
Topic 9: Digestion and Metabolism 
 
LO1: Describe the major function of the digestive system, and the main processes involved 
 
What is digestion? 

• Food we eat contains a variety of nutrients- used for building new body tissues and 
repairing body tissues 

• Converts food into molecules that are small enough to enter body cells 

• “Disassembly line”- extracts nutrients from food 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Structures of digestive system: 

1. Gastrointestinal tract 
- Continuous tube, winds through body from mouthanus 
- Contains food from the time it is eaten until it is digested and absorbed or 

eliminated 
2. Accessory digestive organs 
- Teeth, tongue, salivary glands, liver, gallbladder and pancreas 
- Physical breakdown or production/storage of secretions 

 
Digestive processes: 

1. Ingestion 
- Involves taking foods and liquids into the mouth 
2. Secretion 



- Release of water, acid, buffers and enzymes into the lumen (environment within) of 
the GI tract 

- Cells within the walls of the GI tract and accessory digestive organs 
3. Mixing and propulsion 
- Churning and movement of food through the GI tract 
- Alternating contractions and relaxations of smooth muscle in the walls of the GI tract 

mix food and secretions and move them towards the anus 
- How?  
- Swallowing 
- Peristalsis “involuntary”: alternate waves of smooth muscle contraction and 

relaxation in the GI tract to “squeeze” food along the tract 
4. Digestion 
- Mechanical and chemical processes break down ingested food into small molecules 
- Mechanical, how? 
- Mechanical digestion 
- Teeth cut and grind the food before it is swallowed, tongue mixes food with saliva 
- Smooth muscles of the stomach churn the food mixing it with gastric juice 
- Segmentation in small intestine (SI)- rhythmic contractions constricting segments of 

portions of the SI 
- Chemical, how? 
- Complex food molecules are split into smaller molecules 
- Digestive enzymes produced by the salivary glands, stomach, pancreas and SI 

catalyze these reactions 
- Begins in the MOUTH and is completed in the SMALL INTESTINE 
5. Absorption 
- Movement of digested molecules into the lumen of the GI tract 
- Absorbed substances pass into the blood stream of lymph and circulate to cells 

throughout the body 
- SI is the major absorptive site 
6. Defecation 
- Non-digestible materials are eliminated from the body in feces 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LO2: Describe, in general terms, how digestive secretions and motility are controlled by 
nerve reflexes and describe the role of the autonomic nervous system 
 
Regulation of the GI System 

• The GI system is regulated primarily by the volume and composition of the contents 
of the lumen: 

- Detected by receptors in the walls of the GI tract itself 
- Mechanoreceptors, osmoreceptors, chemoreceptors 

 

• Some external input (CNS, hormones) 
 

• Effectors include: 
- GI smooth muscle (contraction/ relaxation) 
- Exocrine glands (secretions into GI tract) 
- Endocrine glands (hormones secreted into bloodstream) 

 
Neural Regulation of GI System 

• Neural regulation is achieved mainly by enteric nervous system (ENS) 
- Self contained system- input, output, inter-neurons all contained in wall of GI tract 
- Can operate autonomously (without input from brain) 

• Also influenced by both sympathetic (-) and parasympathetic (+) pathways of the 
autonomic nervous system 

• Controlled by either short reflexes or long reflexes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sympathetic (Fight or flight) 



• Tends to be inhibitory to the GI system 

• I.e. digesting food not a priority when in a situation of fight or flight 
Parasympathetic (rest and digest) 

• Stimulates GI activity 
 
Short VS Long Reflexes 
Short: 

• Contained entirely in the wall of the GI tract 

• Short reflexes- input, integration, output all in gut wall 
Long: 

• Integrated in CNS- stimulus may arise from outside GI tract 

• External stimuli (sight, smell) 

• CNS influences GI activity via ANS 

• Sympathetic- inhibit 

• Parasympathetic- stimulatory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
LO3: Describe briefly the particular function of each region of the digestive tract and the 
accessory organs of the digestive system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
LO4: Name the three phases of control of gastric secretion and motility and identify the 
stimuli related to each phase 
LO5: Explain how gastric secretions and stomach motility are controlled 
 
Three phases of control: 

