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CHAPTER 1

Foreword




1. Foreword

Intestinal health is one of the principal reasons why owners take their pets to the
veterinarian, the problem in puppies and adult dogs is diarrhea frequency
without an apparent cause.

Diet is a factor that can extremely vary in terms of quantity, quality, frequency
and duration of meals in individuals, but that can also be modified with targeted
dietary interventions to produce the best results for any individual. There are
growing numbers of compositional foods under development are emerging in
the market that target specific nutritional deficiencies beyond the traditional pet-
food market.

In commercial pet food, different additives can be used to implement and
guarantee the gut health: micronutrients, anti-oxidants, prebiotics, probiotics,
enzymes, amino acids and different bioactive compounds.

Developing and maintaining a healthy intestinal tract is a pre-requisite for general
health and prevent disease. The gut epithelial cells lining of the intestinal lumen
is the first point of contact between intestinal contents and the rest of the body.
It is at this interface that nutrition, environment and genetics come together to
determine gut health. The intestinal mucosa is lined by a monolayer of intestinal
epithelial cells joined together at their apical poles by tight junctions, and
supported by an extensive and complex immune system and transcellular
pathways for nutrient absorption. The mucosal surface of the gastrointestinal
tract forms a barrier that separates the luminal contents from the effector
immune cells underneath. Moreover, many immune cell types affect the function
of the intestinal epithelium. For example, any abnormal activation of
macrophages overproduces the inflammatory cytokines that cause cell damage to
the intestinal epithelial monolayers and subsequent mucosal inflammation.
Cellular injury from reactive oxygen species (ROS) is implicated in a wide variety
of gut diseases and pathologic conditions. Newborn and the elderly animals are
more prone to oxidant injury.

If we go to the beginning of dog’s life we can discover that maybe they are
caused by an inadequate warning. For these reasons, the weaning must be
gradual in order to allow the change from the milk to a suitable diet for the
growth stage. A newborn puppy faces the environment being sterile and during a
relatively short time acquires the typical microflora for the species. The higher
quality colostrum guarantees a good development of an immunological system
and therefore a potential healthy dog, but when this is not the case we need to
found other options to solve the problems and fortunately we actually rely on



probiotics and prebiotics but we count only a few studies about companion
animals.

The last years supplements such as bovine colostrum are known for promoting a
healthy immune system and treatment or prevention not only for reducing the
post-weaning disturbances, but also for any forecoming gastrointestinal diseases
linked to immunological system deficit.

There are studies where Colostrum ingestion in neonatal puppies dramatically
increases serum alkaline phosphatase and gamma glutamyl transferase. Serum
alkaline phosphatase and gamma glutamyl transferase concentrations might be
more readily available. It is worth to note that bone growth also elevates serum
alkaline phosphatase, but growth-related serum concentrations of alkaline
phosphatase seldom exceed four times average adult concentrations.

A decrease of immunoglobulin absorption may be accomplished in a variety of
ways, such as competition between intestinal microbes and immunoglobulins for
a common receptor on the intestines on the intestinal epithelial cell.

On the other hand, the digestive system of the dog is constantly affected by
harmful environmental factors, not only by pathogenic microorganisms or by a
bad weaning; also it is affected by changes in immune system due to allergenic
food. For this reasons we have to start to implement new strategies to treat
these dogs. Recent studies demonstrated that a fiber like the prebiotic one is to
be considered as a possible immune response. In fact, some authors argue that
bacterial products are able to overcome the mucosal barrier and activate immune
cells.

The type of dietary fiber is important for its potential to change the number and
types of GI bacteria. Changes in the normal bacterial counts, due to changes in
diet, use of antibiotics or other factors may increase the risk of gastrointestinal
and nutritional problems, and the risk of disease.

Normally in canine diets are three types of fiber. The first type, the highly
fermentable fiber, decomposes rapidly and is digested by bacteria in the GI tract
of the dog. Pectin is highly fermentable fiber. Ingestion of excessive amounts of
highly fermentable fibers may result in liquid or unformed stools and gas
production in dogs.

