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Abstract

Today’s pet food industry is growing rapidly, wipet owners demanding high-quality diets
for their pets. The primary role of diet is to pide enough nutrients to meet metabolic
requirements, while giving the consumer a feelifigvell-being. Diet nutrient composition and
digestibility are of crucial importander health and well being of animals. A recent teigg to
improve the quality of food is the use of “nutratteals” or “Functional foods”. At the moment,
probiotics and prebiotics are among the most studied frequently used functional food
compounds in pet foods.

The present thesis reported results from threerifit studies.

The first study aimed to develop a simple labosatonethod to predict pet foods
digestibility. The developed method was based entto-step multi-enzymatic incubation assay
described by Vervaeket al. (1989), with some modification in order to bettepresent the
digestive physiology of dogs. A trial was then coctgd to compare vivo digestibility of pet-
foods andin vitro digestibility using the newly developed method.r€tion coefficients
showed a close correlation between digestibilityadaf total dry matter and crude protein
obtained within vivo and in vitro methods (0.9976 and 0.9957, respectively). Ethdraet
presented a lower correlation coefficient, althoudbse to 1 (0.9098). Based on the present
results, the new method could be considered adtenmative system of evaluation of dog foods
digestibility, reducing the need for using expenta animals in digestibility trials.

The second parte of the study aimed to isolate fdwg faeces d.actobacillus strain
capable of exert a probiotic effect on dog intedtimicroflora. AL. animalisstrain was isolated
from the faeces of 17 adult healthy dogs..The isdlatrain was first studied in vitro when it was
added to a canine faecal inoculum (at a final cotrtaéon of 6 Log CFU/mL) that was incubated
in anaerobic serum bottles and syringes which sitedlthe large intestine of dogs. Samples of
fermentation fluid were collected at 0, 4, 8, antl burs for analysis (ammonia, SCFA, pH,
lactobacilli, enterococci, coliforms, clostridiafonsequently, thé. animalis strain was fed to
nine dogs having lactobacilli counts lower than do§ CFU per g of faeces. The study indicated
that theL animalisstrain was able to survive gastrointestinal passagetransitorily colonize the
dog intestine. Bothin vitro andin vivo results showed that thle. animalis strain positively
influenced composition and metabolism of the imtestmicroflora of dogs.

The third trail investigatedh vitro the effects of several non-digestible oligosaddesr
(NDO) on dog intestinal microflora composition antetabolism. Substrates were fermented

using a canine faecal inoculum that was incubatecriaerobic serum bottles and syringes.



Substrates were added at the final concentratiobhgdf (inulin, FOS, pectin, lactitol, gluconic
acid) or 4g/L (chicory). Samples of fermentationidl were collected at 0, 6, and 24 hours for
analysis (ammonia, SCFA, pH, lactobacilli, entemmo coliforms). Gas production was
measured throughout the 24 h of the study. Amomrgtésted NDO lactitol showed the best
prebiotic properties. In fact, it reduced coliforrasd increased lactobacilli counts, enhanced
microbial fermentation and promoted the producttdrSCFA while decreasing BCFA. All the
substrates that were investigated showed one oe pasitive effects on dog faecal microflora
metabolism or composition. Further studies (inipatarin vivo studies with dogs) will be needed

to confirm the prebiotic properties of lactitol aedaluate its optimal level of inclusion in thetdie
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1. Introduction

Today's pet food industry is growing rapidly, wiplet owners demanding high-quality
diets for their pets. This demand is creating ackeBor new strategies to improve pet foods
quality and/or the health status of the animadulgh the diet.

In Italy, more than 3 million dogs are registeradhe “Anagrafe Canina Nazionale”
data bank (Anagrafe Canina Nazionale, march 2@0®),the estimated real number of dogs
present is close to 7 million (Zoomark, 2005). B02, 454 million of euro were spent in
Italy for commercial foods for dogs (Zoomark, 2008pwadays, pets are kept as part of the
family and thus pet owners feel responsible foirtheality of life and longevity.

The primary role of diet is to provide enough rents to meet metabolic
requirements, while giving the consumer a feelifgwell-being. Recent knowledge,
however, supports the hypothesis that, beyond natitritional needs, diet may modulate
various functions in the body and play detrimemalbeneficial roles in some diseases.
Concepts in nutrition are expanding to include @pleasis on the use of foods to promote a
state of well-being and better health and to heletuce the risk of diseases.

Diet nutrient composition and digestibility are atucial importancdor health and
well being of animals. Although great attentismaid to nutritional quality in the marketing
of dog foodsthere is usually limited information on digestibili The most highly
recognized dog food brands claim to have optimuintional quality and high digestibility,
without or with few scientific data and no conteall trial to support their statements and
claims. The pet food industry traditionally usewide range of protein sources, including
meat and bone meals, poultry meals, poultry by4pcodmeals, and soybean meal.
Significant variation in the nutritional quality afigredients directly affects the nutritional
value of the finished product. Moreover, procesah@oods can influence the availability
of nutrients, either positively or negatively.

A recent strategy to improve the quality of foodtle use of “nutraceuticals” or
“Functional foods”. Nutraceutical (a term coined lge fusion of nutrition and
pharmaceutical) refers to extracts of foods clainedave a medicinal effect, while a
functional food is a part of an everyday diet whisldemonstrated to offer health benefits
and reduce the risk of chronic disease beyond tdelyaccepted nutritional effects. The
term ‘functional foods’ was introduced in Japammid 1980s. This type of foods is known
on the Japanese market as “FOods for SpecifiedtiHéde” (FOSHU). The functional

foods comprise: conventional foods containing ratyroccurring bioactive substances



(e.g., dietary fiber), foods enriched with bioaetsubstances (e.g., probiotics, antioxidants),
and synthesized food ingredients introduced taticahl foods (e.g., prebiotics).

Among the functional components, probiotics andjatécs, soluble fiber, omega-3 —
polyunsaturated fatty acids, conjugated linoleiedaplant antioxidants, vitamins and
minerals, some proteins, peptides and amino aaglsyell as phospholipids are frequently
mentioned. At the moment, the most studied andufetly used functional food

compounds in pet foods are probiotics, prebioptat antioxidants and vitamins.



2. The digestive tract of dogs

It is well known that a close relationship exist®tieen gastro-intestinal
characteristics, natural feral diet and nutrienguireements. The gastro-intestinal
morphology and physiology are greatly influencednlayure of food consumed, frequency
of meals, body size, and several other factors.sDage omnivorous, derived from
carnivorous ancestors.

Compared to herbivorous and “earlier” omnivorougcsgs, dog digestive tract is
relatively short and simple. The average ratio oflyb length to intestine length of
carnivorous is 1:6 and 1:4, for dog and cat re$pelgt compared to an average ratio of
1:22 for ruminants and of 1:14 for swine (Stevel®/7). Table 2.1 shows the principal
measures that characterise the dog gastro-intestica

Table 2.1: Organ volumes and length in the dogvSts, 1977)

Region Measures
Relative length (%) Average absolute length (m)
Small intestine 85 4.14
Cecum 2 0.08
Colon 13 0.60
Total 100 4.82
Relative volume (%) Average absolute volume (L)
Stomach 62.3 4.33
Small intestine 23.3 1.62
Cecum 1.3 0.09
Colon 13.1 0.91
Total 100 6.95
B o om Figure 2.1: Dog gastro-intestinal tract (Steve®s,7)
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mucus, inorganic salts (calcium, chloride, potassisodium and bicarbonate) and enzymes

(Maskell& Johnson, 1993). In dog saliva there isn’t thecktaiigestive enzyme-amylase.

2.1 Stomach

The stomach controls the rate of entry of ingestéhe small intestine. This fact is
very important in dogs who tend to eat large mel® stomach participates in the initial
stages of digestion by secreting hydrochloric a@dd pepsinogen. Electrolyte
concentrations in the stomach reported in liteeattary widely, ranges of reported values
are shown in Table 2.2.

Table 2.2: Electrolyte composition of gastric juinedogs (Altmar& Dittmer; 1968).

Electrolyte Range (mmol/L)
Bicarbonate 5-33
Potassium 7-28
Sodium 22-155
Chloride 123-173
Calcium 0.5-4
Phosphate 0.026-12
Magnesium 0.021

The major enzymes secreted in the lumen of theatbrare gastric lipase and pepsin.
Gastric lipase, in contrast to pancreatic lipasehiaracterized by his high stability and high
level of activity under acidic pH condition (Cameeet al, 1991). The secretion of gastric
lipase is stimulated by food ingestion. During fheak output, which happens during the
first hour after meal, gastric lipase secretiotthi®e times higher than the basal secretion
rate, with a total output three hours after meahlmbut 7 mg (Carriere et al., 1993). Pepsin
range of secretion vary widely among individualepsin displays optimal activity at pH 2,
maintained by gastric secretion of hydrochloriddadis proteolytic activity decreases along
the small intestine and is completely inactivatedetral pH.

Gastric acid secretion data in dogs are reportetainle 2.3 (Dressma& Yamada,
1991). In dogs, the gastric acid secretion rate¢hat basal state is low. Therefore, the
stomach pH can be as high as the duodenal oneeifiated state. Gastric secretion is



influenced by the amount of protein in the mealrf@atier et al., 1977), hormones and the
nervous system.

Table 2.4 lists the pH values of different sectiofslog gastro-intestinal tract. In the
stomach, the cardiac region has a higher pH vélee the pyloric region, since the parietal
cells (which secrete hydrochloric acid) tend tddmalized in the lower part of the stomach.
In the small intestine, pH becomes progressivelyenatkaline in the distal portions. In the

large intestine, pH values are more acidic dueitvahial fermentation.

Table 2.3: Gastric acid secretion data in dogsgfr&an% Yamada, 1991).

Parameter
Basal acid output (BAO)
volume mL/min 0.3-1.5
rate mEqg/h 0.1
Peak acid output (PAO)
rate mEg/h 39
pH
fasted 15
fed 2.1

Table 2.4: pH values of different parts of the &itary tract in dogs (Smith, 1965)

Stomach Small intestine
Anterior Posterior a b C d Cecum Colon Faeces
5.5 34 6.2 6.2 6.6 7.5 6.4 6.5 6.2

Gastric emptying is the process by which food ivdeed to the small intestine at a
rate and in a form that optimizes intestinal abBorpof nutrients. Physiological data
reported in literature about gastric emptying ingglccomprise a wide range of times,
ranging from 66 minutes to 29 hours (Wyse et d@03). Rates of gastric emptying are
influenced by many factors related both to animad aiet characteristics. Weber et al.
(2001) reported a significant positive correlatiogtween gastric emptying time and body
weight, with a lower gastric retention time of f@oh giant breeds. Foods can affect ranges
depending on their volume, energy content, visgpsieénsity, and particle size (Mizuéd
al., 1990; Papasouliotist al, 1993; Chalmerst al, 2005; Xuet al, 2005).



2.2 Small intestine

In dogs, the small intestine is the major site floe digestion and absorption of
nutrients. Transit of acid chyme from the stomatto ithe small intestine stimulates the
secretion of pancreatic juice into the duodenumationates present in the pancreatic juice
and bile neutralise the acidic pH of digesta. | dnodenum, chyme is mixed with enzymes
secreted by the exocrine pancreas and the duodaimasa. Pancreatic enzymes include
inactive proteases, lipases, and amylases. Thagv@omposition of dog pancreatic juice
is shown in Table 2.5 (Altma& Dittmer; 1968). The range of values is very wideduse
several factors affect electrolytes and enzymeresen, as, for example, meal composition
(Fink et al,, 1982; Finket al, 1983).

Table 2.5: Composition of dog pancreatic juice i#dn& Dittmer; 1968).

Value
pH 7.1-8.2
Secretion rate mL/min 0.2-11
Water content % 98
Ash content o/L 8.4-9.7
Bicarbonate mmol/L 93 -143
Total nitrogen mmol/L 71.4-671.4

Besides food, hormones can stimulate the exoceoneeson of the pancreas: secretin
and cholecystochinin, produced by cells of thestt@l mucosa, regulate the output of
pancreatic juice. Secretin stimulates the pand@ascrease bicarbonate secretion. Secretin
release is caused by the acidity of small intebtinatents. Cholecystochinin stimulates the
release of enzyme-rich juices and is stimulatethbypresence of partially digested food in
the small intestine (Maske$l Johnson, 1993).



