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      Director of Laboratory of Avian Endocrinology & Molecular Genetics


    




    

      Center of Excellence for Poultry Science


    




    

      University of Arkansas, Fayetteville, USA


    




    


    


  




  

    The idea of writing a book has had a relatively long gestation period. From a young age in the mid-eighties, as a biology and biochemistry volunteer tutor for underrepresented and disadvantaged high school students in Tunisia, I have had a profound desire to contribute to the personal and professional development of others. I feel the most fulfilled when I am educating and serving others. At that time, several students suggested that my notes could be organized and compiled in a text book. Unfortunately, although the idea was inspiring, I couldn’t write the book for diverse reasons including lack of infrastructure (computer, etc.) and scientific maturity as well as economic disadvantages and constraints.




    As I am drawn to the challenges of teaching and research because it gives me the opportunity to mentor students and contribute to their intellectual growth, which I consider to be the most valuable and worthwhile accomplishment, I joined the University of Arkansas in 2013 to conduct research on avian molecular nutrition and to develop and taught a biochemical nutrition course (POSC/ANSC 5143). At the beginning of this class, my students from different departments (poultry, animal, and food science, kinesiology, and nursing) and I used several biochemistry and nutrition conventional textbooks that we ordered through textbook department. After interaction with several students, the idea of organizing and collate my course notes in a text book was revived and regenerated. Taking advantage of technology expanding and advancement, I decided to compile my course in an electronic book (book) to enhance the learning process, encourage the students’ creativity and learning autonomy, and reduce the burden of carrying heavy textbooks. This in turn, allows me to gain new perspectives on biochemical nutrition topics that inform my research, and reexamine the key ideas and assumptions that shape the production of knowledge in my field.




    This book is intended to provide the readers with a comprehensive account of the interrelationship of nutrition and metabolism as well as an understanding of physiological changes that occur in the whole body as a result of excessive or deficient diets, and the endocrine and molecular regulatory mechanisms controlling such changes.




    I tried to keep the book current with latest scientific advances and at the same time maintain a clear and readable style. It is my wish that this book will be revised and updated every five years because of the plenitude of new information and progress. Mrs. Humaira Hashmi, In-charge eBook department, at Bentham Science has been a source of support and encouragement. I owe a debt of gratitude to my family, my wife and my kids, for their unflagging support and their tolerance of my absence. Also, my students were the original inspiration for this book and I remain endlessly grateful to them, because from them I learn how to think and how to communicate knowledge in the most efficient, clear, and meaningful way.
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    INTRODUCTION




    


    


    


    


    


  




  

    

      Biochemical nutrition can be defined as the science of nutrition and chemical basis of life. It is a combination of two very broad, but tightly interconnected and complementary disciplines. As the cell is the basic unit of life, and nutrition is meant to provide the necessary energy for cellular functions (maintenance, proliferation, differentiation, division, etc.), thus biochemical nutrition can also be described as the study of the interaction between nutrients and the chemical constituents of living cells and of the reactions and processes they undergo. Following this definition, biochemical nutrition encompasses various and diverse aspects of biochemistry (the study of chemical characteristics and reactions of a particular living organism or biological substance), nutrition (the study of nutritional needs of a particular living organism), dietetics (diet formulation), integrative physiology (the study of body function), pathology (the study of causes and effects of diseases), cellular biology (the study of cell structure and function), molecular biology (the study of the structure and function of cellular macromolecules such as proteins and nucleic acids), neuroendocrinology (the study of the physiological interactions between the central nervous system and the endocrine system), immunology (the study of the immune system), microbiology (the study of microorganisms and their interaction with the host), behavior (the study of organismal action and response patterns to stimuli or stress), and more recently modeling and computational biology (the study of biological system networks using algorithms and models). The ultimate goal of biochemical nutrition is to help apprehend the origin of life by unraveling, at the molecular levels, all the chemical pathways associated with living cells, to define their energetic (nutrient) requirements, and to integrate biochemical and nutritional knowledge into efforts to not only maintain life and well-being through health improvement, but also to understand diseases for subsequent development of effective preventions or therapies.




      The major objectives of the present book are to provide students and readers with a detailed, simplified, and comprehensive account of the interrelationship of nutrition and metabolism which is defined as the totality of chemical processes that occur in a living organism in order to maintain life, an understanding of physiological changes that occur in specific organs and in the whole body as a result of feeding diets with excess or deficient amounts of nutrients, and the endocrine and molecular regulatory mechanisms controlling such changes. As there are considerable differences in metabolism, nutrient requirement, and sometime in molecular pathways between mammalian and non-mammalian species, a comparative approach is often taken.




      I know that biochemistry and nutrition present sometime an unusual challenge for students due to their diverse backgrounds, learning preferences, and aptitude and levels of interest. By writing this book, my fervent hope is to help diverse students from anywhere at any time to learn fast, integrate relevant principles in physiology, biochemistry, and molecular signaling pathways as they relate to nutrition of the whole organism, and to evaluate current nutrition concepts with a better understanding of how nutrition affects health, welfare, and performance. This book should enable students to formulate a biochemical approach to an experimental nutrition problem thus supporting the application of basic sciences and problem solving skills.




