Features of diet
· Essential Nutrients

· Some cellular processes require materials that an animal cannot assemble from simpler organic precursors. 

· These materials—pre-assembled organic molecules and minerals—are called essential nutrients.

· Essential nutrients include essential amino acids and fatty acids, vitamins and minerals. 

· Essential nutrients serve key functions in cells such as serving as substrates of enzymes (as coenzymes), and as cofators in biosynthetic pathways. 
· Essential amino acids are the 8 amino acids that cannot be synthesized within the body. 
· Essential fatty acids are fatty acids that contain double bonds that cannot be normally synthesized within the body. 
· Vitamins are organic molecules that are required in the diet in very small amounts. 

· Are either fat-soluble or water-soluble. 
· Minerals are inorganic nutrients that are usually required in small amounts. 

· Dietary deficiencies 

· A diet that lacks one or more essential nutrients or consistently supplied less chemical energy than the body requires results in malnutrition, failure to obtain adequate nutrition. 

· A diet that fails to provide adequate sources of energy results in undernutrition. 
Digestion in other animals
· Main stages of food processing 

· The first stage, ingestion, is the act of eating or feeding. 

· During digestion, the second stage of food processing, food is broken down into molecules small enough for the body to absorb. 
· Mechanical digestion breaks food into smaller pieces, increasing the surface area available for chemical processes. 
· Chemical digestion is necessary because animals cannot directly use the proteins, carbohydrates, nucleic acids, fats, and phospholipids in foods. 
· Enzymatic hydrolysis – breaking macromolecules into smaller components through breaking bonds by adding water.

· In the third stage, absorption, the animal's cell take up (absorb) small molecules.
· Elimination completes the process as undigested material passes out of the digestive system. 

· 4 main feeding mechanisms of animals

· Many aquatic animals are filter feeders, which strain small organisms or food particles from the surrounding medium. 
· Substrate feeders are animals that live in or on their food source. 

· Most animals, including humans, are bulk feeders, which eat relatively large pieces of food.
· Fluid feeders suck nutrient rich fluid from a living host. 

· Intracellular digestion 
· Food vacuoules, cellular organelles in which hydrolytic enzymes break down food, are the simplest digestive compartments. The hydrolysis of food inside vacuoules is called intracellular digestion.

· This usually occurs after phagocytosis or pintocytosis. 

· Extracellular digestion 

· In most animal species, hydrolysis occurs largely by extracellular digestion, the f body.

· Many animals with relatively simple body plans have a digestive compartment with a single opening called a gastrovascular cavity. It functions in digestion as well as in the distribution of nutrients throughout the body. 

· A hydra uses its tentacles to stuff captured prey through its mouth into its gastrovascular cavity. Specialized gland cells of the hydra's gastrodermis, the tissue layer that lines the cavity, then secretes digestive enzymes that break the soft tissues of the prey into tiny pieces. Other cells of the gastrodermis engulf these food particles, and most of the hydrolysis of macromolecules occur intracellularly. 

· Most animals have a digestive tube extending between two openings, a mouth and an anus. This is a complete digestive tract, or more commonly, an alimentary canal. 

· The alimentary canal of an earthworm includes a muscular pharynx that sucks food through the mouth. Food passes through the esophagus and is stored and moistened in the crop. Mechanical digestion occurs in the muscular gizzard, which pulverizes food with the aids of small bits of sand and gravel. Further digestion and absorption occurs in the intestine. 

· A grasshopper has several digestive chambers grouped into three main regions: a foregut, with an esophagus and a crop; a midgut; and a hindgut. Food is stored and moistened in the crop, but most digestion occurs in the midgut. Pouches called gastric cecae extend from the beginning of the midgut and function in digestion and absorption.

· Many birds have a crop for strong food and a stomach and gizzard for mechanically digesting it. Chemical digestion and absorption of nutrients occurs in the intestine.  

