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Standard 12: Digestive System
	Notes: 
Digestive System
     Digestion is the process by which the large complex molecules in food are broken down into smaller molecules that can be used by the body. The digestive system is a collection of organs that breaks down food into energy that can be used in cells. 
     The major organs of this system are the mouth, esophagus, stomach, pancreas, liver, gallbladder, large intestine, small intestine, rectum and anus. 
     Rings of muscle, called sphincters, separate one section from another. The opening and closing of these sphincters and contractions of smooth muscle in the walls of the organs keep food moving in one direction. 
     Digestion takes place through the interaction of enzymes, stomach acid, hormones, bile from the liver, and a network of nerves and muscles throughout the digestive system. Each organ contributes to breaking food down.

     Once digestion is complete nutrients are absorbed by the body and transported by the circulatory system and lymphatic system to the cells. Finally, undigested materials are eliminated as liquid and solid wastes.

    The entire process - from food entering the mouth to wastes leaving the body - takes about 24 to 33 hours per meal. 

Digestion Begins in the Mouth

    The first step in breaking down food is mechanical and chemical digestion in the mouth. Mechanical digestion begins as soon as you bite into food and start chewing. Your teeth shred and grid the food into smaller pieces. Your tongue keeps the pieces positioned between your teeth. Chemical digestion involves the action of enzymes. As you chew your food, the salivary glands release saliva that moistens the food and contains an enzyme called amylase. Amylase begins the breakdown of complete starch molecules into sugars.

      Once food has been chewed and mixed with saliva, the tongue pushes it into the back of the mouth. As you swallow the food moves into the esophagus, a tube that connects the mouth to the stomach. Food is kept moving down the esophagus by the action of peristalsis. Peristalsis is the slow rhythmic, involuntary contraction of the smooth muscles in the walls of the digestive organs.

Digestion in the Stomach

     The stomach is a muscular sac that can stretch to nearly twice its original size and holds up to 2 liters or 2 quarts of food. The stomach continues the digestion that begins in the mouth. Proteins are digested in the stomach and large intestine, but fats and sugars are digested only in the small intestine.

     The walls of the stomach contain three layers of smooth muscle that contract about every 20 seconds. This churning action breaks food into even smaller pieces and mixes the food with the stomach's digestive juices. 

     The stomach lining secretes gastric juice containing hydrochloric acid (HCL) and the digestive enzyme pepsin. Gastric juice is acidic enough to kill most bacteria found on food, and to break the chemical bonds between the amino acids in proteins. Digestive juices turn your partly digested food into a semi-liquid mixture called chyme.

     The stomach empties as peristaltic actions push the chyme against the sphincter that separates the stomach from the small intestine. With each contraction, the sphincter opens slightly and chyme squirts into the small intestine, where digestion continues.
Digestion in the Small Intestine

     The remaining carbohydrates, proteins and fats are digested in the duodenum, the section of the small intestine closest to the stomach. Smooth muscle contractions churn the food, and chemical digestion further breaks down the complex molecules. Hormones from the pancreas, liver and gallbladder flow through ducts into the duodenum to help complete the digestive process.

     The liver, which filters blood, is also a digestive organ. It produces a chemical substance, bile that helps to digest fats. Bile is stored in a smaller organ, the gallbladder. When bile is needed to digest fats, it is released through ducts that empty into the duodenum. The bile breaks down large globules of fat into smaller droplets for further digestion. 

     Proteins entering the small intestine have already been broken down by the action of pepsin and gastric juice into smaller chains of amino acids. In the duodenum, enzymes finish the process by breaking these chains into individual amino acids. By the time chyme has passed through the duodenum, food has been broken down into small molecules which are ready for absorption.
Nutrients

     Nutrients are a vital part of maintaining homeostasis in the body. You need to consume six types of nutrients every day to keep your body in good health: water, carbohydrates, proteins, fats, minerals and vitamins. If any of these are missing for too long, your body's cells will stop working properly.

Water

     Your body is made up of 55 to 60 percent water. As a natural solvent, water is involved in nearly every chemical reaction in the body. It also helps you to digest food, eliminate waste products, maintain blood volume, regulate body temperature, and keeps skin moist. To maintain your fluid balance, you need to drink about 2 liters (8 cups) of water a day to replace the amount you lose through sweat, urine and respiration.

Carbohydrates

     Carbohydrates are the main source of energy for your body. Simple carbohydrates are sugars found in sugar cane, honey and fruits. Complex carbohydrates are starches found in vegetables, grains and potatoes. To be absorbed by your body, starches must be broken down during digestion into simple sugars, such as glucose. Excess supplies of glucose are converted to glycogen and are stored in the liver and muscle tissues for future use. Many grains, fruits and vegetables also contain cellulose, a dietary fiber. Fiber cannot be digested, but it helps food move through your digestive system.
Proteins

     Proteins are the raw materials used for the growth and repair of the body's cells and tissues. In addition, proteins make up all enzymes and many hormones that are vital for cell metabolism. Proteins are composed of chains of amino acids. Your body can only make 12 of the 20 amino acids it needs to build proteins. The other 8, called essential amino acids, must come from the foods you eat. Foods such as meat, cheese, and eggs contain all eight essential amino acids. Most plant proteins, however, lack at least one amino acid so people who do not eat meat, dairy products or eggs must eat plant foods in combination to obtain all the amino acids they need. Example: red beans and rice together contain all 20 amino acids.

