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Study on the volatile components of Epimedium

extract and its pyrolysis products”
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Abstract Objective: To investigate the flavor components of Epimedium extract and analyze pyrolysis products of
the extracts from Epimedium. Methods: Ultra fast gas phase electronic nose was adopted to analyze volatile com-
ponents in ethanol extracts of Epimedium and the alcohol extracting process of Epimedium was optimized by orthog-
onal experiment. Epimedium extract was pyrolysed to simulate cigarette smoking by TG — GC — MS. The lysates of
Epimedium extract were analysed in a nitrogen environment, and the possible lysate mechanism of the products
was reasonably speculated. Results: 22 volatile components were detected in the ethanol extracts of Epimedium at
different concentrations. Concentration of Epimedium extracted with 60% ethanol was superior than others. Analy-

zing pyrolysis products of Epimedium extract, 78 compounds were identified at 150, 300 and 450 °C ,
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including aldehydes, ketones, alcohols, phenols, furans and benzene series. Conclusion: Ethanol extraction of

Epimedium contains many aromatic volatile components. A large number of ketones, alcohols, phenols, furans

and other volatile aroma compounds are produced after pyrolysis of Epimedium extract.

Keywords: Epimedium; e —nose; volatile components; orthogonal experiment; TG — GC — MS; pyrolysis
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Tab.1 Experimental parameters of gas chromatography

electronic nose

ZfF(condition) 244 (parameter )
FESHL (sample bottle ) 20 mL
i (sample size )/l 200
FEFEARF (injection volume )/ L 2 500
LIRS (incubation temperature )/ °C 40
WK EsHE] (incubation time ) /min 20
WS (injection speed )/ ul « s ™! 125
2R [E] (injection duration)/s 25
FERE T (injection port temperature ) /°C 200
JERE T H 7 (injection port pressure) /kPa 10
AR IREE ( capture temperature )/ C 40
FHEEBI /3T B ( capture trap diversion speed)/mlL « min -1 10
HAERFSETA] ( capture duration)/s 30
IHEE B2 (capture trap final temperature )/ °C 240
FEIRRIEAY R (column initial furnace temperature )/ °C 40
VIEIRZL (initial temperature line)/s 10
SKAEMFE] (collection time)/s 270
M ERIRLEE ( detector temperature )/ °C 260
FID 325 (FID gain) 12

FFFHE (program heating) 1°C - s7' & 80 C, {545 20 s (to 8 C at
1°C -s7! keeping 20 s);1 °C - s 120 C,
542230 s (10 250 °C at 1 °C +'s ! keeping 30 s)
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Tab.2 Orthogonal experimental factor level table

K- AR EE
(level) (solid - liquid ratio) /(g + mL~")

B JEI ]

(‘extraction time)/h

C FEPEL

(‘extraction times ) /¥X

Dz 15
(blank column)

1 1:15
2 1:18
3 1:21

1 1
2 2
3 3
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UmL « min™ "5 4R be 20 15 FHIRFR Y 9 4 I B
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Jot % 2%« AL B 2kl FE 280 °C, MS 1L B U5 5(
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Tab.3 Main compounds in Epimedium extract
75 RV R/ aa] ORI fA .
(No.) MXT -5 MXT -1701 (compound ) (smell sensory description)
1 405 459 FH R F 5 ( methyl formate ) / -+ - - =
2 419 459 =W (timethyl amine) FBl(piquancy) + o+ o+ o+
3 479 630 2 - HI3E -2 - NEE(tert — butanol ) / - - - - %
4 488 519 J}kE(pentane) WA (mint) -+ - - -
5 551 670 TEPEE(1 — propanol ) %, Ei(aroma, piquancy) - + - - -
6 614 681 LR ethyl acetate) FEMBRITAR (caramel sweet ) -+ - - -
7 632 691 PIERHiE (methyl propionate) R (fruity) -+ - - -
8 726 769 IF T ( butanethiol ) / -+ - - -
9 799 867 TR LM (ethyl butyrate) FEBIR (caramel sweet ) -+ - - -
10 816 815 Ja\ -2 — M (trans -2 - octene) / - - - - 4
11 982 1029 H M (myrcene) Fr S E A% (lemony ,costus) -+ - - -
2 1143 1182 g2 - B (trans — rose oxide) HOERAER (rose) + - -+ o+
13 1144 1295 3-8 -2 — HI%E —4 — NEAHA(3 — hydroxy —2 — methyl —4 —pyrone) £ (caramel sweet) - -+ - -
14 1258 1395 REAERE (neral ) Fr U, (lemony ) -+ - - -
15 1316 1295 +=i(tridecane) &7 (orange) - - -+ 4
16 1420 1626 T TP ( deltanonalactone ) HBF75 ( coconut ) o+ o+ o+
17 1500 1 500 +# k5% ( pentadecane ) %575 (tea) - -+ - -
18 1500 1644 AR 215 (ethyl cinnamate ) PfE 148 (cinnamon , honey) - + - - -
19 1524 1689 A 5 328 ik ( myristicin) ¥, AR (piquancy, costus)  + - -+ +
20 1525 1644 FERR SN TiE ( cinnamicacid , isopropyl ester) BEEA , SR 7 (amber, fruity) -+ - - -
21 1599 1599 IF 17545 ( hexadecane ) L (fruity) - -+ - -
2 1789 1877 +DUIZ 2, B8 (ethyl myristate ) SIS (iris oil) -+ - - =
H(note) : “ + 7 F/nA 47 (indicates the detected component) 3 — 7 7R A ) 43 (indicates the component is not detected) ;A ~ E 4354t 3%

