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  Foreword

  It is important to know where one should and should not spend resources in horse ownership. One of my mentors told me that “a veterinarian's most important job is to shepherd a client's time and money.” Owners need to be part of that process as well. That capability only comes with factual knowledge and insight. This book helps you get there. Lisa Preston’s book is an excellent referenced resource of information relevant for horse owners, and all the shareholders in the horse industry. While reading, I was more than excited by the intense review of topics, as well as the practical and easy to read language of the work. There are always questions, but this book gets you to what we know and what we don't know. Every section is well written and concise. I read it cover to cover and learned a great deal. Ultimately, Preston’s work will go in my references for students, and further it should be on the reference shelf of every horse person.

  —Joseph J. Bertone, DVM, MS, DACVIM

  Professor Equine Medicine, College of Veterinary Medicine

  Western University of Health Sciences


  Foreword

  The Ultimate Guide to Horse Feed, Supplements, and Nutrition is for horse owners, horse managers, and students of equine science who wish to learn and expand their knowledge and to challenge the old myths and traditions they may have grown up with. Lisa Preston gently guides her reader through the equine science and brings up to date understanding into a world where things are often done just because they were always done that way.

  The tie between nutrition and the horse’s health and welfare is undeniable: linking how horses have evolved into a roaming herbivore, able to survive the harshest winter or desert conditions on minimal quality forage, to the rich environment we keep them in today. Often this environment leads to obesity and related disorders, indeed not unlike those in humans. In addition, we exercise our horses and demand athletic performance while trying to balance their natural, species-specific needs (very low quality herbage, foraging up to fourteen hours per day) with our own lifestyle demands. It is inevitable that sometimes conflict arises between these demands and the health and welfare of the animal, but thanks to a plethora of research over the past twenty years, our understanding of how to prevent and treat nutrition-related problems has advanced considerably.

  The Ultimate Guide to Horse Feed, Supplements, and Nutrition has been carefully constructed to give practical advice based on the latest knowledge and is clearly built on systematic, in-depth research. It translates the science into every day, applied situations—from nutrition for work, for breeding-stock, feeding before exercise, dealing with stomach ulcers, to prevention of laminitis and colic. Even feeding of donkeys, mules, draught horses, and miniature horses is discussed.

  This book is a perfect learning and reference resource which anyone working with horses should have on their shelves and at hand in the barn, with the pull-out chart hanging up in their tack room or office.

  —Andrea Ellis, DVM,

  Professor of Equine Nutrition,

  Behavior and Welfare UNEQUI LTD.

  Research, Education, Innovation


  CHAPTER 1

  Introduction: How to Skip the Math and Source with Science

  A HEALTHY HORSE in its natural state requires only water and grass, yet the feed bill is the largest continuing expense of ownership. The nutrition-related purchasing choices made by owners impact their horses’ vitality and performance, as well as the owners’ budgets. Smart choices improve the health of both the horse and the wallet, but many horse-feeding practices are the result of habits rather than carefully selected choices based on scientific data.

  A large body of tradition exists in horse care, some of which runs counter to well-researched science. Habit, combined with inadequate or poor evaluation of information, often leads people to continue unsound feeding practices, no matter how well-intended those practices may be. Intelligent evaluation of information and reevaluation of habits challenges our critical-thinking skills. Many find it easier to just follow old ways.

  Often, an obstacle to learning is accessing the latest information. Recent science has expanded what is known about feeding horses into better and better understanding that, when applied, translates into better care of the horse. As demonstrated by the References section of this book, barn managers and owners who want to stay current on new findings in equine nutrition would have to gather and wade through enormous amounts of research. In this book, stellar, evidence-based studies and guidance are presented and explained.

  Owners have faced one big problem in applying the science of evidence-based equine nutrition: the math. Good equine nutrition can be calculation-heavy. Professionally validated mathematical formulas exist for determining these factors: the horse’s weight; the minimum forage requirement; the dietary needs, based upon the horse’s workload; the percent of increased feed required for special conditions like pregnancy, early growth, or athletic endeavors; the redline maximum of starch a horse can safely intake; the amount of oil the horse can process; and the percent of his crude protein that should be a particular amino acid. Levels of various electrolytes needed daily change under strenuous conditions. It’s possible to calculate the amount of certain minerals in the diet to identify a deficit requiring supplementation or an overload that requires diet change.

  Further calculations may be required as many readers prefer either the American imperial system or the British imperial thus they must first convert their measurements of pounds and ounces into kilograms and grams, or inches into centimeters, before accessing the formulas, then must convert the formulas’ answers back into the imperial system in order to use the results with familiar measurements.

  Resources on equine nutrition that provide these formulas usually come with a warning to get a calculator and a software program, or to hire an equine nutritionist. Most people intend to crunch the numbers sometime in the future, but instead continue to guess and feed their horses today the same way they did yesterday. These calculations have been daunting, but now there is a way to skip the math.

  [image: image]

  Feed is a significant cost in horse ownership and the driving force in animal health. The Ultimate Chart solves the equine-nutrition formulas to enable instant access to the answers.

  The Ultimate Chart: Feeding Formulas Solved

  Here, the formulas are provided, but so are the answers. Precalculated for common weights and uses, the formula solutions are available for instant access on the Ultimate Chart.

  Equine nutrition formulas are a result of good research and science. Good science does not occur without careful critical thinking. With the math set aside, it’s worth reconsidering how to feed a horse by first reviewing critical-thinking skills.

  Critical Thinking: Avoid Errors, Bust Myths, and Get Metric

  Engaging critical-thinking skills enables owners to reexamine common horse-feeding habits. This can create dramatic improvements in the quality of care horses receive. First, these skills recognize that it is worth asking why a feeding belief or practice exists. It’s a good question, and forming a good question is the first step in finding a good answer.

