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The objectives of this experiment were to investigate the effects of FOS supplementation on
gut microflora, nutrient digestibility, plasma cholesterol, and phagocyte activity in adult dogs and to
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CHAPTER |

INTRODUCTION AND AIMS

Fructooligosaccharide (FOS) also sometimes called oligofructose (OF) or
oligofructan are classes of oligosaccharides. FOS have been identified as prebiotic
that are not digested by small intestinal enzymes but beneficially affects the host by
selectively stimulating the growth of some normal flora and improves host health
(Gibson and Roberfroid, 1995). In general, term of “FOS” may include all
nondigestible oligosaccharides composed of fructose and glucose units.
Specifically, FOS refer to short chains of fructose units bound by 3 — (2, 1) linkages
attached to a terminal glucose units. Some beneficial bacteria in the intestinal tract
can hydrolyze R — (2, 1) bond and are thereby able to use FOS as a source of
energy for promoting their multiplication with resulting to depress the population of
specific enteropathogenic bacteria.

Nowadays, there are 2 types of FOS products available in the market;
powder and liquid types. Supplementation of FOS has been shown to enhance gut
health in several ways. One principle is the dramatic change in the composition of
gut microflora, generally increasing the beneficial bacteria especially Bifidobacteria
spp. and decreasing potential pathogens including Escherichia coli, Clostridium
spp., Bacteroides spp. etc. (Chadwick et al., 1992). Fructans also effectively prevent
and treat constipation, especially inulin, a long-chain FOS, has been reported to
increase stool frequency and moisture content in constipated human (Hond et al.,
2000). Short — chain fructooligosaccharide have been shown to improve the
symptoms of constipation problem as well (Hidaka et al., 1986). In addition, the
benefits of prebiotics on gut health include the exertion of an antibacterial effect on
potentially enteropathogenic bacteria through production of acids. These acid
products were affected by a reduction in intestinal pH, reduction of ammonia levels

through protonation of NH4", production of B group vitamins, and



immunomodulation in the gut mucosa (Gibson and Roberfroid, 1995). Short chain
fatty acid (SCFA) produced from colonic fermentation has been shown to stimulate
intestinal peristalsis (Kamath et al., 1988). Supplementation of FOS also decrease
mean fasting blood glucose, mean serum cholesterol and LDL in diabetic patients
(Yamashita et al., 1984). However, the mechanisms of these metabolic effects are
not clear. Previous studies had demonstrated some effects of FOS on immune
function in rats. Manhart et al (2003) reported that FOS showed an
immunostimulating effect on Peyer's patches (PP) lymphocytes under healthy and
endotoxemic conditions. However, the publication of research study of FOS
supplement on immune system in dog is quite limited.

At the present, FOS are generally recommended in corporate into the
premium dog foods at the amount of 0.5-2% which are considered quite low when
compared the research dose at 5-10% (Fiordaliso et al., 1995; Kok et al., 1996a).
The hypothesis of this study is that adult dogs supplemented with FOS should be
improving of gut health when compared to the non-supplemented dogs since FOS
would be increase the number of beneficial bacteria, nutrients digestibility and
phagocyte activity of leukocytes, in contrast to decrease the number of pathogenic
bacteria and plasma cholesterol.

The objectives of this experiment were:

1. To investigate the effects of fructooligosaccharide supplementation
on gut microflora, nutrient digestibility, plasma cholesterol and phagocyte activity of
leukocytes in adult dogs.

2. To determine the minimum requirement of FOS for supplement in dog
food to achieve the target for enhancing of lactic acid bacteria (LAB) in gut, nutrients

digestibility and immunostimulant, as well plasma cholesterol in adult dogs.



CHAPTER I

BACKGROUND AND INFORMATIONS

Fructooligosaccharide as Prebiotics

Definition of Prebiotics

One application for enhancing the beneficial microflora in the gut is so called
prebiotics. Gibson and Robertfroid (1995) gave the definition of prebiotic as “a non-
digestible food ingredient that beneficially affects the host by selectively stimulating
the growth and/or activity of one or a limited number of bacteria in the colon, and
thus improves host health”. All of these non-digestible carbohydrates are expressed
as non-digestible polysaccharides. They are not hydrolyzed by animal enzymes in
the small intestine, but are fermented by colonic bacteria in the large intestine.
Gibson et al. (1999) had identified some characteristics of them: active at
nutritionally feasible dose, lack of side effects, fine control of microflora modulation,
persistence throughout the colon and inhibit adhesion of pathogens. Today, FOS is

one of the most popular prebiotic used in commercial pet foods.

Origin and compositional characteristics of FOS

FOS can be divided into two groups, short-chain FOS (sc-FOS) and Long-
chain FOS, as follows:

Short-chain fructooligosaccharide (sc-FOS) compose of R-D-fructofuranoses
attached by 3 -D-glucopyranosyl or 3 -D-fructopyranosyl residues. They constitute a
group of oligosaccharides derived from sucrose that are isolated from natural
vegetable sources. FOS is define as degree of polymerizations (DP) <10
(Robertfroid, 1998). Lewis (1993) reported that a commercial FOS mixture containing
three FOS species; 1-ketose (1-kestotriose; GF,), nystose (1, 1-kestotetraose; GF,),
and 1F- B -fructofuranosyl-nystose (1, 1, 1-kestopentaose; GF,). The Molecular

structure of the FOS is shown in Figure 1.
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Figure 1. Molecular structure of the fructooligosaccharide (Hussein et al. 1998).

sc-FOS are naturally occur as constituents in plants and vegetable. The
most common sources of sc-FOS are onions, Jerusalem artichokes, asparagus,
wheat, rye, and garlic. Bornet et al. (2002) found that onion had the highest content
of sc-FOS, ranging from 25-40% (dry matter, DM basis) of which 97% are SC-FOS.
Garlic and chicory root had the least FOS content. sc-FOS are produced on a
commercial scale by two different processes. One is from sucrose using a food
grade fungal fructosyltransferase ,for example; Aspergillus niger, Aureobasidium
spp., Arthrobacter spp., and Fusarium spp. etc. Another is from inulin by partial
hydrolysis using endo-inulinase (Flickinger, 2003; Yun, 1996). sc-FOS have been

described as 0.4-0.6 times as sweet as sucrose (Robertfroid, 1993).

Long-chain FOS which compose of fructans ranging between 2 and 60
fructose units are named inulin, and those with 2 to 20 fructose units are named
oligofructose. Chemically, they are sucrose molecules to which one or more fructose
units have been added by 3 — (1, 2) — glycosidic linkage to the fructose units of
sucrose (Gibson et al., 1995). Long-chain FOS present in edible parts of variety of
plants, such as onion, Jerusalem artichokes, chicory, leek, rye, barley and garlic. For

commercial production, these FOS are obtained either by extraction from plant



sources with subsequent enzymatic hydrolysis or produced by enzymatic

transglycosylation reactions using fructosyltransferase (Van et al., 1995).

Jenkins et al. (1999) indicated the potential effects of oligofructose and inulin
on physiologic effects as shown in table 1.

Table 1 The effects of oligofructose and inulin on physiologic effects.

Local Systemic
/r Fecal bulk \l/ (/]\) Cholesterol
1\ Bacteria \l/ TG (\l/ insulin; J/ glucose)
Selective /]\ bacteria \l, NH,
/r SCFA production \l, Urea
Selective 1\ in SCFA /F B vitamins
1\ Mineral absorption /r Immune function
’[\ B vitamin synthesis (’F Glutamine?)

