Chapter 41

ANIMAL NUTRITION
A balanced diet provides fuel for cellular work, as well as all the materials the body needs to construct its own organic molecules.

Nutrients are substances used as a source of energy, in metabolic processes and as building blocks in the growth and repair of tissues.

Nutrition is processes of taking and assimilating food.

THE NEED TO FEED

Dietary categories:

Herbivores feed on plant material and are also known as primary consumers.

Carnivores feed on herbivores or other carnivores. They are known as secondary or high-order consumers.

Omnivores have a very varied diet of plants and animals.

Feeding adaptations:

Suspension feeders are omnivores that remove small organisms like algae and minute crustaceans from the water. They feed on plankton.

Substrate feeders live in the food source, eating their way through the food, e. g. leaf miners, maggots.

Fluid feeders suck nutrient-rich fluids from a living host, e. g. leeches, mosquitoes, aphids.

Bulk feeders eat large pieces of food. They use many modified body parts like tentacles, beaks, claws, pincers, etc.

HOMEOSTATIC MECHANISMS
Animals need food for energy, carbon skeletons to make its own molecules, and essential nutrients, molecules the organism cannot make for itself and must obtain in food.

ATP powers resting metabolism, activity and temperature regulation.

ATP is derived from the oxidation of carbohydrates, fats and proteins.

Glucose regulation

When an animal takes more calories than it needs for ATP, the excess can be used for biosynthesis or is stored.

In humans, the liver and muscle cells store energy in the form of glycogen, a polymer made up of about 120,000 glucose units.

1. Glucose level rises in the blood above a set point.

2. Pancreas secretes insulin. 

3. Insulin stimulates cells to take up glucose and liver and muscle cells to store glucose as glycogen.

4. Glucose level drops below certain point.

5. The pancreas secretes glucagon.

6. Glucagon promotes the breakdown of glycogen and the release of glucose into the blood.

7. Glucose level increases again.

8. Normal concentration of glucose ranges between 70 -120 mg/dl. Glucose concentration below 50 mg/dl or above 250 mg/dl is serious, and a physician should be consulted.

· Undernourishment is a deficiency in calories.

Under this condition, the stored fats and glycogen is used up. The body begins to break down proteins for fuel, muscles begin to decrease in size and the brain can become protein deficient. If the expenditure remains more than the intake, death will eventually occur.

· Overnourishment or obesity results from excessive food intake.

When a person eats an excess of carbohydrates, the body increases carbohydrate oxidation. Then fat in the diet tends to be stored.

· Obesity.

The human body imposes a limit in the amount of fat it stores or uses up.

A complex feedback mechanism regulates the storage and use of fat.

1. The hormone leptin is produced by the adipose tissue.

2. High leptin level cues the brain to depress appetite and to increase energy-consuming muscular activity and body-heat production.

3. Loss of body fat decreases the leptin levels in the blood, and the brain is signaled to increase appetite and weight gain. 

4. Genes are involved in fat homeostasis.

ESSENTIAL NUTRIENTS AND CARBON SKELETONS

Essential nutrients must be obtained readymade; the body cannot make them.

Some of these nutrients are needed by all animals, and other nutrients are required by some species and not by others. 

· Malnourishment or malnutrition is the deficiency in one or several essential nutrients.

Essential amino acids

· There are 8 essential amino acids required by the human adult.

· The ninth, histidine, is required by infants.

· The most reliable sources of essential amino acids are eggs, meat, cheese and animal products.

· Most plant proteins are incomplete in that they lack one or several essential AA's.

· Malnutrition during childhood can result in physical and possibly metal retardation.

· The body cannot store AA efficiently.

Essential fatty acids

· The body can synthesize most of the needed fatty acids.

· Essential fatty acids are some unsaturated fatty acids e. g. linoleic acid, which is needed in the synthesis of some membrane phospholipids.

· Fatty acid deficiency is rare.

Vitamins

· Vitamins are organic compounds required in small amounts and serve mostly as components of coenzymes.

· 13 vitamins essential to humans have been identified.

· Water soluble vitamins (B complex, C, niacin, folic acid, pantothenic acid, biotin)

· There are fat-soluble (A, D, E, K) and water soluble (B, C) vitamins.