· Digestion in plants and fungi 

· Plants do not have a digestive system. Most of digestion occurs intracellularly. The processes are similar to animals. 

· Plants store starch primarily in seeds, stems, and roots

· When nutrients are required, polymers are broken down into the appropriate monomers by enzymatic hydrolysis. 

· Some plants use extracellular digestion

· Venus flytrap – enzymes diggest trapped flies (serves as nitrate source). However, it is still autotrophic.

· Fungi – rhizoids of bread mold secrete enzymes into bread, producing simple digestive products which are then absorbed by diffusion into rhizoid. 
Human Digestive System
· Introduction 

· In mammals, the digestive system consists of the alimentary canal and various accessory glands that secrete digestive juices through the ducts into the canal. 

· Accessory glands are salivary galnds, pancreas, liver, and the gallbladder. 

· Food is pushed along the alimentary canal by peristalsis, alternating waves of contraction and relaxation in the smooth muscles lining the canal. 

· At some junctions between specialized compartments, the muscular layer forms ringlike valves called sphincters. They regulate passage of material between compartments.

· The oral cavity, pharnyx, and esophagus 

· Ingestion and the initial steps of digestion occur in the mouth, or oral cavity.

· Mechanical digestion occurs through chewing of food.

· The salivary glands deliver saliva through ducts to the oral cavity. Saliva initiates chemical digestion while also protecting the oral cavity.

· The enzyme amylase hydrolyzes starch into smaller polysaccharides and maltose. 

· The protective effect of saliva is provided by mucus, which protects the lining of the mouth from abrasion and lubricates food for easier swallowing.

· The tongue aids digestive processes by evaluating ingested material to determine if it should be ingested and then enabling its further passage if it is deemed okay. It also helps manipulate the mixture of saliva and food into a ball shape called a bolus. 

· The pharynx, or throat region, opens to two passageways: the trachea (windpipe) and the esophagus. 

· The esophagus connects to the stomach. When a food bolus arrives at the pharynx, the larynx tips a flap of tissue called the epiglottis down, preventing food from entering the trachea. The upper esophageal sphincter (blocks esophagus) relaxes, allowing the bolus to pass through. Once food enters here, paristaltic contractions of smooth muscle move each bolus to the stomach. 

· Digestion in the stomach

· The stomach, which is located just below the diaphragm, stores foods and begins digestion of proteins. 

· Secretes a digestive fluid called gastric juice and mixes with the food. This mixture of ingested food and gastric juice is called chyme. 

· Components of gastric juice:
· Hydrochloric acid which disrupts the ECM that binds cells together. Also creates a low pH environment in the stomach (pH = 2), which kills most bacteria, and denatures proteins in food. 
· Pepsin, a protease, cleaves peptide bonds to turn proteins into smaller polypeptides. Works best in a very acidic environment. 

· The interior surface of the stomach wall is highly folded and dotted with pits leading into tubular gastric glands. The gastric glands have all three types of cells that secrete the different components of the gastric juice. 
· Parietal cells use an ATP-driven pump to expel hydrogen ions into the lumen. Also pumps out chloride ions. Only in the lumen the H+ and the Cl- ions combine to form HCl. 
· G cells secrete gastrin, a large polypeptide hormone which is absorbed into the blood. It stimulates parietal cells to secrete HCl. 

· Gastrin also stimulates ECL cells, neuroendocrine cells in the digestive tract. They release histamine which in turn stimulates parietal cells to produce hydrochloric acid. 
· Chief cells release pepsin into the lumen in an inactive form called pepsinogen. HCl converts pepsinogen into active pepsin. Then pepsin itself activates the remaining pepsinogens. Example of positive feedback. 
· Mucous cells secrete mucus, which lubricates and protects the cells lining the stomach. 
· Peptic ulcers are caused by failure of mucosal lining to protect stomach. Can also be caused by excess stomach acid or H. pylori as well. 