Fats

     Fats provide energy and key components in cell membranes, myelin sheaths for neurons, and certain hormones. Fats consist of long chains of fatty acids hooked to glycerol molecules. Your body can make some fatty acids, but must obtain all of the essential fatty acids from the foods you eat. Fats are classified as either saturated or unsaturated, depending on the structure of their fatty chains. Saturated fats are solid at room temperature and are found in animal products. Most unsaturated fats are liquid at room temperature and are found in plant oils such as corn or olive oils, and in some fish such as cod or salmon. In general, unsaturated fats are considered more beneficial to people's health than saturated fats.
Minerals

     Small amounts of minerals are also needed to maintain homeostasis. Minerals are inorganic (inorganic in this sense means they are not, nor were ever living) materials the body uses to carry out processes in cells and to build or repair tissues. Some of the more common minerals are calcium, iron, iodine, magnesium, phosphorous, potassium, sodium and zinc. You are constantly losing minerals in sweat, urine and other waste products. You can replace them by eating a variety of foods.

Vitamins

     Vitamins are organic molecules that work with enzymes to regulate cell functions, growth and development. These nutrients are divided into fat-soluble vitamins and water-soluble vitamins. 

     Fat-soluble vitamins dissolve in fatty acids. The fat-soluble vitamins A, D, E and K can be stored in the body's fatty tissues for future use. For this reason, taking high doses of these vitamins can actually create harmful, or toxic, levels in the body.
     Water-soluble vitamins dissolve in water. Water soluble vitamins such as B and C vitamins cannot be stored and are excreted in urine and feces. As a result, you need to eat foods rich in these vitamins to keep replenishing them.

Absorption of Nutrients - The Small Intestine
     Moving food through the digestive system is only part of the digestion process. Your body must absorb nutrients in order for the food you digest to do you any good. Absorption is the process by which nutrients move out of the digestive organs into the circulatory and lymphatic systems. 

     Most absorption of nutrients occurs in the small intestine. The small intestine has three main structures: the lining, villi, and microvilli that absorb most of the chyme.  The lining of the small intestine is folded which increases the surface area and slow passage of materials through the intestine. Slower motion allows more time for nutrients to be absorbed. The folds of the lining are covered with villi. Villi are small fingerlike projections covered with cells that absorb nutrients. Every cell on the villi has thousands of tiny projections called microvilli that add even more surface area to absorb nutrients. 
Three Parts of the Small Intestine
     As digestion is completed, nutrients are absorbed in each of the three parts of the small intestine: the duodenum, jejunum and the ileum. Together, these parts measure about six meters (about 20 feet) long. Villi in each of these sections absorb different nutrients.

     Duodenum - Most simple sugars, amino acids and minerals are absorbed by the villi in the duodenum. These nutrients diffuse into the circulatory system and are carried to the liver.

     Jejunum - The villi in the jejunum absorb glucose along with some amino acids, vitamin C, most B vitamins, and some water. These nutrients diffuse into the circulatory system to be distributed throughout the body. 

     Ileum - The villi in the ileum absorb fat-soluble vitamins and vitamin B12, fatty acids, cholesterol and some water. Nutrients empty into the lymph and blood vessels and are distributed to the cells.

Absorption of Nutrients - The Liver
     Nutrient-rich blood leaves the small intestine and enters the liver. Enzymes in the liver use some nutrients to build more complex molecules that are needed by cells. The liver also stores some nutrients in the liver tissues. For example, excess glucose is turned into glycogen and stored in the liver for future use. When you need large amounts of energy, glycogen can be converted back into glucose to keep the glucose levels in your blood relatively stable.
Absorption of Nutrients - The Large Intestine

     The large intestine, or colon, is 1.5 meters long (5 feet) and about twice the diameter of the small intestine. The large intestine absorbs about 1 liter of water a day, along with some salts, which helps to maintain the body's fluid balance. The remaining undigested material forms into a solid mass, called feces. This material is partly composed of undigested fiber from plant foods, dead bacteria, and traces of undigested fat and protein. Bile pigments from the liver give feces its brownish color. The feces is stored in the rectum, a tube that connects the large intestine to the anus. Feces is eliminated through the anus. 

	Important Notes for the Test:
What is the function of the digestive system?
Label the major organs in the digestive system.
(Diagram is later in packet)
What is the function of sphincter muscles?

What mechanical function happens in the mouth?
What chemical is released in the mouth?
What is peristalsis?

What mechanical function happens in the stomach?

What two chemicals are released in the stomach?

What mechanical function continues in the small intestine?

What chemical is released from the liver into the duodenum?

Once chyme has passes through the duodenum, food has been broken down into small molecules that are ready for ________________________.

What are the six nutrients needed by the body?

Which nutrient acts as a natural solvent?

Which nutrient is the main source of energy for your body?

Which nutrient is used for growth and repair of the body's cells and tissues?

Which nutrient is used to make up the enzymes and hormones vital for cell metabolism?

The body needs 20 amino acids to build proteins, how many are not made in the body and must be obtained through diet?

Which nutrient provides key components for the cell membrane and myelin sheaths of neurons?

Which fat is considered more beneficial?  
Which nutrients are inorganic? 
Which nutrients are divided into fat-soluble and water soluble categories?

Which vitamins are stored in the body for later use and which are excreted (from the choices fat-soluble and water-soluble)?

Which organ is responsible for the absorption of most of the nutrients needed for our bodies?

What are the small fingerlike projections in the small intestine that absorb nutrients?

Diagram of Villi and Microvilli. Each finger-like projection is a villi. Every villi is covered with microscopic micro-villi ( you do not have to label this on the test):
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Where is extra glucose stored as glycogen?

Which organ absorbs water leaving undigested material to form into a solid mass called feces? 





