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Abstract: In this study, steam distillation, organic solvent extraction, vacuum pump extraction and adsorption, solid phase microextraction

(SPME), and supercritical CO, extraction were used to extra¢

effects of these different extraction methods on of the
(GC-MS) was used to analyze and identify the chemical co

each component being determined using the peak area no

e volatile oil of E. angustifolia flower grown in Xinjiang, and examined the
obtained volatile compounds. Gas chromatography-mass spectrometry
volatile oil from the E. angustifolia flowers, with the relative amount of

alizatioh method. A total of 139 compounds were isolated and identified, including

22 hydrocarbon (21.3%), 10 aldehydes (1.38%), 47 esters (62.18%), 7 ketones (0.6%), 21 alcohols (9.52%), 14 acids (1.86%), 7 benzenes

(1.66%), 5 phenols (1.14%), and 6 other species (0.33%). Among which, four kinds of components, namely2,3- butanediol, ethyl phenylacetate,

phenethyl alcohol and ethyl trans-cinnamate were found:
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Fig.1 Total ion current chromatogram of volatile compounds in
flowers of E.angustifolia by steam distillation extraction

SERAGIEER R IR A 1, MR
FHXPUEE 2 A5 5 THIEAT LU, FLHE5E H 46 M &)

2 .1

IKFE ARSI Y R o P R Va5
PIEZVIRE. BE. BE. M. Lekedya, LR
FMs 5 B, BRI 1 TR 8 T, ISR

Ji7 4 F, 2 3 Fif, 719 ff, EZRYI 4
i, He

5 K A

2 GC-MS BHUM T, AVLEFNRSEESREUR)
YO AAEIE R WAL 2.7 min JFEE 4, 7E 36.2 min I
PG, 7E 61.3 min {511 4,

HHEFNRSEETR VD RS R 38 Fil
WwEY, e 17 0, BERWR S F, B2
RSB, BESR. ERZEES 2 B, SR 3 B, By
Jii 3, e 1 M. SRR YN R - AR
TR MG (43.33%) TRl R RIS (8.88%). 2,3-

TR (621%).
25000000
22500000 +
20000000
17500000 F
15000000 f
12400000
10000000
75000000

50000000
ZSUUOOOM
U 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60
I (] / min
& 2 BAFIRRARIOEIEL RS BB T RE

i

23 %5 FHEA
T Y

27500000 -
25000000
22500000
20000000 +
17500000
15000000
12500000 -
10000000 -
75000000
50000000 -
2500000 +

0k
-2500000

1

5 fU IE Zb 55 3b 55 4b
i 1] / min
& 3 ExRHMEIRMSEREVD RIEE LMY BB FRE

Fig.3 Total ion current chromatogram of volatile compounds in

flowers of E.angustifolia by vacuum pump extraction
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Fig.4 Total ion current chromatogram of volatile compounds in
flowers of E.angustifolia by SPME extraction
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Table 1 Compsition of odor components derived from flowers of E.angustifolia by five kinds of extraction methods

