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Abstract Objective:To analyze the variation of volatile components during oxidative rancidity of Scorpion, and
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identify the main components resulting in the rancid flavor of Scorpion. Methods: Scorpion samples were subjec-

ted to accelerated oxidation experiment for 50 d, starting from 0 d, and sensory evaluation of the sample was
performed every 10 d. At the same time, the volatile components were detected by solid phase microextraction
GC - MS(SPME - GC — MS). Six groups of data were obtained. The volatile components obtained were searched
by computer, and the results were matched with the NIST 20 database to determine the chemical structure of that.
Meanwhile, the relative content of volatile components was calculated by using 2 — octanol as internal standard,
and the main components of Scorpion’s rancid flavor were screened out through principal component analysis and
cluster analysis. Results: A total of 51 volatile components such as aldehydes, acids and furans were detected, of
which 43 were common to six groups of data. There were significant differences in the content of volatile compo-
nents of Scorpions in different oxidation time periods, with aldehydes being the highest, with an average content of

101.33 mg - kg~
accounting for 27. 95% .

', accounting for 54.45% , followed by acids, with an average content of 52.01 mg « kg ™',
With the prolongation of the oxidation time, the Scorpion appeared to have a rancid
flavor, when oxidized for 50 d, a heavy rancid flavor appeared; at the same time, the content of volatile compo-
nents of all categories showed an increasing trend, among which the content of heptanal, nonanal, n — octanal,

2 — butyl -2

an increase of multiples of 4 times to 44 times. Through principal component analysis, three principal components

—octenal, 4 — oxo —2 —nonenal , hexanoic acid and 2 - n - pentylfuran increased significantly, with

were screened out with eigenvalues above 1 value, among which the eigenvalue of principal component 1 was

40. 451,

acids and furans. Six groups of samples were divided into four categories by cluster analysis, which was consistent

and the contribution rate of that reached a 79.32% , the main influencing factors included aldehydes,

with the results of sensory evaluation. Conclusion: Seven volatile components, heptanal, nonanal, n — octanal,
2 — butyl -2

the production of rancid flavor of Scorpion. This experiment provides a new technology and new method for the

—octenal, 4 — oxo —2 - nonenal, hexanoic acid, and 2 — n — pentylfuran, are the main substances in
development of simple and precise monitoring of the oxidative rancidity process of Scorpion, and to provide a
research basis for the improvement of Scorpion quality standard.

Keywords: Scorpion; oxidative rancidity; volatile components; rancid flavor; solid phase microextraction — gas

chromatography — mass spectrometry ; accelerated oxidation test; principal component analysis; cluster analysis
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Tab.1 Sensory evaluation results
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ck 0 7 (no) J(no)
yl 10 13 (no) Ji(no)
2 20 (yes) 2 (mildly)
v 30 R(yes) K2 (mildly)
v4 40 & (yes) FEE (moderately )
5 50 (yes) TP (severity)
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Tab. 2 Relative content of volatile components in Scorpion

61 B
s 7
> 4
Q
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g
s 29
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# 1 l
0. b Ll 1
0 30 40 50 60 70 80