Source: modified from Jenkins et al. (1999)

All FOS can escape digestion in upper part of the intestine. The B - (2, 1)
linkages present in the fructans have been shown to be resistant to mammalian
enzymes. Hidaka et al. (1986) reported that <0.5% of sc-FOS was hydrolyzed by
human salivary enzymes and rat pancreatic and small intestinal enzymes. Similar
result was reported by Oku et al. (1984) that <0.5% of scFOS was hydrolyzed by rat
intestinal mucosal enzyme of rat. Furthermore, in vitro work performed by Nilsson et
al. (1988) reported that at pH>1.8, <1% oligofructose (OF) was hydrolyzed by
human gastric juice. The recovery of OF from the small intestine of rats was similar to
that of polyethylene glycol, a nondigestible marker, proving that it was not digested
by mammalian enzymes. Tokunaga et al. (1989) proved that sc-FOS was degraded

by microbial populations by incubating "“C-labelled scFOS in cecal contents of rats.



After incubation, approximately 90% of the "C was detected in fermentative end-
products, SCFAs (66%), CO, (12%), and fecal biomass (6 to 10%). Therefore, most
fructans could reach the colon and were highly digestible substrates for bacteria.

The reports about effects of sc-FOS and long-chain FOS supplementation on
nutrient digestibility in dog are quite limited. Some previous studies demonstrated
that supplementation of sc-FOS at 0.5 to 1.5% of dogs did not affect nutrient
digestibility (Swanson et al.,, 2002a; Flickinger et al., 2003). On the other hand,
Propst et al. (2003) and Twomey et al. (2003) found that the dogs supplemented with
oligofructose and inulin at 0.3 to 6% of diet had lower (P < 0.05) fecal CP, CF, and
crude fat digestibility than the control dogs but no difference (P > 0.05) in fecal
digestibility of DM and ash were observed. In addition, FOS can also be used as an
alternative growth promoter, as with antibiotics, in animal feed. Furthermore, they
resist stomach and intestinal digestion, and heat of the food processing (Saroj,
2004).

Shim et al. (2005) described mode of actions of FOS in the gastrointestinal
tract of weaned pigs as follows (Table 2);

Table 2 Mode of actions of FOS in the gastrointestinal tract of weaning pigs.

Fructooligosaccharide

Small Intestine Large Intestine (caecum + colon)

Villous height (T) Fermentation metabolized

Endogenous enzyme activity (T) by Bifidobacteria spp. & Lactobacilli spp.

Digestibility (1) Absorption (VFA 1)
Acidic pH (])
E. coli(])
Putrefactive agents ()
Immunity (T)
Benefits: Diarrhoea (l) Gut Health (T) Feed Intake (T) Growth (T)

Source: adapted from Shim et al. (2005)



The gut microflora

Rastall (2004) reviewed microbial ecology of companion animals as follow.
Microbiologically, the gut could be thought of in terms of three principle regions: the
stomach, small intestine, and colon. For microbial population, the stomach had very
low bacterial numbers; facultative anaerobes such as lactobacilli, streptococci, and
yeast were present at about 100 colony forming units (CFU) per milliliter due to the
low environment at pH. The small intestine had a larger bacterial load that consisted
of facultative anaerobes such as lactobacilli, streptococci, and enterobacteria as
well as anaerobes such as Bifidobacterium spp., Bacteroides spp., and clostridia as
levels of approximately 10"-10° CFU/mI. The most heavily colonized region, however,
was the colon, with a total population of 10"'-10"* CFU/mlI of contents. The colonic
microflora was the predominant target for dietary intervention in the gut ecology.

In terms of health, the most significant active organisms are believed to be
the bifidobacteria (Gibson and Roberfroid, 1995). Bifidobacteria are the major
component of the microbial barrier to the intestinal infection. Bifidobacteria produce
a range of antimicrobial agents that are active against gram-positive and — negative
organisms (Gibson and Wang, 1994). Lactobacilli are also health positive and
produce a range of antimicrobial agents. In addition to the production of
antimicrobial agents, a large population of beneficial bacteria competitively excludes
pathogens by occupying receptor sites and competing for space, nutrients

competitors etc.

Effect of FOS on gut microflora

FOS are dietary components that are not digested by the host, but they
benefit the host by selectively stimulating the growth and/or activity of one or a
limited number of bacteria in the gastrointestinal tract (GIT). They have great
potential to modulate colonic microflora and discourage the colonization of enteric
pathogens.

Supplementation of FOS has been shown to enhance gut health in several

ways. Their consumption may result in dramatic changes in the composition of gut



microflora. FOS selectively feed the health-promoting bacteria Bifidobacterium, and
lactic acid bacteria, such as Lactobacillus acidophilus, and a few other Lactobacilli
species. The Lactobacillus acidophilus, Bifidobacterium and Enterococcus faecium
bacteria can be correctively referred to as health-promoting or beneficial bacteria for
many reasons suggested by some research studies. Each of these species is
benefits in both small and large intestines. However, the L. acidophilus and E.
faecium tend to be more active in the small intestine, while the Bifidobacterium are
more active in the large intestine. These health-promoting bacteria are also
considered lactic acid-producing bacteria and assist in maintaining and regulating
digestive tract pH to restrict E. coli and Salmonella growth and the attachment or
colonization by the beneficial bacteria prevents harmful bacteria from attaching and
increasing in number.

Gebbink et al. (1999) found that the pigs supplemented with 0.5% FOS in the
diet had decreased (P < 0.05) the E. coli population and increased Bifidobacteria
population in the proximal and distal colon. Indeed, Gibson and Wang (1994)
reported that some species of Bifidobacteria are able to exert antimicrobial effects
on various gram-positive and gram-negative entero pathogens including Salmonella
spp., Campylobacter spp. and E. coli. In addition to the production of bacteriocins,
acetate and lactate produced by Bifidobacteria decrease luminal pH, creating an
unfavorable environment for many pathogens.

FOS were utilized as rapidly fermentable source of carbohydrates. They are
fermented by colonic bacteria to produce short-chain fatty acids (SCFAs; acetate,
propionate and butyrate). All these three predominant SCFAs stimulate the growth
and differentiation of epithelial cell in the colon and small intestine. SCFAs in the
large bowel account for approximately 80% of total SCFAs produced by humans.
Han et al. (1984) reported that as the most important oxidative fuel, more than 70%
of the metabolic energy supplied for the colonocyte was these SCFAs, especially
butyrate. Roediger (1982) supported that SCFAs were the main energy source for
colonocytes, in particular, butyrate, which is the preferred energy substrate of

colonic epithelium. Gibson and Wang (1994) found that the dogs supplemented with



FOS had greater concentrations of fecal butyric acid than those of the control group.
Both of them have been shown to increase mucosal villus height, crypt depth and
number of goblet cells, thus reinforcing and stabilizing the gut mucosal barrier
(Kleessen et al., 2003). Similar to lactate, these organic acids decrease luminal pH
and assist in pathogen resistance. These were the mechanisms regarded as being
responsible for increasing the ability of the normal intestine microbes to inhibit
pathogen colonization and increasing digestibility and availability of vitamins and
minerals (Crittenden and Playne, 1996). Hesta et al. (2002) found that the cats fed
6% long-chain FOS had greater amount of (P <0.05) total fecal SCFA and valeric

acid than the control cats.