      After an overview of the need of food and water (chapter 1), and describing the cell and organ system components (Chapter 2), the book focuses on the regulation of food intake from the factor influencing appetite to the central and peripheral underlying mechanisms (chapters 3, 4, and 5). In chapter 6, author will discuss water intake and water homeostasis regulation. In chapters 7, 8, and 9, protein, carbohydrate, and lipid metabolism are addressed from digestion and absorption to transport, utilization, synthesis, degradation, and molecular regulation. In conclusion, chapter 10 briefly summarizes the whole objective of the book.
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    Setting the Stage: The Need of Water and Food
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      Abstract




      This chapter sets the stage and provides current knowledge related to water and food necessities. Both water and food are essential for life and major keys to survival. Although water is not included in the diet formulation, it is considered an inorganic nutrient, and it is consumed mostly as drinking water and from feedstuffs. A further source of water is metabolic water or oxidation water, which is produced when macronutrients (carbohydrates, fats, and proteins) are oxidized to yield energy. Water comprises 75% body weight in infants to 55% in the elderly and is essential for cellular homeostasis. Similarly, the macronutrients provide energy (measured in Kcals) and essential components to sustain cellular homeostasis and life. These macronutrients are consumed in different combinations and ratios to help achieve different goals and health (disease) states. In this chapter, a brief description of these nutrients is provided.
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      Introduction




      Before discussing various aspects of biochemistry and metabolism, one might ask the following two basic questions: why do we need to eat? And why do we need to drink water? The simple and instinctive answers are: we eat because we are hungry and drink because we are thirsty. By eating food and drinking water, we live, we survive, and we allow our bodies to accomplish various tasks and physical works on a daily basis. An adult eats about a ton of food and drinks around 1095 L a year, and the human body contains about 60% water- a total of 42 L in a 70-kg person. It is like a power station, which requires fuel to generate energy and power the turbine. Food and water are the fuel that provides the body with the necessary nutrients and energy (metabolic fuels).




      A brief description of nutrients and energy will be given for an introductory purpose, and they will be discussed in-depth in later chapters.




      

        



        1.1. Nutrients




        By definition, nutrients are substances used by an organism to survive, grow, and reproduce. Thus, they are building blocks of all organisms. They can be categorized into two types: macronutrients (or Major nutrients) and micronutrients. Macronutrients, which are consumed in great (gram, g) amounts, comprise carbohydrates, proteins, lipids or fats, and ethanol (alcohol). As these nutrients contain carbon-hydrogen bonds, they can also be categorized as organic nutrients. Micronutrients, however, are usually consumed in small (milligram, mg) quantities, include vitamins and minerals. Vitamins are organic, however minerals are inorganic nutrients. Although nutrients are dietary essentials, not all animals and all species require all nutrients. It has long been considered that all animals, with the exceptions of primates, humans, guinea pigs, and fish, can produce their own vitamin C or ascorbic acid [1]. Humans and primates have lost the ability to synthesize vitamin C as a result of a mutation in the gene coding for L-gulonolactone oxidase, a rate-limiting enzyme in the biosynthesis of vitamin C through the glucuronic acid pathway [2]. Thus, vitamin C must be obtained through the diet, and an intake of 90-100 mg of vitamin C is required for nonsmoking men and women [3]. A deficient diet in vitamin C causes scurvy disease [4-7]. As a comparison, a typical 70 kg goat is capable of producing over 13 g of vitamin C daily [1]. Similarly, adult ruminant animals are capable of synthesizing B-complex vitamins (thiamin, riboflavin, niacin, biotin, folic acid, pyridoxine or B6, pantothenic acid, and B12) in their rumen flora and do not normally have a dietary requirement for it [8-10].




        The ambiguity about what is and what is not a nutrient as well as for their specific requirements, still exists. For instance, glucose and other sugars are commonly considered to be nutrients however there are no specific requirements for individual sugar. Instead, there is a collective requirement for carbohydrates. Similarly, there is a combined requirement for fatty acids and proteins. Some of these individual sugars, fats, or amino acids can be omitted from the diet if appropriate dietary adjustments are made. For minerals and vitamins, the requirements are unambiguous because they have specific metabolic roles that cannot be replaced by other nutrients.




        Following a myriad of biochemical processes during ingestion, digestion, metabolism, and storage throughout the organism, the purpose of food (nutrients) is to provide the required energy (metabolic fuels) for the body needs and thereby maintain the stability of its milieu interieur (internal environment). As evidenced from the homeostatic perspective of Claude Bernard and Walter Cannon [11, 12], the body is able to monitor its internal conditions and make the necessary adjustments to sustain its stability, referred to us as energy homeostasis or homeostatic control of energy balance. Obviously, energy intake has to be appropriate for the level of energy expenditure, and neither excess intake nor a deficiency is desirable. In fact, an imbalance between energy inflow and outflow that results from gene-environmental interactions can derive a positive (body weight gain) or negative (body weight loss) energy balance. Total energy expenditure is composed primarily of basal metabolic rate (also known as resting energy expenditure or resting metabolic rate), diet-induced thermogenesis (also called specific dynamic action, the specific effect of food, or thermic effect of food), exercise or physical activity, and adaptive thermogenesis. Each of these components will be discussed in detail in later chapters. As the energy used in various activities can be measured, as can the metabolic energy yield of the foods that provide the fuel for that work, it is possible to calculate the balance between the energy intake and energy expenditure.




