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Analysis of Volatile Compounds of Pingyao and Yueshengzhai Spiced Beef by Gas
Chromatography-Mass Spectrometry

QI Yan-mei, CHEN Hai-tao*, TAO Hai-gin, SUN Bao-guo
(School of Food and Chemical Engineering, Beijing Technology and Business University, Beijing 100048, China)
Abstract : The volatile compound composition of Pingyao and Yueshengzhai spiced beef was analyzed by simultaneous
distillation extraction (SDE) followed by gas chromatography-mass spectrometry (GC-MS). The results indicated that 64 and
65 volatile compounds were identified in Pingyao spiced beef and Yueshengzhai spiced beef, respectively Limonene, ethyl
acetate, 2,3-pentanedione, 3-hydroxy 2-butanone, benzaldehyde, benzeneacetaldehyde, tetradecanal, pentadecanal, hexadecanal,
ethanol, dihydro-2-methyl-2-3(2H)-furanone, furfural, 5-methyl-2-furan, carboxaldehyde, 1-methoxy-4-(1-propenyl)-benzen
and hexadecanoic acid were simultaneously found in both brands of spice beef. The unique compounds of Pingyao spiced beef
were (E)-2-octenal, 3,4-dimethyl-benzaldehyde, isopropyl alcohol, 2-butanol, methyl-pyrazine, 2,6-dimethyl-pyrazine, acetic
acid, n-decanoic acid and so on. As for Yueshengzhai spiced beef, the unique compounds were 1-methyl-4-(1-methylethyl)-1,4-
cyclohexadiene, caryophyllene, 2-heptanone, 3-methyl-6-(1-methylethyl)-2-cyclohexen-1-one, (E)-Cinnamaldehyde, eucalyptol,
3,7-Dimethyl-1,6-octadien-3-ol, 4-Methyl-1-(1-methylethyl)-3-cyclohexen-1-ol, 1-(2-Furanyl)-ethanone.
Key words: spiced beef; volatile constituents; simultaneous distillation extraction (SDE); gas chromatography-mass
spectrometry (GC-MS)
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Table 1 Identified volatile compounds and analytical information about them in Pingyao and Yueshengzhai spiced beef

A 5 1 1%

TR TR

LR B ] /min LRy EAS ¥l Py ye TR SO VLRCRE e Jiik
2.32 octane 4% CsHas 0.07 0.49 797/800M 95 MS. RI
2.70 4-methyl-octane 4- F 3L ¢ CoHao 0.21 852/823 91  MS. RI
3.17 nonane T-§i CoH2o 0.10 907/900 95 MS. RI
5.13 toluene H 2§ C7Hs 0.04 1029/1028“ 87 MS. RI
6.54 undecane +—%¢ CuHaa 0.02 1098/1100 71 MS. RI
8.71 limonene F7 1544 CioH1s 0.19 0.17 1190/11918! 98 MS. RI
9.83  1-methyl-4-(1-methylethyl)-1,4-cyclohexadienef2 il CuoHus 0.04 1237/12381 83 MS. RI
9.99 1,3,5,7-cyclooctatetraene PR PUsd CeHs 0.06 1244 96 MS
10.30 3,7-dimethyl-undecane 3,7- —FE - %% CusHoes 0.04 1257 77 MS
11.63 tridecane =t CisHzs 0.09 1314 71 MS
13.93 tetradecane U4t CuHso 0.08 1416 61 MS
14.17 1,2,3,4-tetramethyl-benzene 1,2,3,4- VU FH K CioH1a 0.05 1427/14307 96 MS. RI

