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Abstract: Gardenia fruit oil was extracted with hexane, ethyl acetate and ethanol combined with ultrasonic assisted extraction. The yield,
oil composition, bioactive components and free radical scavenging ability of the three crude oils and ethanol extracts were analyzed. Under the
same conditions that the solid-liquid ration was 1:8, the temperature was 40 ‘C, the spending time was 20 minutes and ultrasonic intensity was
200 W, the oil yield extracted with ethanol was 13.26%, slightly lower than that of hexane (14.86%) and ethyl acetate (13.84%). The by-product
ethanol colloid phase (ECP) was stratified at 4 ‘C from ethanol extraction, and the yield was 9.68%. The total tocopherol content in the crude oil
of Gardenia fruit that extracted by ethanol was 1.62 pg/mg, which was 1.27 times of that obtained by n-hexane. The total sterol content was
22.63 ng/mg in the crude oil extracted by ethanol, which was 1.29 times of that obtained by ethyl acetate. The main aromatic components in the
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MR BB
crude oil extracted by ethanol were volatile vanillic acid, syringic acid, and syringol. Different from the three crude oils, y-linolenic acid (1.50%)

and trans-linoleic acid (1.14%) were detected in ECP. The ICs, values of DPPH clearance and ABTS in ECP were 0.61 mg/mL and 0.40 mg/mL,
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respectively, which were significantly lower than the test results in crude oil (7.62~10.31 mg/mL ) . In addition, crocetin and eight sugar
derivatives were preliminarily identified in the ECP by the method UPLC-Triple-TOF/MS. The experimental results showed that gardenia fruit
extracted with ethanol had higher economic value, for the reasons that it had sweet fragrance, rich types and higher contents of omega-6 fats,

higher contents of active substances such as tocopherol and sterol, and strong free radical scavenging ability related to crocetin and its

derivatives in the by-product.
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Table 1 The ICs value of DPPH and ABTS scavenging rate in different extraction

ICsy MEE/(ugml) #IFos/ (ng/ml) ESH/(mgml) T8 TE/(mgml) LEEHA8/(mg/mL) TEEAARAR/(mg/mL)

DPPH 8.66£1.04 8.99+1.06 10.31+1.322 8.38+1.32% 8.96+1.34% 0.61+0.18°
ABTS 8.02+1.44 9.39+1.29* 7.60+1.35° 8.35+1.34° 0.40+0.01°
E HIRAFHRATEE, F—ATYHTRRFEREAZEER (p<0.05), ""ETFAME.
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34.15%~35.95%) N, MU iR HERERR (16:0)
LRy ZRASACHECE. Wik A ARG
FHEZERE TS, A 6 FUIRIIRR, - ZEIHIR
AR, Hrr AN IR TR & BN 76.04%~78.00%,
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*2 TEANE

B AR B IRE AN ER B E

Table 2 Fatty acids profiles of different extraction

ARG B 18] /min JE s B AR 41 %6 ETK TR LB TEE AR LB JEARAR
19.211~19.27 AFARE(C16:0) 15812007 15.61£0.09°  15.63+0.00°  15.62+0.10°
19.697~19.737 AEARMER(C16:1) 0.45+0.01° 0.46+0.01° 0.45+0.00" 0.40+0.01°
20.781~20.823 +-EARE(C17:0) 0.15+0.00" 0.16+0.02* 0.16:0.02° 0.15+0.02°
21.301~21.337 +-LBIHE(C1T:1) 0.14£0.00° 0.15+0.01° 0.1620.00° 0.13+0.03°
22.557~22.692 AR5 B4(C18:0) 2.17+0.02° 2.100.03° 2.10£0.02° 2.16:0.00°
23.06~23.188 4 (C18:1n9c) 35.95£0.05  35.53£0.05°  35.69+0.07°  34.15+0.04°
23.687~23.694  R-9,12-F A\BE KB (C18:2n6t) - - - 1.14+0.02°
23.886~24.019  JIA-9,12-+ B ZIHEL(C18:2n6c)  42.90+0.16°  42.68+0.10°  42.81£0.02°  41.58+0.01°
24.414~24.445 y-T2 FR B2 (C18:3n6) - 0.87+0.01° 0.51+0.02° 1.500.02°
24.774-24.82 o- T FRER(C18:3n3) 1.33+0.00° 1.38+0.00° 1.40+0.00° 2.05+0.02°
25.538~25.573 TE4 B2(C20:0) 0.28+0.01° 0.29+0.02° 0.29+0.00° 0.3420.02°
25.989~26.025 NA-11-76.2 B(C20:1) 0.17+0.01° 0.14+0.01° 0.15+0.02° 0.12+0.01°
28.66~28.698 I A-8£(C22:0) 0.07+0.01° 0.07£0.00* 0.07+0.00" 0.060.00"
30.863~30.919 —+ ZIRER(C23:0) 0.58+0.00 0.55+0.01° 0.58+0.01° 0.60:£0.10°
Ko I8 W Bs 19.07+0.10°  18.80+0.03°  18.84+0.01°  18.94+0.00*°
At Fefe L Mono/poly 80.93+0.10°  81.20+0.03*  81.16+0.01°  81.06+0.00*°
P/S 4.24+0.03° 4.3240.01° 431£0.00°  4.28+0.00*

