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I.
Qualitative Nutrient Requirements

A. Protein

Almost half of the dry weight of a mature animal is made up of protein. Protein forms the skin, hair, muscle, connective tissue, hooves, nervous system, and much of the skeleton of the horse. It forms a portion of the cell wall, and also the nucleus and protoplasm of the cell. With out protein, there would be no growth and repair of body tissue. High level protein intake, particularly in early life, is necessary to develop the muscle strength and stamina of the race or performance horse. When choosing a ration for horses it is necessary to consider protein quality, or amino acid make-up, as well as a quantity of total protein in the feed. All feedstuffs do not supply the same balance of amino acids.

B. Fats and Related Substances

The term most commonly used in discussing fats and related substances in feeds is lipids. Lipids serve several functions in the body. First, they are the source of linoleic acid, an essential fatty acid which the body cannot synthesize. Linoleic acid affects growth and skin condition in young animals. However, it takes only a small amount of lipids in the diet to satisfy the requirement for linoleic acids. The remainder of the fat and fat-like substances are used as sources of energy. They are also of importance in forming a portion of the cell membranes. They serve as carriers for some vitamins and hormones. It is also possible that certain  fatty acids may have a catalytic effect of the body metabolism, increasing the efficiency of feed use, but this has not yet been conclusively determined.


C. Carbohydrates

Carbohydrates, because of their prevalence in feeds, serve as the chief source of energy for the horse. Carbohydrates make up sixty percent or more of most grains and hays. While the do not have as high an energy content as fats, carbohydrate intake is much greater, because of its natural occurrence. Carbohydrates are also necessary for the digestion of fats, because fat cannot be completely oxidized in the body without pyruvic acid, an organic acid which is formed when carbohydrates are oxidized. Carbohydrates include sugars, starches, glycogen (or animal starch, the form in which energy is stored in the liver), and cellulose. When they are digested by the body, the sugars and starches are eventually converted to glucose, a simple sugar, which is the form of sugar carried in the blood stream. Since this conversion to glucose is simple and readily accomplished by the body, the soluble carbohydrates are classified as highly digestible, in fact, the most highly digestible of the energy sources in feeds. In the newborn foal, the cellulose in feeds cannot be digested efficiently because there is an insufficient amount of bacteria in the large intestine at birth. These bacteria increase in number as the foal grows older, and the ability to digest cellulose increases correspondingly. Therefore, young horses should be fed predominantly concentrate feeds, while older horses can effectively utilize more of the roughage feeds.

D. Water

Water is essential to the life of the horse. Without water an animal can live only a few days, while without other nutrients life can be prolonged for a much longer period. Water helps the cells to maintain their form and structure, and nearly two-thirds of the body’s water is contained within the cells. Water helps to regulate the temperature of the horse as it is evaporated through the sweat glands. Water carries vital substances throughout the body, and serves as a carrier for waste products as they are removed. It is essential that a constant supply of clean water be available, at least twelve gallons per day for the mature horse.
E. Vitamins

Vitamins are carbon containing compounds which are necessary for life and growth. Many cannot be manufactured in sufficient quantities by the body and must be contained in the diet. The vitamins can be divided it two groups: those which are soluble in fat, and those which are water-soluble. Each specific vitamin has certain functions that it performs in the body, and can be found in certain types of feeds.


F. Minerals

Minerals are inorganic compounds which remain as ash when the other substance in a feed are burned in a nutrient analysis. Horses are believed to require fifteen different minerals for life and health, and it is possible that more essential minerals will be determined. Minerals may be found in the body in combination with organic substances, or in pure form. They have two basic nutritional roles. First, they are building substances. They are particularly prevalent in the hard tissues of the body, such as the bones and teeth. They are also present in muscular and nervous tissue. The second major role of the mineral substances is catalytic action and as structural elements in vital body compounds, such as certain vitamins. Minerals help to maintain correct fluid pressure and distribution within cells. They also affect such diverse functions as heartbeat and thirst. Each of the known essential minerals has a specific function, and in addition, there are some minerals, such as calcium and phosphorus, which work in combination.

II.
Quantitative Nutrient Requirements

A. Protein

The amount of nutrients required by the body is dependent on;




(a) size and weight of the individual




(b) metabolic activities




(c) physical activities


The percent of protein required varies with age and work.




