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From nutrient intake to nutrient utilization

lipidprotein starch sugars fiber/VFA

intermediary metabolism

lipid ATPprotein

heat

carbo-
hydrates
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1 glucose + 6 O2 → 6 CO2 + 6 H2O + heat

The catabolism of glucose

31 (ADP+Pi)1 glucose + 6 O2 + + 6 CO2 + 6 H2O + heat31 ATP→

“work” → heat
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Finding your way in metabolism

reserves

power and efficiency

monitoring

Salway (2017) Metabolism at a glance

 20 “carbon” metabolites involved:
glucose, glucose 6-phosphate, fructose 6-phosphate, 
fructose 1,6-bisphosphate, dihydroxyacetone phosphate, 
glyceraldehyde 3-phosphate, 1,3-bisphosphoglycerate, 
3-phosphoglycerate, 2-phosphoglycerate, 
phosphoenolpyruvate, pyruvate, acetyl-CoA, citrate, 
isocitrate, α-ketoglutarate, succinyl CoA, succinate, 
fumarate, malate, oxaloacetate

 And also:
ATP, GTP, NADH, FADH2, H+ (proton motive force),
O2, CO2
Other cofactors
Enzymes
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Finding your way in Paris
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Finding your way in metabolism

Richard Wheeler

Salway (2017). Metabolism at a glance, 
4th edition. Wiley Blackwell
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Databases of metabolic pathways

What a lockdown can do to people …
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Rhea, an open database with curated chemical and transport reactions
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A meta-reaction is the outcome reaction of a series of coupled 
individual (Rhea) reactions

glucose 6-phosphate

fructose 6-phosphate

Rhea 11816

glyceraldehyde 3-phosphate

dihydroxyacetone phosphate

Rhea 16109

Rhea 14729 Rhea 18585

fructose 1,6-bisphosphate

ATP
ADP + Pi

3-phospho-glyceroyl phosphate
NAD+ + Pi

NADH + H+

3-phosphoglycerate

ADP
ATP

2-phosphoglycerate

phosphoenolpyruvate

H2O

Rhea 10300

Rhea 14801

Rhea 15901

ADP + H+

ATP

pyruvate

Rhea 10164

Rhea 181574



p. 10From the biochemical pieces to the nutritional puzzle: using meta-reactions in teaching and research
75th EAAP annual meeting / September 1-4, 2024 / Jaap van Milgen

A meta-reaction is the outcome reaction of a series of coupled 
individual (Rhea) reactions

glucose 6-phosphate

fructose 6-phosphate

glyceraldehyde 3-phosphate

dihydroxyacetone phosphate

fructose 1,6-bisphosphate

ATP
ADP + Pi

3-phospho-glyceroyl phosphate
NAD+ + Pi

NADH + H+

3-phosphoglycerate

ADP
ATP

2-phosphoglycerate

phosphoenolpyruvate

H2O

ADP + H+

ATP

pyruvate
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Meta-reactionID ReactionID Flux Reaction
2 11816 1 glucose 6-phosphate → beta-D-fructose 6-phosphate
2 16109 1 ATP + beta-D-fructose 6-phosphate → ADP + H⁺ + beta-D-fructose 1,6-bisphosphate
2 14729 1 beta-D-fructose 1,6-bisphosphate → dihydroxyacetone phosphate + D-glyceraldehyde 3-phosphate
2 18585 -1 D-glyceraldehyde 3-phosphate ← dihydroxyacetone phosphate
2 10300 2 Pᵢ + NAD⁺ + D-glyceraldehyde 3-phosphate → NADH + H⁺ + (2R)-3-phospho-glyceroyl phosphate
2 14801 -2 ATP + (2R)-3-phosphoglycerate ← ADP + (2R)-3-phospho-glyceroyl phosphate
2 15901 -2 (2R)-2-phosphoglycerate ← (2R)-3-phosphoglycerate
2 10164 2 (2R)-2-phosphoglycerate → phosphoenolpyruvate + H₂O
2 18157 -2 pyruvate + ATP ← ADP + H⁺ + phosphoenolpyruvate

A meta-reaction is the outcome reaction of a series of coupled 
individual (Rhea) reactions

