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Extraction of volatile components from Enshi Tujia smoked bacon
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Abstract: Volatile substances of Enshi Tujia smoked bacon (ETSB) were extracted by Soxhlet extraction,
steam distillation, simultaneous distillation-extraction and headspace solid-phase microextraction, respectively.
The effects of different extraction methods on the distribution and content of volatile substances extracted
were then compared following GC-MS analysis, and the flavor and odor profiles were summarized. The
results showed that the number of components in volatile substances extracted by the four different methods
were 83, 53, 79 and 62, respectively, with 22 in common. The main components were hydrocarbons,
alcohols, phenols, aldehydes, ketones, acids, esters, ethers and other sulfur-containing nitrogen-containing
heterocyclic compounds with the content of phenol extracted by headspace solid phase microextraction the
highest (42016.73 ng/g). Furthermore, odor activity value (OAV) analysis demonstrated that roughly 59
compounds contributed to the flavor of ETSB, among which guaiacol extracted by headspace solid phase
microextraction exhibited the most prominent OAV of 10934. Although different extraction methods had
advantages and disadvantages and could complement each other, the relative content of most volatile
substances obtained by headspace solid phase microextraction was higher in comparison to those extraced
by other methods.
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Table 1 Table of sensory scoring criteria for flavor intensity
AN
FREGE WER BARHALRN
IR ARJE . 2. FORERR B AU A7 A 1Y S 55
VR IR
MR WA
RAEFW HEled:
AR BR Z0BE/K (100 g/L)

W AR SOE 0~1; B 2-3; hiE
4-6; R 7-8; A1 9-10.

1.5.5 #ER WY R0 W ERRE S

T BT AR AS [ A O A A R M) o
MR RIE S 22 Sk, 8 OAV = 1P¥ O35 &t 4
JEHEAT E 50T (PCA) PUL Rtk — 4 R [R]
PR A5 BN R M) B i) B ORI, X T A 2
FE AL G AT TR IR
1.5.6  FIEH

S BE K ] Microsoft Excel 2016 444 2 57 %4
W, IR Origin 2018 k{4 . SPSS 22.0 # 4}
TBtools FAF5E Ml BEAMAEMPATHEE 3 Ik, FeA4h
RUL 3 W B i e 22 320, SCrb b B4
TR

2 HR5H®

21 ATRBAFEZEYRIGREE

28 4 Oy AR UK 4B ) B RN 2 R A
2 FiR,

A 2 A%, Fil SE. SD. SDE L) & HS-SPME
$EELETSB WL MHR, 2 GC-MS Kl 5 4351541
83 Ff, 53 Fh. 79 Fh. 62 FMERMEYIT, HA AR R
ERVEM A 22 Fh. JH SE AR Ew T, &
HEE N ER (15737.83 ng/g ). 4- B 35

(8930.06 ng/g ). HH:M& (14428.13 ng/g ) % ; F SD
FEBIMAGY T, SEEENARE (1957631
ng/g ). 4-HEZEH (8004.71 ng/g ) %% JH SDE 145
P AW, SRS APER (13825.64 ng/g ).
4-FIILZEY ( 6034.25 ng/g ) A7 (6780.20 ng/g ),
ZEE RS SCER[1T A HGE ARl FH HS-SPME 45 51
P&, SR RN (42016.73 ng/g ).
4-F HIR3( 9755.93 ng/g ), AAIAE( 9184.68 ng/g )
o WTUEW, SRA 4 PRI RS 208 ) 4-H
TR AR X AR R

F 2 RRMRBUTIEAT B A K ) B Fh 28 T 7 i
Table 2 Kinds and concentration of volatile substances from different extraction methods
5 LA RIY/RI® R/ (ng/g)
SE (83) SD (53) SDE (79) HS-SPME (62)
¥ (8) 3671.91 (6) 0(0) 1321.15 (2) 3601.80 (4)
1 1-F B3R 4 973/~ 304.83+35.04 — — —
2 P23 1180/1178 — — — 346.08+19.08
3 2-HHEZE 1312/1291 370.04+16.81 — 578.34+17.55 —
4 R 1416/1403 — — 742.81+42.83 —
5 a-FIARM 1420/1407 1401.19+35.07 — — 1387.92+21.04
6 & Jii 1453/1454 1321.56+96.62 — — 1267.74+110.03
7 1,4- Rz 1426/~ 121.96+25.17 — — —
8 2-LIR LR 1433/~ 152.33+15.36 — — 600.06+43.09
2 (10) 5015.69 (7) 740.81 (2) 1586.62 (4) 5363.08 (2)

