
 

(Nutritional Supplements) 

 Food and Nutrition 

Food Any nutritious 

substance that people or animals eat or drink in order to maintain life and growth

(Nutrition) nutritio

A function of living plants and animals, consisting 

in the taking in and metabolism of food material where by tissue is built up and energy liberated   



 

Staple Food

staple

 Carbohydrate

o 

 Fat Lipid

o 

 Protein

Nutrients

 Vitamins

 Minerals

 

o Essential Amino Acids

 

o Essential Fatty Acids

       



 

 
 
 
 
 
 
 
 



 

Metabolism

 

 

 

 

 

 

 

 

 

 

(substrate) 

 

 



 

 

 

 

 

 

(blind end)

       



 

Metabolism

o 

o 

 (Anabolism) 

 (Catabolism)

 

(Anabolism) 

o 

o 

 Amino acid

protein

 glucose glycogen

o 

o ATP



 

Catabolism

o 

o 

o Adenosine Triphosphate ATP

ATP

o ATP

       



 

Resting Metabolic Rate (RMR) 

Heat Growth

(30 Kcal/ kg bw)

Resting Metabolic Rate (RMR) 

(RMR) 

Basal Metabolic Rate (BMR)

Basal Metabolic Rate (BMR) 

BMR

BMR

BMR



 

BMR

BMR Kcal

BMR

BMR RMR

Substrate Supply

Allosteric Control

Hormonal Control

Substrate supply

Substrate

heat

Allosteric Control Hormonal Control



 

       

 

 
 
 

 
 
 

A scheme of overall metabolism 
 

 
 



 

(substrate supply)

(Allosteric Control)

(Allosteric) 

(Allosterism) (hysteresis)

(enzyme) (ligand)

(hysteresis)

(co-operativity)



 

(Hormonal Control )

(Insulin)

(Glucagon) 

(Phosphorylation)

(Gene)

(Enzyme induction)

(repression) 

Bioenergetics



 

 
 
 

 
 
 
 

 
 
 
 



 

(Bioenergetics)

(biochemical reactions) 

(energy) 

bioenergetics 

Enthalpy Change 

Enthalpy

to warm in

 heat H 

 H 

H = E + PV

E (system) 

P (pressure)

V volume



 

Entropy Change

 heat (atom)

randomness)

 S S

(disorder and randomness)

heat

G =  H _ T x  S

G = 

H = 

    T =

S =



 



 

(Energy)

 (energy)

 

(carbon- carbon bond) 

 

 

(cellulose)

 

 (carbohydrate)

 (protein)

 (lipids) 

(carbohydrate)

  (carbo)  (hydrate)



 

 

 

 (starch)

(lactose) (sucrose)

(glucose)

 

(glycogen) 

 (monosaccharide)

 

 K cal 

 

 

(glycogen)



 



 

(Carbohydrate) 

 

- 

(Monosaccharides monomers)

(glucose)

(Oligosaccharide and Polysaccharide) 

starch)

sugar

(lactose)

 

- starch glucose lactose



 

 

- 

 

- 

- 

- sucrase

- (lactose)

 

 



 

(Carbohydrate) 

 

 

 

 (Glucose Transporter Protein)

 GLUT  GLUT

  GLUT

 

GLUT

 



 

  G.6.Phosphate

(Glycolysis)

 (Glycolysis) 

 

(Pyruvate)

 ATP

 ATP ATP

 



 

(Glycolysis)

(glucose) 

(glycogen)

(glycolysis) (glyco)

(lysis)

(Aerobic glycolysis)

(Anaerobic glycolysis)

(Aerobic glycolysis)

 (Pyruvate)

(Mitochondria) 

(oxidation) 



 

 TCA 

(Anaerobic glycolysis)

 

NADPH (lactate) 

ATP

 



 

(Carbohydrate)

(Glycolysis) 



 

insulin

glucagon

 

Glucokinase PFK1 Pyruvate Kinase

induction

 glucagon

repression



 



 

(Carbohydrate)

 Acetyl Co A

 Pyruvate dehydrogenese (PDH)

  Tricarboxylic Acid Cycle (TCA)

 (ATP)

Acetyl Co A) 

  (Coenzyme A)

Co A Coenzyme A

Co A Co A

(Adenine group)

(Ribose sugar)

(Pantothenic Acid)

(Sulphydryl)

(Acetyl Co A) 

(acetyl group)

(ATP)  ATP



 

Pyruvate dehydrogenese (PDH) 

