Nutrient Description

Nutrition: involuntary processes

associated with ingestion of food

Phases: Digestion - Absorption -
Distribution (accumulation) — usage -
elimination

Feeding, nutrition and dietetics

Nutrient: ENERGY, PLASTIC or
REGULATORY function

v

Energy classification:

Macronutrients
or Micronutrients

!

Nutrition Stages

Hunger and Satiety hormonal signals

Y

Necessities classification:
Essential
or Non-essential

Digestion

In the mouth: mechanical and
enzymatic (serous and mucous)

In the stomach: ANS & Hormonal
(gastrin), mechanical and
enzymatic (HCI, Pepsin, IF_B12)

Y

Absorption

In the small intestine: ANS & Hormonal
(Secretin), mechanical and enzymatic

(pancreatic and intestinal juice)

Duodenum: Ca, Fe, Mg,
Sugars and Vit C

Jejunum-ileum: aa’, fat soluble
Vit. and fats (chylomicrons)

Colon: Minerals, hydrosoluble
vitamins and water

>

1. Inert water layer
2. enterocyte
3. bloodstream

Y

Distribution
and transport

Short_Chain_FA no
lymphatic system.
Vit A,K,B12,B9 & Fe stored.
Stored energy in tissues

)

Catabolic reactions: macros

degradation, Acetyl-CoA
creation, Krebs Cycle

Anabolic reactions:
albumins - muscle,
cholesterol -~ membrane,
Ca, P & aa' - bone

Y

Regulatory funtions: water-salt
balance, hormones &
enzymes, cofactors, immune,
muscles, coaqulation...

Elimination

Majority excreted

—> .
through urine

Macros
— CO, - exhaled air
> H,O - urine
—» Urea - urine

Micros
— Minerals — urine
—3 Vitamins - liver —. faeces




Carbohydrates

Energy function 4kcal

Sugars: Fructose, Sucrose, Glucose, Maltose,
Galactose and Lactose

Polysaccharides: Starch, Dextrins and Glycogen

Indigestible carbs: oligosaccharides (flatulence
producers and FOS) and complex polysaccharides
(soluble and insoluble fiber)

Mechanical and metabolic benefits of fiber
25g/day

Glycaemia: 70-110mg/100mL

Hypoglycaemic and Hyperglycaemic hormones

l l

Triple nutrient functionality

Classifications:

- plastic, regulatory and energetic.
- Holo or heteroprotein.

- Fibrous or globular.

- Animal or vegetable.

- Biological (growth, availability, value and
retention)

Essential / semi / non-essential aa's

Branched, aromatic, hydroxylated, sulphur, basic,
acidic, amide and cyclic aminoacids

- Chemical (limiting aa' and protein standard).

Y

Y

Digestion & Absorption

Metabolism

Digestion

Fats

Triple nutrient functionality

Glycerides: Glycerol + Fatty Acids. E & Storage

Phospholipids: P-glycerides and P-sphingolipids.
Bio Membranes

Sterols: Cholesterol and Phytosterol. Structure

Other lipids: Free Fatty Acids, waxes, vit, pigments

Omega 6 (Linoleic, Arachidonic & DPA pro-
inflammatory and platelet aggregator) and Omega

3 (Linolenic, EPA & DHA. anti-inflammatory, weak
platelet aggregator). Ratio 2:1

Metabolism: 3-oxidation — Acetyl-CoA
— ATP/Cholesterol/Fatty acids/Ketones

l

Digestion & Absorption

In the stomach:
pepsin and renin —>

Fed state (protein synthesis): Transaminations in the
liver OAA and pyruvate. Seric and albumin synthesis.

Glycogenesis and Lipogenesis via deaminations

Digestion

In the duodenum: bile
emulsifies fats so that they can

be attacked

In the duodenum: pancreatic

juice with trypsin

Fasting_state (energy production):
Hyperglycaemic hormones,

Proteolysis, oxidative deamination

In the small intestine: intestinal juice
with dipeptidases and tripeptidases

Digestion & Absorption Metabolism
Digestion
In the mouth: saliva Energy production:
with amylase anaerobic or aerobic
In the duodenum: pancreatic Energy storage: as muscle &
juice with amylase liver glycogen and as fat
In .th.e sm_all mtestme: !ntestlnal 5 Fat synthesis from carbs
juice with disaccharidases
Absorption 5 F-F1P - G1P - glycogen/
- luconeogenesis/ ATP
jejunum - Gluco and gala 9 9
together. Fructo alone
—>» Gal- GallP - G1P/UDPG