  Some sub-optimal horse-feeding habits have confounding factors that seem to support the habit. Sometimes a part of a related truth seems to support a myth. It is an error in thinking to not examine the basis of a habit or myth. Consider the following common assertions related to equine nutrition:

    1.   Alfalfa makes a horse excitable, and oats make a horse spirited.

    2.   Sugar beet pulp is bad for horses, because beets are genetically modified and sprayed with Roundup.

    3.   Canola oil is an industrial lubricant and toxic to horses.

    4.   Corn is a heatening feed.

    5.   The right alternative supplements will improve a horse’s behavior.

    6.   Some horses require a low carb diet.

    7.   Ulcers can be prevented and treated by providing the proper supplements.

    8.   Donkeys need about 75% of the food a similarly sized pony needs.

    9.   Horses need high quality hay plus a vitamin and mineral supplement.

  10.   Bran mashes help a horse’s digestion and should be fed regularly.

  11.   Underweight horses usually have worms and/or bad teeth.

  12.   Horses must be wormed every eight weeks and dosed according to a weight tape.

  13.   The horse knows what it needs: when an animal eats dirt, wood, or an entire salt block, it is seeking to replace minerals or another missing nutritional need.

  Avoid Errors

  The facts that clarify and correct these assertions are not difficult to find or understand, but people often form opinions and habits prematurely and without good information. They unintentionally misinterpret an issue through avoidable errors, including a failure to evaluate information well. They cling to bad information or myths.

  At a conference where a panel of veterinarians gave horse enthusiasts a learning opportunity, a questionnaire completed by owners showed that a majority harbored a mistaken understanding of some basic horse-feeding principles.

  Make an effort to gather quality evidence before forming an opinion. When owners recognize that an assertion is baseless, or is formed on factors other than demonstrable and convincing evidence, they can then seek better evidence for their horse care practices.

  Identify and select current, good research. Good studies are well-designed, look for measureable factors, and account for the placebo effect. They are designed to eliminate bias by the researchers; they are double-blind, randomized, and peer reviewed. When repeated, they reliably produce the same result. Good studies produce good science. Competing opinions and interests routinely give conflicting advice, yet so can the results of scientific research. This underscores the need for a disciplined approach in evaluating information.

  By contrast, in emotional thinking, riders might choose a product because they like the horse or rider displayed on the package, or they like the person who taught them a particular feeding practice. Sometimes people engage in a horse-feeding practice because it makes them feel good. An example is when owners give a particular supplement to their horses, even though there is no definitive benefit to the product or practice, but the product smells good, and the horse seems to find it highly palatable, so it is enjoyable to give it to the horse. This mistake is related to wishful thinking when people want a feed to be helpful and simply choose to believe that it is. Our egos can be threatened by acknowledging that an old habit runs counter to best practices for the horse. No one likes to be wrong, and people often do not welcome information that conflicts with their views.

  People also tend to favor whatever method they learned first, no matter whether it is based on good or bad information. Be sure that a belief has a well-founded basis rather than accepting it without good reason. When faced with high quality evidence, be willing to change rather than cling to the old way.

  Another persistent error in thinking is confirmation bias. People sometimes make the mistake of accepting different levels of proof based on whether or not they expect or want a conclusion to be true. An example of this is accepting a friend’s experience as proof that a particular addition in a supplement improves a horse’s temperament, yet rejecting a double-blind, large sample, peer-reviewed, randomized scientific study with a high correlation factor that indicates the additional mineral, vitamin, herb or other additive does not affect a horse’s behavior.

  Another common fallacy is misattribution. People often imagine correlations or confuse correlation with cause. An example is a study on human joint pain and the weather. Three factors were documented: the joint-pain sufferers’ complaints of pain, their actual mobility, and the weather. It was found that patients commonly believe the weather influenced their symptoms, but in fact their complaints did not correlate to temperature, barometric pressure, or precipitation.

  Read advertisements with careful critical thinking. When a slick testimonial ad promises, for example, to boost a horse’s performance, improve its bloom, or optimize its health, it’s reasonable to ask what is meant by those claims. Anecdotes and testimonials are not proof of an assertion. The term “anecdotal evidence” is an oxymoron. When someone says that a nutritional supplement works, ask how the person knows. Be wary of vague appeals or muddy suggestions. A claim that a product improves circulation should first establish that circulation should be improved. Also watch out for emotional language, including guilt-inducing pitches along the lines of whether or not owners want what is best for their horses, or ego-stroking slogans that a product is intended only for those who demand the best.

  Finally, people can choose to delude themselves in the face of empirical evidence. This is a common failing when horses are at extreme ends of the body condition score. Owners with overly thin horses—or at the other end of the spectrum, those who consistently over-feed their animals into obesity—are often delusional about weight assessment. People regularly make similarly deluded assessments about other facts.

  Asking a good question is the first step. The old adage that there are no stupid questions is off the mark. There really are poor, unserviceable questions. Asking “Is it A or B?” is not a good question, if it has not yet been established that one of those two answers must be correct. A good question does not carry a presumption.

  Many of the methods in which people care for their horses are rooted in habit, adopted from someone else’s habit. Learners recognize that good information is supported by science, but might not realize they sometimes employ bad thinking by accepting bad science.

  Bust the Myths

  All of that good critical thinking, careful evaluation of evidence, rejection of poor studies, and avoidance of errors in thinking let us go myth-busting.

  1. Alfalfa makes a horse excitable, and oats make a horse spirited.

  Neither alfalfa nor oats have any special, stimulating properties. Both alfalfa and oats provide energy, also known as calories. When a horse, just like a person or any other living animal, has plenty of energy, it can be more engaged and physical. There are ways to add energy to a horse’s diet, however, that do not have a reputation for making a horse reactive, and are healthy. Chapter 2 addresses the nutritional needs of the horse, and Chapter 4 addresses the pros and cons of each horse feed, including low-cost, safe ways to add energy to a horse’s diet.

  2. Sugar beet pulp is bad for horses, because beets are genetically modified and sprayed with Roundup.

  Sugar beet pulp—more commonly referred to simply as beet pulp in many locales—is a by-product from processing sugar beet roots into sugar. Sugar beet plants are sometimes sprayed with various herbicides and pesticides during farming. Related arguments against beet pulp as a horse feed raise concerns about the GMO (genetically modified organism) nature of the crop in some areas, the land on which the root is grown, and the chemicals used in processing the beets. Another complaint is that beet pulp is mere filler.

  The truth is that beet pulp is not toxic and is an excellent feed for horses, with highly digestible and beneficial fiber. For a complete discussion of the glyphosate, heavy metal, and disodium cyanodithiomidocarbonate concerns that have been raised about feeding beet pulp to horses, see Chapter 4.