        

          



          1.1.1. Macronutrients




          

            



            1.1.1.1. Proteins




            Protein was first discovered by the Dutch chemist Gerhardus Johannes Mulder in 1837, who described it as a nitrogen-containing part of food essential to life. One year later, Jons Jacob Berzelius supported the theory of Mulder and proposed the name “protein” which is derived from the Greek word “proteos”, and means “primary” or “first, for most” because it appears to be the primitive or principal substance of animal nutrition. In addition to carbon, oxygen, and hydrogen, protein also contains nitrogen and sulfur [13].




            Proteins are essential parts of the diet (Table 1.1) and they are composed of amino acids. Plant and animal proteins are composed of about 20 amino acids, organized in various sequences to form specific proteins. Intriguingly, there is a great number (over 900) in plants that are non-protein amino acids with no role in animal nutrition [14]. During digestion, proteins are broken down in the digestive tract to free amino acids that, after absorption, are used to exert significant biological functions and are also used by the body to rebuild new proteins and other necessary molecules such as neurotransmitters and hormones. The human body, for instance, can make some amino acids (non-essential or dispensable amino acids), but others must be obtained from the diet; these are so-called essential or indispensable amino acids (histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine) [15]. In addition to the abovementioned essential amino acids, poultry and swine need arginine [16].




            

              Table 1.1 Food composition charts. Macronutrients are in g/100g, minerals and vitamins are in mg/100g, and E in kcal. Carbs, carbohydrates; E, energy; - traces.




              

                

                  

                    	-



                    	Food



                    	Protein



                    	Carbs



                    	Fat



                    	Thiamin



                    	Na



                    	E

                  


                



                

                  

                    	-



                    	Flounder, baked



                    	25



                    	0



                    	11



                    	0.06



                    	235



                    	200

                  




                  

                    	Fish



                    	Haddock, fried



                    	21



                    	4



                    	8



                    	0



                    	180



                    	175

                  




                  

                    	-



                    	Lobster, boiled



                    	22



                    	0



                    	3



                    	0.08



                    	330



                    	120

                  




                  

                    	-



                    	Fillet steak, fried



                    	28



                    	0



                    	9



                    	0.08



                    	85



                    	200

                  




                  

                    	-



                    	Sirloin, roast



                    	24



                    	0



                    	21



                    	0.06



                    	55



                    	285

                  




                  

                    	Meat



                    	Chicken, boiled



                    	29



                    	0



                    	7



                    	0.06



                    	80



                    	185

                  




                  

                    	-



                    	Duck, roast



                    	20



                    	0



                    	29



                    	0



                    	80



                    	340

                  




                  

                    	-



                    	Pork, grilled



                    	22



                    	0



                    	19



                    	0.5



                    	70



                    	260

                  




                  

                    	-



                    	Turkey, roast



                    	28



                    	0



                    	7



                    	0



                    	50



                    	170

                  




                  

                    	-



                    	Veal, roast



                    	31



                    	4



                    	8



                    	0



                    	110



                    	215

                  




                  

                    	-



                    	Cheese, camembert



                    	23



                    	-



                    	23



                    	0.05



                    	1410



                    	300

                  




                  

                    	-



                    	Danish blue



                    	23



                    	-



                    	29



                    	0.03



                    	1420



                    	355

                  




                  

                    	Milk products



                    	Swiss cheese



                    	29



                    	-



                    	29



                    	0.01



                    	155



                    	375

                  




                  

                    	-



                    	Milkshake, flavored



                    	3



                    	17



                    	5



                    	0.04



                    	-



                    	120

                  




                  

                    	-



                    	Yoghurt, favored



                    	3



                    	11



                    	4



                    	0.04



                    	40



                    	100

                  




                  

                    	-



                    	Cow milk, skim



                    	10



                    	60



                    	-



                    	0.1



                    	180



                    	265

                  




                  

                    	-



                    	Apple



                    	0.2



                    	9



                    	-



                    	0.03



                    	2



                    	35

                  




                  

                    	Fruits



                    	Apricot



                    	0.5



                    	6



                    	-



                    	0.04



                    	-



                    	25

                  




                  

                    	-



                    	Raspberries



                    	0.9



                    	6



                    	-



                    	0.02



                    	3



                    	25

                  




                  

                    	-



                    	Watermelon



                    	0.2



                    	3



                    	-



                    	0.01



                    	2



                    	10

                  




                  

                    	Egg



                    	Egg, boiled



                    	12



                    	-



                    	11



                    	0.08



                    	140



                    	145

                  




                  

                    	-



                    	Egg, fried



                    	14



                    	-



                    	20



                    	0.07



                    	220



                    	230

                  




                  

                    	-



                    	Barely, boiled



                    	3



                    	28



                    	1



                    	-



                    	1



                    	120

                  