Absorption

jejunum-ileum - absorbed as
aa's and small peptides

In the duodenum: pancreatic
juice with lypase, P-lypase and
cholesterol esterase

Children lack pancreatic lypase

Absorption

jejunum-ileum - enter the
enterocyte as micelles to
pass the water layer

SCFA pass without micelles

Chylomicrons are created -

lymphatic system - bloodstream

SCFA go straight to the liver

l

Transportation

Chylomicrons: Exogenous TG - muscle, adipocyte, liver

VLDL: Endogenous TG - liver — Acetyl-CoA
IDL: TG & Cholesterol - liver and tissues
LDL: "bad" Cholesterol - liver to tissues

HDL: "good" Cholesterol - tissues to liver

Specific receptors and lipoprotein lipase

Apoprotein C: part of VLDL & Chy. activates (C2) or

inactivates (C3) the lipoprotein lipase
Apoprotein B: part of VLDL, IDL, LDL & Chy. lipoprotein

structure and formation
Apoprotein E: part of VLDL, IDL, LDL & Chy. allows
lymphatic system transportation

Alcohol

Energy nutrient (7kcal) or a toxic component

Types: fermented or distilled

Type of consumption:
safe (<20-30g/day), excessive (<40-50g/day) and
very high (>50-70g/day)

Facilitated diffusion absorption - blood - 90%
hepatic biotransformation / 10% elimination

Y
Metabolism
Ethanol
Alcohol D.H. Microsomal Ethanol
H202 Oxidising enzyme
MAD Catalase NADPH,+O,
2H,0
NADH NADP*+H50
Y
Acetaldehyde

Acetaldehyde D.H. K— NAD*

k—) NADH

Y

Acetate

Thiokinase K— CoA

Y

Acetyl-CoA




Fat-Soluble Vitamins

Concept of vitamers

Micelle phase - bile — Chylomicrons -
Lymphatic system - Liver

Slow elimination through bile - Faeces

Vitamins A & D toxic accumulation

Rare deficiency

Various functions in the body

Vitamin A or Retinol

Characteristics

Natural and synthetic vitamers: Retinol &
Carotenoids and Retinaldehyde & Retinoic Acid

Retinol 90% absorption vs [3-carotene 5-50%.
Transportation with Retinol Binding Protein

Physiological functions

Vision process: trans-retinol - cis-retinol - cis-
retinal - (rhodopsinsopsin) — trans-retinal - trans-retinol

Protein metabolism of mucous
membranes and skin protection.

Bones and joints Growth and fertility

Deficiency

Y

Vitamin D or Cholecalciferol

Characteristics

Synthesised using UV from sun in good
amounts for maintaining health

7-dehydrocholesterol - Cholecalciferol - 25-
hidroxicholecalciferol — 1,25-dihidroxicholecalciferol

Physiological functions

Calcaemia and phosphataemia: PTH involved in raising
Calcium levels in the blood, Ca?* reabsorption. Bones

Immune and Insulin response: no VitD - autoimmune
diseases, lower insulin resistance. Gene transcription

and reproduction: better embryos and sperm quality

RDA = 700-900 pg. Primary: (Retinol in the diet.
Secondary: |Protein diet, fat absorption problems, lack of Zn.

Causes night blindness

Deficiency

Toxicity

Normally very rare. Causes vision
problems, bone pain and liver damage

Food sources

Animal (Retinol): Liver, Fatty meats, Oily
fishes, Milk Fat and egg yolk
Vegetable (B-carotene): Orange Fruits and
vegetables, red and green as well

RDA = 50-100 pg. Children: rickets, Adults:
osteomalacia/osteoporosis, |sexual steroids

Toxicity

Hypercalcaemia: headaches and tissues
calcification (kidney stones)

Food sources

Animal: Liver, Fatty meats, Oily fishes, Milk
Fat and egg yolk
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Vitamin E or Tocopherols