50%~90%  FEHEHUA 7 - 22 (represent 50% —90% ethanol extraction of Epimedium)
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Fig.1 PCA plot of Epimedium extracted with ethanol with different
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Fig.2 Effects of material liquid ratio( A ), extraction time(B) and extraction times(C) on the extraction rate of Epimedium extract
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x4 EXTREARKFRIBER

Tab.4 Factors levels and results of the orthogonal experiment

e ABHREL B 4 [A] C PR EL RS
(No.) ('solid — liquid ratio) (extraction time)/h (‘extraction times) (paste yield) /%
1 1 1 1 18.01
2 1 2 2 21.00
3 1 3 3 23.13
4 2 1 2 21.95
5 2 2 3 24.20
6 2 3 1 19.78
7 3 1 3 24.63
8 3 1 20. 17
9 3 3 2 22.05
K1 62. 14 64.59 57.95
K2 65.93 65.37 65.00
K3 66. 85 64.96 71.97
k1 20.71 21.53 19.32
k2 21.98 21.79 21.67
k3 22.28 21. 65 23.99
R 1.57 0.26 4.67
x5 EFEERYAESW
Tab.5 Analysis of variance of ethanol extract of Epimedium
T KW eSOl H e ¥ P P
('source of variance ) ('sum of squares of deviation) (degree of freedom) ('mean square )
A 4.15 2.00 2.08 15.90 0. 06
B 0.10 2.00 0.05 0.39 0.72
Cc 32.73 2.00 16. 36 125. 28 0.01
D(ixr%) 0.26 2.00 0.13
100 A B
90 0
80 - —;
f\; 0 g -0.000 2 -
X3 5
5 S -0.0004 1
g 07 K
E 22 | E“f -0.000 6
201 :? -0.000 8 -
10 ¥
-0.001 0

100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 I 000
T/C T/C
B3 EFEEREH TG L% (A)F1 DTG ik (B)
Fig.3 TG(A)and DTG (B) curves of Epimedium extract
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Fig.4 TG - GC -MS TICs of Epimedium extract at 150, 300 and 450 °C respectively
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WHRACEY) . BEFRIREE ETE AERGRRE T R AR R O R ORI ) SRR TEN R (1
IRIZL, 240%™ FEONEE W2k R LRI R s 2, 4 - =HIORAE, IS, 78 450 i, JFAG R 21 2%
Pro HIRBETHE 2 450 Cif ,ﬁéﬁﬁﬁ%ﬁlﬁﬁig, REMG LR RS,

