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BIOLOGY 2201

 UNIT III: Part C  
Maintaining Dynamic Equilibrium I


The Digestive System
Textbook Reference: Sections 11.1 and 11.2

The role of the digestive system is to break down nutrients in food so that they can be absorbed into the bloodstream and used by the body as a source of energy and to participate in chemical reactions.  There are six basic nutrients required by the body:

1. carbohydrates

2. lipids

3. proteins

4. vitamins

5. minerals

6. water
1. Carbohydrates

Atoms:  Carbon, Hydrogen and Oxygen
Functions:  

· Important source of energy for metabloism
· Structural component of cells ie. Cellulose and Chiton
Food Sources:

· Sugar: jams, candy, molasses, cake

· Starch: pasta, bread, cereal, corn, potatoes, rice beans

· Fibre: fruits, vegetables, whole grains

Types of Carbohydrates:
(i) Monosaccharides (Simple Sugars): These are the simplest units of carbohydrates.  They are usable forms of energy.  Examples include:
a. Glucose: This is the chief product of photosynthesis and the chief source of energy for all living organisms. 
b. Fructose
c. Galactose

(ii) Disaccharides:  These are two simple sugars joined together.  Examples include:
a. Sucrose:  (glucose + fructose) Table sugar

b. Maltose:  (glucose + glucose) Malt sugar found in germinating seeds and used in the brewing products industry

c. Lactose:  (glucose + galactose)  Milk sugar

(iii) Polysaccharides:  Long chains of many simple sugars joined together.  In fact, they may 
      contain hundreds or thousands of simple sugar units.  Examples include:

a. Starch:  Formed by plants to store sugar

b. Glycogen: Formed by animals to store surplus sugar – “animal starch”

c. Cellulose: Found in the cell wall of plants and provides support

d. Chitin: Structural component of animals.  Found in fungi, the shells of insects and crustaceans

Structure:  All simple sugars have the chemical formula C6H12O6 with elements in a 1:2:1 ratio.  Each type of simple sugar, however, has its own specific arrangement of atoms to make it distinct. 
2. Lipids
Atoms: Carbon, Hydrogen and Oxygen

Functions:

· Serves as a energy reserve in animals.  Once glycogen is used up excess carbohydrates are stored as fat.  Fats can store twice as much energy as carbohydrates

· Since they are nonpolar they can serve as barriers ie. the cell membrane, waxes on plants  to prevent water loss, ear wax to prevent water from entering the ear canal
· Part of cell structure ie. cell membrane, beeswax is a structural component of honeycombs
· Used in the conduction of nerve impulses

· Cushions body and prevents heat loss

· Some lipids contain vitamins not found in any other food source ie. A, D, E and K

Food Sources:

· Fats: white fatty portions of meat, chicken, pork etc. Also in butter, margarine, bacon, egg yolk, cream, cheese

· Oils: peanut, corn, linseed etc.

· Waxes: beeswax, paraffin wax which is distilled from petroleum and used in making candles, sealing jars and making chocolate glaze

Types of Lipids:
Fats: 

· Composed of glycerol and saturated fatty acids

· Produced by animals

· Solid at room temperature

· Difficult for organisms to break down
Oils:

· Composed of glycerol and unsaturated fatty acids

· Produced by plants

· Liquid at room temperature

· Easier for organisms to break down than fats
Waxes:

· Composed of long chains of lipids

· Produced by plants and animals

· Solid at room temperature
· Insoluble in water making them well suited for water proof coating in for plant leaves, animal fur or feathers

Structure: The basic sub-units are glycerol and fatty acids.  There is always more than twice as many hydrogen atoms as oxygen atoms. ie. Stearic acid is C18H36O2 

The Cholesterol Controversy:  Everyone needs cholesterol for cell membranes, insulate nerves, produce vitamin B, produce bile acids, and produce some hormones.
i. Low-Density Lipoproteins:

· About 70% of cholesterol intake is in the form of LDL’s

· Excess forms deposits on the walls of arteries.  The accumulation of LDL’s and other lipids on the artery wall is known as plaque.

· It is this plaque that restricts blood flow to the heart and brain and can lead to heart attack or stroke.  This disorder is known as atherosclerosis.

ii. High-Density Lipoproteins:

· HDL’s will pick up LDL’s carry them to the liver to be broken down
· Lowers blood cholesterol

Top 5 Lifestyle Changes to Improve your Cholesterol
1. Eat heart-healthy foods

Choose healthier fats. Saturated fats, found primarily in red meat and dairy products, raise your total cholesterol and low-density lipoprotein (LDL) cholesterol, the "bad" cholesterol. As a rule, you should get less than 7 percent of your daily calories from saturated fat. Choose leaner cuts of meat, low-fat dairy and monounsaturated fats — found in olive and canola oils — for healthier options.