Effect of FOS on Cholesterol

Cholesterol is an important metabolic compound occurring in cell
membranes and lipoproteins. It is also a precursor to bile acids and steroid
hormones. The steroid hormones have only small structural differences which cause
major differences in their functions. The body has the ability to synthesize and
redistribute cholesterol. The main organ that synthesizes cholesterol is the liver. The
amount of cholesterol synthesized by the body can be two to three times or more
than the amount ingested. Cholesterol is not an essential nutrient and can be made
in the body from simple compound via acetyl CoA (Spady et al., 1993).

Effectively, three acetyl CoAs are combined to from hydroxmethylglutaryl
CoA (HMGCoA), which is reduced by NADPH and catalyzed by HMGCoA reductase
(Spady et al., 1993). This enzyme, the rate-limiting enzyme of cholesterol synthesis,
is located on the endoplasmic reticulum. The subcellular localization of cholesterol
synthesis, cytosol, and endoplasmic reticulum, compared to ketone-body formation
in the mitochondria, assures that the fate of HMGCOoA is determine by subcellular
localization of HMGCoA formation. The reduction of HMGCoA by HMGCoA
reductase, using 2 NADPHSs as the source of reducing power, forms mevalonate .
Mevalonate, with the input of two ATPs, forms 5-pyrophosphomevalonate.

Decarboxylation and intramolecular rearrangements of 5-pyrophosphomevalonate
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produced 3, 3-dimethyallyl pyrophosphate and A 3-isopentenyl pyrophosphate,
both isopentenyl units (C5). Three C5 units combine to make a C15 pyrophosphate
unit, farnesyl pyrophosphate. Two C15 pyrophosphate units plus NADPH produce
squalene, a C30 unit. After enzymatic rearrangements, oxidation to form the 3-OH
and further reductions utilizing NADPH, the squalene forms cholesterol as shown in

figure 2.

Figure 2. Biosynthesis of Cholesterol (www.cellml.org/.../metabolic_models _doc.html

[online, 2008])

Cholesterol storage and delivery are controlled by a number of LDL
receptors. Low-density lipoprotein is a cholesterol-rich lipoprotein which can deliver
cholesterol to many tissues via LDL receptors. As tissue cholesterol levels rise, the
importance of cholesterol delivery is less important. When cellular cholesterol levels
are high, there is a down-regulation of LDL receptors (a decrease in the number of

receptors), thus decreasing cholesterol delivery to that tissue. The tissues rich in


http://www.cellml.org/.../metabolic_models_doc.html
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LDL receptors are liver, adrenal gland, ovaries, testes, and others that convert
cholesterol to important metabolic products.

Quantitatively, the greatest loss of cholesterol is via bile acids and bile salts
formed by the liver. These bile acids and bile salts are important in digestion for
emulsification of lipids, including fat-soluble vitamins. The bile acids and bile salts
are secreted from the liver to the intestines via bile duct. A considerable portion of
bile acids returned to the liver by the enterohepatic circulation. This decreases the
need to convert as much cholesterol to bile acids. Therefore, another attempt to
decrease cholesterol levels is by increasing conversion of cholesterol to bile acids,
by slowing recirculation of the bile acids and bile salts, has been used. This has
been suggested as one of the benefits of dietary fiber, which binds bile acids and
causes greater excretion in the feces instead of recirculation back to the liver (Voet
and Voet, 1995). The normal ranges of canine cholesterol between 110 — 314 mg/dl.

FOS, besides their effect on the GIT, are also able to exert systemic effect,
namely by modifying the hepatic metabolism of lipids in several animal models. But
a research study in dog is quite limit and the mechanisms of these metabolic effects
are not clear. Like dietary fiber, FOS escapes digestion in the small intestine and
enters the cecum without significant changes in their structure. They are fermented
by the resident microflora into SCFA (acetate, propionate, and butyrate), lactic acid
acid, CO,, and H,, which influences the lipid metabolism in human beings (Luo et
al., 1996). Andersson et al. (2001) described that the mechanism by which lactic
acid bacteria and Bifodobacterium might be able to reduce total and LDL
cholesterol. Lactobacilli produce deconjugate the bile salts enzymes (Bile salt
hydrolase, BHS) in the intestine to form bile acids and thereby inhibit micelle
formation. This leads to decreased absorption of cholesterol. Another factor thought
to be elaborated by lactobacilli is HMGCoA which inhibits HMGCoA reductase, the
rate limiting enzyme in endogenous cholesterol synthesis. Studies in rats have
demonstrated that feeding inulin or oligofructose as 10% of the diet reduced hepatic
triglyceride synthesis and serum VLDL (Fiordaliso et al., 1995; Kok et al., 1996a; Kok

et al.,, 1996b). Furthermore, FOS decreased pre-prandial urea, cholesterol and
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triglyceride concentrations, and lowered post-prandial glucose, urea, cholesterol
and triglyceride concentrations in healthy dogs (Diez et al., 1997). However,
evidence has recently been presented that the metabolic effects of dietary fibers are
associated with, and possibly mediated through, changes of gastrointestinal
hormones such as glucagons-like peptide- I (Reimer and McBurney, 1996; Reimer
et al., 1997; Kok et al., 1998). Thus, the metabolic effects of FOS, which has many of

the properties of dietary fiber, might be mediated by this or other hormones.

Effect of FOS on Phagocyte activity

Although specific nutrients are known to be important in the development
and function of the immune system (Alexander, 1995), less is known about the
potential of dietary fibers to impact on immune function. The properties of FOS are
similar to physiological effects of a dietary fiber (Roberfroid, 1998). It can be
speculated that the fermentative property of dietary FOS may have positively
influenced immunity. Schley and Field (2002) reported the immune-enhancing
effects of dietary fiber that changes in the intestinal microflora that occur with the
consumption of prebiotic fiber may potentially mediate immune changes via: the
direct contact of lactic acid bacteria or bacterial products (cell wall or cytoplasmic
components) with immune cells in the intestine and the production of short-chain
fatty acids from fiber fermentation or by changes in mucin production.

The immune system is defined as the host's defense against destructive
forces from both outside (e.g. bacteria, viruses, parasites) and within (e.g. malignant
and auto reactive cells in the body. Immune responses are generally classified as
either innate (inborn components of the immune system) or acquired (adaptive). The
components and cells that comprise these two arms of the immune system are
presented in Table 3.

The innate immunity or nonspecific immunity comprises the cells and
mechanisms that defend the host from infection by other organisms, in a non-

specific manner. This means that the cells of the innate system recognize, and
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respond to, pathogens in a generic way, but unlike the adaptive immune system, it
does not confer long-lasting or protective immunity to the host.

The innate immunity provides immunity to invading organisms without the
need for prior exposure to these antigens and includes physical barriers such as the
skin and mucous membranes, cell-mediated barriers, including phagocytic cells,
inflammatory cells, dendritic cells, and natural killer cells, and soluble mediators

such as cytokines, complement and acute-phase proteins (Delves and Roitt, 2000a).

The acquired, or adaptive, immune system develops over an individual’s
lifetime. Immune responses by this system generally occur after those of the innate
immune system; they are antigen-specific, and are more efficient upon secondary
exposure to the pathogen (Goust and Bierer, 1993). Lymphocytes are an important
cellular component of this arm of the immune system that modulate the function of
other immune cells or directly destroy cells infected with intracellular pathogens
(Table 3). Each developing T- or B-cell generates a unique receptor, or recognition
molecule, by rearranging its receptor genes, such that a set of cells expressing a
vast array of diverse receptors is produced, allowing immune cells to selectively
eliminate virtually any foreign antigen that enters the body (Delves and Roitt, 2000a).
B-cells, abundant in lymph nodes, recognize foreign antigen through membrane-
bound antibodies, or immunoglobulins, and upon activation become antibody
secreting plasma cells to effectively remove soluble bacteria/ antigens (Delves and
Roitt, 2000a). Antibodies are secreted in soluble form and bind foreign particles to
facilitate clearance by phagocytes (Delves and Roitt, 2000b). B-cells can also serve
as antigen presenting cells and in this respect influence T-cell function (Delves and

Roitt, 2000a).