9 e 858/845 958.17+15.84 646.30+81.43 1206.63+321.37 1051.79+271.49
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Az v RI'/RI° Fritng/e)
SE (83) SD (53) SDE (79) HS-SPME (62)
10 1-Z TR -1 - 1003/~ 450.49+109.22 — — —
11 3-FH B R 857/836 660.48+91.31 — — —
12 1,2-FC 1073/~ 1016.58+148.11 — — 4311.29+304.13
13 a-FATH B 1198/1192 — 94.51£13.25 139.43+17.77 —
14 PS40 1230/1228 — — 84.43+1.76 —
15 3-RSE-2- T - 1 - 1328/~ 99.45+7.32 — — —
16 4-FE E-3- A FE IR I 1521/1542 1460.81£177.11 — — —
17 13- b1 1675/~ — — 156.13+19.11 —
18 RN 1617/1596 369.71+£33.60 — — —
By (46) 89015.54 (30) 46235.97 (17) 46836.04 (31) 123425.89 (27)
19 g 995/974 15737.83+1852.86 19576.31£34.61  13825.64+105.53 42016.73+122.60
20 2-F R 1065/1068 3368.04+987.35  2755.98+290.92  1895.69+18.00 8059.49+126.83
21 AR SN 1074/1085 8930.06+608.19  8004.71£320.30  6034.52+76.96 9755.93+490.69
22 3-FH R 1082/1067 2667.81+£302.86 — — —
23 R 1y 1101/1096 2695.07£316.96  3030.51+46.64 3754.28+29.59 9184.68+133.41
24 2,6- W B 1y 1109/1130 — 1078.72+18.47 — —
25 HHEE 2 2R 1111/1133 1799.82+271.35 — — —
26 2-SER 1144/1148 658.55+68.94 2546.62+111.51 539.23+29.37 616.93+67.69
27 4- 2 FE R 1135/1314 — — 23.57£2.79 —
28 2,4- B} 1146/1181 750.07+149.80 — 994.91+14.16 2487.91+367.13
29 2,5- B} 1146/1109 365.77+23.65 366.74+14.30 250.97+43.12 1897.95+261.81
30 2,3- Ry 1180/1184 188.44+53.47 253.09+40.85 356.02+61.19 574.21+£34.77
31 4-2 SER 1165/1161 2571.07+569.90 165.17£18.51 647.27+23.78 2775.31+496.54
32 3-LHER 1168/1176 — 478.88+83.73 414.34+106.14 509.03+65.95
33 4-H B B 13 1187/1192 2937.88+243.79  3153.27+70.81 4757.16+206.52  9054.50+358.29
34 3,5- T HI IR 1188/1181 1028.00+20.90 812.21+11.41 — 2049.35+108.01
35 3,4- IR 1190/1182 304.51+8.43 — 597.20+59.35 691.32+29.00
36 2- A -5 B 2R By 1189/1191 — — 197.93+17.41 5012.79+421.88
37 1,2-78 1 1204/1219 4679.93+290.80 — — —
38 3,4,5-= H 3L 1304/1331 — — — 163.38+6.82
39 2-7, 5-4- W SR 1223/~ — — — 378.90+71.77
40 2- 5k-6- T 2R 1232/1236 363.46+9.48 — — —
41 2-TE TR HE K 1220/1244 — — 60.22+1.36 —
42 2-2 5E-5-F 3R 1 1237/~ — — 593.05+4.10 626.96+31.94
43 3-Z5-5-H R 1254/~ 469.68+10.17 140.38+2.83 194.70+0.84 583.44+22.23
44 2,4,6- = H [ 1243/1229 214.29+44.04 — 176.46+3.91 190.42+2.51
45 2,4,5-= 1l 1270/~ 785.29+85.62 — 230.64+62.22 —
46 4-Z FEW IR 1277/1268 5695.09+442.17  1304.00£293.69  1782.17+167.28  6339.57+247.45
47 B A 1y 1292/1292 — — 136.04+41.31 —
48 4- A FE AR B 1306/1301 3012.32+137.61 — 732.68+69.87 2806.80+31.23
49 1,2,3- = H A SR 1308/1317 — 139.77+3.14 — —