  3. Canola oil is an industrial lubricant and toxic to horses.

  Detractors of using oils to supplement the energy or calories in a horse’s diet sometimes mistakenly make this argument against Canola, along with the unfounded assertion that the product has murky origins or is poisonous. Many oils produced from foods that are safe to eat are also used for non-food purposes; thus they can also be termed “industrial lubricants.” Canola is a portmanteau derived from the words Canada and oil. Canola oil is the result of processing the seeds of a plant in the Brassica genus called rape. Other healthy food plants in this genus include cabbage, cauliflower, broccoli, and Brussels sprouts. Rapeseed oil (canola oil) has a good profile of omega-3 to omega-6 fatty acids, unlike another common oil more often fed to horses, to be discussed in Chapter 4.
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  How much is a handful? Feed should be measured by weight, not volume.

  4. Corn is a heatening feed.

  This is a very old assertion, similar to the claim that alfalfa and oats make a horse high-spirited. Heat-processed corn can be fed safely, but it is high in starch. When starch intake exceeds the small intestine’s processing ability, the excess is passed on to the large intestine, where a cascade of negative effects occurs. These disruptive changes can cause colic and laminitis. A horse fed excess corn might not be overheated or acting up so much as experiencing a bellyache (colic). Mild cases of colic can manifest as negative behavioral changes, often with mild aggression, a sour attitude or increased reactivity and spooking.

  A horse’s limited ability to process starch in the small intestine is detailed in Chapter 2. Unfortunately, owners easily, unknowingly exceed the starch redline when apportioning grain. The starch redline is precalculated for various horse weights on the Ultimate Chart.

  Many people fail to measure hay and concentrates, which is a critical step in feeding. Also, people make the mistake of measuring by volume rather than by weight. Corn is physically heavy. Any volume of corn weighs more than the same volume of oats and is thus a larger serving. People sometimes use undefined volumes, too. A scoop is no more meaningful an amount than a handful. Corn and other concentrates are detailed in Chapter 3. Measuring is discussed later in this chapter under Get Metric.

  5. The right alternative supplements will improve a horse’s behavior.

  As discussed above in reviewing critical-thinking skills, confirmation bias and other avoidable errors can lead people to believe an additive has a particular effect. Proving that a supplement—alternative or mainstream—provides a specific benefit is challenging.

  Horses are excellent mirrors of human emotion. A rider who is apprehensive about a horse’s behavior transmits that anxiety to the horse, who then realizes he has drawn a poor leader in his human partner. Rider-induced anxiety in horses is a common phenomena, one that is easily misattributed to feeds and supplement. Also, training problems will never be fixed with nutrition. Chapter 4 discusses mainstream supplementation, and Chapter 5 covers alternative supplements.

  6. Horses with certain medical conditions require a low carb diet.

  There is no such thing as a low carbohydrate diet for horses. Horses exist on a diet of plants, which are largely composed of carbohydrates. Within the classification of carbohydrates, there are simple sugars, complex sugars (examples are starch and fructan), and structural carbohydrates. The latter is the mainstay of a healthy horse’s diet, yet is a plant constituent that the horse cannot break down to use. The horse depends upon a symbiotic relationship with the microbial population in his gastrointestinal tract to provide fuel, and we must protect these beneficial microbes through sound feeding practices, as is discussed in Chapter 2. Horses with certain medical conditions must be fed a diet that is particularly low in specific carbohydrates, as discussed in Chapter 9.

  7. Ulcers can be prevented and treated by providing the proper supplements.

  There are many causes of ulcers, and no single prevention effort addresses every cause, but proper feeding practices are the first fix. Equine Gastric Ulcer Syndrome (EGUS) and many other medical problems that require special dietary considerations are discussed in Chapter 9.

  8. Donkeys need about 75 percent of the food a similarly sized pony needs.

  The old standby of giving a donkey the same rations as a similarly sized pony typically over-feeds donkeys. The improved suggestion to give donkeys three-quarters of what similarly sized ponies eat is also excessive. Further, donkeys, unlike horses, must browse, which means to eat woody, twiggy material from shrubs, rather than only graze grasses. The pastures and hays horses live on are generally too rich for donkeys. Also, grain is contraindicated for donkeys, as discussed in Chapter 9.

  9. Horses need high quality hay plus a vitamin and mineral supplement.

  Horses evolved eating low quality forage in small amounts throughout a day. Most pleasure horses actually need medium quality hay. Further, horses can often get all of their vitamins and minerals from a decent forage diet, as discussed in Chapter 2. Assessing feed quality is detailed in Chapter 3.

  10. Bran mashes help a horse’s digestion and should be fed regularly.

  The tradition of bran mashes may have arisen from people noticing that the fiber in bran helps keep the human gastrointestinal tract moving. Horses eating a normal diet of grass or hay already receive enormous amounts of roughage. Bran has an inverted calcium:phosphorus ratio, which can impair bone density, and it easily exceeds the starch redline. This is discussed in Chapter 4.

  11. Underweight horses usually have bad teeth and/or worms.

  The primary reason most underweight horses are too thin is that they are underfed. Chapter 6 reviews dental care, Chapter 7 details parasite control, and Chapter 9 has a special section on how to safely feed and rehabilitate an underweight horse to avoid the dangerous condition called refeeding syndrome.

  12. Horses must be wormed every eight weeks and dosed according to a weight tape.

  The current guideline is that deworming a horse should be guided by an assessment of the horse’s living situation, as well as his egg shedding status as verified by fecal egg count testing. Chapter 7 details parasite control.

  With regard to approximating a horse’s weight with a weight tape, see the photograph in Chapter 10 of two horses whose weights are indicated as the same on a weight tape, yet one weighs about 880 pounds, and the other weighs nearly 1,100 pounds. That chapter returns the reader to the Ultimate Chart for the calculated answers to a proven formula that determines a horse’s weight by considering the heart girth, as a weight tape does, while also accounting for the horse’s length, as shown in Chapter 10.

  13. The horse knows what it needs: When an animal eats dirt, wood, or an entire salt block, it is seeking to replace minerals or another missing nutritional need.

  If this were true, horses would never poison themselves by eating a toxic plant. Wood chewing is a behavioral problem strongly associated with specific and unnatural horse-keeping practices, as is discussed in Chapter 2. Two types of pica (the eating of non-nutritive substances) are geophagia (eating soil) and coprophagia (eating manure) are discussed in Chapters 2 and 9.