Fre %%Eil‘ﬂ Wiy Zrit(content)/ (mg - kg ™)
(No.) ?retentlo'n ( component ) CAS

time ) /min ck yl y2 y3 v4 y5
1 3.134 % (pentanal ) 110 -62 -3 1.3124  1.4036 17322 1.7458 21674 23610
2 5.347 % (hexanal ) 66 -25 -1 19.2210 21.9978 27.6966 26.5231 30.7419 37.484 3
3 9.005 Bl (heptaldehyde) 111 -71 -7 11659 1.7395 4.6731 4.5969 6.9450 13.068 1
4 11.253 2 — IR (2 - pentylfuran) 3777-69-3  1.0612 1.9307 7.2324 8.0685 16.5303 34.5277
5 12.270 %[ (pentanol ) 71 -41 -0 0.3577 0.529 26076 28063 4848 66317
6 13.812 3¢ (octanal ) 124 -13-0 20024 25247 7.0183 66105 10.4308 12.760 5
7 15.184  JZ3 -2 — PGS (E -2 — heptenal ) 18829 -55-5 20133 2.4625 1.4933 1.3044 0.8981 1.4718
8 15.710 2 - 2.3 -2 - CJ#E(2 - ethyl -2 — hexenal ) 645 -62 -5 0.2450 0.3054 1.4398 1.5978 4.6809 7.6447
9 17.299 2} (hexyl alcohol ) 111 -27 -3 0.06002 0.0727 03153 0.2763 0.6448 0.8285

10 18.641 2 — Ffid(2 — nonanone) 821 =55 -6 / / 0.1350 0.0773 / /
11 18.914  T:f#%(nonanal ) 124-19-6 42350 43196 10.5723 9.8902 11.9083 15.3255
12 19.325 3 —SEM -2 —filil(3 — octen —2 —one) 1669 -44 -9  2.5372 2.7275 43320 40311 42577 5857
13 20.312 R -2 - M (E -2 - octenal ) 2548 -87-0  3.0185 3.1766 2.1067 1.8085 1.2929 1.4880