Characteristics

hydroxychromane ring, 8 vitamers: a, (3, y, 0
tocopherol & tocotrienol

Vitamin K or

Phytomenadione

Characteristics

Phytomenadione K1, Menaquinone K2,

tocopherol - a-tocopherol - micelles — simple
diffusion — Chylomicrons - Bloodstissues/Liver — enterohepatic

cycle — elimination through bile 80% and urine 20%

Physiological functions

anti-free radicals (antioxidant): H,O,, O,~, HO, and OH

from external factors or internal reactions — mutations,
cancer, cardiovascular diseases. Autooxidation to
reduce, Vit C and CoQ1g as "backup"

anti-sterilising and prevents degenerative diseases

Deficiency

RDA = 8-10 mg. Can cause more probability
In contracting degenerative diseases

Toxicity

Low toxicity

Food sources

Vegetable: seed & olive oils, legumes & nuts
and whole grains.
Animal: in less quantities oily fishes & butter

Menadione K3, Menadiol K4

K1, K3 & K4 -, duodenum/jejunum — ileum/colon
—> (K2) — Chylomicrons - lymphatic system - blood s
liver — enterohepatic cycle — elimination through bile and urine

Physiological functions

Blood coagulation: platelets+Ca2* -~ Thrombokinase -
—» Prothrombin + Vit K- Thrombin - (Fibrinogen - soluble
fibrin - insoluble fibrin)

CoQ10 Synthesis mitochondrial metabolism, Carboxylation
of glucose residues and Bone metabolism with Vit D

Deficiency

RDA =90 - 120 pg. Not common as we have

microbiota production.

Toxicity

—»{ Only in children supplementation of Menadione K3

Food sources

Vegetable: leafy greens, seed & olive oils, tea

—> or coffee and seaweed
Animal: liver, egg yolk and milk fat (fermented)

Hydrosoluble Vitamins

More common deficiency due to fast elimination

Coenzymes & metabolism. Cell proliferation and

Concept of vitamers
solubility — facilitated diffusion - Liver

Fast elimination through urine

No accumulation except B9 and B12

tissue turnover

Y

Vitamin B1 or Thiamine

Vitamin B2 or Riboflavin

Absorbable Free Thiamine (vegetables) or
Thiamine pyrophosphate (animals). Unstable to

heat, 1pH, leaching and thiaminases

Associated coenzymes: FMN, FAD, AMP

Vitamin B3 or Niacin

Y

Phosphatases free the Riboflavin — absorbed by
active transportation

Nicotinic acid and nicotinamide create NAD* and
NADP*; Nicotin-Adenin-Dinucleotide-(P)

Vitamin B5 or Pantothenic Acid

COA precursor... pentoic acid + B-alanine

TPP - Free Thiamine - Active Transportation and
FD when tamounts - blood - liver

(metabolisation). |Folate = (absorption

In the liver FAD and FMN are created to then be
sent to tissues

Endogenous synthesis through Tryptophan: 60mg
of tryptophan — 1mg of Niacine

CoA - B5- AT or FD - blood

the a-KG D.H.

Pyruvate to Acetyl-CoA and in the Krebs Cycle

Excess is eliminated in urine and bile (faeces)

RDA = 14-16 mg. Deficiency - Pelargue:
Diarrhoea, Dermatitis and Dementia.

B3 in Corn...

then is sent to metabolically active organs / renal
excretion

and Wernicke-Korsakoff

RDA =1,1 - 1,2 mg. Beriberi disease: digestive &
nervous symptoms, circulatory problems

RDA= 1,5 mg. Deficiency: stomatitis, dry lips,
magenta tongue, itching and corneal ageing

Toxicity when using statins — histamine production
and liver damage

Deficiency not common, it's bound to other B
vitamins (Pantothen means everywhere)

Animal: pork, liver, oily fishes, egg yolk and milk
Vegetable: Whole grains, nuts and legumes

Food sources similar to B1, highlighting the water-
soluble fraction of milk

Animal (nicotinamide and tryptophan): Meat, fish,
milk and egg yolk
Vegetable (Nicotinic acid): bran, yeast, soybean
and nuts

Rare toxicity — may cause diarrhoea

Animal sources: liver and egg yolk
Vegetable sources: whole grains and yeast

Vitamin B6 or Pyridoxine

6 vitamers: pyridoxine-(P), pyridoxal-(P),
pyridoxamine-(P)