(a) Foals -----------------------16-18%




(b) Mature horses-------------10-12%




(c) Yearlings




     Show and performance---12-14%




(d) Breeding stock-------------16-18%

   10% protein ration should be considered minimal.

B. Fats

No exact requirements for fats in the diet of horses has been set. As a general rule, the amount of fats and fat-like substances contained in most quality feeding programs in adequate.


C. Carbohydrates

In considering the amount of carbohydrates necessary for health and activity in the horses, there are two factors with must be measured separately. These are the basic requirements for energy, and the need for some roughage in the diet of the yearling and older horse. While no maximum fiber requirements have yet been determined, there are guidelines which can be followed. The suckling or weanling should have a diet which is very low in fiber; not more than about six percent. For growing horses, this can be increased to twenty percent of the ration, with a maximum of one percent of body weight. Mature horses that are not under heavy stress can receive as much as on and one-half percent of body weight per day in fiber. This amount should be reduced for horses under heavy work, or in race training. The amount of nitrogen-free extract also has not been quantitatively determined. It depends largely on the age and activity of the horse, since it is essentially an energy supply. It also varies with the amounts of protein and fats in the diet. Mature, idle horses may actually have very low requirements for nitrogen-free extract. However, the requirements for energy are much higher in the growing horse and the horse under stress, and more carbohydrates should be included in the rations for these animals. Under normal circumstances, if the horse is receiving enough total energy from the ration, the amount of nitrogen-free extract will usually be sufficient.

D. Vitamins

The vitamins can be divided in to two groups. The fat-soluble vitamins, including vitamins A,D,E, and K are defined as those vitamins which will dissolve in fat and fat solvents. They can be stored in the body for later use, either in the liver or in the fat cells, so that a deficiency will not occur immediately if they are not present in the diet. Because they are stored, however, it is possible to build up excessive amounts, which also will cause abnormal symptoms. The water-soluble vitamins will dissolve in water and cannot be stored. They must be ingested or manufactured in sufficient quantities to meet daily needs, and there is no reserve supply. Excess amounts are excreted in the urine. This group includes vitamin C and the B-Complex vitamins.
1. Vitamin A


Vitamin A is soluble in fat. Its primary source is its precursor, carotene, the yellow pigment found in green, growing plants and good quality hay. A healthy green color indicates high carotene levels. Hay that appears faded or weathered has probably lost most of its carotene content. Carotene is converted into vitamin A in the intestines, and is absorbed into the body through the intestinal mucosa. Surplus amounts are stored in the liver, up to as much as a six-month’s supply. Vitamin A is necessary from healthy skin, hair, hooves, and proper eye function. It also may have an effect on the blood levels of vitamin C, so that if there is an A deficiency, there may be a C deficiency also. Vitamin A deficiency can be recognized by night blindness, infertility, poor hoof growth, digestive disturbances, and respiratory illnesses. An exact maintenance requirement has not yet been determined, but is believed to be approximately 12,500 International Units per day for the mature weighing about 1,000 pounds at light work. Since the vitamin is stored, it is recommended that the amount of vitamin A added in supplements be no more than the minimum daily requirement, except when recommended by a veterinarian. While vitamin A excesses are unlikely, they are possible, and may produce symptoms similar to those of a deficiency. The vitamin A requirements can normally be met by feeding good quality, bright green hay or allowing access to adequate pasture. Alfalfa is an especially good source.
2. B-Complex Vitamins


The B-Complex vitamins are a group of water-soluble vitamins that were previously thought to be members of the same group. It is now known that they have separate functions in the body of the horse. Theses vitamins are normally synthesized by bacteria in the intestines of the horse in amounts which are adequate to meet maintenance needs.
Thiamine, formerly called vitamin B1, is believed to function as a part of the enzyme which releases energy during carbohydrate metabolism. It also regulates some of the functions of the nervous system. Thiamine occurs in the greatest quantities in the cereal grains. A thiamine deficiency may cause nervousness or loss of appetite.

Niacin, formerly called nicotinic acid, is essential in cellular respiration and metabolism. It is believed to be synthesized from the amino acid tryptophan within the cells. There are no specific symptoms of niacin deficiency, but growth is reduced and appetite may be poor.

Riboflavin, like thiamine, is essential for proper energy release and nervous system function. It is synthesized in the lower portion of the small intestine of the horse by bacteria. It has been suggested that there is a link between riboflavin and periodic ophthalmia. 

