
Beer-taste 

nonalcoholic beverage

Beer-taste 

alcoholic beverage

Lager beer B Ale beerLager beer A

Classification of beer types using metabolic profiling
Yusuke Takemori1,Takero Sakai1, Tsuyoshi Nakanishi1,Shuichi Kawana1,Yuichi Yotsuyanagi1, Robert Clifford2

1 Shimadzu Corporation, Kyoto, Japan, 2 Shimadzu Scientific Instruments, Columbia, MD 
227

1. Introduction
In food science, global metabolite analysis, or ‘metabolomics’, is increasingly applied to a number 

of value-added food production areas including food-safety assessment, quality control, food 

authenticity, origin and processing. GC-MS/MS and LC-MS/MS are widely used for measuring 

the total amount of metabolites in a sample. Selection of the appropriate instrument to be used is 

based on the target compounds and the objective. In this study, a mass spectrometry–based 

metabolomics approach was applied to differentiate and classify five types of beer (two lager 

beers, an ale type beer, a beer-taste alcoholic beverage and a beer-taste non-alcoholic 

beverage). GC-MS/MS and LC-MS/MS techniques were used to target amino acids, organic 

acids, sugar and nucleic acid-related compounds which are known to be the compounds 

associated with sweetness, bitterness and perceived flavor in food and beverages. Statistical 

analysis of the detected compounds by PCA and HCA clearly differentiated five types of beer. 

Figure1 Selection of the appropriate instrument for quantitative metabolomics   

GC-MS(/MS)

• Measurement of several hundred 

compounds in a single run

• Robustness

LC-MS/MS

• Efficient routine analysis of specific 

compounds (up to 100)

• Measurement of high-molecular 

weight and non-volatile compounds

2. Method

LC-MS/MS : Nexera system + LCMS-8060

Software : Method Package for Primary Metabolites 

(97 compounds)

UHPLC conditions (Nexera system)

Column: Discovery HS F5 150 mm×2.1 mm, 3.0 mm

Mobile phase A: 0.1% Formate/water

B: 0.1% Formate/acetonitrile

Flow rate: 0.25 mL/min

Time program: B conc.0%(0-2.0 min) -25%(5.0 min) –

35%(11.0 min) –95%(15.0.-20.0 min) – 0%(20.1-25.0 min)   

Injection vol.: 3 mL   Column temperature: 40°C

MS conditions (LCMS-8060)

Ionization: Positive/Negative  MRM mode  DL Temp.:250°C

HB Temp.:400°C  Interface Temp.:400°C  Drying Gas:10 

L/min 

Nebulizing Gas:2.0 L/min Heating Gas:10 L/min

GC-MS/MS : GCMS-TQ8040 

Software : Smart Metabolites Database (475 compounds)

GC conditions 

Column: BPX5（30 m ×0.25 mm I.D., 0.25 μm）

Carrier Gas: He   Control Mode : Linear velocity (39.0 cm/sec)

Injection Method : Split   Split Ratio : 30

Oven Temperature : 60°C (2 min) - 15 °C/min - 330 °C (3 

min)

MS conditions 

Ion Source Temperature : 200 °C  

Interface Temperature : 280 °C

Tuning Mode : Standard   Measurement Mode : MRM   

Loop Time : 0.25 seconds   MRM Transitions : 950 Transitions

Five types of beer were analyzed by GC-MS and LC-MS triple quadrupole mass spectrometers. 

For statistical analysis, Traverse MS software (Reifycs Inc.) was used.

Table1 Pretreatment procedure and analytical condition in GC-MS/MS

0.2mL degassed beers

An internal standard※ was added.

Samples were centrifuged.

Samples were methoximated and 

trimethylsilylated. 

※ 2-Isopropylmalic acid (0.5 mg/mL)

0.2mL degassed beers

Two internal standards※ were 

added. 

Samples were centrifuged with 

a centrifugal filter (MWCO 3kDa).

The filtrate was diluted to 200 

folds in purified water. 

※Morpholinoethanesulphonic acid

(MES; 50 μmol/L ) 

+ Methionine sulfone (50 μmol/L)

Table2 Pretreatment procedure and analytical condition in LC-MS/MS

3. Data analysis 

Area or height for target 
compounds are displayed as a 
matrix table.