14 21.008 2 — BEHLMENR (2 — heptylfuran) 3777 =71 -7 / / 0.1607 0.2793 / /
15 22312 1 -3¢ -3 - (1 —octen -3 —ol) 3391 -86-4  0.5437 0.6839 0.9665 0.8690 1.7346 3.2110
16 22.324 1 - F#fE(1 - heptanol ) 111 -70 -6 0.1405 0.1704 07047 0.7015 1.6023 26283
17 22,696 2 - PNKE -2 — BHEE (2 — propyl —2 — heptenal ) 34880 —43 -8 / / 0.8461 1.0733 4.0760 5.0850
18 23.705 2 —Ziil(2 - decanone) 693 -54 -9 0.022 0.0459 0.0760 0.0855 0.1719 0.3546
19 23.978 3% (decanal ) 112 -31-2 0.1024 0.2700 1.0099 0.9443 0.5010 0.9704
20 24.427 3 —FH5 -2 — (3 — nonen —2 — one) 14309 -57 -0 / / 0.0595 0.0539 0.0798 0.1396
21 24.555  ZEHIEE (benzaldehyde) 100 -52 -7 1.4922 11775 20113 1.9949 27121 6.0108
2 25.375  Jxik -2 - Ml (E -2 — nonenal ) 18820 -56 -6  0.9529 1.0134 1.9070 1.7275 2.3987 3.9%5
23 25.901 2 —EHEIE (2 — octyltetrahydrofuran ) 4179 -38 -8 / / 0.4059 0.3983 0.4155 0.5489
24 26.982 3,5 -3¢ -2 (3,5 - octadien —2 — one) 30086 -02-3 1.0880 1.1588 1.0321 0.9215 1.5708 2.3532
25 27.230  HRFG (octyl formate) 112-32-3 0.1205 0.1821 0.887 0.8372 1.6203 2.7% 4
26 27.478 2 - TH -2 - B (2 - butyl -2 — heptenal ) 73757 -26 -3 0.0335 0.0533 0.3%47 0.5057 1.6077 23719
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- 1962 -
F (%)
o) %%E‘JZI‘EH Wiy £r& (content)/ (mg - kg ')
(No.) ?retentlo'n (component ) CAS
time ) /min ck yl y2 y3 v4 y5
27 28.439 2 - ik -2 - FHE -1 - (2 - pentyl -2 - 25564 -22 -1 0.0572 0.0771 0.4441 04025 0.6614 17179
cyclopenten — 1 —one)
28 30.358  Jz -2 - Z&4EEE(E -2 - decenal ) 3913 -81 -3 2.3588 29100 5.3059 50109 51513 6.0210
29 30.653 6 — +—¥E(6 — hydroxyundecane) 23708 -56 -7  0.2155 0.2672 0.3165 0.4977 0.3743 /
30 31.614 2 — T3k -2 — 3EHEEE(2 - butyl -2 — octenal ) 13019 -16 -4 1.1253 1.4013 9.5393 10.5145 29.5122 49.010 6
31 32.362 vy - AR (+y — caprolactone) 695 -06 -7 0.0196 0.0386 0.3738 0.38370 0.5730 1.2048
32 32.366 SN R (isovaleric acid) 503 -74 -2 0.0664 0.0937 0.1920 0.1468 / /
33 32.769 2,4 — T I (2,4 - nonadienal ) 6750 -03 -4 25136 27805 24464 21133 21919 1.7060
34 35.101 2 - 5% (2 — undecenal ) 53448 -07 -0  1.4901 1.5490 3.2841 2.8227 2690 3.0247
35 35.289  JfR(valeric acid) 109 -52 -4 0.0511 0.0916 1.2843 1.1748 1.4908 3.8766
36 35.721 w3l -2,4 - B WE(E -2 ,4 - decanedialdehyde ) 25152 -83 -4  0.5838 0.4146 0.2469 0.1837 0.1651 0.2863
37 36.669  NHBEAE(y - heptalactone) 105 -21 -5 / / 0.2241 0.2281 0.5182 0.9024
38 37.439 2.4 - B IR (2,4 - decadienal ) 2363 -88 -4 4.6754 4.5566 3.3076 22003 0.8013 1.0912
39 37.755 1 -4 ZME[4.5]%% -2 — il (1 - oxaspiro[4. 5] 699 -61 -6 0.2003 02445 17291 1.882 3.1796 5.1164
decan —2 —one)
40 39.836 R (hexanoic acid) 142 -62 -1 50244 80590 28.3478 27.9906 55.0281 94.0226
41 40.468  ZEHIE (benzyl alcohol ) 100 -51 -6 0091 00922 02927 0.0679 / /
2 41.327 IR (y - octalactone ) 104 -50 -7 0.1676 0.1768 1.2862 1.3048 2.3797 4.0194
43 2.079 X ZH8FFE(1,4 - diethoxybenzene ) 28593 -13-7 0.2157 0.2593 1.3772 1.3728 1.9325 2.8748
44 44.135  PFfiR (heptanoic acid) 111 -14 -8 0.2095 02131 42427 4.0221 81729 14.3513
45 45.109 2 - B3E -3 — M2 (2 — methyl -3 — pentenoic acid) 253 —610 -6 0.0572 0.0771 0.4441 0.4025 0.6614 1.7179
46 45.463 4,5 - - E -2 - B3I51E(4,5 —epoxy - E -2 - 134454 -31 -2 0.6554 0.8366 1.1458 0.9429 0.5775 0.8583
decenal )
47 45.681 N TP ( gamma — nonanolactone ) 104 =61 -0 0.026 0.0857 1.1322 1.2078 21752 4.0115
48 47.583 4 - %L -2 - T (4 - oxo =2 — nonenal ) 103560 -62 -9 0.8018 1.1017 6.6444 6.0914 9.33901 13.9106
49 48.250  “EfR(octanoic acid) 124 -07 -2 0.323 04116 49203 47027 9.4882 15.393
50 52.181  T:fiR(nonanoic acid) 112 -05-0 0.0756 0.0977 22545 21740 4.4424 17.3342
51 52.677 2 —J4MR(2 — octenoic acid ) 1871 -67 -6 / / 0.4405 0.3668 0.324 1.0119

7 (note) : “/” Fe/R A H (means not detected )
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Fig. 2 Relative contents of volatile components in Scorpions at dif-

ferent time of accelerated oxidation
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Fig.3 Cluster analysis of volatile components in Scorpions with different accelerated oxidation time
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Tab.4 Sensory evaluation results at 40 °C
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