HA3tAF /%
. a4
EZil .. Ry et L . L RIER
o o-dh AR AZRFRR EARME .
[A]/min - o CO, %3
(#) . R AR & B 32 Rk 4
1 1.7468 2-F BRI MS,RLS  7.34+0.01 - - - -
2 1.7866 3-F R A MS.RLS  5.25+0.05 - - - -
3 18511 = < Eam MS.RI  12.89+0.03 - . - -
4 2.0128 B89, 32 MS,RI  11.82+0.02 - - - -
2402 B MS,S  12.88+0.01 - - - -
\2 JAK-1,3-=F AL IR
4192 N MS,RLS  2.07+0.01 - - - -
IR
| 4 N
7 2.5318 IR MS.RI  0.42+0.02 - - - -
8 7.4153 IR, MS,RI - - 0.33+0.02 - -
9 9.4279 Et+—i% MS,RLS - - 0.19+0.01 - -
10 12.0874 E+ = MS,RI - - 0.62+0.02 - 0.3420.01
11 12.2692 Ao RATAE e MS,RI - - 0.8240.01 - -
B 12 14.1046 KK MS,RLS - - 2.63+0.02 6.82£0.04  1.74+0.02
13 18.3008 Etvis MS,RLS - - 0.32+0.01 0.07+0.01 -
14 20.8335 Et+=4 MS,RI - - - - 0.05+0.01
15 26.4618 TR MS,RLS  0.1£0.01 - - - -
16 26.7046 AR KARAT M MS,RI - - - 0.11+0.02 -
TR
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17 27.2139 A MS,RLS - - - - 0.43+0.01
18 32.5357 E=tki MS,RLS - - - - 0.05+0.01
19 36.5722 AW MS,RI - 0.11£0.02 - - -
20 40.0635 —ti MS,RI - - - - 3.84+0.01
21 44.4173 B P MS,RLS - 0.09+0.02 - 0.05+0.01 -
22 61.353 35-28 M MS,RLS - 0.15+0.02 - 0.1020.01 -
1 2.6029 3-# 3 2-THA MS,RLS - - - 0.18+0.02 -
2 6.4466 2- BB MS,RI  0.09+0.02 - - — -
3 9.831 2-F1 MSRI  0.13£0.01 - - ¢ -
23- 25835 —% %k
RS 4 152433 -6-F jh-4(H)-tkh-4-  MS,RI - 0.17+0.01 - - -
i
5 16.6039 I RN TR MS,RI - - +0.01 -
6 26.5609 KT MS,RI  0.030.01 -y - - -
7 36.7133 AR MS,RI - 0.07£0,02 e Y - 1.04+0.02
1 5.522 FTHE MS,RLS - - 0:250.01 - -
2 6.4203 TS MS,RI - - 2.02+0.03 0.06:0.02 -
3 11.6808 ER S MS,RLS  0.03£0.01. 0.04+0.02 2 0.04+0.01 -
4 13.0145 2-EbEE MS,RI - - 0.66+0.02 - -
3 5 13.9014 e MS,RI - - 0.02£0.01  0.21+0.01
6 18.3583 5-#2 W Rkt MS,RLS - 0.2240.01 - - -
7 19.7581 APE S MS,RI s - - 0.09+0.01 -
8 19.8184 N 1S 0.06+0.01 - - - -
9 22.7015 K E .05+0.01 - 0.65+0.01 0.11+0.02 -
10 233254 2-THR-2-FMEE 106£0.01 - - - -
1 6.0463 Gl LB - - 4.93+0.02 - 1.00+0.01
2 6.2584 ¥ B4 LS - - - - 3.94+0.01
3 6.866 AL LB - - 0.48+0.01 - -
4 6.9956 AR TR GEg - - 1.40+0.01 - -
5 7.7097 B 5 B - - 1.00+0.01 - 0.05+0.01
6 7.8763 B 5 B - - 0.15+0.01 - -
\8.1903 T8 B - - 1.38+0.01 - 6.58+0.01
( 8 8:54 2-F A T B LB - - 4.59+0.01 - 0.97+0.01
97 8.8665 FRER B - - 0.71£0.02 - -
10 10.1442 LB R KBS - - 0.40+0.02 - -
11 11.8943 LB s - - 0.92+0.01 - 0.28+0.03
12 12.7674 ST Sl - 0.01+0.01 - - -
13 12.7977 T8 T s - - 0.06+0.01 - 1.24+0.01