                  

                    	-



                    	Wheat, starch-red



                    	45



                    	37



                    	8



                    	0.2



                    	610



                    	390

                  




                  

                    	-



                    	Bread, wheat



                    	14



                    	48



                    	2



                    	0.2



                    	540



                    	205

                  




                  

                    	Cereal products



                    	Cake, fruit



                    	5



                    	58



                    	13



                    	0.08



                    	250



                    	355

                  




                  

                    	-



                    	Pasta, boiled



                    	4



                    	25



                    	1



                    	0.01



                    	8



                    	115

                  




                  

                    	-



                    	Pizza, cheese



                    	9



                    	25



                    	12



                    	0.1



                    	340



                    	235

                  




                  

                    	-



                    	Rice, boiled



                    	2



                    	30



                    	-



                    	0.01



                    	2



                    	125

                  




                  

                    	-



                    	Lentils, boiled



                    	8



                    	17



                    	1



                    	0.1



                    	10



                    	100

                  




                  

                    	-



                    	Asparagus, boiled



                    	2



                    	1



                    	-



                    	0.05



                    	1



                    	9

                  




                  

                    	Vegetables



                    	Soya, boiled



                    	11



                    	11



                    	6



                    	0.2



                    	2



                    	130

                  




                  

                    	-



                    	Chickpeas, cooked



                    	8



                    	22



                    	3



                    	0.1



                    	850



                    	145

                  




                  

                    	Nuts



                    	Almonds



                    	17



                    	4



                    	54



                    	0.2



                    	6



                    	555

                  




                  

                    	-



                    	Peanuts, raw



                    	24



                    	6



                    	34



                    	0.6



                    	4



                    	395

                  




                  

                    	Fat



                    	Butter, salted



                    	0.4



                    	-



                    	81



                    	-



                    	840



                    	730

                  




                  

                    	-



                    	Vegetable oil



                    	-



                    	0



                    	100



                    	-



                    	-



                    	900

                  




                  

                    	-



                    	Beer



                    	0.3



                    	2



                    	-



                    	-



                    	9



                    	40

                  




                  

                    	Beverages



                    	Cola-type drink



                    	-



                    	11



                    	0



                    	0



                    	8



                    	40

                  




                  

                    	-



                    	Lemonade



                    	-



                    	10



                    	0



                    	-



                    	7



                    	40

                  


                

              




              

                The values of the above food composition charts were obtained from http://apjcn.nhri.org.tw

              




            




            As protein and amino acids contain nitrogen, the protein digestibility by livestock is often determined by measuring the nitrogen content of feed and feces, with the difference reflecting the amount of protein (amino acids) absorbed. In general, proteins contain about 16% of nitrogen (6.26g of protein contains 1 g nitrogen). The nitrogen (N) content is measured by Kjeldahl1 procedure, and the crude proteins (CP) are determined using the following equation: CP= N x 6.25.


          




          

            



            1.1.1.2. Carbohydrates




            The name of carbohydrate was originally assigned to substances thought to be hydrates of carbon and having the formula Cn(H2O)n where not only the molar ratio of carbon to hydrogen to oxygen is 1:2:1, but also the ratio of carbon to water is 1:1. Therefore, carbohydrate is literally means “carbon with water or water of carbon”. In 1747, the German chemist Andreas Sigismund Marggraf discovered beet sugar. In 1811, the Russian chemist Constantine Kirchoff isolated crystalline sugar from sweet syrup obtained from starch under the action of acids. In 1844, Carl Schmidt designated carbohydrates (kohlenhydrate) as compounds containing carbon, hydrogen, and oxygen and showed that sugar was also found in the blood. In 1838, the French chemist Jean Baptiste Andre Dumas named the molecule glucose. The structure of simple sugars, including glucose, was established by about 1900, mainly by the brilliant work of the Germain chemist Emil Fisher who thereby laid the foundations of carbohydrate chemistry. The main members of the complex carbohydrate macromolecule are plant starch, pectin, cellulose, and gums. Simple carbohydrates encompass hexose monosaccharides (glucose, galactose, and fructose) and the disaccharide maltose (glucose-glucose), sucrose (glucose-fructose), and lactose (glucose-galactose). Other carbohydrates include trioses (glycerose), tetroses (erythrose), and pentoses (ribose and desoxyribose), which are important constituents of nucleic acids. Today, carbohydrates comprise polyhydroxy aldehydes, ketones, alcohols, acids, and amines, their simple derivatives and the products formed by the condensation of these different compounds through glycosidic linkages (mainly oxygen bridges) into oligomers (oligosaccharides which yield three to ten monosaccharides on hydrolysis) and polymers (polysaccharides which yield more than ten oligosaccharides). Carbohydrates can also link proteins or lipids to form glycoproteins or glycolipids, respectively [17].




            Carbohydrates are the major dietary energy source for most animals, with the exception of carnivores. Plant tissues contain pigments including chlorophyll and carotenoid that harness solar energy to provide electrons and produce carbohydrates according to the following reaction: Solar energy + 6CO2 + 6H2O → C6H12O6 + 6O2. According to rough estimates, more than 100 billion tons of carbohydrates are formed each year on the earth from carbon dioxide and water by the photosynthesis process. When animals digest plants, the energy contained in carbohydrates is converted into another form of energy that can be utilized by living cells and organisms (See chapter 6, section 6.3.2.4).