50 4-fip T BRI 1284/1279 — — 165.84+42.76 —
51 A-JR N FE AR 1337/1258 1085.36+34.47 — — —
52 2,6-ZAUT B-4-HHSR  1501/1513 5690.18+1258.94 — 1406.96+274.80 —
53 4-(2-F He-2- TR I 55 ) 2K 1y 1341/~ — — 418.36+41.45 —
54 2,6-— H A AR 1342/1319 10382.60+545.84  1405.93+15.46 1592.45+478.91  9009.97+62.93
55 40N HE-2,6- R R 1591/1615 1469.42+158.16 — — —
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Az HFR RI/RI® fritng/e)
SE (83) SD (53) SDE (79) HS-SPME (62)
56  THEM 1349/1363 888.13+197.92 — 519.52+36.09 931.71+28.30
57 2-HAIE-S-N -2 IR B 1354/1362 — — 1237.36+69.52 —
58 2-HASE-4- N EE-AR 1 1364/1352 — — 1165.51£389.75  1132.33+116.07
59 2-HEIE-S-[(B)-1-TAM L1 ZEE 1400/~ 1813.20+38.09 — — —
60 5T & 1445/1428 3392.64+104.51 — — 2772.66+194.87
61 (E)-2-WAFE-4-(1-T9ME) KB 1405/1453 — — 890.12+300.95 —
62 3-JA PN EE-6-H AR EE A 1404/1362 — — — 201.09+20.66
63 XTAUT HEARAR W 1480/1493 1984.47+131.63 — — —
64 S-RUTRLfER 1515/~ 3086.56£231.70  1023.68+27.11 1245.23+294.44  3602.53+648.19
K (23) 7013.92 (8) 1390.50 (6) 14880.51 (11) 13006.49 (12)
65 O 833/812 — 846.28+27.59 1925.99£102.48  2920.89+365.23
66 [ 1022/1005 189.28+45.13 — — 810.53+190.62
67 TR 1104/1101 437.49+20.88 — — 594.05+42.99
68 M 860/835 — — 477.67£58.12 1036.83+205.24
69 R 1050/1051 — 144.49+19.51 680.88+10.74 241.81+17.05
70 @ HEZE 1393/1401 935.70+£65.38 — — —
71 5-HUEE WA 970/969 — 262.66+34.03 — —
72 2-En I 1021/1015 — 53.54+7.27 — —
73 (E)-2- M 1065/1058 — — 55.1743.26 384.75+44.07
74 (E)-2-Z8)fmE 1260/1234 442.34+38.97 — — 518.70+62.67
75 (E)-2-TB 1164/1164 — — 63.41+1.26 135.36+13.39
76 2,3,4,5-0 F B DR T 1430/~ — — 199.19£50.40 —
77 N-FJE-2-nk g R 1122/1016 — 19.96+1.49 — —
78 3-HIELRHIEE 1159/1086 80.17+2.41 — — —
79 3,7-H TR 1156/~ — — 67.21£2.74 —
80  PAEEME 1231/1258 1216.28+79.25 — — —
81 (E)-3,7- W 3-2,6-F Il 1270/1273 — — 2603.46+127.26 —
82 (E)-3-HET -2-MHE 1288/~ 442.94+18.08 — — —
83 (E)-2,4-%% "Wl 1320/1340 — — 289.25+93.99 610.15+81.06
84 2,4-TFRHk-o-F LR 1396/~ — 63.57+3.14 — —
85  -pupg 1816/1613 3269.72+46.14 — — 3087.62+405.61
86 TUNEE 1822/1813 — — 6780.20+1884.46  863.28+48.26
87  T\EE 2010/2024 — — 1738.08+420.64  1802.52+305.18
B2 (22) 4892.96 (10) 5268.25 (14) 3113.32 (10) 4017.96 (5)
88 2-FR AR 852/835 — 24.88+1.96 — 100.74+9.64
89 3-FRL-2-BF U -1-Hd 965/969 59.98+10.36 — — 321.47+26.01
90  3-HIEEERNdE-1,2- 1 1032/969 — 543.52+8.09 — —
91  4-FHL-2(5H)- Mk M il 1043/~ 146.04+16.74 94.20+3.30 110.74+36.21 —
92 2,3- T HI R 2- IR R M-1-Mi 1041/1052 — 478.21+78.44 342.12425.87 —
