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Dedication
To the pet owners who share our appreciation for the infinite ways that dogs and cats enrich our lives and who strive to provide their dogs and cats with the very best care and nutrition, throughout life.


Preface
Humans have a long and very complex history of association with dogs and cats. This relationship has its roots in domestication and has evolved to exist today in a vast variety of forms. Both the dog and the cat originally served a number of functions for humans. While some dogs and cats still fulfill these roles, the primary reason that most people share their lives with dogs and cats today is companionship. In recent years, scientific studies of human-animal interactions have revealed that these relationships are important and enduring components of many pet owners’ lives. Pet ownership has also been shown to provide numerous physiological and psychological benefits. Keeping companion animals has become a national pastime, and providing proper care to dogs and cats is of great interest and concern to both pet owners and professionals who work with these animals.
Along with proper health care and medical attention, nutrition is an essential component of pet care. An understanding of basic nutrition and the nutrient requirements of healthy dogs and cats is integral to the understanding of practical feeding practices. Such knowledge enables pet professionals to provide optimal nutritional care throughout life, which contributes to lasting health and longevity. This new edition of 
Canine and Feline Nutrition: A Resource for Companion Animal Professionals provides a thorough examination of the science of companion animal nutrition and practical feeding management for dogs and cats. Information in this book is of value to veterinarians, animal scientists, nutritionists, breeders, exhibitors, judges, trainers, and hobbyists. The book also continues to serve as a textbook for companion animal management and nutrition courses in the fields of animal science and veterinary medicine. It is the authors’ intent that this book will complement general animal nutrition textbooks by providing current and comprehensive information about the two most popular companion animal species, the dog and the cat.
This new edition of 
Canine and Feline Nutrition has been reorganized into five sections. These address basic principles of nutrition; nutrient requirements of dogs and cats; pet food production and selection; feeding management throughout the life cycle; and the dietary management of nutritionally responsive disorders. Current research is reviewed, and balanced discussions of different approaches to dietary management are presented. Comparisons between the nutrient requirements and feeding practices of dogs and cats are addressed throughout the book. In order to facilitate use by readers with a wide range of backgrounds and interests, illustrative tables and boxes are included; these present technical material at a level that can be of practical use. The third edition includes more than 30 new tables and figures. Newly structured 
Key Points are located prominently throughout the text to emphasize important learning points in each chapter. References now follow each chapter (rather than sections) to allow easy reference. The third edition also includes two new chapters and numerous added sections within existing chapters.
Section 1 is written as a basic introduction to the science of nutrition, excluding application to specific species. Chapters within this section are organized according to the basic nutrients and the processes of digestion and absorption. In the third edition, new sections regarding taste receptors and their comparative differences between dogs and cats are examined and discussions of small and large intestine microbial populations and their relevance to nutritional health have been expanded. These chapters are of value to students and professionals who require introductory information about the science of nutrition.
Section 2 addresses the specific nutrient requirements of dogs and cats. Chapters in this section examine energy balance in companion animals, comparative nutrient requirements, and the metabolic idiosyncrasies of the cat. New information regarding the cat's metabolic adaptations that reflect its carnivorous history has been added to the new edition. Updated information regarding the energy requirements of dogs and cats living in homes and the effects of various life stage and environmental factors upon energy needs (and estimate equations) is included in the third edition. The essential fatty acid section of Chapter 11 has been expanded to review current understanding of the omega-3 and the omega-6 fatty acid families and their relevance to pet nutrition, as has the section examining taurine nutrition for both dogs and cats in Chapter 12. New information regarding vitamins D and E nutrition for dogs and cats and several of the essential minerals has been added to the final chapter of this section.
Section 3 provides a detailed and updated overview of the formulation, production, and use of commercial and noncommercial pet foods. Chapters include information regarding the history, regulation, and marketing of commercial foods; nutrient content and types of foods; and procedures for evaluating the diets of dogs and cats. New sections examine the roles of all governing agencies, including the Food and Drug Administration, in regulating pet food production and safety. An expanded section reviews the new 2006 National Research Council's 
Nutrient Requirements of Dogs and Cats. Current research and use of functional ingredients in pet foods is another new section in the third edition. Finally, pet foods have been newly classified to reflect the wide variety of pet food forms and types that are available to consumers today. Information regarding organic and natural foods, raw diets, and vegetarian/vegan foods has been added. Practical information about the selection of appropriate pet foods is included and should be of value to both pet owners and companion animal professionals.
Section 4 includes feeding and diet recommendations throughout all life stages for dogs and cats. The third edition includes recent research that has focused on the nutrient needs of neonatal puppies and kittens and the importance of docosahexaenoic acid (DHA), milk production and composition in queens and bitches, and new information regarding the development of gastrointestinal function in puppies and kittens. The importance of proper feeding management throughout growth, especially for large and giant breeds of dogs, is emphasized. New information regarding the nutritional needs and feeding of geriatric dogs and cats and the feeding of a variety of types of working dogs is included in this newest edition. The importance of both amount and type of dietary fat included in diets for geriatric and for working animals is reviewed. The final chapter in this section examines currently popular nutritional fads and fallacies reported among pet owners and enthusiasts.
Finally, 
Section 5 examines the occurrence, treatment, and management of nutritionally responsive disorders in dogs and cats. This section has been extensively revised and expanded in the new edition. The chapters dealing with inherited disorders of metabolism, diabetes mellitus, urolithiasis, nutritionally manageable dermatoses, chronic kidney disease, dental health, cancer, gastrointestinal disease, and feline hepatic lipidosis have all been updated to include reviews of recent research and recommendations for appropriate diets and feeding protocols. Two new chapters have been added in the third edition; these address diet and mobility and the nutritional management of heart disease. The chapters in this section continue to provide an important resource for veterinarians, nutritionists, and breeders who are involved in the treatment or study of these disorders.
In sum, the third edition of 
Canine and Feline Nutrition: A Resource for Companion Animal Professionals continues to provide a comprehensive study of the science of companion animal nutrition. Revisions that include reviews of current research, new chapters and sections, updated figures and tables, user-friendly Key Points, and easily accessible references collectively enhance the book's utility and value as a reference for students, companion animal professionals, and pet owners.
Linda P. Case, MS

Leighann Daristotle, DVM, PhD

Michael G. Hayek, PhD

Melody Foess Raasch, DVM
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Chapter 1. Energy and Water
Like all living animals, dogs and cats require a balanced diet to grow normally and maintain health once they are mature. Nutrients are components in the diet that have specific functions within the body and contribute to growth, tissue maintenance, and optimal health. 
Essential nutrients are those components that cannot be synthesized by the body at a rate that is adequate to meet the body’s needs. Therefore essential nutrients must be supplied in the diet. 
Nonessential nutrients can be synthesized by the body and obtained either through de novo synthesis or from the diet. Along with a requirement for energy, all animals have a metabolic requirement for six major categories of nutrients. These are water, carbohydrates, proteins, fats, minerals, and vitamins. Energy, although not a nutrient per se, is required by the body for normal growth, maintenance, reproductive performance, and physical work. Approximately 50% to 80% of the dry matter (DM) of a dog’s or cat’s diet is used for energy.
Nutrition is the study of food, its nutrients, and other components, including an examination of the actions of specific nutrients, their interactions with each other, and their balance within a diet. The six categories of nutrients—water, carbohydrates, proteins, fats, minerals, and vitamins—have specific functions and contribute to growth, body tissue maintenance, and optimal health.




