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Energy requirement by a human organism 

 expressed in kilojoule per day (kJ per day) 

 older unit is kilocalorie (kcal: 1 kcal = 4.187 kJ) 

 energy required may be estimated taking into account different factors such as age, sex, 
body weight, and particularly physical activity 

Nutrients: proteins, carbohydrates, fats, water, minerals, vitamins                                        

(alcoholic beverages, i.e. ethanol, have caloric value of about 30 kJ g-1) 



Energy requirements increase with activity 

 Calculated using data on Basal Metabolic Rate (BMR) → energy expenditure 

by the body when at rest but no asleep, under controlled conditions; 

 Sedentary activity uses only 1.1-1.2 x BMR; more vigorous activity (climbing 

stairs, skiing, walking uphill) may use 6-8 x BMR, and marathon up to 20 x BMR! 

 ultra-endurance triathlon (eg. Ironman Triathlon) - total loss of 8500-11500 kcal! 

Barrero A, Erola P, Bescós R. Energy balance of triathletes during an ultra-endurance event. Nutrients 2014; 
Guyton, Arthur C. Textbook of medical physiology / Arthur C. Guyton, John E. Hall., 11th ed. 2006 

http://www.skiundgolf.com/uploads/pics/ski_01.jpg


Balanced diet should provide intake of: 

 Water  

 Metabolic “fuel” (fats and carbohydrates) 

 Proteins (growth and transport of tissue protein) 

 Dietary fiber 

 Essential fatty acids and essential amino acids, minerals, vitamins 
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Mediterranean Diet influence 

on reduction of chronic diseases: 

- cardiovascular system 

- obesity 

- respiratory system 

- neurological system  

 

- reduced risk of breast cancer 

 

Sofi F, Cesari F, Abbate R, et al. Adherence to 
Mediterranean diet and health status: meta-analysis. 
BMJ 2008 



Curr Opin Clin Nutr Metab Care 2016;19:401-407 







Disorders related to nutrition/digestion: 

- malnutrition / undernourishment 

- obesity 

- hypovitaminosis 

- gastric acid hyperexcretory states → peptic ulcer disease (PUD), 

gastroesophageal reflux disease (GERD)  

-Helicobacter pylori bacterial infections 

- gallstones (crystallization of cholesterol) 

- food intolerance (eg. lactose, food aditives) 

- food allergy (eg. peanuts, milk, eggs, gluten-celiac disease) 

- GI system diseases (eg. Crohn disease, ulcerative colitis) 

- functional GI disorders → irritable bowel syndrom (IBS), constipation 





CARBOHYDRATES IN NUTRITION 

Glycemic index - the increase in blood glucose concentration after a test dose 
of a carbohydrate compared with that after an equivalent amount of glucose. 

Glycemic index = 1 for glucose, galactose, lactose, maltose, isomaltose, 
trehalose 

Glycemic index < 1 for fructose  

Glycemic index = from near 1 to near 0 for starch (variable rate of 
hydrolysis); 0 for non-starch polysaccharides 

Foods that have low glycemic index are considered to be more 
beneficial (less fluctuation in insulin secretion) 

Carbohydrates are non-essential! 

FATS IN NUTRITION 

PROTEINS IN NUTRITION 

TAGs, cholesterol 
Essential fatty acids! 

Essential  amino acids! 



Essential fatty acids: linoleic (18:2) i -linolenic (18:3) 

• ω3, ω6 i ω9 groups of fatty acids 



             Linoleic acid (18:2, D9,12) 

 

         g-Linolenic acid (18:3, D6,9,12) 

 

           Arachidonic acid (20:4, D5,8,11,14) 

EPA = eicosapentanoic acid (ω3, 20:5) 
DHA = docosahexanoic acid (ω3, 22:6) 



Swanson D, Block R, Mousa SA. Omega-3 fatty acids EPA and DHA: health benefits throughout life. Adv Nutr 2012;3:1-7. 

EPA = eicosapentanoic acid (ω3, 20:5) 
DHA = docosahexanoic acid (ω3, 22:6) 



Essential amino acids  

RDA, mg/kg per day (Recommended Dietary Allowances) 

• Phenylalanine       14 

• Leucine                14 

• Isoleucine              10  

• Methionine             13 

• Threonine             7 

• Tryptophan       3.5 

• Valine         10 

• Histidine           8-12 

• Lysine    12 

Young VR, Borgonha S. Nitrogen and Amino Acid Requirements: The Massachusetts Institute of Technology Amino Acid Requirement Pattern. J Nutr, 2000 

- from FAO/WHO/UNU (Food and Agriculture Organization/World Health 
Organization/United Nations University) recommendations for adults (1985): 

- nutritionally essential: „These Ten Valuable Amino-acids Have Long Preserved Life In Man”  

Threonine, Tryptophan, Valine, Arginine, Histidine (semiessential), Lysine, Phenylalanine, Leucine, Isoleucine, Methionine 