· Chemical digestion by gastric juice is facilitated by the churning action of the stomach. 
· Churning is the coordinated series of muscle contractions and relaxations that mixes the stomach contents about every 20 seconds. 

· The lower esophageal sphincter, or cardiac sphincter, is the sphincter between the esophagus and the stomach that normally opens only when bolus arrives. 

· Occasionally, a person experiences acid reflux, a backflow of chyme from the stomach into the lower end of the esophagus. 

· The controlled release of chyme into the small intestine is controlled by the pyloric sphincter. 

· Digestion in the small intestine 

· The small intestine is the alimentary canal's longest compartment and most of the enzymatic hydrolysis of macromolecules from food occurs here.

· The first section of the small intestine forms the duodenum. Most of the digestion is completed in this section. It is here that chyme from the stomach mixes with the digestive juices from the pancreas, liver, and gallbladder, as well as gland cells of the intestinal wall itself. 

· The pancreas aids chemical digestion by producing an alkaline solution rich in bicarbonate as well as several enzymes.

· The bicarbonate neutralizes the acidity of the chyme and acts as a buffer. 

· Pancreatic enzymes secreted are trypsin and chemotrypsin, proteases secreted into the duodenum in inactive forms. Trypsin gets activated first by enteropeptidase (enzyme secreted from intestinal glands when food passes through duodenum), and then it activates the other enzymes. 

· Pancreas also secretes lipases (digestion of fats) and pancreatic amylase (digestion of starch). 
· Liver produces bile, a substance that helps digest fats and other lipids. Bile contains salts, which acts as emulsifiers. Bile is stored and concentrated in the gallbaldder. 

· The epithelial lining of the duodenum is a source of several digestive enzymes. Some are secreted into the lumen of the duodenum, whereas others are bound to the surface of epithelial cells. 

· Peristalisis moves the mixture of chyme and digestive juices along the small intestine. 

· The remaining regions of the small intestine, the jejunum and the ilenum, are the major sites for absorption of nutrients.

· Absorption in the small intestine 

· Most of the absorption occurs at highly folded surface of the small intestine. 

· Large folds in the lining encircle the intestine and are studded with finger-like projections called villi. In turn, each epithelial cell of a villus has on its apical surface many microscopic projections called microvilli. 

· This confers extremely high surface area, which greatly increases the rate of absorption. 

· Depending on the nutrient, transport across epithlial cells can be passive or active. 
· Goblet cells secrete mucus to lubricate and protect epithelial cells from mechanical/chemical damage. 

· The capillaries and veins that carry nutrient-rich blood away from the villi converge into the hepatic portal vein, a blood vessel that leads directly to the liver. 

· By channeling all nutrients through the liver, it allows it to regulate the distribution of nutrients to the rest of the body. 

· Also allows liver to remove toxic substances. 

· Some products of fat digestion take a different path. 

· Hydrolysis of fats by lipase in the small intestine generates fatty acids and monoglycerides. 

· They are absorbed by epithelial cells and then recombined into triglycerides. 

· They are then coated with phospholipids, cholesterol, and proteins, forming globules called chylomicrons. 

· Chylomicrons are first transported from an epithelial cell in the intestine to a lacteal, a lymph filled vessel at the core of each villus. The lacteal passes the chylomicrons to the heart. 

· Small intestine also absorbs water and ions. 

· Functions of the liver
· Blood storage

· Blood filtration – kupfer cells (macrophages) phagocytize bacteria picked up in intestines 
· Carbohydrate metabolism – liver maintains normal blood glucose levels via gluconeogenesis (generation of glucose) and glycogenesis (generation of glycogen) 

· All carbohydrates absorbed into the blood are carried by the hepatic portal vein into the liver. 
· Protein metabolism – liver deaminates amino acids, forms urea from ammonia in blood, synthesizes plasma proteins, synthesizes nonessential amino acids. 
· Detoxification – detoxidifes chemicals, secreted by liver as part of bile 
· Erythrocyte destruction – kupfer cells destroy irregular erythrocytes (most are done by spleen)
· Vitamin storage and iron storage 
· if blood glucose levels are high → glycogenesis 
if blood glucose levels are low → glycogenolysis 
· Produces bile 
· Processing in the large intestine 

· The alimentary canal ends with the large intestine, which includes the colon, cecum, and rectum. The small intestine connects to the large intestine at a T-shaped junction. 