14 13.2699 8% s - - 2.29+0.02 - 1.79+0.01
15 16372 JRBR LB - - 0.24+0.01 - -
16 16.8136 2- TR TBg - - 0.15+0.02 - -
LEES 17 18.1728 FER T B - - 0.09+0.01 - -
18 19.5937 FE5 LB - - 0.29+0.01 - -
TR
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19 21.2462 L ALEE T Bg MS,RI - - 0.19+0.02 - -
20 22.9066 y- AT A B MS,RRI,S  0.40+0.01 - - - -
21 23.6431 R ALBL T B MSRLS  0.48+0.04 - - 16.33+0.05 8.09+0.02
22 23.7894 R B MS,RI - - - 0.05+0.01 -
23 237994 R LEE-2-FAAE  MSRI - - - 0.11£0.01 -
24 25.62 A MS,RLS - - 0.38+0.01 0.02+0.01 -
25 26.9164 KT B LB MS,RI - - 1.33+0.02 0.08+0.01 1.22+0.02
26 292164 P AR BR 75 B5 MS,RI - 0.06+0.01 - 0.35+0.027 -
27 29.5417 KB T B MS,RI - - 0.34+0.01 0.05+0:01 -
28 29.8157 + < BR B MS,RLS - - - - 1.27+0.02
29 30.2491 R TB LB MSRI  0.19+0.02  0.05:0.02 1.89+0.03 0.3840.0 1.070.02
30 35.7065 M ALBL T8 MS,RI - - 7+0.01 .07+0.01
31 36212 APBANAEKCE  MSRLS  0.10+0.01 - -
32 379289  RA-AHETE  MSRI - ) 2.14+0.02
33 386099 e R T B MS,RI - 0.194002 [ =% 0.12+0.02 -
34 392087 R A-HARRR LB MS,RI  6.84+0.05 7.32+0.03  8:20+0.02 65.42+0.03 20.36+0.05
35 39.857 9 NERMHELCES  MS,RLS - 0.0320.01 . 0.01+0.01 -
36 40.3724 AFAEER L BS MS,RI - 0.11£0.01 - 0.054+0.01 -
37 407342 9-+AMER LS MS,RI < - - - 10.85+0.03
38 42.6364 5 B F 8% MS,RLS 3 0.22+0. - 0.28+0.01 -
39 427857 B s MS,RLS - 0.29+0.01 - 0.35+0.02 -
40 43.4044 25 B By MS,RI - 0.05+0.01 - 0.05+0.01 -
41 441777 Ik 85 LB - 0.06+0.02 - - -
42 44,3245 B s - 1.00£0.02 - 0.05+0.01 1.24+0.04
43 44.9079 + A\ LB _ 0.1320.01 - - -
44 49.0832 =8 LB - 0.10£0.01 - - 1.75+0.03
45 51.2531 2-#AZARERHd A MS,RI - 0.08+0.02 - - -
46 572543 2-WATH—+_—8 MSRI - 0.36+0.02 - - -
47 60.4468 . =T IORWERER -~ "MS,RI - 1.51+0.03 - - -
1 3.4551 B MSRI  0.10£0.01 - 0.52+0.02 - -
2 4529 = MS,RI - 0.7120.01 - - -
6.5266 % MS,RI - - 3.15£0.01  1.08+0.02 -
( 4 9.0865 iERBE MS,RI  0.06+0.01 - - - -
5 9.2502 FTH MS,RLS - - 1.08+0.02 - 0.15+0.01
6 11.0183 1- 8 M-3-B% MS,RLS - - 2.33+0.04 - -
7 11.2048 2-Z B MSRI  0.06+0.01 - - - -
8 11.3784 KB MSRI  0.26+0.01 - 0.98+0.02  0.04+0.01 -
9 12.4029 R R B MS,RI - - 3.00+0.02 - 0.76+0.02
10 12.6441 Azt ihBE MS,RLS - - 0.1120.01 - -
BE 11 14.2576 R B MSRI  4.95+0.05 0.0320.02 1.98+0.03 0.97+0.03  0.85+0.02
12 15.9039 R X -2- R M B MS,RI - - 0.53+0.02 - -
13 16.9307 ECEE MS,RLS - - 0.84+0.01 - -
14 18.4356 ¥ MSRI  0.1320.01 - - - -

