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Need of Studying Biochemistry

• Biochemistry is the language of biology. The study of biochemistry is essential

to understand the basic functions of the body. This study will give information

regarding the functioning of cells at the molecular level.

1. How the food that we eat is digested, absorbed and used to make ingredients of

the body?

2. How does the body derive energy for the normal day-to-day work?

3. What is the function of genes?

4. What is the molecular basis for immunological resistance against invading

organisms?

Answer for such basic questions can only be derived from a systematic study of

biochemistry.

The term “Biochemistry” was coined by Neuberg in 1903 from the Greek words,

bios (=life) and chymos (=juice).



Need of Studying Biochemistry

• More than 99% of the human body is composed of 6 elements, i.e. oxygen,

carbon, hydrogen, nitrogen, calcium and phosphorous.

• The human body is composed of about 60% water, 15% protein, 15% lipids.

2% carbohydrates and 8% minerals. These biomolecules are covalently

linked to each other to form macromolecules of the cells, eg. Glucose to

glycogen, amino acids to proteins etc…

• Major complex biomolecules are proteins, polysaccharides, lipids and

nucleic acids. The macromolecules associate with each other by noncovalent

forces (do not share electrons).



Study of Metabolic Processes
• Our food contains carbohydrates, fats and proteins as principal

ingredients. These macromolecules are to be first broken down into
small units; carbohydrates to monosaccharides and proteins to
amino acids. This process is taking place in the gastrointestinal tract
and is called digestion of primary metabolism.

• After absorption, the small molecules are further broken down and
oxidized to carbon dioxide. In this process, NADH (reduced form of
Nicotinamide Adenine Di-nucleotide) and FADH2 (reduced form of
Flavin Adenine Di-nucleotide) are generated. This is named as
secondary or intermediary metabolism.

• Finally, these reducing equivalents enter the electron transport chain
in the mitochondria, where they are oxidized to water, in this
process energy is trapped as ATP. This is termed as tertiary
metabolism.

• Metabolism is the sum of all chemical changes of a compound in the
body, which includes synthesis (Anabolism) which consumes energy
and breakdown (Catabolism) which liberates energy.



Anabolism & Catabolism

What is Anabolism?

• This is the building up or biosynthetic phase of metabolism. Here, the enzymatic biosynthesis of

macromolecules of cells, such as proteins, polysaccharides and lipids occur from their simple precursors

such as amino acids, monosaccharides, fatty acids and glycerol respectively. This is an energy requiring

synthesis and the energy is furnished by the ATP generated during catabolism.

What is Catabolism?

• This is the biodegradative phase of metabolism. Here, breaking down or splitting of complex nutrient

molecules such as carbohydrates, lipids, and proteins into simpler molecules such as lactic acid, CO2,

ammonia or urea occurs. This process is an energy form the nutrient molecules is followed by its

conservation in the form of the energy transferring molecule ATP.

• Anabolism and catabolism take place concurrently and simultaneously in cells, but they are independently

regulated.



Digestion of Carbohydrates

• Francis Sylvius (1614-72), who identified the Sylvian fissures

(the lateral sulcus separates the frontal lobe from parietal lobe) in

the brain, recognized the importance of saliva and pancreatic juice

in the digestion of carbohydrates.

• Valenine in 1844, showed the action of pancreatic juice on starch.

• Salivary amylase (old name: Ptyalin) was isolated by Mailhe in

1845.

• Pancreatic amylase (old name: Amylopsin) by Claude Bernard in

1849.



Digestion of Carbohydrates

• Cooking helps in breaking of glycosidic linkages in polysaccharides and thus
makes the digestion process easier.

• In the diet carbohydrates are available as polysaccharides (starch, glycogen),
and to a minor, as disaccharides (sucrose and lactose).

• These complex carbohydrates are hydrolyzed to monosaccharide units in the
gastrointestinal tract.

• This process of digestion starts in the mouth by the salivary α-amylase.

• However, the time available for digestion in the mouth is limited. The gastric
hydrochloric acid will inhibit the action of salivary amylase.

• In the pancreatic juice another α-amylase is available, which will hydrolyze
the α-1,4 glycosidic linkages randomly. So as to produce smaller subunits like
maltose, isomaltose, dextrins and branched or unbranched oligosaccharides.