1 glucose 6-phosphate + 2 NAD⁺ + 3 ADP + 2 Pᵢ → 2 pyruvate + 3 ATP + 2 NADH + 1 H⁺ + 2 H₂O 
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A pathway is the outcome reaction of a series of coupled
meta-reactions

mitochondrion

cytosol

NADH
FADH2
O2

ATPacetyl-CoA

CO2
NADH

CO2
NADH
FADH2

ATP

CO2
NADH

α-ketoglutarate

oxaloacetate

glucose 6-phosphateglucose
ATP

pyruvate

ATP
NADH

NADH

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
No meta-reactions selected yet

①

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates

No meta-reactions selected yet

①
glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose

No meta-reactions selected yet

Constructing pathways using the Excel tool

①
glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate

No meta-reactions selected yet

Constructing pathways using the Excel tool

①

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺

No "Flux" indicated yet

glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

①

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1

glucose + ATP → glucose 6-phosphate + ADP + H⁺ (Q = 30 kJ)

glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

②

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon

①
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis)

glucose + ATP → glucose 6-phosphate + ADP + H⁺ (Q = 30 kJ)

glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

②

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1

glucose + 2 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 2 ATP + 2 NADH + 2 H⁺ + 2 H₂O (Q = -63 kJ)

②

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂

glucose + 2 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 2 ATP + 2 NADH + 2 H⁺ + 2 H₂O (Q = -63 kJ)

③

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2

glucose + 2 ADP + 2 Pᵢ + 2 CoA + 4 NAD⁺ → 2 acetyl-CoA + 2 ATP + 4 NADH + 2 H⁺ + 2 H₂O + 2 CO₂ (Q not available)

③

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2
intermediate metabolites acetyl-CoA substrate with oxaloacetate → α-ketoglutarate (TCA cycle) acetyl-CoA + oxaloacetate + NAD⁺ + H₂O → α-ketoglutarate + NADH + H⁺ + CoA + CO₂ (TCA cycle) 2

glucose + 2 oxaloacetate + 2 ADP + 2 Pᵢ + 6 NAD⁺ → 2 α-ketoglutarate + 2 ATP + 6 NADH + 4 H⁺ + 4 CO₂ (Q = 42 kJ)

④

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2
intermediate metabolites acetyl-CoA substrate with oxaloacetate → α-ketoglutarate (TCA cycle) acetyl-CoA + oxaloacetate + NAD⁺ + H₂O → α-ketoglutarate + NADH + H⁺ + CoA + CO₂ (TCA cycle) 2
intermediate metabolites α-ketoglutarate substrate oxaloacetate (TCA cycle) α-ketoglutarate + 0.75 ADP + 0.75 Pᵢ + 2 NAD⁺ + FAD + 1.25 H₂O → oxaloacetate + 0.75 ATP + 2 NADH + 0.25 H⁺ + FADH₂ + CO₂ (TCA cycle) 2

glucose + 3.5 ADP + 2.5 H₂O + 3.5 Pᵢ + 2 FAD + 10 NAD⁺ → 3.5 ATP + 2 FADH₂ + 10 NADH + 4.5 H⁺ + 6 CO₂ (Q not available)

⑤

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

NADH

NADH

Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2
intermediate metabolites acetyl-CoA substrate with oxaloacetate → α-ketoglutarate (TCA cycle) acetyl-CoA + oxaloacetate + NAD⁺ + H₂O → α-ketoglutarate + NADH + H⁺ + CoA + CO₂ (TCA cycle) 2
intermediate metabolites α-ketoglutarate substrate oxaloacetate (TCA cycle) α-ketoglutarate + 0.75 ADP + 0.75 Pᵢ + 2 NAD⁺ + FAD + 1.25 H₂O → oxaloacetate + 0.75 ATP + 2 NADH + 0.25 H⁺ + FADH₂ + CO₂ (TCA cycle) 2
electron transport and ATP metabolism NADH substrate NADH cytosol → NADH mitochondrion 0.25 ATP + 0.25 H₂O → 0.25 ADP + 0.25 Pᵢ + 0.25 H⁺ (malate - aspartate shuttle) 2

glucose + 3 ADP + 3 H₂O + 3 Pᵢ + 2 FAD + 10 NAD⁺ → 3 ATP + 2 FADH₂ + 10 NADH + 5 H⁺ + 6 CO₂ (Q not available)