Table 3 The immune system.
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Arm of immune system  Defenses

Components

Functions

Innate immune system

Physical barriers

Skin and mucous

membranes

Prevent the entry of
antigens into systemic

circulation

Cell-mediated

barriers

Phagocytic cells,
e.g. neutrophils,

macrophages

Engulf foreign antigens

Inflammatory cells,

e.g. basophils,

mast cells

Release inflammatory
mediators, €.g.
Histamine,

Prostaglandins

Natural killer cells

Destroy infected or

malignant cells

Dendritic cells

Present antigens to

lymphocytes

Soluble factors

Cytokines

Activate/recruit  other

cells

Complement

Enhance phagocytosis

Acute-phase proteins

Promote repair of

damaged tissue

Acquired immune B-lymphocytes Plasma cells Secrete antibody
system
T-lymphocytes CD4+ T- cells Induce activation of
lymphocytes
Th1 cells Promote cell-mediated

responses
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Th2 cells Promote humoral

(antibody) responses

CD8+ T-cells

Cytotoxic T-cells Destroy infected or
malignant cells

Suppressor T-cells Destroy infected or

malignant cells

Source: Schley and Field (2002)

Phagocytosis is an important clearance mechanism for the removal and
disposition of foreign agents and particles or damaged cell. Macrophages,
monocytes, and polymorphonuclear cells are phagocytic cells.

Phagocytosis of microorganisms involves several steps: attachment,
internalization, and digestion. After attachment, the particle is engulfed within a
membrane fragment and a phagocytic vacuole is formed. The vacuole fuses with the
primary lysosome to form the phagolysosome, in which the lysosomal enzymes are
discharged and the enclosed material is digested. Remmants of indigestible
material can be recognized subsequently as residual bodies. Polymorphonuclear
neutrophils (PMNSs), eosinophils and macrophages play an important role in
defending the host against microbial infection. PMNs and occasional eosinophils
appear first in response to acute inflammation, followed later by macrophages.
Chemotactic factors are released by actively multiplying microbes. These
chemotactic factors are power attractants for phagocytic cells which have specific
membrane receptors for the factors. Certain pyogenic bacteria may be destroyed
soon after phagocytosis as a result of oxidative reactions. However, certain
intracellular microorganisms such as Mycobacteria or Listeria are not killed merely
by ingestion and many remain viable unless there is adequate cell-mediated

immunity induced by y interferon activation of macrophages as shown in Figure 3.
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Figure 3. Phogocytosis activity (http://diverge.hunter.cuny.edu/~weigang/Lecture-

syllabus.html [online, 2008])

Nevertheless, a research study of FOS supplementation on the phagocyte
activity in dog is quite limited. Herich et al. (2002) who found that the weaned pigs

supplemented with FOS had greater numbers of Ilymphocytes, leukocyte,

+

neutrophils, CD4 T cells, and the phagocyte activity than the single administration
of Lactobacillus and the control groups. Pierre et al. (1997) demonstrated that
oligofructose enhanced the T-lymphocyte function in mice. It has been suggested
that prebiotic such as FOS or inulin may be beneficial for the immune system and

health of weaned pig.


http://diverge.hunter.cuny.edu/%7Eweigang/Lecture-syllabus.html
http://diverge.hunter.cuny.edu/%7Eweigang/Lecture-syllabus.html

CHAPTER Il

MATERIALS AND METHODS

Experimental design and animals
1. Animals

Eight healthy female mixed breed dogs, age between 3.5-7 years and
average body weight between 14.3 + 0.4 kg were subject to used in this study. The
experimental designed was the replicated 4 x4 Latin-square. All dogs were housed
individually in the metal cages (1.5 x 2.5 x 1.5 meters) with a plastic slat floor and the
temperatures were ranging between 25.7 and 30.3 °C. Each individual cage was
cleaned twice daily. In the pre-test period, the dogs were fed a basal diet for 10
days after that they were fed the basal diets with various levels of FOS supplement in
the diet for 15 days (test period) and all dogs were fed a basal diet for the last 10
days (post-test period). Fresh water was available ad libitum throughout the
experiment. Animal care procedures were approved by the Animal Care Committee
guidelines of Faculty of Veterinary Science, Chulalongkorn University.

2. Feed and Feeding

The commercial extruded dog diet formulated with no FOS supplementation in
accordance with the AAFCO (2003) nutrient guide for adult dog was used as the
basal diet. Major ingredients of the basal diet composed of broken rice, corn gluten
meal, chicken meal, soybean meal, salt, limestone, monocalciumphosphate, and
potassium chloride. Chemical analysis of nutrient composition in the basal diet is
presented in Table 4.

Treatments composed of none (the control group), 0.5, 1.0, and 2.0% FOS

(Beghim Meiji, France) supplementation by coated FOS in the diet (Table 5).
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Table 4 Chemical analysis of nutrient composition in the basal diet (DM basis).

ltem Amount

Metabolizable energy (kcal/g)’ 3.4
Crude protein (%)b 22.6
Ether extract (%)” 7.8
Crude fiber (%)’ 3.1

Ash (%)" 1.7
Calcium (%) 1.1

Phosphorus (%)b 0.9

°Calculated by use of equation from NRC (2006): ME, kcal/g = [(3.5XCP)+(8.5XEE)+(3.5XNFE)]/100

bAnalyzed according to the AOAC (1990) procedures.

Table 5 Experimental groups.

Group Description
1 Basal diet ( no supplemental FOS)
2 Basal diet + 0.5% FOS in diet
3 Basal diet + 1.0% FOS in diet
4 Basal diet + 2.0% FOS in diet

The amount of food was calculated using standard equations to determine
energy requirements of active adults dogs (ME requirement, kcal = 132 BWK90'75;
NRC, 2006) and adjusted every week. Each day, food was weighed and divided into
two equal portions and fed to dogs at 0800 and 1600 hours in stainless steel bowls.
Body weight of all animals was determined every week and the amount of feed
intake was recorded daily. On d 15 through d 24 of each period, dogs were dosed
with 0.5 g Cr,0, at each feeding via gelatin capsule for a total of 1.0 g marker/d. This

chromic oxide was used as a digestible marker.
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Sample Collection and Determination
1. Feed
Throughout the experiment, the food sample was collected daily and
pooled into plastic bags and stored at -20°C until nutrient content analysis. It was
analyzed in duplicate for DM, CP, EE, CF, ash, Ca and P using AOAC (1990)
procedure.

2. Blood

At Each period, blood collection was performed at d 10, 25 and 35 in the
morning. Five ml of blood from cephalic vein was divided into three tubes as the
following;

2.1 Blood samples 1 ml was collected into a micro-centrifuge tube with
containing EDTA for complete blood count [CBC; RBC, hemoglobin, hematocrit, total
white blood cell (WBC), neutrophil, eosinophil, basophil, lymphocyte and monocyte]
determination.

2.2 Blood samples 1 ml was collected into heparinzed polypropylene (PP)
tubes for determination of plasma cholesterol.

Both of Plasma cholesterol and CBC were determined by the laboratory of
small animal hospital, Faculty of Veterinary Science, Chulalongkorn University.