  While poisoning scenarios more frequently occur with hungry horses kept on overgrazed land or other conditions with inadequate forage, they also occur with well-fed horses kept on pastures that are in overall good condition, as discussed in Chapter 8.
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  A feed room doesn’t need to be fancy, but it needs a scale to enable accurate measuring.

  Get Metric (In Multiple Ways)

  Science measures things. A testable hypothesis, for example, that a particular feed supplement will improve a condition, is measureable, not subjective. This is what is meant by the need to find metrics.

  Measuring nutritional parameters is the starting point for well-managed nutrition. This requires measuring both the horse and the food. Monitoring and recording the effects of the dietary regimen allow the careful owner to then make adjustments as needed.

  Scientific studies employ numerous measures that readers may have heard of or noticed on feed labels (examples are CP, ADF, and NDF), in addition to many more factors and their acronyms. The Chapter 3 section on reading feed labels and analyses explains what these measurements mean.

  The metric system of measurement is the gold standard in research and medicine. Because the units are smaller, centimeters and grams are more accurate than the whole inches or ounces of either the American or British imperial systems. The Ultimate Chart uses half-inch increments in order to determine a horse’s size and offers the necessary conversions already calculated for the reader’s convenience.

  Another way to think about measuring or metrics is the use of standardized grading or scoring scales. Scoring systems included in this book are: the Obel laminitis grading scale, the AAEP lameness scale, the sweat score, the dental scoring system, the cresty neck score, and the Henneke Body Condition Scoring (BCS) System. These grading systems numerically denote the severity of a specific problem and are standardized by verifying a high incidence of intra-observer agreement on the specific signs and symptoms present.

  A solid understanding of horse feeds, supplements, and nutrition begins with a foundation in the specific nutritional and behavioral needs of the horse, then a review of the feeds and supplements and the associated factors of dental care, parasite control, and special diets. Putting all of these parameters together enables the owner to monitor and adjust an individual horse’s nutrition program as required.


  CHAPTER 2

  The Horse: Nutritional Physiology

  NUTRITIONAL PHYSIOLOGY EXPLAINS how horses digest food, when and where they should eat, and how much of what kind of food a horse needs. This knowledge informs all feeding decisions owners and caregivers make, including feed and supplement purchases, meal size and timing, ration balancing, and changes to average nutritional requirements in order to better care for horses with special needs.

  When the basic, healthy function of the horse’s digestive physiology fails—or is failed by human caregivers—problems like choke, colic, laminitis, and stereotypic behavior often occur. Long-term medical problems (for example, insulin resistance and Equine Metabolic Syndrome) can also be induced through improper feeding. Avoiding these problems is largely rooted in a sound knowledge of the horse’s nutritional physiology.

  Teeth to Tail: The Gastrointestinal Tract and How Feed Becomes Manure

  The system of organs by which a living body intakes and processes nutrition is called the alimentary system. The horse’s system uses enzymatic digestion, like a pig or a person, in the foregut (more on this soon), and fermentation of fiber, like a cow, in the hindgut. This combination of digestive systems means the horse is classified as a non-ruminant herbivore.

  While the term gastrointestinal implies the stomach and intestines, the GI tract is understood to refer to the entire tract, from the lips to the anus. From teeth to tail in an average 1,100 pound (500 kilogram) horse, ingested food travels through about 100 feet (30 meters) of digestive tract before waste matter is excreted as manure. The average equine GIT (gastrointestinal tract) has a total-volume capacity of about 50–55 gallons (about 200 liters). Individual sections of the GIT have varying dimensions, both in length and volume, and different specific functions.

  The horse’s GIT is divided into the foregut and the hindgut. The foregut is comprised of the mouth, esophagus, stomach, and small intestine. The hindgut, also called the large intestine, is comprised of the cecum, large colon, small colon, and rectum. Associated digestive organs are the salivary glands, liver, and pancreas.

  pH

  The pH scale numerically describes how acid or alkaline a substance is. The scale ranges from 0–14. A pH of 7 is neutral, 0 is the most acidic, and 14 is the most alkaline. Each portion of the GIT has a specific normal pH range. You will see that understanding this is key to understanding the danger of over-graining a horse.

  Digestion Begins in the Mouth

  While the mouth—with its lips, teeth, and tongue so important in gathering, cutting, and grinding forage—and the esophagus are parts of the foregut, they are reviewed separately here to emphasize the importance of dental health and saliva to digestion.

  The particle size of the horse’s feed must be reduced by the teeth. Chewing also mixes saliva with the food. The average adult horse might produce thirty-five quarts of saliva per day. Horses have three pairs of primary salivary glands (the sublingual, the mandibular, and the parotid, with the latter being the largest). Unlike human saliva, horse saliva does not contain significant digestive enzymes. Also unlike humans, horses only secrete saliva when they are chewing or the mouth is stimulated by the presence of food or another object (most commonly, a bit) contacting the mouth.

  Saliva not only lubricates the food for swallowing, it contributes natural antacids (primarily bicarbonate and calcium). A horse’s saliva is alkaline, with a pH of 8.6–9.1, which helps buffer the hydrochloric acid constantly produced by the stomach. Thus, saliva has an important role in keeping the stomach healthy.

  The stomach’s need for the antacid effect of saliva is one reason why owners must be cautious in providing feeds that require little chewing. Compared to forage, grain requires much less chewing, so horses create and ingest much less saliva, which means less antacid is delivered to their stomachs.

  Notice how long it takes your horse to eat a quarter pound of hay versus a quarter pound of oats. Also notice the horse’s chewing rate. Horses generally chew at a rate of 70–100 times per minute. Knowing your horse’s rate of mastication (chewing) is one often-overlooked piece of information. When you know his norm, you can notice when he is off.

  The esophagus in an average adult horse is four to five feet long, and its lumen (interior diameter) is less dilatable than the esophagus of, for example, a cow. The horse’s esophagus ends at the stomach with a valve (the cardiac valve) that doesn’t allow regurgitation from the stomach. The stricture of the esophagus is pertinent with regard to the condition of esophageal obstruction (choke), discussed below. The horse’s inability to vomit is important in poisoning and other gastric-distress scenarios that a species with the ability to vomit could relieve.

