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Supplementary methods S1: Metabolic network model 
𝑑𝑃𝑦𝑟

𝑑𝑡
= 𝑘1 ⋅ 𝑐𝐺𝑙𝑐 + 𝑘2𝑏 ⋅ 𝐿 + 𝑘5 ⋅ 𝑐𝐴𝑙𝑎 − (𝑘2𝑓 + 𝑘3 + 𝑘𝑑,𝑃𝑦𝑟) ⋅ 𝑐𝑃𝑦𝑟

𝑑𝐶𝑖𝑡

𝑑𝑡
= 𝑘3 ⋅ 𝑐𝑃𝑦𝑟 − (𝑘4 + 𝑘𝑑,𝐶𝑖𝑡) ⋅ 𝑐𝐶𝑖𝑡

𝑑𝐿𝑎𝑐

𝑑𝑡
= 𝑘2𝑓 ⋅ 𝑐𝑃𝑦𝑟 − (𝑘2𝑏 + 𝑘𝑑,𝐿𝑎𝑐) ⋅ 𝑐𝐿𝑎𝑐
𝑑𝐺𝑙𝑢

𝑑𝑡
= 𝑘4 ⋅ 𝑐𝐶𝑖𝑡 − 𝑘𝑑,𝐺𝑙𝑢 ⋅ 𝑐𝐺𝑙𝑢

(3) 

where c represent the metabolite concentrations (pyruvate M3 (excluded from the fitting process 

due to low quality of pyruvate measurement), citrate_M2, lactate_M3, glutamate_M2, glucose_M6 

and alanine_M3), k represent the rates of the network and kd represents the outgoing fluxes. Glucose 

M6 and alanine M3 were interpolated from data and treated as input to the model (Fig. 7). 

The model was fitted to individual subject data in two scenarios. Firstly, assuming that the rate 

constants in the model were not changed by the interventions, the model was fitted to the control, 

GG2 and GG4 data simultaneously. The quality of the fit here serves as a baseline, referred to as 

Model 1 [1] in the following, to compare the results from the other scenario to. In the second scenario, 

one of the six rate constants was assumed to be influenced by the intervention and thus takes 

different values for the control, GG2 and GG4 in the fitting procedure (referred to as Model 2 [2] to 

Model 7 [7] in the following). Please note that the simulated quantities are in principle concentration 

in cells, which are assumed to be proportional to the blood compartment from which the samples 

were collected. Therefore four scaling factors, connecting cellular levels to blood levels, were 

included as free parameters in the fitting procedure. The fitting procedure was guided by 

minimizing the root mean square (RMS) difference between model simulation (y) and the measured 

data points (ŷ). 
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where σ denotes the standard deviation of the measured data point, and n denotes the number 

of data points. 

A differential evolution based global optimizer was employed for fitting. We allow a large 

parameter space for the rate constants while the scaling factors are limited in their physiological 

range. Each optimization task was repeated 50 times, among which the best result was used to 

calculate the Akaike information criterion with correction (AICc)[1]⁠ for model comparison (Eq. 5). 

The AICc evaluates model quality based on both quality of fitting and the number of free parameters. 

2 units larger in AICc means 0.368 times as probable as the model having smaller AICc.𝐴𝐼𝐶𝑐 = 2𝑃 +

𝑅𝑀𝑆2 + 𝑁log(2𝜋) + 2
𝑃(𝑃+1)

𝑁−𝑃−1
(5)where P is the number of fitted parameters, N is the number of data 

points. 



Supplementary Table S1: Results for glucose, insulin and incretin responses (Mean values and 

percentage differences; 95% confidence intervals vs. control)[2]⁠ 

  GG2 GG4 

 Control Mean % Difference CI Mean % Difference CI 

Glucose AUC0-120 148.9 128.4 -13.8 -27.3, 2.3 110.4 -25.9 -37.8, -11.7 

Insulin AUC0-120 2322.4 1941.6 -16.4 -27.9, 3.1 1787.7 -23.0 -33.8, -10.5 

Insulin AUC0-2400 3541.8 3008.6 -15.1 -24.1, -4.9 2749.7 -22.4 -30.8, -12.9 

GIP AUC0-120 2592.9 2437.8 -6.0 -16.3, 5.6 2323.9 -10.4 -20.2, 0.7 

GIP AUC0-240 4862.5 4693.3 -3.5 -13.4, 7.6 4568.2 -6.1 -15.7, 4.7 

GLP-1 AUC0-120 1579.2 1513.9 -4.1 -15.6, 8.9 1553.1 -1.7 -13.4, 11.7 

GLP-1 AUC0-240 3136.6 3057.6 -2.5 -12.0, 8.0 3062.8 -2.4 -11.9, 8.2 

 



 

Supplementary Table S2: Single metabolite model – Computed appearance rates for the three conditions (Ctrl, GG2 and GG4) and all 12 subjects 

separately 



Supplementary Figure S1: Postprandial effect of wheat bread intake – Heatmap of significantly 

altered metabolites over time (Median of all subjects, Baseline correction, zScore Normalization) 

 



Supplementary Figure S2: Time-resolved metabolite levels after wheat bread intake – Line graphs 

of medians of all subjects with median average deviation 

 

 



Supplementary Figure S3: 13C-enrichment profile over time upon intervention for glutamine M2 

– due to low enrichment, reliable calculations were omitted and negative values were obtained (Red 

– Control, Green – GG2, Blue – GG4; Average of MI abundance in % ± standard error of 12 subjects; 

upper box – starch-derived metabolites, lower box – metabolites of mixed origin) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure S4: Significantly altered metabolite level profiles upon intervention –   

Fructose, 1355667734748777 (putative Gluconolactone), Gluconic acid,  Unknown_1958 (putative 

Allonic acid gamma lactone), Cholesterol and palmitic acid, stearic acid, octadecenoic acid, 3-

hydroxybutyric acid and 2-hydroxybutyric acid 

 



Supplementary Figure S5: Response curves of 13C-enrichment profiles over time upon 

intervention for protein-derived metabolites – glutamic acid M5, glutamine M5, valine M5, 

tyrosine M9, isoleucine M6 (Red – Control, Green – GG2, Blue – GG4; Average of MI abundance in % 

± standard error of 12 subjects) 

 

 



Supplementary Figure S6: Metabolic network model – a) Network model connecting the 

metabolites glucose, pyruvate, lactate, alanine, citrate and glutamate where model [1] represents the 

fixed rates model and [2]-[7] represent the flexible rates models where the number indicates the 

respective flexible rates (e.g. model [2] – rate k3 flexible); b) AICcs calculated for the 7 different 

models (indexed in a) and normalized to the AICc obtained for Model 1 (all rates fixed) for all 12 

subjects separately, blue dashed line indicates significantly decreased AICc compared to Model 1. 
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