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2.Aksu Vocational and Technical College, Aksu 843000, China;
3.College of Food Science and Technology, Hebei Normal University of Science and Technology,
Qinhuangdao 066600, China)

Abstract: In this study, the ultrasonic-assisted and oscillation-assisted solvent extraction methodologies were employed to
extract safflower seed oil using unshelled and shelled safflower seeds harvested from Xinjiang as raw materials. The effects
of different extraction methods on the physicochemical indices and volatile components of safflower seed oil were further
investigated to clarify the differences in the quality of oils extracted from unshelled and shelled safflower seeds. Results
showed that the physicochemical indices of safflower seed oil extracted by different methods, including relative density,
refractive index, saponification value, acid value, iodine value, peroxide value and so on, were in complance with the
national standard of safflower seed oil (GB/T 22465-2008). The fatty acids of different oil samples were mainly linoleic
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acid (57.53%~67.95%), oleic acid (6.46%~8.12%), palmitic acid (1.87%~2.12%) and stearic acid (1.26%~1.77%). The fatty

acid compositions of safflower seed oils extracted by these two different methods did not show any significant differences.

The contents of trans-(2-octenal), n-hexanol and n-amyl alcohol in safflower oil obtained by the ultrasonic-assisted method
were 2.74%, 14.96% and 1.93%, while those obtained by the oscillation-assisted method were 2.14%, 12.49% and 1.88%.
In addition, the OSI values of safflower seed oils extracted by the ultrasonic-assisted method and the oscillation-assisted

method were 6.89 h and 5.57 h, respectively. More importantly, the oils extracted from the unshelled safflower seeds

exhibited significantly higher antioxidant activities (i.e. scavenging degrees of DPPH and ABTS" free radicals) than those

extracted from shelled safflower seeds. The results will provide a theoretical basis for the preparation and refining

technology of safflower seed oil.

Key words: extraction methods; safflower seed oil; quality; antioxidant activity
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PERSY, UNSSEENR | i3 B BBAERIHARP., FHL
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R R LT AEHT v SR BT AR AT I X oM T i
1T TWF5E . EELEED R A YIS FINZ HE7k LT AERT
FEREL T LIAER I . A SRAG G £5 LTAEA IR B
P i 2 LAK B R 32, 205800 ) FOK Bl 2T HE
AR, IR I S E LR Rk R BT
LIACKFIRIEAT T X L. 2R aEU0 S50 2 224602 i
FE T TR MK R DNLT AR P R BT AE AT
5 1% 45 gy v AH Lt B8 S U %0 Bh $2 B ( Ultrasonic-
assisted extraction, UAE) H. A7 2GR BEAL . B TR JE |
WA R S AU JERRMR AR
MRSEAILXT LT AEATHEA T C )5 SR FHOK B E A T 4T A8 HT
PRI, TCrofh TR SRR I HAR PR, (HLT
LEFFIIFEAT TS ik 1.6: 119, H A IR 5 225
ZUAEATI Y T 28— JREER 58 T A7 S 1A HF R SO
SR, T AN FHRBU X Fea AEF M AR e 4118
HTTE i BT B A 35 e ) B L AR

APTE LAAF S R FE LT ARAT S Ik, 43 502
AR Gl B B R RS S 77112 $ (Conventional shake
extraction, CSE ) WAFP A VA RIET ALK, YE—E05R
ANFILTAEA IR ECR . BAGTETT . BB AR L Al S %
RNERGTHZE S, SRET AR HRER B Tl AL
HISARIRFIELEE T

1 MRIEREE
1.1 MRS5S

ZIAERT SRS B eiE sk b X Ay B BL, i i TG
FRHE | ToRS . ) —EUNLTAERT, BT X
TERFE T T 50 °C TR 6 h, BHE R 60 H i, 2L
BRI T 18 C AR —HUL . F
BT . 37 PR RIE A AR UE S, (B A (g4l
Sigma-Aldrich G 23w s HABRFRIE A orpfral, ot
T EGE ARG PR A F] o

FA-1004 5387 R Lo A E SRl 22U A
BRZSH]; XS-04 200g ZTEEMFENL i IEA R
BRI T BGZ-246 AU G X HeF g
B BRA T EIFi45); TP-060S #H1E5ESs YT
T RIE TR A5 A BN W] SHA-B U5 i 15 IR /K VA7
IR TLIR GRS B A BRAS 7] ; DZKW-D-2 fH i
KEEy AT ACOGHH RS FNAES) s TDL-4A BUEGC,
Bl i E R AS) s Rancimat 743 Ui R 4R
fefasE Ml eI By 7 i 2 Bl GC-MS-QP2020
SAHERE-BIREHIL HARSERAF.
1.2 T E
1.2.1 £IAEfFlingilss RN IG B A NI
YA RILTAER PR NS, BT 45 °C FIEIXT
LRFE, T8RS h, SRIGWFES s K, i 60 H i U
FELTACKT R AR A SELIAERT AT AR 4S5 20.0 g, 4359105
400 mL IE CBelR -G I & THETR I v (T005S A 28 3t st
), AR 40 Hz, 13 360 W, #1EF 35 C
M TR 60 min, B IR _LIEWAE 60 °C &1
TN 2R 2 R RAE PLE T, B4 B4 2R S D A B
P B 5 21 AEKF i C(UAE-SO) FI i 58 21 48 47 il
(UAE-DSO)!1o121