Eliminate trans fats. Trans fats affect cholesterol levels by increasing the "bad" cholesterol and lowering the "good" cholesterol. This bad combination increases the risk of heart attacks. Trans fats can be found in fried foods and many commercial products, such as cookies, crackers and snack cakes. 

But don't rely on packages that are labeled "trans fat-free." In the United States, if a food contains less than 0.5 grams of trans fat in a serving, it can be labeled "trans fat-free." Even small amounts of trans fat can add up if you eat foods that contain small amounts of trans fat. Read the ingredient list, and avoid foods with partially hydrogenated oils.

Eat foods rich in omega-3 fatty acids. Omega-3 fatty acids don't affect LDL cholesterol. They have other heart benefits, such as helping to increase high-density lipoprotein (HDL, or "good") cholesterol, reducing your triglycerides, a type of fat in your blood, and reducing blood pressure. Some types of fish — such as salmon, mackerel and herring — are rich in omega-3 fatty acids. Other good sources of omega-3 fatty acids include walnuts, almonds and ground flaxseeds.

Increase soluble fiber. There are two types of fiber — soluble and insoluble. Both have heart-health benefits, but soluble fiber also helps lower your LDL levels. You can add soluble fiber to your diet by eating oats and oat bran, fruits, beans, lentils, and vegetables.

Add whey protein. Whey protein is one of two proteins in dairy products — the other is casein. Whey protein may account for many of the health benefits attributed to dairy. Studies have shown that whey protein given as a supplement lowers both LDL and total cholesterol.

2. Exercise on most days of the week and increase your physical activity

Exercise can improve cholesterol. Moderate physical activity can help raise high-density lipoprotein (HDL) cholesterol, the "good" cholesterol. With your doctor's OK, work up to at least 30 minutes of exercise a day.

(http://www.mayoclinic.org/diseases-conditions/high-blood-cholesterol/in-depth/reduce-cholesterol/art-20045935)
3. Proteins

Atoms:  Carbon, Hydrogen, Oxygen and Nitrogen (Some proteins may also contain phosphorus and sulfur) 

Functions:

· Structural component of cell and body parts ie. cartilage, bones, muscle, cell membranes, hair and feathers
· Regulate body functions ie. hormones
· Immunity ie. antibodies
· Involved in chemical reactions ie enzymes
· Assist in life processes ie. hemoglobin is a protein in red blood cells that carries oxygen
· Used as a energy source when carbohydrates and lipids are not available

· Growth, repair and maintenance of cells

Food Sources: lean portions of meat, chicken, fish, milk, eggs, nuts, beans, cheese

Structural Units:  The basic units are amino acids.  Amino acids contain a central carbon atom to which is bonded each of the following:

· 1 carboxyl group (-COOH)

· 1 amino group (-NH2)

· 1 hydrogen atom

· 1 side chain (R)  Note: Each side chain is different for each of the 20 amino acids
Dipeptide:  Formed when two amino acids are bonded together.

Polypeptide: Formed when 3 or more amino acids are joined.  They are an average length of 200 amino acids.  Polypeptides are proteins

Structure of Proteins:

· Primary: straight linear chains

· Secondary: coiled or pleated sheets

· Tertiary: 3-D shape formed by the interaction of r-groups

· Quaternary: Large globular proteins formed by the interaction of two or more different polypeptides

The human body is unable to make 8 of the 20 amino acids it needs.   These 8 acids are known as essential amino acids.  Proteins that contain all 8 essential are known as complete proteins.  Source of complete proteins include meat, legumes, eggs, cheese, milk, and whole grain products
4. Vitamins
Atoms:  Carbon, hydrogen and oxygen

Main Categories of Vitamins:

a. Fat-soluble: Occur in fatty foods.  Includes vitamins A, D, E and K (Table11.1 p.358)
b. Water-soluble: Dissolved in the water contained within fruits and vegetables.  Includes vitamins C and the B complex.