          




          

            



            1.1.1.3. Lipids




            Lipids are organic compounds of plant and animal tissues that are oily (fatty acids or their derivatives) and are insoluble in water but soluble in organic solvents like ether, acetone, and chloroform. The lipid content in feeds is determined by diethyl ether extraction and is often referred to as the ether extract. In the early 1900s, dietary fat was viewed simply as energy-rich sources interchangeable with carbohydrates, having about 218% of the energy content of carbohydrates on an equal weight basis. In 1929, the Arkansian biochemist George Oswald Burr and his wife Mildred Burr challenged the above well-established view by demonstrating that free-fat diet caused the deficiency disease in rats and concluded that fat was an essential dietary component [18]. Their discovery of essential fatty acids (linoleic and linolenic acids) was a paradigm-changing finding and it is now viewed as one of the milestone discoveries in lipid research. In 1933, Arild Hansen (Burr’s student) found infant eczema to respond to supplement of lard which contained both linoleic and arachidonic acids [19]. In 1938, arachidonic acid was determined to be an essential fatty acid.




            Fat and lipids vary considerably in size and polarity, ranging from hydrophobic triglycerides and sterol esters to more water-soluble phospholipids and cardiolipins. They also differ in the number of carbon atoms and in the amount of hydrogen they contain. For example, those which are fully saturated with hydrogen are named saturated fatty acids; however, the unsaturated fatty acids incorporate one or more carbon-carbon double bonds that are not saturated with hydrogen. Dietary lipids also include cholesterol and phytosterols. Unlike other macronutrients, and due to non-water miscibility, lipids undergo different processing during digestion, absorption, transport, storage, and utilization (see chapter 7, sections 7.2.).


          


        




        

          



          1.1.2. Micronutrients




          

            



            1.1.2.1. Minerals




            Mineral elements are the inorganic constituents of plant and animal tissues. In animal nutrition, they are categorized into two classes:





            

              	Macro-minerals which refer to those elements needed by the body in milligram quantities on a daily basis including sodium, potassium, chloride, calcium, phosphorus, and magnesium. They serve as electrolytes and they have a structural as well as metabolic regulation function.




              	Micro-minerals are the elements needed by the body in far smaller amounts. They are divided in two groups: trace-minerals which include iron (Fe), copper (Cu), and zinc (Zn) while the other group, ultra-trace minerals, contains chromium (Cr), manganese (Mn), fluorine (F), iodine (I), cobalt (Co), selenium (Se), silicon (Si), arsenic (As), boron (B), vanadium (V), nickel (Ni), cadmium (Cd), lithium (Li), lead (Pb), and molybdenum (Mo). Of these trace-minerals, only zinc, iron, iodine, and selenium have a recommended dietary allowance (RDA) (Table 1.2) because they are the most studied. For some of the other minerals there is an intake recommendation known as generally recognized as safe and adequate (GRSA) (Table 1.3). No intake recommendation, however, has been made for the remaining minerals, including cobalt which is important for microbial synthesis of vitamin B12.


            




            

              Table 1.2 Recommended dietary allowance (RDA) for minerals.




              

                

                  

                    	-



                    	RDA

                  




                  

                    	Group



                    	Age



                    	Fe (mg)



                    	Zn (mg)



                    	I (mg)



                    	Se (µg)

                  


                



                

                  

                    	Infants



                    	0-6 months



                    	6



                    	5



                    	40



                    	10

                  




                  

                    	-



                    	7-12 months



                    	10



                    	5



                    	50



                    	15

                  




                  

                    	-



                    	1-3 years



                    	10



                    	10



                    	70



                    	20

                  




                  

                    	Children



                    	4-7 years



                    	10



                    	10



                    	90



                    	20

                  




                  

                    	-



                    	8-11 years



                    	10



                    	10



                    	120



                    	30

                  




                  

                    	-



                    	12-14 years



                    	12



                    	15



                    	150



                    	40

                  




                  

                    	Males



                    	15-18 years



                    	12



                    	15



                    	150



                    	50

                  




                  

                    	-



                    	19-24 years



                    	10



                    	15



                    	150



                    	70

                  




                  

                    	-



                    	25-50 years



                    	10



                    	15



                    	150



                    	70

                  




                  

                    	-



                    	+51 years



                    	10



                    	15



                    	150



                    	70

                  




                  

                    	-



                    	12-14 years



                    	15



                    	12



                    	150



                    	45

                  




                  

                    	-



                    	15-18 years



                    	15



                    	12



                    	150



                    	50

                  




                  

                    	Females



                    	19-24 years



                    	15



                    	12



                    	150



                    	55

                  




                  

                    	-



                    	25-50 years



                    	15



                    	12



                    	150



                    	55

                  




                  

                    	-



                    	+51 years



                    	10



                    	12



                    	150



                    	55

                  




                  

                    	Pregnancy



                    	



                    	30



                    	15



                    	175



                    	65

                  




                  

                    	Lactation



                    	0-6 months



                    	15



                    	19



                    	200



                    	75

                  




                  

                    	-



                    	7-12 months



                    	15



                    	16



                    	200



                    	75

                  


                

              




              

                Fe, Iron; I, Iodide; Se, Selenium; Zn, Zinc.

