Unit IV- A : Plant and Animal Nutrition
Unit Outline
III. Nutrition - Chapter 8
A. The Process of Nutrition
1. Nutrients

a.  Nutrition is the process by which organisms get food and break it down so it can be used for metabolism

b.  Nutrients are substances that provide the energy and materials needed for metabolic activity (growth, repair and maintenance of cells).
c.  All food contains nutrients.
d.  Nutrients include proteins, carbohydrates, fats, vitamins, minerals, and water

e.  Inorganic nutrients, such as minerals, must be obtained through the environment 
2. Energy Content in Food


a.  Energy is obtained from the chemical breakdown of carbohydrates, fats, and proteins.
b.  This energy is released during a series of steps (cellular respiration) resulting in the production of ATP.
c.  The energy released during cellular respiration is the same amount obtained by burning the food sample

i. The calorie is the unit used to measure the energy content of food.  
(not joules; 1 calorie=4.2 joules)
ii. One calorie is the amount of heat needed to raise the temperature of 1 gram of water 1ºC.
iii. On most food packages, the kilocalories (Calorie) is used.  This is because 1 calorie is a very small unit.  

iv. 1 Calorie (with a capital “C”) = 1000 calories (with a lowercase “c”)
v. A caloriometer is used to measure the amount of energy in a food sample by burning it to completion.
vi. A calriometer can be used to determine how many calories are given off by 
1gm of carbohydrates, proteins, etc.  
3. Human Nutritional Needs


a. Energy from Food

i.  The number of Calories an individual needs is a factor of  age, sex, lifestyle, weight, body condition, and metabolism.


ii. When a person exceeds their necessary Caloric intake, the body stores some of 

the calories.  The body first stores these extra calories in the form of complex carbohydrates and finally in the form of lipids (fats).   



iii.  When a person does not meet their necessary Caloric intake, they begin to use 

these stored sources of energy and often loose weight.  


b. Healthy Diets

i.Living organisms need six basic nutrients; proteins, carbohydrates, fats, vitamins, minerals, and water .
ii.  These six nutrients are found in a variety of foods, therefore nutrionists suggest eating a wide variety of foods.    
iii.  Food Guide Pyramid organizes different groups of foods according to types and indicates how may servings should be eaten daily.  
a.  The food pyramid contains six groups: grains, vegetables, fruits, milk products, meats, and fats.

b.  Foods at the base of the pyramid, such as grains, fruits and vegetables,  should be eaten at greater proportions when compared to those at the top of the pyramid. 
c.  The pyramid stresses a diet low in fats and sugar and high in grains.
iv.  Fiber is an important part of a healthy human diet, it is indigestible and found in the cell wall of fruits, vegetables, and grains.  

v.  Fiber stimulates the muscles of the digestive tract to contract.  This contraction forces the food through the digestive tract.  

vi. Adequate amounts of fiber serves to reduce the risk of colon and rectal cancers.
vii.  Many health issues (obesity, heart disease, and cancer) among American are the result of high consumptions of sugar, saturated fats and sodium.
viii.  These issues may be alleviated by making food choices that complement the nutritional needs of an individual.
ix.  Nutritionist recommend in order to maintain a healthy diet one must eat a variety of foods, maintain healthy weight, maintain a diet low in fat and cholesterol while also eating plenty of fruits, vegetables and grains.  Additionally, avoiding excessive consumption of sugar, salts and sodium may contribute to good health.
B. Adaptations for Nutrition and Digestion




1. Digestion and Absorption

a.  Absorption is the process of nutrients passing through the cell membrane in order to be further used by the cell.
b.  Many of the larger nutrient molecules must first be broken down before they are able to pass through the cell membrane.

c.  Digestion serves to breakdown food molecules so they are able to pass through the cell membrane. Digestion usually refers to the chemical breakdown of food substances into simpler compounds.  

e.  Solid foods are first mechanically broken down (cutting, chewing, etc)

i. Mechanical digestion increases the surface area of food particles
ii. The more surface area present, the faster digestive enzymes can breakdown 
food particles.  (digestive enzymes act only  upon the surfaces!) 