· We do not understand all of the biochemical roles played by vitamins.

· Overdoses of fat-soluble vitamins are harmful and fat-soluble vitamins are difficult to excrete.

Minerals

· Minerals are inorganic ions needed to maintain body fluid balance, components of proteins, cytochromes, hormones and other metabolites, activators of enzymes, involved in nerve impulse, and other functions.

· Essential minerals are required in amounts of 100 mg/day or more, e.g. Na, Cl, K, Ca, P, Mg, and S.

· Trace elements are required in amounts less than 100 mg/day, e.g. Fe, Cu, F, Zn, Mn, Se, Cr, Mo, Co, and I.

· Large quantities of calcium and phosphorus are needed for bone maintenance, and the normal functioning of nerves and muscles.

· Excess iron can cause liver damage.

FOOD PROCESSING

The main stages of food processing are: ingestion, digestion, absorption and elimination.

1. Ingestion is the process of taking food into the mouth and swallowing it.

2. Digestion breaks down food into simpler components. This is done through enzymatic hydrolysis.

· Food consists mostly of large molecules (polymers) that cannot pass through cell membranes; these molecules are also different from those made by the animal.

· There is a need to break polymers in food into monomers that can be reassembled by the animal. 

3. Simpler molecules pass through the lining of the small intestine into the blood by absorption.

4. Undigested food is passed out through the process of egestion in simple animals or elimination in more complex animals.

Digestion occurs in specialized compartments.

1. Heterotrophic protists and sponges digest their food in food vacuoles: intracellular digestion.

2. In most animals some hydrolysis occurs outside the cell: extracellular digestion. Cnidarians and platyhelminthes have a gastrovascular cavity with only one opening. Cnidarians (e.g. hydra) have intracellular and extracellular digestion.

3. More complex invertebrates and all vertebrates have a complete digestive system with two openings, mouth and anus.

Most invertebrates and all vertebrates have a tube-within-a-tube body plan.

Earthworm digestive system: muscular pharynx sucks up food through the mouth; the esophagus brings the food to the crop; the crop stores and moistens the food; the gizzard grinds the food; in the intestine, the food is digested and absorbed. 

Grasshopper digestive system: the foregut includes the esophagus and the crop, where food is moistened and stored; digestion takes place in the midgut region; gastric ceca in the midgut absorbs nutrients; the hindgut receives nitrogenous wastes, and brings wastes and undigested food to the outside.

Bird digestive system: many birds have a crop, a stomach and a gizzard, where food is moistened, churned and ground; chemical digestion and absorption takes placed in the intestines. Many birds lack the crop and/or gizzard

THE MAMMALIAN DIGESTIVE SYSTEM

The mammalian digestive system consists of the alimentary canal and accessory glands that secrete digestive juices into the canal through ducts.

Peristalsis is the waves of muscular contraction that move food through the digestive track.

The canal has muscular ring valves called sphincters, which close the tube and regulate the passage of food from one chamber to another.

The accessory glands are (a) three pairs of salivary glands, (b) the liver, (c) the pancreas and (d) the gall bladder.

Mouth
Mechanical digestion and enzymatic digestion of food begins in the mouth.

Teeth are specialized to perform different functions in different animal groups.

· Fish, reptiles and amphibians do not have specialized teeth.

· Mammals have incisors for biting, canines for tearing, and premolars and molars for grinding: 2;1;2;3.

· Each tooth consists of an outer coat of enamel, the inner dentine and the pulp cavity where capillaries and nerves are located.

Three pairs of salivary glands in the mouth region secrete about a liter of saliva containing salivary amylase, which begins starch digestion, and mucin, a slippery glycoprotein that lubricates the food for easy passage to the stomach.

Proteins, nucleic acids and fats are not affected by salivary amylase. 

Salivary amylase breaks down polysaccharides into maltose, a disaccharide of glucose, and small polysaccharides.

The tongue manipulates the food during chewing and shapes the food into a ball called the bolus.

Pharynx and Esophagus
They conduct food to the stomach.