With the exception of water, energy is the most critical component that must be considered in a diet. Like all animals, companion animals require a constant source of dietary energy to survive. Plants obtain energy from solar radiation and convert it to energy-containing nutrients. Animals consume plants and use them either directly for energy or to convert plant nutrients into other energy-containing molecules. The primary form of stored energy in plants is carbohydrate; the main form of stored energy in animals is fat. Energy is necessary for the performance of the body’s metabolic work, which includes maintaining and synthesizing body tissues, engaging in physical work, and regulating normal body temperature. Given its importance, it is not surprising that energy is always the first requirement to be met by an animal’s diet. Regardless of a dog’s or cat’s needs for essential amino acids from dietary protein or essential fatty acids (EFAs) from dietary fat, the energy-yielding nutrients of the diet are first used to satisfy energy needs. Once energy needs are met, nutrients become available for other metabolic functions.
Energy is needed by the body to perform metabolic work, which includes maintaining and synthesizing body tissues, engaging in physical work, and regulating normal body temperature. Energy is always the first requirement met by an animal’s diet.




Animals are capable of regulating their energy intake to accurately meet their daily caloric requirements. When allowed free access to a balanced, moderately palatable diet, most dogs and cats will consume enough food to meet, but not exceed, their daily energy needs.
1.2. and 3.Energy density or 
caloric density refers to the concentration of energy in a given quantity of food (see p. 6). When the energy density of a diet is decreased, animals respond by increasing the quantity of food they consume, which results in a relatively constant energy intake.
3. and 4. If an animal’s food intake is regulated by total energy intake, the composition of all other nutrients in the diet must be balanced with respect to the diet’s energy density. This balance should be calculated to ensure that, when a dog or cat consumes a quantity of food adequate to meet his or her caloric needs, all other nutrient requirements will be met in the same volume of food.
Although all dogs and cats have the ability to properly regulate their energy intake, this natural tendency can be overridden by environmental factors. Providing unrestricted access to foods that are both highly palatable and energy-dense can lead to chronic overconsumption in some companion animals. Today’s competitive pet food market includes many foods that are high in both palatability and caloric density. Coupled with this fact is a decline in physical activity among many pets in today’s society. Many companion animals now lead happy but relatively sedentary lives exclusively as house pets. Cats have moved from the barnyard into the house, where their former working roles as mousers and pest-controllers have been effectively eliminated. Likewise, dogs have evolved from working companions to unemployed house dogs that may lack adequate daily exercise. These two changes have led to an epidemic of obesity among dogs and cats; although reported incidence rates vary, surveys have shown that obesity is a common nutritional problem observed by practicing veterinarians and reported by owners.
5. and 6. These changes indicate that it may no longer be wise to rely on the inherent abilities of dogs and cats to regulate energy intake. Although companion animals certainly have this ability, many do not self-regulate because of the nature of the food they eat and the type of lifestyle they lead. In most cases, portion-controlled feeding is the best way to control a pet’s energy balance, growth rate, and weight status (see Section 4, pp. 194-197).
MEASUREMENT OF ENERGY IN THE DIET
Energy has no measurable mass or dimension, but the chemical energy contained in foods is ultimately transformed by the body into heat, which can be measured. Energy in food is expressed in units of kilocalories (kcal) or kilojoules (kJ). A 
calorie refers to the amount of heat energy necessary to raise the temperature of 1 gram (g) of water from 14.5° Celsius (C) to 15.5° C. Because a calorie is a very small unit, it is not of practical use in the science of animal nutrition. The kcal, which is equal to 1000 calories, is the most commonly used unit of measure. The 
kilojoule is a metric unit and is defined as the amount of mechanical energy required for a force of 1 newton (N) to move a weight of 1 kilogram (kg) by a distance of 1 meter (m). To convert kcal to kJ, the number of kcal is multiplied by 4.184. In the United States, kcal is the most commonly used unit for energy in human and pet foods.
The caloric value of foods can be measured using direct calorimetry. This process involves the complete combustion (oxidation) of a premeasured amount of food in a bomb calorimeter, resulting in the release and measurement of the food’s total chemical energy. This energy is called the food’s 
gross energy (GE). The three nutrient classes that provide energy in an animal’s diet are carbohydrates, fats, and proteins. Animals cannot use all of a food’s GE because energy losses occur during digestion and assimilation. 
Digestible energy (DE) signifies the amount of energy available for absorption across the intestinal mucosa. Apparent DE can be calculated by subtracting the indigestible energy excreted in the feces from the GE of the food. Additional energy losses occur as a result of the production of combustible gases and the excretion of urea in the urine. The incomplete oxidation of absorbed dietary protein by the body results in the production of urea. Because the production of combustible gases in dogs and cats is minimal, only urinary losses are typically accounted for. 
Metabolizable energy (ME) is the amount of energy ultimately available to the tissues of the body after losses in the feces and urine have been subtracted from the GE of the food.
ME is the value that is most often used to express the energy content of pet food ingredients and commercial diets. Similarly, the energy requirements of dogs and cats are usually expressed as kcal of ME. ME can be subdivided to calculate net energy (NE) and the energy lost to dietary thermogenesis. 
Dietary thermogenesis, also called the 
specific dynamic action of food, refers to the energy needed by the body to digest, absorb, and assimilate nutrients. 
NE is the energy available to an animal for the maintenance of body tissues and for production needs such as physical work, growth, gestation, and lactation (Figure 1-1). The percent of ME that becomes available as NE is called the 
efficiency of utilization.
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	Figure 1-1 Partitioning of dietary energy.