JE£: P/S K Unsaturated fatty acids/Saturated fatty acids, FAaFafg B 546F=0g 78R A9 k45). Mono/poly, % TiaAeflgliis %
Al BRI, BABAHFHBATEEL, A—ATT IR FEREA RHE LR (p<0.05), “"RTAfdH.
#* 3 TEBHLATIEAERIIEMLLAR S &
Table 3 Phenolic acid profile in different extraction

BB/ (ng/g) &5 ETH LB LB LEzhAR LEEFEARAR
IR PA - 4.13+0.07° 3.39+0.29° 31.69+1.03°
*THIOR TR HBA - 1.63+0.14° 1.1240.05° 22.40+0.24°
FE VA - 2.96+0.04° 1.82+0.11° 63.67+0.16"
TR SYA - 10.18+0.33° 15.76+0.54° 207.96+8.05
AHEm VAAD - 4.7240.12° 2.59+0.36° 8.17+0.03"
x #2 kW AEBR HCI 0.46+0.04° 5.57+0.23° 3.43+0.66° 109.03+4.96"
T SYAD - 6.05+0.34° 3.56:0.10° 271.09+8.39°
A 2B COA - 3.83+0.20° 2.16+0.57° 62.27+3.18"
FTHLER FA - 82.40+0.11° 50.29+1.27° 248.79+8.14°
I-TEs SIN 2.80+0.09° 3.12+0.46° 8.34+0.15° 149.25+4.36"
Total 3.25+0.124 124.59+0.22° 92.46+0.19° 1174.32+6.15°

E BARATFRHBATEE, Fl—ATF AR FEREN 2F £ F(p<0.05), “ERTAEE.

233 BLUABALITAMS T

PA Crocetin, Crocin I , Crocin I {ENRARSMNF,
SE BT B F=IPR e R R AT S 8, K
WA R R H 2 A Mg A G b & B .
UPLC-Triple-TOF/MS Jfi i 73 #7 45 J 2R G BE S 6] Ay
12.0713 min CRR AR 9.646 min), 16.1819 min (X
REVRRE 13.54~13.55 min), 17.3975 minChf BBk 14.53
min), 24.0474 min O SEAH 21.482~21.486 min) 1)

WA TETIM-HI A m/~z 651.26, [M+CH3COOH] A
m/z T11.326 5 b AT bR 5 S AR 5, 78 it i,
AL UL R B B BE R A& m/z 489[M-H-Gle] « mi/z
327[M-H-Gle-Gle] 5 31, 2 an B #E 7y
TRET )9 m/z 327, GERIAFAE 2 AR EIE . EIZA
BT RN R IATE AR 4544, BAFEN
SR, FR OB, EE U T R

PREEIFIE]A 18.6372 min (it NAH 15.96~15.961
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min) HESF B FIM-HI"A m/z 813.31, [M+CI|" N
m/z 849.29 X Hdb AT bR 5 SRR S, 78 Ui R,
AL 2R B i BE B 0% m/z 651[M-H-Gle] « m/z
489[M-H-Glc-Glc] '~ m/z 327[M-H-Glc-Gle-Gle] 25/ H
BT AN T BT mz 327, HENIZ
AT RE BRI PE L AR BRI 454, FEAERUN
—HAHEHT 3 AN EIFE 7, N Crocin 11 9 [F) 73 A

FREA 18] 9 20.5137 minCHf S AR 17.749~17.751
min) FIHES T3 F[M-H]"N m/z 489.21, [M+COOH]
A m/z 53522, [M+COONa] N m/z 558.20. XJHit4T
MRS SRR, £ Uk, nULIBRE R i
m/z 327[M-H-Gle| & F 851, HENZAL & REK
B RATELLIEIR NS5, FRE— M 1 /M%)
Wi F TR ACRRAT AN o