PRGN FEEC B FE LT AL R AR AT 541 48
KRR LS 20.0 g, 43315 400 mL IEC kiR G BT
HEFEIH R (TR FH YA RS 1) o #E 50 °C 254 F, 2R
FHZKEHEPR 100 t/min F#2HL 60 min. #5.0F06 L
IHIRAE 60 °C 4544 Rk 75 & 2B LR, R4
IR G I B R FE LT AR (CSE-SO) Ml e
£IAEAHH(CSE-DSO) .

LTAEFFIM BRI YL B 210

Y (%) = m,/m,x100
Ao m, SHELTERFME 2 (g); m, WL AEFTEORL
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1.2.2 BMEPERRAME  @FSRIMEYTmIE Y 4k
AH AP B 52 7712 (GB/T 22460-2008)13) )5 ; AFXT
5 2 FEORL T AR, S0 MR B | YRR AR X 8 32 114 Dy T
(GB/T 5518-2008)"; JrG45 %= s il 4
SCFEEE T EEME (GB/T 5527-2010)1; V(B 208
SRR BARE R 7500 (GB/T 5534-2008)°;
P (B 2 REAE A TR i PR 122 8 Y00 2 114 7 53 52 (GB/T
5009.229-2016)"7; [WiE 2 HE S P 7h AR LB A7 2
F7EEE (GB/T 5532-2008)18); 35 484K 2 IR S
JH AR A AEI E 7 5052 (GB 5009.227-2016)11,
1.2.3 HEWIiMRA MM E ANt < RS YIhAG
RE Wi 1 R 15 i) <OAH £ 3% 43 A U <2 (GB/T 5009.168-
2016)12%,

1033% 5514 CD-2560 (A% 4+ (100 m<0.25 mmx
0.20 pum), FEFE LR EE: 250 C, 43i7t: 10: 1, #0R
i#: 0.5 mL/min, F2)¥ Fi&: 130 C AR +F 5 min, 2L
4 °C/min FJIEFTHEZE 240 °C, 14FF 30 min, K75
IR 250 °C. MRITNB IR F HeIRAR, RIS
— VR T RE AT
1.2.4 ¥EERMAGTIIE BRI 5o 2R
ST 250 °C ik ICAE, HL 2.000 g AE40T 20 mL
Tz b # &l F 60 °C KB HIFE 10 min, 60 °C
ZEHY 40 min, ZHEE RS 7 RPERERI

AR IS S5 DB-wax {43%4) (30 m=0.25 mm,
0.25 um) . FEREERE 250 °C, #5588/ AT
MEFALE, WiE 1.8 mL/min, JHERET: BIHIRE
35 °C, {444F 2 min; 3 °C/min #HRTFZE 85 °C; 5 °C/min
BWARTFE 150 °C, f£FF 2 min; 8 °C/min #H R T H
230 °C, P44F 10 min. i &4 s S, 2R
IR 230 °C; $22 RS 250 °C; #ETIER AT H] 1 min;
FHEFE m/z 30~500, I NIST 17 BT EX 5dE
HEATUCHL, HE8EE R VCELEE KT 80% MIfk&4, SR
U T R A — A e AR S
1.2.5 SZWE&EmiE >R Folin-Ciocalteu
T RE A A v 22 1 00 i RS UERRER 0.100 g B TR
FRUE S, INA KB F/RKIF R EZZE 100 mL 2 8=,
e A B S 0.1 mg/mL AR E FRRPRAER W .  HX
8 % 10 mL ZFRAE (YW 5 al~a8), T b ormilin
AR EUAFRSEE K 0.1 mg/mL PR T IRFR A IR
(0. 100, 200. 300, 400, 500 £l 600 pL), FHZ= 5B T
JKAME 2 10 mL, IRG 5], £ 765 nm AMIE Al~
A8 SAEMYISC A . AT T IR R T
B, DN Ay LA R S I I 52 B S GAEL, A28 il B v
28 MRPbRrERTZR (y=7.7205%+0.0076, R*=0.9999 )i}
SHEBOR 2B R, FHE UL R AT W & .