• The intestinal juice (Succus entericus) and brush border of intestinal cells
contain enzymes, which will hydrolyze disaccharides into component
monosaccharides.

• These enzymes are specifically named as sucrase, maltase, isomaltase and
lactase, depending on the specific substrates. The monosaccharides are then
absorbed.





Lactose intolerance

• This is a comparatively common condition produced by the deficiency of
lactase.

• This enzyme hydrolyses lactose to glucose and galactose.

• Lactase is present in the brush border of enterocytes. The deficiency may be
due to congenital (primary) or acquired (secondary) causes.

• In this condition, lactose accumulates in the gut. It is acted upon by bacteria to
produce organic acids.

• These take up water into bowels by osmotic effect. Irritant diarrhea is
produced. Benedicts test will be positive for such stool samples.

• The reason for acquired lactose intolerance may be sudden change into a milk
based diet.

• Lactase is an inducible enzyme (normally present in minute quantities within in
a cell, but whose concentration increases dramatically when a substrate
compound is added).

• Curd is an effective treatment, because the Lactobacilli present in curd contains
the enzyme lactase.

• Lactase is abundantly seen in yeast, which could also be used in treatment.

• In the case of malnutrition, caution should be taken in giving milk to such
children, because milk may cause sever diarrhea and malnutrition may worsen.

• Moreover, a relative deficiency of lactase (Alactasia) is found in Asian
population, compared to Western standards.



ABSORPTION

Absorption of carbohydrates

• Only monosaccharides are absorbed by the intestine. Minute

quantities of disaccharides that may be absorbed are

immediately eliminated through kidneys.

• Absorption rate of galactose is more than glucose; while

fructose is absorbed at a lesser rate than glucose.

Absorption of glucose

• Since glucose molecule is polar, it cannot diffuse through the

lipid bilayer of the cell membrane.

• Hence, glucose has transporters, which are transmembrane

proteins spanning the width of the membrane.



a. Co-transport from lumen to intestinal cell

• This process is mediated by sodium dependent glucose transporter-1

(SGluT-1). Absorption from intestinal lumen into intestinal cell is by

cotransport mechanism (secondary active transport).

• A membrane bound carrier protein is involved, which carries glucose

along with sodium. This sodium is later expelled by the sodium

pump with utilization of energy. So energy is needed indirectly.

• The transporter in intestine is named as SGluT-1 and the transporter

in the kidney is called SGluT-2. The first one is involved in glucose-

galactose absorption.

• Clinical application: common treatment for diarrhea is oral

rehydration fluid. It contains glucose and sodium. Presence of

sodium and glucose together in oral rehydration fluid allows

absorption of sodium to replenish body sodium chloride levels

and glucose to provide energy.







b. Another Uniport System Releases Glucose into Blood

• The same intestinal epithelial cells have a different transport

mechanism on the membrane facing capillaries. Intestinal cells release

glucose into blood stream by the carrier mechanism called Glucose

Transporter Type-2 (GluT2).

• This transporter is not dependent on sodium. It is a uniport, facilitated

diffusion system.

• Glucose binds to the transporter on one side of the membrane. When

fixed, the complex changes configuration. This leads to the closure of

the first binding site. At the same time, the binding site is now exposed

on the inner side of the membrane, releasing the glucose. The process

is called ping-pong mechanism.

• GluT2 is present in intestinal epithelial cells, liver cells, beta cells of

pancreas and kidney.

• Since GluT2 has a high Km for glucose, its presence in beta cells is

ideally suited for sensing a high glucose level and releasing insulin. So,

this mechanism enables the pancreas to monitor the glucose level and

adjust the rate of insulin secretion.



Glucose Transporter (GluT2): Ping-Pong Mechanism



c. Glucose Transporter-4

• GluT4 is the major glucose transporter in skeletal muscle and
adipose tissue.

• GluT4 is under the control of insulin. But other glucose
transporters are not under the control of insulin.

• Clinical application: Insulin promotes the translocation of
intracellular GluT4 molecules to the cell surface and thus
increases glucose uptake. In type-2 diabetes mellitus,
membrane GluT4 is reduced, leading to insulin resistance in
muscle and fat cells. In diabetes, entry of glucose into
muscle is only half of normal cells.



d. Absorption of other monosaccharides

• Glucose and galactose are absorbed by the same transporter,

SGlu T, it is an energy dependent process, against a

concentration gradient and therefore absorption is almost

complete from the intestine.