The ME of a diet or food ingredient depends on both the nutrient composition of the food and the animal that is consuming it. For example, because of the length and structure of its gastrointestinal tract, a nonruminant herbivore such as a horse can derive a greater amount of energy from grass than can a dog or cat. Therefore the ME value of grass for a horse is higher than the ME value of grass for a companion animal. Several different methods are used to estimate the ME values of a food ingredient or diet for a given species, each with its own strengths and limitations. These include the direct determination of ME through feeding trials and total collection procedures; calculating an estimate of ME using analyzed levels of protein, carbohydrate, and fat in the diet; and, most recently, predicting ME using regression equations based upon a food’s fiber content. New research also suggests that some in vitro methods may provide reliable estimates of the energy content of certain types of commercial pet foods.
Direct Determination in Feeding Trials
The gold standard for determining ME is through data collected in actual feeding trials with the species in question. The diet or food ingredient is fed to a group of test animals, and feces and urine are collected throughout a predesignated time period. Determination of the GE content of the food, feces, and urine allows direct calculation of ME by subtraction (Figure 1-2). Because this approach provides the most accurate estimate of ME, many pet food manufacturers periodically use feeding trials to measure DE or ME of their foods and ingredients. Data that are collected can be used to reflect changes in ME values as new products are developed and to ensure the accuracy of predictive equations that may be used more routinely. When digestibility trials are used, ME values are determined using DE values and a correction factor to account for urinary energy losses from the metabolism of protein. Because cats digest protein calories more efficiently than dogs, species-specific correction factors have been determined; for cats 0.86 kcal/g digestible protein and for dogs 1.25 kcal/g digestible protein.
7. and 8.
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	Figure 1-2 Calculation and example of metabolizable energy. 
GE, Gross energy.





Calculation Methods
Although direct measurement in the target species is the most accurate method for estimating ME, it is also very time consuming and costly, and requires access to large numbers of representative animals. As a result, routine determinations of ME are conducted with mathematical formulas that estimate ME from analyzed carbohydrate, protein, and fat content, or from fiber content of the food. 9 Recently, although not yet commonly used in industry, experimental methods that utilize in vitro enzymatic assays, measurement of the ratio of total amino acids to non–amino acid nitrogen, or near-infrared spectroscopy have also been reported as accurate predictors of the energy value of dog foods.
10.11. and 12.
Pet food manufacturers measure a food’s metabolizable energy (ME) either by direct measurement using feeding trials or by calculation from analyzed nutrient levels or standard table values. New in vitro methods of estimating ME include enzymatic assays, measurement of the amino acids and amino acid nitrogen, and near-infrared spectroscopy.




Formulas that have been derived for dog and cat diets include constants that account for fecal and urinary losses of energy. The GE values, which represent total energy content, for mixed carbohydrate, fat, and protein are 4.15, 9.40, and 5.65 kcal/g, respectively. 8 However, as mentioned earlier, animals are incapable of using all of the energy present in food nutrients. Inefficiency in digestion, absorption, and assimilation results in energy losses. In human foods, the 
Atwater factors of 4-9-4 kcal/g are commonly used to estimate ME values for carbohydrate, fat, and protein, respectively. These factors are calculated using estimated digestibility coefficients of 96% for fat and carbohydrate and 91% for protein. 13 A 
digestibility coefficient is the proportion of the consumed nutrient that is actually available for absorption and use by the body. The ME value of protein was further reduced to account for urinary losses of urea.
The Atwater factors work quite well for estimating the ME of homemade dog and cat diets and for commercial products with very high digestibilities such as milk replacers for puppies and kittens and enteral feeding formulas. 8 However, digestibility data collected in dogs and cats fed typical commercial pet foods have shown that Atwater factors tend to overestimate the ME values of most commercial foods. This miscalculation occurs because the digestibility of many pet food ingredients is lower than the digestibility of most foods consumed by humans. Digestibility data collected in dogs from 106 samples of dry, semimoist, and canned commercial dog foods showed that the average digestibility coefficients for crude protein, acid-ether extract (a measure of fat content), and nitrogen-free extract (NFE) (a measure of soluble carbohydrate content) were 81%, 85%, and 79%, respectively. 14 The fact that some pet food ingredients are generally lower in digestibility than the foods consumed by humans causes the Atwater factors to be inaccurate for use in estimating the ME of pet foods. The National Research Council’s (NRC’s) 1985 recommendations for dogs suggested that digestibility coefficients of 80%, 90%, and 85% be used for the protein, fat, and carbohydrate in commercial dog food, respectively. When GE values were readjusted for digestibility and urinary losses, ME values of 3.5, 8.5, and 3.5 kcal/g were assigned to protein, fat, and carbohydrate, respectively (Table 1-1). These values are referred to as 
modified Atwater factors. Although these values provide a better estimate of ME values for pet foods than do the Atwater factors, they may still underestimate the ME values of highly digestible foods and overestimate ME values for foods containing high amounts of fiber or poor quality meat sources. 15
TABLE 1-1 DIGESTIBILITY COEFFICIENTS AND FACTORS

	N
utrient	H
uman food digestibility coefficient	A
twater factor	P
et food digestibility coefficient	M
odified A
twater factor
	Carbohydrate	96%	4 kcal/g	85%	3.5 kcal/g
	Protein	91%	4 kcal/g	80%	3.5 kcal/g
	Fat	96%	9 kcal/g	90%	8.5 kcal/g


In general, calculation of ME from analyzed levels of carbohydrate, fat, and protein in the diet using modified Atwater factors provides a reasonably accurate estimate of the ME for most pet foods evaluated. This equation is expressed as: ME
diet = (3.5 × g protein) + (8.5 × g fat) + (8.5 × g NFE). This is the equation recommended by the Association of American Feed Control Officials (AAFCO) to manufacturers that are reporting ME values on their pet food labels. AAFCO is a regulating group responsible for the standards governing commercially prepared pet foods. Modified equations have been suggested for use with dry cat foods and for weight loss foods that contain high levels of fiber. 15


