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, B95A (
. o ). UWave-1000 / /
, (
, ). 5975B-6890N -
, y (12] ( Agilent )N / /
) (divinylbenzene/carboxen/polydime-
y 0. 149%, thylsioxane, DVB/CAR/PDMS) (
, MARTIN-LAGOS % Supelco ) o
: L2
’ 2,4& L21 -
V3.4 12 :
’ ’ D o -
- , (QODN
’ ’ - (g » mL '), (min) .
(gas chromatography-mass spectrometry, GC- (r+min'). (W) ’

MS) )
1
L1
: HR2168 ( ( )
) .DIKW-4
( ) . RE-2000A
( ). SHB-

1

35.40,45.50.,55.60 C;
1:2,1:4,1:6,1:8,1:10,1:12g+mL™";
2.,3.,4.5.6.7 min;
100,150,200,250,300,350 r * min ';
200,400,600,800,1 000 W,
3 o
2) o ,

5 4

Table 1 Factor and level of orthogonal experiment

Factor
Level A /°C B /(g e mL™1) min D /(r+ min—1) E /W
1 40 1:4 3 150 300
2 45 1:6 4 200 400
3 50 1:8 5 250 500
4 00 1:10 6 300 600
122 55 C 120 min,
b b
500 g , 35 C o

60 min " ,
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L23 280 C, 280 C,
] . 20~800 m/z,
10 mL (0.1 mol« L") L33
, 10 mL , o 20 mL (
( 1:1), 100 mlL., NIST107) ., , )
( 0.5%), .
(0. 1 mol« L7Y) ,30 s 14
’ ° SPSS 20
) 3 , +
(g mL) = (Mean+SD) .
2C,V, —C,V3) X 0. 027 04 X Vy/(w X V)
(D, 2
(L .G
(mol + L™1);V, (mLy; 21
G, (mol « L71);V, 211
(mL);V,
(mL);V 1 , 35~50 C ,
(mL) ;w (mL) ;0. 027 04
(0. 05 mol «+ L™Y) , 50 C ,
(g), 0.220 7% £0. 001 9%,
124 )
(%) = m /W, X 100 ,
(2), )
2) :m 50 C,
(g); W,
(). £ oo
L3 4 T |
L3 1 £3T oul
Se8 ot
lg ’ E%S 016}
20 mL . 4@2 o
i .45 °C 20 min. 2 3540 45 50 55 60
45 C 10 min. TR Microwave temperature/ C
,250 C 3 min, GC-MS 1
1171 Fig 1 Effects of microwave temperature on yield of
1.3 2 GC-MS organic sulfur-containing compound in tillering onion
e : GC 2. 1.2
280 C; (He) 1. 0 mL * min !;
: 50 : 1; HP-35 5 , ,
; 60 C 3 min, 10 C ¢« min™* ,
280 C, 15 min; l1:6gemL ! |, ,
280 "C. MS , 70 eV, 0. 246 5% 40, 004 8%,
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, o ) 55 C, 1:8gemL ",
400 W, 6 min, 300 r « min ',
2.2 500 W
0. 277 1% =£0. 002 3%, -
b
A>E>C>B>D, ’
- - - - 0. 216 3% +0. 002 9% 28 11%.,
, A/B,C,D.E, , O min
A,B;C,D,E;, °
b b
2
Table 2 The results of orthogonal design
Factor
Yield of organic
Level B ¢ b £ sulfur-containing
/C /(gemL™1) /min /(re+ min—1) /W compound/ %
1 1 1 1 1 1 0. 086 7+0. 002 3
2 1 2 2 2 2 0.123 1+0. 001 5
3 1 3 3 3 3 0. 180 1+0. 003 3
4 1 4 4 4 4 0.173 2+0. 002 1
5 2 1 2 3 4 0.174 1£0. 002 6
6 2 2 1 4 3 0. 163 0£0. 001 9
7 2 3 4 1 2 0. 157 5+0. 001 8
8 2 4 3 2 1 0. 106 9£0. 002 6
9 3 1 3 4 2 0. 110 9+0. 003 4
10 3 2 1 3 1 0. 099 80. 001 0
11 3 3 4 2 4 0. 183 7+0. 002 2
12 3 4 2 1 3 0.196 1+0. 003 0
13 4 1 4 2 3 0. 252 8+0. 002 4
14 4 2 3 1 4 0.198 9+0. 003 5
15 4 3 2 4 1 0. 237 1+0. 001 9
16 4 4 1 3 2 0. 157 1+0. 002 8
K1 0. 563 1 0. 624 5 0. 506 6 0. 639 2 0. 530 5
K> 0. 601 5 0. 584 8 0. 730 4 0. 666 5 0. 548 6
K3 0. 590 5 0. 758 4 0. 596 8 0. 6111 0.792 0
Ky 0. 845 9 0. 6333 0. 767 2 0. 684 2 0.729 9
k1 0. 140 8 0. 156 1 0. 126 7 0. 159 8 0. 132 6
k2 0. 150 4 0. 146 2 0. 182 6 0. 166 6 0. 137 2
k3 0. 147 6 0. 189 6 0. 149 2 0. 152 8 0. 198 0
ky 0. 2115 0. 158 3 0. 1918 01711 0. 1825
R 0. 070 7 0. 043 4 0. 065 2 0. 018 3 0. 065 4
, N N . A>E>
C>B>D, )
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3

