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Analysis of Volatile Components Changes During Oxidation of Imported Safflower Seed Oil YAO Wei-gin' , YUN Li-juan’
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Abstract : In this study,safflower seeds imported from Xinjiang port were used as experimental materials.Cold pressed safflower
seed oil was obtained by physical pressing at low temperature. The dynamic changes of volatile components during accelerated
oxidation of safflower seed oil were analysed by headspace solid-phase microextraction combined with gas chromatography-mass
spectrometry ( HS-SPME-GC-MS). The results showed that C6 compounds such as hexanol, hexanal and hexanoic acid were
characteristic volatile components in fresh safflower seed oil. The content and types of unsaturated aldehydes were gradually
increased with deeper oxidation.The combined relative odour activity value (ROAV) found that unsaturated aldehydes such as E,
E-2,4-decadienal , E,E-2,4-nonadienal , E-2-octenal ,and E-2-heptenal were characteristic flavour substances of oxidized safflower
seed oil. Unsaturated aldehydes can be used as a new indicator for quality determination of imported safflower seed oils. Principal
component analysis revealed that safflower seed oils with different levels of oxidation could be well differentiated by key volatile
components. It is expected to provide technical support for quality determination and name identification of imported safflower
seed oil.
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Changes in acid value and peroxide value during

oxidation of safflower seed oil
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Tab.1 Analysis results of volatile components during oxidation of safflower seed oil

oy T, _ AHXS 23 it/ %
B 5d 10d 15d 20d 25d 30 d
%

1 i 3.78 2.22 1.62 1.50 1.32 1.18 0.98
2 2- P 0.41 0.37 0.31 0.29 0.30 0.31 0.32
3 oL 37.65 28.51 16.27 12.97 10. 36 5.24 1.63
4 3- 0.19 0.20 0.20 0.18 0.21 0.19 ND
5 3,5-% 2B ND ND ND ND 0.88 0. 85 0. 64
6 E-2-CU - 118 0.29 0.22 0. 06 ND ND ND ND
7 1-347-3- B3 1.54 1.62 1.90 2.02 2.17 2.23 3.68
8 R 0.83 0. 69 0.35 0.51 0. 50 0.45 0.26
9 E-2-BE4fi-1-15 1.54 1.38 0.75 1.06 1.11 1.10 0. 40
10 S 0. 67 0. 69 0.70 0.72 0.75 0.71 0. 63
11 2-2- 11 - 2.82 2.32 1.96 2.01 2.19 1.86 0.98
12 5-ZF-1-FR 500 FE Y 0.41 0.35 0.18 0.24 0.27 0.26 0.25
13 KB 0.26 0.21 0.16 0. 17 0.19 0.19 0.14
P2y Jo S 50. 39 38.78 24. 46 21.67 20.25 14. 57 9.91
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BrEEI 5d 104d 15d 20d 25d 30 d

S
14 (i 8.53 14. 65 15.39 13.70 11.29 10.33 6.96
15 E-2- R ND ND 0.18 0.18 0.17 0.17 0.39
16 E-2-CL AT 0.20 0.33 0.62 0.67 0.57 0.62 1.12
17 PR 0.12 0.21 0.34 0. 47 0. 34 0.27 0.15
18 I ND ND 0.56 0.45 0.33 0.30 0. 09
19 E-2-Pafi 0.98 2.26 4.45 5.77 7.46 8.13 18.26
20 R 0.12 0.21 0. 66 0.49 0. 46 0. 44 0.25
21 E-2-E ) 1. 69 2.27 4.02 5.44 6.27 7.84 9.21
22 T 0.17 0.17 0.12 0.14 0.20 0.16 0.14
23 E,E-2,4-5¢ —IREE ND 0.13 0. 40 0.52 0.57 0.71 3.25
24 A 0.33 0.36 0.28 0.29 0. 44 0.51 0.10
25 E-2- B84 0.05 0.05 0.16 0.11 0. 14 0. 14 0.19
26 E-2-T-J%M 0. 10 0.13 0. 14 0.16 0.2 0.22 0.20
27 4-HRESE P ND 0.18 0.19 0.25 0.38 0.37 0.37
28 E,E-2,4-5% "Ik ND 0.18 0.50 1.14 1.96 2.32 4.99
29 E,E-2,4-T W5 ND ND 0.59 0.65 0.78 1.02 1.63
JEEIS Ay I i 12.29 21.13 28. 60 30.43 31.56 33.55 47.30

il 2
30 2- 0.29 0.31 0. 64 0. 86 0.58 0.52 0.24
31 2-3 1 ND ND 0.08 0.10 0.09 0.09 0.08
32 33472~ 0.52 0.57 0.76 0. 80 ND ND ND
33 E,E-3,5-3% " 4-2-F 0.16 0. 06 0. 04 0.05 0.39 0. 40 0. 14
34 AR T 0.24 0.16 0.18 0.22 0.24 0.23 0.24
35 3,4- B2 5 -0k I R ND ND 0.04 0.03 0.03 0.05 0.20
36 3- -0 -2-H ND ND ND ND ND ND 0.24
B2y o i 1.21 1.10 1.74 2.06 1.33 1.29 1. 14