2.3 Another 3 ml of blood samples were collected into heparinzed
polypropylene (PP) tubes and placed on ice then centrifuged at 1500 X g for 10
minutes at room temperature for determination of the percentage of phagocyte
activity modified from Weir (1978) as follows: 30 ul of E.coli (stain ATCC 25922) (1-2
X 10 micro-organisms/ml) and 30 ul of serum are combined and incubated at 37
°C under continuous rotation (4 rev./min) for 0, 15, 30, and 60 min, respectively.
Next, cells are fixed with methanol and strained with Geimsa stain. The percentage
of cells that have ingested bacteria is determined from counts of at least 100

phagocytic cells as according to the following formula:

No. of phagocyte cells have ingested bacteria
Total of phagocyte cells

X 100

% of phagocyte activity =
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No. of ingested bacteria by phagocyte cells100 cells
100

Index of Phagocyte activity =

3. Feces

3.1 Fecal sample was collected on d 10, 25 and 35 in the morning. Total
stools of each dog were removed from the floor of the pen and kept at 4 °C for
bacterial enumeration. Microbiological analyses were as follows;

3.1.1 Enumeration of mesophilic lactic acid bacteria (ISO 15214, 1998)

The plating was performed into MRS medium (de Man, Rogosa and Sharpe,
Difco®) from the prepared dilutions (10" to 10°) by a duplicated pour plate method.
The colonies were counted after incubation at 37 °C for 48 hours under anaerobic
conditions by double — layer MRS medium (ISO 15214, 1998). The dishes containing
15 to 300 colonies were examined. The calculations of mesophilic lactic acid

bacteria were done as follows;

3.1.1.1. General case; Calculation of APC was done according to the

following formula:

SR

[(n, x1)+(n, x0.1)]x(d)

Where
N = Number of colonies per gram of product

ZC = Sum of all colonies on all plate counted

n, = Number of plates in first dilution counted
n, = Number of plates in second dilution counted
d = Dilution from which the first count were obtained

3.1.1.2. Estimation of low numbers
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3.1.1.2.1 If the two dishes contained less than 15 colonies, the formula was

simplified and only the arithmetical mean was used for calculation.

7

y = arithmetical mean of the colonies counted on two dished

Where

d = the dilution factor of the initial suspension

3.1.1.2.2 If the two dished did not contain any colonies, the results are to be
expressed as follows;

- Less than 1/d aerobic bacteria per gram where d is the dilution factor of the
initial suspension

3.1.2 Enumeration of Escherichia coli (ISO-4831, 1991)

The total numbers of Escherichia coli were determined by the three tubes
most probable number (MPN) method as shown in Figure 4. Lauryl Sulphate
Tryptose broth (LTB) was used as selective enrichment medium. Brilliant Green
Lactose Bile Broth (BGLB) and EC- medium were used as confirmation medium. The
number of tubes that showed gas formation in the BGLB and EC- confirmation-broth
were counted. The probable numbers of E.coli were calculated according to the

MPN tables (de Man, J.C. MPN tables. IS0 4831, 1991)
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Fecal sample 10 g + PDS 90 ml

!

PDS (dilution at 10" 10> 10

|

-3)

DLTB SLTB
A
10 10’1 10*2 10,3
m D ay N
1 m . 1mi 1mi 1mi
10 ml 10 ml 10 ml 10 ml

Incubator at 37°C for 24-48 h.

3

2% Brilliant Green Bile Broth EC — medium
Incubator at 37°C for 48 h. Incubator (water bath) at 45°C for 48 h.
EMB agar

Incubator at 37°C for 18-24 h.

J

Indole medium

Incubator at 37°C for 24-48 h.

Figure 4. Most probable number (MPN) method adapted from ISO-4831 (1991).
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3.2 From d 15 to 24 of the experiment before each feeding, the dogs were
dosed orally twice a day with a gelatin capsule containing 500 mg of chromic oxide.
This Cr,0, would be use as a digestible marker for calculation of nutrient
digestibility. On the first day of fecal collection (d22), all feces before 0700 hours
were removed from the cages and discarded. Fecal output after that was collected
until 2000 hours on d 24 from individual dog and placed into labeled plastic bags.
Fecal samples of each dog were stored at -20°C and dried at 60°C in a forced-air
oven. After drying, the samples were ground through a 1-mm screen mill (cyclotec
1093 sample mill) and collected in labeled plastic bottles at room temperature until
further analysis. Fecal samples were examined for Cr using Williams et al. (1962)
procedures.

3.3 Every week, all fecal samples were scored according to the following
system: 1 = watery: liquid that can be poured; 2 = soft, unformed stool; assumes
shape of container; 3 = soft, formed, a moist stool; 4 = hard, formed, dry stool;

remain firm and soft; and 5 = hard, dry pellets; small, hard mass (Fig. 5)

Figure 5. Fecal score characteristics (Royal Canin, 2006).
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The diagram of sample collection is shown in Figure 6.

Statistical Analysis

All data were expressed as mean + SD. These data were analyzed as a
replicated 4 x4 Latin-square using the general linear model. Each dog represented
an experimental unit. The model included square, dog (square), period, rep, and
treatment, and the error was residual error mean square. The mean differences
between treatments were tested by Duncan’s New Multiple Range test and the mean
differences between groups were tested by t -test using the commercially computer

program (SAS, 2002). Differences were considered significant when P < 0.05.
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Post-test

period

Test period

Pre-test

period

0

wk:

26 —*

25 —»

24

23

22

"M —»

10 —*

0
Day:

Blood samples (CBC, PA) & fecal

samples (bacteria) were collected.

No supplemental FOS

Blood samples (CBC, PA) & fecal

samples (bacteria) were collected.

Feces sample (Digestibility) was

collected.

Fed Cr,0O,

Supplemental FOS

Blood samples (CBC, PA) & fecal

samples (bacteria) were collected.

Figure 6. The diagram of sample collection in this experiment.




CHAPTER IV

RESULTS

Effect of FOS supplementation on body weight (BW) and feed intake (Fl) of dogs

No effects of FOS supplementation on body weight and feed intake were

observed in this experiment (Table 6).

Table 6 The average BW and Feed Intake of the dogs in all experimental groups.1

ltem FOS level

Control 0.5% 1.0% 2.0%

BW (kg) 144 +3.8 144 +3.8 141 +£3.8 14.0+3.9
Feed Intake (g/d) 278 £52.9 277 £57.2 276 £ 57.3 276 + 53.5

1I\/Iean +SD

Effect of FOS supplementation on fecal characteristics of dogs

The control dogs had significant lower (P < 0.05) fecal DM than the dogs
supplemented with FOS at 0.5, 1.0 and 2.0% (28.1, 29.4, 30.1, and 30.8%,
respectively). The dog supplemented with 2.0% FOS had the greatest amount (P <
0.05) of wet and dry fecal output (g/d), follow by 1.0 and 0.5% FOS, and the control
groups, respectively (175.7, 161.2, 144.8 and 133.7 g/d, respectively and 47.2, 50.6,
53.4, and 61.3 g/d, respectively). The control group had greater significantly (P <

0.05) fecal scores than all FOS supplement groups (Table 7).
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Table 7 The effect of FOS supplementation on fecal characteristics of dogs.1

ltem FOS level
Control 0.5% 1.0% 2.0%
Fecal DM (%) 28.1+0.1° 29.4 +0.3° 30.1+0.3° 30.8+0.5°
Wet fecal output (g/d) 133+£18.7°  144+201° 161153 175+ 14.6°
Dry fecal output (g/d) 47.2+6.4° 50.6 + 4.8° 53.4 +5.0° 61.3+6.2°
Fecal score™® 4 3 3 3
'Mean + SD