2. Nutrition in Protists





a.  Digestion in protists is intracellular (inside the cell)

b.  Amoeba and Paramecium and examples of protists, which feed on small fresh water organisms.  They are attracted to their food by chemical stimuli.
c.  Amoebas use pseudopods (“false feet”) for locomotion and ingestion.
ii.  When the pseudopods of an amoeba encounter a food particle, they surround the particle.
iii.  The cell membranes of the pseudopods join, creating a membrane around the particle (food vacuole) which is then digested with the help of lysosomes.  

iv.  Lysosomes (sack of digestive enzymes) fuses with the food vacuole, breaking food particles into forms useful to the cell.
v.  Digested food particles diffuse through the membrane into the cytoplasm where they are free to move about.
vi. The waste products remain within the vacuole and it becomes a waste vacuole.  
vii. The waste vacuole fuses with cell membrane and contents are expelled.  





e.  Paramecia are searching predators.  They move and eat by beating hair-like cilia.





i.  The cilia covers the entire outside of the organism as well as the gullet.
ii.  The movement of the cilia sweeps food particles down the oral groove and into the gullet.
iii. A collection of food at the end of the gullet forces the membrane to bulge inward and pinch off to form a food vacuole

iv.  Simmilar to the process in the Amoeba, the Paramecium food vacuole moves about the cytoplasm and fuses with a lysosome. Digestion occurs within the vacuole

v.  Usable digestive products are transferred into the cytoplasm, while waste materials are expelled from the vacuole through the anal pore. 



3. Nutrition in the Hydra





a.  Hydra is a simple multicellular animal which averages 5mm long from tip to base.  
i.  The body plan of a hydra consists of a hollow cylinder which is made of two layers:  endo- and ecto- derm



(a)  Ectoderm refers to the outer layer (of the organism).


(b)  Endoderm refers to the inner layer (of the organism).
ii.  The hydra possess tentacles which contain stinging cells called cnidoblasts.


(a).  Nematocysts are located within each cnidoblast.


(b)  Each nematocyst has barbs and a coiled hollow thread that serves to 

paralyze the prey organism.
b. The hydra captures its food with its tentacles.
i.  When small animal like a water flea comes in contact with the tentacles, the nematocysts release their long threads, which may wind around the animal while others inject a poison that paralyzes the animal

e.  Tentacles pushes the paralyzed animal through the mouth and into the hollow body cavity called the gastrovascular cavity.

i..  Digestion begins in the gastrovascular cavity

ii.  Digestion is both intracellular and extracecllular.
(a) Specialized cells in the endoderm of the hydra secrete digestive enzymes into the gastrovascular cavity, food is broken down, and nutrients are absorbed.
(b) Within the gastrovascular cavity are flagella around, pseudopods then engulf food into endodermal cells, creating a food vacuole, which is digested with the help of other digestive enzymes.
iii.  The thickness of the hydra (two cell layers) allows nutrients to pass easily from endodermal layers to ectodermal layers.
iv.  Wastes are either expelled, directly through the ectoderm (into surrounding water) or into the gastrovascular cavity where water currents direct traffic out of the mouth (endodermal waste).  




4. Nutrition in the Earthworm





a.  The earthworm is an example of a complex multicellular animal.




b.  It has as a “tube-within-a-tube” body plan.  






i.  the inner tube is the digestive system (alimentary canal):






(a)  has two openings: mouth and anus







(b)  food travels in one direction only  (mouth to anus)






ii.  The outer tube is the body wall of the worm.
c.  Soil is ingested as the worm travels through the ground (or decaying plant matter on the surface).

i.  Food enters the mouth via the sucking motion of the pharynx.
ii.  The food is then pushed through to the esophagus via peristalsis and into the crop.  The crop functions as a storage chamber

iii.  The crop gradually releases food into the gizzard.  The gizzard is a thick-walled grinding organ that crushes the food (mechanical digestion)

iv.  The gizzard grinds the food into a paste-like food mass which passes along the intestine.  

v. The intestine is where chemical digestion takes place.  The intestinal wall folds in order to increase surface area, this fold is called the typhlosole
vi. The combination of chemical and mechanical digestion results in small molecules which are absorbed by the cells which line the intestine

vii.  These molecule then enter the circulatory system, which transports the molecules throughout the body

viii.  Undigested materials are excreted through the anus



5. Nutrition in the Grasshopper





a.  The grasshopper is a complex organism with a tubular digestive system.




b.  Food is broken down mechanically by chewing mouthparts.




c.  Food enters the mouth and combines with saliva (secreted by salivary glands)






i.  Saliva contains enzymes that begin the chemical digestion of food.




d.  Food then passes through the esophagus into the crop, where it is temporarily stored.  

e.  Food is gradually released into the gizzard where it is again mechanically digested into small particles


i. In the gizzard the food is ground by the action of teeth-like plates made of chitin

f.  After exiting the gizzard the partially digested food passes to the stomach.

i. Chemical digestion and absorption occur in the stomach of the grasshopper.
ii. Digestive enzymes produced by glands just outside the stomach enter the stomach and digest food particles.
iii. Products of digestion pass through the stomach walls and into the bloodstream. where they are transported by the blood to all the cells of the body

iv.  Undigested materials pass through the intestine and into the rectum. The rectum serves to store fecal material, and absorbed water.
v. Undigested materials are excreted through the anus.