[[7ES
37 7R 1.23 1.11 0. 74 1.00 0.89 0. 82 0.56
38 T 0.11 0.13 0.12 0.18 0.18 0.20 0. 06
39 R 1.27 1.19 1.58 1.80 1.58 1.50 0.65
40 CLR 15.70 16. 37 24,09 24.03 23.27 21.97 13.15
41 BERR 0.49 0.48 0.65 0.65 0.57 0.69 0. 49
42 Ea 1.05 0.88 0.55 0.37 0.53 1.19 1.25
43 T 3.28 3.93 2.04 1.40 1.86 5.15 5.71
44 L% 0.15 0.43 0.23 0.28 0.25 0. 54 0. 63

[rE 275 ¥sS 23.28 24.52 30. 00 29.71 29.13 32.06 22.5

[LiES
45 iR O e 0. 68 0.37 0.26 0. 46 0.43 0.37 0.11
46 LR BR 0. 54 0. 45 0.28 0. 42 0. 46 0.39 0.19
47 LR 0.21 0.23 0.13 0.08 0.09 0. 09 0.15
48 EC R LR 0.35 0.44 1. 67 1.28 1.37 1.31 0. 87
49 AR 0.51 0.57 0.72 0.84 0.82 0.82 0.08
50 P35z T P i 0.22 0.22 0.19 0.25 0.29 0. 30 0.25
PRy o 2.51 2.28 3.25 3.33 3.46 3.28 1.65
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eSS
51 o-JEMG 0. 40 0.36 0.09 0.13 0. 14 0.12 0. 06
52 ek 0.37 0.28 0.05 0.13 0.15 0.11 0.08
53 B-A R 0.12 0.14 0.11 0.06 0.10 0. 09 0.08
54 D-Fri5 ki 0. 66 1.56 0. 70 1.02 1.32 1.09 0. 66
55 V= SINwR ND ND ND ND ND 0.23 1.49
56 B-KIT I 0.26 0.37 0.08 0.07 0.08 0.07 0.06
57 e 0.17 0.11 0.18 0.10 0.12 0.12 0.13
58 PaEuR T 0.24 0. 30 0.31 0.33 0.35 0. 40 0.32
59 1,2-FR A Bt 0.53 0.47 0.87 0.58 0.48 0.45 0.22
60 1-+ DUk 0.12 0.19 0.15 0.17 0.20 0.23 0.22
61 1+ ks 2.50 3.44 4.16 4.58 4.99 5.32 6. 63
62 Ky iRE 0.76 1.00 0.34 0.45 0. 49 0. 44 0.41
IR I 6.13 8.22 7.04 7.62 8. 42 8.67 10. 36
URLES
63 2-1E T 3k 0.32 0. 34 0.32 0.32 0.35 0.31 0.31
64 2RI 2.51 2.94 3.02 4.11 4.81 5.62 6.54
WK S ) T A 2.83 3.28 3.34 4.43 5.16 5.93 6. 85
PSS
65 LIS 0.12 0.13 0.19 0.20 0.25 0.21 0.23
A 0.12 0.13 0.19 0. 20 0.25 0.21 0.23
T ND R A
4 BRI 2 Am R ok AR IR G ),
NP T U 30 d I, 1 -3 TER Bt R LT AL AT
#,l ‘ 1 2.4 1%, BAGLSRIR B 2R, UK BRI, XF
# wtlia, ] wiisd CLACKFIH SR DT RR AR, 5 20 A0 FF T XU 522 £ A
i | - Koo JRBES AR A A0 I 8] 2 s /b AURR Y
——2—30——4—0 {EAE i, X R A KU BT AR A /)N, e SR ) i
PR BB HF ] /min

B2 AR AR R LT AR RIS B T (i 1
Fig.2 Total ion flow chromatogram of safflower seed oil

with different oxidation degree

BB LT ACAT I T B2 O e A,
KW 50.39%, BERALE Y — M,
HA Y7 E& SR, FERIE TR %A
i ALY B R B AL A R R SRR
Bl 21 A6 AT Il 0 G B XU B T, & ks A
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(47.30%) h R 24 R WY I, Hoh E-2-F¢Jd ik
(18.26% ) >E-2-2FH5ME (9. 21%) > CL & (6. 96% )
>E E-2,4-3% "I5HEE(4.99% ) >E  E-2,4-5¢ I EE
(3.25%)>E ,E-2,4-T- )& (1. 63%) >E-2-C 1
WE(1.12%) , BEE EACFRBE I, SAAS 1R R
AN Y 7 1 2R BT, OB (A AR, 2
CLAEAF I AL 1) SR Y I, E-2- PG I | E-2-F M
i E,E-2,4-%% )&l E,E-2,4-F "Wl FEk
TR IH R Y R B A ™ B E-2,4-5F RS
E-2- O 0 A J2: S0 R IR 1 S AL e At 7= >0 | B2
X BT 1L T 0 0 120 AE AT i 17 R 4 a2 4 1
A, KIRRIR & 7L 7E 0. 09% ~ 0. 26% Z [i]
EELT AL R TP RS E-2-C MBS (0.2%) , IF R
fih B, E-2,4-58 TG EE, BERY) BT AS RIS
AR —E R T W 2T AR Y R AR