ZW & E(mg/g) =
FREUR 22 Wy R BE (mg/mL) x $REUR AR FR (mL)
AAERE MR TR T E(g)

#5 2.0 g WEEEE T 6 mL B HH (viv, 70%),

WRHEYRTZ 2 min Ji7, 5000 r/min B5.0> 25 min, Y24

TR TER S BRI LA . USRI 3 mL
5 0.5 mL ##AREHEGRVE G, %0 1 mL Na,CO5 ¥R
(10%), JHZEB/KERZE 10 mL, IREWES GV 2 h
J&, £ 765 nm ALMERSGREE, B2 & E LB E T
ik 2437~ (mg GAE/100 g 7)1,
1.2.6 FAfbfsE e AiufRoE MR A
(Oxidative stability index, OSI) =R JHifi g E b ek
AR, YR M 110 °C, ey 20 L/hP2,
1.2.7 PiEALTEPERIIE  DPPH H H 3L7E B3R
B 0.2 g FE S HEE(0.75 mL)IRA, WEPRY 1 min
JE B EWE AR . BUFRRIIE 0.21 mL, iIlA 0.7 mL
DPPH-Z. %% (0.1 mmol/L), IBHEIR SIS, T 25 °C
WGV 30 min, 7E 517 nm ASIIHENSGRE
ABTS" [ H AL B 3 BUAF I ME 0.30 mL, i
A 0.18 pL TAE W (B 7 mmol/L ABTS ¥ ¥ il
2.45 mmol/L K,S,0, Wil 45), T 25 C #EG
30 min, £F 734 nm ZNETZSGE

THERF(%) = (A - A)/A,

o Ay ISR IR A, HERE
SRR O EER
1.3 HIELE

JT A B R AT E 3 UIF LIS EbRfE2E 3R
7No RJH Origin 2019b YEE, i SPSS 25.0 #E74H
ST, FAXRE R 2 2 22 5 (P<0.05) .
2 GBR5HH
2.1 AEHEBFTAEX LT AR

VBT BRSSP R USRI LT AP B Y EE
FFEARE, IR E SR O X AT AT SR BOCR  FE
N 1 ias. UAE IR R e L AR M AT e
AR B HEBCRTH N 24.58% Fll 37.02%, 375
F CSE 4HU(P<0.05) . EFELIALFF I AEELEICR
I T FELLAE R (P<0.05) o IR EAESR UL T2
iR —x2 B S TR AT LATE A WL R AT 45 T-9h
BHE ST, B T R R e
A IR BT | R R B A XA 23 RE M 2T AR KV ) 4%
Bl AR R A WA RNR IS 7 A3 Bl 24k
AFHEEHCR A 23.22% 1T Gecgel 55129 ffF oy 201 i
3 AT LT AEAT Y 2 27%~32% . AT R
HB S I 5 B A ML T2 A5 B A9 AR T LT AR H2
WA 24.58%, 11T Hu S50 X b T 8 75 8 i B $2
FE IRBR LAY T, ANFAEFIZERY . ok b . $REET

F 1 AR ELACKFIRMIEHER LT (%)

Table 1
flower seed oil using different extraction methods (%)

Comparative analysis of oil extraction rates of saf-

B
SSO HSSO
UAE 24.58+1.06° 37.02+0.67°
CSE 23.22+0.76° 36.24+0.25°

TE: UAEJy A i B B2 L, CSE A LA IR 42, SSO M Fe L1 1E#FM,
HSSONBFe LI AEHF 15 R E AR A R 7R RoR 25 5 8 3 (P<0.05) .
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i) 5 PRl 28 X% T AL KPR PR BRI 52 ), 45 SR R .
UAE AR B LT AEF RIS 3 27.02%. LA FIFSE
LER SSRGS RATAE2ZE 5, X A A SR I T 25 it
b= HL AR A 25 A G

2.2 AEHEBRFF AR LR IR 4 BRI R0

TR I IR (B S H N, FH BT AR i 4 AL
SRR R RO XL AT ERA L MR R Y 5
WA UL 20 AR IR BRI LT AER M AR5 R | P
AR BARAE . PRIE . BUE MG A (BT 2525
F(P>0.05) . PHFMEECT IR ITH & 0 Fo L ALF M
L8 LT AL KT T 08 AE X 25 BE (dyy™) JE B4 0.924~
0.926, PrFEE (n**) VLRI A 1.4683~1.4690, B AL(H
7 Bl & 191~194 mg/g KOH, 1% {H 7% Bl & 0.948~
0.956 mg/g KOH, METZEI> 138~140 g/100 g, 4
ALAETEE S 0.12~0.13 g/100 g, | iR 5T & 45 A5 249 3
J& GB/T 22465-2008 (LTAEKFIH YU RLERT . BAKE
A v K I BB P ORR T R 4y F I R . HE
UAE H1 CSE $#2H( T, HSSO ‘2 1b{E 5 SSO Ak fE
JC W EVE2ZE R, U HSSO Fi1 SSO A Ay B g g
T AR PR E 2 R AN . RIEE
ey AR T E L RE A B FE AR 2 — . 7E UAE flI
CSE $2HCT, £45% P IR B = 0.956 mg KOH/g,
2P Pl B AR TR & AR, IR M 5K
PR (TR1H <4 mg KOH/g); [RIBth i BH LT AR 2
PUEARPETR, AHXTANS G 8 5 AR . 7 UAE
CSE #£HUF, HSSO Wi{EH 1 SSO M I4/NTF 140 g/
100 g, REALIAEKFNE T A TEME, oA bE
Ay AR S AR BE D4R, — Rt S i ey T
BRIGALRE K . #E UAE F1 CSE B K, HSSO 14
ARAE T SSO i S A (E TG ik 35k 25 5%, AT AR A% 5
HEFEXTE AT, B IR RS, AHN TR E AR B 4
%, 5 THRAF-