Pyridoxine, was originally called vitamin B6. It is necessary for protein and fat metabolism. Pyridoxine is abundant in the whole grains, and it is also synthesized in the lower digestive tract, so it is therefore unlikely that a deficiency would exist.
Folacin, formerly called folic acid, is actually a group of related substances of which folacin is the active form, and the others are derivatives. Folacin is necessary for cell metabolism and normal blood formation. A folacin deficiency may be related to some types of anemia. Folacin can be synthesized in the intestinal tract, and is rarely deficient. 

Biotin, choline, and inositon are also necessary for proper metabolism, and may function as coenzymes. Their functions have not yet been determined. All are produced in large amounts in the body, and deficiencies are not likely to occur.

Vitamin B 12 is also called cobalamin. It is the only vitamin which contains a metal as part of its normal chemical structure. This metal is cobalt, and adequate cobalt intake is necessary for synthesis of vitamin B 12. Its importance in the body is its role in the prevention of anemia. It functions in cell metabolism, and seems to be vital for the production of red blood cells. The requirements for cobalamin are small, and have not been exactly determined, but are usually met by feeding high quality feeds and allowing access to good pasture.

3. Vitamin C



Vitamin C, also called ascorbic acid, is a water-soluble vitamin and is synthesized in large amounts by the horse. Most growing plants also contain this vitamin. In the normal animal it does not require supplementation. 


4. Vitamin D



Vitamin D is soluble in fat. Its primary function in the body appears to be promoting the proper absorption, transportation, and metabolism of calcium. The two major sources of vitamin D are sun-cured hay, and sunlight. The action of the ultra-violet rays in the sunlight act on a fat-related substance in the animal’s body, and convert it into true vitamin D. Horses which are allowed reasonable exposure to sunlight each day, 30 minutes to one hour, will normally manufacture sufficient amounts of the vitamin for maintenance. No exact determination of requirements for vitamin D has ever been made for the horse. The main problem to date is hypervitaminosis, or excessive amounts of the vitamin. Too much vitamin D will cause improper calcium mobilization, and calcium may be deposited in the soft tissues, and an enlargement of the skill and jaw. Therefore, vitamin D supplementation should be approached with caution, and supplements should only be fed according to directions.


5. Vitamin E



Vitamin E is a fat-soluble vitamin. The primary sources of vitamin E are wheat germ oil, good quality hay and forage, and the cereal grains. Little is know about the actual function of vitamin E in the body. It has been associated with a number of processes, including muscle developments, oxygen transportation in the blood stream, proper development of erythrocytes (red blood cells), and fertility. Vitamin E deficiency can cause infertility, myositis, muscular dystrophy of foals, degeneration of muscle tissue, and it may be a factor in azoturia. Large doses of vitamin E, from 1,000 to 2,000 International Units daily, have been shown to greatly improve breeding performance.
6. Vitamin K



Vitamin K is soluble in fat. Its primary function is to promote normal blood coagulation and prevent hemorrhaging. Horses obtain a precursor of vitamin K form green leafy plants, and synthesize the true vitamin from bacteria in the intestinal tract. Normal horses will synthesize adequate amounts of the vitamin, but horses which have been fed antibiotic agents that would destroy intestinal bacteria may need vitamin K supplementation. It is now know that there is a factor in moldy hay and in some clover pastures that destroys vitamin K in the body. 


REMEMBER, most vitamins are either produced in adequate amounts in the body, or will be found in the normal ration, but special stresses increase the need for vitamins. Supplementation can then be valuable. Commercial vitamin supplements should be carefully chosen and used in moderation.
E. Minerals


The mineral intake of the horse is greatly determined by the water and soil content of the area in which the animal is raised, and the geographic location in which his feed is grown. Another important factor in mineral intake is the proportion of hay to grain. The third major consideration is quality of feed. Feed which is aged, weathered, or improperly harvested or cured will tend to be lower in mineral content. Disease and weakness in the horse can be caused by either excesses or deficiencies of certain minerals.