Involved in Hepatic transaminations: pyridoxal-(P)
- pyridoxamine-(P) - (Glutamate - a-
KG) - (OAA - Aspartate)

Glycogen phosphorilase, hormonal modulator
(Lcortisol) and substance synthesis (B3, cisteine,
collagen, neutrotransmitters)

Jejunum - AT - Enterocytes (free or P as
reservoir) - blood (erythrocytes and albumins)
S liver (PLP created) — muscle

Rare deficiency and non-toxic

Animal sources: liver & organs and egg yolk
Vegetable sources: whole grains and banana

Biotin

Ureido ring + tetrahydrothiophene ring + valerianic
acid

Part of Carboxylases enzymes: Acetyl-CoA
carboxylase, Pyruvate carboxylase, propionyl-CoA
carboxylase

Stable vitamin, only leaching losses

Vitamin B9 or Folate

Ptedirin + phosphoaminobenzoic acid + glutamic
acid

Often bound to other glutamates (9) creating
polyglutamates. Most important THF

Vitamin B12 or Cyanocobalamin

tetrapyrrole nucleotide with Co2*, creates the
myelin sheaths of neurons

Vitamin C or Ascorbic Acid

Biotin - biotidinyl oligopeptides -
(microbiota - Free biotin) — AT/FD - blood - liver.

Rare deficiency due to microbiota synthesis.
Excess raw egg white consumption or alcoholism.
Non-specific symptoms: glottis, anorexia,
metabolic disorders, skin, nervous system

Polyglutamates+proteins —
(microbiota — monoglutamates) — AT - blood - liver

(THF is created)/tissues — urine or enterohepatic
cycle

Enzymes Cofactor such as methionine synthetase:

homocysteine — methionine

2 vitamers: AA and DehydroAA. Essential in
humans as we lack an enzyme for its synthesis

bound to proteins — Free B12 —. B12+ 2 Intrinsic
Factor — (microbiota - blood) - liver (B12-

proteins) — enterohepatic cycle

AA - AT and FD - blood - organs &
tissues — Metabolisation (AA - DAA - diketogulonic
acid — oxalic and treonic acid) — urine

Animal sources: liver & organs and egg yolk
Vegetable sources: whole grains, yeasts and nuts

Absorption: 50-60% food and 80-90% drug.
RDA =400 mg. Common deficiency due to various
factors. Toxicity not relevant

RDA = 2,4 ug. Common deficiency especially in
vegetarians, elderly, hypochlorides...

Antioxidant, lIron absorption, Immune response,
Stops nitrosamines formation and is a coenzyme
of hydroxilases enzymes (collagen, carnitine,
neurotransmitters...)

Symptoms: megaloblastic anaemia, malabsorption
& diarrhoea, nervous disorders and skin disorders.

Animal sources: liver, kidneys, organs and dairy
Vegetable sources: leafy greens, legumes, yeasts

and nuts

Causes macrolytic and pernicious anaemia,
digestive disorders and neuropathies (bone

marrow degeneration, anorexia, malabsorption,
Alzheimer's and demyelination).

RDA = 70-90 mg. Deficiency
causes scurvy: bleeding gums, loss of teeth and
collagen, depression and immunosuppression

Only animal sources: liver, kidneys, egg yolk,
meat, oily fishes, milk and fermented cheese

Toxicity very low as urinary excretion is good

Vegetable sources: bell peppers, mango, citrus
fruits, potatoes

High instability: light, T°C, leaching, O, and
ascorbic oxidase enzyme




Water and Electrolytes (Na, K, Cl)

Plastic Elements (Ca, P, Mg, F)

Minerals

Non-energetic micronutrient with
plastic and regulatory function

Absorption: intraluminal, translocation
and mobility to blood

Elimination: blood (urine) or bile

Macroelements: electrolytes (Na, K, Cl)
plastic (Ca, P, Mg)

Microelements: organic (Fe, |),
metalloenzymes (Cu, Zn, Se, Mn, Cr)

Non-energetic macronutrient with
plastic and requlatory function

BW x 35 g/kg/day = mL

Water and beverages, food and
oxidative reactions

Negative balance: dehydratation
Positive balance: Rehydratation, possible edemas

Na" and K*—Simple diffusion—blood—Na" to
interstitial liquid, k™ to intracellular liquid—urine
excretion and non-absorbed through faeces