The swallowing reflex is triggered when the bolus of food reaches the pharynx; the esophageal sphincter relaxes during swallowing and the bolus enters the esophagus.

Peristaltic movements push the food bolus toward the stomach.

During swallowing, the epiglottis closes the entrance to the larynx.

Swallowing is a voluntary action but the peristaltic movement that pushes the bolus down the esophagus is involuntary.

The lower esophageal sphincter (also called cardiac sphincter) is located in junction of the esophagus and the stomach.

· This area is called the cardia.

· It is where the esophagus mucosa transitions into the stomach mucosa. 

· The lower esophageal sphincter is located here.

Stomach
Mechanical and chemical digestion continues in the stomach. 

The stomach secretes gastric juice and mixes this secretion with the food by the churning action of the smooth muscles in the stomach wall.

A sphincter or ring of muscles normally closes the entrance to the stomach.

Folds in the stomach wall are called rugae and are lined with a simple columnar epithelium.

Rugae smooth out when food enters the stomach to increase its capacity.

Tiny, tubular gastric glands in the stomach wall have three types of cells that secrete chemicals:

· Parietal cells secrete HCl and intrinsic factor for the absorption of vitamin B.

· Chief cells secrete pepsinogen (inactive form) which is converted to pepsin (active form) when comes in contact with HCl.

· Mucus cells secrete mucus that lubricates and protects the cells lining the stomach.

Gastric juice has a pH of 2.

The extracellular matrix that binds plant and animal cells is destroyed by the acid; most bacteria swallowed with the food are killed.

Epithelial cells of the lining of the stomach fit tightly together preventing gastric juice from leaking between them.

When part of the stomach is digested, a peptic ulcer develops. These sores or ulcers can also occur in the esophagus or in the duodenum. 

Ulcers are caused mainly by the acid-tolerant bacterium Helicobacter pylori. The bacterium causes inflammation of the lining of the stomach and destroys the mucus layer, and then the gastric juice chemicals attack the stomach tissue.

Chyme is partially digested food in the stomach.

When digestion is finished in the stomach, peristaltic movements propel the chyme through the exit opening controlled by a sphincter, the pyloric sphincter or pylorus.

Only proteins are chemically degraded in the stomach through the action of pepsin; carbohydrates, nucleic acids and fats are not affected.

Small Intestine
Most enzymatic digestion takes place in the small intestine.

It consists of three regions:

1. Duodenum is the 25 cm closest to the stomach.

· It receives the chyme from the stomach and secretions from the pancreas, liver, gall bladder and gland cells of the intestinal wall itself.

· Some digestive enzymes are bound to the surface of the epithelial cells of the duodenum wall.

2. Jejunum begins at an abrupt bend of the small intestine.

· 2.5 m (8 ft) long.

· Most absorption occurs here.

· Plicae and villi are prominent but gradually decrease along its length.

3. Ileum is about 3.2 m long and continues absorption.

The ileocecal valve controls the passage of the remnant of digestion into the large intestine.

Digestive Glands 

Liver

It is the largest and most complex organ of the body.

A liver cell carries more than 500 metabolic reactions.

Digestive functions:

1. Produces bile.

2. Helps in homeostasis by adding and removing nutrients from the blood.

3. Converts excess glucose to glycogen, and stores it.

4. Converts amino acids to fatty acids and urea.

5. Stores iron and certain vitamins.

6. Detoxifies drugs and poisons that enter the blood.

Bile consists of water, salts, pigments, cholesterol, and the phospholipid lethicin.

· Bile is stored in the gall bladder, which releases it into the duodenum as needed.

· Bile contains salts that emulsify fats so they can be acted upon by lipase.

· Bile does not contain digestive enzymes.

· Bile contains pigments that are the by-products of red-blood cell destruction in the liver. These pigments are eliminated in the feces.

Liver functions: 
http://www.janis7hepc.com/Your%20Liver%20Functions.htm#The%20Liver
http://www.britishlivertrust.org.uk/home/the-liver/summary-of-the-livers-functions.aspx
Pancreas

Pancreas secretes digestive enzymes and hormones that regulate the level of glucose in the blood.