Functions:  Vitamins are coenzymes.  This means that they assist enzymes in chemical reactions. When there is a shortage of a particular vitamin the chemical reaction for which it is a coenzyme will be affected and a deficiency disease will occur. (Table 11.4 p. 371)
5. Minerals
Minerals are chemical elements required for normal functioning.  They are considered to be cofactors because they work with enzymes in chemical reactions.  The more common minerals include: calcium, sodium, phosphorus and potassium.  Minerals also build bones and are essential components of hemoglobin, hormones, enzymes, and vitamins. (Table 11.3 p. 370)
6. Water
Each water molecule is composed one Oxygen atom to two Hydrogen atoms that are covalently bonded.

Sources:

· Intake of fluids and food

· Through dehydration synthesis
Functions:
· All organisms are composed of largely water.  No organism is less than 50% and no organisms is greater than 95 %.  Humans are between 65-70% water.

· Many biological processes occur in water

· Important in the transportation of materials

· Important as a solvent

· Important as a coolant in the body

Nucleic Acids
Atoms: Carbon, hydrogen, oxygen, phosphorus and nitrogen

Functions: There are two types of nucleic acids
i. DNA: 

· Holds coded instructions that guide the cell’s activity.

· Pass on hereditary information during reproduction

1. RNA:  Transports, translates and implements the instructions of DNA to build proteins

Structure:  DNA molecules are composed of a chain of nucleotides.  Each nucleotide is composed of the following:

· A five carbon sugar – deoxyribose

· A phosphate group – PO4
· A nitrogenous base

There are four types of nitrogenous bases: adenine, thymine, cytosine and guanine

· Adenine will always bond to thymine
· Cytosine will always bond to guanine
DNA and RNA: RNA is similar to DNA in structure apart from the following exceptions:

· RNA is a single strand of nucleotides where as the DNA molecule is double stranded

· Sugar is ribose instead of deoxyribose

· Uracil in RNA replaces thymine in DNA

Detecting the Presence of Nutrients

Various chemical reagents can be used to detect the presence of nutrients.

	Nutrient
	Reagent
	Result

	Glucose
	Benedict’s solution (blue)
	Light green to red brown

	Starch
	Lugol’s iodine solution
	Blue - black

	Lipid
	Brown paper
	Paper becomes translucent

	Protein
	Biuret’s reagent (blue)
	Violet and possibly purple


Human Digestive Tract

The digestive system consists of a tract of organs and associated accessory glands.

	Organ
	Glands

	Mouth
	Salivary glands

	Pharynx
	

	Esophagus
	

	Stomach
	Gastric glands

	Small Intestine
	Liver and gall bladder

Intestinal glands

Pancreas

	Large Intestine, Rectum, Anus       
	


Each organ will be described in detail, as well as, the various secretions from the glands along the digestive tract.
The Digestive System
There are two main forms of digestion:

a. Mechanical:  Food is cut, crushed and broken down into smaller parts.  Mechanical digestion occurs in the mouth by the teeth and tongue.  It occurs in the stomach and small intestine by the contractions of smooth muscles.  The function of mechanical digestion is to increase the surface area of food exposed to digestive enzymes

b. Chemical:  This is carried out by digestive enzymes which act upon the surface of the food particles.  It breaks down food into smaller organic units so that they may eventually be absorbed into the bloodstream.  Chemical digestion begins at the mouth and finishes in the small intestine.

End Products of Digestion

The purpose of digestion is to break down nutrients into small enough forms so that they may be absorbed through the small intestine and through the cell membrane.

	Nutrient
	End Products of Digestion

	Carbohydrate
	Monosaccharides or simple sugars: glucose, fructose and galactose

	Fats
	Glycerol and fatty acids/ triglcerides

	Proteins
	Amino acids, dipeptides and polypeptides


Vitamins, minerals and water are absorbed into the bloodstream without change.

Mouth

The teeth and the tongue aid in the mechanical digestion of food.  The teeth tear and grind food into smaller pieces.  The tongue keeps the food between your teeth and pushes it to the back of the throat.  It shapes the food mass and mixes it with saliva.

Humans have 20 infant teeth followed by 32 adult teeth.  Molars are flat, round teeth at the back of the mouth that grind food.  Incisors are chisel shaped and are used to bite off chunks of food.  Cuspids are cone-shaped and are used to grasp and tear food.

The tongue contains taste buds.  There are four types of taste buds: salt, sweet, sour and bitter.

Chemical Digestion in the Mouth:
There are three pairs of salivary glands that release saliva.  Saliva contains mucin and the enzyme amylase.

Salivary amylase breaks down the polysaccharide starch into a disaccharide called maltose.