Table 2.6: Composition of bile secreted from thébigdder and from the liver of dogs.

Values are express in g/L. (Altm&nDittmer, 1968)

Gallbladder Liver
pH 52-7.0 7.1-85
Dry matter 114 - 246 23 -45
Salts 79 - 150 5-24
Cholesterol 08-14 0.04 - 0.15

The importance of bile fluid in the digestion arasarption of dietary lipids has long
been recognized. Bile is continuously producedhim liver and stored, between meals, in
the gallbladder in a concentrate form. Bile frone thallbladder differs in concentration
from bile secreted directly from the liver (TabléR In dogs, more than 99% of bile acids
are coniugated with taurine (Wildgrubeal, 1986; Washizet al, 1990).

The gallbladder contracts in response to food imgesEmptying peaks are found at
30 min after a meal and the emptying decreasesubshafter food ingestion; gallbladder
empties only partially after a meal (5-65%). Hatigying time has been reported to be
approximately 47 min (Junderlet al, 1994). In Table 2.7, the rate of bile flow anteb

composition are given.

Table 2.7: Rate of bile flow and bile compositi&gh(linger, 1987; Kararli, 1995).

Parameter Range
Bile flow mL/die/kg 19-36
Total bile salts (TBS) mmolidie/kg 16-29
rate

TBS mmol/L 40-90
Na mEgq/L 141-230
K mEq/L 45-11.9
Ca mEq/L 3.1-13.8
Mg mEq/L 2.2-5.5
Cl mEq/L 31-107
HCO3; mEq/L 14-61




2.3 Large intestine

The last section of the gastrointestinal tract ined in the digestion process is the
large intestine. The primary role of the large stitge is to absorb electrolytes and water and
serve as an environment for microbial fermentabdmutrients that escape digestion and
absorption by the small intestine. The colon repmes the majority of the large intestine.
The large intestine mucosa has no villi and is ceddy an alkaline mucus whose function
is to protect the large intestine mucosa from meah and chemical injuries (Maskell &
Johnson, 1993). Large intestinal transit time igsitasts approximately 12 hours (Maskell
& Johnson, 1993). Webeat al. (2002) studied the influence of body size on i
transit time in dogs. Despite the relatively loweass of the gastrointestinal tract found in
large breed dogs compared to small breed ones (8s4%3%; Meyeet al, 1993), Weber
et al. (2002) found no direct correlation between bodye and oro-cecal intestinal transit
time, while Hernott al. (2006) demonstrated a positive correlation betwasge intestinal
transit time and body size. The efficiency of apsion of salts and water is dependent, to a
large extent, on colonic motility. Rolket al. (2002) demonstrated that a reduction in large
intestinal transit time decreases the capacitgbfectrolyte and water absorption and results
in elimination of watery faeces. On the contrargnder large intestinal transit time
promotes colonic fermentation, which has a positivgact on faecal quality (Macfarlane &
Macfarlane, 2003).

The large intestine in dogs is responsible for abput 8% of the total digestion of
food (Drochner & Meyer, 1991), although this petege is affected by the diet. Meyer &
Schunemann (1989) reported that colonic digedijbdiccounted for 1 to 4% of total
digestibility when dogs were fed highly digestilbdeets, whereas with diets containing
certain types of fiber colonic digestibility rangém 12 to 24% of total digestibility.
Nutrient digestion in the large intestine is magecblonic bacteria, which ferment dietary
nutrients and endogenous secretions that escapmstidig and absorption in the small
intestine.

One of the fundamental properties of mucosal efthie their ability to directly
utilize ‘topical’ nutrients, derived from the diet the digestion of food, without reliance on
the blood flow. By the time the digesta reach tblr, however, over 90% of protein and
carbohydrate has been absorbed, and all that iss li#ber and ‘resistant’ starch and protein.
Although the gut does not secrete enzymes thatapable of digesting these residues, the

colonic microbiota does, and in an excellent exangflsymbiosis, the bacteria metabolize



the residues to SCFAs and gases, such as hydrageémmathane, which are chiefly
absorbed and excreted via the lungs (O’Keefe, 2008)

The primary end products of bacterial fermentateme SCFAs, lactate, carbon
dioxide, and hydrogen. Other fermentative end petalinclude hydrogen sulfite, methane,
ammonia, branched-chain fatty acids, amines, pkeaold indoles. The relative proportion
of these compounds is influenced by colonic micnaflcomposition, metabolic interactions
among bacteria, nutrients available for fermentatiotestinal transit time, and a variety of

host factors including age and immune status (Curgsn& Macfarlane, 1991).

2.4 Colonic microbiota

Indigenous intestinal microorganisms play severghiBcant roles in host health
because they aid in the digestion of food, metabalrugs and foreign compounds, produce
essential vitamins, and help prevent pathogens ftotanizing the gastrointestinal tract
(March, 1979; Shanahan, 2002)

Quantitative and qualitative knowledge of the stnue of the bacterial community in
the intestinal tract is essential to understandrtipgact on health status of the host. Up to the
present time, few works exist which describe thestinal microbiota of dogs (Fujisava
Mitsuoka, 1996; Greethamet al, 2002; Simpsoret al, 2002; Mentulaet al, 2005;
Sochodolskiet al, 2005; Beaslegt al, 2006; Kim& Adachi, 2007). In addition, many of
these studies are focalized on a restricted nurmbéacterial species, such as lactic acid
bacteria.

The colon contents of dog support at least 40@ufft species, with numbers as high
as 168° and 10" viable bacteria/g of digesta (Dawsal, 1977). Bacterial counts reported in
Table XX are extrapolated from data by Simpsginal (2002). The main cultivable
bacterial groups in dogs include clostridiacteroidesstreptococci, coliforms, enterococci
and lactobacilli with increasing counts towards thgge intestine (Daviet al, 1977;
Greethanet al, 2002, Buddington, 2003). In their study, Sochekicdt al. (2005) detected
a wide variability between bacterial microflora otal of dogs housed in an identical
environment and fed with the same diet and theglooded that individual variability plays
a major role in the composition of the intestinatmobiota. Mentulaet al (2005), in contrast
with other studies (Greethaet al, 2002; Buddington, 2003) where no bifidobactdxud
numerous Lactobacillus organisms were reported, found bifidobacteria i%64ut

lactobacilli only in 32% of the dogs screened.
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In their study, Simpsoret al. (2002) stated that each individual dog harbours a
characteristic faecal bacterial community whichas influenced by the diet. This statement
is in opposition to what is reported in others sadn which the authors observed a direct
influence of diet on bacterial population in thestgaintestinal tract (Zentek, 1995a; Zentek,
1995b; Vanhouttet al, 2005; Flickingeet al, 2003).

Table 2.8: Counts of viable bacteria in canine #samples (from Simpsagt al, 2002).

. : Counts
Microbial group

Log CFU/g faeces

Enterococci 6.91
Streptococci 8.77
Staphylococci 3.83
Bacteroides 10.05
Fusobacteria 8.67
Clostridia 6.96
Bifidobacteria 7.80
Eubacteria 8.11
Lactobacilli 9.38
Total anaerobes 10.62
Total aerobes 9.28
Yeast and moulds 2.23

10



3. Diet digestibility

Digestibility values provide information on the a#e amounts of nutrients in the
diet that can be really used by the animal andjtiaddlly, serve as an index of overall
guality of the ingredients of the diet.

In order to calculate nutrient digestibility, itimportant to quantify the exact amount
of nutrient consumed by the animal and the amohbat is excreted in the faeces. The
difference between these two quantities, dividedh®y amount consumed, represents the
guantity that has been digested. The digestibiibefficient that is obtained with this
method is an “apparent” rather than a “true” valuefact, faeces contain a variable quantity
of nutrients of non-dietary origin such as enzynpes)creatic juice, bile, mucus, sloughed
intestinal cells, and bacteria (Phillipson, 1973pveral studies have been conducted to
guantify endogenous secretions using nitrogen-tfe¢s or diets containing only low
amounts of a highly digestible protein (e.g. casedn feeding graded levels of a nutrient
with extrapolation to zero intake (Hendri&sal, 2002; Kendalkt al, 1982).

Average digestibility coefficients in dogs reporiaditerature are shown in Table 3.1.
Values are means calculated on the basis of vaspested by Vhileet al, 2007; Guevara
et al, 2008; Kempet al, 2007; Yambat al, 2006; Dustt al, 2005.

Table 3.1: Average digestibility coefficients ingdoreported in literature (Vhilet al,
2007; Guevarat al, 2008; Kempet al, 2007; Yambat al, 2006; Dustt al, 2005)

Digestibility coefficients

Dry matter 82.3+5.17
Crude protein 82.2+£4.50
Ether extract 92.8+2.60
Starch 98.6 £2.24
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3.1 Methods to evaluate diet digestibility

Diet digestibility can be evaluated using varioustimods. The use of metabolic cages,
which allows a complete collection of excreta,hs btldest technique developed. However,
housing in cages may influence digestive procestése animals and the results obtained
may be different when animals are kept in a noren@ironment (Sale& Janssens, 2003).
The use of indigestible markers is an establishethod for determining digestibility
without total collection of faeces. An inert markaust satisfy several criteria; it must be
indigestible and show only little or no interacti@ all with the digestive process.
Furthermore, homogenous incorporation of the mankehe feed should be possible and
the marker should be harmless to experimental dsjn@eople who work with the
substance and the environment (Saleslanssens, 2003). Indigestible markers that are
commonly used in digestibility studies include ahio oxide (CsOs3) (Zuo et al, 1996;
Hendriks& Sritharan, 2002; Guevaed al, 2008), yttrium oxide (¥Os) (Vhile et al, 2007)
or insoluble ash (celite) (Scdit Boldaji, 1997).

Nowadays, in vitro digestion techniques are gaining interest becaunse/ivo
determinations are both time consuming (about tlkweeks are required for the trial and
analysis of the samples) and expensive (due t@dbkt of the dogs, the diets, the kennels
and the labour). Furthermore, in Europe, the usiogE as experimental animals is a source
of great concern for most pet owners (and pet-foodiucers generally avoid to be involved
in in vivotrials with dogs). Tonglett al (2001) tried to correlat@ vivo andin vitro protein
digestibility data obtained using the three-enzymexedure described by Dufour-Etienne
et al (1992). They analyzed seventeen dry completestnidii dog foods and obtained a
correlation coefficient @ of 0.71 between in vitro and in vivo protein digbility. r*
represent the fraction of the variance betweengamameters that is “shared”, and a value
close to one describe two parameters that varythege In this study digestibility
coefficients determineth vitro explained only a 71% of the variation af vivoones. In a
recent study, Herverat al. (2007) tried to develop a simple and reproduciblevitro
method for predicting the apparent energy digdgtibof dry extruded dog foods. Their
method was based on the two step multy-enzymatighiation assay described by Boisen
(1991). They analyzed 54 dry extruded commercigl fidods and obtained a coefficient of
correlation (f) of 0.92 betweerin vitro andin vivo organic matter disappearance. This

degree of correlation indicates that the proposethad could be effectively used to predict
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in vivo protein digestibility with ann vitro system; however, other feed components are not

considered using this technique.