C. The Human Digestive System




1. Parts of the Human Digestive System





a.  The humans digestive tract is similar that of a grasshopper.
b.  The human digestive system consists of a series of specialized organs and accessory digestive glands.




c.  Each organ completes a different phase of digestion.
d.  oral cavity → pharynx → esophagus→ stomach → small intestine → large intestine→ rectum→anus

e.  Digestive glands secrete digestive enzymes and juices into digestive tube where extracellular digestion occurs.
f.  These glands are found in the lining of the alimentary canal or in accessory organs.
g.  Secretions enter the alimentary canal by way of ducts.
h.  Accessory glands include the salivary glands, liver, and pancreas.



2. The Mouth and Pharynx





a.  Mechanical and chemical digestion occur in the mouth.




b.  Teeth grind food into smaller pieces.  This mechanical digestion increases the surface 

area of the food.




c.  The tongue moves and shapes food in the mouth. 

d.  Three pairs of salivary glands secrete saliva.  

i.  The salivary glands produce watery lubricant which serves to lubricate the canal/food and also makes food into a bolus.
ii.  The salivary gland also produce salivary amylase.  Salivary amylase found in saliva, breaks down starch (amylose) into maltose (polysaccaride→disaccharide)

f.  Food is pushed to the back of the throat (pharynx) which starts a swallowing reflex, food enter the esophagus.




g.  During breathing, air also enters the pharynx via the larynx→trachea→lungs.
h.  The epiglottis closes off the larynx during swallowing in order to prevent food from entering the larynx.



3. The Esophagus





a.  The esophagus is a tube through which food passes from the pharynx to the stomach..

b.  Movement of the food through this tube is aided by alternative waves of relaxation and contraction in the muscular walls of the alimentary canal, this movement is called peristalysis.

c.  Food moves quickly through the esophagus and enters the stomach through a ring of muscle called the cardiac sphincter.

d.  The sphincter acts a valve, controlling the passage of food into the stomach.

e.  Abnormal sphincter function may result in the release of hydrochloric acid (HCl) into the esophagus (heartburn)

f..  The release of HCl into the esophagus can damage its sensitive epithelial tissue (or outer most layer).
4. The Stomach
a.  The stomach is a thick-walled, muscular sac that can expand to hole more than two liters of food or liquid.  

b.  All food is mechanically broken in the stomach.  Mechanical digestion is done by the muscular contractions of the stomach walls.  

c.  Chemical digestion also occurs in the stomach.  Gastric juices, which are responsible for the chemical digestion in the stomach, are secreted into the food mass by glands located in the stomach wall.  

d.  The stomach contains three types of glands.  

i.  cardiac glands – secrete a protective mucous to prevent the stomach from digesting itself

ii.  intermediate gastric glands – secrete gastric juices with a pH of 1.5 to 2.5 (contains lots of HCl which kills unwanted bacteria found in food)

iii.  pyloric glands – also secretes a protective mucous to prevent the stomach from digesting itself

e.  Pepsin is an enzyme found in the gastric juice
i.  Pepsin is secreted in the form of pepsinogen, an inactive precursor to pepsin,  which is activated when it is mixed with HCl.  


ii. Pepsin serves to break down large protein molecules into polypeptides.

f.  The breakdown of starches continues after food reaches the stomach until salivary amylase is deactivated by the low pH of HCl. 
g.  Upon ingestion of food, gastric juice flow increases; there are three mechanisms that stimulate the production of gastric juices
i.  thought, smell, or taste of food stimulates brain which sends signals to the gastric glands, causing them to secrete moderate amounts of gastric juice

ii.  food touching the epithelium of the stomach stimulates the moderate production of gastric juices


iii.  food mass entering the stomach stretches the stomach wall stimulates the production of gastrin directly into the bloodstream which then stimulates the gastric glands to release gastric juices




h. Liquids pass through the stomach in 20 minutes or less. 





i. Solids must first be reduced to chime, a thin soupy liquid  The chime is gradually 
released into the small intestine at the pyloric sphincter (the stomach intestinal junction)

k.  on average, the stomach empties 2 to 6 hours after a meal.  
l. The epithelium of the stomach can be digested if the thick protective mucous layer  is broken down.  This process forms an ulcer which is painful because HCl comes in contact with the stomach wall. 



