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Sugar profiling analysis in nutrition
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Various diseases and metabolic disorders as well as diet have been shown to influence the sugar profile in urine and 
blood. However, most studies so far focused on a few common and well-known sugar species. A more comprehen-
sive method to analyse the sugar profile in human body fluids would be desirable as sugars could serve as markers 
of food consumption or as disease-biomarkers. Metabolomics methods aim for a comprehensive profile but are often 
not specific enough to separate closely related sugar isomers. An additional problem is the broad concentration 
range of different sugar species in human body fluids and the sensitivity to detect minor sugar species.

Our objective was the development of a semi-targeted GC-MS profiling method that allows the detection of known 
as well as unknown sugar species in urine and plasma or serum. The use of a Scan/SIM-approach and typical mass 
fragments enabled the detection of known and unknown sugar species within a broad concentration range. The 
method was applied to two human studies. We analysed urine samples from the KarMeN study (Karlsruhe Metabo-
lomics and Nutrition), an observational human metabolomics study with healthy participants on an unrestricted 
diet. Additionally plasma samples from a human study employing healthy, prediabetic and diabetic participants, who 
ingested a drink containing 50 g maltodextrin19, were analysed. Urine samples were normalised to osmolarity and 
then evaporated, while a protein precipitation followed by a lipid extraction was used for plasma samples before 
evaporation. Thereafter, samples were methoximated, trimethylsilylated and then analysed.

A wide range of different sugar species was detected in urine as well as in plasma (55 and 33 different known and 
unknown sugar species, respectively in urine and plasma). In urine samples 38 were identified, while in plasma 
samples 23 were identified. The reproducibility of the internal standards was better for the measurement of urine 
samples as compared to plasma (average of the variation coefficients of 14 and 5 measurement days respectively: 
urine: 4.0-5.4 %; plasma: 9.0-10.5 %). A large inter-individual variance was observed in the urine samples of the Kar-
MeN study. Based on the data set generated, markers for the consumption of dairy products could be identified and 
distinct sex-specific differences were found. The maltose level in male and female urine showed a significant differ-
ence (p < 0.0001). The sugar profiles in fasting plasma of healthy, prediabetic and diabetic participants could clearly 
separate volunteer groups and major differences in the response to the ingestion of maltodextrin were observed as 
well. The results from both studies show that the semi-targeted sugar profiling method gives valuable insights in the 
human sugar profile and thus enables the detection of possible markers of dietary exposure or of disease-biomarkers.
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