ENERGY DENSITY
The 
energy density of a pet food refers to the number of calories provided by the food in a given weight or volume. In the United States, energy density is expressed as kcal of ME per kg or pound (lb) of diet. In most European countries, the unit kJ/kg is used. The importance of energy density in companion animal nutrition cannot be overemphasized. It is the principal factor that determines the quantity of food that is eaten each day and therefore directly affects the amount of all other essential nutrients that an animal ingests. A diet’s energy density must be high enough to allow the pet to consume a sufficient amount of the food each day to meet its energy needs. If the energy density is too low, food intake will be restricted by the physical limitations of the gastrointestinal tract, resulting in an energy deficit.  In other words, the animal would not be physically able to consume enough of the low-energy diet to meet its caloric requirements. Such a diet is said to be “bulk-limited.” If levels of the essential nutrients in such a diet are not balanced relative to energy density, multiple nutrient deficiencies could also occur.
When the caloric density of a pet food is high enough for an animal to consume a sufficient quantity to meet its daily energy needs, energy density will be the primary factor that determines the quantity of food that is consumed each day. There is an inverse relationship between energy density and the volume of food that is consumed. As a food’s energy density increases, the total volume of food that is consumed decreases. However, feeding a highly palatable pet food can override a pet’s tendency to correctly regulate intake. The sale of pet foods that are energy dense and highly palatable has led to recommendations for the use of portion-controlled feeding to manage pets’ daily food intake. Maintenance of normal body weight and growth rate are the criteria most often used to determine the appropriate quantity of food. Therefore, even when under the pet owner’s control, a dog’s or cat’s level of energy intake is still the primary factor affecting the quantity of food that is fed.
Because energy intake determines total food intake, it is important that diets are properly balanced, so that requirements for all other nutrients are met when energy needs are satisfied. For this reason, it is more appropriate to express levels of essential nutrients in terms of ME rather than in terms of percentage of the food’s weight. Expressing nutrient content as units per 1000 kcal of ME is called 
nutrient density, and provides a standardized format that can be used to compare all types of foods because it accounts for both moisture and energy density differences between products. Actual nutrient intake can be readily determined from a pet’s daily energy requirement, and foods of dissimilar energy content can be compared quickly based upon this method of expressing nutrient levels. The energy-contributing nutrients, protein, fat, and carbohydrate, can be expressed either as g per 1000 kcal ME or as a percentage of the total ME of the diet. The latter expression is called the 
caloric distribution of a food and easily allows comparisons between foods with differing moisture or energy contents. Caloric distribution only considers the energy-containing nutrients of the food and does not provide an expression of other essential nutrients in the diet (see Section 3, pp. 145-147).
Energy density (the number of calories provided by a food in a given weight or volume) is the most important factor in determining the quantity of food that a pet eats each day. A food’s energy density directly affects the amount of all other essential nutrients that an animal ingests. Therefore, the most accurate way to express levels of essential nutrients in the food is in terms of ME (units per 1000 kcal of ME). This approach also allows comparisons between all types of foods.




Using nutrient density or caloric distribution, values can be compared in any type of food or diet, regardless of water, nutrient, or energy content. For example, a complete and balanced dry dog food contains 27% protein (as a percentage of weight) and supplies 3800 kcal of ME/kg. Modified Atwater factors can be used to estimate the proportion of energy that protein contributes to the food. The calculations in Table 1-2 show that 24.8% of the food’s energy is contributed by protein. These figures can be compared with a canned dog food that contains 7% protein on a weight basis and supplies 980 kcal of ME/kg. When expressed as a percentage of calories, the protein in the canned food also supplies approximately 25% of the food’s calories (see Table 1-2). If expressed as nutrient density, the g of protein per 1000 kcal ME are 71 g of protein per 1000 kcal of food.
TABLE 1-2 SAMPLE CALCULATION TO CONVERT PERCENTAGE OF WEIGHT TO PERCENTAGE OF ENERGY IN THE DIET

	F
ood type	P
rotein (%)		M
odified A
twater factor		kcal/100 
g of food	× 100%
	Dry	(27	×	3.5)	÷	380	24.8
	Canned	(7	×	3.5)	÷	98	25.0


These two foods appear enormously different when compared in terms of percentage of protein on a weight basis, yet actually contain the same amount of protein when expressed as a percentage of total calories. Differences in the water content and energy density of the two foods account for the large differences in nutrient content when expressed as a percentage of weight. Attempting to compare the two foods when protein is expressed as a percentage of weight can be misleading. Conversion to units of energy allows an accurate comparison of levels of the energy-containing nutrients in different pet foods. Because dogs and cats are fed to meet their caloric requirements, these two foods will supply an equal quantity of protein when fed at the correct level.
Tip: Reading food labels and comparing contents of foods in the store can be very confusing. For example, when the protein content is expressed as a percentage of weight, merely reading the protein content printed on the label of a canned dog food (7% protein) and a dry dog food (27% protein) does not tell the whole story. But when a simple formula is applied to determine the protein as a percentage of calories, one can see that the protein content of the dry and canned foods in this example is almost exactly the same (see Table 1-2).




The energy density of a food must be known in order to estimate the quantity of food necessary to meet a pet’s energy requirement. When manufacturers choose to include energy density information on their labels, AAFCO requires that it be expressed in kcal of ME per unit weight or volume. If ME information is not included on a pet food label, it can be estimated using the proximate analysis of the food. If the proximate analysis is not available, the guaranteed analysis provided on the label of all pet foods can be used as a rough estimate of nutrient content. The modified Atwater factors provided earlier are used to calculate the amount of energy contributed by carbohydrate, protein, and fat. For example, the guaranteed analysis on a bag of dry dog food reads as follows:
▸ Crude protein: not less than 26%

▸ Crude fat: not less than 15%

▸ Crude fiber: not more than 5%



An estimate of the mineral content of the food, commonly called 
ash, must then be made. High-quality dry pet foods generally contain between 5% and 8% ash. The food’s carbohydrate content can then be estimated by subtraction:
▸ 100% − % protein − % fat − % fiber − % ash − % moisture = % carbohydrate

▸ 100% − 26% − 15% − 5% − 7% − 10% = 37%



The calories provided by each nutrient in 100 g of food can then be estimated (Table 1-3). The total calories obtained from 100 g of food are 348, or 3480 kcal/kg of food. This figure can also be divided by 2.2 to convert to energy density per lb of food. The quantity of food to offer can be estimated by dividing the pet’s daily energy requirement by the energy density of the diet. For example, if an adult dog requires 1100 kcal/day and is fed a diet containing 1582 kcal/lb, approximately 11 ounces (oz) of food should be fed each day. An 8-oz cup of dry pet food might weigh 3 oz. Therefore this dog would require a little more than 3½ cups of this food per day (Box 1-1). It is important to be aware that each dog and cat is an individual and that these calculations provide only a guideline or starting point when determining a pet’s daily needs. The amount of food should be adjusted to attain optimal growth in young animals and a healthy body weight and condition in adult animals. (Adult pets in optimal condition are well-muscled and lean. Although their ribs cannot be readily seen, they should easily be felt when palpated.)
TABLE 1-3 DETERMINATION OF ENERGY DENSITY FROM GUARANTEED ANALYSIS

	348 kcal/100 g × 1000 g/kg = 
3480 kcal/kg (energy density).
	3480 kcal/kg × 1 kg/2.2 lb = 
1581.8 kcal/lb food (energy density).
	N
utrient	P
ercentage in diet		M
odified A
twater factor		kcal/100 
g of food
	Protein	26	×	3.5	=	91
	Carbohydrate	37	×	3.5	=	129.5
	Fat	15	×	8.5	=	127.5
				Total Calories	=	348


BOX 1-1 SAMPLE CALCULATION TO ESTIMATE AMOUNT OF FOOD REQUIRED DAILY
Energy requirement of an adult dog: 1100 kcal/day
Energy density of the diet: 1582 kcal/lb
STEP 1
1100 kcal/day ÷ 1582 kcal/lb = 0.69 lb of food

STEP 2
0.69 lb × 16 oz/lb = 11.04 oz
If an 8-oz cup of dry dog food weighs 3 oz, then:

STEP 3
11 oz of dry pet food ÷ 3 oz/cup ≈ 3.66 or ≈ 3½ cups of dry pet food per day.