  The Foregut: Where Nutrients Are First Extracted

  The esophagus releases ingested food to the stomach, which is relatively small and inelastic, comprising about 8 percent of the total GIT, thus has a capacity of about eight to fifteen quarts in an average 1,100 pound horse.

  The upper part of the stomach is similar to the lining of the esophagus and described as non-glandular or squamous. The lower part of the stomach is glandular (non-squamous), which protects the tissue from the hydrochloric acid secreted there. The pH of the upper part of the stomach is normally 6–7. The pH of the lower stomach is normally 2-3.5; when fasting it becomes as low as 1.5–2. A cuticle-like ridge (the margo plicatus) divides the upper and lower stomach. Unlike a human stomach, which only secretes digestive acid when a meal is ingested, the horse constantly secretes hydrochloric acid in the lower stomach.

  Zymogenic cells in the lower stomach release enzymes that begin to break down food. (Lipase works on lipids (fats); protease and pepsin break protein into amino acids.)

  The stomach empties into the duodenum, which is the first part of the small intestine. This gastric emptying is fairly rapid, beginning in about twenty minutes after eating. The digesta (food bolus being digested) will normally have a pH between 2.5 and 3.5 as it enters the duodenum.

  The small intestine (SI) is about seventy-five feet long, thus comprising about 75 percent of the entire length of the GIT, but the lumen of the SI is small, so the SI accounts for only about 30 percent of the GIT’s volume. A normal rate of passage for digesta through the entire SI, connecting the stomach to the large intestine, is between forty-five minutes and two hours. The SI should always be moving digesta. Intestines can become tangled when empty. The three parts of the SI are the duodenum, the jejunum, and the ileum.

  In the duodenum, food is further mixed, and the pH is neutralized. Brunner’s glands secrete bicarbonate, and while horses do not have a gall bladder, bile is constantly secreted from the liver into the SI. The bicarbonate and bile increases the pH of the digesta in the SI to the range of 7–7.5. This neutral pH environment is necessary for nutrients to be properly broken down by enzymes and transported across the SI wall.

  The lining of the small intestine consists of tiny, finger-like projections into the lumen of the small intestine, called villi (plural of vilus), and projections extending away from the lumen into the body, called crypts. The mucosal lining of the villi and crypts is where starch, simple sugars, fats, proteins, and minerals are absorbed into the body.

  In addition to protease and lipase, the SI releases an enzyme called amylase, which breaks down starch into simple sugars. The pancreas secretes insulin, which helps transport glucose into cells throughout the body. Blood levels of insulin rise after eating, rise higher with the ingestion of large meals, and rise even more with the ingestion of large, starch meals. This has management implications for all horses, but especially for those with insulin resistance, as discussed in Chapter 9 under Special Diets.

  The small intestine has a limited capacity to digest starch and sugars. A cascade of undesirable effects can occur when a large-starch load overwhelms the SI and must be passed on to the hindgut. Researchers formerly placed the starch redline at two grams of starch per kilogram of the horse’s body weight (two g/kg), but recent studies (Vervuert, et al.) have lowered the safe threshold to one gram per kilogram. This figure is calculated in both imperial and metric measurements for a wide range of horse weights on the Ultimate Chart.

  Assuming the horse eats a normal, healthy diet of grass or hay, the digesta leaving the foregut is highly fibrous and resistant to enzymatic breakdown in the small intestine, so the bulk of digestion occurs in the hindgut. Digesta leaves the ileum (the last section of the SI) through the ileocecal valve, and enters the cecum, the first part of the hindgut.

  [image: image]

  Anatomy and Physiology of the Gastrointestinal Tract.

  The Hindgut: Where Fiber is Degraded by Microbial Fermentation

  The large intestine is only about fifty feet (15 meters) but at about 125 quarts, it holds about 60 percent of the volume of the entire GIT. The large intestine is comprised of the cecum, large colon, small colon, and rectum.

  The cecum is a large, blind sac about four feet long (1.2 meters), with a volume of about thirty-five quarts (thirty-three liters). It’s populated by microbes that live in a symbiotic relationship with the horse. Horses do not break down their primary food—the fibrous material of grass and hay—but rather fiber is degraded by the microbial population. (Some fermenting of digesta occurs even in the stomach and small intestine.) The cecum’s primary function is to operate as a fermentation vat.

  The hundreds of species of microbes naturally populating the hindgut are bacteria, fungi, and protozoa. This microbial population is also referred to as microflora, microbiota, the microbiome, or cellulytic microbes, meaning that they break down plant cells.

  The pH in the hindgut should range from 6 to 7; in this environment, the healthy bacteria flourish and do their job of degrading fiber.

  Microbial fermentation of forage produces volatile fatty acids (VFAs), primarily acetate (74 percent), butyrate (6 percent), and propionate (17 percent), with the remaining 3–4 percent being isobutyrate, valerate, and isovalerate. (Another by-product of microbial fermentation is gas, in the forms of carbon dioxide and methane.) The VFAs are a horse’s primary energy source.

  Leaving the cecum, digesta passes into the large colon through the cecocolonic valve, which prevents backflow. The large colon has a total length of about thirty-two feet (10 meters) and a capacity of up to seventy quarts. It also hosts fiber-degrading microbes. (Before learning the names of the four compartments of the large colon, it helps to understand that the term ventral refers to near the stomach, and the term dorsal refers to near the back.)

  From the cecum, the four sections of the large colon and the three flexures joining them are the: right ventral colon (RVC), sternal flexure, left ventral colon (LVC), pelvic flexure, left dorsal colon (LDC), diaphragmatic flexure, and right dorsal colon (RDC). The pelvic and sternal flexures are common sites for impaction colic.

  Listen to different quadrants of your horse’s abdomen with a stethoscope, and notice that all areas normally have gut sounds at all times. This is good gut motility. A quiet, inactive gut is unhealthy for a horse.

  Digesta leaves the right dorsal colon and enters the small colon, which is about twelve feet long and has a capacity of about twenty quarts. The primary function of the small colon is the absorption of water. Fecal balls begin to form near the end of the small colon and are stored in the rectum—which is about one foot (30 centimeters) long—prior to excretion.