 

Pyruvate dehydrogenic 

(Pyruvate dehydrogenese) PDH 

PDH 

PDH

PDH 

Vitamin B1 PDH

TCA ATP

  



 

PDH

 



 

(Carbohydrate)

(Carbohydrate)

  Tricarboxylic Acid Cycle (TCA)

TCA Krebs cycle 

 TCA

TCA 

 (Eight cycles)

 Acetyl CoA CO2

 Acetyl Co A

o ATP

o NADH

TCA

 (Mitochondria)  TCA

 



 

 TCA

(matrix)  TCA

 

TCA

 Acetyl Co.A

 TCA

 TCA Acetyl Co.A

ATP NADH 

 TCA

(Stages of TCA cycle)

Acetyl Co.A oxaloacetate carrier

carrier



 

 

TCA



 

(Carbohydrate)

TCA

TCA 

TCA TCA

Acetyl CoA

TCA

TCA

(Allosteric regulation) 

(Respiratory control)

TCA TCA

 (Citrate syntheses)

 (Isocitrate dehydrogenase) 

 ( Ketoglutarate dehydrogenase)

Ca (activate)



 

ATP

TCA

ATP NAD TCA

TCA

 TCA NAD FAD

 ATP NAD FAD TCA

TCA  



 

TCA cycle



 

(Carbohydrate)

TCA

TCA 

TCA

Acetyl CoA + 3NAD + + FAD + GDP+ Pi + 2H2O 

 CoA + 2CO2 + 3NADH + FADH2 + GTP + 3H+ 

TCA TCA

Acetyl CoA TCA

CO2 

TCA

Acetyl CoA

 (phosphorylation) ATP

 NADH ATP

ATP

 anaerobic ATP

 aerobic ATP

ATP TCA



 

TCA

TCA

(Intermediade substrate) TCA

 TCA

  lipid synthesis 

 Amino acid synthesis

 porphyrine biosynthesis

  Gluconeogenesis (glucose synthesis) 

TCA

TCA



 

ATP



 

(Carbohydrate)

 (Glycogen) 

 

 

 

 

 

 

 (neuroglycopenia) 



 

 

 

 

 (Glycogen Stores)

 

 

 

 

 



 

 
 
 
 
 
 
 



 

(Carbohydrate)

 (Glycogen)  

glycogen 

synthesis

glycogenolysis

glycogen synthesis

 cytosol

 

o UDP

o UDP-glucose

o 

o 

 

o 

 



 

 UDP-glucose

 

o 

 

o 

 

 

glycogenolysis

 cytosol

 

o 

 

 glucose 6-phosphatase

o 

 

 transferase glucosidase

 



 

glycogen synthesis

glycogenolysis



 

(Carbohydrate)

 (Glycogen)

(glycogen synthesis) (glycogen 

degradation)

(synthesise)

(degrade) 

 (hormonal regulation)

 (allosteric control)

 

 glycogen sythease

phophorylase

 

 

 



 

 

 

 

 

 

 

Allosteric



 



 

(Carbohydrate)

 (Glycogen)

(Hormone regulation) (Allosteric control) 

(Allosteric control)

 Phosphorylase

 

 

 



 

 

 Ca 5' AMP

 

Calmodium

 

 AMP



 

 (lipid) 

 (fatty acid)

 

 

 (animal fat) 

(plant fat) 

 

o (tallow)

 (beef fat)

o (ghee) 

 (butter fat)

o (lard)

 (pork fat)

o (chicken fat) 

o (blubber)

 



 

o (fish oil)

 (Cod liver oil)

o (vegetable oil)

 (sunflower oil)

 (sesame seed oil) 

 (peanut oil)

 (palm oil)

 (walnut oil)

 

 (de novo synthesis) 



 

Fatty acid



 

Lipid

 

 

(de novo lipogenesis)

 (Fatty Acid Biosynthesis)

de novo) lipo) genesis

Bio synthesis



 

o 

 (Acetyl Co A)

 

 NADPH

o 

 

 breast

o 

 cytosol



 



 

Stages Of Fatty Acid Dynthesis

Formation of Sat.... fatty acid

 

 

Acetyl Co A Malonyl Co A

 

Condensation

 

Reduction

Dehydration



 

de

hydration

Regulation of fatty acid Biosynthesis

Acetyl Co A carboxylase

Allortsteric regulation

Reversible phosphorylation



 



 

Lipid Breakdown

 (Triacylglycerol)

 

 