ENERGY IMBALANCE
Energy imbalance occurs when an animal’s daily energy consumption is either greater or less than its daily requirement, leading to changes in growth rate, body weight, and body composition. Excess energy intake is much more common in dogs and cats than is energy deficiency. Overconsumption of energy has been shown to have several detrimental effects on dogs during their growth, especially those of the large and giant breeds. When an excess amount of a balanced, high-energy pet food is fed to growing puppies, maximal growth rate and weight gain can be achieved. However, studies with growing dogs have indicated that maximal growth rate is not compatible with healthy bone growth and development. 16 Feeding growing puppies to attain maximal growth rate appears to be a significant contributing factor in the development of skeletal disorders such as osteochondrosis and hip dysplasia
17. and 18. (see Section 5, pp. 491-500 for a complete discussion).
A second problem associated with an energy surplus during growth involves fat cell hyperplasia. Studies with laboratory animals have shown that the generation of an excessive number of fat cells in the body, as a result of overfeeding at a young age, can predispose an animal to obesity later in life.
19. and 20. Although research on fat cell hyperplasia during growth has not been conducted in the dog or cat, it is possible that these species are affected in a similar manner. In adult dogs and cats, surplus energy intake leads to obesity and its medical complications (see Section 5, pp. 315-321 for a complete discussion).
Inadequate energy intake results in reduced growth rate and compromised development in young dogs and cats and in weight loss and muscle wasting in adult pets. In healthy animals this condition is most commonly seen in hard-working dogs or pregnant or lactating females that are being fed a diet too low in energy density.

WATER
In terms of survivability, water is the single most important nutrient for the body. Although animals can live after losing almost all of their body fat and more than half of their protein, a loss of only 10% of body water results in death. 21 Approximately 70% of lean adult body weight is water, and many tissues in the body are composed of between 70% and 90% water. Intracellular fluid is approximately 40% to 45% of the body’s weight, and extracellular fluid accounts for 20% to 25%. The presence of an aqueous medium within cells and in many tissues is essential for the occurrence of most metabolic processes and chemical reactions.
Within the body, water functions as a solvent that facilitates cellular reactions and as a transport medium for nutrients and the end products of cellular metabolism. Because of its high specific heat, water is able to absorb the heat generated by metabolic reactions with a minimal increase in temperature. This property allows the many heat-generating reactions within the body to continue with a minimal change in body temperature. Water further contributes to temperature regulation by transporting heat away from the working organs through the blood and, in some species, by evaporating in the form of sweat on the outer surface of the body. Water is an essential component in normal digestion because it is necessary for hydrolysis (the splitting of large molecules into smaller molecules through the addition of water). The digestive enzymes of the gastrointestinal tract are secreted in solution. This aqueous medium facilitates the interaction of food components with the digestive enzymes. Elimination of waste products from the kidneys also requires a large amount of water, which acts as both a solvent for toxic metabolites and a carrier medium.
Water is the single most important nutrient for the body for survival. Water within the cells is necessary for most metabolic processes and chemical reactions, is important for temperature regulation, and is an essential component of normal digestion. Elimination of waste products from the kidneys also requires a large amount of water.




All animals experience daily water losses. Urinary excretion accounts for the greatest loss of volume in most animals. 
Obligatory loss from the kidneys is the minimum required for the body to rid itself of the daily load of urinary waste products. A certain quantity of water is necessary to act as a solvent for these end products. The remaining portion of urinary water loss, called 
facultative loss, is excreted in response to the normal water reabsorption rate of the kidneys and to mechanisms responsible for maintaining proper water balance in the body. Fecal water accounts for a much smaller portion of water excretion. In healthy animals, the amount of water that actually appears in the feces is very low compared to the amount that is absorbed across the gastrointestinal tract and returned to the body during digestion. Fecal water loss becomes substantial only when aberrations in the intestines’ capacity to absorb water occur. A third route of water loss is evaporation from the lungs during respiration. In dogs and cats this water loss is very important for the regulation of normal body temperature during hot weather. Panting substantially increases respiratory water loss and thus heat loss. Because of these mechanisms of temperature regulation, water losses from respiration and evaporation during hot weather can be very high in both dogs and cats.
Daily water consumption must compensate for these continual fluid losses. A pet’s total water intake comes from three possible sources: water present in food, metabolic water, and drinking water. The quantity of water present in the food depends on the type of diet. Commercial, dry pet food may contain as little as 7% water, but some canned rations contain up to 84% water. Within limits, increasing the water content of an animal’s food increases the diet’s acceptability. Many owners are able to increase their pet’s consumption of a dry food by adding a small amount of water to it immediately before feeding. Studies have shown that both dogs and cats are able to maintain water balance with no source of drinking water when fed diets containing more than 67% moisture.
22.23. and 24. Dogs appear to be able to readily compensate for changes in the amount of water present in food by increasing or decreasing voluntary water intake. Cats also have this ability, but they appear to be less precise in their adjustments and are more likely to underconsume water than are dogs. 25
Metabolic water is the water produced during oxidation of the energy-containing nutrients in the body. Oxygen combines with the hydrogen atoms contained in carbohydrate, protein, and fat to produce water molecules. The metabolism of fat produces the greatest amount of metabolic water on a weight basis, and protein catabolism produces the smallest amount. For every 100 g of fat, carbohydrate, and protein oxidized by the body, 107, 55, and 41 milliliters (ml) of metabolic water are produced, respectively. The rate of metabolic water production depends on an animal’s metabolic rate and the type of diet. But regardless of these factors, metabolic water is fairly insignificant because it accounts for only 5% to 10% of the total daily water intake of most animals.
The last source of water intake is voluntary drinking. Factors affecting a pet’s voluntary water consumption include the ambient temperature, type of diet, level of exercise, physiological state, and health. Water intake increases with both increasing environmental temperature and increasing exercise because more evaporative water is lost as a result of the body’s cooling mechanisms. The amount of calories consumed also affects voluntary water consumption. As energy intake increases, more metabolic waste products are produced and the heat produced by nutrient metabolism increases. In these circumstances, the body requires more water to excrete waste products in the urine and to contribute to thermoregulation.
Diet type and composition can also dramatically affect voluntary water intake. For example, in a study of dogs that were fed a diet containing 73% moisture, they obtained 38% of their daily water needs from drinking water. When they were abruptly switched to a diet containing only 7% water, voluntary water intake immediately increased to 95% or more of the total daily intake. 25 In the same study, increasing the salt content of the diet caused an increased drinking response in both dogs and cats. When the level of salt in the diet of a group of cats was increased from 1.3% to 4.6%, voluntary water intake nearly doubled. Generally, if fresh, palatable water is available and proper amounts of a well-balanced diet are fed, most healthy pets are able to accurately regulate water balance through voluntary intake of water.
Pets obtain water from food, metabolic water, and drinking water. If the water content of food is increased or decreased, most pets are naturally able to achieve water balance by increasing or decreasing their voluntary intake of drinking water.
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Chapter 2. Carbohydrates
Carbohydrates are the major energy-containing constituents of plants, making up between 60% and 90% of dry-matter (DM) weight. This class of nutrients comprises the elements carbon, hydrogen, and oxygen. A structural classification scheme separates carbohydrates into monosaccharides, disaccharides, or polysaccharides. 
Monosaccharides, often referred to as the 
simple sugars, are the simplest form of carbohydrate. A monosaccharide is comprised of a single unit containing between three and seven carbon atoms. The three hexoses (6-carbon monosaccharides) that are nutritionally and metabolically the most important are glucose, fructose, and galactose (Figure 2-1).
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	Figure 2-1 Basic carbohydrate structure.