TR 25y I 2 0 ek e i 5 i O 7 K 5 7
SR B E R i, WK SR TR, R 1 W]
L8 PRSI AE T A AR SRR, R T
MR E MR R I, O IR F 22 IR A & Tl
AR v B AR S R A P AR LT AR A R R
=, TTRERLLAEAT I R ORI, TR & A
FEAFRRE , 7F 25,30 d (A3 A B S 3 in , 541 4%
FRH R AT R B DA DG | 3 5 7 37 5 20 %t S b
MRS —2.

Fi Ak A 20 U5 AT R O R 114 A SR AR
fifet " 22 L3, 4- B -2 5ok IR T A 42T
10 d BYLEAERT I PG 1, 3-T M -2- i 76 484k 30 d
PILLAERFIH TP A T REh SR E )

I I 2 ST T A A I | TR0 S5 ) T AR 0 B %

T B LA W FEVE L, AT B X 5 XUBR AR fb A
B > LB OO A I Ak 25 d 4T
AEATIMARE S bR o B A, A 4Ak 30 d AL
ACAFIMAE o AR 2 25 d 19 6.5 1%, T RES
WRERSEAL =4, A IRIE R, 7EE A
FRFFH AR S RN 1. 84% R L BEFEIR O 4 1-
TR LRI R W 0T, AR A A R
SRECER LIV SR N Va2 2 B oY i e N e i
H ARSI

PRI I 2 ) J5 A T A 0 R o v 5 A
Hh,2- BRI g 2 9- IV T T S At AR Ak 1 I it
o1 A S I R R AR X A v AR P
A, BB, BT Lk Bk, AR
T RFIERLSY , 7T R v i R

a1 1 R, B AR EE TR,
ANPRLFRITTEES (19 15 et 5 i 28 B B, 5 20 AR T A
EBVIRSG, Bt AERFI L) CO 1Y ELAE I |
PRI S SRR, B IE R EY R 61. 88% , )
PRI ] BB L AR A AR A e A v S i R T Ll ik g
AATERHE C5.C6 ke,
2.3 ZLAERRMXBRY LR ROAV 434

AT ILAG R F) 41 P K M o0 1 2Bt
{8, N 1.2.5 TR ir gl 225 SCik b i A 0
ROAV {f, —fBA A, ROAV =1 (U453 N BT #r
FE A 0 S5 XU AL A 97,0, 1<SROAV <1 {2 53 %
B A SR KU LA B AT ROAV
<0. 1 B, TRk LT 7] 20 SRH AR X ROAV
RS LR 2 AUHH ROAV =0. 1 A KUK B 5 27
B, BIFA 4143 ROAV <100,

R2 LLAERFI R R OCHE UK B3 B 23 BT

Tab.2 Analysis of key flavour components during the oxidation process of safflower seed oil

s ity ROAY kg
(ng-kg™) et 54d 10 d 15d 20 d 25 d 30 d
Ll 250012 7.94 3.50 0.91 0.32 0.15 — — TR R
134 -3 10 81.24 49.76  26.60  12.40 7.75 6.73 5.16 HJEBR BEER hRAE
R 330012 0.13 — — — — — — AR EERER
R 110012 0.32 0.19 — — — — —  EWME TR
Z-2-F - 1P 40012] 3.72 1.78 0. 69 0.31 0.20 0.14 - —
K 86112 0.17 — — — — — — K
L 4,505 100.00  100.00  47.88  18.69 8.96 6.93 2.17 hBEER T EBR
E-2-C il 1715 0.62 0. 60 0.51 0.24 0.12 0.11 — KR GER
B 303 2.11 2.15 1.59 0. 96 0. 40 0.27 —  JRIE JE Rk
VR 0.7 — — 11.20 3.95 1.68 1.29 0.18 Jglivk LR
E-2-BEMiE 1306 3.98 5.34 4.79 2.73 2.05 1.89 1.97 FFEER JHARM
TR 105 6.33 6.45 9.24 3.01 1. 64 1.33 0.35 JHligEE
E-2-3FJ T 315 29.72 23.24  18.76  11.13 7.46 7.89 4.31 HHR HIK RN R
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i L — ROAY Sk
(pg-kg™ ) Hrifim 5d 104d 154d 20d 25 d 30 d

e 0. 28! 32.03 18.65  6.00 3.07 2.55 1.72 0.70 AR ARFEEK

E,E-2,4-JF s 10[6] — 0. 40 0.56 0.32 0.20 0.21 0.46 "RE IhiEHk

E-2-Z8 I 0. 413 6.59 3.84  5.60 1. 69 1.25 1.06 0.67 REFHR KE WK
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Fig.3 Principal component analysis of volatile flavour
components of safflower seed oil with different degrees

of oxidation
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