Mucin makes the food slippery and easy to swallow.  Food particles stick together and form a food mass called the bolus which is pushed to the back of the throat.

The saliva will release bicarbonate ions that buffer acidic foods and maintains the pH between 6.5 and 7.5 for amylase

Pharynx

This is made up of muscular walls and contains two openings.  The trachea leads to the lungs and is covered by the epiglottis.  The epiglottis prevents liquids and solids from entering the lungs.  The second opening is the esophagus.  

There is no mechanical or chemical digestion in the pharynx.

Esophagus

This is a tube about 30 cm long through which food passes from the pharynx to the stomach. Mechanical digestion and transport occurs through a process called peristalsis.  Peristalsis is the alternate waves of contraction and relaxation of muscles that push food along a passageway and/or mix food.

The esophagus is separated from the stomach by a ring of muscles called the cardiac sphincter.  The cardiac sphincter controls the passage of food into the stomach.  It also prevents gastric juice from the stomach from coming in contact with the esophagus causing heart burn or acid indigestion.
There is no chemical digestion or true mechanical digestion in the esophagus.

Stomach

The stomach is a J-shaped tube that lies below the diaphragm and towards the left side of the abdomen. 

It functions in storage since food remains in the stomach between 2 to 6 hours.  It can expand to hold more than two litres of food or liquid.

It is fitted with two sphincter muscles:

a. Cardiac Sphincter: Found between the stomach and esophagus.  Regulates the movement of food into the stomach.  Prevents the back flow of stomach contents.

b. Pyloric Sphincter: Controls the passage of substances between the stomach and small intestine 

Mechanical Digestion:
Peristalsis churns and mixes the digestive juices to produce chyme.  Peristaltic waves pass through the stomach about 3 times a minute. 

Chemical Digestion:
Gastric glands are found in the wall of the stomach and release gastric juices.  A hormone called gastrin controls the release of gastric juices.  The release of this hormone is triggered by the following:

· The thought, sight, smell or taste of food.

· Food touching the lining of the stomach

· The stretching of the stomach wall

· The presence of certain stimulants such as proteins, caffeine and alcohol.

Gastric juice contains the following:

a. Hydrochloric Acid:  HCl lowers the pH of the stomach to 2.  This stops the digestion of starch and allows the digestion of proteins.  The high acidity kills most of the bacteria present in food.

b. Pepsinogen:  Pepsinogen is an inactive enzyme that enters the stomach and comes into contact with HCl.  It converts to pepsin which is an active enzyme.  Pepsin breaks protein into shorter polypeptides.

Protection of the Stomach:
The stomach must protect itself from its own digestive juices by the way of the pyloric glands.  These glands secrete mucus that covers the stomach lining and prevents it from being digested.  When this mucus lining breaks, an ulcer is formed

Small Intestine
This is a tube 2.5 cm in diameter and 7 meters in length.  It is coiled inside the abdomen and consists of the following three sections:

a. Duodenum: (25 cm)  Leads from the stomach and is the section into which bile and pancreatic juice is secreted.

b. Jejunum: (2 meters)  Mostly chemical digestion

c. Ileum: (5 meters)  Mostly absorption

Digestion is completed in the small intestine and nutrients are absorbed into the bloodstream.

Mechanical Digestion:

Food is mixed and moved along the small intestine using peristalsis.  The food is also forced against the intestinal wall for absorption.

Digestion of Lipids:

Fats are not digested chemically.  Fats are emulsified through bile.  Bile is produced in the liver and stored in the gall bladder.  Bile enters the small intestine through a tube called the common bile duct.  Emulsification means that fats, oils and waxes are broken into very small droplets to increases the surface area for enzyme activity.  Bile is not an enzyme.

Chemical Digestion:

There are two important glands involved in digestion in the small intestine:

a. Pancreas

b. Intestinal Glands
Pancreas

The pancreas is located outside the small intestine and is attached to the wall of the abdomen.  It produces pancreatic juices that leave via the pancreatic duct which then joins with the common bile duct.  The common bile duct will release the pancreatic juices and bile into the duodenum of the small intestine.  The pancreatic juice contains the following:

a. Pancreatic Amylase:  This enzyme will convert any remaining starch into maltose.

b. Lipase:  This enzyme will convert fats to fatty acids and glycerol.

c. Protease: This enzyme will convert polypeptides produced into the stomach into simpler polypeptides.  Trypsin and Chymotrypsin are common proteases.

d. Erepsins;  This enzyme will convert simpler polypeptides into amino acids.  This is the final stage in protein digestion.

e. Pancreatic Nucleases:  This enzyme breaks DNA and RNA into nucleotides.

f. Sodium Bicarbonate: This substance neutralizes the acidic chyme of the stomach and creates a slightly basic environment of pH 8 so that the above enzymes can function.  Bile can also neutralize chyme.