3.2 Factors affecting diet digestibility

Many factors can affect diet digestibility, suchiagredient sources, absolute nutrient
concentrations, and food processing. In a recewysZenteket al. (2004) investigated the
effect of two different dietary protein sources gband poultry), included either in an
extruded or a canned mixed diet, fed to dogs. BehHsed and extruded diets were
associated to higher digestibility coefficientsrtithe beef-based and canned ones. Thermal
processes are known to improve starch digestipilityparticular extrusion (Perez-Navarrete
et al., 2007; Murray et al., 2001). In dry extrugest foods cereal grains are a commonly
used ingredient because there is a stable supplyaana relatively inexpensive source of
nutrients. Dogs diets may contain up to 50% stattehiyed from cereal grains (almost 60%
in dry diets). Therefore, the thermal treatmentld¢dauwotably affect diet digestibility. In
addition, also animal factors must be considereacrwlevaluating digestibility. These
include breed, age, gender, activity level, andspilggical state. With regard to the effects
of breed, Webeet al (2003) evaluated the effects of age and body aiz¢he apparent
digestibility of a dry expanded diet. Four breediglitferent body size were used (miniature
poodles, medium schnauzers, giant schnauzers, daeass) and digestibility experiments
were conducted at four ages (11, 21, 35 and 60 syedkutrient digestibility was
significantly higher in large dogs at each age,netreough these dogs had lower faecal
scores and increased faecal moisture concentrations

Age too is a factor impacting nutrient digestilgiliin the study by Webeet al
(2003), macronutrient digestibility increased siigaintly with age in all four dog breeds. A
similar finding was reported by Swansenal. (2004), in a study conducted with senior and
weanling dogs to determine the effects of age agidoth nutrient digestibility.

Ahlstrgmet al. (2006) investigated the effect of moderate exeroislow activity on
nutrient digestibility in trained hunting dogs. Esgjibility values were similar in the high

and low activity periods for all the nutrients.
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4. Probiotics

A probiotic was defined by Fuller (1989) as a “limecrobial food supplement which
beneficially affects the host by improving the siteal microbial balance”. The most
studied probiotics belong to the genera lactolbaaild bifidobacteria, although bacteria
belonging to other genera (e.g. enterococci) hésel@een used. Recently, there has been a
move towards the use of probiotics in the petfocatket, where animal wellbeing is a
major concern.

Based on the definition of probiotics stated abdlvis, clear that adequate numbers of
viable organisms must reach the intestinal traot. this to happen, probiotic organisms
must be able to survive transit through the acehgironment of the stomach and resist
digestion by bile. Potential probiotics must possassariety of other properties, including
the ability to adhere to intestinal epithelial se{br mucus), colonize the intestinal tract,
produce antimicrobial factors, and inhibit entggathogens (Gibso& Fuller, 2000). Other
properties, such as immunomodulation (Saaerll, 2006 e 2005) and modulation of
metabolic activities (Strompfovét al, 2006) are also desirable. An organism can oerly b
considered to be a probiotic after these propehiee® been identified and a positive health
effect has been documented.

One important criterion for the selection of a podic is host species specificity,
which is regarded as a prerequisite for showingbireeficial characteristics of the probiotic
(Fuller, 1989). However, most of the commercialljpotic strains for dogs do not have a
canine origin. In a recent study, Rinkinehal. (2003b) utilized amn vitro mucus adhesion
model to demonstrate that lactic acid bacteria rmuadhesion properties are not host
specific but rather are characteristic to bactespdcie. A similar finding was reported by
Laukovaet al. (2004), who tested the adhesion properties of Brterococcusstrains to
human, porcine, and canine mucus.

Many canine probiotic products contdtnterococcus faeciumvhose safety has been
guestioned due to its antibiotic resistance gendspathogenic characteristics (Strompfova
et al, 2004; Rinkineret al, 2003a). Interest in probiotic strains has ledetent cultural
studies directed towards the isolation of lactobatom dog faeces. Perelmutet al
(2008, in press) isolatedlactobacillus murinusstrain from dog faeces and evaluated its
possible use as probiotic for dogs with vitro trials. The isolated strain demonstrated
probiotic properties. In fact, it was able to suevio different pH and bile salts conditions,

to adhere to intestinal mucus and to inhibititheitro growth ofE. coliandC. perfringens
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In another study, McCo& Gilliland (2007) compared sevelahctobacillusspecie in order

to evaluate their possible use as probiotics. Teeidy showed thdtactobacillus reuteri
could be used as a probiotic for dogs. Similar istsigvere performed by other researchers
(Manninenet al ., 2006; Beaslegt al, 2006; Strompfov&t al, 2006; Strompfovét al,
2004) and led to the identification of various lactcid bacteria of canine origin that could

be used as probiotics in dogs.

4.1 Beneficial documented health effects of prolistin dogs

Appealing properties of probiotics include theiilitdp to reduce antibiotic use, the
apparently high index of safety, and the publiciipas perception about “natural” or
“alternative” therapies. Probiotics are classifiadd generally regarded as safe, as opposed
to antibiotics, which have a number of recognizedease effects.

Competitive exclusion of pathogens in the gastestial tract is thought to be one of
the most important beneficial mechanisms of prabibacteria. Competitive exclusion by
intestinal bacteria is based on bacteria-to-bactateraction mediated by competition for
available nutrients and mucosal adhesion siteqrdier to gain a competitive advantage,
bacteria can also modify their environment to midkess suitable for their competitors. The
production of antimicrobial substances, such asclacid or bacteriocins, is one example of
this kind of environmental modification (Foo&sGibson, 2002).

The possible effects of lactic acid bacteria onsddgalth have not been extensively
examined, although some lactic acid bacteria s€rdiave been documented to have
beneficial effects on the health of dogs. Pasupaiiy co-workers (2001) evaluated the
effect of aLactobacillus acidophilusstrain supplementation on food digestibility and
growth parameters of puppies. They concluded thatsupplementation had a positive
effect during the active growth phase, althougliediinces between the control group and
the treated one were not significant. In a laterkw&enyacoutet al (2003) demonstrated
that dietary supplementation of the diet of puppieth Enterococcus faeciuranhanced
specific immune function.

Probiotic lactic acid bacteria were also testeddnfy their ability to improve health
status of dogs with gastrointestinal diseases.eSatial (2006) tested the beneficial effect
of a probiotic cocktail administered to dogs witod responsive diarrhoea. At the end of
the trial, all the dogs receiving the probiotic glgmentation clinically improved. In a

previous work, Strompfové&t al. (2004) detected a reduction in the level of serum
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cholesterol and alanine aminotranferase afteramalinistration of d.actobacillusstrain to
dogs suffering from diseases of the gastrointelstiiaet.

Several researchers investigated the effects oadn@nistration of a probiotic strain
on the composition of dog intestinal microbiota.eThdministration ofEnterococcus
faecium significantly decreasedSthaphylococcusspp., Pseudomonas-like bacteria
(Marcinakovaet al, 2006) andClostridium spp. (Vahjen& Manner, 2003), while it
increasedSalmonellaspp. andCampylobacterspp. counts (Vahje& Manner, 2003) in
dogs faeces. Sautet al. (2006) evaluated the effects of a probiotic co¢ktantaining
three differentLactobacillusspp. strains on the intestinal microbiota of degt food
responsive diarrhoea. They detected, during thatnirent, a decrease in numbers of

Enterobacteriaceae and an increase in numbérgobbbacillusspp..

4.2 Probiotics in pet foods

Nowadays, the pet market offers several probiatozipcts for use in dogs. They are
available in tablet, capsule, paste, and liquignfoBome commercial dog foods also claim
to contain probiotics.

Biourge et al. (1998) evaluated the feasibilityrafluding a probiotic strain in dry dog
food during the different phases of the producpvecess (before and after extrusion) and
its stability in the final product. A probiotic graration (spores dBacillus CIP 5832) was
added to the meal of a commercial diet before esiparextrusion or to a powder that was
coated on the diet after extrusion and drying. Aseeted, the extrusion process resulted in
the loss of more than 99% of the bacteria addedlevthe second technique determined
losses of about 45% of the added dose. After 12timsoof storage, diets prepared with the
second technique had lost less than 25% of spdiesse studies confirmed that the
addiction of a probiotic strain to a dry dog fosdféasible and that it has to be added after
the extrusion process at a higher concentration tina desired one.

Rules regarding probiotic supplementation to ansnaigts are still missing. In a study
by Weese& Arroyo (2003), who evaluated several commerciabd®for dogs that claimed
to contain probiotics, 26% of the products did comtain any relevant bacterial population
(among the ones specified in the label), none eftésted products contained all claimed
strains and 58% of the tested diets contained iaddlit related bacteria that were not stated

in the label.
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5. Prebiotics

A prebiotic is "a non digestible food ingredientttbeneficially affects the host by
selectively stimulating the growth and/or activitiyone or a limited number of bacteria in
the colon, and thus improves host health”, as & st defined by Gibso& Roberfroid
(1995).

Since its introduction, the concept of prebiotis ladtracted much attention. However,
many food components have been claimed to exerbigire activity without any
consideration to the criteria required. In factt alb dietary carbohydrates are prebiotics. To
be classified as a prebiotic a food component blasgdpect some criteria, such as:

1. resistance to digestion

2. fermentation by intestinal microflora

3. selective stimulation of the growth and/or activiti/those intestinal bacteria
that contribute to health and well-being.

Recently, the beneficial effects of prebiotics hganed interest also in companion
animals. Still, little is known at present aboue teffect that prebiotics can have in the
intestine of carnivorous animals.

Targets for prebiotic effects include the colonicicmoflora, gastrointestinal
physiology, immune function, bioavailability of narals, lipid metabolism and
gastrointestinal tract health (Roberfroid, 1999).

The main classes of dietary carbohydrates and gigisiological characteristics are
reported in Table 5.1 and 5.2, respectively.

Table 5.1: Principal physiological characteristafsdietary carbohydrates (Cummings
Stephen, 2007).

Provide Increase  Cholesterol Teflt:?ﬁfne SO(;Jfrce ba.llAaIrt]i; of Ingl’gglse Immunomodulatory
energy satiety lowering absorption SCFA ?;'gg:(lgirg output

Monosaccharides \/

Disaccharides \/ \/

Polyols \/ \/ \/

Maltodextrins \/

e Voo v

Starch \/ \/ \/

NSP v v v v v
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Table 5.2: Classification of dietary carbohydrabgsmolecular size (Cumming&

Stephen, 2007)

Class (DP?) Subgroup

Principal components

Monosaccharides

Sugars (1-2) Disaccharides

Glucose, fructose, galactose

Sucrose, lactose, maltose, trehalose

Polyols (sugar alcohols)Sorbitol, mannitol, lactitol, xylitol,
y 9 erythritol, isomalt, maltitol
?(/I;_’;lglltltl)]-coalllrgst))saccharldes Maltodextrins
Oligosaccharides (3-9) i
Raffinose, stachyose, fructo and

(short-chain carbohydrates) Non-o-glucan
oligosaccharides

galacto oligosaccharides, polydextrose,
inulin

Starch ¢-glucans)

Polysaccharides>(0)
Non-starch

polysaccharides (NSPs)glucomannans,

Amylose, amylopectin,  modified

starches

Cellulose, hemicellulose, pectin,

arabinoxylans, B-glucan,
plant gums and

mucilages, hydrocolloids

T —
® Degree of polymerization or number of monomeriit.un

Prebiotic carbohydrates are important because efndw concept of a healthy or

balanced gut flora. A healthy, or ‘balanced’

saccharolytic and comprises significant numbers bafidobacteria and

midoda is one that is predominantly

lactobacilli

(Cummingset al, 2004). This concept is based on a number ofrebBens. The genera

Bifidobacterium and Lactobacillus do not contain any known pathogens, and they are

primarily carbohydrate-fermenting bacteria, unli&er groups such aBacteroidesand

clostridia that are also proteolytic and amino-delunenting. The products of carbohydrate

fermentation, principally SCFAs are beneficial tost health, while those of protein

breakdown and amino acid fermentation, which ineladhmonia, phenols, indoles, thiols,

amines and sulphides, are not (Cummigg#/lacfarlane, 1991). Furthermore, lactic acid-

producing bacteria such as bifidobacteria and testdli play a significant role in the

maintenance of colonization resistance, throughagety of mechanisms (Gibsaet al,

2005).

Almost any carbohydrate that reaches the large balleprovide a substrate for the

commensal microbiota, and will affect its growthdametabolic activities. This has been

shown for non-starch-polysaccharides (Stepke@ummings, 1980), and will occur with
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other substrates such as resistant starch, sugdradd and lactose. However, stimulation of
growth by these carbohydrates is a non specificeigdized effect, that probably involves
many of the major saccharolytic groups in the labgevel (Macfarlane& Cummings,
1991). The selective properties of prebiotics eelad the growth of bifidobacteria and
lactobacilli at the expense of other groups of éaatin the gut, such aBacteroides

clostridia, eubacteria, enterobacteria, enteroceerd so on.