• Other monosaccharides are absorbed by carrier mediated

facilitated transport. Therefore, absorption is not complete and

the remaining molecules in the intestine will be fermented by

bacteria.



CARBOHYDRATE METABOLISM

• Carbohydrates are the most important energy source of the body. 
Glucose is the preferred source of energy for most of the body 
tissues.

• Brain cells derive the energy mainly from glucose. When the 
glucose metabolism is deranged, life threatening conditions may 
occur.

• A minimum amount of glucose is always required for normal 
functioning of cells.

• Normal fasting plasma glucose level is 75 to 110 mg / dl. After a 
heavy meal in a normal person, this level rises above 150 mg / dl.



IMPORTANT MILESTONE’S IN CARBOHYDRATE METABOLISM

In 1768, Abbate Spallanzani showed that living tissues take up oxygen and give off carbon

dioxide.

In 1860, Louis Pasteur demonstrated the fermentation process of glucose to alcohol by yeast.

In 1893, Gad found out that lactic acid is formed during muscle contraction.

In 1902, Sir Walter Fletcher established that this lactic acid is derived from glycogen in

muscle.

In 1914, Gustave Embden studied the lactic acid formation from pyruvate.

In 1915, Chelpin von Euler, Hexokinase enzyme was first identified (Nobel Prize – 1922).

In 1919, Otto Meyerhof enunciated most of the steps of the glycolytic pathway (Nobel Prize

– 1922).



IMPORTANT MILESTONE’S IN CARBOHYDRATE METABOLISM

Other enzymes studied were,

• Phosphofructokinase by Sir Arthur Harden in 1920 (Nobel Prize – 1929).

• Phosphohexoisomerase by Lohmann in 1933.

• Phosphoglucomutase by Leloir in 1938.

• Phsophoglyceromutase by Sutherland in 1942.

• Between 1935 and 1943, all enzymes of glycolytic pathway were

crystallized and characterized by Warburg.

• He was awarded Nobel prize in 1931 for his earlier work on iron

porphyrins on oxidative process.

• He was awarded Nobel prize for a second time in 1944 for his contributions

in glycolysis, but Hitler did not permit him to receive it.



CARBOHYDRATE METABOLISM

Glucose is degraded in the cell by way of a series of phosphorylated

intermediates mainly via following metabolic pathways.

1. Glycogenesis – process of biosynthesis of glycogen from glucose

2. Glycogenolysis – process of breakdown of glycogen

3. Glycolysis – process that converts a molecule of glucose into 2

molecules of pyruvic acid.

4. Citric acid cycle / TCA cycle / Kreb’s cycle – central pathway for

the release of energy from Acetyl CoA, which is produced from the

catabolism of carbohydrates, fatty acids and some amino acids.

5. HMP or PP pathway – instead of glucose is going through the

glycolytic pathway, the glucose is shunted through this pathway.

6. Gluconeogenesis – synthesis of glucose from noncarbohydrate

precursors.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Importance of the Pathway

• Glycolysis is derived from the Greek word, (Glyckys = sweet; and Lysis =

Splitting).

• In this pathway, glucose is converted to pyruvate (aerobic condition) or

lactate (anaerobic condition), along with production of a small quantity of

energy.

• All the reaction steps take place in the cytoplasm. It is the only pathway

that is taking place in all the cells of the body.

• Glycolysis is the only sources of energy in erythrocytes. Moreover, in

strenuous exercise, when muscle tissue lacks enough oxygen, anaerobic

glycolysis forms the major source of energy for muscles.

• The glycolytic pathway may be considered as the preliminary step before

complete oxidation.

• The glycolytic pathway also provides carbon skeletons for synthesis of

certain non-essential amino acids as well as glycerol part of fat.

• Most of the reactions of the glycolytic pathway are reversible which are

also used for gluconeogenesis.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-1:

1. Initailly, glucose is activated by phosphorylation to glucose -6-phosphate

2. The enzyme is Hexokinase (HK), which splits the ATP into ADP and the Pi 

is added on to the glucose

3. The energy released by the hydrolysis of ATP is utilized for the forward 

reaction.