Natraemia = 140 mM; Potassaemia =4 mM
Vegetables better Na“/K" ratio

Renin-Angiotensin-Aldosterone = sodium
reabsorption activation, thirst inhibition and
vasoconstriction when |natraemia

Sodium Na': extracellular cation 90%,
electrolyte, sodium potassium pump, thomeostatic

control, tsodium may cause arterial hypertension.
RDA = 6g of salt a day

Potassium K™: intracellular cation, it's an
hypotensive, promoting Na*
elimination. Hypokalaemia (diarrhoea, vomits,

exercise, Cushing disease) / Hyperkalaemia
(necrosis, renal failure, diuretics). 150mg K*/70kg.

Calcium: 1,2kg in the body, 40% of minerals

Plastic: hard tissues (hydroxyapatite) bones & teeth
Regulatory: electrolyte, muscle, coagulation, metabolism.
Calcaemia controlled by PTH and Vitamin D

Ca?*—AT or SD 30%—blood (10mg/dL) free or bound —bones
and teeth 99%—-elimination through urine and faeces

(+) Important the ratio with P. Vit D. Proteins
(-) Phytates, oxalates, fiber, ageing or drugs

1 g/day in adults. Same as Vit D deficiencies: bones, muscle
and hypertension problems.

Toxicity same as Vit D but rare

Dairy, fish & seafood. Brassicas (foxalates), sesame seeds,
legumes, nuts and citric fruits

Organic Elements (Fe, |)

Iron: Haemoglobin and Myoglobin

Phosphorus: 800 g in the body, 80% of hard tissues

Plastic: hard tissues (hydroxyapatite) bones & teeth
Regulatory: electrolyte (buffer), metabolism.

RDA = 700 mg/day. Deficiency is rare, toxicity maybe due to
kidney problems—Kidney stones or via 1P| Ca diet—

nutritional hyperparathyroidism

Dairy, eggs, fish & meat. Vegetables contain less quantities.
TAmounts in Additives

Funtions: Hb in blood and myo in the muscle. Fe** —Fe*(meta-
iInactive form brown colour. Ceruloplasmin involved)
Metalloenzyme: oxidative phosphorilation, FAD, Krebs cycle,

Purines and catecholamines metabolism, detox processes and
Immune response.

Active iron: muscles/lungs/bone marrow
Iron reservoir: liver, enterocytes and blood vessels

(Inorganic iron—FD)/(Iron hemo—vesciculosis)
—Fe?/(Hemo—Fe? + bilirrubin)<—Fe*(Ferritin)—»AT—
transferrin (blood)

(+) inorganic iron absorption: Vit C, reducing sugars, proteins
(sulphur)
(-) iInorganic iron absorption: phytic acid, fiber, tannins, oxalates

8-18 mg/day. Iron deficiency anaemia. Haemochromatosis.
Liver, kidneys, red meat, olily fishes & seafood. Legumes (soy),
sesame seeds, whole grains, nuts, watercress and spinach

Metalloenzymes Elements (Zn, Cu, Mn, Mo, Se, Cr)

Zinc: 1,5-2,5 g in the body

Metalloenzymes Elements (Zn, Cu, Mn, Mo, Se, Cr)

Molybdenum: 6-16 g in the body

Cofactor of 1300 enzymes: protein synthesis,
Carboxipeptidase, Alcohol D.H., Alkaline Phosphatase,

Pyruvate carboxylase, carbon anhydrase, Retinol D.H.,
Superoxide dismutase (cytoplasm)

Absorption via FD and SD 25-50%
(+) aa's, sugars (lactose) and citrate
(-) fitates, fiber, oxalate, tannins, talcohol, Fe, Cu, Ca

It has a reservoir in the enterocytes as well as Fe. Uses AT to
reach the bloodstream in where travels bound to albumins or
transferrin—Muscle30% / Bone60% — excretion (bile—faeces)

15 mg/day. Various deficiency reasons: |growth, taste change,
nervous disorders, immunosuppression. NO toxicity.

