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CHEMICALLY TRACKING SPOILAGE OF MEAT
USING VOLATILE MASS SPECTROMETRY

In this application note, we demonstrate the use of the Advion expression 
Compact Mass Spectrometer (CMS) coupled with a volatile APCI 
(vAPCI) ion source to directly detect several key chemicals given off of 
meat as it spoils at ambient temperature.



INTRODUCTION

The CDC estimates that 1 in 6 Americans contract a foodborne illness every year. Spoiled food, such as meat, 
is one source of foodborne illness. Spoilage occurs as bacteria and fungi populate and decompose the dead 
tissue, producing toxins which make the meat inedible or even poisonous.
 
While the process of meat spoilage is complex and varies depending on the meat, microorganisms, and 
environment (temperature, presence of air, etc.), there are common chemicals that are produced as meat 
spoils. These compounds can be analyzed by various methods to test for spoilage. Analysis by GC/MS or 
LC/MS requires extraction and derivatization of such compounds. We instead explored a technique to directly 
analyze the gas-phase compounds in the head space surrounding meat. 

This application note demonstrates the use of the Advion expression CMS coupled with a vAPCI ion source 
to directly detect several key chemicals given off of meat as it spoils at ambient temperature. Evolution of 
putrescine, cadaverine, and indole were measured over several days as meat spoiled.

Figure 1: Experimental setup of CMS with vAPCI. Figure 2: vAPCI analysis schematic.
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RESULTS AND DISCUSSION

The atmosphere surrounding an enclosed piece of meat was analyzed by vAPCI over the course of a week at 
ambient temperature. As the meat sat at ambient temperature, bacteria broke down proteins and amino acids 
to produce vaious amines. 

Two key amines, putrescine and cadaverine, have such a powerfully bad odor that they are often called the 
“smell of death”. Putrescine is formed by the degradation of arginine, while cadaverine is formed from lysine.

Figures 3 and 4 show the change in production of putrescine and cadaverine over several days. For the first 
day, only small amounds of these amines were produced.



Increased evolution of these amines indicated 
growth of microorganism colonies that break down 
proteins and amino acids. The amines begin to form 
and evolve after Day 1, then rise significantly by Day 
2. The formation of these amines then drops off at 
Day 4, when no significant amount is detected. After 
several days, no more putrescine or cadaverine 
were observed coming from the meat, indicating that 
the bacteria have consumed the arginine lysine in 
the sample.

Later in the spoilage process, indole evolution began. 
Spectra of the head space around the spoiling meat 
for Days 4 through 7 are seen in Figure 5, showing 
increasing amounts of indole production at Day 
5. Indole is formed by bacterial breakdown of the 
amino acid tryptophan and is another indicator of 
spoilage by bacterial growth.

CONCLUSIONS

Using vAPCI to analyze the atmosphere surrounding a piece of meat, we can easily and reliably track formation 
of key compounds stemming from the spoilage of the meat. This technique allows us to measure the compounds 
directly from the gas phase, without any need for extra sample preparation. 

This application shows the capabilites of vAPCI with the Advion expression CMS and its versatility and easy 
of use in analyzing vapor phase compounds, even those that are gases at room temperature.
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Figure 3: Spectra of the first three days of the headspace above the meat at 
ambient temperature showing Putrescine (m/z 89 [M+H]+) and cadaverine 
(m/z 103 [M+H]+) forming on Day 1.

Figure 5: Spectra of the headspace above the meat over four additional days 
showing indole (m/z 118 [M+H]+) forming on Day 5.

Figure 4: The intensities of Putrescine and Cadaverine.