• Regulation of gastric function (and digestion in general) can be divided into three 
phases which are named for the site that the stimulus is coming from 

- Cephalic phase: function being influenced by events in the brain 
- Gastric phase: function being influenced by events in the stomach 
- Intestinal phase: function being influenced by events in the small intestine 

 
All phases can have either stimulatory or inhibitory effects on gastric function depending on 
the stimulus 
 
Cephalic phase of control 

• Stimulus= the sight, smell, thought or taste of food 

• Effect on stomach= increase parasympathetic stimulation of the stomach (via the 
vagus nerve) 

- Increase secretions (more HCl, more pepsin) 
- Increase motility (more contractions= rumbling) 

• Overall effect= prepare stomach to deal with arriving food 
 
Gastric phase of control 

• Stimulus= entry of food into the stomach (distension, presence of protein, increase 
pH) 

• Effect on stomach= increase vagal stimulation (long reflex), short reflexes 
- Increase secretions and motility 

• Overall effect= help stomach to deal with newly arrived food 
 
Intestinal phase of control 

• Stimulus= entry of food into the small intestine (distension, presence of fats, 
decrease pH) 

• Effect on stomach= decrease vagal stimulation, increase sympathetic stimulation 
(long reflex), short reflexes 

- Decrease secretions and motility 

• Overall effect= slow down stomach in order to limit entry of chime into small 
intestine and prevent overloading 

 
Summary table: 
 

Phase Stimulus from Short/long reflexes? Overall effect 

Cephalic Brain Long (vagus nerve) Increase gastric secretion and motility 
Gastric Stomach Long (vagus nerve) and short Increase gastric secretion and motility 
Intestinal Small intestine Long (vagus nerve) Decrease gastric secretion and motility 



 
 
LO6: List the major enzymes, or enzyme groups, involved in the chemical digestion of 
carbohydrates, lipid (fats) and proteins 
 
 
Chemical digestion: the basics 
Digestion= process by which complex molecules are broken down into simple molecules of 
absorbable size 
 
Two types: 

• Physical (chewing, mixing) 

• Chemical (digestive enzymes, HCl) 
 
Enzymatic digestion 

• Enzymatic digestion is achieved by hydrolysis 

• Digestive enzymes are specific for certain molecules, e.g: 
- Amylase= polysaccharides 
- Sucrase= sucrose 
- Lactase= lactose 
- Pepsin= protein 
- Trypsin= protein 
- Lipases= lipids 

 
Enzymatic digestion: process 
 

• Mouth: start of carbohydrate digestion (salivary amylase- begins to break down 
polysaccharides) 

• Stomach: start of protein digestion (pepsin/ HCl) 

• Small intestine: 
- Vast majority of chemical digestion completed here (protein, carbohydrate, lipids) 
- Most nutrients (and most water- water follows solute) absorbed here 

• Large intestine: 
- A few remaining carbohydrates/ protein digested by resident bacteria 
- Absorption of some vitamins, water, electrolytes  

 
Digestive enzymes in the small intestine 

• A number of digestive enzymes are secreted into the small intestine from the 
pancreas 

- Amylase (carbs) 
- Trypsin and chymotrypsin (protein) 
- Carboxpeptidase, elastase (protein) 
- Lipase (lipids) 
- Ribonuclease (RNA) 
- Deoxyribonuclease (DNA) 

• Break large molecules into smaller (but still not absorbable) molecules 
 



 
 

• Other digestive enzymes produced by small intestine are attached to the brush 
border cells (not secreted into the lumen) 

- Dextrinase, glucoamylase (small polysaccharides) 
- Lactase, maltase, sucrase (disaccharides) 
- Aminopeptidase, caboxypeptidase (small peptides) 
- Nucleosidase, phosphatase (nucleic acids) 

 

• Break down the small molecules into absorbable size 
- Monosaccharides 
- Amino acids/ dipeptides/ tripeptides 
- Free fatty acids/ Monoglycerides  

 
 

Active transport into epithelial cells followed by transport into capillaries in villa: 

• Products of carbohydrate digestion 
- Monosaccharides 

• Products of protein digestion 
- Amino acids, dipeptides, tripeptides 

 
Simple diffusion into epithelial cells followed by transport into lacteals (lymph) in villi: 
 