bed2  15.60 pentadecane + f1¢ CisHz2 0.96 0.14 14934 89 MS. RI
17.58 caryophyllene J A7 17 H5 CisHas 0.06 1589/159214 64 MS. RI
18.10 hexadecane +75 4t CisHae 0.02 1615 93 MS
19.59 heptadecane -t Ci7Hss 0.25 0.13 1692/1700 96 MS. RI
20.15 naphthalene %% CioHs 0.33 1722/17235 91 MS. RI
21.44 octadecane 1+ /\k¢ CisHas 0.14 1792/1800 90 MS. RI
22.20 2-methyl-naphthalene 2- 1 528 CuHio 0.07 1836 96 MS
23.20 pentadecane /L% CisHao 0.11 1894/19001! 72 MS. RI
26.20 1,15-hexadecadiene 1,15-+/5 4 CisHao 1.01 2077 89 MS
26.49 heneicosane —+—¥%¢ CauH44 0.16 2096/2100 91 MS. RI
28.62 1,19-eicosadiene 1,19- —-iki CaoHass 1.64 0.87 2232 91 MS
29.57 4-methyldocosane 4- F13E — -+ f¢ CasHas 1.01 2294 75 MS
N 401 4.54
2.45 formic acid, ethyl ester & Z. 15 CsHs02 3.53 816/814! 91 MS. RI
fg2k 293 ethyl acetate Z R LI C4HsO2 3.53 0.47 881/88411% 91 MS. RI
Nt 7.06 0.47
3.04 2-butanone 2- ] il CsHsO 0.14 895/893114 82 MS. RI
4.03 2,3-butanedione 2,3- T i C4HeO2 0.13 0.06 966/9710112 86 MS. RI
5.53 2,3-pentanedione 2,3- % /i CsHsO2 0.25 0.11 1048/1056M 91 MS. RI
8.33 2-heptanone 2- i C/H1.0 0.12 1174/1180" 91 MS. RI
10.71 3-hydroxy 2-butanone 3- ¥ 3% -2- T ifi C4HsO2 0.48 0.17 1274/1280031 91 MS. RI
L ESRT 421(Te;:$t£3g)z;§oahi§ql@ﬁne CoHuO 0.11 1662/1669%! 83  MS. RI
3-methyl-6-(1-methylethyl)-
20.09 C1H160 0.13 1719 97 MS
2-cyclohexen-1-ones# i 47 il
21.66 2-tridecanone 2-+ =%t CisH20 0.04 1804/1808" 95 MS. RI
/N 1.04 0.70
3.24 3-methyl-butanal 5 /&% CsH10 0.05 0.06 913/906 75 MS. RI
6.03 hexanal 1 C\fi% CeH120 0.06 0.20 1073/1075" 80 MS. RI
14.03 (E)-2-octenal (E)-2-2F il CsH1:0 0.07 1420/1425% 73 MS. RI
15.93 benzaldehyde 7k F/i% C7HsO 0.51 1.01 1508/1515 96 MS. RI
M 1829 benzeneacetaldehyde i 2, CHsO 0.05 0.03 1625/16234 70 MS. RI
19.75 dodecanal + C12H20 0.10 1700/1708“ 83 MS. RI
21.51 3,4-dimethyl-benzaldehyde 3,4- — FI 3L F CoH10 0.05 1796 94 MS
23.55 tetradecanal |- DU C1aH2s0 1.32 0.80 1914/191004 91 MS. RI
25.31 pentadecanal |- 71/ CisHx0 2.15 1.13 2021 95 MS
25.41 (E)-cinnamaldehyde (E)- P4 H: % CoHsO 1.99 2028/2032151 98  MS. RI
27.04 hexadecanal |-/~ CisHs20 30.90 18.9 2130/212109 94 MS. RI
27.54 cis-7-hexadecenal cis-7-+ /Nl CisHsO 1.71 0.33 2163 91 MS
28.10 octadecanal -/ \ [ CisHsO 2.29 1.87 2198 81 MS
30.79 (2)-13-octadecenal (Z)-13-+ )\ Jsiis CisHx0 5.24 0.89 2361 98 MS
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N . . ARKE 5 1% Sk RN
LREF I 1A] /min REE B s By Ysz ST B VCRCE %o )ik
NS 44.50 27.21
3.40 isopropyl alcohol 5t P CsHsO 0.04 925/926117 87 MS. RI
351 ethanol Z.i CzHsO 2.96 1.24 933/9301 91  MS. RI
4.95 2-butanol 2- T C:HuO 0.05 1020/1019t#! 72 MS. RI
9.00 eucalyptol 4% i CioHi1:0 0.26 1203/12040! 9%  MS. RI
14.47 1-octen-3-ol 1- 4% -3- i CeH10 0.07 1441/144500 80 MS. RI
16.53 3,7-dimethyl-1,6-octadien-3-ol J5 4 CioH1:0 0.77 1538/15481! 91  MS. RI
BE2 17.69  4-methyl-1-(1-methylethyl)-3-cyclohexen-1-ol 4-iffi 4% CioH1s0 0.69 1594/159411 96 MS. RI