Seafood & fish, meats & eggs, milk & dairy.
Whole grains, Legumes and nuts

Meat & liver, fish & seafood and dairy.
Yeast, whole grains, nuts, chocolate, coffee, tea, mushrooms

Recommended doses = 25-35ug/day. Insulin problems.
Toxicity only with Cr®*

Cr¥*—FD (ascorbate & oxalate facilitates, sugar inhibit)— blood
(plasmatic protein) — liver (reservoir). Renal excretion

Not a metalloenzyme (glucose tollerance factor). 2 types (one
toxic Cr®" one nutrient Cr*"). Nicotinic acid,

Insulin anabolic effect.

Chromium: 4-6 g in the body

lodine: Thyroid Hormones T3 and T4

Copper: 50-120 g in the body

Magnesium: 60% of hard tissues

Plastic: hard tissues (reservoir) bones & teeth
Regulatory: electrolyte (intracellular cation), muscle recovery
and metabolism.

RDA = 320-420 mg/day. Deficiency—kidney stones, muscle
spasms, hypertension and general tiredness

(-) Phytates, oxalates, fiber, Ca*" or drugs.
Maijority of the elimination is through faeces

Whole grains, legumes, nuts, leafy greens. |in animals

Basal metabolism regulation: aerobic respiration (fatty acids)
and heat production (electron transport chain). Hyperglycaemic,

|HMG-reductase = |Cholesterol

RDA = 150 pg/day. Deficiency causes hypothyroidism: endemic

goitre—genetic and dietary factors involved
(11>, Tmucinogenic substances—thiocyanate = thyroid confusion)

Cretinism and Myxedema

Toxicity causes the hyperthyroidism—Graves' disease

lodised Salt, Seafood, Dairy, meats & eggs and fruits & veggies

Superoxide dismutase (cytoplasm), Cytochrome C oxidase
(ETC), collagen synthesis, Ceruloplasmin, Various enzymes

Absorption 40-60%: SD and AT. Can stay in the enterocytes
with metallothioneins. —blood (albumins or transcuprein)—
liver (reservoir with metallothioneins)— tissues via

ceruloplasmin —excretion bile to faeces

RDA= 0,9mg/day. Deficiency similar to Menkes Disease and
Toxicity causes Wilson Disease.

Fish & seafood, Liver & meats.
Whole grains, legumes, nuts, mushrooms and cocoa

Fish and Seafood, eggs, meats and liver, milk and dairy
Whole grains, nuts (brazil nuts), mushrooms and garlic.

RDA = 55ug/day. Bimodal effect. Deficiency—Keshan &
Kashin-Beck. Adecuate—Diseases prevention.

Toxicity—seleniosis

Bound to aa's (selenocysteine and selenomethionine)— AT as
aa's —blood (erythrocytes & selenoprotein P) < liver

(metabolisation) — bone, muscle, kidney and spleen. Bile and
urine excretion

Glutathione peroxidase (powerful antioxidant) and type |
tetraiodothyronine deiodinase (T4 —T3 thyroid hormones)

Selenium: 3-15 g in the body

Fluorine: tooth enamel

Plastic: Protects teeth from decay. Sugar is fermented to lactic
acid that lowers pH causing corrosion of the enamel

In water with < 0,8 mg/L — cavities
In water with > 0,8 mg/L — dental fluorosis

Water, fish and seafood, liver and tea

Manganese: 10-20 g in the body

Superoxide dismutase (mitochondrion), Pyruvate carboxylase
(gluconeogenesis), Acetyl-CoA carboxylase (fat synthesis),

Isocitrate D.H. (Krebs Cycle), collagen & bone, melanin & urea

Peptidases free it in food — FD-AT— blood (albumins)« liver
(Mn*" bound to transferrin or transmanganin) — tissues — bile

to faeces

RDA = 1,8-2,3 mg/day. Rare deficiency because of Mg. Causes
degenerative diseases, glycaemia, bone and reproductive

problems. No dietary toxicity.

Whole grains, legumes and nuts, tubers, coffee & tea and leafy
greens

Whole grains, legumes and nuts

RDA = 45ug/day. total parenteral nutrition, Associated to Se
deficiency as well. Toxicity not common— gout.

AT/FD(tamounts)90% —blood (erythrocytes)— Liver, kidney,
bone, skin —urine excretion mainly

Xanthine D.H. oxidase (uric acid production),
Aldehyde oxidase (dihydroxymandelic acid—catecholamines),
Sulphite oxidase (treatment of sulphur from aa's—urine)