93 FH LIRS 1036/1034 1783.91+251.30 785.50+19.93 975.80+6.64 1916.57+177.56
94 2,2-"HIHE-3-Pif 1052/~ 124.40+18.11 — — —
95  3-Z HLIR-2-K-1-FR 1082/~ — — 110.74+36.21 —
96  4,4- "W HE-2-FF L AE-1- 1098/~ — 182.28+1.20 107.60+37.77 —
97 ZHEIFNIA B 1132/1140 485.56+61.82 129.12+14.24 269.31+2.47 630.01+3.26
98  2,3,4-=HI B I -2-4-1-T 1128/~ — 48.94+3.04 61.87+7.41 —
99 (S)-5-F% H B Ak g - 2- i 1184/~ 117.05+2.69 — — —
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75 ks RIY/RI® frik/(ng/g)
SE (83) SD (53) SDE (79) HS-SPME (62)
100 3,4- " -4-F /P 31 H-2-7 3 nit - 1- R 1221/~ — 131.72+3.94 — —
101 1-#ifi 1285/1307  839.78+410.98  937.30+89.16  431.40£2.93  1049.17+73.00
102 2-§25E-5-FEL 2K 2 R 1311/1316 — 40.11+5.88 — —
103 X 53 P B 2K 2T 1391/~ — 1183.24+77.36 — —
104 2-3F I 13 A G T 1321/~ 611.75+31.36 — — —
105 3,4- 5 -4-T H 31 H-2- 78 IF Mt m - 1 -1 1502/~ — 632.20+147.50 — —
106 4-HAHE-3-FR 5K Z B 1480/~ 351.92+12.14 — — —
107 2-+ HkEHER 1701/1703 — — 422.27+105.85 —
108 2-+-LAEHm 1696/1899  372.57+28.94 — — —
109 7-H1 5~ 1-Ei 1409/~ — 57.03+5.96 281.47£76.77 —
%% (19 33775.82 (13) 1465.85 (4) 9431.02 (10) 2133.72 (4)
110 T 814/822 472.62+99.40 — — 505.34+38.72
111 ¥R 1172/1170  5561.82+370.68  784.71£76.83  327.74+35.89  573.45+47.91
112 T 1267/1280  244.08+30.99 — — 261.71+31.07
113 %W 1359/1357  899.31+£521.39  458.91+11.47  117.69+13.45 —
114 3-TI&IR 821/~ 484.52+51.78 — — —
115 (E)-2-IMHR 965/~ 242.32+35.39 — — —
116 RHER 1161/1193  6507.42+779.56 — — —
117 X H A 2R iR 1414/1451  289.77+40.38 — — —
118 FHHR 1443/1566 — — 1416.51£14.50 —
119 9-75 Mg 1857/1898  798.55+68.59 — — —
120 HEEmR 1556/1567  14428.13£915.32 — — —
121 FFiR 1698/~ — — 218.12+59.89 —
122 HERER 1761/1760  2346.10+127.40 — 509.02+103.97 —
123+ H kiR 1854/1845  1295.17+175.57 — — —
124 AR 1934/1911 — — 456.16+66.83 —
125 FERR 1965/1962  206.01+ 30.18 93.71+4.92 468.90+60.29 793.22+50.73
126 JHR 2104/2104 — 128.52+24.31  2430.01+£745.66 —
127 /SRR 2109/~ — — 3405.99+731.66 —
128 R 2237/2141 — — 80.88+1.64 —
B (1) 2079.78 (3) 2175.08 (6) 1058.22 (4) 1884.01 (3)
129 ZRE R g 974/~ — 153.00+27.08 — —
130 /KA1 R g 1194/1191 — 86.30+4.60 204.30+14.02 —
131 R LT 1245/1229 — 69.37+3.50 103.69£13.70 —
132 LT H R 1506/1520  803.20£72.98  617.19+55.79  660.28+72.01 823.35+43.34
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Fig. 2 Sensory evaluation of flavor characteristics
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extracted by four extraction methods
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