB B R LARKRONR B F Qs
E, BEUIMR ARG IR, SANPR R S5 AT A T R
2N A A MR AR AT — AP R | BER AR AW R,
DRI il P e S SR 6 R 5 R e o TR A A
LY R A R QOB 8 3 e 1 A K e T AR AR, A ag
TSR, 7B E Y RS RALE YA B, X AT RE
ORI 57 B A K HC BT

5 HAl A AERHE Y I AR EE, AT 22 TRk 4%
KA IR B —E 225 BN, SRR A 1 A
Y LIRSS | SO IR S S Al Ao R RRHE, 1
AMFFEIY 2 AERFI R SRR R 1 o L, ATRES
JEoehan Rl . AR B AR T AR . Besh, 2
ALY LR, AL T A B B AOACTRRE .

£33 WEZRIFRMTFRIZEL MY REAMK (ng/L)

Table 3 Volatile composition of Brassica oleracea var. italica seeds oil and sprouts oil (nug/L)
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