5.1 Effects of prebiotics on the microbial populati of small and large

intestine.

Few studies have been conducted to evaluate tbetefbf prebiotics on bacteria in
the small intestine of companion animals. Willatdak (2000) evaluated the effect of the
dietary supplementation with fructooligosaccharide®S) at a concentration of 1% to
healthy dogs. In their study, FOS supplementatidmdt have a significant effect on faecal
concentration of bacteria. The researchers hypaasthat the lack of effect of FOS on
faecal bacterial populations might depend on trdewiariation among individual dogs. In a
study by Swansomt al (2002b), FOS did not affect dog faecal bactec@alints when
administered at a concentration of 0.5%, but timeesauthors reported a significant increase
in faecal lactobacilli and bifidobacteria after ttaministration of FOS (1%) plus
mannanooligosaccharides (MOS; 0.5%) (Swanebrml, 2002c) and FOS alone (1.3%;
Swansoret al, 2002a). In another study, Flickinget al. (2003) evaluated the effects in
dogs of the dietary supplementation with FOS at fmncentration levels (0, 0.3, 0.6, and
0.9%). At these concentrations, FOS did not afetibbacilli and bifidobacteria counts but
significantly decreasedC. perfringens In a previous study, supplemental FOS (1%)
determined a significant increase in the numberfagfcal bifidobacteria, streptococci
andclostridia (Beyneat al.,, 1998).

Grieshopet al (2004) evaluated the effects of chicory (a natsoarce of inulin) at
1% , alone or together with MOS, in senior dogstHeir study, chicory determined a
significant increase in faecal bifidobacteria cartc&tion compared to the control group. In
another study (Zenteét al, 2003), administration of chicory, supplemente@%, did not

affect bifidobacteria faecal concentration.
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5.2 Effects of prebiotics on the intestinal mucosa

Prebiotics are fermented in the colon to SCFAs.riStimain fatty acids (butyrate,
acetate, propionate, and lactate) are associatdd avtrophic effect on the colonic
epithelium (Blottiereet al, 2003). Propset al. (2003) detected a significant increase of
faecal acetate, propionate and butyrate in dogsiriedn and oligofructose at three
concentrations (0.3, 0.6, and 0.9%). A similar iimgdwas reported by Vickers et al. (2001),
who detected a higher production of all the SCFAslyzed inin vitro fermentation
systems containing inulin and FOS compared to fatare containing cellulose. When
fermentedin vitro with dog faecal inoculum, several prebiotics (FQ8rus pectin,
lactulose, guar gum) rapidly produced an incredgbeoconcentration of SCFAs (Sunvold
et al, 1995).

5.3 Protein catabolism and production of putrefaoti agents

Fermentation of undigested amino acids and endagemuotein determines the
production of several putrefactive compounds. Thesenpounds include ammonia,
aliphatic amines, branched-chain fatty acids (BCH#doles, phenols, and volatile sulphur-
containing compounds (MacFarlakeCummings, 1991).

When administered to dogs at a concentration $f%1BOS determined a significant
decrease in fecal ammonia, isobutyrate, isovalewate total branched-chain fatty acid
concentrations (Swansan al, 2002a); when fed at 0.5%, FOS decreased faedalerand
phenol concentrations (Swansenal, 2002b). On the contrary, in the study condudted
Flickinger et al. (2003), FOS administered at 0.3, 0.6, and 0.98ocndit affect BCFA,

ammonia, phenols, and indoles concentrations.

5.4 Effects of prebiotics on nutrient digestibility

A few studies investigated the effect of prebiotesnutrient digestibility. In a study
by Middelboset al (2007), the addition of FOS (1.2% and 1.5%) tdog diet caused a
significant reduction of protein digestibility. Silar findings were reported by Verlindet
al. (2006) after the addition of inulin at 3%, Propstal (2003) after the addition of inulin
and oligofructose at 0.3, 0.6, and 0.9%, and Hestl. (2003) after supplementation with
FOS and isomalto-oligosaccharides (3%). In theyshydHestaet al. (2003),when nitrogen
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digestibility was corrected for bacterial nitrogehe differences between the control and
oligosaccharide-supplemented groups disappearad.ifidficates that the lower total tract
nitrogen digestibility was not a consequence afveer small intestinal digestibility but the

result of a higher faecal content of nitrogen avaging from bacteria grown in the large

intestine.

5.4 Effects of prebiotic on mineral methabolism

Prebiotic are known to increase the absorption @fesal minerals (calcium,
magnesium, and phosphorus) and trace elements lymadpper, iron, and zinc). The
stimulation of absorption seems to be more pronedni deficient animals. Few data are
reported in literature about mineral absorptiondogs after prebiotic administration.
Beynen et al. (2002, 2001) evaluated the effe¢hefadministration of oligofructose (1%)
and lactulose (1 or 3 grams/MJ metabolizable eneoyy mineral absorption in dogs.
Oligofructose determined a rise of calcium and nesgnm absorption, and the same was

detected with lactulose.

5.5 Systemic effects of prebiotics

Some authors investigated the effects of prebiot@ms plasma metabolite
concentrations of dogs. Dieet al (1998) measured plasma glucose and insulin
concentrations in response to supplemental (7%ninguar gum, or sugar beet fiber in dog
diets. The investigators determined that guar guiaged lower postprandial insulin, alpha-
amino-nitrogen and urea plasma concentrations asith§ cholesterolaemia, while sugar-
beet fibre and inulin showed no metabolic effettsa previous work, the same authors
(Diez et al, 1997) detected a significant decrease in pastimh glucose, urea and
triglyceride concentrations and preprandial glucoseea and cholesterol after the
administration of a blend of inulin and sugar béber (4:1) when inulin reached the
concentration of 4 and 8%.

Several authors have proved the ability of prebsoto modulate immune function in
humans and laboratory animals (Seiteriwatzl, 2007; Voset al, 2007). Adogonyet al.
(2007) tested the ability of short-chain FOS, adsténed to female dogs, to enhance the

mucosal immunoglobulin level in mammary secretidResults from their study showed
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that dogs supplemented with scFOS exhibited higlmostrum and milk IgM content
without concomitant effect on IgG1, IgG2 and IgA.
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Aim of the thesis

Aims of the present study were:
* Development of a simple and reproducibievitro method for predicting the
digestibility of pet-food.
» Isolation of alLactobacillusstrain from dogs faeces and examination of its
potentially probiotic properties .
» Investigation of the effects of several non-digastioligosaccharides on dog

intestinal microflora composition and metabolism.
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6. Digestibility study: Material and methods

6.1 Development of the in vitro digestion technique

6.1.1 Feed samples

Nine samples of different commercial pet foods (@ng wet) were used. Analyses of
the diets (crude protein, crude fibre, ether extrashand starch) were performed according
to AOAC standard method&OAC, 2000). Table 6.1 shows the chemical compmsiof
the diets.

Table 6.1: Chemical composition (on dry matter $awf the diets used during the

development of the vitro digestion technique.

Pet-food Crude protein  Ether extract Starch Crude fibore ~ Ash

1 (dry, cat) 32.91 11.57 42.21 1.77 7.28
2 (dry, cat) 29.85 12.97 37.92 2.47 7.25
3 (dry, cat) 37.72 16.96 35.46 1.13 6.96
4 (wet, cat) 31.75 22.62 29.16 0.79 8.65
5 (dry, dog) 31.75 16.00 39.06 1.60 6.96
6 (dry, dog) 30.84 15.49 43.20 1.18 6.57
7 (dry, dog) 26.72 11.19 39.24 3.43 8.92
8 (wet, dog) 31.70 23.50 1.56 8.64
9 (wet, dog) 35.68 30.27 19.26 0.96 11.48

6.1.2 In vitro digestion

Samples of pet foods were first digested using ithevitro digestion technique

proposed by Vervaeket al (1989). The method can be briefly summarizedHls\s:

1. Sample preparation: samples of pet food were date8@b°C overnight and finely
ground (< 1 mm particle size).

2. Step 1 (gastric digestion simulation): For eachfpetl sample, 400 mL of a 0.2%
pepsin solution (HCI 0.075N; Pepsin from porcinetga mucosa, 600-1,800
units/mg, P7125, Sigma-Aldrich) were added in a hottle to 20 g of pet
food. Bottles were incubated in a shaking waterla®9°C for 4 hours.

3. Step 2 (small intestinal digestion simulation): el was adjusted to 7.5 with
NaOH (1 N)and 400 mL of a pancreatin solution (I¥phosphate buffer;
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Pancreatin from porcine pancreas, P1500, Sigmaehdrwere added.
Bottles were incubated in a shaking waterbath &€36r 4 hours.

4. Centrifugation: after the enzymatic digestion, tt@ntent of each bottle was
centrifuged (3,00& g, 10 min, 4°C), washed twice with distilled wates;
centrifuged (3,000 x g, 5 min, 4°C), and the residue is dried at 65°C

overnight.

Phosphate buffer was prepared mixing three solsition
e Solution 1 (g/L):
0 48.44 g of NaHPO,
0 49.0 g NaHCQ®
o 2.35g of NaCl
o0 2.85g of KCI
* Solution 2 (g/L):
o 60 g of MgCh
* Solution 3 (g/L):
0 12.89 g MgCi6 H,O
* 500 mL of solution 1, 5 mL of solution 2 and 5 miLsolution 3 were mixed, and
the volume was adjusted to 1 L adding distilledexaFinal pH was adjusted to
7.5 with HCI 1 N.

6.2.3 Calculation and data analysis

In order to determine diet digestibility, the rasedobtained from each bottle after the

in vitro digestion was weighed and digestibility was calted with the following equation:
100 — [ (residue weight x 100) / sample weight ]
The un-digested fraction was then analysed for erpibtein, ether extract, crude
fibre, starch and ash, according to AOAC standaethods(AOAC, 2000). Nutrient

digestibility was calculated with the following eafion:

100 — {[nutrient percentage in residue x (100 — digligestibility)] / nutrient percentage
in diet}
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Digestibility data obtained with thi@ vitro technique were compared to digestibility
data from the literature (obtained from vivo trials). Because digestibility coefficients
obtained with then vitro method proposed by Vervaeke al. (1989) differed from those
that are reported in the literature, particulahg tesults regarding digestibility of lipids (see
Table 3.1, Table 7.1), the method proposed by \&kwat al. (1989) was modified, in order
to develop a new method that could better reprefenipeculiar digestive physiology of
dogs and cats. In particular, the following critipaints were considered during the study:

* Food sample and digestive solution ratio;

» Addition of lipase and/or emulsifiers to the digestsolutions;

» Pancreatin concentration in the second phase sojuti

e Duration of each digestion phase (gastric and timizi$,

* Food characteristics (dry, wet, for dog, for cat).

After severaln vitro digestion trials, the following new method was eleped.

1. Sample preparation: each pet foodsample is drie@b&E overnight and finely
ground (< 1 mm particle size).

2. Step 1 (gastric digestion simulation): 10 g of feetd sample are added with 400
mL of a 0.2% pepsin solution (HCI 0.075N;) contami0.1% gastric lipase
(Rhizopus lipase, F-AP15, Amano Enzyme Inc.). amculbated in a 1 L
bottle in a shaking waterbath at 39°C for 2 hours.

3. Step 2 (small intestinal digestion simulation): p#¥el is adjusted to 7.5 with
NaOH (1 N). Then, 400 mL of a 1% pancreatin soluiio phosphate buffer
(prepared as described before) are added to editb. bmmediately prior to
addition of the pancreatin solution, bile salts ¢{@hacid-Deoxycholic acid
sodium salt mixture, 48305, Fluka) are added tchdawmttle at the final
concentration of 2.5%. The bottle is placed agaithe shaking waterbath at
39°C for 4 hours.