1. Salt



Salt is the mineral substance most often added to the ration. It provides equal parts of sodium and chloride. These minerals help to regulate the fluid balance within the body, and they also affect fluid intake by creating thirst. In many cases, salt may be the means by which iodine and trace minerals are added to the diet.  Horses should have salt available at all times. Salt should be iodized in areas where the soil is deficient in iodine. This so-called “goiter belt” includes the states of California, Colorado, Illinois, Indiana, Iowa, Michigan, Montana, Nebraska, Nevada, New York, North Dakota, Ohio, Oregon, South Dakota, Utah, Washington, and Wisconsin. In other areas of the country, iodized salt is not usually necessary. The mature horse should be supplied with at least sixty grams of salt per day. Salt helps the horse regulate the cooling mechanism of the body, and it is critical that an adequate amount be supplied in warm weather. The amount of salt excreted from the body is in direct proportion to the amount of water excreted, and when large amounts of water are consumed and excreted in hot weather, extra salt must be consumed to maintain the salt concentration at normal levels within the body. A salt deficiency will cause changes in the appetite or abnormal appetite, insufficient water intake, rough hair coat, and a poor appearance.

2. Calcium, Phosphorus, and the Calcium Phosphorus Ratio



Calcium and phosphorus are most important in bone growth, development, and repair. If the two minerals are fed in improper proportions, however, serious disturbances may result. Recent scientific research has placed the desired ratio of calcium and phosphorus in the feed from 1.5 to 1  to 2 to 1. In the body, the ratio is 2 to 1, because phosphorus is not completely utilized. In the diet of the mature, idle horse, calcium should comprise about .35 percent, and phosphorus about .25 percent. Bother minerals should be increased proportionately for animals involved in racing, broodmares, and growing foals. When determining the calcium-phosphorus ratio in formulating a ration, it should be remembered that hays tend to be high in calcium, while the cereal grains are good sources of phosphorus. If the diet is well-balanced, however, the calcium-phosphorus ratio can be maintained at safe levels with ease. The primary diseases caused by calcium-phosphorus imbalances or insufficiencies are bone disorders. Am imbalance in the phosphorus intake may cause parathyroid disorders. A disease in foals which is similar to human rickets, where bone development is improper, has been linked to a calcium-phosphorus imbalance. Since the calcium-phosphorus ratio is so important, it is best to have soil and feed analyzed before supplementing. Both the total amount calcium and phosphorus in the ration should be measured, and also the proportion of calcium to phosphorus. If it is below 1.1 to 1, calcium sources should be added to the diet. If it is higher than 2 to 1, either phosphorus sources should be added, or pastures should be enriched with a high-phosphate fertilizer. Since commercial feeds are labeled with the amounts of calcium and phosphorus they contain, determination of the dietary levels is not difficult.

3. Iodine



No exact level of iodine requirements has been set for horses, but the National Research Council estimates that rations containing 0.1 parts per million of iodine are satisfactory for the mature horse. Iodine is necessary for proper thyroid function. Insufficient intake may be recognized by poor growth, and a high foal death rate. Excessive amounts of iodine, more than forty milligrams per day, are dangerous to the health of the horse. Either excess of insufficiencies may result in enlargement of the thyroid gland, called goiter, and this condition can be fatal if not treated.

4. Magnesium



Magnesium is required by horses in small amounts. It is normally adequate in rations where forage is good. If hay is of poor quality and there is no access to pasture, magnesium intake may be insufficient, and hypomagnesemia may develop. Its symptoms include muscle incoordination and nervousness. Magneseum contained in trace-mineralized salt, in the form of magnesium oxide or magnesium limestone, is usually sufficient to prevent this disorder.


5. Potassium



Potassium is necessary to maintain the proper acid-alkali or pH balance within the cells. The amount of potassium contained in the ordinary diet is usually adequate, and no exact requirement has yet been determined.
6. Cobalt


The cobalt requirements of the mature horse are extremely low. However, a minimum amount of cobalt in the diet is necessary for synthesis of vitamin B 12. This maintenance requirement is easily met by the normal diet of the horse.
7. Sulfur


No sulfur requirement has been determined for the horse. At the present time, sulfur is not considered to be essential in the diet.

8. Copper


The horse needs only trace amounts of copper in the diet. This would normally occur in most rations. Copper is necessary for healthy blood formation.

9. Iron


The requirement for iron in the diet is low. An estimate places it currently at about forty parts per million in the ration. Iron is necessary for health blood formation. Iron intake is sufficient in the normal diet.

10. Manganese 


The horse requires small amounts of manganese, but no exact determination has been made. Most hay is high in manganese, and the requirements are easily met.