4. This reaction is irreversible. Mg is required to function the enzyme 

effectively.

5. Glucose – 6  - phosphate is also called as Robison Ester.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-2

Glucose-6-phosphate is isomerized to fructose-6-phosphate by an enzyme 
phospho hexose isomerase, actually it is a conversion from aldose sugar to ketose
sugar.
Fructose-6-phosphate is also called as Neuberg Ester



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-3

1. Fructose -6-phosphate is further phosphorylated to fructose 1,6-bisphosphate.

2. This enzyme is phosphofructokinase (PFK). This is again an activation process, 
and the energy is derived by the simultaneous dephosphorylation of ATP. Mg 
acts as cofactor.

3. This reaction is irreversible and the step 1,2 and 3 termed as Preparatory 
Phase.

4. Fructose 1,6-bisphosphate is also called as Harden-Young Ester.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-4A

1. Fructose 1,6-bisphosphate is cleaved into two halves, one molecule of 
glyceraldehyde-3-phosphate and one molecule of dihydroxy acetone 
phosphate.

2. The enzyme catalyses reaction is Aldolase. This reaction is reversible.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-4B

1. Dihydroxy Acetone Phosphate is then isomerized to glycerladehyde-3-phosphate 
by the enzyme phosphotriose isomerase. It is a reversible process.

2. Thus, net result is that glucose is now cleaved into two molecules of 
glyceraldehyde-3-phosphate (Fructose is a 6-carbon atom molecule it is equally 
splitted).



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-5

1. In this step, Glyceraldehyde-3-phosphate is dehydrogenated and
simultaneously phosphorylated to 1,3-bisphospho glycerate (1,3-BPG) with
the help of NAD+.

2. The enyzme is glyceraldehyde-3-phosphate dehydrogenase or
phosphoglyceraldehyde dehydrogenase. This is a reversible reaction.

3. NAD+ and NADH + H+ involves in the electron transfer mechanism to
produce 1,3-BPG.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-6

1. The energy of 1,3-BPG is trapped to synthesize one ATP molecule with the help of a
kinase.

2. This step is an example of substrate level phosphorylation. Here, 1,3-
bisphosphoglycerate had 2-different phosphate groups, one of that phosphate
group is cleaved and attached to ADP.

3. Once ADP is attached to phosphate group converted into ATP, by this fashion the
substrate is helping to produce ATP, known as Substrate level Phosphorylation.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-7 and 8

Step-7

1. 3-phosphoglycerate is mutated to 2-phosphoglycerate by shifting the phsophate

groups from 3rd to 2nd carbon atom.

2. This is a readily reversible reaction.

Step-8

1. 2-phosphoglycerate is converted to phosphoenol pyruvate (PEP) by the enzyme

enolase by the removal of water molecule.

2. Enolase requirs Mg++ and by removing ions, fluoride will irreversibly inhibit this

enzyme.



GLYCOLYSIS OR EMBDEN MEYERHOF PATHWAY

Step-9

1. PEP is dephosphorylated to pyruvate, through a transient intermediate of enol
pyruvate.

2. The high energy content of PEP is trapped into ATP by the pyruvate kinase
reaction. This is again an example of substrate level phosphorylation.



GLYCOLYSIS 
OR 

EMBDEN 
MEYERHOF 
PATHWAY-
summary



CORI’S CYCLE or LACTIC ACID CYCLE

• In an actively contracting muscle, only about 8% of the pyruvate is utilized
by the citric acid cycle, and the remaining molecules are, therefore, reduced
to lactate.

• The lactic acid, thus generated should not be allowed to accumulate in the
muscle tissues.

• This lactate diffuses into the blood. During exercise, blood lactate level is
increased considerably.

• Lactate then reaches liver, where it is oxidized to pyruvate.

• It is then taken up through gluconeogenesis pathway, and becomes glucose
which can enter into blood and then taken to muscle.

• This cycle is called Cori’s cycle, by which lactate is efficiently reutilized by
the body.

• Carl Cori and Gesty Cori were awarded Nobel prize in 1947.