? Scores based on the following scale: 1 = watery: liquid that can be poured; 2 =
soft, unformed stool; assumes shape of container; 3 = soft, formed, a moist stool; 4 =
hard, formed, dry stool; remain firm and soft; 5 = hard, dry pellets; small, hard mass.
® Fecal score was analyzed by Sigma statistics, as individuals Mean + SE followed;
control = 0.11, 0.5% FOS = 0.09, 1.0% FOS = 0.08, and 2.0% FOS = 0.09
respectively.

ab.cd

Mean + SD within the same row with different superscripts differ significant

(P<0.05)

Effect of FOS supplementation on nutrient digestibility of dogs

Fecal DM digestibility of the control dogs were greater (P< 0.05) than the
dogs supplemented with FOS at 0.5, 1.0 and 2.0% (70.2, 68.9, 68.7 and 68.4%,
respectively). No significant differences (P> 0.05) in fecal digestibility of CP, crude
fat and OM were observed when compared between the treatment groups (table 8).
The control dogs and dogs supplemented 0.5% with FOS had greater (P < 0.05)
fecal CF digestibility than the dogs supplemented with 1.0 and 2.0% FOS (58.9%,
61.2%, 56.5%, and 56.4%, respectively) as shown in table 8.
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Table 8 The effect of FOS supplementation on nutrient digestibility of dogs.1

FOS Level
Fecal digestibility, %

Control 0.5% 1.0% 2.0%
Dry Matter 702+01° 689+02° 687+02° 684+0.3
Crude Protein 80.2+3.8 795+57 79.3+56 79.1+ 4.8
Crude Fat 93.9+2.6 939+1.8 93.9+20 94.6 1.6
Crude Fiber 589+3.7° 612+7.5  56.5+1.8 56.4+ 5.4°
Organic Matter 64.9x45 63.9+£3.9 63.9+£3.9 62.2+£4.0

'Mean + SD

*®Mean + SD within the same row with different superscripts differ (P < 0.05)

Effect of FOS supplementation on complete blood count (CBC) and plasma

cholesterol of dogs

There were no significant differences of CBC between all FOS supplement

and the control groups as shown in Table 9.
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Table 9 The effect of FOS supplementation on complete blood count (CBC) of
dogsj

FOS level

Item
Control 0.5% 1.0% 2.0%

WBC, % 10° per pl 6.4+1.6 6.6+1.7 6.6+1.3 6.7+1.7
Lymphocytes, %per pl 340x7.2 34.6 £6.9 34774 349+£7.5

Neutrophils, %per 55.5+6.7 555+7.9 56.1+5.6 57.9+52
Monocytes, %per pl 24 +0.6 29+04 29+0.7 3.0+ 1.1
Eosinophils, %per pl 44 +£3.2 40+£34 3.9+ 31 45+32
RBC, 10° per pl 4.8+1.1 53+1.1 54+1.2 54+13
Hemoglobin, g/dl 129+2.0 13.8+2.1 13.9+29 141+27
Hematocrit, %per pl 43.8+8.6 446 +9.2 448 +10.1 456+114
'Mean + SD

Table 10 showed the comparison of plasma cholesterol concentration

between the pre-test, test, and post-test periods.

No differences (P > 0.05) in concentration of plasma cholesterol was
observed when compared between the treatment groups during the pre-test (10-d
adaptation period), test (15-d test period), and post-test (10-d post test period)

periods.
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Table 10 The effect of FOS supplementation on plasma cholesterol of dogs during

the pre-test, test, and post-test periods.1

Plasma Cholesterol FOS Level

(mg/dl)

Control 0.5% 1.0% 2.0%

10 D Before FOS 141714 140 + 66.4 142 £ 85.2 142 +85.7

15D FOS 142 + 81.3 138 £ 63.4 122 £+ 37.7 121 +£30.3
10 D After FOS 142 + 84.5 134 +62.5 123 +44.6 122 +41.9
" Mean + SD

Effect of FOS supplementation on fecal microbial populations of dogs

Fecal microbial populations are reported in Table 11. This result was also
conducted to compare the numbers of lactic acid bacteria and E. coli between the
pre-test (10-d adaptation period), test (15-d test period), and post-test (10-d post
test period) periods.

There were no differences (P > 0.05) in fecal LAB of all dogs during the 10-d
adaptation period (no supplemental FOS). At test period, the dogs received 2.0%
FOS have greatest (P < 0.05) populations of fecal LAB, follow by 1.0 and 0.5% FOS
supplement, and the control groups (1.6 X 10°, 2.5 X 10°, 3.2 X 10°, and 4 X 10°
cfu/g, respectively) and also greater than the pre - test and post — test periods . The
control dogs had lower (P < 0.05) fecal LAB than the dogs supplemented with 0.5,

1.0, and 2.0% FOS during the 10-d post test (1.6 X 10°, 2.5 X 10°, 2.5 X 10°, and

3.2 X 10° cfu/g, respectively). These amounts had also greater than the amounts at
the pre — test, but lesser than the amounts at the test period. There were also
positive correlation (r = 0.9429) between number of fecal LAB (cfu log,,/g) and the

levels of FOS during test period as shown in Figure 7.
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Figure 7. Linear correlations between numbers of fecal LAB and the levels of FOS.

No change was observed in fecal E.coli population of the control group at all
periods. The E.coli population of all FOS supplement groups at test and post — test
period were lower than the adaptation period. The dogs received 2.0% FOS had the
lowest amount (P < 0.01) of fecal E.coli (cfu/g), follow by 1.0 and 0.5% FOS, and the
control groups during test and post —test periods, respectively (2.0 X 10°, 3.2 X 10°,
4.0 X 10°, and 1.0 X 10° cfu/g, respectively and 1.0 X 10°, 1.6 X 10°, 2.5 X 10°, and
1.0 X 10° cfulg, respectively). There were also an invert correlation (r = -0.9303)
between number of fecal E.coli (cfu log,,/g) and the levels of FOS during test period

as shown in Figure 8.
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Figure 8. Linear correlations between numbers of fecal E.coli and the levels of FOS.
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Table 11 The effect of FOS supplementation on fecal microbial populations of dogs during the pre-test, test, and post —test periods.1

ltem

FOS Level

Control

0.5%

1.0%

2.0%

LAB (cfu’/g)
10 D Before FOS
15D FOS

10 D After FOS

16X 10°+1.0
1.6 X 10°+1.0°

13%X10°+1.1°

16X10°+1.0°
25%10°+ 05"

25%10°+05°"

16X10°+1.0°
32X 10°+05%"

25%10°+05""

16X10°+1.0°

40%x10°+06%"

a, A

32%X10°+05

E. coli (cfu’/g)
10 D Before FOS
15D FOS

10 D After FOS

1.0X10°+48
1.0X 10°+4.8°

1.0X 10°+4.8°

1.0%X10°+48°
40%10°+05""

25%10°+0.4 """

1.0%10°+4.8"°
32%X10°+0.7 %"

16X 10°+04>"

1.0X10°+4.8°
20X 10°+05“"

1.0X10°+04°"

1 Mean + SD

? cfu, colony-forming units
“>° Mean + SD in the same row with different superscripts differ significant (P < 0.05)

"% Mean + SD in the same column with different superscripts differ significant (P < 0.05)
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Effect of FOS supplementation on the percentages of phagocyte activity and index
of phagocyte activity of dogs

There were no significant differences (P > 0.05) of the percentages of
phagocyte activity (%PA) between all FOS supplement and the control groups at the
pre-test period. During the test period, all dogs supplemented with FOS had the
percentages of phagocyte activity (%PA) and index of phagocyte activity greater

than both pre-test and post-test period as shown in Table12.