Glucose is a moderately sweet, simple sugar found in commercially prepared corn syrup and sweet fruits such as grapes and berries. It is also the chief end product of starch digestion and glycogen hydrolysis in the body. Glucose is the form of carbohydrate found circulating in the bloodstream and is the primary carbohydrate used by the body’s cells for energy. Fructose, commonly referred to as 
fruit sugar, is a very sweet sugar found in honey, ripe fruits, and some vegetables. It is also formed from the digestion or acid hydrolysis of the disaccharide sucrose. Galactose is not found in a free form in foods. However, it makes up 50% of the disaccharide lactose, which is present in the milk of all mammalian species. Like fructose, galactose is released during digestion. Within the body, galactose is converted to glucose by the liver and eventually enters the circulation in the form of glucose.
Disaccharides are made up of two monosaccharide units linked together. Lactose, the sugar found in the milk of all mammals, contains a molecule of glucose and a molecule of galactose. It is the only carbohydrate of animal origin that is of any significance in the diet. Sucrose, commonly recognized as table sugar, contains a molecule of glucose linked to a molecule of fructose. It is found in cane, beets, and maple syrup. Maltose is made up of two glucose molecules linked together. This disaccharide is not commonly found in most foods, but it is formed as an intermediate product in the body during the digestion of starch.
Polysaccharides comprise many single monosaccharide units linked together in long and complex chains. Starch, glycogen, dextrins, and dietary fiber are all polysaccharides. Starch is a nonstructural plant storage polysaccharide and is the chief carbohydrate source present in most commercial pet foods. The two major forms of dietary starch are amylose (comprised of linear glucose chains) and amylopectin (comprised of branched glucose chains). Cereal grains such as corn, wheat, sorghum, barley, and rice are the major ingredients that provide starch. Glycogen is the storage form of carbohydrate in the body. It is found in the liver and muscle, and it functions to help maintain normal glucose homeostasis in the body. Dextrins are polysaccharide compounds that are formed as intermediate products in the breakdown of starch. They are created during normal digestive processes in the body and through the commercial processing of some foods. The monosaccharide units found in starch, glycogen, and dextrin molecules have an alpha-configuration and are linked together by alpha-bonds. This type of bond can be readily hydrolyzed by the endogenous enzymes of the gastrointestinal tract and yields monosaccharide units upon either digestion or chemical hydrolysis.
Although the exact definition of dietary fiber continues to be debated, dietary fiber (also referred to as 
nonstarch polysaccharides) comprises several forms of plant carbohydrate. The major carbohydrate components of dietary fiber include cellulose, hemicellulose, pectin, and the plant gums and mucilages. Lignin, a large phenylpropane polymer, is the only noncarbohydrate component of fiber. Plant fiber differs from starch and glycogen in that its monosaccharide units have a beta-configuration and are linked together by beta-bonds. These bonds resist digestion by the endogenous enzymes of the gastrointestinal tract. As a result, dietary fiber cannot be broken down by enzymes of the intestinal tract to monosaccharide units for absorption in the small intestine.
Although dogs and cats do not directly digest dietary fiber, microbes found in the large intestine (colon) are able to break down certain types of fiber to varying degrees. This bacterial fermentation produces short-chain fatty acids (SCFAs) and other end products. The SCFAs that are produced in greatest abundance are acetate, propionate, and butyrate. The magnitude of bacterial digestion depends on factors such as the species of animal, the type of fiber present in the diet, the gastrointestinal transit time, and the intake of other dietary constituents. Soluble fibers are those that form a viscous solution upon contact with water; it is the physical properties of these fibers that affect gastrointestinal functions such as stomach emptying time and transit time. 1 Most soluble fibers are moderately or highly fermentable in the large intestine. Conversely, insoluble fibers retain some water within their structural matrix but do not form viscous solutions. These fibers are generally much less fermentable and function to increase fecal mass and decrease intestinal transit time. For example, in dogs and cats, pectin and other soluble fibers are highly fermentable, beet pulp is moderately fermentable, and cellulose is nonfermentable (Table 2-1).
TABLE 2-1 DIETARY FIBER FERMENTATION IN DOGS

From Reinhart GA, Sunvold GD: In vitro fermentation as a predictor of fiber utilization. In 
Recent advances in canine and feline nutritional research: proceedings of the 1996 Iams international nutrition symposium, Wilmington, Ohio, 1996, Orange Frazer Press.	F
iber type	S
olubility	F
ermentability
	Beet pulp	Low	Moderate
	Cellulose	Low	Low
	Rice bran	Low	Moderate
	Gum arabic	High	Moderate
	Pectin	High	High
	Carboxymethylcellulose	High	Low
	Methylcellulose	High	Low
	Cabbage fiber	Low	High
	Guar gum	High	High
	Locust bean gum	High	Low
	Xanthan gum	High	Low