- difference between intake and output of nitrogenous compounds 

- healthy individuals - nitrogen balance in equilibrium (intake = output) 

a) positive balance 

- more intake than output    
(growth, pregnancy, lactation) 

 b) negative balance 

- nitrogen loss (infection,  
stress, damage) 

Protein requirement may be determined by 
measuring nitrogen balance 



 c) negative balance 

- inadequate dietary protein 

 d) negative balance 

- lack of essential amino acids 



• kwashiorkor - severe protein malnutrition  

- „edematous malnutrition” - decreased plasma 
proteins concentration - fluid retention, leading to 
edema  

- occurs only in children 

- areas of famine or poor food suplies 

- the name is derived from the Ga language (Ghana), 
translated as "the sickness the baby gets when the new 
baby comes" or "the disease of the deposed child" 

 

- two extreme forms of undernutrition: 

• marasmus - extreme energetic deficiency 

- the outcome of prolonged negative energy balance 

- body’s fat reserves exhausted 

- wastage of muscles and loss of protein from the heart, liver, and kidneys 



WATER 

 The most important essential inorganic nutrient in the diet 

 In adults, the body has a daily requirement of 2-3 L of water (supplied from 

drinks, water contained in solid/liquid foods, and from the oxidation water 

produced in the respiratory chain). 

 The daily production of oxidation water is approximately 800-900 g. 

 Water is distributed between extracellular, intracellular and transcellular space. 



MINERALS AND TRACE ELEMENTS 



MINERALS AND TRACE ELEMENTS 



Classification of essential minerals 
according to their function 



Distribution of iron in a 70-kg                   
adult male. 

Iron (Fe) 



Absorption of heme and non-heme iron and transport of iron 

HT- heme transporter; DMT1 – apical membrane iron transporter; HO – heme oxidase; TF – transferrin; FP – 

basolateral Fe transporter 

• Iron is absorbed in reduced state, so the presence of reducing agents enhance 
absorption of iron (vitamin C). Ethanol and fructose also enhance iron absorption.  

• Heme iron from meat is more available than inorganic iron, but iron absorption from 
both sources is impaired by calcium (milk!) 



- for students who asked 
about fructose as an 
enhancer of iron absorption:  

S. S. Gropper, Jack L. Smith: 
Advanced Nutrition and Human Metabolism, 
Cengage Learning, 5th Ed, 2009 



Iron absorption is limited and strictly controlled! 
 
Disorders of iron metabolism: 
 
•  Anemia 

• Hemochromatosis 
- high total iron concentration  
- tissue damage 

• Hemosiderosis 
     - iron overload disorder 
     - accumulation of hemosiderine - complex    
       containing ferritin, denatured ferritin and iron 



Disorder of copper 
metabolism 

Wilson’s disease: hereditary disorder of copper 
metabolism (hepatolenticular degeneration) - 
copper accumulation leading to liver damage and 
central nervous system disorders 
 
Symptoms:  
- chronic liver inflammation, motoric 

disturbances similar to Parkinson’s disease, 
psychiatric disorders 

- copper colored Keyser-Fleischer ring around 
the iris 

- low ceruloplasmin concentrations                           
(-globuline, transports 90% of copper)  



VITAMINS 

I. Lipid-soluble vitamins:  
A, D, E, K 

II. Water-soluble vitamins:  
B1, B2, B6, B12, C, H 

Roles of vitamins: 
• Precursors of coenzymes 
• Precursors of hormones 

• Antioxidants  









Folate, and its coenzyme form 
tetrahydrofolate (THF)                       

(C1 metabolism) – role in purine 
synthesis de novo, and synthesis of 

deoxyribonucleotide dTMP                        



Utilization of folate 

- mammals unable to synthesize folic acid!  

- folic acid deficiency during prenatal development can lead to spina bifida, a 
birth defect (developmental disorder) - incomplete neural tube closing  

- high amount of THF is necessary during frequent cell divisions; folic acid 
supplementation during pregnancy reduces the risk for 70% 

- folic acid deficiency also leads to megaloblastic anemia (inhibition of DNA            
synthesis during RBC production; hypersegmented neutrophils) 



Vitamin B12 (cobalamin) – extrinsic factor, needs intrinsic factor (IF or 

gastric IF) for absorption; deficiency of intrinsic factor and thus of vitamin B12 

results with alteration in folate metabolism which impairs erythropoiesis and 

leads to pernicious anemia or vitamin B12 deficiency anemia. 



nicotinate                    nicotinate-ribonucleotide 
  

Nicotinate (niacin, vitamine B3) may be synthesized from dietary tryptophane 

 - essential for NAD and NADP formation 

• pellagra  

- niacin (vitamine B3) and/or tryptophane deficiency 

- symptoms: photosensitive dermatitis, diarrhea, dementia 

 → “3 D”: Dermatitis, Diarrhea, Dementia 

- treatment: niacine supplementation 

 

• pediatric pellagra (malnutrition) 

- after nursing period - food rich in starch, low in proteins 



Humans, apes and guinea pigs have lost the 
ability to synthesize ascorbate. 

SCURVY 
- this disease is the consequence of vit. C 
hypovitaminosis (why?) 
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