The pancreas secretes inactive enzymes into the duodenum. And enzyme called enteropeptidase, which is bound to the intestinal epithelium, converts trypsinogen to trypsin. Trypsin then activates other enzymes to produce active carboxypeptidase and chymotrypsin.

Carbohydrate digestion: 

· Polysaccharides → disaccharides →
monosaccharides

· Pancreatic amylase converts undigested polysaccharides to maltose, a disaccharide.

· Maltase splits the disaccharide maltose into two glucose molecules.

· Sucrase converts the disaccharide sucrose to glucose and fructose.

· Lactase splits the milk sugar lactose, a disaccharide, into glucose and galactose.

Protein digestion: 

· Trypsinogen is an inactive enzyme that is acted upon by enterokinase and forms trypsin.

· Trypsin then activates chymotrypsin and carboxypeptidase.

· Pepsin, trypsin and chymotrypsin break the internal bonds of proteins and polypeptides resulting into dipeptides.

· Carboxypeptidases remove amino acids from the carboxyl end of polypeptide chains.

· Aminopeptidases (secreted by intestinal epithelium), and dipeptidases remove amino acids from the amino end of the chain or split small peptides to amino acids.

· Trypsin, chymotrypsin and carboxypeptidase are secreted in an inactive form by the pancreas.

· Enterokinase (now known as enteropepsidase) is an enzyme that triggers the activation of these enzymes (trypsinogen, etc.) within the intestinal lumen.

Nucleic acid digestion:

· Nucleases  hydrolyze DNA and RNA into nucleotides.

· Other enzymes break the nucleotides further into nitrogenous bases, sugars and phosphates.

Fat digestion: 

· Salts from the bile emulsify fats  

· Lipases break down fats into monoglycerides, diglycerides, glycerol and fatty acids.

· Undigested triacylglycerols (triglycerides) are absorbed in small amounts.

Absorption:

Only a few substances like water, simple sugars, salts, alcohol and certain drugs are small enough to be absorbed through the stomach wall.

Most absorption occurs in the small intestine.

The wall of the small intestine consists of folds (plicae) and tiny finger-like projections called villi.

Microvilli are elongations of the cell membrane of the villi. There are about 600 microvilli on each villus.

The folds, villi and microvilli greatly increase the absorption surface of the intestine.

Each villus has in its core a net of capillaries and a small lymphatic vessel called lacteal.

Nutrients must pass the single epithelial cell wall of the small intestine, and then the unicellular epithelium of the capillary and lacteal wall. Only two epithelial layers separate nutrients in the lumen from the bloodstream.

The absorption of small peptides, amino acids, glucose and other simple sugars is coupled with the active transport of sodium.

Fructose is absorbed by facilitated diffusion down the concentration gradient.

Amino acids and carbohydrates diffuse into the capillaries and are carried away from the intestine by the blood stream.

Absorption of fats: 

· Large fat globules are emulsified by bile salts in the duodenum.

· Micelles are soluble complexes of fatty acids and monoacyl-glycerols combined with bile salts.

· Micelles transport the fatty acid to the epithelium. Micelles are soluble in the phospholips of the plasma membrane. Fatty acids and monoglycerides leave micelles and enter the epithelial cells by diffusion.
· In the epithelial cell, glycerol and fatty acids reassemble to form triacylglycerols (fats), which along with phospholipids and cholesterol form protein covered globules called chylomicrons.

· Chylomicrons pass out of the cell into the lacteal by exocytosis.

· The lacteals empty into the larger vessel of the lymphatic system. The lymph transports the chylomicrons to the blood.

The capillaries and veins bring the newly absorbed nutrients to the hepatic portal vein, which leads directly to the liver.

The liver processes the absorbed materials. From the liver, the blood flows to the heart and then is distributed to the rest of the body.

The blood that leaves the liver has a very different nutrient content than the blood brought in by the hepatic portal vein.

There is energy cost in processing food. A general estimate depending on the species and the type of food ingested, the animal may spend between 3% and 30% of the chemical energy contained in the meal.

Hormones regulate digestion.

Most digestive enzymes are produced only when food is present in the digestive tract.

Salivary secretion is controlled entirely by the nervous system.