              




            




            

              Table 1.3 Safe intake for selected minerals.




              

                

                  

                    	Minerals



                    	Safe Intake/day

                  


                



                

                  

                    	Cu



                    	1.5-3.0 mg

                  




                  

                    	F



                    	1.4-4.0 mg

                  




                  

                    	Mn



                    	2-5.0 mg

                  




                  

                    	Cr



                    	50-200 µg

                  




                  

                    	Mo



                    	75-250 µg

                  


                

              




              

                Cr, Chromium; Cu, Copper; F, Fluoride; Mn, Manganese; Mo, Molybdenum

              




            




            Although these elements play a pivotal role, inadvertent exposure to a variety of minerals can elicit a toxic response (Table 1.4). Similarly, deficiency can lead to pathology and diseases (Table 1.4).




            

              Table 1.4 Health conditions related to some of micro-mineral deficiency or excess.




              

                

                  

                    	Mineral



                    	Deficiency



                    	Excess-Toxicity

                  


                



                

                  

                    	Cu



                    	Myeloneuropathy [20], myelodysplasia [21],


                    Osteoporosis, osteoarthritis, colon cancer, cardiovascular disease [22-25]



                    	Alzheimer [26]


                    Cirrhosis [27]


                    Anemia, leukopenia [28],


                    Tachycardia [29], Wilson disease [30]


                    Menkes disease [31]


                    Idiopathic Cu toxicosis

                  




                  

                    	Fe



                    	Anemia [32]



                    	Hemochromatosis

                  




                  

                    	Zn



                    	Acne, eczema, xerosis, alopecia, stomatitis, angular cheilitis, burning mouth syndrome, and night blindness [33, 34]



                    	Abdominal pain, nausea, vomiting, diarrhea, red blood cell microcytosis, neutropenia,

                  




                  

                    	I



                    	Goitre, Cretinism, thyroiditis [35, 36]



                    	Thyroid dysfunction

                  




                  

                    	Co



                    	Pernicious anemia, neurological disorders


                    Wool break (sheep) and scours in calves



                    	Cardiomyopathy, goiter, kidney and nerve damage

                  




                  

                    	F



                    	Dental caries, osteoporosis, bone disorder [37-39]



                    	Skeletal fluorosis, bone fractures, irritable-bowel syndrome, arthritis, ankylosing spondylitis, nephrotoxicity [40, 41]

                  




                  

                    	Mn



                    	Skeletal deformation, inhibit collagen production, Perthes’ disease, arthritis [42-44]



                    	Toxicity, liver failure, brain damage [45, 46]

                  




                  

                    	Se



                    	Keshan disease, Kashin-Beck disease, hypothyroidism, goiter, cretinism, recurrent miscarriage [47]



                    	Dyspnea, respiratory failure, endocarditis, myocarditis, tibia erosion, chronic selenosis

                  


                

              




              

                Co, Cobalt; Cu, Copper; F, Fluorine; Fe, iron; I, Iodine; Mn, Manganese; Se, selenium; Zn, Zinc

              




            


          




          

            



            1.1.2.2. Vitamins




            Perhaps the earliest articulation of the “vitamin theory” came from Jean Baptist Dumas (French chemist, 1800-1884), Frederick Gowland Hopkins (English biochemist, 1861-1947), and Nicolai Ivanovich Lunin (Soviet pediatrician, 1853-1937), who showed that in addition to proteins, fats, carbohydrates, salts, and water, certain special substances (named accessory factors and later called vitamin” are also needed for the animal to develop and live normally [48-51]. In 1912, the Polish biochemist Casimir Funk proposed the term “vitamine or vital amine” instead of accessory food factors because these amines were vital to the animal survival [52]. Later, after it discovered that not all vitamins contained amines, the final “e” vowel was removed from the word.




            Vitamins are a large group of potent organic compounds other than proteins, carbohydrates, and lipids that have specific roles in metabolism and are required in the diet in minute amounts. They are divided into two categories based on their solubility characteristics. The fat-soluble vitamins contain vitamin A (retinol), vitamin D (cholecalciferol), vitamin E (α-tocopherol), and vitamin K (phylloquinone), which are soluble in one or more solvents such as alcohol or chloroform [53]. The water-soluble vitamins, including vitamin C (ascorbic acid) and the members of the vitamin B-complex [vitamin B1 (thiamin), vitamin B2 (riboflavin), vitamin B6 (pyridoxine), vitamin B12 (cyanocobalamin), niacin (nicotinic acid), folacin (folic acid), biotin, and pantothenic acid] [54].