The second type is the moderately fermentable fiber. GI bacteria digest these
tibers at a moderate speed. The incorporation of moderately fermentable fiber,
such as beet pulp, in a dog diet helps maintain a healthy GI tract lining and
producing moist, well-formed stools. The moderately fermentable fiber sources
also feed beneficial bacteria, helping to outnumber the harmful species.



The last type is the short fermentable fiber. Large gut bacteria do not digest
these fibers such as cellulose. Although many believe that these fibers may help
in case of constipation.

1.1 Alimentation and immune system.

Nutrition directly affects the immune response in three ways:
1. Increase or exaggerated response

2. Cancellation or restriction of the response

3. Change in the nature of the response.

Whether such a change represents a benefit or not depends on the stage of the
disease and the subject itself.

Attenuation of the immune response can be beneficial in cases of
hypersensitivity (such as atopic dermatitis) or at a heightened immune activation
(as in the inflammatory response syndrome or SIRS). Similarly, an increase in
immune response can be useful in the prevention or elimination of infection or
the development of antitumor immunity.

Conversely, the modulation of immunity may be harmful or even fatal to the
host. Immunosuppression may aggravate morbidity and even induce sepsis in
case of infectious reached.

An increase in immunity can amplify a state of self-destruction in situations
where immune activation has been already excessively or poorly regulated (SIRS,
hypersensitivity). It is clear that a single food may not suit all cases.

To understand how nutrition modulates immunity we have to understand the
nature of immunity.

1.2 Role of immune system

The immune system has evolved in order to defend the body against infectious
agents, viruses, bacteria, fungi, the largest multicellular parasites. Immune
responses vary from nonspecific responses, complex and adapted destruction or
which can include the elimination of the pathogen. The perfect response to
infection is theoretically eliminated without damageing itself. However, the
immune responses are never perfect and do damage.

At worst they can be fatal. This basic concept is fundamental when interpreting
the effects of nutrition in immunity.

Natural immunity

The anatomical and physiological mechanisms in place before the first exposure
contribute to qualified immunity of innate. Many of these mechanisms are
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primitive (lysozyme, phagocyte), while other more complex ones only exist in
vertebrates and are even more sophisticated in mammals.

In mammals the initial role of immunity is eliminating microorganisms where
this is possible. When an infection occurs, the natural response results in one or
all the following:

1. Elimination of infection

2. Limiting the spread of infection.

3. Stimulation of acquired immunity by producing an early inflammatory
response to infection.

Natural immunity thus provides the "Danger Signal" that gives the alert and
activates acquired immune responses.

Recognition of microbes

The natural immune cells have evolved receptors available that recognize
phylogenetically conserved molecules. These molecular profiles are called
pathogen associated molecular patterns or PAMPS. Examples of PAMPS are
lipopolysaccharides (LPS), which are contained in the walls of gram-negative
bacteria, lipoteichoic acid in the walls of gram-positive bacteria and the double
chain RNA viruses. Receptors include the scavenger receptors PAMPS
(scavenger receptors), the mannose receptors and the Toll-like receptor family
(TLR) (Akira, 2003). So far, 10 TLRs are known in mammals, but the expression
of these 10 types of TLR has not been described in cats yet.

Most TLR are membrane proteins, although TLR9 binds to an intracellular
ligand (bacterial DNA). Fixing a TLR ligand to it leads to the appearance of the
nuclear transcription factor NF-kB, which enters the nucleus and binds to
specific sites on the DNA of the host cell, therefore leading to the transcription
of various pro-inflammatory genes. In macrophages and neutrophils these genes
encode cytokines (tumor necrosis factor or TNF-a, 1L.-1 and 11.-12), adhesion
molecules (E-selectin), the cyclooxygenase (COX), the nitric oxide synthase
(iNOS), and macrophage costimulatory molecules, CD80 and CD86, expressed

on the surface of macrophages.

The result TLR signals leads to the migration of leukocytes to inflamed tissues,
increased disposal microbes or infected cells, and the production of cytokines
and inflammatory chemokines that alert and activate immune system cells
acquired.