4. Centrifugation: after enzymatic digestion, the prgpion is centrifuged (3,000g,
10 min, 4°C), washed twice with distilled waterscentrifuged3,000x g, 5
min, 4°C), and the residue is dried at 65°C ovdmig
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6.2 Validation of the new in vitro method

In order to validate the newm vitro method, ann vivo digestibility study with dogs
was performed. Three dry extruded diets for dogewegested both vitro andin vivo.

6.2.1 Animals

A total of 18 dogs (different breeds, same envirenthwith an average body weight
of 24.9 £ 6.39 kg) were used for tivevivo digestibility trial. Before the beginning of the
trial, all dogs were screened for intestinal paessiand infected ones were treated
(DRONTAL, Bayer S.p.A). Dogs were randomly assigriedthree different diets (six
animals for each group) and individually housedbaxes. After a 5-day adaptation period
(during which dogs were progressively adapted ¢oetkperimental diets), dogs received for
12 days the experimental diets. . During the laslags, all faeces excreted by each dog
were collected, weighed and immediately frozen. Dagre fed once daily according to
their maintenance energy requirement, had freesacte water and weralowed daily

exercise outside of their boxes.

6.2.2 Diets
Three dry extruded diets were evaluated in thiglystiCelite, a source of acid-

insoluble ash, was used as a digestion markebé&t df the diet. Chemical analysis of the

dietary treatments are presented in Table 6.2.
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Table 6.2: Chemical analysis of diets usethimivotrial (percentage on dry matter basis).

T1 T2 T3

Dry matter 94.50 93.73 94.86
Crude protein 23.81 24.81 23.97
Ether extract 16.41 18.35 15.47
Crude fibre 2.36 1.65 2.57

NDF 17.59 12.66 18.21

ADF 9.11 7.85 10.59

ADL 3.54 3.21 2.83
Ash 9.67 8.80 9.47
Insoluble ash 1.78 1.59 1.28
Starch 29.97 34.57 34.74

NDF: Neutral Detergent Fibre; ADF: Acid Detergetitiie; ADL Acid Detergent Lignin

6.2.3 Samples analyses

The frozen faecal samples from every single dog\irereze-dried, finely ground (< 1
mm particle size), mixed and analysed (crude pmotamiude fibre, ether extract, starch, ash
and insoluble ash) according to AOAC standard nagf®OAC, 2000). All samples were
analyzed in duplicate.

6.2.4 Calculation and data analysis

Diet and nutrients digestibility was calculatedoasviously described.

In order to comparé vivo andin vitro digestibility data, the same three diets were
digested using the newm vitro method (see chapter 6.1.2). Each diet was digdsted
triplicate. Analyses (crude protein, crude fibrthes extract, starch, ash and insoluble ash)
of the un-digested residue were performed accortir§OAC standard methodAOAC,
2000). All samples were analyzed in duplicate.

Linear regression was used to determine the poecend accuracy of the established

relationship betweem vivo andin vitro data.
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7. Digestibility study: Results

7.1 Development of the in vitro digestion technique

7.1.1 Method proposed by Vervaeke et al. (1989)

The results obtained with the method proposed hyaékeet al. (1989) are shown in
Table 7.1. The chemical composition of the tes&tefpods is shown in Table 6.1.

Table 7.1: Digestibility (Mean £ SEM) of differedty pet-foods determined with the
method proposed by Vervae&eal. (1989)..

Pet-food Digestibility
N Dry matter ~ Crude protein  Ether extract Starch

1 3 72.9+£0.54 87.5+0.63 32.5+4.53 94.7 + 0.49
2 3 72.2+0.18 85.1+£0.37 41.6 +£0.75 96.1 £ 0.26
3 3 73.5+0.40 79.9 +0.26 52.3+0.77 95.5+0.21
5 3 72.4+0.42 84.7£1.00 28.9+1.05 96.3 £0.19
6 3 73.2+0.31 79.2+£0.23 45.3+£1.32 95.6 +0.24
7 3 65.7 £ 0.39 83.1+0.58 33.8+1.31 96.6 + 0.16

Literature ® 50 82.3+5.17 82.2+4.50 92.8 +2.60 98.6 +2.24

& Means obtained from: Vhilet al, 2007; Guevarat al, 2008; Kempeet al, 2007; Yambaet al,
2006; Dustt al,, 2005.

7.1.2 Effect of the food / digestive solution ratfood digestibility

The ratio between food and digestive solutiondhérhethod proposed by Vervaeke
al. (1989) is 1:40 (see procedure described in chd&pie2). Because this ratio influences
the quantity of enzymes that are available to ditfes substrate, different food / digestive
solution ratios (1:20, 1:40, and 1:80) were te¢iable 7.2).
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Table 7.2: Dry matter digestibility (Mean + SEM)ing different food/digestive solutions
ratios (1:20, 1:40, and 1:80).

Ratio N Digestibility (%)
1:20 3 66.5+5.79
1:40 3 70.9 £3.79
1:80 3 75.3+2.31

It was decided to further use the 1:80 food to teafuratio, because this ratio lead to

lipid digestibility values that were closer to tkeagported in literature.

7.1.3 Addition of lipase and emulsifiers

In order to further improve lipid digestion, gastlipase and emulsifiers were added
to the digestive solutions.

The addition of gastric lipase (Rhizopus lipasé&ft5, Amano Enzyme Inc., Japan)
at different concentrations to the pepsin-HCL solutwas tested in combination with the
addition of a non-ionic surfactant (Tween B@|yoxyethylene sorbitan monolaurate) or bile
salts Cholic acid-Deoxycholic acid sodium salt mixture8385 Fluka) to the pancreatin
solution (Figure 7.1).

The addition of gastric lipase (0.1 and 0.4%) aitel $alts at the final concentration of
2% improved lipid digestibility and the data tha¢r& obtained were more consistent with
data reported in literature.
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Figure 7.1: Ether extract digestibility obtainedngsdifferent digestive solutions compared
with results reported in literaturg (dotted line indicates literature resfltsolid line
indicates results obtained with the technique pseddyy Vervaeket al.,1989).
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Legend:
e Tw20: Tween 20
* L:Lipase

 BS: Bile salts

& Means obtained from: Vhilet al, 2007; Guevarat al, 2008; Kempeet al, 2007; Yambaet al,
2006; Dustt al, 2005.

7.1.4 Pancreatin concentration

We also considered the effects of different partcrezoncentrations in the second
phase digestive solution..

Two different pancreatin concentrations were tesisidg a wet diet for dogs (pet-
food number 9). This diet was chosen for its highh ¢ontent in order to verify the
effectiveness of the method. Table 7.3 shows thelteobtained using pancreatin at 1 and
1.25%.
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Table 7.3: Dry matter, crude protein, ether extiaudl starch digestibility obtained using
pancreatin at 1 and 1.25%. The pet food used itriddevas wet, dogy) Mean £ SEM.

Bile salts Pancreatin .
(%) (%) N Digestibility

Dry matter  Crude protein  Ether extract Starch

2 1 2 84.8 +0.28 85.2+0.28 86.0 +0.26
2 1.25 2 84.8 £0.40 89.3+0.28 85.2+0.39
2.5 1 2 85.3 £0.07 87.1 +0.06 90.9£0.05
2.5 1.25 2 84.8 £0.20 86.7 +0.17 89.4+0.14

* Starch present in traces in undigested residue.

Digestibility data obtained with pancreatin at 2@28id not significantly differ from
those obtained with 1% addition.

7.1.5 Duration of each digestive phase

Duration of each digestive phase directly affeti#s time of substrate exposure to
digestive enzymes. The method proposed by Vervatkal. (1989) consisted of two
digestive phases of 4 h each.

In order to better represent the digestive phygplof carnivores, it was decided to
reduce duration of the gastric phase from founto hours (Table 7.4).

Table 7.4: Dry matter, crude protein, ether exfraod starch digestibilities obtained with
different combinations of times. Pet foods usethetrial were Xdry catyand 8wet dog) Which

composition is shown in Table XX. Data are exprdsseMeans + SEM.

Phase
Duration N Digestibility
(h)
Dry matter  Crude protein  Ether extract  Starch

- 2+4 8 86.4+1.46 91.5+1.10 94.9 + 3.69 *
= 4+4 8 84.2+2.20 91.1 94.5 + 4.26 *
Wet 2+4 5 87.5+0.26 89.2£0.20 87.7+0.82 *
4+4 3 89.3+0.34 91.7+£0.26 88.4 +0.36 *

* Starch present in traces in undigested residue.
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Comparing the digestibility results obtained witte ttwo different durations of the
gastric phase, no significant difference was oleskrv

Figure 7.2: Comparison of digestibility coefficisnteported in literature and obtained

applying the protocol proposed in the present study
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7.2 Correlation of in vitro and in vivo digestibtly coefficients

A trial was conducted to compaie vivo digestibility of pet-foods andn vitro
digestibility using the newly developed method.
The results obtained from the trial are presentedable 7.5. Table 7.6 and Figures

7.3, 7.4 and 7.5 show the characteristics of tgeession equations calculated.

Table 7.5: Digestibility coefficients of three detds evaluateth vivo and in vitro (Means
+ SD).

Digestibility T1 T2 T3

in vivo in vitro in vivo in vitro in vivo in vitro

Dry matter 81.55+0.85 80.65+0.30 76.19+1.0980.00+0.19 79.73+0.4880.40+0.12
Crude Protein  82.59+0.92 83.24+0.86 76.49+1.5285.52+0.60 81.23+0.8983.95+1.07
Ether extract 96.52+0.32 94.61+0.42 95.03+0.6496.35+0.19 96.73+0.2593.34+0.55

Crude Fiber 26.87 +7.32 16.82 +2.22 2454 +0.76
Starch
Crude ash 49.90 + 3.45 33.60 + 3.64 52.75+2.14

Starch present in traces in undigested residue.

Table 7.6: Characteristics of regression equatialsulated fro Dry mater, Crude

protein and Ether extract.

Dry matter Crude protein Ether extract
Equation y =8.30 x — 588.2 =-257x+2955 y=-05&¥149.7
Correlation 0.9976 0.9957 0.9098
coefficient

y: in vivo digestibility coefficient
X: in vitro digestibility coefficient
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Figure 7.3: Dry matter digestibility coefficient§tbree pet-foods evaluat@d vivoand in

vitro.
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Figure 7.4: Crude protein digestibility coefficierdf three pet-foods evaluatigdvivo and

in vitro.
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Figure 7.5: Ether extract digestibility coefficierdf three pet-foods evaluatedvivo andin
vitro.

97.57
9 95.01
S T "
92.5-
I T 1
90 95 100
Vitro

36



8. Digestibility study: Discussion

8.1 Development of the in vitro digestion technique

Mean total digestibility of pet-foods digested witte method proposed by Vervaeke
et al. (1989) was far below the digestibility values thet reported in the literature (65-73%
vs 74-80%). In particular, using the method propobgdVervaekeet al. (1989), lipid
digestibility was very low (29-52%s 76-97%) and seemed to be the factor that affected
total digestibility. It has to be considered tharvaekeet al. (1989) proposed their method
to determine the digestibility of diets for pigs ialn usually contain much lower
concentrations of lipids than diets for dogs ants.cln particular, the Vervaeke method
does not imply the utilization of gastric lipaseldrile salts, the latter an essential factor in
the digestion of lipids. Conversely, protein arareh digestibility data were consistent with
those reported in literature (Table XX).

The addition of Tween 20 determined a higher ligigestibility. These results are
consistent with data reported by Shoeteal (2007) who detected an increase in lipase
activity, ranging from 26 to 72%, in presence ofnn@nic surfactants. However,
digestibility coefficients obtained were lower thidnose that are reported in literature. After
the addition of bile salts and gastric lipase ligdigestibility resulted more consistent with
data reported in literature. It is known,that ortearacteristic of digestive lipase is its
specificity to act on a specific emulsion interfa@@mand et al, 1999). The emulsion
interface properties, namely, droplet size and ifipesurface area, govern the activity of
lipase on dietary fat emulsion. Therefore, changebe emulsion droplet size and surface
area might have an important role in modifyingdegestion and absorption. Emulsification
of dietary fatsin vivo is accelerated greatly as the chime enters thdl gmastine and is
mixed with bile and pancreatic secretion. In thg due salts and phospholipids cooperate
in the emulsification of dietary triglycerides anther fat soluble nutrients improving the
activity of lipase. Also in dogs, lipid digestios increased by the concomitant presence of
bile salts. In fact, Meyest al. (1994), in a study conduct&uvivo, detected a positive linear
correlation between lipid digestion and tauroch®lablar concentration in dog’s intestine.

