NUTRITION

· Introduction of Nutrition
1.  Nutrition
· Nutrition might be defined as the process whereby we obtain the essential nutrients and use them to make many other substances our bodies need. This process would include eating and digesting food and absorbing and using, or metabolizing, the nutrients it contains.

2. NUTRIENTS

· Nutrients are the chemical components of food which perform nutritive functions:

· Fats

· Proteins

· Carbohydrates (sugars and starches)

· Minerals

· Vitamins

· Water

· ? Dietary fiber,  Antioxidants

· Functions of Foods and Nutrients

· Provide energy for activities

· Build and maintain body tissue

· Regulate body processes

· The nutrients, their functions and representative foods
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3. Good Nutrition

· Good nutrition implies that we are obtaining from our food all of the essential nutrients in the amounts needed to keep our bodies functioning and to maintain optimum health.

· A very simplified definition of good nutrition might be  “eating the right foods in the right amounts.”

· Some foods only provide several nutrients or just one nutrient, such as sucrose, we call them non-full nutrient food.

· Some particularly valuable foods, such as milk, contain such a variety of nutrients that they can fulfill all the functions of food, we call them completely-valuable- food (全价食品).

Part 1   Gastrointestinal Tract, Digestion and Absorption
1．Digestion 

· Digestion: The process by which food is broken down into absorbable units. To take apart. 

· GI Tract: Gastrointestinal: Stomach / intestines 
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2. Anatomy
1). Mouth - chews and mixes food, salivary glands secrete saliva with starch-digesting enzymes 

· Epiglottis (会厌)– protects airway 
Trachea(气管)– passage for air to the lungs

2). Esophagus(食道)– passes food from mouth to stomach 
· Cardiac sphincter(贲门括约肌)– allows passage from esophagus to stomach; prevents backflow .
Food passes as a BOLUS(小而圆的物块) to stomach
3). Stomach – adds acid, enzymes, fluid.  Churns, mixes, grinds food to a liquid mass. 

· 1) 3 muscle layers (peristalsis 蠕动).     

· 2) mixed with gastic juice.    

· 3) chief gland - pepsinogen released 

· 4) Perietal - release HCl / reacts with pepsinogin to form pepsin.      

· 5) Mucus protects stomach cells.

· 6) Water, salts, alcohol and sugar diffuse into the blood. 

· Pyloric sphincter(幽门括约肌)– allows passage to small intestine; prevents backflow 
Food passes as CHYME (食糜) to duodenum

4). Small Intestine – secretes enzymes that digest all energy-yielding nutrients to smaller particles.  Cells of wall absorb nutrients into blood and lymph.
Duodenum, Jejunum, Ileum 

(1) Duodenum
·  liver deposits bile,      Pancreas deposits insulin
· Sodium bicarbonate secreted by duodenum to conteract HCl from stomach

· Walls covered by villus

· Fats absorbed into the lymph system

· Minerals, Vitamines, Sugar and Amino Acids to blood stream

· Portal vein - nutrient filled blood sent to the liver

· Liver role is detoxification and storage of fat 

(2) Jejunum: considered to be roughly 40% of the small gut in man, but closer to 90% in animals.

(3) Ileum empties into the large intestine; considered to be about 60% of the intestine in man, but veterinary anatomists usually refer to it as being only the short terminal section of the small intestine. 
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· All of this absorption and much of the enzymatic digestion takes place on the surface of small intestinal epithelial cells, and to accommodate these processes, a huge mucosal surface area is required. 

·  the absorptive surface area of the small intestine is roughly 250 square meters .

Why?

· Mucosal folds

·  Villi: are covered with epithelial cells.

· Microvilli: the lumenal (内腔的) plasma membrane of absorptive epithelial cells is studded （镶嵌）with densely-packed microvilli. 
The microvillus border of intestinal epithelial cells is referred to as the "brush border." 
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5). Large Intestine (colon) 
· 1)  reabsorbs water and minerals. 
· 2) Passes waste (fiber, bacteria, unabsorbed nutrients) along with water to rectum 

· 3) bacteria produce vitamine K ( used in blood clotting) and certain B vitamins. 

· 4）Digestion of carbohydrates not digested in the small intestine by  the microbial flora of the large intestine . 

6). Rectum（直肠）– stores water prior to elimination 

7). Anus（肛门）– holds rectum closed 
This epithelial cell sheet is distinctly different in different regions of the tract. 
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3. Organs involved
· Liver – makes bile and is the first to receive nutrients from the intestines 

· Gallbladder – stores and concentrates bile: excretes bile into the duodenum when fat is present. 

· Pancreas – Important roles as both an endocrine and exocrine organ - provides a potent mixture of digestive enzymes to the small intestine which are critical for digestion of fats, carbohydrates and protein. 