LLL™, a". b"LI K AE ABVERPEMFERRER LT 46
FHBRaPEIES:, G505 3 IR, i< 3 Tl%0: UAE
PR ICRT CSE 4 B Bt 52 21 A8kl i) LA 53591
A 93.07 A1 93.08, ¥y T £l AEF I (P<0.05), 3=

B SCLTAER A R B . UAE 332 HUR1 CSE
VR EU T SE LT AEAT I a B 5 5A 1.49 1 2.01,
T FEL BN (P<0.05), A FeLl Ak Ah
OPFEIWLT . UAE IA$2HUCRT CSE L2 LA IS S 21 46
FFMAY B™EST A 40.17 F1 41.68, B EMKTAFFEL
AEHFAM(P<0.05), YLEAMESELTAERFM BT IR, DL
ZEILRHH: NS UAE LR HER CSE R HL, ¥ 54T
AERFIN S5 WSS LT AEA I (3 8535 22 5% (P<0.05) .
JR BB E SR BGE R P — 2 1 B e E P I (R B
— R Ok, 3 RHT SE AT AT A B (A EAS TR HEER
M7 25 AP IS I LT AR IR . FH T DL 7S
A F S PRI LT AER IR AE (AR AL T AR M S R
HUEILT AR
2.3 NEHEEF AR 1T mASARERLA R & & =R
AR BRI 1 LT ACA IR DT IR 2H i 2 5 J i)
SN LR 4, REHEEOSET, d24iek i 5052
LTAERFIMIY EZB IR AR TCZE 5, (H R NRIIR I &
HAEAEZEN o ANRILLARKFIM P IR DR 32 22 V7
1R (57.53%~67.95%) , FLUR 2R (6.46%~8.12%) .
AR R (1.87%~2.12%) FIAE A5 AR (1.26%~1.77%) o
XA S Y X R J LR AT AR BB W R LH B R T T
Xib B 44T, 45 SR 2% B SV vl R S 2 AR X B = 4 ) R
82.1% Fil 78.0%, AT 1 PNy Fe £l AN rh S A AL
VIR I LT AR I O THBR & R i = N 67.95%,
AT DL FT B LT AE K HR B I R o 2 I IR T e
JEER AT LT AENT I, TR R AT BEJZ T SR . B
B rHh . AT TS SR RPY . & UAE
1 CSE $£HUT, SSO A g i B2 & & 78 Bl AE
77.87~79.22 g/100 g, HSSO &AM FINE TR & B 7E
FEITE 70.60~79.22 g/100 g; SSO A FING B 2 &
BT HSSO. o, SO AR D7 R LAV 7
iR b 32, HoROZ iR, LR & B, &
UAERIT CSE #2HU T, SSO S AR iR & F Vi Bl 4
1.09~1.11 g/100 g, HSSO & FNIE i iR & =y Bl 7E
2.56~2.59 g/100 g; SSO LM FIE L & & .35 (P<
0.05)I%F HSSO.

K2 AFITERIEL AR A A BT

Table 2 Physicochemical properties of safflower seed oils obtained using different methods

A AHX 2 B (dyy™) Prottes(n®) HBAE (mg/g) R {E (mg/g KOH) fE (g/100 g) A AEAE (g/100 g)
UAE-SSO 0.924+0.06° 1.4683+0.35" 192+1.00° 0.948+0.40° 139+0.50° 0.12+0.00°
UAE-HSSO 0.925+0.10° 1.4681+0.10° 194+2.00° 0.948+0.10* 140+0.50° 0.13+0.00°
CSE-SSO 0.926+0.15° 1.4690+0.35° 193+1.00* 0.952+0.40° 140+0.50° 0.12+0.05°
CSE-HSSO 0.925+0.12% 1.4685+0.20° 191+2.00* 0.956+0.11* 138+0.50° 0.13+0.05°
TE: FFBARANF/ING TR 908 22 57 i 3 (P<0.05), R3~36]
3 OAFEINERIELAERHM Y 6
Table 3 Chromaticity values of safflower seed oils obtained using different methods
P Lt afH bl

UAE-SSO 84.98+0.26 1.49+0.01° 78.72+0.2°

UAE-HSSO 93.07+0.03° —2.69+0.02¢ 40.17+0.02¢

CSE-SSO 85.03+0.04° 2.01+0.04° 81.90+0.08*

CSE-HSSO 93.08+0.31° —2.49+40.05°¢ 41.68+0.24°
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K4 AFTHERRE LR IRITTRRE A (%)