TE LR CTR PRI R B - ARSI 1)/ 2 PR 2748
g (5394040 pg/g), (HIELBERAAMPH SRR
FE (p<0.0D), HEIXE] [ 3106557 ng/g, K TH5
SE R IUM RIS & &, I KEAEET SRR A
FHH BRI BRI PR 5 PT RE N P LA IR S AT
AW, PELAACE RAIFR S A FIREL G U — &5

BEE,  H T XU B 2 BRI A5 T 5 oK. TR
PRI R T 0 AR LSRR AU i B A B
J R B 2 ELURR VA 20T U A AR AT H o Yang %5 A\
H UPLC-Q/TOF-MS & i 43 #1 45 & HRESIMS
UVivis. —4E 4 A0, 2 aHE B-J1-9)H/
13-cis-crocetin-8'-O-B-D-gentiobioside —+FHHr 1L AE
R S SLRTEED), SARSEI S Rt KB,

0.7
17.3975
0.6 7.3407
0.5F
04}
0.3F 9.4788
0.2F

0.1+

0.0 ——*—J 1 I

0 5 10 15 20 25

12.0713 20.5137 24.0474

16.1819] 18.6375

14.5427

ACQUITY TUV ChA 440 nm / AU

Time / min
[E 4 ZESRRFHRTEIRIBCR S 440 nm BB T
UPLC-Triple-TOF/MS & IE[E]
Fig 4 The UPLC-Triple-TOF/MS graph of ECP sample in
Aus0nm channel

=4 FEBHIBFIBEIRIMALERREITEYEE
Table 4 Crocetin and its derivative in different extraction

PRGN /min LM ALITAM/(ng/g) LTI TETE  CEIHAR LEBFRAARAR
5.604 Crocin [ - - 8525.07+13.45%
7.351~7.352 Crocin 1] - - 3198.98+5.36°
9.646 CyHyuOu - - 1484.41+2.31°
13.544~13.545 CyHyuOy4 - - 1122.19+1.17
14.53 CyHyOyy - - 12412.78+4.85°

15.96~15.961 C3sHs,010 - - 897.57+0.08°
17.749~17.751 Ca6H3,05 - - 1042.22+4.45°
21.482~21.486 CyHyOyy - - 1160.07+6.21*
26.491~26.509 Crocetin 539+0.40° 826029  375.14+11.41°
Total 5.39+0.40° 826+029°  31065.57+3.77°

E HAEATFAHATEE, FA—ATP AR R EREAZHFEF (p<0.05), “R7kith. 26, 7TH.
5 ZERLAERIAAIEERITE YIRIE SR

Table 5 Mass spectrometric data of main crocetin derivative in ECP

R /min - HFLH  [MH[  [M+CI] [M+COOH] [M+CH3COOH] [MS/MS]
7.3407 Crocin [
9.4788 Crocin Il
12.0713 C3HyOy  651.26 - - 711.32 489. 327
16.1819 C3HyOy  651.26 - - 489. 327
17.3975 C3HyOyy  651.26 - 697.27 - 489. 327
18.6372 C3sHs4Op9 81331 849.29 - 651. 489. 327
20.5137 CyH3409  489.21 - 535.22 - 327
24.0474 C3HyyOy  651.26 - - 709.22 489. 327
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xR 6 TEIRHIBEARIMIEEHSE
Table 6 Tocopherol profiles of different extraction

HRGeFiE)/min - A F B/(ug/mg) ETH LER LB LEEhAR TERfIRARAR
17.308~17.338 alpha 0.79+0.02*° 0.76:+0.01° 0.81+0.02° 0.11+0.01°
14.466~14.818 beta/gamma 0.47+0.01° 0.49+0.01*° 0.51+0.02° 0.22+0.00°
12.166~12.290 theta 0.02+0.00¢ 0.17+0.01° 0.30£0.01° 0.2620.01°
Total 1.27+0.02° 1.42+0.02° 1.62+0.05° 0.60+0.02¢
R7 TEBHIBTEEREISEEES S
Table 7 Phytosterol profile of different extraction
G E])/min - A4 & BF/(ug/mg) ETR LBE LB TEEihA LB ARAE
12.12~12.17 Sa-Cholestane
18.44~18.46 Crinosterol 0.24+0.04* - - -
19.82~19.87 Campesterol 4.02+0.18*°  3.56+043°  4.42+022°  0.41+0.03°
20.53~20.57 Stigmasterol 2.99+0.05°  2.68+0.15° 3.47+0.22° -
21.15~21.18 Fungisterol 0.81£0.07° 0.69+0.08* 0.90+0.18* -
21.73~21.76 Obtusifoliol - 0.25+0.04*  0.37+0.08" -
21.91~22.03 S-Sitosterol 7.110.09° 6.25+0.24° 7.98£0.33"  0.63£0.06
22.30~22.35 Isofucosterol 0.67+0.08° 0.53+0.01°¢ 0.84+0.00" -
22.60 Cycloartanol 0.20£0.07° - - -
23.35~23.44 Cycloartenol 4.18+0.01°  3.54+033°  4.65:0.13"  0.27+0.02°
Total 20.22+0.58*  17.50£1.20°  22.63+1.16°  1.30+0.08°