The destruction of phagocytosed microbes

Phagocytosed microbes remain within the phagosome in the cytoplasm. Once
internalized, these phagosomes fuse with lysosomes containing preformed
several proteases (such as elastase). In addition, activation of phagocytes (via
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signals from TLR) results in the assembly of multi-subunit of the machine of
NADPH oxidase in the membrane of the phagosome and in the plasma
membrane. This enzyme complex catalyzes the reduction of oxygen diatomic
(O2) in the superoxide radical (O,-). O,- is then changed to hydrogen peroxide, a
strong oxidant partially responsible for microbial killing. However, the
myeloperoxidase in phagosomes uses peroxide ion to produce an even more
powerful antibacterial, hypochlorous acid (HOCI). This production of powerful
oxidants (following activation and phagocytosis by neutrophils and
macrophages) consumes the available oxygen and it refers to as oxidative burst

(DeLeo et al, 1999).

Upon activation of phagocytes the inducible form of nitric oxide synthase
(iNOS) is also synthesized, therefore leading to the production of free nitric
oxide radical (NO) which reacts with superoxide to form the metabolite toxic
peroxynitrite (Eiserich et al, 1998). These various oxidants exist not only in the
phagocyte but are also released in the extracellular medium where they
contribute to the destruction of microbial nearby. Inevitably this results in
oxidative damage to the surrounding tissue.

To protect themselves against oxidation phagocytes require high concentrations
of the cytosolic antioxidants (aqueous) and membrane (lipophilic) because they
are degraded and need to renew quickly during oxidative stress. The most
important cellular antioxidants are glutathione, ascorbic acid, tocopherol and
taurine. Neutrophils cats contain high intracellular concentrations of taurine: it
constitutes 76% of the cytosolic pool of amino acids, compared to 44% in the
lymphocytes (Fukuda et al, 1982). Removal of HOCI by converting taurine
chloramine protects the cell against the auto oxidants that had formed. Taurine
chloramine may also act as an intracellular signal molecule thus limiting the
production of O, ¢ - and * NO. In cats showing a taurine deficit in their diet,
phagocytosis and oxidative burst are deleted therefore confirming the major
antioxidant role of taurine (Schuller-Levis et al, 1990).

Acquired immunity

Acquired immunity is stimulated by infection and by signals from the innate
immune system. During re-exposure to the infectious organism, the magnitude,
the specificity and the speed of response increase, hence the term of acquired
immunity. Acquired immunity is the area of T and B-lymphocytes generating
humoral (antibodies) and cells of specific molecules, the so-called antigens.

Ficosanoids

Eicosanoids are a group of lipid messengers synthesized from polyunsaturated
fatty acids (PUFAs) 20-carbons, dihomo-g-linolenic acid (DGLA; 20: 3 n-6),
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arachidonic acid (ARA; 20 : 4n-6) and eicosapentaenoic acid (EPA; 20: 5n-3).
Eicosanoids include prostaglandins (PGs), thromboxane (TXs), leukotrienes
(LTs), lipoxin, the Roxy-eicosatetraecnoic acid hydroperoxide (HPETEs) and
hydroxy-eicosatetraenoic acid (HETE).

Nutritional needs of the immune system

During the development period

The first and perhaps the most significant effect of nutrition on immunity occurs
during the development of immune system cells (Cunningham-Rundles et al,
2005). This development takes place during intrauterine life, but it is followed by
an important period of maturation soon after birth continuing throughout life.
Zinc, proteins, essential amino acids, vitamin A and copper are examples of
nutrients that are able to compromise the immune system development in
animal growth during food deprivation. Micronutrient deficiency disturbs the
natural and acquired immune responses. Maternal zinc deficiency may greatly
reduce the number of spleen and thymus cells. The post-vaccination antibody
secretion in young animals may be affected by maternal deficiencies in zinc, iron,
coppet, selenium and magnesium.

During development, malnutrition may alter the microbial colonization of
mucosal surfaces as well as the response to commensals and pathogens, increase
susceptibility to infections and reduce the ability to fight against infection once it
is established. Such abnormalities may persist farther beyond the initial period of
malnutrition and life deteriorates the immune phenotype of the animal.

