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Beer, a malted beverage loved throughout the world, is manufactured by fermenting malt, but the aroma and taste vary 
depending on the type of malt and fermentation method.

Aroma compounds in food and beverages are analyzed using a GC-MS system, which offers superior qualitative analysis 
capabilities, but determining which of the hundreds of detected compounds affect aroma requires a lot of work processing 
vast amounts of data. A wide-scope target analyses using the special database was done for the comprehensive analysis of 
aroma compounds. A wide-scope target analysis is based on the database that contains pre-registered compounds’ 
characteristics (e. g., retention time, target ion, mass spectrum, odor quality) and achieves both efficiency and accuracy. 
Acquired data were processed and analyzed by multivariate data analyses in order to calibrate and visualize beer 
qualifications.

1．Introduction
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Figure 1 Wide-Scope Targeted Analysis



2. Special Database
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In this study, we used GC-MS with Special Database for aroma  in order to evaluate beer samples. The Smart Aroma 
Database was used for comprehensive analysis of aroma components. This database can be used to easily create 
methods without having to consider analytical conditions, by following the steps indicated in Figure 2.

The Smart Aroma Database includes analytical condition settings and sensory information for over 500 important 
compounds that contribute to aroma. For scan mode measurements, the presence of compounds registered in the 
database can be determined automatically based on retention time information, ion information, and mass spectrum 
information. For SIM and MRM mode analysis, methods can be created for high-sensitivity accurate analysis of 
compounds targeted for quality control.

Figure 2  Analysis Process Flow Using Smart Aroma Database 
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Figure 3 Information Registered in Smart Aroma Database



3. Methods
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In this study, in order to evaluate the difference of  brands, seven types of commercially sold beers were used as 
samples. 8 g of beer and 3 g of NaCl were sealed in each vial and measured. 

Solid Phase Microextraction (SPME) Arrow was used at the pre-concentration. SPME is a method used to adsorb 
compounds into a fiber to concentrate them before injection into a GC unit
. That offers the advantage of higher sensitivity analysis. Table 1 shows Analytical Conditions.

Table1 Analytical condition for aroma analysis
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Figure 4 AOCTM-6000 Plus + GCMS-QP2020 NX

https://www.shimadzu.com/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-6000-plus/index.html


5

4. Results
Compounds were identified based on the retention time information, ion information, and mass spectrum information 

registered for each compound in the Smart Aroma Database. As a result, 204 aroma compounds were identified. Acquired 
data were processed and analyzed by Principal Component Analysis (PCA)  in order to calibrate and visualize beer 
qualifications. Results from principal component analysis(PCA) of the detected compounds are shown in Figure 5 and Figure 
6. This enabled classification of each beer based on score plot results. In combination with the loading plot, the results 
showed which relatively high-concentration compounds each beer contained. The relatively high-concentration compounds 
and the aroma characteristics of barrel-aged and IPA beers are indicated in Table 2. The results show that the barrel-aged 
beer contains higher concentrations of rich sweet aroma compounds, such as honey, vanilla, and coconut, whereas the IPA 
has higher concentrations of herb and grass aroma compounds. 
SIMCA 17  software (INFOCOM CORPORATION) was used for PCA.

Table 2 Relatively High-Concentration Compounds in Each Beer
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Figure 5 Score Plot Figure 6 Loading Plot
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➢ This article describes R&D analysis of beer aroma compounds using an SPME Arrow, which enables pretreating samples 
to highly concentrate aroma compounds, in combination with the Smart Aroma Database, which enables efficient 
detection of aroma compounds. 

➢ This resulted in identifying 204 aroma compounds. Then a principal component analysis of those results confirmed the 
characteristic aroma compounds of each beer.

➢ Using The Smart Aroma Database for a wide-scope targeted analysis eliminates the need for time-consuming 
reconsideration of analytical conditions and checking data. 

Consequently, it can simplify acquisition and data analysis.

5. Conclusions
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