Duration of each digestive phase directly affebts time of exposure of substrate to
digestive enzymes. Physiological data reporteditarature about gastric emptying and
intestinal transit time in dogs comprise a widegeawof times (Wyse et al., 2003). Rates of

gastric emptying and intestinal transit time ariuenced by many factors related both to
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animal and diet characteristics. In the preseal, treducing the duration of the gastric phase
lead to digestibility coefficients that were cohdravith data reported in literature (Table
XX).

8.2 Correlation of in vitro and in vivo digestibtly coefficients

The results obtained in the present study indittedéin vivo digestibility coefficients
can be predicted quite accurately using the prapdse vitro method. Correlation
coefficients showed, for dry matter and crude pmotea close similarity between
digestibility data obtained withn vivo and in vitro methods (0.9976 and 0.9957,
respectively). Ether extract presented a loweretation coefficient, although close to 1
(0.9098).

It is well known that the microflora of the digeaitract can affect the nutritional
status of the host, changing the digestibility atdorbability of nutrients (March, 1979).
Karr-Lilienthal et al. (2004) estimated that approximately 50% (49.6-%).4f the dry
matter of dog faeces is of bacterial origin. Thas significantly affect nutrients content in
faeces creating a discrepancy betwaerivo andin vitro data. In fact, chemical analysis
are not able to discriminate between nutrientdaécal” or bacterial origin. Several authors
(Sunvold et al., 1995; Muir et al., 1996; Flickinget al., 2000) found evidence of an
apparent inhibition of nitrogen digestion vivo when diets containing fermentable fibre
were administrated. They postulated that this figdwas due to increased bacterial
metabolism associated with the production and éxeref greater quantities of nitrogenous
constituents. Moreover, we have to consider thaaidhe components that are solubilised
in vitro and are considered as digested are really di¢esiitid absorbablen vivo. This
condition creates a tendency to overestimate dmktst coefficients usingin vitro
enzymatic methods.

Nevertheless, the aim of this study was to assessekistence of a correlation
between digestibility coefficients obtainéd vivo andin vitro, and to obtain equations
which relatein vivo digestibility coefficients ton vitro ones. On the basis of collected data,
the proposedn vitro method provided digestibility coefficients whicbreelated well with

in vivoones.
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9. Probiotic study: Material and methods

9.1 Isolation of the probiotic strain

Seventeen healthy adult dogs (household dogs, reliffebreeds, fed different
commercial dry diets and living in different enwiroents; between 1 and 3 years of age),
that had followed a pre/probiotic-free diet for lomth and had not been treated with
antibiotics for at least 3 months, were screenedaecal LAB and bifidobacteria contents.
Fresh faeces were collected immediately after ¢xeren sterile vessels and frozen at —
18°C within 20 min. Within 10 days from collecticiaeces were homogenized and serially
diluted in half-strength Wilkins-Chalgren AnaerolB@oth (WCAB 0.5x, Oxoid LTD,
Basingstoke, Hampshire, UK) added with L-cysteir@l KD.5 g/L). Dilutions were plated
on Raffinose Bifidobacterium Agar (RB Agar; Harterkiet al., 1996) and LAMVAB Agar
(Hartemink et al., 1997), for bifidobacteria andttbacilli counts, respectively. Plates were
incubated in an anaerobic cabinet (Anaerobic Syskarma Scientific Co., Marietta, USA)
under a N 85%, CQ 10%, H 5% atmosphere at 37°C for 48 h (results shownahld
10.1).

Attribution to the genusBifidobacteriumof the colonies isolated on RB agar was
achieved by assaying fructose-6-phosphate phosfblake activity, the key enzyme of
Bifidobacteriumcarbohydrate metabolism (Scardovi, 1986). In otdeconfirm that new
isolates belonged to this genus, colonies wereegidkr amplification with the 16S rDNA
primer set Bifl64/Bif662 specific for this genusgcarding to Koket al 1996, to
identificate the proper 523 bp amplicon.

Attribution to the specie of RB and LAMVAB coloniegas obtained by subculturing
on MRS. Pure MRS coltures were ribotyped for sg@mausing the automated ribotyping
device, RiboPrinter Microbial Characterisation ®wst(Qualicon Inc., Wilmington, DE,
USA). Bacterial colonies were picked from agar ¢datsuspended in sample buffer,
inactivated by heat kill step, and treated withclgnzymes to release the DNA. The DNA
was cut with EcoRl and the fragments were elecwogtically separated and
simultaneously transferred to a nylon membrane. MADprobe for the Escherichia coli
rrB operon was then hybridized to the genomic DdiAthe membrane. Each clone was
identified by comparison of the RiboPrint patterithman identification database of EcoRl
RiboPrint patterns created by E. I. DuPont de Nasiand Company (Qualicon Inc.). The
taxonomic attribution was confirmed by rDNA sequeranalysis. The proper primer set

was used to amplify the ribosomal fragments conmishe Internal Transcribed Spacers
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(ITS) and the flanking 16S and 23S rDNA regionse Hmplified products were separated
by gel electrophoresis, the fragments of ca 550nvepe purified using a QIAquick Gel
Extraction Kit (QIAGEN, Hilden, Germany), and thembjected to automated sequence

analysis of both DNA strands.
9.2 Preparing of the supplement

After speciation, it was decided to use one of iduated strains belonging to the
specieLactobacillus animalisn a feeding trial with adult dogs for its highomass yield.

ThelL. animalisstrain was grown on the following complex mediuatied CM:

* phytone, 10 g/L (Difco Laboratories, Sparks, USA);

» casein hydrolisate, 10 g/L;

* sodium acetate, 2.5 g/L;

» yeast exctract, 10 g/L (Difco Laboratories, SpatkSA);

« Tween 80, 1 g/L;

* L-cysteine HCI, 0.5 g/L;

* MnS0O4 7HO, 7 mgl/L;

* KH;PQO,, 0.15 g/L;

e MgSQ, 7H;O, 0.5 g/L;

* pH was adjusted to 6.8. The medium was, then, awed for 30 min at 110°C.

* Glucose was autoclaved separately and added tstehée basal medium to obtain
the final concentration of 20 g/L.

The Lactobacillus strain was subcultured in Lactobacili MRS brotbif¢o
Laboratories, Sparks, USA) containing 0.5 g/L Lteyse HCI and anaerobically incubated
at 37°C for 24 h.

Cells from the MRS cultures were inoculated (5%)vinto CM medium and
incubated anaerobically at 37°C for 48 h. After theubation time the biomass was
harvested by centrifugation and resuspended ireprason Suspending Fluid (skim milk
50 g/L; lactose 30 g/L; yeast exctract 50 g/L; asimoacid, 5 g/L) for the lyophilization
process.

The freeze-dried probiotic product contained ald@dtCFU/g.
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9.3 In vitro trial

In order to prepare faecal cultures, fresh faegales (from two adult healthy dogs)
were suspended 1% (w/v) in pre-reduced WCAB 0.&ecBl suspension was added (1%
v/v) to 100 mL anaerobic serum bottles containiGg@ of Faecal Extract Medium. Faecal
Extract Medium was obtained following the proceddescribed by Benno and Mitsuoka
(1992) using fresh faeces collected from 15 adelalthy dogs. Faecal cultures were
inoculated (1% v/v) with the freeze-drieéd animalisstrain resuspended in WCAB medium
at a concentration of $0CFU/mL (in order to achieve in the faecal cultueeginal L.
animalis concentration of 10CFU/mL) or, as a negative control, with the sarokime of
sterile WCAB medium. Each bottle received the addibf 1 g ofin vitro digested dry food
for adult dogs (Table 9.1) suspended in 10 mL ofspilogical solution. The in vitro
digested food simulates the undigested fractiothefdiet that reaches the hindgut and is
obtained by in vitro digestion (2 h incubation WHIC| + gastric lipase + pepsin followed by
a 4 h incubation with pancreatin + bile salts) o€@mmercial dry food for adult dogs
(Vervaeke et al., 1989; modified method).

Table 9.1: Analyzed chemical composition of the omercial dry dog food used in the

study before and after enzymatic digestion (%BM)

Before digestion After digestion
Crude protein 23.1 12.1
Ether extract 8.6 2.0
Starch 41.2 traces

#Food in vitro total digestibility was 79.7%

Faecal cultures were incubated at 39°C in anaesaband samples were collected for
chemical and microbiological analyses at 0, 4, @ 24 h. All preparations were done in an

anaerobic cabinet.
9.4 In vivo trial

Nine dogs, belonging to the initial pool, screemkeding the first phase of the trial,
having lactobacilli counts lower than 4,5 Log CH § of faeces were selected to assess
thein vivo effect of thel.. animalisstrain.
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Selected dogs received for 10 d a single oral di#olye of 0.5 g of the freeze-dried
probiotic. Faecal samples were collected the ddgréeprobiotic administration started
(Day 0) and again 1 and 5 d after withdrawal of phebiotic administration (Day 11 and
15, respectively). Faecal samples were collectedadhately after excretion and frozen at —

18°C within 20 min. for chemical and microbiolodieaalyses.

9.5 Chemical and microbiological analyses

Ammonia in faecal cultures and homogenized faecaeypkes was measured using a
commercial kit (Urea/BUN — Color, BioSystems S.Barcelona, Spain).

Short-chain fatty acids (SCFA) in faecal cultureml diomogenized faeces samples
were analyzed by gas chromatography (Varian 3408&ria¥ Analytical Instruments,
Sunyvale, CA 94089, USA) with Carbopack B-DA/4% M and 80/120 packed column
(Supelco, Sigma Aldrich s.r.l., 20151 Milano, lfalyfhe faeces were homogenized and
diluted 1:1 with distilled water and centrifuged,d@0 x g, 15 min.) and 1 mL of the
supernatant was deproteinized with 50 pL perchladid (Merck, Darmstadt, Germany).
Finally, both faecal culture and faeces supernaamtples were centrifuged (14,000 x g, 10
min.) and added with pivalic acid as an internahdard (Fussel and McCalley, 1987) prior
to injection.

Immediately after sampling, faecal cultures samplesye serially diluted with
prereduced half-strength WCAB. From each of thetdihs, 0.1 mL was plated in triplicate
onto selective media: MacConkey Agar (Merck, DaadstGermany) for coliforms, OPSP
Agar (Oxoid, Basingstoke, UK) faZlostridium perfringensLAMVAB Agar (Hartemink et
al., 1997) for lactobacilli, Azide Maltose Agar (Hife, Milano Italy) for enterococci, and
RB Agar (Hartemink et al., 1996) for bifidobacterll media were kept 24 h in the
anaerobic chamber before use. MacConkey agar phaes incubated aerobically at 37°C
for 24 h; Azide agar plates in aerobiosis for 48 dll; other media were incubated
anaerobically at 37°C for 48-72 h.

Within 10 days from collection, faecal samples wapenogenized and plated onto the
same selective media (with the only exception of Rfawr), following the same procedures
previously described.

Representative colonies grown onto LAMVAB platesrevaentified at genus level
by standard bacteriological procedures (Gram staaction, colonial and cellular
morphology). After genus identification, rDNA seqge of colonies apparently belonging

to L. animalis species was determined for strarelledentification
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9.6 Statistical analysis

Data from the in vitro trial were analyzed using tBtudent-Newman-Keuls test.
Differences were considered statistically significatP < 0.05.