⑥

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2
intermediate metabolites acetyl-CoA substrate with oxaloacetate → α-ketoglutarate (TCA cycle) acetyl-CoA + oxaloacetate + NAD⁺ + H₂O → α-ketoglutarate + NADH + H⁺ + CoA + CO₂ (TCA cycle) 2
intermediate metabolites α-ketoglutarate substrate oxaloacetate (TCA cycle) α-ketoglutarate + 0.75 ADP + 0.75 Pᵢ + 2 NAD⁺ + FAD + 1.25 H₂O → oxaloacetate + 0.75 ATP + 2 NADH + 0.25 H⁺ + FADH₂ + CO₂ (TCA cycle) 2
electron transport and ATP metabolism NADH substrate NADH cytosol → NADH mitochondrion 0.25 ATP + 0.25 H₂O → 0.25 ADP + 0.25 Pᵢ + 0.25 H⁺ (malate - aspartate shuttle) 2
electron transport and ATP metabolism NADH substrate ATP (oxidative phosphorylation) 2.5 ADP + 2.5 Pᵢ + NADH + 3.5 H⁺ + 0.5 O₂ → 2.5 ATP + NAD⁺ + 3.5 H₂O (oxidative phosphorylation) 10
electron transport and ATP metabolism FADH₂ substrate ATP (oxidative phosphorylation) 1.5 ADP + 1.5 Pᵢ + 0.5 H⁺ + FADH₂ + 0.5 O₂ → 1.5 ATP + FAD + 2.5 H₂O (oxidative phosphorylation) 2

glucose + 31 ADP + 31 H⁺ + 31 Pᵢ + 6 O₂ → 31 ATP + 37 H₂O + 6 CO₂ (Q = 1,927 kJ)

glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate
⑦⑧

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Constructing pathways using the Excel tool

Type Metabolite As a … To/From … Meta-reaction Flux
carbohydrates glucose substrate glucose 6-phosphate glucose + ATP → glucose 6-phosphate + ADP + H⁺ 1
intermediate metabolites glucose 6-phosphate substrate pyruvate (glycolysis) glucose 6-phosphate + 3 ADP + 2 Pᵢ + 2 NAD⁺ → 2 pyruvate + 3 ATP + 2 NADH + H⁺ + 2 H₂O (glycolysis) 1
intermediate metabolites pyruvate substrate acetyl-CoA pyruvate + NAD⁺ + CoA → acetyl-CoA + NADH + CO₂ 2
intermediate metabolites acetyl-CoA substrate with oxaloacetate → α-ketoglutarate (TCA cycle) acetyl-CoA + oxaloacetate + NAD⁺ + H₂O → α-ketoglutarate + NADH + H⁺ + CoA + CO₂ (TCA cycle) 2
intermediate metabolites α-ketoglutarate substrate oxaloacetate (TCA cycle) α-ketoglutarate + 0.75 ADP + 0.75 Pᵢ + 2 NAD⁺ + FAD + 1.25 H₂O → oxaloacetate + 0.75 ATP + 2 NADH + 0.25 H⁺ + FADH₂ + CO₂ (TCA cycle) 2
electron transport and ATP metabolism NADH substrate NADH cytosol → NADH mitochondrion 0.25 ATP + 0.25 H₂O → 0.25 ADP + 0.25 Pᵢ + 0.25 H⁺ (malate - aspartate shuttle) 2
electron transport and ATP metabolism NADH substrate ATP (oxidative phosphorylation) 2.5 ADP + 2.5 Pᵢ + NADH + 3.5 H⁺ + 0.5 O₂ → 2.5 ATP + NAD⁺ + 3.5 H₂O (oxidative phosphorylation) 10
electron transport and ATP metabolism FADH₂ substrate ATP (oxidative phosphorylation) 1.5 ADP + 1.5 Pᵢ + 0.5 H⁺ + FADH₂ + 0.5 O₂ → 1.5 ATP + FAD + 2.5 H₂O (oxidative phosphorylation) 2
electron transport and ATP metabolism ATP substrate e.g., maintenance, peptide synthesis ATP + H₂O → ADP + Pᵢ + H⁺ 31

glucose + 6 O₂ → 6 H₂O + 6 CO₂ (Q = 2,814 kJ)

glucose 6-phosphateglucose

mitochondrion

cytosol

NADH
FADH2

ATP

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

⑨

meta-reactionta-reaction

meta-reactionmeta-reaction meta-reon
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Using meta-reactions to teach nutritional biochemistry