CORI’S CYCLE or LACTIC ACID CYCLE



Energy Yield in Glycolysis

Step Enzyme Source No. of. ATP’s 
gained

1 Hexokinase Minus 1

3 Phosphofructokinase Minus 1

5 Glyceraldehyde – 3 
phosphate dehydrogenase

NADH 2 x 2.5 = 5

6 1,3 – bisphosphoglycerate
kinase

ATP 2

9 Pyruvate Kinase ATP 2

TOTAL 9 minus 2
= 7 ATP’s
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B.TECH FOOD TECHNOLOGY 2018-2019 

 Semester-III 

18BTFT303               FOOD BIOCHEMISTRY AND HUMAN NUTRITION          4H-3C 

 

Instruction Hours/week: L:3 T:1 P:0                       Marks: Internal:40 External:60 Total:100 

End Semester Exam:3 Hours 

Course Objectives 

 Explain the digestion, absorption and metabolic pathways of carbohydrates 

 Describe the digestion, absorption, synthesis and metabolic pathways of fatty acids, 

proteins, and amino acids 

 Outline the important aspects of food relating to nutrition 

 Summarize the diets suitable for managing specific nutritional disorders 

 Categorize the nutrients for different age groups, and sports people 

Course Outcomes 

1. Illustrate the structure of ATP and identify the major class of macromolecules to which 

ATP belongs. 

2. List the stages in the catabolism of food molecules and describe what occurs during each 

stage. 

3. Outline the biochemistry process, basic concept of human nutrition and the relationship 

of the consumption of foods to nutritional status and health  

4. Evaluate the biological functions of foods for health in addition to nutritional values 

5. Report the dietary management system for nutrition and disorder with organs and inborn 

errors 

6. Design and develop new range of food products and nutritional supplements for different 

age group people, pregnancy and other. 

 

UNIT I –METABOLISM OF CARBOHYDRATES 

Carbohydrate – Digestion and absorption, Glycolysis (EMP) pathway, CORI’s cycle, Energy 

yield from glycolysis, TCA cycle – Energetics, HMP or PP pathway, Gluconeogenesis, 

Glycogenolysis, Glycogenesis                  

UNIT II-METABOLISM OF FATTY ACIDS AND PROTEINS 

Fatty acids – Digestion and absorption, Synthesis of TAG’s, Metabolism of adipose tissue – fatty 

liver and lipotropic factors, Cholesterol – biosynthesis and metabolism 

Proteins – Digestion and absorption, General metabolism of amino acids – transdeamination, 

transamination and oxidative deamination, Urea cycle, Metabolism of serine, cysteine, valine, 

leucine, isoleucine, tryptophan 
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UNIT III-CONCEPTS OF FOOD AND NUTRITION 

Food as a source of nutrients, Food intake and regulations, Food groups, Utilization of 

nutrients and digestion process, calorific value of food, dietary need and recommended dietary 

allowances, Vegetarian diet – health, problems and advantages, Nutrition in phytochemicals and 

non-nutrient components, Malnutrition – PEM, Food fortification, Effect of processing on 

nutritive value of foods, vitamins and storage of nutrients, Food allergy, intolerance and 

sensitivity, Nutrigenomics 

 

UNIT IV-NUTRITIONAL DISORDERS 

        Dietary management – Fever, overweight, under weight and obesity, burns, CVD, cancer, 

skin care, diabetes, inborn errors of metabolism 

 

UNIT V-SPECIALIZED NUTRITION 

        Nutritional requirement for infants, preschool and school children, adolescence, geriatric, 

sports and fitness, adults, pregnancy and lactation 

SUGGESTED READINGS  

1. Nelson DL and Cox MM. (2017).Lehninger Principles of Biochemistry. 7
th

 Edition. W.H. 

Freeman Company. 

2. Voet D, Voet JG and Pratt CW. (2016). Fundamentals of Biochemistry Life at the 

Molecular Level. 5
th  

Edition.John Wiley and Sons. 

3. Martin Eastwood. (2003). Principles of Human Nutrition. 2
nd 

Edition. Blackwell 

Publishing Company. 

4. Sunetra Roday. (2012). Food Science and Nutrition. 2
nd

 Edition. Oxford Higher 

Education/ Oxford University Press. 

5. Shubhangini AJ. (2015). Nutrition and Dietetics. 4
th

 Edition. McGraw Hill education. 
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