Table 4 Fatty acid compositions in safflower seed oils obtained using different methods (%)

i EiirgEs UAE-SSO UAE-HSSO CSE-SSO CSE-HSSO
W EER(C14:0) 0.05+0.17° 0.05+0.06° 0.06+0.03" 0.05+0.02°
FERER(C16:0) 2.10£0.05° 1.87+0.15° 2.1240.16° 1.89+0.94°
Bt (C16:1) 0.03+0.22° 0.02+0.21° 0.03+0.02° 0.02+0.01*
T-ERERR(C17:0) 0.02:0.20° 0.0120.11° 0.02+0.01° 0.01£0.01°
TR (C18:0) 1.74+0.02° 1.26+0.09 1.77+0.88° 1.28+0.64°
iR (C18: 1n9¢) 6.46+0.04° 8.03+0.06" 6.56+0.28" 8.12+0.46"
T IMFER(C18:2n6¢) 66.76+0.07° 57.53+0.19° 67.95+0.97° 58.12+0.00°
a-T AR (C18:3n3) 0.11£0.10° 0.06:+0.23° 0.11£0.00° 0.06+0.03"
AR (C20:0) 0.4140.14° 0.42+0.23" 0.4140.21° 0.42+0.21°
J-11- A B—Jf R (C20: 1) 0.120.05° 0.17+0.03" 0.12+0.06° 0.17+0.08*
G-11,14- =Bk TR (C20:2) 0.02+0.06° 0.03+0.06° 0.02+0.01° 0.03+0.01°
MGE-8,11,14- ik =472 (C20:3n6) 0.40£0.21° 1.510.15° 0.41£0.21° 1.53+0.00°
5i-5,8,11,14,17-— 1k FOGER (C20: 5n3) 0.14+0.24° 0.43+0.18° 0.15+0.07° 0.44+0.22°
Z=Rrm(C23:0) 0.02+0.17° 0.03+0.19° 0.02+0.01° 0.03+0.02°
Zhpugemz(C24:0) 0.46+0.24° 1.58+0.05° 0.46+0.23° 1.59+0.80°
PIZERR(C24:1) 0.12+0.18° 0.16£0.24° 0.12+0.06 0.17+0.08"
SRR 4.8+0.13° 5.22+0.18" 4.86+0.09" 5.27+0.08"
SRR 74.16£0.23* 67.94+0.42° 75.47+0.34° 68.66+0.32°

2.4 AAEHEBRFT A TN HIE L MR 285200 AR R 7 283 65 R R E BT, i

RN ST B RPZERN S B R VE T A R A JE2e o B (Beka 4 Bl Jidas 5 Bl | WSS 14 B lRSE
AR EZHEIR . RRSEHOEXT LAER T R 2 B WESS 8 b, MRIS 15 Bl WEE 17 Fh. PIFIITIA
AT RIS WL 5 AR 1. SR 5 a4 Fh 3REUY 4 FRLLAEFF A O Ll A a1 s COF

K5 ANFEHRBOTERIET AR A R (%)

Table 5 Volatile components of safflower seed oils obtained using different methods (%)

I3 CAS AR 71 UAE-SSO UAE-HSSO CSE-SSO CSE-HSSO
112-40-3 =k Cy,Hyg 1.22+0.03* - 1.11£0.10° -
ks 629-94-7 IEZ Ak CyHy, 0.24+0.01° 0.20+0.06" - -
o 629-59-4 1P C4Hy 0.24+0.04* 0.26+0.02° - 0.22+0.04*
294-62-2 b2 et C,H,, 0.52+0.01° - - -
fde 2.2240.0° 0.46+0.08° 1.11£0.10° 0.22+0.04¢
100-42-5 LG CgHy 17.48+0.11° 8.94+0.04° 23.86+0.30° 8.07+0.07¢
13360-61-7 1+ 1 C,sHy, 8.54+0.35° 0.44+0.04° 8.34:0.20° 0.38+0.02°
ke 275-51-4 WA Bk C,oHy - 0.63+0.03* - 0.53+0.03"
502-61-4 = H3E-1,3,6,10-1 k- DU CsHy, 0.23+0.02° - 0.21+0.07° -
91-20-3 % C,oHyg 0.53+0.03* - 0.57+0.07 -
g A i 26.25+0.48" 10.47+0.19° 32.98+0.50° 8.98+0.08¢
71-41-0 IEmE CH,,0 - 1.93+0.20° - 1.88+0.08"
111-70-6 1E B C,H,,0 0.29+0.01° 0.20+0.03" 0.28+0.02° 0.16+0.00°
111-27-3 IEC R C¢H,,0 14.96+0.40° 10.40+0.15% 12.49+0.40° 6.54+4.79"
3391-86-4 1-45-3-2E i CgH,O 0.44+0.04° 1.24+0.03" 0.37+0.02¢ 1.18+0.03°
110-03-2 2,5- " HI%E-2,5-00 CeH 0, - 0.09+0.54 - -
18409-17-1 S -2- 41T CgH,,0 - 2.74£0.09° - 2.17+0.07°
- 143-08-8 - CoH,,0 1.38+0.08" 0.29+0.02° 1.27+0.07° 0.25+0.03¢
w 100-51-6 R C,H,0 0.58+0.03" 0.22+0.02° 0.52+0.02" 0.21+0.01°
35192-73-5 S TR TE R i R C,H, 0 0.42+0.02° 0.640.04™ 0.59+0.09° 0.73+0.01°
60-12-8 K CeH,,0 0.60+0.06" 0.10+£0.04¢ 0.28+0.06° 0.69+0.01°
36653-82-4 B VAV i C,H;,0 0.66:£0.02° 0.11£0.01¢ 0.56+0.05° 0.23+0.03¢
1454-84-8 FIubers C,oH,,0 0.30+0.04° - 0.15%0.02° 0.18+0.02°
111-87-5 1B CgH, 0 0.69+0.04° - 0.7240.01° 0.24+0.04°