· Appendix （阑尾）– a narrow blind sac extending from the beginning of the colon that stores lymph cells appendix

4. Muscular actions: 

1). Peristalsis （蠕动）: wavelike contractions of the GI tract that push contents along 
2). Stomach action: churns （搅拌 ）by muscular contractions
3). Segmentation （分割）: periodic squeezing or partitioning of the intestine at intervals by circular muscles 
4. Sphincter （括约肌） contractions
5. Digestive glands: Digestive Enzymes/Juices
· Salivary Glands (in mouth): secrete saliva (secretes carbohydrase enzyme to act on carbohydrates) 

· Gastric Glands (stomach): secrete gastric juice; hydrolysis of proteins 

Water, enzymes, and hydrochloric acid 
Hydrochloric acid (HCl) – very strong acid – stomach protected by mucus

· Pancreas-Intestinal:  Pancreatic Juices and Intestinal Enzymes 

· Digestion of Carbohydrates, Protein, Fat

· Liver-Gallbladder-small intestine:  Bile 

· Emulsifies fat: into a suspension

1) Salivary Glands 

· parotid glands (腮腺):  produce a serous, watery secretion

· submaxillary (mandibular) glands(下颚腺): produce a mixed serous and mucous secretion

· sublingual glands (舌下腺): secrete a saliva that is predominantly mucous in character 

· The basis for different glands secreting saliva of differing composition can be seen by examining salivary glands histologically. Two basic types of acinar (腺泡的) epithelial cells exist: 

· serous cells (浆液细胞) :which secrete a watery fluid, essentially devoid of mucus (粘液).

· mucous cells, which produce a very mucus-rich secretion 

· Acini (腺泡) in the parotid glands are almost exclusively of the serous type, while those in the sublingual glands are predominantly mucous cells. In the submaxillary glands, it is common to observe acini composed of both serous and mucous epithelial cells. 
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Functions of Saliva 

· Lubrication(润滑油) and binding: the mucus in saliva is extremely effective in binding masticated food into a slippery bolus 

· Solubilizes dry food: in order to be tasted, the molecules in food must be solubilized. 

· Oral hygiene: The oral cavity is almost constantly flushed with saliva, which floats away food debris and keeps the mouth relatively clean. 

· Initiates starch digestion: in most species, the serous acinar cells secrete an alpha-amylase which can begin to digest dietary starch into maltose. 

· Provides alkaline buffering and fluid: this is of great importance in ruminants, which have non-secretory forestomachs. 

· Evaporative cooling: clearly of importance in dogs, which have very poorly developed sweat glands - look at a dog panting after a long run and this function will be clear. 

2) Pancreas

· Pancreatic juice is composed of two secretory products critical to proper digestion: digestive enzymes and bicarbonate. 

· Digestive Enzymes : Proteases , Pancreatic Lipase , Amylase , Other Pancreatic Enzymes (ribonuclease, deoxyribonuclease, gelatinase and elastase. 

· Bicarbonate and Water 
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6. Regulation and Absorption: 

1). Homeostasis (稳衡态):

· maintenance of constant conditions (chemistry, temperature, blood pressure).  Stomach pH 1.5-1.7 

2). Hormones:

· (1) Gastrin(胃泌激素): tells stomach to secret gastric juices 

· (2) Gastric-peptide: Produced in intestine; tells stomach to slow secretion of gastric juices 

· Secretin分泌素: Produced in duodenum; tells pancreas to secrete bicarbonate-rich pancreatic juice 

· (3) Cholecystokinin / CCK(缩胆囊素,缩胆囊肽, 肠促胰酶肽): Produced in intestine; tells gallbladder to release bile 

3). Nervous system

· Secretion of saliva is under control of the autonomic nervous system, which controls both the volume and type of saliva secreted. This is actually fairly interesting: a dog fed dry dog food produces saliva that is predominantly serous, while dogs on a meat diet secrete saliva with much more mucus. Parasympathetic (副交感神经) stimulation from the brain, results in greatly enhanced secretion, as well as increased blood flow to the salivary glands. 

· Potent stimuli for increased salivation include the presence of food or irritating substances in the mouth, and thoughts of or the smell of food. Knowing that salivation is controlled by the brain will also help explain why many psychic (精神的) stimuli also induce excessive salivation      - for example, why some dogs salivate all over the house when it's thundering

The Central Nervous System 

· the hypothalamus (视丘下部) was thought to be the key to control of food intake. 

· Lateral(侧面的)hypothalamus (hunger center): animals with lesions in this area become anorectic (厌食的 and lose weight. 

· Ventromedial (腹正中的) hypothalamus (satiety 过饱center): animals with lesions in this area overeat and become obese.
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