BT
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15 186516 R X-2-Tth-1-B% MSRI  0.07+0.01 - 0.19+0.02 - -
16 20.9939 M ALEE MS,RI - 0.02+0.01 - 0.150.01 -
17 21.0171 RA-HAEEE MS,RI  0.63+0.02 - - - -
18 229529 (ZR’SR)-(;Q’}T; MS,S 021001 - 0.350.02 ; ;
T
19 24.0603 23-T—8 MSRLS  1.17+0.03 1.05+0.02 031£0.01 0.05£0.01  1.75+0.04
20 29.0981 FEFARES MS,RI - - - 0.02£0.01  1.03+0.01
21 43.0939 AR B MS,RI - 0.3740.01 - - -
1 19.1971 RTBA MS,RI - 0.11£0.01 - 4 -
2 20.1904 TE MS,RLS  0.47+0.01 - 0.51%0.02 - 0.45+0.01
3 23.7819 FTH MS,RI - - 0.11+0.01 - g
4 24.9245 PIEBR MSRI  0.29+0.01 - - - -
5 25.0852 B K- PAEBL MS,RI - 0.55+0.01 -
6 26.817 2-FATE MS,RI - 4 0. 01 -
7 287494 TR MS,RI - o 7 0024001 ; 0.08+0.01
g 8 31.6965 T MS,RI - / 0/23+0.01 - -
9 34.4914 JRE MS,RLS  0.14+0:01 - - - -
10 37.1613 FHR MSRI  0.45+0.01 - - - -
11 39.1387 AZAE e B MS,RI 10.01 0.05£0.01 - - -
12 39.6399 AAR B MS,RLS  0.48+0.01 0.77 - - 0.74+0.01
13 43.6976 I R MS,RI  0.03x001 - - - -
14 457318 B MSRES  0.12+0.01 0.16+0.01 0.08+0.01 - -
1 6.7278 ES - - 0.10£0.01 - -
2 8.3731 L - - 3.27+0.02 - -
RIR 3 10.3528 AR - - 0.63+0.01 - -
ES 4 10.7457 2 F R - - 0.59+0.01 - -
5 11.9575 AT R MS,RI - - 0.30+0.02 - -
6 19.6511  35-ZFWALFHRY  MSRI - - - 0.34+0.01 -
7 200317 .. < 14-—F3K MS,RI - - 0.36+0.01 - -
1 47.6079 M 7 ARy MS.RLS  0.04+0.01 0.09+0.01 0.04+0.01 - -
24,3937 TAB MS,RI  0.29+0.01 - - - -
S 25.7007 TAE MSRI  2.87+0.03 0.30+0.01 - - -
4 .21.3086 ) Zisdiea MSRI  0.18+0.01 - ; ; ;
EX
5 60.7192 y-E FH B MS,RI - 0.11£0.01 - - -
1 6.8176 2-Tkkrh MS,RI - - 0.25+0.01 - -
2 6.9686 TR MSRI  0.19+0.01 - - - -
e 3 20.3101 R MS,RI - - - 0.02+0.01 -
4 20.5925 S MSRLS  0.22+0.01 - 0.03+0.01 - -
5 27.1185 BT A B T Ak MS,RLS - 0.08+0.01 - 0.12+0.01 -
6 55.1299 AFER A MSRI  0.18+0.01 - - - -
E R T HBMAE TR MELES £, n=3; MSAEH NIST11 A& 2k, EEE KT 80%; RI: REIGHTMH; S: A