112-30-1 1-58 C,oH,,0 0.1120.01 - - -
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RS
433 CASS EA 37k UAE-SSO UAE-HSSO CSE-SSO CSE-HSSO
AR 20.43+0.53 18.27+0.91® 17.23+0.70® 14.46+4.63
- 1669-44-9 330521 CgH,,0 1.06+0.06* 0.67+0.00° 0.78+0.15° 0.66:0.04°
1126-18-7 2- T A CoH,s0 0.22+0.02* 0.30+£0.10° 0.13+0.03° 0.25+0.06"
M2 B i 1.28+0.08° 0.97+0.10° 0.91+0.18" 0.91+0.02°
2548-87-0 S -2 CgH,,0 2.18+0.03" 1.27+0.07° - 1.10£0.10°
2277-16-9 (E)-4-T-Hsit C,H,;cO - 0.32:0.02 - -
5910-87-2 (E,E)-2,4-T- )i C,H,,0 0.22+0.03" 0.15+0.05" - 0.15+0.05"
_— 18829-55-5 (E)-2-BMite C,H,,0 0.5140.01° - - 0.26+0.04°
124-19-6 T C,H, ;0 0.40+0.05 - - -
112-31-2 IESSE C,oH,0 0.2120.01° - 0.2140.01° -
100-52-7 APEE C,HO 1.23+0.03° - 0.23+0.03" 0.23+0.03"
18829-56-6 2T Ml C,H,O 0.23+0.03° - - 0.28+0.02°
P2 M 4.98+0.03 1.7420.14° 0.44+0.04¢ 2.02+0.02°
64-19-7 N C,H,0, 0.88+0.01¢ 2.60+0.10° 1.76£0.20° 8.33+0.17"
107-92-6 IETHR C,H,0, - 0.23+0.02° 0.26+0.08° 0.49+0.01*
503-74-2 SR C4H,,0, 0.81+0.01° 0.33+0.03¢ 0.77+0.07* 0.61=0.01°
109-52-4 IEAR C,H,,0, 0.630.03¢ 1.89+0.09° 1.30+0.10° 2.33+0.33*
142-62-1 A=A C4H},0, 12.20+0.20° 31.30+1.00° 16.00+2.00° 31.35+3.00*
111-14-8 BEmR C,H,,0, 0.47+0.02° 0.69+0.03" 0.30+0.04° 0.67+0.03*
124-07-2 VR CH,0, 0.28+0.02° 0.4620.06° 0.27+0.07 0.32+0.02°
[[72S 112-05-0 IETMR CoH,0, 0.20+0.03° 0.63+0.03" 0.1240.02¢ 0.1420.00°
334-48-5 NRAY 74 C,oHy0, - 0.07+0.03 - -
143-07-7 AR C,H,,0, 0.09+0.01° 0.17+0.07* 0.08+0.02¢ 0.14+0.02*
544-63-8 A 5 R C,4Hy50, 0.40+0.02" 0.62+0.01° 0.360.05¢ 0.44+0.04°
1002-84-2 T HbiR C,sH;00, 0.1120.02° 0.22+0.06* - 0.160.05%
57-10-3 AR C,6H;,0, 7.95+0.40° 17.62+0.20° 5.05+0.05¢ 11.27+0.27°
57-11-4 TR C,H360, 2.80+0.20° 6.78+0.08" 1.54+0.04° 4.30+0.30°
112-80-1 il CsH;,0, - 1.10£0.06* - 0.70+0.03°
eI ENa Ty 26.82+0.36° 64.71£1.75° 27.81%1.74° 61.25+2.30°
112-32-3 TR C,H 40, - 0.08+0.13* - 0.20+0.04°
3050-69-9 1R 2T CgH,,0, 0.14+0.04¢ 0.44+0.02° 0.13£0.03¢ 0.25+0.05°
695-06-7 - AR C4H,,0, 0.37+0.02° 0.39+0.04° 0.22+0.02¢ 0.57+0.07
104-50-7 I A g CgH,,0, - 0.110.03* - 0.14+0.05°
104-61-0 - TN C,H,0, 0.14+0.02° 1.00+0.01° - 0.96+0.04°
599-04-2 D-(-)-{Z Bk N TR C4H,,0, - 0.34+0.01° - 0.710.05°
110-27-0 IR 25 R S P TR C;H;,0, 1.16£0.06° 0.48+0.03" 0.39+0.03¢ 0.25+0.05¢
112-39-0 Tl HH it C,;H;,0, 0.13+0.03" 0.19+0.04* 0.13+0.03° 0.14+0.03°
(e 84-69-5 PR IR 5 T T C,Hy0, 0.15+0.02° 0.29+0.01° 0.13+0.05" 0.17+0.03"
84-74-2 AR HR T R C,H,,0, 0.22+0.02° 0.78+0.02° 0.19+0.04° 0.2120.01°
123-66-0 ECRR AR CgH,0, 0.23+0.03" - 0.30£0.05° -
142-92-7 R TR CeH, 0, 1.00£0.09 - 1.13£0.03* -
626-82-4 CR TR CoHy0, 0.98+0.08" - 1.23+0.03° -
10032-15-2 SRR C g C,Hy0, 3.80+0.20° - 5.13+0.37" -
106-32-1 R R C,oHy0, 0.33+0.03° - 0.46+0.06° -
540-07-8 LR IR C,,Hy0, 0.22+0.02° - 0.28+0.02° -
6378-65-0 CERC R C,,H,,0, 2.35+0.05 - 2.6140.02° -
Ba2 o 11.1940.09° 4.10£0.16° 12.33£0.11° 3.60+0.06°