In the in vivo trial, data from measurements at Mayll and 15 were analyzed by
one-way ANOVA using the GLM procedure of SAS (SAStlI, Inc., Cary, N.C.) with time
as the main factor; the differences among meagsaips were analyzed using the Student-
Newman-Keuls test. Differences were consideredssitally significant aP < 0.05.
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10. Probiotic study: Results

10.1 Isolation of the probiotic strain
Lactobacilli and Bifidobacteria counts in faecaltates are reported in Table 10.1.

Table 10.1: Counts of viable lactobacilli and bofdcteria (log CFU/ml) in dog faecal

samples, bold data correspond to subjects selémtéide in vivo trial.

Lactobacilli Bifidobacteria
1 3,30 <3
2 <3 <3
3 6,85 6,34
4 7,40 7,95
5 <3 3,85
6 <3 7,20
7 <3 9,30
8 3,90 3,00
9 <3 <3
10 5,08 5,08
11 5,08 5,08
12 <3 <3
13 5,85 6,96
14 6,85 6,98
15 6,90 6,90
16 4,30 <3
17 3,72 <3

Among the 17 dogs that were sampled, LAB faecalntowvere higher than 10
CFU/g in three subjects and thar? TFU/g in four. On the contrary, of the remainirigen
dogs, four had LAB faecal counts betweer? 46d 10 CFU/g and six were under the
detection limit of 16 CFU/g.
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10.2 In vitro trial

Bacterial counts in faecal cultures are reported Tiable 10.2 and Figures
10.1,10.2,10.3,10.4 and 10.5. Ammonia and SCFAalamancentrations and pH values are
reported in Table 10.3 and Figures 10.6 and 10.7.

Table 10.2: Counts (Log CFU/mL) of viable coliform&nterococci, Clostridium
perfringens, bifidobacteria, and lactobacilli ingd@ecal cultures added (Lac +) or not (Lac
-) with Lactobacillus animalid. A4. Values are the mean of four replicates + SD.

Oh 4 h 8h 24 h

Lac - Lac + Lac - Lac + Lac - Lac + Lac - Lac +
Coliforms 6.67 6.67 6.62+0.03 6.65+0.03 6.69+0.07 8&0.02 7.27+0.26 7.31%0.34
Enterococci 6.40 6.40 7.71+0.087.13+0.1F 7.69+0.07 6.82+0.08 7.71+0.18 6.62+0.20
Bifidobacteria 5.30 5..30 535+0.09 541+008 547+008 ZDH4 6.41+0.28 6.53+0.08
C. perfringens 6.48 6.48 6.42+0.13 6.33+0.23 6.63+027 7&8.09 6.82+0.216.33+0.11
Lactobacilli 5.70 5.70 6.26 £+0.198.51+0.16 7.18 £+0.21 9.18 +0.13 8.17+0.24 9.61+0.18
L. animalis 6.18 8.51+0.16 9.18 +0.13 9.59 +0.18

* indicates a significant differenc® & 0.05) from the corresponding Lac- value

Figure 10.1: Counts of viable coliforms (Log CFU)nm dog faecal cultures added (Lac +)
or not (Lac -) with a strain dfactobacillus animalisValues are the mean of four replicates
+ SEM.
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Figure 10.2: Counts of viable enterococci (Log Oml)/in dog faecal cultures added (Lac

+) or not (Lac -) with a strain dfactobacillus animalisValues are the mean of four
replicates + SEM.
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* indicates significant differencd(< 0.05)

Table 10.3: Counts of viable bifidobacteria (LogW@l) in dog faecal cultures added (Lac

+) or not (Lac -) with a strain dfactobacillus animalisValues are the mean of four
replicates + SEM.
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Figure 10.4: Counts of viabl@lostridium perfringengLog CFU/ml) in dog faecal cultures added
(Lac +) or not (Lac -) with a strain dfactobacillus animalis Values are the mean of four
replicates + SEM.
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* indicates significant differencd(< 0.05);

Figure 10.5: Counts of viable lactobacilli (log C) in dog faecal cultures added (Lac +) or

not (Lac -) with a strain dfactobacillus animalisValues are the mean of four replicates + SEM.
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Table 10.3: pH values and ammonia and short-ctedty ficids (mmol/l) concentrations in dog

faecal cultures added (Lac +) or not (Lac -) witktrain ofLactobacillus animalisMean = SEM.

4 h 8h 24 h
Lac - Lac + Lac - Lac + Lac - Lac +
pH 6.14+0.01 6.13+0.01 6.12+0.01 6.07+0.02 3%0.14 559+0.02
Ammonia 7.74+067 841+059 9.68+057 4.10+0.40 6.73+0.84 9.91+1.56
Acetic acid 16.1+0.47 17.3+1.46 18.6+1.02 18.3+0.98 3210.88 21.5+0.73
Propionic acid 5.33+0.18 5.58 £ 0.51 5.74+0.31 5.82+0.31 310.99 11.4+1.62
isoButyric acid  0.27+0.01  0.28+0.02 0.26+0.01 0.26+0.01 7&d.01 0.31+0.02
n-Butyric acid 1.24£0.04 1.24+0.10 1.22 £ 0.06 1.22+0.07 52%.09 2.25+0.40
isoValeric acid 0.25+0.01 0.25+0.01 0.22+ 0.01 0.22+0.01 22 0.01 0.25+0.02
Lactic acid 1.16 £ 0.09 1.44+0.66 1.57% 0.16 1.67+£0.11 0.98 + 0.09 1.18+0.16
Total SCFA 244 +0.77 26.2+2.06 27.7+151 27.6+1.41 7361.84 37.0+ 250

* indicates significant differencéd>(< 0.05); values are the mean of four replicates

Figure 10.6: Ammonia concentration (mmol/L) in dagcal cultures added (Lac +) or not (Lac -)

with a strain oL. animalis Values are the mean of four replicates + SEM.

NH 3 (mmol/L)

12 16
Time (h)

20 24

* indicates significant differenc® (< 0.05)
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Figure 10.7: pH in dog faecal cultures added (Lportnot (Lac -) with a strain df. animalis

Values are the mean of four replicates + SEM.

5.0-

0 4 8 12 16 20 24
Time (h)

Enterococci were significantly reduced and lactdbaecreased P < 0.05) byL. animalis
addition throughout the study. After 24 h of inctibia, C. perfringenscounts were significantly
reduced in the bottles containing theanimalisstrain P < 0.05). Bifidobacteria and coliforms
counts were not affected by treatment.

After 8 h of incubation, ammonia was significantgduced (4.10 vs 9.68 mmol/B, <
0.001) byL. animalis At 4 h, lactic acid concentration was signifidgritigher in faecal cultures
containing the. animalisstrain (1.44 vs 1.16 mmol/IE < 0.05).

10.3 In vivo trial

All dogs remained in good health during the adntiatgon of thel.. animalisstrain. Faecal
microbial counts before and after administratiorthed probiotic strain are shown in Table 10.4
and Figure 10.8. On Day 11, lactobacilli faecalr@suvere significantly higher than at trial start
(6.99 vs. 3.35 Log CFU/g of faecdd< 0.001). Thed.. animalisprobiotic strain was recovered in
all faecal samples collected on Day 11 and in fe@fdour dogs out of nine at Day 15. Ammonia

and SCFA faecal concentrations were not influermethe probiotic strain (Table 10.5).
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Table 10.4: Counts (Log CFU/mL) of viable coliformesnterococciClostridium perfringens
bifidobacteria, and lactobacilli in dog faecal sad@spof nine dogs before (T0), 1 (T1) and 5 (T2)

days after a 10 d administration of a straih.oAnimalis

Lactobacilli Coliforms Enterococci  C. perfringens
TO 2,30 5,15 4,60 3,00
1 11 6,20 4,90 <4 3,00
T2 <2 5,00 4,81 3,60
TO 2,48 4,90 7,71 3,00
2 T1 7,08 3,79 6,74 2,41
T2 3,78 4,67 5,41 3,38
TO 3,11 5,00 5,00 3,11
5 T1 7,30 5,41 8,08 3,00
T2 3,96 6,51 6,00 3,00
TO 4,08 6,00 8,24 3,18
6 T1 7,73 4,26 5,30 2,00
T2 4,04 6,00 7,00 3,00
TO <2 5,26 5,78 3,60
7 T1 5,67 4,61 <4 3,00
T2 2,30 4,41 4,81 2,36
TO 3,36 6,70 7,00 5,70
8 T1 8,20 6,62 5,90 3,30
T2 4,43 6,04 5,60 2,48
TO 4,48 5,18 6,30 7,30
12 T1 6,95 4,80 6,00 7,26
T2 4,00 3,70 5,12 6,00
TO 3,54 4,20 5,30 6,30
16 T1 7,92 6,85 5,45 6,00
T2 7,00 7,18 5,90 6,38
TO 4,70 5,30 7,00 4,18
17 T1 6,16 4,66 4,00 4,00
T2 5,08 4,68 5,76 4,00
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Figure 10.8: Counts of viable bacteria in the faeaknine dogs before (day 0), 1 (day 11) and 5
days (day 15) after a 10 days administratioh.odinimalisLA4 (log CFU/g); values are means *
S.E.M..

7.5 -
Lactobacilli

By Coliforms
g 5.01 E= Enterococci
7 mm C. perfringens
O
D 2.5
|

0.0

* indicates significant differencé(< 0.001)

Table 10.5: Ammonia and short-chain fatty acidscemtrations in the faeces of nine dogs before
(TO), 1 (T1) and 5 (T2) days after a 10 d admiaistn of a strain of. animalis(mmol/L)

Ammonia  Acetic acid Propionic acid iso-Butyric acid n-Butyric acid

Day 0 43.8 76.3 48.8 2.02 16.2
Day 11 43.7 71.1 40.3 2.21 17.5
Day 15 44.7 67.0 37.3 2.15 14.8
Pooled SEM 7.75 5.32 4.63 0.40 2.04
Anova P 0.54 0.27 0.95 0.73 0.99




11. Probiotic study: Discussion

11.1 In vitro trial

The bacterial faecal counts of the 17 dogs screémethe selection of the animals to be
used in the probiotic trial confirmed that a vetigtvariability exists in the intestinal bacterial
concentrations within the canine population. In pnesent study, dogs were housed in different
environments and fed different commercial dry dieigt it is known from the literature
(Suchodolski et al., 2005) that the intestinal wilora of dogs shows big differences even among
dogs similarly housed and fed identical diets. Moes, while there is some evidence that the diet
may influence the intestinal microflora compositiardogs (Zentek, 2000), Simpsenal. (2002)
concluded that individual dogs have their own cbindstic faecal bacterial microflora and that
this is unique and stable, and not influenced leydiet.

The strain selected for the feeding trial was idieated asL. animalis a common
inhabitant of canine gut (Ki& Adachi, 2007; Fujisaw& Mitsuoka, 1996).

L. animalis was not previously studied for its probiotic prdps in dogs. However,
Ehrmannet al. (2002) tested 112 strains of lactic acid bactéoiatheir use as a probiotic
supplement in poultry. Thein vitro andin vivo trials demonstrated the ability bf animalisto
grow in presence of bile salts, tolerate acidic aht] persist in the crop and caecum of ducks for a
period of 18 days. The ability to survive under Igd conditions and high bile salts
concentrations are desirable features for a sutdgsassage through the gastrointestinal tract,
which is a recognized prerequisite for potentialgpotics (Dunneet al, 2001).

In another study, Chef Yanagida (2006) foundla animalisstrain (C060203) capable of
producing, in presence of surfactants, a bacterilogé inhibitory substance with a wide
inhibitory spectrum against Gram-positive bactelmaa study conducted by Gus#s al. (1999)
with chickens intestinal fragments,animaliswas able to inhibit the adhesion $f pullorum S.
enteritidis andS. gallinarumto host-specific epithelial fragment. The productaf substances
capable of inhibit growth or adhesion of phatogemicroorganism is a desired characteristic of
probiotic strains.

These data, apart from the absence of studies g3, dsuggested a potential use as a
probiotic for the isolated. animalisstrain.