Ptk - RA

247



Modern Food Science

MR BRI

and Technology 2018, Vol.34, No.7

P SO ik

25& T56034y

N

d

o

/L

3

84
s 5 AR
& 6 FEILZREUL AR MR SHRE

N

Fig.6 Flowers ? E.angustifolia compounds pie category by
ifferent extraction technology

H1E 6 T LA HKZE AR BREASR B A e K

YRR S 8N 10%, BERYIR 8N 1%, B
FR B EN 10%, BESATTN 5%, YRV 3%:

A HUE TR SREIE IV R R P Ee R
69%, BEFRWIIT A 13%, FyRYIR N 10%, FRIEVIR
i 3%, BERAZRE G 2%; FLS T R AR VAR LY
AR RV BRI 52%, BERYI S

248

24%, BRFIERDIFS 1 8%,
YR Y 2%,

BRI 5 6%, B

100 AKX

2L
SR

S AR TR R
Ei il 7 A

80

60

40

R4/ %

20

0

fi] AH 43k
89%, JEk
TEEXEO 'fﬁa’*

R RFR BRI BRSO AS
JCERSE ISR - DN AT SR 42

(PRI PTG PR /K 28 S 28, B3 K 30 'C~40 C
ARIE IS AR BRI S 2RO b &
AR PEEEYIIR & 5 80% LA b, TEESA T |5 2]
5%LAR, BRIRMITEEAARATINE], HH b w] A A A R
WA UK BE 2R 5 B e e, s AE A A vh
B DT ERBR R o A R BRAL SN
SRR ZES AL AP R
HO BRERAIE S ARG E SR IR 7 CO, ZEHE 5
PRI 3R U Vb BRI R B 4 GC-MS 43T,
LRI 139 FAFE LA, R g2k 22
FGh 21.3%) BEZR 10 B (7 1.38%) FE2k 47 Fh
(15 62.18%) B2 7 Ff (/5 0.6%). B 21 Fp (5
9.52%). R 14 Fh (|5 1.86%) A 7 Fh (5
1.66%) By 5 fh (15 1.14%). HeWm 6 f (5
0.33%). FH A FF L ZFEEU VD AR R SR H
IR - RAERR 2B 2K % 2K 1R LR 2,3-
TRE. A LA 3 PRI 23N, RO,
IR RHEE, RO, KPR OB KRR, R
FRHIEE RFIR . XA IR . BRHHIR VIR L.
32 iy o R Fh B X T 2 B ARG S i )
FPLEME R R IR ORE. TR,
-HITR AR, T, IE+ k. BB B
WEE. TRTE. cROB. &a-2-Cm-1-1.
(2R3R)-(-)-2,3-T —f. FHRHEE. KL BE. W



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.7

FERE. WAHERR OBR. RGC-PEERR I ER . Mol Jeat-
FTE. 5T EDFE. RAERAE. . A5 2]
FRFREE . RHRHIR . MENERE . ERHEER . 03
FRHAfG. JHERHEE. XU A. —HRAEE. 3,5-58

TWie LR borHr, WHAAEHE R F B RS NERSRY)

i, AR = =, Ko - R LR
B, AEERS, HIRAROEE. 2,3-T 2. 3]
KPR CER. MAN, FPIR R LA E SRR v &
VERF ARG G 47 Fh, ATREAEZERN

3 Zig

AR 5 AR AR R K& [4]
i GC-MS Zr#fr, A —E 2 FEY, LABSE
Wi NE, RA-WHER RS =&k, KRN
69.35% 43.33%. 23.55%. 12.8%. 8.8%, HIk&HE
M R A AR . AR 2 FE. KB, 2K
LI PR OBESS, TRIGAT DR 2 R IR B A& 70 Ak
BRI EERIE . RHERR OB TE BT IR 5 A 5]
A, IR IR A PR A B SR e B ‘
HATEE AR A AR ARE), &SFA. ALK
FIKZESZEE AIVERNRIRE. B RO b
KRAEVE AR IGE St 5 CO, ZERUESREIS &
AR IR A -PIRERR B & i 5 s @ TRilg%E
6 T R BESEAH LA OB AERS I E‘J%ﬁ%’é? Z .,

HEWIR IR TR R E I Tl AR
SE TR AL 7J<zz§%zi§¢%fz¢%ﬂx
RRRALEE, TSRS A T R RS, [
e SRR K e AL, R IE T
ot T TECL I 5 SRR B 9 T IE
TR 2 5 5 Bt A o R oA T i

AN

M%aﬁ
R0 L 0 R AT B A e T

A AT R T I B R SR SR AT
YRR, FARBCERE R IR R (8]
B, R BRI R, RS AR
SSRGS CO, BERRRIET R,
TN, CO, Fase, RakAEERN, el

fRiBA, THEPEHR, HERESTTAI [9]

(11 SETE IR 7 2 RH2,2000,4:37
MA Li-juan. The development and utilization of Elaeagnus

angustifolia [J]. Ningxia Science and Technology, 2000, 4: 37
R X B, 22 22 R, S5 0 R B I R ) AT T 1),
FEII9T,1998,18(1):34-37

DENG Yan-bin, LIU Zhong-yuan, JIANG Yan-cheng, et al.
Study on developmental anatomy of Elaeagnus angustifolia
nectar [J]. Plant Research, 1998, 18(1): 34-37

R AL, SR FsR AR JB I (Elaeagnus) 73 AR T
[7]FEIHF 7T, 2005,25(3):268-270

HUANG Jun-hua, MAI Maitijiang. Xinjiang Elaeagnus
plants Classification discussion [J]. Plant Research, 2005,
25(3): 268-270
I AL ERE R B SR
SR FU[I] £
WANG Ya, ZHAO

Wi

essential il con 0
extraction and fWeﬂ@cy ¢ [J]. Food Industry Science and
Technology,2008;29(5):92-94