  Feed-Induced Medical Problems: Choke, Colic, and Laminitis

  Choke

  Choke, properly called esophageal obstruction, occurs when the esophagus is blocked by something the horse has ingested. This is not a blockage of the trachea (airway), like when a person chokes. Horses with choke usually have a partial blockage of the esophagus. They appear distressed, withdrawn, or restless, and usually exhibit ptyalism (excessive saliva) which may run out of the nose. They may become agitated or depressed and exhibit bruxism (grinding of the teeth). Because of the ptyalism, horses may inhale secretions that could cause a secondary respiratory infection.

  Do not delay in summoning veterinary care for a horse that may have an esophageal obstruction. While choke may resolve spontaneously, veterinary intervention may be required to administer smooth muscle relaxants or, more likely, to pass a nasogastric tube to, and through, the obstruction, lavaging (washing) the obstruction away. Have gallons of body-temperature (99–101° F for adults) water ready for your veterinarian to administer through the tube so that the horse does not become unnecessarily chilled.

  Obstructions are almost always food particles and seem to be more common when the food is particularly dry or coarse. Horses that bolt their feed may also be more prone to choke. Moistening concentrated feeds makes horses eat faster, so do not moisten pellets unless they are wet enough to dissolve. Ingestion time can be increased with the use of slow feeders for forage and multiple buckets, pocket buckets, or several fist-sized obstacles of stone or wood distributed in the pans when concentrates are fed.

  Colic

  Colic is a lay term for abdominal pain. It has long been one of the leading causes of death in horses and is so common the word is used as a verb, with people commenting that a horse colic’d. While numerous metabolic processes can induce colic, the condition can arise from mismanaging your horse’s feed.

  Recall that the pH in the hindgut should range from 6 to 7 and that if the small intestine is overwhelmed by too much sugar and starch, it passes the undigested sugar and starch to the hindgut. The hindgut is meant to process fiber and does not have enzymes to break down sugar and starch. The beneficial bacteria that degrade fibrous feeds are relatively slow growing, doubling their population in eight to ten hours. However, bacteria that degrade non-structural carbohydrates (sugar and starch) are fast growing, doubling their population in fifteen to sixty minutes. Thus, large loads of sugar or starch reaching the hindgut are rapidly digested by lactic acid bacteria (LAB), which then grow in population and give off lactic acid as a by-product of fermenting the sugar and starch. This lowers the pH of the hindgut, creating hindgut acidosis. The acidic environment makes the gut wall overly permeable and kills off desirable microbes. This sudden large load of dead microbes is toxic and can enter the body’s systemic circulation, where it may trigger laminitis.

  Colic may be referred to as ileus, referring to pain in the ileum, blockage, or an overall lack of motility in the gut. While there are numerous metabolic pathologies that could provoke colic, preventable colics that arise from unsafe feeding practices are the focus here. The classic error horse people fear is a gate or barn door left open, accidentally allowing a horse access to a grain bin. More commonly, lush pasture, loaded with sugars, causes colic that can ultimately lead to laminitis.

  Colic can also arise from other pathologies. The mesentery that keeps the various sections of the foregut and hindgut in place can become disrupted, entrapping and strangling a segment of bowel. An example of this is a small opening called the epiploic foramen (hole) on the right side of the abdomen near the liver and pancreas. When a section of the small intestine from the left side of abdomen passes through the epiploic foramen to the right side of the abdomen, the condition is called epiploic foramen entrapment (EFE). Another example is called nephrosplenic entrapment, which occurs when the large colon has left dorsal displacement in the abdominal cavity. Nephrosplenic entrapment appears to be more common in geldings.

  Surgery may be required to relieve EFE, intussusception (when a section of bowel telescopes inside itself or an adjoining section), displacement, distention, a section of necrotic bowel, or a bowel twist (most commonly a small intestine volvulus).

  The veterinarian can administer analgesics and better assess the location, type, and severity of the colic. The vet can decompress the stomach via insertion of a nasogastric tube or give laxatives (cathartics), such as mineral oil, hydrated magnesium sulfate (Mg SO4, popularly known as Epsom salts), dioctyl sodium sulfosuccinate (DSS), or psyllium hydrophilic mucilloid. A vet might administer enteral or intravenous fluids; the former are given through the nasogastric tube for direct delivery into the stomach, and the latter are given through a catheter inserted into a vein. Finally, a veterinarian can administer drugs that act directly and indirectly to stimulate activity in the foregut and hindgut, for example: neostigmine methylsulfate, cholimimetics and sympatholytics, bethanechol chloride, benzamides, metoclopramide, cisapride, and/or lidocaine.

  Yohimbine, derived from a west and central African tree called the pausinystalis johimbe or yohimbe, is a supplement that can increase motility in the cecum and RVC, but has not been shown to increase cecal emptying. One study suggested that if administered with the drug bethanecol, yohimbe could be helpful in relieving equine colic.

  Colic may also arise from enterolithiasis (the condition of an enterolith or stone being present in the GIT) or parasites. A horse may swallow a lot of air while cribbing or windsucking, and this condition, called aerophagia, can lead a horse to colic as the air moves through the GIT. Colic can also result from intestinal spasms or the impaction of feed or foreign matter, such as dirt or sand.

  Assessing Your Horse’s Sand Burden

  The amount of sand in the feces can be assessed by placing several fresh fecal balls into a clear container with a quart of water, then allowing dirt and sand in the feces to settle to the bottom. If more than two teaspoons of sand are in the bottom of the water container, some owners feed a standard serving of psyllium.

  Psyllium Supplementation for Sand in the Gastrointestinal Tract

  When colic is caused by the ingestion of dirt or sand (even from consuming pasture grass grown on very sandy soil), it is referred to as sand colic. Horses on sandy ground or dirt lots without a steady supply of forage in a slow feeder have the greatest risk for ingesting enough sand to cause sand colic. Horses that engage in the specific form of pica (eating non-nutritive substances) called geophagia (dirt eating) are also at high risk for sand colic.
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  To check a horse’s intestinal sand burden, place fresh fecal balls in water. Agitate the mixture—or simply wait—and let the manure disperse in the water for an hour.

  [image: image]

  Plant fiber floats, but sand that was in the feces settles. This close-up of the bottom of the container shows an insignificant sand burden.

  Sand in the intestine can sometimes be heard on a stethoscope and may be seen with radiographs or an ultrasound. Sand can cause colic either through obstruction of the intestinal lumen or by irritating the mucosa lining the GIT.