The dog supplemented with 2.0% FOS had the greatest (P< 0.05) of the
percentages of phagocyte activity, followed by 1.0 and 0.5% FOS, and the control
groups during the test and post — test periods, respectively (36.7, 34.1, 33.7, and
29.6%, and 33.2, 31.9, 31.4, and 29.3%, respectively).

There were no significant differences (P > 0.05) of index of phagocyte
activity between all FOS supplement and the control groups at the pre-test period.
During the test period, the dog supplemented with 2.0% FOS had the greatest
(P< 0.05) index of phagocyte activity, followed by 1.0 and 0.5% FOS, and the control
group, respectively (4.9, 4.5, 4.4, and 4.1, respectively). During the post-test period,
dogs supplemented with 2.0% FOS had the greatest (P < 0.05) of IPA, followed by

1.0 and 0.5% FOS and the control group.
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Table 12 The effect of FOS supplementation on the percentages of phagocyte activity (%PA) and index of phagocyte activity (IPA) of dogs

during the pre-test, test, and post —test periods.1

FOS Level
Item
Control 0.5% 1.0% 2.0%
%PA
10 D Before FOS 29.4 + 2.1 295+2.1° 295+2.1° 297+22°
15 D FOS 29.6+2.0° 33.7+1.7°" 34.1+ 1.8>" 36.7 +1.8*"
10 D After FOS 293+2.1° 31.4+27°%° 319+16>° 332+09%°
IPA
10 D Before FOS 4.0+04 41+04° 41+04° 43+05"°
15D FOS 41+04° 44+04°" 45+06"" 49+09*"
10 D After FOS 40+04° 42+05%° 42+05°° 44+04°°

1 Mean + SD

“>° Mean + SD with the same row with different superscripts differ significant (P < 0.05)

A% Mean + SD with the same column with different superscripts differ significant (P < 0.05)
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As time passed, the number of engulfed E.coli (strain ATCC 25922)

increased as shown in Figure 9.

Figure 9. Microscopic photographs of phagocyte activity from the dogs

supplemented with 2.0% FOS in this experiment (Magnification x 100); (A), (B), (C),
(D); Canine granulocytes engulfing E. coli (strain ATCC 25922) after incubation for 0,

15, 30, and 60 min, respectively.



CHAPTER V

DISCUSSIONS

The Effect of FOS Supplementation on Body Weight and Feed Intake

The supplementation of FOS demonstrated no effect on body weight and
feed intake. This result was similar to other studies (Houdijk et al., 1998; Olsen and
Maribo, 1999; Swanson et al., 2002a, b). The difference might be associated with
the different chemical structure of FOS (degree of polymerization), or length of
oligosaccharides and presence of other fermentable sources especially non-starch

polysaccharides in the diets.

The Effect of FOS Supplementation on Fecal Characteristics

The dogs supplemented with FOS at 0.5, 1.0, and 2.0% had greater
(P < 0.05) fecal DM, wet fecal output and dry fecal output than the control dogs.
These observations were surprising because FOS had been shown to increase wet
fecal weight in the previous experiments (Deiz et al., 1997; Flickinger et al., 2003).
But the results of the current experiment were in agreement with Hesta et al. (2000)
who showed that the cats supplemented with FOS at 6 and 9% of diet resulted in the
greater (P < 0.05) amount of wet fecal output and dry fecal output than the control
cats. In addition, fecal scores of the current study decreased (P < 0.05) with higher
levels of FOS supplementation. Similar result was reported by Schneeman (1999)
who found increase dietary FOS caused deterioration in fecal quality with softer and
water stools. The effect of FOS on stool consistency was caused by two reasons
(Schneeman, 1999). First, the FOS molecules had a direct effect by increase fecal
bulk regarding a portion that would remain undigested in the intestinal tract.
Therefore, FOS provided volume to the feces via physical and osmotic effects.
Second, FOS could make stool softness through the increased bacterial mass that
occurred with more fermentation in the large intestine. With increased microbial

fermentation, the bacteria in the gut multiply giving more bulk to the feces, causing a
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laxative effect (Schneeman, 1999). Fermentation products can also act osmotically
to increase fecal water content (Rowe et al., 1997). These two factors interplay to
cause softer stools with higher levels of FOS in the diet. Although higher FOS levels
had a significant effect on fecal quality, the level of 2.0% FOS in the diet is probably
greater than would normally be used in a commercial dog food. As a result, the
supplementation of FOS could prevent the constipation and provide fecal softness
without diarrhea in dogs. However, these results contradicted to the reported by
Swanson et al. (2002a) who found that supplementation of FOS did not influence

neither fecal output nor fecal scores.

The Effect of FOS Supplementation on Fecal Microbial Population

FOS are not digested by small intestinal enzymes of mammals but
beneficially affects the host by selectively stimulating the growth of some gut
microflora and improves host health (Gibson and Roberfroid, 1995). Addition of
these compounds into the diet of food animals was reported to be able to inhibit the
growth of pathogenic microorganisms in the intestines of the animal (Gibson and
Wang, 1994). One benefit of FOS supplement in the diet of adult dogs is to maintain
a healthy microbial balance by selectively stimulate the growth of beneficial bacteria
such as bifidobacteria and lactobacilli in the colon. These would maintain healthy
gut ecology by increasing VFA production and decreasing pH of the intestinal
content. Consequently, the growth of harmful bacteria such as E. coli, Salmonella,
and many gram-negative microorganisms would be suppressed (Kruse et al., 1999).
Roland (1995) reported that some bacterial species could utilize certain complex
sugars for survival, whereas others could not.

The results of this experiment indicated that the supplement of FOS at all
levels did have effect on the microbial populations by increase fecal LAB (P < 0.05)
and decrease fecal E.coli (P <0.05) numbers during the test period. Several studies
in dogs found that diets supplemented with FOS increased the population of
bifidobacteria and lactobacilli while decreased the number of E. coli (Russell, 1998;

Howard et al., 2000; Swanson et al., 2002b; Flickinger et al., 2003; Twomey et al.,
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2003). In chicken, Baily et al. (1991) observed that FOS had a positive effect on
susceptibility of the animals to Salmonella spp. infections. In addition, lactobacillus
strains have been reported to inhibit enteropathogenic E. coli from binding to
intestinal cells (Bernet et al.,, 1994) and decrease enzyme (R-glucuronidase,
azoreductase, and nitroreductase) levels responsible for the production of
carcinogenic compounds (Gorbach and Goldin, 1977). On the other hand, some
studies in young pigs did not find the stimulating effects of FOS on lactobacilli and
bifidobacteria in the gut (Orban et al., 1997; Bolduan et al., 1993).

This experiment was also conducted to compare the numbers of lactic acid
bacteria and E. coli between the pre-test (10-d adaptation period), test (15-d test
period), and post-test (10-d post test period) periods. No difference of fecal LAB
numbers was observed during the pre-test period. For the test and post-test periods,
the dogs supplemented with FOS at 0.5, 1.0, and 2.0% had greater (P < 0.05) fecal
LAB numbers than the control dogs. At the post — test period, the dogs
supplemented with 2.0% FOS had the greatest number (P < 0.05) of LAB when
compared to other groups. The amounts of these LAB at the end of post-test period
was greater than the amount at the amount at the end of pre-test, but lesser than the
amount at the end of test period. In addition, fecal E.coli numbers decreased (P <
0.05) in all FOS supplement groups when compared to the control group during the
test and post-test periods. The difference in microbial population between these
periods could cause by FOS remaining in the Gl tract and interfering the gut

microbial ecology of the dogs.

