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INTRODUCTION 
 
Metabolomics is an attractive tool to measure the end point of physiology. In the age of where we are becoming more 
aware of what is going into our food, a metabolomics study was conducted to see what particular metabolic signatures 
could be determined from three typical plates of food from the USA. The typical American food plate contained many 
“fatty” ingredients, the California food plate consisted of fruits and vegetables as well as fish whilst the Davis food plate 
consisted of many soy-based products. Many endogenous signatures of the healthier food plate were discovered as well 
as other exogenous and food contaminants, including pesticides. 
 

 

MATERIALS AND METHODS 
 

Three plates of food were taken as being representative of the USA, the state of California and the city of Davis:  
USA Plate: Hamburger: (Bun, Beef, Cheese, Bacon, Lettuce, Tomatoes, Pickles Ketchup), French Fries, Baked Beans, Chocolate Chip 
Cookies (2), Coke (Regular). 
CA Plate: Salmon, Blended brown rice, Sliced Almonds, Lemon Slices, Steamed vegetables (Carrots, Broccoli, Onions, Cabbage &Red Bell 
Pepper), Grapes, Yogurt, Blueberries, Green Tea. 
Davis Plate: White rice, Fried egg, Sesame seeds, Spicy sauce, Tofu, Spinach, Bean Sprouts, Soy Sprouts, Carrots, Zucchini , Radish  
Rice Punch 
For the aqueous extract, each sample was homogenized, freeze-dried and then extracted. The extraction was 
performed with cold 80% methanol/20% water. For the organic extract lipids were extracted using a bi-phasic solvent 
system of cold methanol, methyl tert-butyl ether (MTBE) and water.  The upper organic phase was collected, dried and 
re-suspended for analysis. Data was collected for the aqueous extracts on the TripleTOF® 6600 System and data were 
processed using XCMSplus Software. For the organic extracts, high reoslution MSMSall experiments were conducted on 
the TripleTOF and processed through LipidViewTM Software. The LipidyzerTM Platform was employed as well for 
quantitative lipid analysis. 
 

CONCLUSIONS 
 
• We compared three food plates to find which metabolites come from the diet. Many endogenous 

signatures of the healthier food plate were discovered as well as other exogenous and food 
contaminants, including pesticides 
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Figure 9. LipidyzerTM Platform Results. Total quantitative cholesteryl esters (CE) measurements delivered by the 
Lipidyzer platform. Left: Total CE in each food plate sample (6 replicate extractions from 3 food plates). Note USA plate 
displaying higher total CEs. Right: Quantitative CE molecular species concentrations across the USA food plate. 
 

Figure 4. Table of Other Identified 

Exogenous Compounds. XCMSplus 
allows exogenous compounds such as 
drugs and other xenobiotics to be 
identified too. Here we confirmed the 
presence of many pesticides mainly 
found in the Californian food plate. 

Figure 1. XCMSplus Results from the 

Reverse Phase Chromatography. Both 
the positive and negative mode data 
showed that there were differences 
between the three plates of food, this is 
highlighted by the PCA Scores plot on 
the top left and bottom right. The largest 
difference in the positive ion mode was 
the difference between the Californian 
food plate and the others. The negative 
mode data showed a clear difference 
between all three food plates. 
 
The resulting R2 and Q2 values showed 
that there were in fact three principal 
components that contributed to 
explaining most of the variation amongst 
the samples and the data. 

Figure 5. XCMSplus Results from the HILIC Chromatography. The positive mode data showed that there were 
differences between the three plates of food, this is highlighted by the PCA Scores plot on the top left and bottom right. The 
resulting R2 and Q2 values showed that there were in fact three principal components that contributed to explaining most 
of the variation amongst the samples and the data. 

Figure 6. Table of Identified Endogenous 

Metabolites. XCMSplus Software allows a 
match against the METLIN database at the 
MS1 level. All metabolites were confirmed with 
their corresponding MSMS which were 
collected for every precursor using SWATH® 
Acquisition. 

Figure 2. The Interactive Cloud Plot. The 
cloud plot displays features whose intensities 
are altered between sample groups. Up-
regulated features are represented as circles 
on the top of the plot and down-regulated 
features are represented as circles on the 
bottom of the plot, where the size and the 
degree of color saturation corresponds to the 
(log) fold change of the feature.  
  

Figure 3. Table of Identified Endogenous Metabolites. XCMSplus Software allows a match against the METLIN database 
at the MS1 level. METLIN house over 240, 000 compounds of which a third have MSMS spectra at varying collision 
energies. MSMS was used to confirm the metabolites above, ordered by their respective p values. As SWATH® Acquisition 
was used, MSMS of every single precursor was collected and can be used for confirming the identity. Note that the two 
metabolites on the right had the same accurate mass and MSMS therefore a reference standard is needed to truly confirm 
the identification. 

Figure 7. The MSMSall Infusion Workflow 

(above). This workflow allows a user to collect 
one full scan experiments and multiple MSMS 
spectra at every precursor across a specified 
mass range whilst infusing their sample. This 
workflow is the precursor to the SWATH® 
Acquisition workflow which cycle over a 
chromatographic run. 
 
The workflow allows you to digitally catalogue 
your sample and then retrospectively go back 
and re-mine the data as your biological 
hypothesis changes. 

Figure 8. LipidViewTM Software Results. 
LipidView™ software is a data processing tool used to 
identify and quantitate lipids in mass spec data. The 
infusion MSMSall data can be processed through the 
LipidView pipeline and match the data against a lipid 
database using both the MS and MSMS. More than 50 
lipid classes containing 25,000+ lipid species and 
more than 600 characteristic lipid fragments are 
represented in a lipid species database. 
From both the negative mode data you can see higher 
cardiolipins in the USA plate of food and higher 
phosphatidylglycerols in the Californian food plate. In 
the positive mode data the Davis plate contains higher 
phosphatidylcholines coming presumably from the 
fried egg. Also MADAG are highly elevated in all 
samples due to the plant lipid species present in each 
food plate. 

Figure10. MarkerViewTM Software Results from the Lipidyzer Platform Data.  PCA Score and Loading plots 
highlighting separation of the three food plates based on quantitative lipid concentrations from the Lipidyzer Platform. 
Left: Total Lipid class concentrations. Total Phosphatidylcholines highly upregulated in the Davis food plate. Right: 
Molecular species concentrations. Sphingomyelin 16:0 highly upregulated in the Davis food plate, due to the egg and 
soybean products present. 
 