  Psyllium powder has commonly been administered both to relieve sand colic and prophylactically for horses at risk for sand ingestion. However, two good studies have presented strong evidence that psyllium actually does not have any special ability to move sand through the GIT. In one study, sand was placed into horses’ stomachs via a nasogastric tube. Sand excretion was monitored but found not to be affected by whether or not the horses received psyllium. In another study, sand was surgically placed into the cecums of ponies (that were already destined for euthanasia). Half of these were treated with psyllium, and all were examined post-mortem. Psyllium administration had no bearing on how much sand remained in the ponies’ hindguts. It appears that some horses tolerate sand better than others, and most clear it from their bowels well on their own if they are not continually subjected to sand ingestion.

  Colic Prevention

  While ground feeding has many positive effects, discussed below, care should be taken not to make the horse susceptible to ingesting excessive amounts of dirt or sand. Place a stall mat below the hay feeder if needed. If the horse eats concentrates from a pan on the ground and tends to dribble food out of the pan, use a taller pan or place the pan on a tarp or stall mat.

  Consistency with the amount and type of feed offered is healthy for the horse. The microbial environment in the horse’s GIT takes time to adapt to dietary alterations. A sudden, large change in feed will cause a change in the gut microflora that day. Ideally, feed changes are made incrementally, allowing the microbial population to adapt to the new feeding practice. The GIT could need a month to safely and fully adapt to new feed.

  The first week after a feed change carries the highest risk of colic, so be sure to initiate changes in feeding programs gradually.

  Medications, strenuous activity, and stress can induce colic, so be vigilant in monitoring a horse that must be medicated, don’t overwork your horse, and take steps to mitigate distress he may experience due to the living environment, transportation, or other anxiety-producing situations.

  A horse with colic can quickly become obtunded. Signs that his condition is worsening include tachycardia (increased heart rate), tachypnea (increased respiratory rate), pawing, kicking at the abdomen, and the absence of borborygmi (gurgling bowel sounds). Any horse with even mild colic requires careful monitoring. Be prepared to summon a veterinarian.

  Horses with recurring colic may be tested with a SmartPill. The horse swallows this monitoring device, which records pH, pressures, and transit times throughout the gastrointestinal tract until it is excreted.

  Overall, colic prevention is centered on being mindful of risks and avoiding them. Allow your horse to slowly eat a diet wholly or heavily based on forage, throughout the day, without meal feeding, with little or no concentrates, and with good dental care and a good parasite control program.

  The likelihood of a horse experiencing colic increases with grain feeding. A horse fed five pounds of grain is about twice as likely to colic as a horse not fed grain. A horse fed ten pounds of grain is six times more likely to colic.

  Horses on pasture have a reduced incidence of colic if they are also provided with hay.

  A horse that colics is three times more likely to colic again.

  Horses with chronic or recurring colic need a full veterinary workup to rule out or identify underlying medical pathology. Recovery from colic requires careful reintroduction of safe feed.

  Subclinical colic, in which the signs of the horse’s gastric distress are much less noticeable, can still provoke laminitis.

  Laminitis

  The laminae (plural of the word lamina) are tiny, finger-like projections binding the soft tissue and bone within a hoof to the interior of the hoof wall. Inflammation of the laminae is called laminitis or founder. Laminitis is extremely painful and dangerous to horses, because as the condition worsens, the laminae can detach, no longer providing the bone with foundational support. This detachment usually occurs at the toe first, causing the internal hoof joint to rotate. With this rotation, the point of the bone can press down on the interior of the hoof’s sole, which then must bear the horse’s massive weight.

  Warning signs of laminitis are bounding digital pulses (Chapter 10 reviews how to check the pulse) and excessively warm hooves, especially in the presence of colic or nutritional conditions known to provoke laminitis (typically lush spring pasture or a grain overload). Due to the pain, the horse may shift its weight constantly, lifting one front hoof then the other, and it will usually show obvious lameness at the trot.

  Laminitis typically affects front hooves first; the horse may stand with its forelegs extended ahead of the shoulder rather than under the shoulder, bearing as much weight as possible on the hind legs. This is the classic laminitic stance. A laminitic horse may be reluctant to allow a hoof to be lifted, because doing so increases the weight carried by other hooves.

  The scoring system veterinarians use to grade the severity of laminitis symptoms is the Obel scale.

  
    
      
      
    
    
      	
        Table 2-1 The Obel Laminitis Grading Scale

      
    

    
      	
        Veterinarians grade the severity of laminitis symptoms according to the Obel Scale.

        Note that this is not the same scale as the AAEP 0-5 lameness grading scale.

      
    

    
      	
        Grade

      
      	
        Symptoms

      
    

    
      	
        I

      
      	
        shifting weight, lifting feet, no lameness at walk, shortened trot stride

      
    

    
      	
        II

      
      	
        both walk and trot show a shortened stride; horse allows a hoof to be lifted

      
    

    
      	
        III

      
      	
        horse is reluctant to move or allow a hoof to be lifted

      
    

    
      	
        IV

      
      	
        horse extremely reluctant or refusing to move

      
    

  

  Laminitis is a medical emergency, and a veterinarian should be called immediately. Keep the horse on soft ground with as little movement as possible. Apply cold water or ice to reduce the inflammation. Do not add stress to a laminitic horse. If he is happier with a particular pasturemate nearby, keep that other horse close.

  A good farrier working with the veterinarian’s radiographs can make the horse as comfortable as possible. Veterinary therapy will focus on reducing the inflammation.

  Bacterial toxins known as lipopolysaccharides (LPS) appear to play a role in laminitis, and some research has shown promising work with the administration of the antibiotic polymixin B that binds the LPS. Silymarin, an extract from the milk thistle plant, has also been shown to reduce inflammation and may bind to LPS, but polymixin B has shown a much greater capacity to bind LPS.

  Horses on pasture make up about half of the laminitis cases every year. Spring growth, when the grass plant is producing and storing high levels of sugar, is the time of greatest incidence for these pasture-associated laminitis (PAL) cases. It is vital for you to know the environmental factors that spike sugars in forage; these are discussed in Chapter 4.

  Ponies seem particularly susceptible to laminitis, as do horses that are obese, easy keepers, or those with the medical conditions of insulin resistance or Equine Metabolic Syndrome. In the case of the latter two conditions, there is new research into insulin-sensitizing drugs, but the best approach is prevention rather than treatment. Chapter 9 details caring for—and the prevention of—these conditions.