· One long arm is the colon, which leads to the rectum and anus. 

· The other arm is a pouch called the cecum, which is important for fermenting ingested material. 

· The appendix, a finger-like extension of the human cecum, has a minor and dispensable role in immunity.

· The colon completes reabsorption of water that began in the small intestine. What remain are the feces, the wastes of the digestive system, which becomes increasingly solid by the end. 

· If less water than normal is reabsorbed by the colon, the result is diarrhea
· If too much water is reabsorbed by the colon, the result is constipation. 

· A rich community of mostly harmless bacteria lives on the unabsorbed organic material in the colon. The main source of vitamin K and vitamin B come from these symbiotic bacteria. 

· The terminal portion of the large intestine is the rectum, where the feces are stored until they can be eliminated. 
· Between the rectum and anus are two sphincters, the inner one being involuntary and the outer one being voluntary. 
Regulation of digestion
· Hormonal control of digestion

· A branch of the nervous system called the enteric division is dedicated to regulating digestive events and peristalisis in the small and large intestines. 
· Gastrin is produced by the stomach lining, and the effects have been discussed above.
· Secretin is produced by cells lining duodenum when food enters; this stimulates pancreas to produce bicarbonate (neutralizes the chyme).
· Enteropeptidase is produced by cells lining the duodenum when food enters; this stimulates the pancreas to deposit its mass of digestive enzymes into the duodenum. 
· Cholecystrokinin is produced by small intestine in response to fats; stimulates gallbladder to release bile and pancreas to release its enzymes.

· If the chyme is rich in fats, high levels of secretin and cholecystrokinin released act on the stomach to inhibit peristalsis and secretion of gastric juices, thereby slowing down digestion. 
· Gastric inhibitory peptide is produced in response to fat/protein digestates in the duodenum; mild decrease of stomach motor activity. 

· Glucose homeostasis 

· When the blood glucose level rises above the normal range, the secretion of insulin triggers the uptake of glucose from the blood into body cells, thereby decreasing the blood glucose concentration.

· Insulin does not act on the brain. 

· When the blood glucose level drops below the normal range, the secretion of glucagon promotes the release of glucose into the blood by breaking down storage carbohydrates (glycogen). 

· Both hormones are produced in the pancreas. 
· Alpha cells within the pancreatic islets create glucagon and beta cells create insulin. 

· Diabetes Mellitus 
· Diabetes mellitus is caused by a deficiency of insulin or a decreased response to insulin in target tissues. 

· Cells do not take in glucose to break down for energy; instead the cells mainly use fat. 
· Type 1 diabetes is when the immune system destroys the beta cells within the pancreas and thus destroys the person's ability to synthesize insulin. 
· Type 2 diabetes is characterized by a failure of target cells to respond normally to insulin. Insulin is produced, but target cells fail to take up glucose from the blood, and blood glucose levels remain elevated. 

· Regulation of appetite and consumption 

· Secreted by the stomach wall, ghrelin is one of the signals that triggers feelings of hunger as mealtimes approach. 

· A rise in blood sugar level after a meal stimulates the pancreas to secrete insulin. Among other functions, insulin suppresses appetite by acting on the brain.

· Produced by adipose tissue, leptin suppresses appetite. When the amount of body fat decreases, leptin levels fall, and apetite increases.

· The hormone PYY, secreted by the small intestine after meals, acts as an appetite suppressant that counters the appetite stimulant ghrelin. 