1.3 Consequences of malnutrition on immunity

A simple deprivation of food leads to atrophy of lymphoid organs, decreases the
number and functions of circulating leukocytes and physically and functionally
alterates the epithelial barriers. This results in an increased susceptibility to
infections from endogenous commensals such as the skin or intestine and as
nosocomial exogenous organisms.

In dogs food deprivation results in a decrease of the number of circulating
lymphocytes, in lymphocyte proliferation in response to stimulation and
impaired ability to produce a specific T cell response or B antigen following the
administration of exogenous antigens. Neutrophil chemotaxis and liver
production of acute phase proteins are reduced (Dionigi et al, 1977). Specific
nutritional deficiency may lead to several anomalies, e.g. vitamin E deficiency
reducing lymphocyte proliferation in dogs, though this effect is partially
reversible by supplementing with other antioxidants (Langweiler et al, 1983).
Although the effects of malnutrition on immunity are not specifically evaluated
in cats, they probably are not very different in this case. Serum albumin is
strongly correlated with the body condition cats show in veterinary clinics and it
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is likely that the same situation may occur for immune function (Chandler and
Gunn-Moore, 2004).

-Impact of Immune responses on nutritional status
Immune responses to infections, tumors, or secondary to an immune-mediated
disease may affect the subject’s nutritional status (Table 1).

Lower food intake Mechanism Examples of secondary effects.
Decreased food intake 11.-1, IL-6, TNF-a: effects on central Weight loss, loss of lean mass,
netrvous system and peripheral. melting fat, nutritional deficits.
Malabsorption of nutrients Intestinal villi atrophy, enteritis. Decreased absorption of fat soluble
vitamins, vitamin B12 deficiency
Increased nutritional loss Enteritis, increased of glomeruline Hypoproteinemia, vitamin A
permeability deficiency
Increased nutritional needs Fever, leukocytes replication, tissue Needs increased by: glutamine,
reparation. tocopherol, folic acid, vitamin A,
energy requirements
Metabolism and systemic transport Insulin resistance and
altered hyperglycemia, hyperlipidemia,

decreased serum glutamine
Table 1: The Impact of Nutritional Status on the Immune Response.

Immune response to antigens

Immunological basis of food tolerance.

Foreign dietary antigens interact with the intestinal immune system to prevent
unnecessary or even harmful immune reactions. Accordingly systemic immunity
does not react during the passage of the same antigen to the general circulation.
This lack of reactivity of orally absorbed antigens is known as oral tolerance. It is
generated in an active manner, specifically with a specific antigen, and involves
the induction of a unique immune response.

Peyer plates are primary induction areas of the intestinal immune system.

The M cells present in the epithelium on the surface of lymphoid follicles
capture insoluble particulate antigens, and whole microorganisms (Brandtzaeg,
2001). Antigens and bodies are then transported to leukocytes in the basal
membrane invaginations, represented by B cells, macrophages and dendritic
cells. In the normal intestine antigen-presenting cells (APCs) are devoid of
costimulatory molecules such as CD80 and CD86. The antigens processed by
the non-activated APC were then presented to naive B and T cell follicle, which
then weakly rent PROLIFE. These phenomena occur in a different local
microenvironment from other areas of the body; this results in the induction of
hypo-responsive T cells, Th3 or Th2 (Kellermann and McEvoy, 2001). The
activated cells progress then through the lymphatic system and arrive in the
systemic circulation after having gone through the mesenteric lymph nodes.
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Then they bind to the mucosa using the cell adhesion molecules (CAMs)
specifically expressed by endothelial venules mucosal tissues. B and T cells
activated integrated into the lamina propria so expect a second meeting with
their specific antigen.The activated cells are capable of secreting cytokines, but
the complete differentiation into effector T-cells or plasma cells cannot take
place without a second exposure.

The intestinal epithelial cells are responsible for the uptake of antigens, their
release to professional APCs, and a presentation limited to MHC class II cells in
the mucosa. In the normal intestine, these side CPAs cells, like their
predecessors are devoid of costimulatory molecule, which contributes to a
tolerogenic environment. Clones of effector T cells resident in the normal gut
produce Th2 and Th3 cytokines, especially IL-10 and TGF-b, which guide the B
cells to plasma cells synthesizing IgA secreting while inhibiting the development
of Th1 cells and the production of IgG.