 9 (kcal) 

4 kcal

 

acetyl CoA

  TCA

CO2 H2O

 



 

 

 

 

 

o 

o 

o 



 



 

 

 Triacylglycerol Lipase

(hydrolysis)

 (lipolysis) 

 

(glycerol) (free fatty acid) 

 

 

 

 

 (activation of fatty acids)

 CoA

 acyl CoA



 

 

 

 cytosol

 (-oxidation)

(mitochondria) 

 acyl CoA

(carnitine shuttle)

(-oxidation)

 acyl CoA

(-oxidation)

 

 

o 

(Thiolysis)

 

Acetyl CoA



 



 

(Regulation of lipid breakdown)

 (Lipolysis)

 (Carnitine Shuttle)

 ( oxidation)

(lipolysis)

 (lipase)

o 

o 

o ACTH

 

(Carnitine Shuttle)



 

 Malonyl CoA (CATI)

 

 

 

 NADH FADH2

 FAD NAD

  FAD NAD TCA

FAD NAD

  TCA FADH2 NADH



 



 

(Cholesterol)

 

 (myelin)

 (progestagens) (oestrogens)

(androgens) (glucocorticoids)

(mineralocorticoids) 

 (bile) D 

 

 



 

 

 

 

o 

o 

o 

 

 

 (life style)



 

(Cholesterol) (

(cholesterol synthesis)

 

 (Acetyl CoA) 

 

 HMG–CoA

(Isoprene) HMG-

CoA

 

 (squalene)

 (lanosterol)

 



 

 

 

 (cytoplasm)

(Regulation of cholesterol Synthesis) 

 

 

 HMG- CoA



 



 

Regulation of cholesterol synthesis)

 

HMG-Co A reductase

  HMG-CoA reductase

 

 (statin) 

HMG-CoA reductase 

 (Atorvastatin)

 HMG-CoA reductase 

 



 

(Short-term Hormonal Regulation) 

 

 (Reversible 

phosphorylation)  HMG-CoA reductase

 (Glucagon) 

(protein kinase)  HMG-CoA reductase 

 (Insulin)

HMG-CoA reductase (Long-term 

regulation of HMG-CoA reductase)  

 

 

 HMG-CoA reductase

 HMG-CoA reductase 

 HMG-CoA reductase 



 



 

Packaging of cholesterol)

 (cholesterol esters)

 (esterification)

 

 C3-hydroxyl group 

 

(hydrophobic)

 (package) (store)

(transport) 

 

 

(high-density Lipoprotein)

 



 

 

acyl CoA: cholesterol acyl transferasee ACAt

 ACAT

 

(High Density Lipoprotein HDL)

 ACAT lecithin cholesterol acyl transferase LCAT

HDL

 

 HDL

 HDL



 



 

Lipid Transport)

 

 

(lipoprotein) 

 

 

 

(arthrosclerosis)

o (ligand) 

(protein receptor) 

o 

o 



 

(Classification of Lipoproteins)

 (chylomicron)-cm

2. Very low Density Lipoprotein (VLDL) 

3. Intermediate Density Lipoprotein (IDL) 

4. Low  Density Lipoprotein (LDL) 

5. High Density Lipoprotein) (HDL) 

Dimension 

mm

CM

VLDL

IDL VLDL LDL

LDL LDL

HDL



 



 

Lipid Transport)

 

(exogenous 

lipids) 

(endogenous lipids)

 

o (exogenous pathway)

 

o (endogenous pathway)

 

triacyglycerol

 

(exogenous pathway)

 (chylomicron formation)

 (triacylglycerol)

(lipase) 



 

 (free fatty acid) 

 

 (CM)

(endogenous pathway)

(exogenous pathway)

 



 

Lipid Transport)

Endogenous Pathway)

 

 

 

(Endogenous Pathway) 

(Lipid synthesis in liver) 

VLDL

 (Triacylglycerol)

VLDL

 VLDL

LPL (Lipoprotein Lipase) 

 VLDL LPL

VLDL

 VLDL IDL

IDL LDL

 IDL



 

 IDL LDL

LDL

 LDL

 LDL

HDL

 HDL



 

(Endogenous Pathway) 

 
 
 



 

Disorders of lipid metabolism and transport

 dyslipidaemia

o lipoprotein

o transport

o degradation

 dyslipidaemia lipid

 dys lipid aemia

dyslipidaemia

 