  The extent of rehabilitation of the hooves is determined by the severity of the laminitis. Horses will likely display some continued lameness as they recover. Lameness, whether from laminitis or any other source, is commonly graded on the American Association of Equine Practitioners (AAEP) lameness scale, provided in Table 9–3 on page 156.

  Recovery from laminitis requires careful nutritional management. Grain concentrates are not safe for laminitis-prone horses. Pasture grazing must be very carefully monitored so as to not expose the horse to excess sugar in the grass. Many laminitis-prone horses cannot be on pasture at all. Forage low in sugar, presented in a slow feeder, is safest for laminitis-prone horses.

  When and Where the Horse Eats: Preempting Stereotypic Behavior

  Many people provide a significant portion of their horses’ total energy intake through pounds of grain, which is much more convenient than hay to buy, store, and handle, but—as is seen in reviewing the horse’s digestive system—is unhealthy for the horse. Not only should forage be the horse’s primary diet, the very act of foraging is germane to nutritional physiology, because it is an essential behavioral need of all horses. Ethologically, the horse is driven to find and eat its food while roaming for at least sixteen hours every day.

  Confinement is unnatural for horses, and turnout time is essential. Horses in active riding use kept on pasture—especially in a small-herd situation with a few pasturemates—spend between sixteen and eighteen hours per day foraging, even when they have free-choice access to hay in slow feeders.

  [image: image]

  Excessive confinement often leads to stereotypic behavior, such as cribbing, weaving, and pawing.

  
    How Much Does Your Horse Roam?

    People might dismiss a horse’s roaming nature now that the majority of horses live in smaller enclosures. It’s easy to assume that a horse in an enclosure doesn’t appreciably roam, but it’s easy to know by placing a GPS unit on a horse for several twelve-to-twenty-four hour periods and downloading the information into any of several free programs (Strava, Garmin, endomondo, and mapmyrun are examples.) Small GPS units and wristwatches with GPS capability are now common and relatively inexpensive. Secure the GPS unit or cellphone in front of the horse’s withers at the roots of the mane or behind the withers on a surcingle or bareback pad (rather than on a halter, so as to eliminate the unit tracking the horse raising and lowering its head). A study of horses on a ten-acre pasture showed horses roaming about ten miles per day, but a horse in a half acre can still cover many miles per day.

  

  Many domestic horses are not allowed to roam, nor to eat little and often as a forager should. They are kept in small pens or stalls and fed in meals. Inadequate forage and excessive confinement can lead to a host of problems that often manifest as stereotypic behavior, discussed below. When forage is provided free choice to horses turned out on large lots, they get to satisfy their physical and behavioral needs. Ideally, forage and other feeds are offered in a physical presentation horses would encounter naturally, which is slow consumption from the ground level.

  Slow Feeding

  Many horses are fed in meals, usually twice per day, with a morning and an evening feeding. They eat all of their presented feed in an hour or less, then must fast for the next eleven hours. People probably feed their horses in meals, because they themselves eat in meals.

  Large meals cause the horse’s insulin level to spike. A steady level of insulin without large spikes is desirable for optimum health. The solution is to provide hay in slow feeders, allowing the horse constant or near-constant access to forage. People mistakenly anticipate that if they provide free-choice hay in slow feeders that the horse will overeat and then colic or succumb to laminitis due to gorging. In addition to expecting the horse to overfeed, they anticipate hay wastage. On the contrary, most horses adjust very happily to free-choice, slow-feed forage in just a few weeks.

  Horses fed in meals often eat all of their hay immediately, in a manner known as compensatory eating. These horses have learned there will be no food available for many hours and that anxiety provokes gorging. A horse will not naturally choose to fast or go without food for more than three hours. Fasting places a horse at risk for ulcers, colic, and the development of stereotypic behaviors.

  Another advantage of this system of trickle feeding is the peace of mind that comes from always knowing your horse has forage should you be delayed in getting to the barn that morning or evening.

  
    
      
      
      
    
    
      	
        Table 2-2 The Pros and Cons of Meal Feeding versus Trickle Feeding

      
    

    
      	
        Method

      
      	
        Pros

      
      	
        Cons

      
    

    
      	
        Meal Feeding

      
      	
        traditional

      
      	
        hydrochloric acid still produced in the stomach when the horse has no forage,

        insulin spikes when eating large meals,

        significant ulcer risk,

        colic risk, which brings laminitis risk

        fasting periods result in insufficient bolus of long fibrous material moving through the tract,

        horse frustration and misbehavior

      
    

    
      	
        Trickle Feeding

      
      	
        steady insulin level,

        improved gastric health,

        reduced colic risk,

        improved horse behavior,

        convenience for the owner,

        reduced ulcer occurrence

      
      	
        not traditional

      
    

  

  Ground-Level Feeding

  A grazing horse is in a natural physical posture that provides numerous healthy pluses not granted to the horse eating hay from a high, wall-mounted feeder. When a horse reaches to eat from the ground, its abdomen is raised, and its back is stretched. The jaw is allowed to slightly subluxate, which may improve the production of saliva. The nasal passages are aided by gravity to discharge inhaled foreign matter, and the eyes are not subjected to a spray of debris pulled from a high feeder.

  High feeders promote the opposite effects in every way, spraying the eyes and nose with dust and hay particles as the horse pulls hay from the feeder. These particles are then more likely to be inhaled farther into the airway, rather than discharged with the aid of gravity. The back is inverted and tight instead of long and stretched, the abdomen is pushed down, and the hinge of the lower jaw is held in tightly.

  Dusty or silty ground does indeed make a horse more likely to intake more undesirable foreign matter, but this can be avoided by offering hay in contained slow feeders and providing loose feeds in low, flat pans. Horses that dribble feed beyond their pans can eat on a tarp or stall mat in order to keep the spilled feed clean.
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  High wall feeders force horses to eat in an unnatural posture that inverts the back, tightens the jaw, and exposes the eyes and lungs to an irritating spray of dust and food particles.

  
    
      
      
      
    
    
      	
        Table 2-3 The Effects of Ground-Level Feeding Versus Raised Feeders
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Figure 2-a The Gastrointestinal Tract of the Horse
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