The nervous system and hormones control secretion of other digestive enzymes.

The wall of the digestive tract has a network of neurons, the enteric nervous system that regulates many motor and secretory activity of the digestive tract independently of the autonomic nervous systems.

At least four hormones regulate the digestive system: gastrin, secretin, cholecystokinin (CCK) and gastric inhibitory peptide (GIP).

The stomach releases gastrin when food enters the stomach, and the duodenum releases secretin, CCK and GIP.

Enterogatrones are hormones secreted by the wall of the duodenum.

· Gastrin from the stomach recirculates in the blood stream and returns to the stomach where it stimulates the production of gastric juices.

· Cholecystokinin stimulates the release of digestive enzymes from the pancreas and bile from the gallbladder. 

· Secretin from the duodenum stimulates the release of NaHCO3 to neutralize the acidic chyme. 
· Gastric inhibitory peptide (GIP) decreases stomach churning and slows emptying.

· Enterogastrones inhibit peristalsis and acid secretion by the stomach.

If the pH in the stomach becomes too low, gastrin secretion is inhibited and the secretion of gastric juices stops.

Large Intestine or Colon
The parts of the large intestine are known as the caecum, ascending colon, transverse colon, descending colon, sigmoid colon, rectum and anus.

The caecum and vermiform appendix are located below the junction of the small and large intestine.

· Their functions are unknown in humans.

· Both are functional in some herbivores.

The large intestine is about 1.3 m long.

Most of the nutrients in the chyme have been absorbed by the time it reaches the large intestine.

Large intestine absorbs water and sodium ions and eliminates wastes (defecation).

Bacteria act on the unabsorbed material and produce vitamins K and B, biotin and folic acid, which are also absorbed.

When the concentration of iron and calcium in the blood are too high, the colon excretes salts of these elements into the lumen and they are eliminated in the feces.

There are two sphincters between the rectum and the anus, one involuntary and the other voluntary.

Elimination is the term used for getting rid of digestive waste.

Excretion is the process of getting rid of metabolic waste. In mammals it mostly happens in the kidneys and lungs.

EVOLUTION AND ADAPTATIONS OF THE VERTEBRATE DIGESTIVE SYSTEMS

Structural adaptations of the digestive system are related to the diet of the animal.

The canines and incisors of carnivores are pointed, is adapted to kill, cut and rip pieces of flesh. The premolars and molars are jagged and adapted to crush and shred food.

The dentition of herbivores consists of broad teeth with ridged surfaces that grind tough plant material. The incisors and canines are modified for biting off pieces of vegetation. 

Omnivores like humans have a relative unspecialized dentition adapted to eating both plant and material and meat.

· 2 incisors for biting; 1 pointed canine for tearing; 2 premolars for grinding; 3 molars for crushing.

Non-mammalian carnivores have relatively undifferentiated teeth, e. g. crocodiles.

Snakes have specialized fangs for injecting poison into their victims. Their lower jaw is loosely hinged to the skull by an elastic ligament that permits the mouth and throat to open very wide for swallowing large pieces of food, e. g. whole animals.

In general herbivores and omnivores have longer alimentary canals than carnivores. 

Plant material is tougher to digest due to the cell wall found around plant cells. 

Many herbivores have specialized chambers where fermentation of the plant material takes place and microorganisms digest cellulose.

Animals do not produce enzymes that hydrolyze cellulose.

Symbiotic bacteria and protists have the necessary enzymes tat can digest cellulose to simple sugars.

Different groups of animals have different fermentation chambers. 

· Ruminants have a stomach divided into four chambers. 

· Rabbits, horses, rodents and koalas use the cecum.
“The rabbit cecum contains a complex mix of bacteria that break down, or "ferment" the fiber the rabbit cannot digest. The bacteria use the energy generated during fermentation to grow. Byproducts of fermentation include vitamins, volatile fatty acids (VFA's) and essential amino acids, all of which can be used by the rabbit. Volatile fatty acids are absorbed directly into the bloodstream through the lining of the cecum and provide approximately 30% of the energy required by the animal.”
Laura Atkins and Susan Smith. http://carrotcafe.com/n/digestion.html