I 1-HHR) , B (EC B IEREE, 1-4-3--7 s
A5 )« MR (32 -2-1  2- T ZEFR R | BRIE(IEC
M2 . SR . AFEIRAE) | BEZR(IEC RO y-C N
T P SSE IR S N TR o

WEFEFR N, MEIEY ot 2 2 i AP AR DR S AL
Iy AR R0, HOR 22 B ) Jo R B {ELAH XTI,

7= A AR TR AR XU, DR IR oo £ T A6k T
Y HE AR T RGBT R AR X R R P00 R -2 i 1
(1.10%~2.18%) ;& LT ALK v 14 = ZEEE IS L, £F
UAE AR LTAER - A & B 0 i . e ot 322
SR PR AL VS A . BEA . R A ERURPT G O R
(9.60%~14.96% ) i 1 P iR Sy HAG GHER, Fr Ll iz
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Fig.1 Number of volatile components in different safflower
seed oils

TGt Lr fe ks L e dH P —2EE BRI 5
IE O BT AR b R Y P, FE UAE 74
£y S AW S ot L s s N I FA Wi 2y S (i R £
FER C6 fbEWIEC I (10.37%~14.96%), HAHF5¢
LTAEKFI o i S S TN e A AR . ISR AR B
TEAES R A A Kt AR H, S 553 pRER o] LA
fg S8 A Wik 72 =2k CS 1 C6 Bl ™. 214k
A A =B & BONETMER, Pl AR H A R e S A e
= L BIE S AR N 2 — o IR E AL =4,
ELAE AR . SR AN FHFIRE2, UAE-HSSO H11E
SRS 5 (1.93%) 75 T CSE-HSSO(1.88%), it 76
LUAEKF I P ARG H o 1= -3 -2 5 5L A I 24 R Vil
AR, J2 W ym iR AL F= 8, Xl ig s B A — 2 iy 51
RREOS2 IS LT BRI 13- B S W3
TP FELLAEKF I (P<0.05) . 1 FIRGE SR AT %1 UAE
BARAF IO LTAERT I R 4 S -2 | I OB IE G
Bt T CSE yRSRARMILTAEAT I, bl UAE
PEBOT I RSAL LI B AT W AR, e
AT IE O T8 & i i 35 0 Ty Se £ 4B K (P<
0.05), BREWY) 5T =2 HH Hig Sl & i A2 T 140 Tl s g
FEAERTR I O R LT AER A P B R R, HL
A —E TITRIBCBRE 32, I LS4 e Pl 24k
o e .