The Effect of FOS Supplementation on Nutrient Digestibility

Little information is available regarding the effect of FOS on fecal nutrient
digestibility in dogs. The results of this experiment showed that the dogs
supplemented with FOS at 0.5, 1.0 and 2.0% had fecal DM digestibility significantly
lower (P < 0.05) than the control dogs. No differences (P >0.05) in fecal digestibility
of CP, crude fat and OM were observed. These results were similar to Swanson et al.

(2002a), who reported no difference in total tract nutrient digestibility of CP and OM
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in dogs supplemented with 2 g of scFOS/d. However, in this present study, the dogs
supplemented with 1.0 and 2.0% FOS had lower (P < 0.05) fecal CF digestibility than
dogs supplemented with 0.5% FOS and the control dogs. The inclusion of high
levels of FOS could lead to loose stool, increased microbial fermentation (Niness,
1999), and reduced nutrient availability for the host (Diez et al., 1997; Strickling et
al., 2000). Previous research done by Jgrgensen et al. (1988) and Sutton (1992)
reported that fermentable carbohydrates such as non-starch polysaccharide (NSP),
resistant starch and oligosaccharides which would not be digested in the small
intestine and would pass through to the hind gut to be the source of energy for
microbial fermentation in the large intestine. The most important end products of
microbial fermentation are volatile fatty acids and lactic acid that can make a
contribution to the energy supply (Wenk, 1992). This can also happen even when
the fecal digestibility of energy and nutrients are not improved. Houdijk et al. (1999)
did not find any effect of either oligofructose or transgalactooligosaccharide (TOS)
on fecal digestibility of CP and crude fat. Diez et al. (1997, 1998) found that the
apparent protein digestibility in the dogs was reduced when 8% oligofructose and
2% sugar beet fiber were added to the diet. Whereas the addition of 7% inulin
resulted in the reduced digestibility of the organic matter, crude protein and ether
extract. The reduced apparent digestibility of protein could be the consequence of

bacterial proliferation leading to a higher crude protein content in the feces.

The Effect of FOS supplementation on Plasma Cholesterol

The supplementation of FOS in this experiment did not significantly affect
concentration of plasma cholesterol in adult dogs. However, such research done in
human and some animal model suggested that FOS and inulin might lower serum
total and LDL cholesterol (Yamashita et al., 1984). The research studies in dog are
limit.

The reductions in serum cholesterol levels have been reported in rats
consuming relatively high doses (10 g/d) and with long term feeding of oligofructose

(Delzenne et al. 1995; Fiordaliso et al. 1995). Some previous studies have shown
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that human consumed various levels of FOS (6 to 10 g/d) reduce serum cholesterol
and LDL cholesterol. Yamashita et al (1984) found that consumption of FOS 8 g/d for
14 d significantly decreased fasting glycemia and total cholesterol concentrations in
humans with non-insulin-dependent diabetes mellitus. FOS could enhance the
production of propionate, a by product from microbial fermentation of FOS (Luo et
al.,, 1996). Propionate was found to be an inhibitor of cholesterol synthesis by
inhibiting both 3-hydroxy-3-methylglutaryl- CoA (HMG-CoA) synthase (Bush and
Milligan, 1971) and HMG-CoA reductase (Rodwell et al., 1976). However, the
mechanisms by which FOS can improve lipid metabolism are still not clear (Bornet et

al., 1994) and fecal SCFA concentrations in this current study were not measured.

The Effect of FOS on Complete Blood Count, Phagocyte activity, and Index of
Phagocyte activity

There were no significant different in the numbers of lymphocyte, neutrophil,
monocyte, WBC, RBC, and hemoglobin concentrations. These results contradicted
to the work done by Herich et al. (2002) who found that the weaned pigs

supplemented with FOS had greater numbers of lymphocytes, leukocyte,

+

neutrophils, and CD4 T cells as compared to the single administration of
Lactobacillus and the control groups.

For the test period, the results of this experiment showed that the
percentages of phagocyte activity (%PA) and index of phagocytic (IPA) activity of
the dog supplemented with 2.0% FOS were the greatest (P <0.05), follow by 1.0 and
0.5% FOS, and the control groups, respectively. As time passed, the number of
engulfed E.coli (strain ATCC 25922) increased in all treatment groups. These results
were similar to Schiffrin et al. (1995) who reported the phagocyte activity of
leukocytes increased from 40% to 85% in humans after consumption of fermented
product containing FOS in humans. Herich et al. (2002) reported that the phagocyte
activity of non-specific immune cells of piglets supplemented FOS at 1.5% revealed
increase of %PA, IPA, phagocyte activity of neutrophils (%PANe), and Index of
phgocytic activity of neutrophils (IPANe). Swanson. (2002) observed that prebiotics
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altered the immune function of human and dogs by enhancing the number of lactic
acid bacteria. The rise in intestinal lactic acid bacteria stimulated phagocyte activity
(cellular immune response) and/or IgA secretion (humoral immune response) that
would affect the colonization of pathogens, such as salmonella and rotavirus
(Manning and Gibson, 2004). The beneficial effect of FOS on colonization of the gut
by lactobacilli was presented not only by increased immune functions and counts of
total lactobacilli in the feces but also in better utilization of the feed. However, LAB
were not different among the treatments in this experiment. In addition,
oligosaccharides exerted the same effect on the immune system as do probiotic
bacteria using the signal system on the memory cell level in the lamina propria and
the Peyer's patches (Manning and Gibson, 2004). Contrary to Roller et al. (2003)
who found that prebiotics did not stimulate neutrophil and monocyte phagocytosis in
rats.

This experiment was also designed to compare of %PA and IPA between the
pre-test, test, and post-test periods. These results demonstrated that during the test
period, the dog supplemented with 2.0% FOS had the greatest (P < 0.05) %PA,
followed by 1.0 and 0.5% FOS, and the control groups, respectively. These
percentages of the test period were also greater (P < 0.05) than the percentages at
the pre-test and post-test periods. In the present study, the %PA increase as the
LAB number increase. It is possible that there is a positive relationship between the

number of LAB and %PA.

In conclusion, supplementation of FOS demonstrated some effects on the
gut microflora as increase the population of beneficial LAB and decease the
population of pathogenic E.coli in dogs. The supplementation of FOS at 2.0% into
the commercial diet increased the population of beneficial gut microflora more (P <
0.05) than supplement at 0.5 and 1.0% FOS. The FOS supplement at 0.5, 1.0 and
2.0% did increase both wet and dry fecal mass and made the stool softener.
However, supplementation of FOS at all levels did not affect fecal digestibility of

crude protein, crude fat and organic matter and plasma cholesterol concentration.
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The greatest amount of FOS supplement use in this study enhanced the immune
function though the phagocyte activity regarding increase %PA and IPA. The results
from this study suggested that the appropriate level of FOS supplementation in
commercial dog foods could possibly be at 2.0%. Further studies could be
continued either sc-FOS or long chain-FOS supplementation in commercial dog
foods for long term feeding. It is also interesting to determine the remaining effect on
microbial ecology, cholesterol levels, and immune systems. Since the FOS used in
this study was kind of sc-FOS which could possibly have some effect difference from

the long chain-FOS.
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