It is important for the immune system to reserve the right to react quickly to
pathogens. This ability to recognize the pathogenicity is based on the production
of "danger signals" by PAMPs receptors such as TLRs.

Expression of TLR2 and TLR4 is low to non-existent in the mucosal cells of the
normal human intestine, but can be quickly produced in response to
inflammatory cytokines (Abreu et al, 2001). The absence of these "danger
signals" results in a relatively inefficient antigen presentation by APCs intestinal
greatly reduced or absent Production of TNF-a / II.-1 / IL.-12 and the absence
of expression of the molecule costimulatory CD80 / 86. The T cells activated by
such APCs divide less due to the fact that more clones undergo apoptosis, while
the surviving memory cells tend to secrete IL-10, TGF-b, or no cytokine
(Jenkins et al, 2001). This association between apoptosis, malfunctions surviving
clones and T cells secreting anti-inflammatory cytokines that tend to the
production of IgA is the basis of tolerance to luminal antigens.

Oral tolerance is therefore based on a delicate balance between induction of IgA,
T-cell deletion, energy and immunosuppression, and the presence of antigen-
specific lymphocytes capable of responding to invasive pathogens change
Isotype antibodies to IgM production, IgE or IgG, and the production of
inflammatory cytokines like IFN-g, I1.-12, and IL-6.

Loss of tolerance to dietary antigens

The loss of tolerance to a food antigen produces an immune response, though
conventional generating undesirable side effects such as local inflammation or
other anatomic sites. This response is characterized by one or more of the
tollowing:
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- Local cell-mediated inflammation: the resulting chronic stimulus may lead to
intestinal lymphocytic infiltrates characteristic of chronic inflammatory bowel
disease;

- Local production of IgA antibodies and the production of IgE results in
activation of mast cells and bowel hypersensitivity, ie. food allergy with
gastrointestinal symptoms (vomiting and/or diarrhea);

- Systemic antibody production: circulating IgE causing mast cell degranulation
in extra-intestinal sites, causing dermal hypersensitivity reactions, i.e. with a food
allergy accompanied by pruritus.

Initiating events that lead to the loss of oral tolerance, or preventing it from
developing, are not described in cats and remain poorly understood regardless of
the species. The suggested mechanisms are:

- Increased permeability mucosa after an injury in the mucosa or neonatal status;
- Coad ministration of a mucosal adjuvant: which activates and induces a
phenotypic change in intestinal dendritic cells, such as bacterial enterotoxins;

- Parasites: intestinal parasitism in cats leads to an exaggerated systemic humoral
response including increased production of IgE (Gilbert and Halliwell 2005).
The importance of the infections causing an immune response through the Th1
cytokines is currently being discussed in the context of the prevention of type 1
hypersensitivity reactions in humans. "The hygiene hypothesis" postulates that in
children the SI maturation defect slowing the passage of a Th-2 type response
Th-1 may be due to insufficient microbial pressure in Western societies
(Romagnani, 2004). According to this theory bacterial and viral infections during
childhood would encourage the immune system to produce a Th-1 type
response, thus reducing the possibility of allergic reactions via the Th-2. The
reduction of the microbial load in the environment would be responsible for the
persistence of neonatal response Th-2 type and thus promote allergies.

The particular role of parasites in modulating allergic reactions, food or not, was
discussed for half a century. Several old-enough studies in humans suggest that,
as in cats, the infected individuals are more likely to develop allergies (Warrell et
al, 1975; Carswell et al, 1977; Kayhan et al, 1978). In contrast the incidence of
allergies is very high in Western populations and growing in developing
countries. Elevation of anti-inflammatory cytokines, such as IL-10, occurring
during chronic helminth infestation, is inversely correlated with allergies. It was
suggested that the response of the host to the parasite determines its
predisposition to develop allergic diseases and the induction of a good anti-
inflammatory response (e.g. IL-10) during constant stimulation of the immune
system helps to explain the inverse relationship between many infections and
allergies (Yazdanbakhsh et al, 2002). Before applying the hygiene hypothesis to
cats the role of parasites and other infections and the development of food
hypersensitivity reactions should be put into perspective. Since in most cases,
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IgE do not seem involved in the immunological mechanisms of adverse
reactions to food, the problem immediately appears as apparently very complex.
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2. Objectives

The general objective of this thesis was to underline the strict relation between
diet and gut. In fact, the adequate nutritional regime can prevent enteric disease
and promotes the correct development of the immune system but also
represents an important therapy for some gastrointestinal disorders.