Table 3 Orthogonal experiment results of variance analysis

F
Sources of variation Sum of squares Degrees of freedom Mean square error F value Significance
A 0. 039 3 0. 013 2093 162 * %
B 0. 003 3 0. 001 140. 718 * %
C 0. 010 3 0. 003 563. 882 * %
D 0. 006 3 0. 006 75. 912 * %
E 0. 026 3 0. 009 1 375. 730 * %
Error 0. 007 32 0. 000
Total variation 2. 699 48
.k (P<C0. 05); % % (P<C0. 01),
Note: * indicates significant difference (P<Z0. 05); % % indicates extremely significant difference (P<C0. 01).
23 GC-MS Q002 1%, o -
1 ) (SDE) ,  GC-MS
15 , ’ . CHENG
. 6. . e GC-MS ,
N N N

b

~[22]
39, 067 8% + 0. 004 3%, - MIETHING

14. 157 0% +0. 007 1% 7. 387 2% + ’
0. 005 2%,
2,4~ W3.5 -1,2,4 °
. . 20 579 1%+ ’
Q005 9%, 14 157 0%+ Q 007 1%. 3 759 9% =+ °
4

Table 4 Composition analysis of organic sulfur-containing compounds in tillering onion

Number Compound name Molecular formula Retention time/min  Relative content/ %
1 Thietane, 1-oxide Cs Hg OS 3. 855 2. 913 740. 001 7
2 2,4~ 2 ,4-dimethyl-thiophene Ces Hg S 5. 335 20. 579 1£0. 005 9
3 Methyl 1-propenyl disulfide Cy Hg Sy 6. 276 1. 966 940. 004 1
4 -2- -3- Cis-2-ethyl-3-methylthiophane C7Hus S 8 749 8334 1+0. 001 9
5 ( ) Acetic acid, (propylthio) -, methyl ester CeHi2028 8 993 3.229 3£0. 008 5
6 2,2- -1,3- 2., 2-dimethyl-1.3-dithiane CsHi2S2 9. 167 4. 345 440, 006 3
7 Diallyl disulphide Ce Hi0S2 9. 428 3,759 9£0. 002 1
8 Methyl allylthioacetate CsHi1002S 9. 620 4, 487 240. 006 2
9 3- -2-( ) Propanoic acid,3-mercapto-2-(mercaptomethyl) CiHs0O2S; 10. 482 8 324 94+0. 006 3
10 2- -3.,4- -2,3- 2-mercapto-3,4-dimethyl-2, 3-dihydrothiophene Ce Hi0S2 10. 935 18. 488 7£0. 008 5
11 Trisulfide, dipropyl CsHi14S3 12. 589 1. 660 40, 004 2
12 3,5- -1.2.4- 3,5-diethyl-1,2,4-trithiolane Ce Hi2S3 13. 077 14. 157 040. 007 1
13 1- -2-(3,5- 4= ) 1-methy}2-(3,5-dimethylthien-4-yD) disulfide C7Hi0S3 15. 594 4,107 6£0. 004 2
14 1- -2-(4- 2= -5- ) 1-propyl-2-(4-thiohept-2-en-5-yD) disulfide CoHigS3 16. 247 1. 587 2£0. 006 4

15 4-(2,4,6- ) -2-  4-mesityl-2-thiazolamine Crz Hia N2 S 17. 336 2. 058 440. 006 2
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Optimization and Component Analysis of Ultrasonic-microwave Synergistic
Extraction of Organic Sulfur-containing Compounds From

Allium cepa L. var, agrogatum Don

ZHANG Yanling' , QIN Yuting” . ZHAO Wenting*® ,LIU Hongcheng”* .LIU Tingting*"’
(1. Jilin Engineering Normal University, Changchun, Jilin 130052; 2. College of Food Science and Engineering, Jilin
Agricultural University, Changchun, Jilin 130118; 3. Key Laboratory of Technological Innovations for Grain Deep-
processing and High-effeciency Utilization of By-products of Jilin Province., Changchun, Jilin 130118; 4. Engineering
Research Center of Grain Deep-processing and High-effeciency Utilization of Jilin Province, Changchun, Jilin 130118;
5. Scientific Research Base of Edible Mushroom Processing Technology Integration of Ministry of Agriculture and Rural
Affairs,Changchun,Jilin 130118)

Abstract; Taking Allium cepa L. var. agrogatum Don as test material, organic sulfur-containing
compounds were extracted by ultrasonic-microwave synergistic extraction. The process optimization
test of organic sulfur compounds were carried out,and the components of extraction were separated
and identified by gas chromatography-mass spectrometry in order to provide a reference for further
research and development of functional components of Allium cepa L. var. agrogatum Don. The
results showed that the optimal extraction process was the microwave temperature of 55 “C, the ratio
of material-liquid of 1:8 g+ mL™', the synergistic time of 6 minutes, the stirring speed of

', and the ultrasonic power of 500 W. The yield of the organic sulfur-containing

300 r » min~
compounds obtained under the above conditions was 0. 277 1% 4 0. 002 3%. Under this condition,
fifteen kinds of organic sulfur-containing compounds were obtained. The higher content was
thiophenes 39. 067 8% =+ 0. 004 3%, followed by trisulfide compounds 14. 157 0% £ 0. 007 1% and
thioethers 7. 387 2% 0. 005 2%. Among them, the relatively high content of organic sulfur-containing
compounds was 2,4-dimethyl-thiophene,3,5-diethyl-1,2,4-trithiolane,diallyl disulphide.

Keywords: ultrasonic-microwave synergistic extraction; Allium cepa L. var. agrogatum Don; organic

sulfur-containing compounds;gas chromatography-mass spectrometry