Intestinal Glands

These glands are found in the walls of the small intestine.  They release intestinal juices that contains the following:

a. Peptidases:  These enzymes convert simpler polypeptides into amino acids

b. Lipase:  Converts fats to fatty acids and gylcerol

c. Various enzymes that convert disaccharides into glucose such as maltase, sucrase and lactase.

d. Intestinal Nucleases:  This enzyme acts on nucleotides to break them down into nitrogenous bases and the monosaccharides deoxyribose and ribose.

e. Mucus to lubricate the food mass and protect the digestive tube from enzymes.

Absorption in the Small Intestine

The small intestine contains many finger-like projections called villi.  They increase the surface area of the small intestine by a factor of 10.  To get the same surface area without the villi, your small intestine would have to be 70 meters long.  This large surface area is ideal for nutrient absorption.  Surface area is further increased by microvilli.  The cell membrane of each cell in the villus is composed of many of these threadlike projection called microvilli.  There are two major parts of each villus:

a. Lacteals:  The lacteals are part of the lymphatic system.  They are located in the center of the villus and absorb fatty acids and glycerol.
b. Capillaries:  The capillaries are part of the circulatory system and are also found in the villus.

They are responsible for the absorption of the following:

· Glucose and other simple sugars
· Amino acids
· Vitamins
· Mineral salts
· Water

The capillaries of all villi merge together to form the hepatic portal vein that travels to the liver.  Once at the liver, glucose is converted to glycogen and stored.  The remaining nutrients travel in the blood so that all cells in the body can receive these nutrients.

The various nutrients enter the villus via the various forms of transport discussed earlier:

	Passive Transport
Lipids, water, minerals, vitamins
	Active Transport
Amino acids, simple sugars, proteins


Large Intestine
No digestion will occur.  Mucus glands will help ease the passage of digested materials.

The large intestine is 7.6 cm in diameter and 1.5 meters in length.  It consists of four sections:

a. Ascending Colon: Leads upwards. Contains the appendix and cecum.  The appendix was considered to be a vestigial organ in that it no longer served a function.  There is now debate that it may serve in immunity.  When infected, appendicitis will occur.

b. Transverse Colon: Travels across the abdomen.

c. Descending Colon: Leads downward.

d.    Sigmoid Colon: This is the S-shaped portion leading to the rectum.

Pouches are formed in the large intestine since there are no continuous sheets of muscles.  These pouches allow undigested materials to remain for a period of time to allow the absorption of water and vitamins.

There are two sphincters found in the large intestine:

a. Intestinal sphincter: This is found ¼ of the way up the ascending colon.  It probably prevents chyme from flowing back into a blind pouch called the cecum that is attached to the appendix.

b. Anal sphincter: This is found at the terminal end of the colon and is under partial voluntary control to expels the contents of the rectum.

Functions of the Large Intestine
The functions of the large intestine include the following:

1. Reabsorption of Water: Reabsorbs the water that was mixed in with the nutrients.  Normally about ¾’s of the water is reabsorbed by the capillaries of the large intestine.  This helps the body to conserve water.  If too little is reabsorbed, diarrhea results.  If too much is reabsorbed, constipation results.

2. Absorption of mineral salts.
3. There are bacteria in the colon that produce:

a. Vitamin B12 that is necessary for the production of red blood cells.

b. Vitamin K that is necessary for blood clotting.

4. Elimination:  At the end of the colon is a large muscular cavity called the rectum in which is stored undigested materials (feces) until it is removed from the body.  Feces will include cellulose, bacteria, bile, mucus and worn out cells from the digestive tract.

Anus

This is the final structure in the alimentary canal through which feces will exit the body.

Assignment: Research the following in your textbook.
	1. Ulcers


	2. Gallstones


	3. Ileitus/colitis


	4. Crohn’s disease


	5. Vitamins, minerals and herbal supplements in support of a healthy lifestyle


	6. Anorexia and bulimia


	7. Body images presented by the media



Questions from Textbook

Section 11.1 (p. 358) #’s 1-7

Section 11.2 (p.373) #’s 1-9
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