x6 ARBETHEFERTHARBESY

Tab.6 Pyrolysis products of Epimedium extract at different temperature

B ] oo B IE K] B it
(retention " il },ljvgﬁ% PURCRE  DURRRE (relative content)/%
time )/ min (compound) (CAS)  (Match) (R.Match) 150 °C 300 °C 450 C
2.075 BRI cyclopropyl carbinol ) 2516 -33 -8 814 845 / / 7.639
2.522  NZ&(propanedioic acid) 141-82-2 812 832 13.289 / /
2.53  HZff(anhydride with formic acid acetic acid) 2058 -42 -6 842 855 / 4632  /
3.169  PNFEE(] — hydroxy 2 — propanone ) 116 -09-6 834 864 5.366  1.160 /
4.751  HZE(toluene) 108 -88 -3 933 933 / / 9.130
5.387  iEEEE(1 - octane) 111-65-9 835 838 / / 1.403
5.492 DU (4H — pyran —4 — one, tetrahydro — ) 29943 —42 -8 800 800 2.036 / /
5.975 2 - BTN (2 - cyclopenten —1 —one) 930-30-3 813 835 / 2176/
6.410  Hfis(2 — furanmethanol ) 98 —00 -0 901 932 2.257 / /
6.581  Z%(ethylbenzene) 100-41 -4 936 954 / / 2. 404
6.763 X HIZE(1,4 - xylene) 106-42-3 953 962 / / 6.546
7.363  TJE(n —nonane nonane nonyl hydride) 11-84-2 912 925 / / 1.311
7.398  FHELER MR (2 — methyl —2 — eyclopenten —1 — one) 1120-73 -6 842 856 / 0.554 /
7.492 4 - FZRET RS (butyrolactone) 9% -48-0 854 874 1.503 / /
7.775 (1,4 - benzoquinone) 106 -51 -4 817 836 / 1532 2.324
8.375  IEPNHE(propyl —benzene) 103-65-1 915 936 / /  0.628
8.475 5 — HILLWEMHE (5 — methyl -2 — furancarboxaldehyde ) 620-02-0 914 943 4.094%  / /
8.510  [H]ZHEFIAE(1 - ethyl -3 — methyl — benzene) 620 -14 -4 904 924 / / 1.535
8.575 4 — ZIHEHIZE(1 — ethyl —4 — methyl — benzene) 622-96-8 915 937 / / 1.274
8.920  ZK}(phenol) 108-95-2 861 886 0.839 14.043 6.869
9.122  ¥=HIZE(mesitylene) 108 -67-8 924 936 / / 2.388
9.175 1,2 -3 (1,2 - cyclohexanedione) 765 -87-7 912 949 / 2.275 /
9.228  %%%i(decane) 124-18-5 916 936 / / 1. 124
9.592 3 - FIEEFAR — 1,2 - (3 — methyl 1,2 — cyclopentanedione ) 765 -70 -8 868 877 / 0.915 /
9.604 1,24 - =HIFHHE(1,2,4 - imethylbenzene) 95-63-6 840 840 / / 1.970
9.681 4 — SFPELFI%E(4 — isopropylioluene) 9 -87-6 864 869 / / 0.39
10.086 2 — FIfi$(2 — methylpheno) 95-48-7 92 945 / / 2.301
10.092 4 - ¥4k —2.5 - —HIHL —3(2H) BEIR (furaneol ) 3658 =77 -3 883 898 0.526 / /
10.222 1,3 - —Z32E(1,3 - diethylbenzene) 141-93-5 820 836 / / 1.079
10.375 1 - HJk -2 - F2E(1 — methyl -2 — propyl — benzene) 1074 17 -5 876 889 / /0,49
10.463 Xt HIEZRE (p — cresol) 106 -44 -5 823 853 / .06 3.051
10.545 4 - 248 HI%E(4 — ethyl — 1,2 — dimethyl — benzene) 934-80-5 803 826 / / 0.300
10.592 1,3 - 3L -4 - 23 (1 — ethyl -2,4 — dimethyl - benzene ) 874 -41 -9 868 887 / /0.3
10.686  AIBIAE:(guaiacol ) 0-05-1 889 900 / 2.710 /
10.921 3,7 - —HIH —1,6 -3¢ 0% -3 - FEHFARK (1,6 — octadien —30l,3,7 - 115-9-1 835 857 0.22% / /
dimethyl - formate )
10.933  +—4¢(undecane) 1120 -21 -4 905 R1 / / 1.413
1033 2,6 - —HIHZER (2,6 — dimethylphenol ) 516-26-1 825 75 / / 1. 044
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Syl e YIRS IR | G