KR 3, KPS 22 S S8l v A HE R i AR 2 1 gy B LR L
LB AT L] AR A R L 4,2003,24(7):11-13

LIU Ye-& Duo-long, WANG Qin. Study on chemical
components fingerprint of volatile oil from Elaeagnus
angustifolia [J]. Perfume and Perfume Cosmetics, 2003, 24
(7):A11-13

T R PR B 28 2 e, A5 B A R - R B o s 2 P )
SEMAIKH 24 R RAEAHIMI[CY/2013 Hh EIR SR
FREARELRICHE2013,20:354-358

ZHOU Min-feng, SUN Xin-yang, QIN Hong-bing, et al.
SPME-GC-MS determination of 24 kinds of semi volatile
organic compounds in surface water [C]/ Papers of the
Annual Meeting of the Chinese Academy of Environmental
Sciences, 2013, 20: 354-358

FWF, B, ESLH IR S CO, AR B HIBF7E
T B IAAEI T )] B REE R, 2007 (3):1-4
WANG Yan, JU Tao, WANG Li-xin. SFE-CO, and GC-MS
study on the aromatic components of Ningxia angustifolia
flower [J]. Perfume and Perfume Cosmetics, 2007, 3: 1-4
Aviv A, Alexander B Fialkov, Tal A. What can be improved
in GC-MS-When multi benefits can be transformed into a
GC-MS revolution [J]. Int J Analytical Mass Spectr Chrom,
2013, 6(1): 31-47

TRIEZE kv MM, S5 DR EHE RO 22 B K GC-MS
ST AR £ i A2£,2011,32(16):233-235

QIAO Hai-jun, YANG lJi-tao, YANG Xi, et al. GC-MS
analysis of chemical constituents of volatile oil from flowers

[J]. Analysis and Detection of Food Science, 2011, 32(16):

249



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.7

(10]

250

233-235

T3 BRI R, A DU AN [F) i AR B A K W)
A3 43T [T AE AR 22244, 2015,33(1):116-125

DING lJia-wen, CHEN Yi-tong, XIE Xiao, et al. Four
different extraction methods of volatile constituents of the
flowers of Elaeagnus angustifolia [J]. Journal of Plant
Science, 2015, 33(1): 116-125

AERTT INVEIE, AR, A D AUR AN JFAETT R KIFRAL 2ifh
FHUEAERERIBT L [T] Ak T FE241,2006,22(3):158-161
SHI Cui-fang, SUN Zhi-da, XIE Bi-jun, et al. Study on
extraction of proanthocyanidins from Elaeagnus angustifolia,
purification and antioxidant properties [J]. Journal of
Agricultural Engineering, 2006, 22(3): 158-161

VLA A ARIM]AL A2 ol ARk, 2003

SUN Bao-guo. Edible flavoring operation [M]. Beijing:
Chemical Industry Press, 2003

ARAPRVF 2R, — T T AT B S RIS A URTAR TH
[ 77325, ,CN200710113722[P]2008-02-06

SONG Yong-kuai, XU Sheng-hua. A dry method for
extracting aromatic and essential oils from aromatic plants,

Chinese, CN200710113722 [P] 2008-02-06

[14] H F5 it B4 B, 5 AE TE ks A7 B S A E T

WFFC[] & S kAR 2013,1:77-79

GAN Xiu-hai, ZHAO Chao, ZHAO Yang, et al. Study on the
chemical constituents of the essential oil of Gardenia and
oxidation [J]. Food Industry Science and Technology, 2013, 1:
77-79

o A 2 VT 2 TR R B - U B - 5 3
TP R 8 9] A6 5 AT T ,2008,17(3):21-23
ZHOU Hai-mei, QI Jun-chao, DONG Miao-ju, et al.
SPME-GC-MS analysis of volatile components in peony
flower [J]. Chemical Analysis Measurement, 2008, 17(3): 21-
23

Henyi Ju, Ku u, et al

Optimization of the
oil in supercritical car
American Oil C’mﬂ&o 1y, 2010, 87(9): 1063-1070

Marija Radojkovie, Zoran Zekovic, Rezica Sudar, et al.
Optimization of solid liquid extraction of antioxidants from
black mulberry leaves by, response surface methodology [J].

Food Technelogy and Biotechnology, 2012, 52(3): 146-155