2.1 Microcrystalline cellulose inclusion in dog diets with acute enteritis.

It was to evaluate the effects of the inclusion of microcrystalline cellulose in the
diet of canine subjects suffering from acute diarrhea on nutritional status
(weight, BCS, MCS), some of serological markers, the trend in CCECAI

changed, and the performance of some fecal marker.

2.2 Effects of bovine colostrum supplementation in weaning puppies.

The aim of this study was to evaluate the effect of bovine colostrum dietary
supplementation in Golden Retriever puppies on growth and microbiological
composition of feces.

2.3 Nutritional strategies to control recurrent diarrhea in adult dogs:
clinical cases.

The objective of this part was to formulate veterinary diets in order to control
recurrent diarrhea in adult dogs.
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3. Microcrystalline cellulose inclusion in dog diets
with acute enteritis

3.1 Introduction

Carbohydrates are a group of molecules more or less complex, the composition
of which elementary is given of carbon, hydrogen, and oxygen, often enriched by
other elements, such as phosphorus or nitrogen, characterized by the chemical
formula (CH20) n. To date, there are various classifications in the literature
depending on the characteristic examined.

If we consider the chemical structure, one can distinguish simple sugars, such as
monosaccharides (e.g. Glucose) and disaccharides (eg. Sucrose), and complex
sugars, such as oligosaccharides, consisting of 3-9 sugar units, such as, and
polysaccharides, consisting of, for more than 9 units such as amylase,
amylopectin, and glycogen. The structure and chemical bonds of some of these
are shown in Table 2.

Name Molecular structure Type of link
Lactose saccharides Ga- Gu- Fr B
Rafinose Ga- Gu- Fr o-1,6
Galactose saccharides (Ga)r- Gu B-1,4-8-1,6
Fructose oligosaccharides (Fr) »- Gu B-12
Soya oligosaccharides (Ga)»- Gu—Fr a- 1,6
Isomaltooligosaccharides (Gu)» x- 1,6
Xylooligosaccharides Xy)» B-1,4
Palatinose oligosaccharide (Gu- Fr)n x- 1,6
Glucosaccharides (Gu)»-Fr a- 1,4
Maltooligosaccharide (Gu)» a- 1,4
Cyclodextrins (Gu)n a- 1,4 cycle structure.
Gentilooligosaccharides (Gu)» B-1,6

Table 1: Structure and chemical bonds of oligosaccharides with knock-on effects of the bifidobacteria
in food for cats and dogs (NRC, 2006).

Further viable subdivision part of dietary carbohydrates is that which separates
in sugar of high and low molecular weight (Bach- Knudsen, 1997). Among the
low molecular weight sugars include glucose, fructose, lactose, sucrose and
maltose, which result be quickly hydrolyzed by digestive enzymes. The high
sugar is low molecular weight such as starches, non- amylase structural
polysaccharides (NSPs) or dietary fiber are characterized by a large number of
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monosaccharides joined together to form large molecules and complex type of
linear or branched pootly soluble in water (e.g. Starch, glycogen).

Among these one can include the structural polysaccharides such as celluloses
not amylase, hemicelluloses, gums and pectins, equipped with different solubility
in water.

Carbohydrates Functions Digestion part Digestion products
Amide Storage polysaccharides of Small intestine (Enzymatic) Mono and disaccharides
Glycogen plants and animals (glucose and maltose)

Structural parts of cellular
plant walls.

Hemicellulose Associated substances at cell Large intestine (microbe Volatile fatty acids (acetic,
Cellulose wall. fermentation) propionic, butyric).
Lignin, cutin, waxes, Polysaccharides Not digested or fermented Excreted in the stool: carbon
gums, presents in nature large intestine dioxide,
mucilage, in plants. (Fermentation methane, hydrogen, volatile
pectins. microbial) fatty acids.