(retention . PSR R PR (relative content)/%

time ) /min (compound) (CAS)  (Maich) (R.Match) 150°C 300 C 450 °C
11063 ZFE2FE(maltol) 118 -71 -8 809 849 / 0.629 /
11.104 2 — FEEZEIF00 (2 — methylbenzofuran ) 4265-25-2 905 932 / / 0.840
11.286 1,2,4,5 - JUHAE(1,2,4,5 — tetramethylbenzene ) 95-93-2 910 921 / /022
1.292 5 - 23k =45 -2(3H) — W[ 5 — acetyldihydro —2(3H) — furanone ] 29393 -32-6 876 889 / 0.677  /
11.651 2,4 — —HIEEHEM (2,4 — dimethylphenol ) 105-67-9 862 894 / / 1.653
11921 XF ZHA W3 (p ~ ethylphenol ) 123-07-9 876 888 / 1061 0.283
12.127 3 - EJ7(3 - carene) 13466 -78 -9 801 821 / 0.813  3.703
12.133 T ZHR—Z W& (butanedioic acid diethyl ester) 123-25-1 936 952 0. 646 / /
12.316  ZF2K 3 (pyrocatechol ) 120-80-9 826 845 / 1.438 /
12.480  Z TN (allyl acetate) 591 -87 -7 843 857 0. 306 / /
12.510  +—%i( dodecane) 112-40-3 862 885 / / 1. 101
12.651 5,6 — —HIHEI Bk (5,6 — dimethylbenzimidazole) 582-60-5 814 846 / / 0.567
12.710 2,3 - &I (2,3 - dihydro — benzofuran ) 496 -16 -2 844 854 5341 6.513 /
12.810 4,7 - —HIJLIEIFMNE (4,7 — dimethyl — benzofuran) 28715 -26 -6 854 874 / / 0. 853
12.886 3,7 - 3L —7 — SEME[3,7 — dimethyl, (s) =7 —octen —1 —ol ] 6812-78 -8 822 846 0.531 / /
13.021 4 - ZFHZEREE(L - ethyl -4 — methoxy — benzene) 1515-95-3 819 847 / / 0.300
13.380 3 - HiJk —4 — 2L (3 — methyl —4 — hydroxy — benzaldehyde ) 57295 -30 -4 804 837 / 0.173 /
13.439  X§#E M (hydroquinone) 123-31-9 886 897 / 2,183 1.831
13.610 3,4 - —FHEIL (3,4 - dihydroxyacetophenone ) 1197 -09 -7 840 858 / 0.405 /
13.974  1E-=Hi(tridecane) 629 -50-5 833 855 / / 1.017
14.027 2 - H13L25(2 - methylnaphthalene) 91-57-6 860 876 / /o 0.441
14.139 X ZMEHEAIE AR (2 — methoxy —4 — vinylphenol ) 7786 -61 -0 843 856 0.259  0.874 /
14.298 2,6 - —FASEEHIR(2,6 - dihydroxybenzoic acid) 303-07-1 840 862 / 0.307  /
14.445  HEREATE (1 - formate 4 — methoxy — benzenemethanol ) 122-91-8 807 821 / 0.169  /
14.615 %8 T #E(2,6 — dimethoxyphenol ) 91.10. 1 927 945 / 1968  /
14.892 X THIEZMAL1 - (4 - butylphenyl ) ethan — 1 —one ] 37920 -25 -5 851 875 / 0.202 /
15.345 Pk tetradecane) 629-59 -4 886 890 / /0.830
15.557 1,5 - —HI%2%(1,5 - dimethylnaphthalene) 571-61-9 817 847 / / 0.360
15.780 2,6 — —HI%:2%(2,6 — dimethylnaphthalene) 581-42-0 901 934 / /0.428
15.998 ST 7812 — methoxy —4 — (1 — propenyl) phenol ] 97-54-1 853 874 /0 0317%  /
16.368 3,7 — 3L 6 — 224 T RS citronellyl butyrate) 141-16-2 813 835 0.431 / /
16.639  +H i ( pentadecane) 629-62-9 90 938 / / 0. 640
16.815 2,2 — (2 - WRIIE) Fi%E[ 2,2 = (1 — methylethylidene ) bis — furan ] 17920 -88 -6 852 868 /0 0210%  /
16.956 4 — ¥HE -3 — FIAHZENEA[ 1 - (4 - hydroxy —3 — methoxyphenyl ) — 2503 46 -0 883 899 / 0.351 /

2 — propanone |

17.509  2,3,5 - =HIXZ5(2,3,5 — trimethyl — naphthalene ) 2245-38-7 925 937 / / 0.625
18.650  beta — #%1-FZ( beta — eudesmol ) 473-15-4 813 829 0.416  0.351 /
19.856 42BN (benzyl benzoate ) 120-51 -4 854 879 / 0.139  /
20.503 7 4 (neophytadiene ) 504-96-1 917 923 2,031 12625  /
20.568  3,7,11,15 — PUHISL -2 — 2505 (3,7,11,15 — tetramethyl -2 — hexadecene) 2437 -93 -6 899 899 / L2717/
20.956  M4EE(3,7,11,15 — tetramethyl -2 — hexadecen — 1 —ol) 7541 49 -3 900 905 / 4,463 /
21.392 RPN (phenethyl phenylacetate) 102-20-5 869 889 / / 0.154
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