            Deficiency in one or more vitamins causes a specific disease, which is cured or prevented only by restoring the vitamin to the diet. Similarly, a toxic condition can be developed when high levels of the vitamin are consumed. As an example, vitamin A deficiency can result in blindness [55-57] and hypervitaminosis A can lead to intoxication in humans, rodents, and chickens [58-61]. In chickens, a depressed growth rate and an encrustation of the eyelids were observed. In rats, the obvious clinical signs were bone fractures. In humans, hypervitaminosis A is characterized by increased intracranial pressure resulting in headaches, blurring of vision, skin lesions, anorexia, nausea, vomiting, and weight loss.


          




          

            



            1.1.2.3. Other Organic Nutrients




            Choline, carnitine, inositol, and several other biological active compounds such as pyrroloquinoline quinone (PQQ), ubiquinone, lipoic acid, bioflavonoids, and pseudovitamins are not actually considered minerals or vitamins, but they are known to be important nutrients needed for many functions of the body. The structure, metabolism and function of these nutrients will not be discussed in this edition, and I hope to include it in detail along with micro-nutrients in the next edition.


          


        




        

          



          1.1.3. Water




          Although water is not included in the diet formulation in livestock or domestic animals, it is considered an inorganic nutrient as it does not possess carbon-hydrogen bonds. Water is generally required in greater quantity than any other orally ingested substance, and it is consumed mostly as drinking water. In addition to beverages, feedstuffs can provide 22% of total water intake and up to 60-90% if they are fruits or vegetables. A further source of water is metabolic water, also known as oxidation water, which is produced when macro-nutrients (carbohydrates, fats, and proteins) are oxidized to yield energy. This accounts for about 12% of total water intake and more on a high fat diet, or when metabolizing fat reserves. Indeed, animal metabolism produces about 100, 42, or 60g of metabolic water per 100g of fat, proteins, or carbohydrates, respectively [62].




          As for nutrients, water homeostasis is a balance between water intake and water outputs. As shown in Table 1.5, in adult men, urine accounts for 47% of the total fluid output from the body. The remainder is made up of sweat (22%) produced by the sweat gland, water in exhaled air (11%), insensible losses via the skin (17%), and a relatively small amount (about 3%) in feces. Although water losses in exhaled air and other insensible losses are relatively constant, sweat losses depend largely on the surrounding temperature and physical activity. Water losses in feces depend on the diet; the more the diet is rich in fibers more the water losses are, because the fiber retains water in the intestinal tract and thereby softening the feces.




          

            Table 1.5 Daily fluid balance in human.




            

              

                

                  	-



                  	
Gender


                  Adult Man Adult Woman


                




                

                  	-



                  	-



                  	mL/day



                  	% of total



                  	mL/day



                  	% of total

                


              



              

                

                  	-



                  	Fluids



                  	1950



                  	65



                  	1400



                  	67

                




                

                  	Input



                  	Water in food



                  	700



                  	23



                  	450



                  	21

                




                

                  	-



                  	Metabolic water



                  	350



                  	12



                  	250



                  	12

                




                

                  	-



                  	Total



                  	3000



                  	100



                  	2100



                  	100

                




                

                  	-



                  	Urine



                  	1400



                  	47



                  	1000



                  	48

                




                

                  	-



                  	Sweat



                  	650



                  	22



                  	420



                  	20

                




                

                  	Output



                  	Exhaled air



                  	320



                  	11



                  	320



                  	15

                




                

                  	-



                  	Insensible losses



                  	530



                  	17



                  	270



                  	13

                




                

                  	-



                  	Water in faeces



                  	100



                  	3



                  	90



                  	4

                




                

                  	-



                  	Total



                  	3000



                  	100



                  	2100



                  	100

                


              

            




          




          The question is whether drinking water alone is sufficient to balance large losses in sweat after intense exercise or under high environmental temperatures. The answer is probably not because sweating involves not only water losses but also mineral salts losses. Milk, fruit juices, and various sports drinks contain balanced mixtures of mineral salts in the same proportion as they are lost in sweat.




          Several species, including desert animals (e.g. pack rat, kangaroo rat) survive on metabolic water. Because of lack of sweat gland, high concentrated urine excretion, and low evaporation rate from the expired air, the kangaroo rat has a very low rate of water loss [63]. The camel is able to survive for a considerable time in desert conditions without drinking because it metabolizes the fat reserve stored in its hump [64]. Marine mammals such as seals, sea lions, walrus, and whales and most marine fish, however, obtain their water from their food [65].




          As shown in Table 1.6, there is a large difference in water requirements between species. One of the factors that influence this difference is the nature of the nitrogenous end products of protein metabolism excreted in the urine.




          

            Table 1.6 Estimated average water consumption of various species in a temperate climate (adapted from NRC 1994).




