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Changes of Volatile Flavor Substances of Beeves in Spoilage Process
Based on Gas Chromatography—Ion Mobility Spectrometry and
Electronic Nose

ZHAO Zhiping, ZHANG Shengyuan, CHEN Hongfan, LING Ziqing, JIA Xiaohan, LIU Dayu’

(Meat Processing Key Laboratory of Sichuan Province, Chengdu University, Chengdu 610106, China)

Abstract: In order to investigate the changes of volatile flavor substances in the process of beeves spoilage, beeves with
different storage time were employed. The volatile flavor substances of beeves in spoilage process were analyzed by using
gas chromatography ion transfer spectroscopy (GC-IMS) and electronic nose. The results showed that a total of 55 volatile
flavor substances were detected through GC-IMS, mainly including 12 ketones, 10 alcohols, 9 esters, 8 aldehydes and 4
hydrocarbons. GC-IMS and electronic nose analysis indicated that the types and contents of volatile flavor substances
significantly increased during the spoilage process. The alcohols, aldehydes, esters, acids, furans, pyrroles, thiophenes,
amines, pyridines and ethers continuously increased during the spoilage process. However, ketones, hydrocarbons, and
sulfur compounds gradually increased and reached peak at the seventh day, and then gradually decreased. PCA and PLS-
DA analysis suggested that there were significant differences in volatile flavor substances of beeves in spoilage process.
Sixteen different volatile flavor substances were identified by variable importance for the projection (VIP) value, with the
extension of storage, the contents of irritating and unpleasant flavor substances such as n-hexanal-D, n-hexanal-M,
butyraldehyde-M, butyraldehyde-D, tetrahydropyrrole-M, isoamyl-D, isoamyl-M, n-propanol-D, 2,3-butanedione gradually
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increased, which could be used as potential biomarkers to distinguish beeves with different degrees of spoilage. This work

provides a theoretical basis for monitoring beef spoilage process.

Key words: beef; spoilage; volatile flavor substances; gas chromatography-ion transfer spectroscopy
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Ko LA RAR cas  m RTDT TR
(min)  (ms) DO D3 D7 D10

Al SN 67-63-0  931.7 306.941 1.08831  520.35+97.27° 215.83+36.89" 79.19+37.91° 152.84+30.70"
A2 L 64-17-5 942.1 312.924 1.12888 2636.34+170.78° 4379.72+424.92° 5313.26£152.40°  5036.93+164.20°
A3 G 78-92-2  1028.7 381.419 1.14981  72.10+6.27° 93.66+13.15° 252.50+6.98" 568.69+67.65°
A4 IEANEE-D 71-23-8  1044.7 399.803 1.24883 646.98+103.50°  565.89+20.00°  1835.43+30.24°  5819.81+940.28"
A5 IEPEE-M 71-23-8  1044.7 399.803 1.11204 2655.544251.01° 2462.51+100.54°  3763.96+81.39°  4524.69+72.58"
A6 S TB-D 78-83-1 1097.6 461.304 136762  122.06+22.74°  256.52+121.20°  682.95£167.50°  863.90+141.58"
A7 FTE-M 78-83-1 1101.8 470.853 1.17240 400.44+£126.61°  467.19+28.30%  585.43+31.39°  475.45+102.88"
A8 — IETEED 71-36-3 11475 574.081 1.38348  265.08+58.75 223.50+2.63° 489.36+85.29° 627.78+126.92"
A9 IETE-M 71-36-3  1147.5 574.081 1.18332 2192.66+125.63°  1974.50+33.31°  2785.49+124.12"  2934.42+279.92°
A10 1-J3J5-3- 1% 616-25-1 1157.3 596.104 1.35001  48.80+8.57° 56.07+7.39% 79.27+15.73° 249.56+26.97°
All S IE-M 123-51-3 12143 748.874 1.49567  183.41+14.95 277.44+45.68"  2358.99+461.41° 3726.41+1971.03°
Al2 SEINEE-D 123-51-3  1214.7 750.432 1.24934  451.52+36.59°  1888.82+335.87° 6682.02+583.79" 7749.64+1705.49"
Al3 IEEE-D 71-41-0  1262.1 908.547 1.51394 708.00£151.71°  1154.81+£732.43° 2772.38+1490.23" 4816.31+379.89"
Al4 IEEE-M 71-41-0  1262.6 910.056 1.25493 3062.55+465.05° 4239.92+1643.61° 6668.44+1886.33" 8665.77+200.58"
AlS IECE-D 111-27-3  1363.7 1224347 1.64693  324.62+40.99° 315.28+19.17°  471.34£177.22°  947.37+268.69°
Al6 IECEE-M 111-27-3  1363.7 1224347 1.33069  560.07+37.84°  846.28+£194.58° 2724.47+1302.31° 4735.02+808.51°
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