19.52 alpha terpneol a- A4 i CuoHi1:0 0.27 1689/1685[ 90  MS. RI
20.93 (E)-2-undecen-1-ol (E)-2-+—4#-1-f¥ CuHz0 0.11 1764 77 MS
22.68 (E)-2-dodecen-1-ol (E)-2-+ —4-1-fi CiH20 2.76 2.41 1872 83 MS
24.88 2-hexyl-1-octanol 2- T\ -1- % C1H30 0.20 1994 76 MS
26.36 (E)-2-tridecen-1-ol (E)-2- = #-1-% Cu:Hz0 1.82 2088 84 MS
27.72 87.11-trimethyl-1-dodecanol CisHz20 0.40 2175 75 MS
: 37,11- =W -1- | ‘
28.04 1 2-hexyl-decanol 2- C.3% -1- 28 CisHa:0 0.29 2195 75 MS
28.71 (E)-2-tetradecen-1-ol (E)-2-- U -1-i% CuHz0 0.24 2238 76 MS
30.35 1,16-hexadecanediol 1,16- 17N} CisH02 19.10 5.32 2338 % MS
Nt 26.91 12.09
2.42 thiirane PR Z.4% C2H.S 0.45 813 78 MS
9.48 2-pentyl-furan 2- iF J& LMK CoHuO 0.05 0.13 1223/12311 9  MS. RI
10.19 dihydro-2-methyl-2-3(2H)-furanone CsH:O: 0.14 0.07 1253 83 MS
' 2- F3E 4 -3(2H)- W i ' ’
10.23 methyl-pyrazine 2- H S L& CsHsN:2 0.04 1254/12601 81 MS. RI
11.74 2,6-dimethyl-pyrazine 2,6- — F BNl s CsHeN: 0.03 1318/13191 70  MS. RI
14.02 2-furfurylthiol 2-IKIi FRR CsHs0S 0.13 1420 80 MS
14.65 furfural fis CsH40: 0.12 0.14 1449/14474 97  MS. RI
A . 15.55 1-(2-furanyl)-ethanone 2- 7. Fif KM CsHsO2 0.10 1490/149714 91  MS. RI
B 16.97 5-methyl-2-furancarboxaldehyde 5- F KR CsHs02 0.04 0.17 1559/155511 91 MS. RI
JZ%  18.06 acetylpyrazine 2- Z. kit s CsHsNz0 0.09 1613/161812 72 MS. RI
Wk 1871 2-furanmethanol % CsHsO: 0.19 0.20 1646/164721 97 MS. RI
19.21 3-thiophenecarboxaldehyde 3-WEwy FH i CeHsS 0.06 1673/167812! 87 MS. RI
19.78 5-methyl-2-furanmethanol 5- FF 3 -2- 15 i i i CsHs0:2 0.04 1702 87 MS
19.85 3-(methylthio)-1-propanol 3- F1 i 1L i CH:S(CH2):0H 0.17 1706 98 MS
19.98 5—methyl—2—thiophen§carbo>§aldehyde CHOS 0.09 1713 86 MS
' 5- FJk -2- Wy I '
24.29 1-(1H-pyrrol-2-yl)-ethanone 2- 2 F§E K&k CsH/NO 0.04 0.12 1959/1959124 93  MS. RI
24.74 tetradecyl-oxirane 1,2-R 4,175 5¢ CisHa20 2.98 2.03 1986 84 MS
25.18 4-methoxy-benzaldehyde T 4 ik 4 T i CeH:O: 0.05 2.00 2013/20111 95  MS. RI
27.26 L-(4-methoxyphenyl)-2-propanone CioH120: 0.56 2145 90 MS
: X B SE RS T '
27.85 hexadecyl-oxirane 1,2-344 1 )\ CisHs0 1.10 1.04 2182 90 MS
SR 4.88 7.49
_ 18.90 estragole i 7 7R 4 2 TV i CioH10 0.08 99 1656 MS
2182 1-methoxy-4-(1-propenyl)-benzen 55 7y fixi CioH120 0.85 20.50 1813 98 MS
SR 0.85 20.58
14.28 acetic acid Z./#% C:zH.0: 0.23 1432/143514 91  MS. RI
28.98 n-decanoic acid 5% CioH20: 0.06 2256/2258(201 90 MS. RI
IR 40.40 tetradecanoic acid VY& CuHz0: 0.23 2683 99 MS
47.35 n-hexadecanoic acid /<& CisHz20: 417 454 2900/2900127 99 MS. RI
It 4.69 454
23.30 butylated hydroxytoluene CisHaO 0.10 0.72 1899/19028 9%8 MS. RI
' 2,6- U T ALy ' ' )
2% 25.06 2-ethyl-3-hydroxy-4H-pyran-4-one 234 21} C7HsOs 0.48 2006 95 MS
29.58 24-bis(L,1-dimethylethyl)-phenol CuH20 0.09 2295 9% MS
: 2,4- RUT BN '
NS 0.19 1.20
Bt 94.13 78.82

T MS R Mk RICH IR B REGE,
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