Table 2: Classification of carbohydrates and their digestibility (Gross et al, 2010).

The main purpose of the presence of carbohydrates in the diet of dogs and cats,
and in specifically, in the pet food it is to provide energy. According to their
degree of polymerization and digestibility (Table 2) (Nantel, 1999) can be
distinguished in:

Absorbable carbohydrates (monosaccharides);

Digestible carbohydrates (disaccharides, oligosaccharides and polysaccharides
some non-structural);

Fermentable carbohydrates (lactose, some oligosaccharides, dietary fiber and
starch resistant);

Non-fermentable carbohydrates (some dietary fibers).

Among the absorbable carbohydrate you may include monosaccharides (glucose,
fructose and galactose) (Hassid, 1970) and polyols (sugar alcohols such as
sorbitol, mannitol and xylitol) (BeMiller and Whistler, 1996). These compounds
are characterized from being able to be absorbed directly and you do not need to
be hydrolyzed by gastric enzymes. Disaccharides and starch may be included in
the group of digestible carbohydrates. With the term “disaccharides” identify
those sugars such as lactose, sucrose, and maltose. They are low molecular
weight sugars and are easily hydrolyzable by enzymes such as a-amylase, lactose
and sucrose of the gastrointestinal tract. It is, however, necessary to emphasize
that in some situations, the absorption in the small intestine of some of these
compounds (e.g. Lactose) can be reduced, because of the different enzymatic
capacity individual, linked to several factors (age), favoring in this way the
fermentations at the level of the colon. Starch is a polysaccharide not structural
(a-glucan) and is the main carbohydrate reserve found in cereals. It consists of
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molecules of amylose (linear chain of molecules glucose combined with «-1,4
glucosidic bonds) and amylopectin (polymer glucoside branched characterized by
the presence of bonds and «-1,4-1.6). Numerous studies have highlighted such
as dogs and cats (Meyer and Kienzle, 1991; Gross et al., 2010; Walker et al,,
1994; Schunemann et al., 1989) can easily digest starch contained in cereals
present in the pet food.

From these studies, it was shown that dogs fed on where a share of between 30
to 57% came from extruded corn, barley, rice or oat starch all the cereals was
almost completely digested in the small intestine. Fermentable carbohydrates are
considered some oligosaccharides, fermentable fibers, resistant starches and, in
certain cases, lactose. As such, they may resist digestion hydrolytic enzymes from
the small intestine and be fermented by microorganisms present in the last
intestinal tract of dogs and cats.

Oligosaccharides are carbohydrate polymers made up from three to nine
monosaccharides residues, joined by glyosidic bonds. These molecules resistant
to enzymatic digestion, they include fructans like inulin, the galacto-
oligosaccharides  (GOS), fructo-oligosaccharides (FOS), the mannan-
oligosaccharides (MOS), the isomalt-oligosaccharides, lactulose, raffinose and
stachyose (Lee and Prosky, 1994, 1995, 1999). Some oligosaccharides (FOS,
GOS and MOS) are known by the term of probiotics, or non-digestible foods
that have a beneficial effect, stimulating the growth and activity of a bacterial
population or of a limited number of bacteria already present in the intestine
guest (Grizard and Roberfroid, 1999). They can be also called functional foods
(Van Loo et al., 1999).

Lactose and sucrose, in fact, can escape to digestion by endogenous enzymes, in
addition, they are fermented in the large intestine. In this regard, they can be
considered both disaccharide resistant to fermentable carbohydrates. In
particular, the activity of lactase in the small intestine of dogs and cats, adults is
lower than that of young people, while the activity of sucrose is reduced in
young people and adults and can be influenced by the composition of the diet
(Welsh and Walker, 1965; Kienzle, 1993). By the term resistant starch or
Resistant Starch (RS) will come to identify the proportion of starch and its
degradation products, which escape digestion and absorption in the small
intestine and are to be fermented by the bacteria last intestinal tract (Englyst,
1989; Muir and O’Dea, 1993). Resistant starch can be classified by t