            

              

                

                  	Species



                  	Species



                  	Water (L/day)

                


              



              

                

                  	
Homo Sapiens


                  Homo Sapiens


                  Bos Taurus


                  Bos Taurus


                  Equus Ferus Caballus


                  Sus scrofa domesticus


                  Ovis aries


                  Capra hircus


                  Gallus gallus domesticus


                  Meleagris gallopavo




                  	
Man


                  Woman


                  Beef cattle


                  Dairy cattle


                  Horse


                  Pig


                  Sheep


                  Goat


                  Chicken


                  Turkey




                  	~3


                  ~2.1


                  26-66


                  38-110


                  30-45


                  11-19


                  4-15


                  4-15


                  0.2-0.4


                  ~0.4

                


              

            




          




          In fact, large mammals require a large amount of water to dilute urea which is toxic to the tissues unless in dilute solution. Birds excrete uric acid in a nearly solid form and therefore require less water than mammals. Fish excrete ammonia directly from the gills. The surrounding environmental temperatures, diet composition, feeding strategies, and the nature of the digestive tract influence water requirements. For instance, high protein diets in mammals increase the amount of water required to dilute urinary urea. Compared to non-ruminant species, ruminants require a larger amount of water to form a suspension of ingesta in the rumen. Feedstuffs with high water-absorbing characteristics such as dry hay augment the water requirements. Although water requirement is expected to increase during cold weather due to augmented-feed intake, it is more intensified under hot climates, due to the complex interplay between the hunger/satiety and thirst centers.


        


      




      

        



        1.2. Units of Energy




        Thousands of years ago, an inherent internal energy flow within the human body was discovered and named Qi by the Chinese and Prana by the Indians. According to traditional Chinese and Indian Medicines, this flowing energy regulates the human body functions. In 1779, the French chemist Antoine-Laurent Lavoisier coined the name Oxygen for the element released by mercury oxide and found that oxygen was essential for combustion and respiration, confirming his new fundamental law of nature “law of conservation of mass”. In collaboration with the French mathematician Pierre-Simon Laplace, Lavoisier developed the caloric theory of heat by demonstrating that the expiration of carbon dioxide by mammals increased with physical activities. The oxidation of sugars and fats accounted for the energy needed for animal heat production [66]. Later and during the period 1803-1873, the German organic chemist Justus Freiherr von Liebig asserted that protein was the only true nutrient serving as the source of energy for muscular contraction by the breakdown that was followed by the synthesis and then the excretion of urea.




        Although Lavoisier named the calorimeter (calorimètre) by 1789, the word calorie was being used as unit of heat by 1824 [67]. It was defined as the amount of heat needed to raise the temperature of 1 g of water by 1°C. The calorie is still used to some extent in nutrition. In biological systems, however, the kilocalorie (kcal or 103 cal also written as Calorie with a capital C) is used and is defined as the quantity of heat required to raise the temperature of 1 kg of water by 1°C. In collaboration with Lord Kelvin to develop the absolute scale of temperature (Kelvin scale), James Prescott Joule (English physicist and mathematician, 1818-1889) estimated the mechanical equivalent of heat as 4.1868 joules per calorie of work to raise the temperature of 1g of water by 1 Kelvin [68]. In biological systems, the kilojoule (kJ= 103J) and Megajoule (MJ=106J) are used. The equation below are given to convert between calories and joules:




        1 kcal = 4.186 kJ and 1 kJ = 0.239 kcal.




        Justus Freiherr von Liebig was the first to suggest that animals have the capability to synthesize fats from sugars and starch. Other researchers built upon his work, confirming the abilities of animals to synthesize molecules from dietary metabolic fuels or metabolic energy (Table 1.7).




        

          Table 1.7 Average energy yield of metabolic fuels.




          

            

              

                	-



                	Kcal/g



                	kJ/g

              


            



            

              

                	Carbohydrates



                	4



                	17

              




              

                	Protein



                	4



                	16

              




              

                	Fat



                	9



                	37

              




              

                	Alcohol



                	7



                	29

              


            

          




          

            Note that 1 kcal = 4.186 kJ and 1 kJ = 0.239 kcal

          




        




        The metabolism of these fuels results in the production of carbon dioxide and water (and also urea in the case of proteins). They can be converted to the same end products chemically by burning in air. Although the metabolic pathways and processes in the body are complex, it is a fundamental law of chemistry that if the starting material and end products are the same (law of mass conservation), the energy yield is the same regardless of the route taken. Thus, the energy yield of foodstuffs can be determined by measuring the heat produced when they are burnt in the air.




        Every living organism must capture, transduce, store, and use energy to live. Following the first Law of thermodynamics, this energy is conserved; though it can be changed from one form to another, it can be neither created nor destroyed. As a living organism is an open system, it is able to exchange both matter and energy with its surrounding environment and increase the entropy2 of the universe and thereby follow the Second Law of thermodynamics. For instance, human or animals digest food by breaking it down into metabolic fuels (sugar, fatty acids, amino acids) and absorb them to build up cells and tissues and provide the energy necessary for the daily needs of the body. Although this process increase the body entropy, it decreases the order of the universe because the body dissipate (loses) energy via conduction, convection, and radiation as well as eliminating waste.




        As the cell is the basic unit and the microcosm of life, next chapter will describe the components of cells.


      


    




    

      CONCLUSION




      Each of water and food, including carbohydrates, proteins, fats, minerals, and vitamins, has a unique set of properties that influence health. Over the past century, there has been tremendous progress in defining the mechanisms by which the intake of each is regulated and the pathways by which each may contribute to energy homeostasis. This chapter aims to describe water and food and set the stage for the next chapters where their regulation and their physiological effects will be discussed in more detail.
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