Figure 2  Multiple chromatograms displayed by MRM outlook function of Traverse MS

Traverse MS data analysis software (Reifycs Inc.) is intended for high-speed processing of 

MRM data acquired with Shimadzu triple quadrupole GCMS and LCMS systems in the field 

of targeted metabolomics. Figure 2 shows multiple chromatograms displayed by MRM 

outlook function of Traverse MS software. This functions enables to display the 

chromatograms for a single compound from multiple samples side-by-side. First single 

reference data is loaded by Traverse MS software. Then peak identification for this data is 

automatically carried out by the characteristic algorism. The parameter (ex. R.T., peak 

shape and reference ion etc.) used to identify the target peaks is applied to all data. If 

necessary, manual peak identification is also performed for some metabolite peaks. In this 

step, the MRM outlook function helps the operator to confirm peak identification from all data. 

Thus Traverse MS software identifies the peaks for the target compounds and calculates 

area or area ratio for IS. Then principal component analysis (PCA) and hierarchical 

clustering analysis (HCA) were performed by using  the area ratio calculated by Traverse 

MS software. 

4. Simultaneous analysis of primary metabolites
245 and 58 compounds were detected by GC-MS/MS and LC-MS/MS. Figure 3 shows the 

MRM chromatogram of a lager beer A. The MRM chromatogram of GC-MS/MS showed 

comprehensive measurement of several hundred compounds, and  whereas the MRM  of LC-

MS/MS showed the measurement of specific metabolites including amino acids, organic 

acids and nucleic acid-related compounds.

Figure 3  MRM chromatogram of lager beer. (a) GC-MS/MS  (b) LC-MS/MS 
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5. Principal component analysis 
By Traverse MS software, principal component analyses (PCA) for GC-MS/MS and LC-

MS/MS data were performed. As the results, five types of beer were successfully classified in 

both methods.

Figure 5  PCA for results of LC-MS/MSFigure 4  PCA for results of GC-MS/MS
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The PCA for GC-MS/MS (245 compounds) 

The five types of beer were separated in the score plot. In the loading plot, some sugars 

were the strong relation to the five types of beer. Especially, the ale beer contained more 

lactose and maltose than other beers. Maltose, which is one of the sugars in wort, is 

utilized by beer yeasts. In the ale beer, a lot of maltose were remained compared to other 

types of beers. According to the results, the utilization of beer yeast in the ale is different 

from others.

The  PCA for LC-MS/MS (58 compounds) 

The five types of beer were classified in the score plot. The loading plot shows five types of 

beer were characterized by some amino acids (proline and branched-chain amino acids) 

and nucleosides. Especially, the beer-taste nonalcoholic beverage contained more leucine 

than other beers. In beer-taste nonalcoholic beverage, soy protein was added for making 

the taste closer to beer taste. The leucine in the beer-taste nonalcoholic beverage is 

probably due to the soy protein.

6. Hierarchical clustering analysis
The hierarchical clustering analysis (HCA) was performed to evaluate the similarity between five 

types of beer. In this experiment, statistical analysis was carried out by using area ratio of 245 

compounds in GC-MS/MS. Figure 6 shows the result of HCA. The result indicated that five types 

of beer were roughly classified into three groups. One was a group containing lager beer A, beer-

taste alcoholic beverage and lager beer B, second was group containing non-alcoholic beverages 

and finally the other was a ale beer. Furthermore, the compounds contributing to the 

characteristic of each beer were corresponding to the result of PCA (ex. lactose, maltose and 

galactose).

Figure 6  Hierarchical clustering analysis for five types of beer in GC-MS/MS 

7. Conclusion   
 In five types of beer, 475 and 97 compounds were simultaneously analyzed by GC-MS/MS and 

LC-MS/MS.As the results, 245 and 58 compounds were detected.

 Principal component analysis (PCA) for 245 and 58 compounds in GC-MS/MS and LC-MS/MS 

successfully categorized five types of beer.

 According to the loading plots in GC-MS/MS and LC-MS/MS, lactose, maltose, some amino acids 

(proline and branched-chain amino acids) and nucleosides played important roles for classification 

of beer types.

 Hierarchical clustering analysis (HCA) for 245 compounds (GC-MS/MS) successfully classified 

five types of beer and determined the similarity between five beers.

 The combination of widely-targeted metabolomics approached by LC-MS/MS and GC-MS/MS with 

statistical analysis (PCA and HCA) could be a very powerful tool to evaluate the quality of foods.

 In the future, by a combination of a sensory test, correlation of metabolites with a flavor and a 

taste could be evaluated in more detail.