F e 5 AT SRR EOT L3R5 1 LT AR I
2RV o R I s | RS N R 2 1 He AN ]
UAE 75 Fll CSE 2 $2& B4 Y 52 21 A6 7 1 v ds Je 26
535 R 26.78% Fll 32.98%, W54 5 S 20.42% Fil
17.23%, TR 25 4% 51 N 26.84% Fl1 27.82%; UAE ¥
1 CSE ¥ 4 B I 78 21 26 47 b P s 122540 9 h

10.01% F1 8.98%, WL 435 S 17.93% Fl 17.52%,

FRIE5T R 64.71% F1 61.25%., J&IW) I RIS Y
JoT A P i, XoF TARIM B SR STER AR/ N
WEISW oA 57 A . AR A« PRI S5 IXUBR, AT
SO T LLAERFMBRIR . Ak, ZIAERFI i XA
HA LR A Mo PR, NP 75 5 RS X
R, PSR A R 24 75 25 XU, BRSSP A AR

SERUBRDO21 2 | RA, W e AN S 5e LB M &
PRS2 57 35 (P<0.05), M e ATETEXT LI AR EY
R HLAT E L5
2.5 AEHEBFG AL HE R E RS
FAN oy o L Rl Sl = 2 N D) |70 e < N )
FNGWIR 2332 BN M R TR L SCRESE IR M52
T R A S AR I, A AT SR A RS T DU 2 v DA 4
FERRVKLIAIRE 1, Z2 WXk FHA 4203t 1149 it Joi 5 i) =2
TR BLAE GRS AT R BEWT NG 7 480 Ab ) 3 0 S N7, IE 2%
TR SR AR AS BT g B B 3R 6 AN [RIHR BT 1
FE RN 22 5 L1 A6 KF Il 59 5 22 19 T AR Ak A R TR S ST
(OSDHJMIE ., UAE-SSO., UAE-HSSO. CSE-SSO #lI
CSE-HSSO &2 W & 57512 66.62. 31.86. 52.57
1 26.52 mg/kg; %45 R 5 K EFE IR S5 RATAER
K250, ] WA [E] BB B3R A B LT AEA T B,
Ly AN, A FEL AP R S R R T
RRFELUACATIN, SR AT RE L T AER e A —E )
2%, H UAE 3B LT AERT I B0 S 22 1 5 i i 3
5T CSE EHREU(P<0.05), 13X 7] fEF w45 75 i =)
TSI i B P AR, SR A 2 I pis iU, e
P U 2 B B RO AT R 1 el v 22 1 2 ) S ) 4
. UAE-SSO 1 CSE-SSO 1 OSI {H43 %124 6.89 h
1 5.57 h, 3= T UAE-HSSO Fl CSE-HSSO(P<
0.05), ULHARF B4 fEkr i By B LT PRI T AR T4l
AP o T LD AR AT I BT A AR TS 4 (DPPH A
ABTS" [ i 3L 75 5 5 th 2 35 5 T i 5 £ A6 K7 Tl
(P<0.05). ZE LR, W5 c4 el S ufs e A
BrALIE PR B2 m T e L e, S A B
F TR Z 28 R B, AT SE T vfR Y 4
fedaE AP A AT M

R 6 AFINERRIELAERFMA S8 A AR E R
PréafLin e
Table 6 Total polyphenols, oxidation stability, and antioxidant
activity of safflower seed oil were extracted using
various methodologies

— BEmam AfaeEtt DPPHHM3E ABTS A

(mg/kg) () EBRE(%) TR (%)
UAE-SSO  66.62£3.76°  6.89£0.32"  57.87+3.44"  69.33+4.65"
UAE-HSSO 31.86+3.64° 4.37+0.26° 45.39+3.12°  55.18+4.16°
CSE-SSO  52.57+3.12°  5.57+0.19°  53.72+3.67°  62.77+5.32°
CSE-HSSO  26.52+4.01¢  3.91+0.21¢  42.18+4.83%  52.21+3.85¢
3 g

ARG DA S A 22 e 2L AR R R IR, 4353k
UAE 51 CSE AFRELTAE KTl , FH- X Ho AL PE BT |
RS AR T U AL AT T EhER
WHoE . 45K, UAE AR BUY S £ AE A v 32
B3 B v 38.63%; 7E UAE 1 CSE $#2HUTF, SSO
AL TN AR DT TR &t YU I FE 77.87~79.22 ¢/100 g,
HSSO S A FIAR TR & 1 Ya B 7E 70.60~79.22 g/
100 g; £ UAE F1 CSE #£HU T, SSO ity Fl g W7 18
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ErELEITE 1.09~1.11 g/100 g, HSSO At Ffig iR
VL EAE 2.56~2.59 g/100 g; UAE 345U £14E
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2.74%. 14.96% Fi1 1.93%, 1fii CSE ¥:345 AL AL FF
YA -2 -2 T . IE LR IE S EE S 8N 2.14%
12.49% F1 1.88%; UAE-SO Fll CSE-SO 1) OSI {5 5y
A 6.89 h 1 5.57 h; Ay FE LT ALK BT A AL I 14
(DPPH 1 ABTS" [ HH EEBR3) W2 5 T e 4rie
KA (P<0.05) . PSS ek B2 & . Ak
R PR AT P S 2 v s e LT AR s S
PRI R T2 Aek b Z S BT 3R E, PN
YA 1Y SE AR E HE AP LA RGP . AT S N LT
YRR L B PF AR T HeAR Y -
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