11. Fluorine


While no minimum requirements for fluorine have been set, it has been shown that excessive amounts of fluorine are toxic. In areas where the fluoride content of the water is high, or where hay with high fluorine content is fed, care should be taken that the total fluorine intake does not exceed fifty parts per million in the ration, or about 1 milligram per kilogram of body weight.

12. Zinc


Although no exact zinc requirement has been determined, it is an essential element in the diet. Insufficient zinc intake may cause stunted growth in foals. A level of twelve parts per million in the diet can be considered sufficient, and this is easily met unless the horse is confined to a small area with little access to pasture and a poor quality diet. The amounts of zinc contained in trace-mineralized salt should be adequate to balance the diet.

13. Selenium


Selenium has been shown to be an essential mineral in the diet of a horse. It is present in adequate amounts in the normal diet, however. If ingested in large amounts, selenium toxicity does occur in horses and can be fatal. Symptoms of selenium excess include loss of hair, and the development of a ring around the hoof.  Areas  vary widely in selenium therefore soils should be tested to know if your area is selenium high or low. 
III.
Energy and Energy Measurement

The total amount of energy required is affected by the size of the horse and the amount of daily exercise, productivity, or work performed.


A. The Total Digestible Nutrient System

The oldest method for measuring the energy value of a feed is the Total Digestible Nutrient System, commonly referred to as TDN. To determine the TDN value of a feed, the different nutrient components of the feed are rated according to how digestible they are, and are given a numerical value indicating the percentage of the nutrients in the feed which are actually utilized by the horse. By computing TDN values for different feeds and them comparing them, it is possible to see which feeds are highest and lowest in energy, and which feeds would provide the most usable energy for the least possible cost. Also, a high energy feed can be mixed with a lower energy feed to balance a ration and prevent it from being too high in energy content, causing weight gain and the possibility of colic, or too low in energy, and insufficient to support the needs of the animal.

B. Caloric Measurement of Energy Values

More recently, the National Research Council has begun describing feed energy values in terms of calorie content, rather than TDN. It is possible to quantitatively measure the caloric requirements of an individual animal under specific work conditions. Then, the energy content of the ration may be balanced by adding the total caloric content of the feeds in the ration and substituting higher of lower calorie feeds as necessary. Feeding too many calories per day would produce an energy surplus and excess fat, and feeding too few calories per day would cause an energy shortage.
The maintenance requirements of the mature horse are 1600 Kilocalories/ 100 lbs. of body weight. This means that an average size, mature, idle horse needs 16,000 Kcal/ day for maintenance.

Growth Requirements

To gain 1 lb./day the following additional Kilocalories are needed;



Suckling foal


3,000 Kcal



Weanling


4,000 Kcal


Yearling


5,000 Kcal


Two-year old


6,000 Kcal



Mature horse


7,500 Kcal

Work Requirements
The following additional Kilocalories are needed for the mature horse at work 1 hour/day.


Light work


1,600 Kcal/hour

Moderate work

3,200 Kcal/hour

Heavy work


9,600 Kcal/hour

Especially stressful work, such as race training, endurance and cross-country 


20,000 Kcal/hour
Therefore a horse running a race taking approximately 5 minutes would use about 1,666 Kcal in that 5 minutes.
Calories Per Pound of Common Feeds

Grains



Barley



1,660 Kcal/lb.



Corn



1,819 Kcal/lb.



Cottonseed meal

1,501 Kcal/lb.



Linseed meal


1,619 Kcal/lb.



Oats



1,402 Kcal/lb.



Soybean meal


1,601 Kcal/lb.



Wheat



1,760 Kcal/lb.


Hays
Alfalfa




Early bloom

1,057 Kcal/lb.




Mid-bloom

1,021 Kcal/lb.




Full bloom

   953 Kcal/lb. 




Mature


   880 Kcal/lb.



Bermudagrass, coastal

   880 Kcal/lb.



Clover, red


   980 Kcal/lb.



Lespedeza


1,012 Kcal/lb.



Oat hay


   889 Kcal/lb.



Orchardgrass


   839 Kcal/lb.



Timothy


1,061 Kcal./lb.

To determine your horse’s ration first figure how many Kilocalories per day he needs:  16,000 Kcal/ 100lbs. of body weight plus Kcal used for growth or work. Then choose a hay or combination of hays and grain or combination of grains that meets the caloric requirements and also provide a balance of the protein, fats, carbohydrates, vitamins, and minerals necessary.




PAGE  
7