• Products of lipid digestion 
- Free fatty acids, Monoglycerides 

 
 
Chemical Digestion of Carbohydrates and Proteins 
Enzymatic digestion of Carbohydrates 
 

• Mouth: 
- Salivary amylase starts to break down starch to di and tri- saccharides 

• Small intestine: 
- Pancreatic amylase breaks down remaining starch  
- Brush border enzymes complete breakdown to monosaccharides  
- Absorption of monosaccharides 

 
 
 
 
 
 
 
 
 
 
 



 
Enzymatic digestion of Protein 
 

• Stomach: 
- HCl helps to denature proteins 
- Pepsin starts to break proteins into smaller polypeptides 

• Small intestine: 
- Pancreatic enzymes break down polypeptides into smaller polypeptides 
- Brush border enzymes complete breakdown to amino acids (with some di and tri-

peptides 
- Absorption 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Absorption in the small intestine: 
Active transport into epithelial cells followed by transport into capillaries in villa: 

• Products of carbohydrate digestion 
- Monosaccharides 

• Products of protein digestion 
- Amino acids, dipeptides, tripeptides 

 
Chemical digestion of Lipids 

• Mouth 
- Linguinal lipase (not a big contribution to lipid digestion) 

• Stomach 
- Gastric lipase (not a big contribution to lipid digestion) 

• Small intestine: 
- Bile released from gallbladder into lumen 
- Emulsifies lipid droplets to increase efficiency of digestion 



- Pancreatic lipase digests TGs 
- Absorption of MGs/ FFAs 

 
Digestion- lipids 

• Lipids are hydrolysed by lipase 
- Triglycerides (TGs) digested into 

Monoglycerides (MGs) and free 
fatty acids (FFAs) 

• But in GI tract, triglycerides 
aggregate into large droplets 
(think olive oil in water)- hard for 
lipase to access lipids for digestion 

- For efficient lipid digestion, need 
to increase surface area: volume 
ratio (i.e. need smaller droplets) 

• Smaller droplets can be produced 
by mechanical means (i.e. 
churning and mixing) but will re-
aggregate without the presence of 
emulsifying agents 

• Emulsifying agents- a polar side 
and a non-polar side 

• Detergent action: 
- Non-polar surface associates with lipids, polar surface associates with water 
- Prevents lipid droplets from re-aggregating 
- Results in smaller lipid droplets and better access for pancreatic lipase 

• Bile salts (from bile) and phospholipids (from both bile and ingested food) and both 
emulsifying agents 

• Bile: produced by liver and stored in gallbladder 
 

 
Absorption in the small intestine 
 
Simple diffusion into epithelial cells followed by transport into lacteals (lymph) in villi: 
 

• Products of lipid digestion 
- Free fatty acids, Monoglycerides 

 
 
 
 
 
 
 
 
 



LO7: Identify and describe structural modifications of the wall of the small intestine that 
enhance digestion and absorption 
 
The small intestine: structure 

• The luminal surface of the small intestine is vital for two reasons: 
1. Digestion: the epithelial cells express digestive enzymes 
2. Absorption: the epithelial cells absorb the end products of digestion 

 
Increased surface area= more efficient digestion/ absorption 
 

• Small intestine has 3 important structural features to increase surface area which 
increases surface area by an estimated 600x 

1. Circular folds 
2. Villi- fingerlike projections of mucosa (project up from circular folds) 
3. Microvilli (i.e. the brush border)- project up from villi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



LO8: Describe the defecation reflex 
 
Mass peristaltic movements push faecal material from the sigmoid colon into the rectum. 
The resulting distension of the rectal wall stimulates stretch receptors, which initiates 
a defecation reflex that results in defecation, the elimination of faeces from the rectum 
through the anus.  
 
The defecation reflex occurs as follows: In response to distension of the rectal wall, the 
receptors send sensory nerve impulses to the sacral spinal cord. Motor impulses from the 
cord travel along parasympathetic nerves back to the descending colon, sigmoid colon, 
rectum, and anus. The resulting contraction of the longitudinal rectal muscles shortens the 
rectum, thereby increasing the pressure within it. This pressure, along with voluntary 
contractions of the diaphragm and abdominal muscles, plus parasympathetic stimulation, 
opens the internal anal sphincter. 
 