5. The Small Intestine




a. The small intestine is a coiled tube about 6.5 meters long and 2.5 cm in diameter 
b. The small intestine has three parts; the duodenum which is the shortest section (25 cm long), the jejunum where much chemical digestion takes place, and the ileum which is responsible for absorption.




c. Most of the chemical digestion in the human occurs in the small intestine
d. Simple sugars, amino acids, vitamins, minerals and other substances can only be absorbed into the blood stream after digestion is complete.

e. Fatty acids and glycerol are absorbed into lacteals (tiny vessels of the lymphatic system.)

f.  In order maximize absorption capabilities, the small intestine has a number of structural features that increase surface area.






i..  the small intestine is very long





ii.  the epithelium is folded





iii.  villi, fingerlike projections, cover the intestinal lining


iv.  Each epithelial cell has a brush border; microvilli, which increase the 
surface 
area of each cell. 

h. each villus has a network of capillaries, a lacteal in its center, and is covered by epithelial cells with microvilli on them
i. nutrients pass first through the epithelium and enter either the capillary or the lacteal
j. in the presence of food, the small intestine is in constant motion (peristaltic motion)  this serves to :


i.  squeeze chime through intestine


ii.  mix chime with digestive enzymes


iii. break food particles mechanically

iv.  speed up absorption of digestive end products by bringing intestincal contents into contact with the intestinal wall.  
6.  Accessory Organs of the Small Intestine

a.  Pancreatic Juice
i.  Acidic chyme entering the stomach stimulates the secretion of secretion and cholecystokinin into the blood stream..
ii.  These hormones stimulate the pancreas to secrete pancreatic juice and pancreatic enzymes.
iii.  Pancreatic juices contain sodium bicarbontate which reduces the acidity of the chyme to a more alkaline pH of 8.  
iv.  Pancreatic enzymes act on proteins, carbohydrates, fats, and nucleic acids

(a)  In particular, the pancreatic enzyme amylase hydrolyzes remaining starches to maltose.

(b)  Tyrpsin and chymotrypsin continue the breakdown of large proteins, which begun in the stomach.
(c) lipase breaks down fat





b.  Bile
i.  Liver cells, hepatocytes, produce bile which passes through ducts into the gallbladder, which stores it. 

ii.  bile enters at the upper part of the the small intestine at the bile duct

iii.  cholecystokinin stimulates the release of bile from the gallbladder

iv.  Bile aids in the digestion of fats by means of breaking them into tiny droplets, this is called emulsification 

v.  Emulsification increases the surface area allowing the alkaline pH of bile to neutralize the acid of  the chyme.





c.  Intestinal  Juice 

i.  The walls of small intestine contain millions of intestinal glands, which secrete intestinal juice.
ii.  Intestinal juice contains the enzymes peptidase and maltase that complete the digestion of carbohydrates, fats, and proteins.
iii.  Molecules of proteins, carbohydrates, and fats are broken down to completion in the small intestine.



6. The Large Intestine
 a.  Undigested and unabsorbed materials pass from the small intestine, trhough a sphincter and into the large intestine.
b.  The large intestine is about 1.5 meters longs and 6cm in diatmeter.  

c.  No digestion occurs in the large intestine.

d.  The appendix is a small pouch, thought to have some immune function, that is attached to the lower right side of the abdomen.


i.  The appendix plays no part in the functioning of the human digestive system.

ii.  If the appendix becomes infected or inflamed, it must be removed.  The infected of the appendix is called appendicitis.





e.  The large intestine’s principle function is that of absorption

i.  Water is reabsorbed from the food mass (about ¾ of the water that was mixed with the food mass during digestion is reabsorbed).
ii.  Water is reabsorbed into the capillaries present in the large intestine and helps the body conserve water.  

iii.  If too much water is absorbed, constipation occurs; if too little water is absorbed, diarrhea occurs

f.  The large intestine also absorbs vitamins that are produced by bacteria that live in the large intestine.

g.  Intestinal bacteria live on undigested food material.

i.  These bacteria produce vitamin K, essential for blood clotting; and some of the B vitamins .
ii.  Large doses of antibiotics, given to ward off infections, can destroy intestinal bacteria and as a result drastically reduce vitamin K reserves.
h.  The large intestine serves to eliminate undigested and indigestible material from the digestive tract. (cellulose, large quantities of bacteria, bile, and mucous and also worn-out cells from the digestive tract) 

i.  review:  the large intestine does three things:  1) absorbs water  2) absorbs vitamins  3) eliminates waste