Ruminants and herbivorous animals are able to derive a significant amount of energy from the SCFAs produced by the bacterial fermentation of fiber. However, nonherbivores, such as the dog and the cat, cannot do this because of the relatively short and simple structure of their large intestine. Although SCFAs are produced in these species, there is no mechanism for the absorption of large amounts of SCFAs in the large intestine. Therefore the total energy balance of dogs and cats is not significantly affected by the production of SCFAs from dietary fiber.
However, the SCFAs that are produced from fiber are an important energy source for the epithelial cells lining the gastrointestinal tract in dogs and cats. The enterocytes and colonocytes of the large intestine are active cells that have a high turnover rate and rely on SCFAs as a significant energy source. A series of studies found that dogs fed diets containing moderately fermentable fiber have increased colon weights, mucosal surface area, and mucosal hypertrophy when compared with dogs fed a diet containing a nonfermentable fiber source (Table 2-2). 2 These changes provide a measure of the absorptive capacity of the colon and indicate increased cellular activity and health. Although a highly fermentable fiber source has similar effects on colon weight and morphology, diets containing this type of fiber result in poor stool quality. It appears that the best fiber sources for companion animals are those that are moderately fermentable and provide adequate levels of SCFAs for the intestinal mucosa.
3.4. and 5. Fiber in the diets of dogs and cats also functions as an aid in the proper functioning of the gastrointestinal tract and as a dietary diluent that decreases the total energy density of the diet (see Section 2, p. 77 and Section 5, pp. 333-335). Finally, certain fermentable fibers act as prebiotics when included in diets. Prebiotics are food ingredients that provide benefits by stimulating the proliferation of certain desirable bacterial species in the gastrointestinal tract although they are not directly digested by the host animal (see Section 5, pp. 467-472 for a complete discussion). 6
TABLE 2-2 EFFECTS OF FIBER SOURCE ON THE CANINE COLON

Data from Reinhart GA, Moxley RA, Clemens ET: Dietary fibre source and its effects on colonic microstructure and histopathology of Beagle dogs, 
J Nutr 124:2701S-2703S, 1994.		C
ellulose	B
eet pulp	P
ectin/G
um arabic	I
nterpretation
	Colon weight (g/kg body weight)	6.09	6.52	6.62	More is better
	Surface:area ratio	0.146	0.156	0.154	More is better
	Cryptitis (number affected of five dogs)	4	1	3	Less is better
	DNA content (microgram [μg]/mg)	47.4	40.4	38.4	Less is better


Moderately fermentable fiber sources (as opposed to highly fermentable and nonfermentable fiber sources), which are a source of bulk and provide adequate levels of short-chain fatty acids (SCFAs) in the large intestine, are good fiber sources for cats and dogs. The SCFAs are an important energy source for the epithelial cells lining the gastrointestinal (GI) tract, and these fiber sources help to maintain GI tract health.




In the body, carbohydrate has several functions. The monosaccharide glucose is an important energy source for many tissues. A constant supply of glucose is necessary for the proper functioning of the central nervous system (CNS), and the glycogen present in the heart muscle is an important emergency source of energy for the heart. Glycogen in the liver and muscle can be hydrolyzed to supply additional carbohydrate fuel to cells when circulating glucose is low. Carbohydrate also supplies carbon skeletons for the formation of nonessential amino acids and is needed for the synthesis of other essential body compounds such as glucuronic acid, heparin, chondroitin sulfate, the immunopolysaccharides, deoxyribonucleic acid (DNA), and ribonucleic acid (RNA). When conjugated with proteins or lipids, some carbohydrates also become important structural components in the body’s tissues.
Dietary carbohydrate provides animals with a source of energy and assists in proper gastrointestinal tract functioning. However, only a limited amount of carbohydrate can be stored in the body as glycogen, so when dietary carbohydrate is consumed in excess of the body’s energy needs, most is metabolized to body fat for energy storage. Therefore consumption of dietary carbohydrate in excess of an animal’s energy needs can lead to increased body fat and obesity. In addition to its function in supplying energy to the body, digestible carbohydrate also has a protein-sparing effect. Just as animals eat to meet their energy needs, the body satisfies its energy requirement before using energy-containing nutrients in the diet for other purposes. If adequate carbohydrate is supplied in the diet, protein will be spared from being used for energy and can then be used for tissue repair and growth. Finally, although dietary fiber does not contribute appreciably to energy balance in dogs and cats, a moderate level in the diet is beneficial. Plant fiber provides SCFAs to cells lining the intestine, helps to stimulate normal peristalsis, provides bulk to intestinal contents, and reduces gastrointestinal transit time (see Section 2, p. 77).
Because carbohydrates are an excellent energy source for the body, optimal levels of digestible carbohydrate in the diet serve to spare dietary protein from being used as an energy source.
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Chapter 3. Fats
Dietary fat is part of a heterogeneous group of compounds known as the 
lipids. These compounds are classified together because of their solubility in organic solvents and their insolubility in water. They can be further categorized into simple lipids, compound lipids, and derived lipids. The simple lipids include the triglycerides, which are the most common form of fat present in the diet, and the waxes. Triglycerides are made up of three fatty acids linked to one molecule of glycerol (Figure 3-1), and waxes contain a greater number of fatty acids linked to a long-chain alcohol molecule. Compound lipids are composed of a lipid, such as a fatty acid, linked to a nonlipid molecule. Lipoproteins, which function to carry fat in the bloodstream, are a type of compound lipid. The derived lipids include sterol compounds, such as cholesterol, and fat-soluble vitamins.
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	Figure 3-1 Triglyceride structure.