 
External anal sphincter- voluntarily controlled, if voluntarily relaxed defecation occurs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LO9: Relate the ATP-ADP energy cycle to whole body metabolic rate 
LO10: Describe the main metabolic events of the absorptive state: what happens to the 
molecules glucose, amino acids and triglycerols that are absorbed from the digestive tract 
after a meal 
LO11: Describe the main metabolic events of the post-absorptive state: how do molecules, 
previously stored away in selected body tissue, come available to all body cells to be used 
in cellular respiration 
 
Metabolism 

• Sum of all biochemical reactions within the body (metabol= change) 

• Involved the nutrients derived from digestion 

• Constant production and breakdown of substances 

• Cells use energy to derive energy from nutrients 

• Energy then drives activities of cells 
 
Anabolism 

• “To build up” 

• All reactions that build larger molecules or structures from smaller ones 

• E.g. the bonding of amino acids to build proteins 
Catabolism 

• “To break down” 

• All processes that break down complex to structures to simpler ones 

• E.g. hydrolases of food in digestive tract 
 
Absorptive State 

• FED state 

• Time during and shortly after eating where nutrients are “flushing” from the GI tract 
in the blood 

• Anabolism exceeds catabolism 

• Energy substrates not required are stored 

• Glucose is the major energy fuel 

• Energy rich nutrients stored for later 
- Glucose as glycogen in liver and skeletal muscle 

 

• Energy rich nutrients stored for later: 
- Glucose stored as glycogen in liver and skeletal muscle 
- Fatty acids as triglycerides in adipose tissue 
- Amino acids as proteins in skeletal muscle 

• Glucose is the energy rich molecule favored for ATP re-synthesis 
 
 
Terminology: 

• Glycogenesis 
- Formation of glycogen (glucose) 
- Liver and skeletal muscle 

 



• Lipogenesis 
- Synthesis of TGs (from glycerol and fatty acids) 
- Adipose tissue 

• Protein synthesis 
- Building of simple amino acids into protein 

 
Key for terminology: 
Glyco= glycogen 
Genesis= to build up 
Lysis= break down 
Lipo= fat 
 
 
Post-absorptive State 

• FASTED state 

• No nutrients from digestive tract are being added to the blood 

• Catabolism exceeds anabolism 

• Energy substrates are retrieved from storage 
- Replacement of fuel 

• Glucose is produced by the liver 
 
The liver produces glucose: 

• Glycogenolysis- liver and skeletal muscle 
- Break down glycogen stores (finite) 

• Gluconeogenesis (glyco- glucose, neo-new, genesis-form) 
- Amino acids, lactic acid and glycerol are converted to glucose (liver and skeletal 

muscle) 

• Lipolysis- in the liver and adipose tissue 
- Breakdown of lipids to produce fatty acids and glycerol  
- Fatty acids used to synthesize ATP 
- Glucose use is “spared” for the use by nervous tissues 
- Cellular protein catabolism (break down of protein) 

Glucose Sparing 

• During the post-absorptive state, peripheral tissues serve energy from sources other 
than blood glucose, which is spared for the brain 

• Organs switch to fatty acids as its major energy source- sparing glucose for the brain 

• Fatty acids are the major energy fuel in post absorptive state 
 
 
 
 
 
 
LO12: Explain how blood glucose concentration is regulated during both absorptive and 
non-absorptive states 
 
Regulation of Blood Glucose Concentrations 



• Fluctuations in blood glucose concentration (BCG) are limited by negative feedback 
mechanism 

• Pancreatic hormones (Islets of Langerhans) 
- Insulin secreted from beta cells 
- Glucagon secreted from alpha cells 

 
Glucagon 

• Drop in blood 
glucose- main 
pancreatic 
hormone is 
glucagon 

 

• Drop is indicative 
of post absorptive 
state 

 
Insulin 

• High blood 
glucose- main 
pancreatic 
hormone is insulin 

 

• Indicative of 
absorptive state 

 

• Causes glucose to 
be taken up into 
tissues and 
removed from 
blood 

 

• Making sure our 
blood glucose 
remains in 
homeostatic 
range 

 
Main goal: minimizing the fluctuations to maintain homeostasis 
 

 
 


