The Human
Processing Plant:

Food & Digestion

From macro-nutrients to
cellular fuel: The architecture,
mechanics, and chemistry of
the human digestive system




Intake: The Raw Materials of a Balanced Diet
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| Function: Primary fuel source.
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Role: The universal solvent and
transport medium,.
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Units: Simple sugars (glucose)
and complex chains (glycogen/ x

I' starch).
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« | Role: The Transporter.

bulk to aid peristalsis.
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Undigested material that pmuides)

& Cr
Lipids (Fats & Oils) > 7—‘— l Proteins

Function: Dense energy storage |,

Function: Tissue growth and

and cellular insulation. repair.
Units: Fatty acids and glycerol. Units: Polypeptide chains of
y amino acids.
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The Micronutrient Matrix: Essential Catalysts
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| Calcium (1000 mg)

Role: Making teeth and
bones.

= | Warning: Rickets

(deformed bones).
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Iron (3 mg)

Role: Part of
haemoglobin in red
blood cells; carries

oxygen.
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| Warning: Anaemia
(fatigue).
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Vitamin A (0.8 mo)

Role: Protects surface
of the eye, makes
chemical in retina.
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= Warning: Night
blindness.
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Vitamin C (80 mg)

Role: Sticks together
cells lining surfaces.
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= | Warning: Scurvy.
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Vitamin D (5 pg)

Role: Helps bones
absorb calcium and
phosphate.
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Warning: Rickets.
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Diagnostic Protocols: Identifying the Fuel
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¥ Starch Test

Reagent: lodine solution

Test Tube 1 Test Tube 2

Glucose Test
(Reducing Sugars)

Reagent: Benedict's solution
+ Heat
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Test Tube 1 Test Tube 2
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Protein Test

Reagent: Biuret solution

Test Tube 1 Test Tube 2

N Lipid Test
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Test Tube 1

Reagent: Ethanol + Water

Test Tube 2



The Objective: Breakdown and Extraction
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Digestion is the conversion of large, insoluble food molecules into small,
soluble molecules that can be absorbed into the bloodstream.
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Mechanical Digestion
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Chewing in the mouth and
churning in the stomach.
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— Purpose: Increases
surface area without
changing the
chemical structure.

is
|

u)

Chemical Digestion

The action of biological :
catalysts (enzymes) cutting
specific molecular bonds. |
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System Schematic: The Alimentary Canal
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Food never enters these structures;
they manufacture and secrete
essential chemical solvents into

5. Large Intestine ----F===----=- ' ‘® _ the main conduit.
(Colon & Rectum) -

3. Stomach -----

Pancreas

4. Small Intestine ----
(Duodenum & lleum)

6. Anus ----+=




The Engine of Movement: Peristalsis Ve

oesophagus

Circular muscles
contract

Position of food
Circular muscles

| f relax

longitudinal
muscle layer
Circular muscles |
contract
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- ) - circular
- Q muscle layer
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The Mechanism et

The alimentary canal is wrapped in
layers of circular and longitudinal
muscles.

The Action

Waves of muscle contraction push the
food along like squeezing a tube of
toothpaste. Circular muscles

contract behind the food (narrowing
the gut) while longitudinal muscles
relax ahead of it.

The Result

Movement is entirely independent of
gravity. You can swallow water while
standing on your head.




Chemical Refineme!

Enzyme Class Origin
Carbohydrases Origin: Salivary glands,
' (e.g., Amylase & Maltase) | Pancreas, srnall intestine
| wall.
Proteases Origin: Stomach wall,
) : pancreas, small intestine
(e.g., Pepsin & Trypsin) s
Proteins Peptides Amino Acids
NAAAN
Lipases Origin: Pancreas. ~» ‘ —>  AAAN
AANAN

Lipids

Glycerol

Fatty Acids




Chemical Preparation: Bile & Stomach Acid

The pH Shift
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Stomach
(Acidic) }

Duodenum
(pH 8)

Hydrochloric Acid
(Stomach):

Provides the highly acidic
optimum pH for pepsin
and destroys ingested
bacteria.

Neutralization
by Bile (from Liver)

Emulsification Metaphor

Lipid Drop
4 (Fat)

Microsco
Droplets
(Emulsion

Bile Salts
4 /

Bile (Liver / Gall Bladder):
Performs two critical
functions in the
duodenum.

1) Neutralizes stomach
acid to provide
provide alkaline
conditions.

2) Emulsifies lipids—
breaking large drops into
microscopic droplets to
radically increase the
surface area for lipase
action.
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Maximizing Extraction: \
The lleum Architecture

The Goal: The ileum's sole purpose is the The Method: Unprecedented surface area. Folds, The Epithelium: The surface is only a
rapid absorption of soluble digested food villi, and millions of microscopic microvilli create single cell thick, ensuring the shortest
into the blood. an absorption area equivalent to a tennis court. possible diffusion distance.

@ Carbchydrates @& Proteins
‘ Lipids =2 Fiber-implied

1. Coiled Small Intestine 2. Folded Inner 3. Single Villus 4. Microvilli on
(lleum) Lining & Villi Epithelial Cell
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Extraction Mechanics: Inside the Villus y

Blood Capillaries

Absorb water-soluble molecules
(glucose and amino acids). These
merge into the hepatic portal vein,
transporting nutrient-rich blood
directly to the liver for
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® processing.
T
D) <=
e The Lacteal
0 <= A specialized central vessel that

absorbs fat-soluble molecules
(fatty acids and glycerol) directly
~ into the body's lymphatic system.
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L The Final Stage:
Reclamation and Elimination
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\ | The Colon | .

\ LThe Anus

|'_Thnar Colon

The primary site for water reclamation. It absorbs
remaining water from the undigested food (primarily
dietary fiber/cellulose).

-
The Rectum
Stores the resulting semi-solid waste (faeces).
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The Anus
Expels the waste.

I_Crucial Distinction: Egestion vs. Excretion

Expelling undigested food (faeces) through the anus is
egestion. Excretion is the removal of metabolic waste
products created by cells (like urea in urine or carbon

.

|_diuxide from lungs). _I
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Synthesis: The Complete Biochemical Journey

Bread & Butter
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Bread (Starch) chewed.

Salivary amylase
begins cutting starch
iInto maltose.

T+1
(Stomach)

Protein

Acidic bath.

Mechanical churning.

(Proteins would be
digested here).

T+2
(Duodenum)

Bile emulsifies the
Butter (Lipids).
Pancreatic lipase

breaks lipids into fatty
acids/qglycerol.

Pancreatic amylase
finishes starch.

T+3 T+End
(lleum) (Colon/Rectum)
Blood

Capillary Lacteal

Villi absorb glucose Water extracted.
Into blood; fatty acids | |ndigested fiber
into lacteals. egested.

The raw materials

have successfully
become cellular fuel.

B
“o~— Undigested Fiber
.”M. (Egested)

CELLULAR
FUEL