Triglyceride is the most important type of fat in the diet; it can be differentiated in foods according to the types of fatty acids that each triglyceride contains. Fatty acids vary in carbon-chain length and may be saturated, monounsaturated, or polyunsaturated. Most food triglycerides contain predominantly long-chain fatty acids that have an even number of carbon atoms ranging between 16 and 26. Two exceptions are butter and coconut oil, which contain appreciable amounts of medium- and short-chain fatty acids (SCFAs). Medium-chain triglycerides (MCTs) refer to triglycerides that primarily contain fatty acids with between 8 and 10 carbon atoms. These fatty acids have been shown to be rapidly hydrolyzed and absorbed in human subjects, reportedly directly entering the portal venous blood system rather than being transported through the lymphatic system. 1 For this reason, MCTs have been identified as a form of dietary fat that may provide benefit to dogs with digestive disorders that affect normal fat digestion and absorption. 2 However, a study that examined the digestion and absorption of MCTs in healthy adult dogs found evidence that these fats were absorbed in the same manner as long-chain fatty acids (via that intestinal lymphatic system) and found no evidence of direct transport via portal venous blood. 3 In addition, others have reported that the inclusion of high concentrations of MCTs in dog diets can negatively affect diet palatability and cause reduced food intake.
2. and 4. Therefore additional studies of benefits for this class of fats for pets with gastrointestinal disease are warranted before their use in therapeutic diets can be recommended.
Saturated fatty acids contain no double bonds between carbon atoms and thus are “saturated” with hydrogen atoms. Monounsaturated fatty acids have one double bond, and polyunsaturated fatty acids (PUFAs) contain two or more double bonds (Figure 3-2). The double bonds between carbon atoms in unsaturated fatty acids may exist in either 
cis or 
trans configurations. 
Cis isomers have the hydrogen atoms on each side of the double bond oriented in the same plane, while 
trans isomers have their hydrogen atoms on each side of the bond oriented in opposite planes. Most of the naturally occurring unsaturated fatty acids are 
cis isomers. Conversely, 
trans double bonds are most commonly introduced into fatty acids during the food manufacturing process (both in human and pet foods) or hydrogenation. In humans, the inclusion of 
trans fatty acids in the diet can negatively affect lipoprotein metabolism in the same manner as diets that are rich in saturated fat. 5 However, the impact of these fats upon canine and feline fat metabolism and health has not been studied extensively. In general, the triglycerides in animal fats contain a higher percentage of saturated fatty acids than do those in vegetable fats. Most plant oils, with the exception of palm, olive, and coconut oils, contain between 80% and 90% unsaturated fat; animal fats contain between 50% and 60% unsaturated fat.
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	Figure 3-2 Types of fatty acids.




Fat has numerous functions within the body. Triglycerides are the body’s primary form of stored energy. Major depots of fat accumulation are present under the skin (as subcutaneous fat), around the vital organs, and in the membranes surrounding the intestines. Some of these depots can be readily observed in obese dogs and cats. Fat depots in the body have an extensive blood and nerve supply and are in a constant state of flux,  providing energy in times of need and storage in times of energy surplus. They also serve as insulators, protecting the body from heat loss, and as a protective layer that guards against physical injury to the vital organs. Although animals have a very limited capacity to store carbohydrate in the form of glycogen, they have an almost limitless capacity to store surplus energy in the form of fat.
In addition to providing energy, fat has numerous metabolic and structural functions. Fat insulation surrounds myelinated nerve fibers and aids in the transmission of nerve impulses. Phospholipids and glycolipids serve as structural components for cell membranes and participate in the transport of nutrients and metabolites across these membranes. Lipoproteins provide for the transport of fats through the bloodstream. Cholesterol is used by the body to form the bile salts necessary for proper fat digestion and absorption, and it is also a precursor for the steroid hormones. Along with other lipids, cholesterol forms a protective layer in the skin that prevents excessive water loss and the invasion of foreign substances. The essential fatty acid (EFA) arachidonic acid is the precursor of a group of physiologically and pharmacologically active compounds called 
prostacyclins, 
prostaglandins, leukotrienes, and 
thromboxanes. These compounds perform extensive hormonelike actions in the body and are involved in processes such as vasodilation and vasoconstriction, muscle contraction, blood pressure homeostasis, gastric acid secretion, regulation of body temperature, regulation of blood clotting mechanisms, and control of inflammation.
In the diet, fat provides the most concentrated form of energy of all the nutrients. Although the gross energy (GE) of protein and carbohydrate is approximately 5.65 and 4.15 kilocalories per gram (kcal/g), respectively, the GE of fat is 9.4 kcal/g. In addition to containing more energy, the digestibility of fat is also usually higher than that of protein and carbohydrate. An early study reported estimates of apparent fat digestibility between 80% and 95% in adult dogs when fed mixtures of plant and animal fat. 6 A second study reported that the apparent digestibility of the fat in several commercially prepared dry-type dog foods varied between 70% and 90%. 7 More recently, a comparison of apparent nutrient digestibilities among six extruded dry dog foods reported that fat digestibility was greater than 90% for all six foods. 8 In each of these studies, within food types, the apparent fat digestibility was consistently higher than either protein or carbohydrate digestibility. Therefore, increasing the percentage of fat in a pet’s diet provides a very concentrated, readily digested source of energy that substantially increases the caloric density of the food.
Dietary fat also provides a source of EFAs and acts as a carrier that allows the absorption of the fat-soluble vitamins. The body has a physiological requirement for two distinct families of EFAs: the n-6 and the n-3 series. 9 This terminology denotes the position of the first double bond in the molecule, counting from the terminal (methyl) end of the chain. The most important fatty acid of the n-6 series is linoleic acid (see Figure 3-2). In most animals, gamma-linolenic acid (GLA) and arachidonic acid (AA) can be synthesized from linoleic acid by alternating desaturation and elongation reactions. Therefore, if adequate linoleic acid is provided in the diet, there is not a dietary requirement for GLA or AA. Although the dog is able to synthesize adequate amounts of these fatty acids during all life stages, the cat is one of the few species that does not synthesize adequate amounts of AA during all stages of life, even when adequate linoleic acid is present in the diet. 10 As a result, AA is considered to be conditionally essential for the cat during pregnancy and for normal neonatal development.
In the n-3 family, alpha-linolenic acid (ALA) is also considered to be essential for dogs and cats although exact requirement levels are not well defined. 11 Similar to the n-6 family of fatty acids, the conversion of ALA to physiologically essential long-chain PUFAs such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) is limited, which may lead to a dietary requirement during periods of reproduction and development (see Section 4, pp. 211 and 228-229 for a complete discussion). Beneficial effects of several of the n-3 fatty acids are reported when these fatty acids are included in the diet at nutritional levels and balanced with n-6 fatty acid content. These effects relate to the fatty acid composition of cell membranes and the production of eicosanoids (see Section 4, pp. 211 and 228-229 and 31, 32, 35, 36 and 37 for complete discussions).
All of the EFAs are polyunsaturated. Linoleic acid and the linolenic acids contain 18 carbon atoms and 2 and 3 double bonds, respectively. AA contains 20 carbon atoms and 4 double bonds (see Figure 3-2). In most animals, the best sources of linoleic acid are vegetable oils such as corn, soybean, and safflower oils. Poultry fat and pork fat also contain appreciable amounts of linoleic acid, while beef tallow and butter fats contain very little. Another
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Calculation
Metabolizable energy = (GEfood) — (GEfeces + GEyrine)

Example
1100 keal = 3600 (food) — 2500 (feces + urine)
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