31 ATPglucose

glycogenglucose ? ATP

lipidglucose ? ATP

glycogenglucose glucose ? ATP
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Using meta-reactions to teach nutritional biochemistry

glucose lactose ? ATPglucose (+ galactose)

lactate

? ATPglucose

? ATPglutamineglutamineglucose

? ATPglucose lactose glucose (+ galactose)propionate

lactate
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Substrate (input) mol/d Product (output) mol/d

Glucose 11.36 Lactose 3.73

Acetate 24.48 Tripalmitin (C16:0) 0.73

β-Hydroxybutyrate 4.03 Palmitate (C16:0) 0.12

Alanine 0.02 Aspartate 0.16

Arginine 0.21 Cysteine 0.01

Glutamine 0.04 Glutamate 0.04

Histidine 0.01 Glycine 0.22

Isoleucine 0.10 Proline 0.54

Leucine 0.10 Serine 0.38

Lysine 0.12 Lactate 0.29

Threonine 0.01 Citrate 0.27

Tryptophan 0.001 Isocitrate 0.01

Valine 0.12 Glucose 1-phosphate 0.001

O2 31.68 Glucose 6-phosphate 0.001

Glycerol 3-phosphate 0.001

Malate 0.01

Pyruvate 0.001

α-Ketoglutarate 0.002

Urea (blood) 0.02

Non-protein nitrogen (milk) 0.39

CO2 44.64

Using meta-reactions to balance metabolites in the mammary gland
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glucose 6-phosphateglucose

mitochondrion

pyruvate

acetyl-CoA

α-ketoglutarate

oxaloacetate

Ala

ArgPro

Gln

Glu

HisIle, Val

Thr, Ile, Leu

β-hydroxybutyrate

acetoacetate

Gly Thr

Trpformate

Asp, malate

Ser

N⁵,N¹⁰-methylene THF

lactose

citrate

isocitrate

lactate

glucose 1-phosphate

glycerol 3-phosphate

palmitate

β-hydroxybutyrate

acetyl-CoA

citrate

urea

acetate

Leu, Lys, Trp

glucose 6-phosphate,
citrate, pyruvate,
α-ketoglutarate,

Lys, Trp, Val

CO2

CO2

tripalmitin
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glucose 6-phosphateglucose

lactose

input: 68 mol C/day
output: 45 mol C/day
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β-hydroxybutyrate

acetoacetate

palmitate

β-hydroxybutyrate

acetyl-CoAacetate

tripalmitin

input: 61 mol C/day
output: 39 mol C/day

(but NADPH is required)
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glucose 6-phosphateglucose

pyruvate

glycolysis

NADH
pentose phosphate pathway

NADPH
100%
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acetyl-CoA

α-ketoglutarate

citrate

isocitrate

acetyl-CoA

citrate

mitochondrion

NADH
cytosol

NADPH
70%
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ArgProGlu

urea

blood uptake / milk output:
Pro = 0.20
Arg = 2.44
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Arginine metabolism in the mammary gland
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Arginine metabolism in the mammary gland
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• Meta-reactions are useful to teach nutritional biochemistry
• Meta-reactions can be used to analyze nutritional balances
• Compartmentalization of metabolism has an impact on “efficiency”
• Meta-reactions can be developed for other domains 

Conclusion
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Two versions of the Excel tool:
• End-users: to teach nutritional biochemistry 

and for use in research
• Developers: to modify and add meta-

reactions

Further information
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• François Moreews and Sophie Lemosquet (UMR Pegase, INRAE)
• Student and staff:

• Universidade Estadual Paulista “Júlio de Mesquita Filho” (UNESP), Jaboticabal (Brazil)
• Guangdong Academy of Agricultural Science (GDAAS) in Guangzhou (China)
• University of Illinois at Urbana-Champaign (USA) 

•   
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