 

o 

 LPL



 

o apolipoprotein

o 

Fredrickson Classification

LPL

Familial LPL defeciency

LPL CM

Familial 

hypercholesterolaemia

Familial combined

hyperlipidaemia

Apo B)

VLDL

LDL

Familial

dysbetalipoproteinaemia

E IDL



 

atherosclerosis

Familial hypertriglyceridaemia

VLDL VLDL



 

 

dyslipidaemia

 

Statin

 Atorvastatin

 Simvastatin

 Lovastatin

 Rosuvastatin

 

Cholesterol

HMG-CoA  reductase

 Pfizer

Lipitor

 

LDL



 

 

Crestor

 

 (Fibrates); 

 (benzafibrate) 

 (genfibrozil) 

 

(Plasma lipoprotein lipase) LPL

 LPL 

 

 HMG-CoA reductase

 apoB apoA



 

Protein

Amino acid

Building Blocks

 Nitrogen

 

Essential Amino Acid

 

Non-essential Amino Acid

Essential Amino Acid

 

Essential Amino Acid

 



 

 

 

Essential Amino

Acid

 

Essential Amino Acid

o Phenylalanine

o Valine

o Tryptophan

o Threonine

o Isoleucine

o Methionine

o Histidine

o Lycine

o Lecine

 
 
 

Non-essential Amino Acid

 

 

  

o Tuyrpsome  

o Glycine  

o Alanione  

o Cysteine  

o Serine  

o Aspertate  



 

o Asparagine  

o Glutamate  

o Arginine  

o Proline  

 
 
 
 

 
 



 

 

Transamination

Oxidative deamination

Transamination

 Trans amination

 means of conversion of one amino acid into another

 

 

 cytosol

Mitochondria

 



 

Oxidative deamintaon

 de amination

 

 

 

 



 

Protein

Protein breakdown and the disposal of Nitrogen

 

 

 

 

Amino acid pool

 

 

 

 

 



 

 

 

 

 

 

 70kg

300

 (Nitrogen Balance) 

  (Urea) 

 

 

 

Nitrogen Balabce

 
 (Positive Nitrogen Balance) 

 

 (positive balance) 

 



 

o  (Growth) 

o  (Pregnancy) 

o  (Convalescence) 

 
 (Negative Nitrogen Balabce) 

 

 (negative nitrogen 

balance)   

 

  (Malnutrition) 

  (Starvation) 

  (Cachexia) 

  (Essential Amino acid)  

  (Post-traumatic state) 

 

  

 

 

 

 



 

 (Rate of Protein turn over) 

 

 

 (Repulatory proteins) 

 

 

 (Structural protein) 

 

 

 (Protein degradation) 

 

  (Protease) 

 

 (Ubiqutin pathway) 

 (Lysosomal pathway) 

 

 (Ubiqutin pathway) 



 

  (cytosol) 

 ATP 

 

 

 

 (Lysosomal pathway) 

 

 (cell membrane) 

 ATP 

 (Lysosome) 

 

 

 

 

 

 

 



 

 (Signals for degredation) 

 

 

 Amino  (N_terminal) 

 N 

o Methionine, glycine, alanine  serime 

o Phenylalanine, tryptophan, aspestate, arginine  lysine 
 

 
PEST region 

   PEST  (-Pro-Glu-Ser-Thr) p

 

(Disposal of protein nitrogen and the urea cycle) 

 

 

 
 



 

 

 

 

 

 

 

 

o 

o  

 
 

(  

  



 

 
 

(Disposal of protein nitrogen and the urea cycle) 

 

(-keto acids)  

 

 

 

  (Ornithine cyle) 

 

o 

o  (Transdeamination)  

 

 

  (-ketoglutarate) 

 (glutamate) 

 



 

(Urea cycle) 

  (Carbamoyl phosphate formation) 

  (Formation of citrulline) 

  (Synthesis of Argininosuccinate) 

  (Clevage of argininosuccinate 

to fumarate and arginine)  

  (Clevage of arginine to orthine and 

urea by arginase) 

 

         

 

 



 

  (Ammonia) 

 

 

 

 

 

o 

o 

o 

 

 (Ammonia  Toxicity) 

 

  (hyperammonaemia) 



 

 

o 

o 

o 

 

 

         

 

 
       



 

 

 

 

 

o 

o 

o (fat) 

 

 (starvation) 

 

 

 



 

 

 

 

 

 

(gluconeogenesis)  (gluco)

(neo) (genesis) 

 

 

 

        



 

 

 

 (gluconeogensis)  