234 AFW4=

—FLD ECP
4000 - —FLD EOP

—FLD Ethyl acetate
3000 —FLD n-Hexane
2000 - —FLD Standard Samples

LU

1000
0 -
-1000 -

-2000 & 1 1 1 1 1 1 1

min

El5 4 BERaAE T REBBWIEAE KK 295 nm, IRYUK

%5 330 nm FHLRIEGILEE

Fig.5 The HPLC (FLD) graph of 3 standard tocopherol

samples and Gardenia fruit extractat an excitation wavelength
of 295 nm and emission wavelength of 330 nm

3% 6 AMERIL, LRFSEIIRM T B A F WA
N 1.62 pgmg, wEET (p<0.05) LIRLME (1.42
ugmg) FIECKE (127 ug/mg). HA, a-AEEFEZ
FEF R EE RS (0.76~0.81 ng/mg), HatEHEH
i 50%LA E. Imsanguan2 \HIF 5t % B 2. B8 k5%
BIABEN KNP o- B8, X DA o
BN, RE PR FRREA 2
LUBRERE AR ANE TR KA &8s oAb 519
T ASEI T AE St T P A A BV PSR, (it

THE T FRORAME R, 358 o B s 4 AL is
A, MR E AR T o B, £ LR
(R LA SR, - AE BB & & (0.26~0.30
ugmg) BEET (p<0.05) LR LBEFIE S Ree BT
R P&, XU AT et T A B A BB,
LIS I ZEIRE Sy TIE O SR Ol I B
FERHAPO, - tE B I T A A2 MR R R B A
T, X N e SE M AT BE EL o2 B BE B 2L,
PRI, CTE S OG- F AT B BAT 5 s SR

235 §BEbLw
50 pg/mL
—25 pg/mL
—12.5 pg/mL
—6.25 pg/mL
—3.125 pg/mL

10 11 12 13

| Aﬁ A L |
7 8 9
Counts vs. Acquisition Time / min
6 4 FEYIEER AR R S UL E
Fig.6 The GC-MS graph of 4 standard phytosterol samples
E MG BRSO IR D A A G B Foh GEE. 2
HEF. p-5WBE, H—AER Sa-f2 § AR A W AT,

GC-MS & B RR M AR PLE RIS A7
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12 9 P ESIE, 4% UG 73 oAy S S SIS
TSI R S BEMTEE. B S A TENRRE
efE . FGEE (R Do p-45 S EERNE TRt b i
B, ORI S, OGRS SR, o,
WG RTVE N — R R IE T, HERMEE 20, 1E—
FECFRVRELH P ol BT, DR L AT B RO AT T
RFETNRER S « LBEHEECKE I Hh e B B B 5 22.63
ngmg, ©F (p<0.05) & LM HERFRIUE (17.50
ug/mg), (HEIECEHEEUHFFLEE (p<0.05) 257
UbAb,  ZEERECHIM R 9 B S B e (BB T
IpEREAR D), KHZBIECK:. ZREEE ST
PRI S5 -

24 BT REHRIN P ELAASE 5

bl
Hr

A P BB B AR K M A
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Fig.7 The correlation analysis of active components in gardenia

FA
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fruit oil extract and its antioxidant activity by bivariate R chart

E: % p<0.05; **: p<0.01.

Pearson AR A iE F T 77 B PR e 2 B AU AR B[]
MIZRIEARIG R R, BRI, FIF SPSS 20 0 AN [F)HE
TR LA K HATAEY) . YRS,
B Bylg & & AR DR A TR R e s (P/S)
SHEEE (DPPH- . ABTS -J5BRAES, LA ICs 18
Tor) AT XA EAR KIS H, SR 7 R
DPPH-&FRAE ) ABTS - iEFREE I 1Cso H MR 3%
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JER DPPH- A1 ABTS - H HHEEFRBE I EE IR &K .
XA RGBT RS T 1Y) 22 F B A A R TG £ AR R %
FAT AR R

3 g

AW FER I A FIRSRPA R 2 R maia 7 R K5
IR EYREEVI AR M E L RE . HE
TR P RV R (MUFAD M2 AMEATE
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