In the present study, addition lof animalisdetermined a significant decrease of enterococci
throughout the study an@. perfringensafter 24 hours of incubation, while lactobacillerg
significantly increased throughout the studd. perfringensis a potential pathogen, naturally
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harbored in the digestive tract of dogs. SomersirafC. perfringensare able to produce toxins
which can cause diarrhoea. In the d@y, perfringenshas been associated with 28-34% of
diarrheic cases, ranging in severity from mild taegmtially fatal (Katheet al, 2005). Enterococci
are commensal bacteria of the gastro-intestinalt tod dogs. However, they are frequently
isolated in intestinal content of dogs with smatestinal bacterial overgrowth (SIBO) (Rutgets
al., 1995), and in case of nosocomial infections. &feee, reducing the number of clostridia and
enterococci in the intestine could decrease tlkeofisntestinal disease in dogs.

The competitive exclusion of pathogens in humargsarimals is a well-known beneficial
effect of probiotics lactic acid bacteria (Rolf®0®; Reid and Burton, 2002). However, effects of
various lactic acid bacteria species on intestpahogen bacteria are different from each other.
Perelmuteret al (2008, in press), in a study conducted with aistof L. murinusisolated from
the canine intestinal tract, demonstrated its tghiii inhibit the growth of twdC. perfringensand
two E. coli strains during an agar spot test. Similarly, savetrains ofL. reuteri (McCoy &
Gilliland; 2007), isolated from canine faeces, bitéd the growth of. typhimuriumHowever, in
another study conducted by Swansatral. (2002a), d.. acidophilusstrain administered to dogs
did not affectC. perfringensandE. coli faecal concentrations. The absence, in envirorsre
faecal cultures or the microbial ecosystem of thstrgintestinal tract, of significant effects on
bacterial counts could be due to the complexity haostility of the environment, which hardly
could be influenced by a single bacterial strain.

Ammonia is a toxic compound which is produced ia thndgut as a result of bacterial
proteolytic activity and has a negative impact ptestinal mucosa and enterocytes (Blackier
al., 2007). In vitro, the probiotic strain reduced aomia concentration by 58% after 8 h of
incubation. This finding could be the consequericthe partial inhibition of proteolytic bacteria
by the probiotic strain, as suggested by the resluatf C. perfringensobserved after 24 h of
incubation. Similarly, during a 24 h in vitro studgth swine cecal chyme (Piv& al, 2005), d_.
brevis strain reduced ammonia concentrations after 8 aibation but not after 24 h. Both
studies suggest that LAB strains can reduce ino vititestinal proteolysis and ammonia
concentrations but that this effect disappears wheergy sources such as starch and other
fermentable carbohydrates are depleted (Ruetsal, 1983). In the study by Pivet al (2005),
the reduction of ammonia concentrations was moiecegfe when the tested LAB strains were
associated to lactitol, a non-digestible disaccigarin the present study, the dry food contained
after enzymatic digestion only traces of starcluisthmiting the energy available to lactic acid
bacteria. This seems to be confirmed by the fattttie addition of the probiotic did not affect pH

and increased lactic acid only at 4 h, but not ldteing the study.
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11.2 In vivo trial

The faecal recovery df. animalisLA4 used as a probiotic and the high lactobatakical
counts on day 11 showed that LA4 survived gastesiimal passage. In fact, after 10 days of
probiotic administration, faecal counts of lactabamcreased by about 4 log units. On day 15,
lactobacilli counts dropped close to their initiilues. In two studies withactobacillus sp.
strains in dogs (Weese and Andersen, 2002; Badioal, 2004), the probiotic strains were
recovered in the faeces during administration lotitanfew days after.

When thel. animalisstrain was fed to adult dogs, faecal count€ gberfringenscoliforms
and enterococci were not significantly influencedtbe probiotic. The relative low number of
animals used in this study and the high individwaiability may explain the lack of a significant
effect of the probiotic on faecal counts of undedimicrobes. However, enterococci a@d
perfringensshowed a trend towards a numerical reduction ateninistration of the probiotic,
and the reduction of faecal enterococci came diose significant differenceP( of the model =
0.08). In another study, whenLactobacillusacidophilusstrain was fed to dogs (Baillaet al.,
2004), clostridia faecal counts were significantgduced during probiotic administration.
Because enterotoxigen{C. perfringenscan be responsible of diarrhoea in dogs (Wextsa.,
2001), lactic acid bacteria probiotics might hedplucing the incidence in dogs ©f perfringens
enteric disease and environmental shedding. Ther latight be important for dog-owners,
becauseC. perfringensenterotoxin has been associated with diarrhoeafaod poisoning in
humans (Liet al, 2007).

Changes in the intestinal microflora were not d#d by differences in faecal
concentrations of ammonia and SCFA. From the liteea it is known that the concentration of
bacterial metabolites can vary dramatically whilgedta move from the colon to the rectum,
especially for those metabolites, such as ammardavalatile fatty acids that are able to cross the
intestinal mucosa and be absorbed. As such, faptight not reflect the changes in the
concentration of metabolites that the probiotic migave induced in the hindgut (Stevefas
Hume, 1998).
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12. Prebiotic study: Materials and methods

12.1 In vitro fermentation

Fresh faeces from eight healthy adult dogs (houdethags, different breeds, fed different
commercial dry diets and living in different enviroents; between 1 and 5 years of age), which
had not received antibiotic treatment for at I&astonths prior to experimentation, were collected
immediately after excretion in sterile vessels, bgenized using stomacher for 5 minutes, and
then suspended 10% (w/v) in half-strength pre-redudVilkins Chalgren Anaerobe Broth
(WCAB 0.5x).

Faecal suspension was used to inoculate (3,3%fiwk)30 mL anaerobic serum bottles
(containing 21 mL of medium prepared according tov®ld et al., 1995), and five 10 mL glass
syringes (containing 4,85 mL of medium) per treattne

The composition of the medium used to culture theroflora is presented in Table 12.1.
All medium components, except the vitamin mixesfeva@dded before autoclaving. The vitamin

mixes were aseptically added after they were fdterilized.

Table 12.1: Composition of medium used (Sunvolal et1995, modified).

Component Concentration in medium
ml/L
Solution AY 330.0
Solution B? 330.0
Trace mineral solutiof? 10.0
Water-soluble vitamin mi¥ 20.0
Folate:biotin solutiof® 5.0
Riboflavin solution® 5.0
Hemin solutior” 25
Distilled water 302.5
g/L
Yeast extract 0.5
Trypticase 0.5
NapCOs 4.0
Cisteyn HCI HO 0.5

@ composition g/L: NaCl, 5.4; KO, 2.7; CaC} H,O 0.16; MgC} 6H,0, 0.12; MnC} 4H,0, 0.06; CoGJ 6H,0, 0.06;
(NH,),S0,, 5.4.

@ composition g/L: KHPO,, 2,7.

® Composition mg/L: EDTA (disodium salt), 500; FeStH,0, 200; ZnSQ 7 H,0, 10; MnC} 4 H,0, 3; HPQ,, 30; CoC} 6
H,0, 20; CuC} 2H,0, 1; NiClL 6H,0, 2; NaMoO, 2H,0, 3.

@ Composition mg/L: thiamin HCI, 100; d-pantotheniéddad 00; niacin, 100; Pyridoxine, 100; p-aminobdnzixid, 5; vitamin
Bis 0,25.

® Composition mg/L: folic acid, 10; d-biotin, 2; NHCO;, 100.

©® Composizione: riboflavin 10 mg/L in 5 mmol/L of HEB.

( Hemin, 500 mg/L in 10 mmol/L NaOH.
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Bottles and syringes also contained an in vitresligd commercial dry food for dogs at the
final concentration of 10 g/L. The in vitro digedtibod simulates the undigested fraction of the
diet that reaches the hindgut and is obtained byitho digestion (2 h incubation with HCI +
gastric lipase + pepsin followed by a 4 h incubatigth pancreatin + bile salts) of a commercial
dry food for adult dogs (Vervaeke et al., 1989; ified method) (Table 12.2).

Table 12.2: Analyzed chemical composition of thenowercial dry dog food used in the study

before and after enzymatic digestion (%D3M)

Before digestion After digestion
Crude protein 20.5 10.3
Ether extract 114 2.4
Starch 42.2 traces

#Food in vitro total digestibility was 78.1%

In total, 6 substrates were studied: fructo-oligabarides (FOS), inulin, pectins, gluconic
acid, lactitol, and a fiber rich ingredient (chigbrSubstrates were added at the final concentratio
of 1g/L (inulin, FOS, pectin, lactitol, gluconic idy or 4g/L (chicory). These concentrations
should reflect the amount of fiber that reacheshimelgut when non-digestible oligosaccharides
(NDO) and fiber-rich ingredients are included ire tfeed at a concentration of 1% and 4%,
respectively. In fact, if we estimate that the ager digestibility of a commercial dry food for
dogs is 90% and assuming that all soluble fibern@dch the large intestine, the ratio between the
undigested food fraction (in vitro digested dietdahe soluble fiber source in the hindgut will
approximately be 10:1 for NDO and 10:4 for fibeskringredients.

Five bottles and five syringes were prepared withany experimental substrate as a
negative control, while lactitol was used as puwsitiontrol in all the experiments.

Faecal cultures (bottles and syringes) were inath&br 24 h at 39°C under anaerobic
conditions and samples of fermentation fluid weskected from each bottle at 0, 6, and 24 hours
for analysis (ammonia, SCFA, pH, lactobacilli, @at®cci, coliforms).

Gas production was measured as described by Mérete(@979) measuring the amount of

gas produced in the glass syringes throughout4hedf the study.
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12.2 Chemical and microbiological analyses

Ammonia in samples of fermentation fluid was meeadumusing a commercial kit
(Urea/BUN — Color, BioSystems S.A., Barcelona, 8pai

Short-chain fatty acids (SCFA) in samples of fertagan fluid were analyzed by gas
chromatography (Varian 3400, Varian Analytical tostents, Sunyvale, CA 94089, USA) with
Carbopack B-DA/4% CW 2M and 80/120 packed colummpédco, Sigma Aldrich s.r.l., 20151
Milano, Italy). The samples of fermentation fluietre centrifuged (3,008 g, 15 min.) and 1 mL
of the supernatant was deproteinized with 50 plchderic acid (Merck, Darmstadt, Germany).
Finally, samples of fermentation fluid were centgéd (14,000 x g, 10 min.) and added with
pivalic acid as an internal standard (Fussel an@alley, 1987) prior to injection.

The second sample of fermentation fluid was homizgen and serially diluted with
prereduced half-strength WCAB 0.5x. From each efdhutions, 0.1 mL was plated in triplicate
onto selective media: MacConkey Agar (Merck, DaadstGermany) for coliforms, LAMVAB
Agar (Hartemink et al. 1997) for lactobacilli, aAdide Maltose Agar (Biolife, Milano Italy) for
enterococci. MacConkey agar plates were incubagedbeally at 37°C for 24 h; Azide agar
plates in aerobiosis for 48 h; LAMVAB Agar plategn® incubated anaerobically at 37°C for 48
h.

12.3 Statistical analysis

A modified Gompertz bacterial growth model was usefit gas production data and obtain
the following gas production parameters: total gasduction (mL, the amount of gas produced
during the 24 h study), maximum rate of gas pradac{mL/h, the highest velocity reached by
gas production), log time (h, the duration of gasdpction phase), and lag time (h, the time
between fermentation start and when bacteria gtaducing gas)

Gas production parameters, ammonia, pH, and SCRk# da well as counts of coliforms,
lactobacilli, and enterococci were analyzed by wag-ANOVA, with the Dunnett test as the post
test. Each syringe and bottle formed the experialennit. Differences were considered

statistically significant aP<0,05.

57



13. Prebiotic Study: Results

Gas production parameters, pH, SCFA concentratenm$,ammonia data are reported from
Figure 13.1 to Figure 13.4. Major SCFAs proportawe reported in Table 13.1.

Counts of viable coliforms, lactobacilli and entawoci are reported from Figure 13.5 to
Figure 13.7.

Figure 13.1: Gas production parameters. Valueshareneans of five replicates + SEM.
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Gas production (ml)
@

)

Gas production (mi/h)
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w

Lag phase (h)
N
1
Log phase (h)

Legend:

» a:total gas production
b: maximum rate of gas production
» c:lagtime
e d:logtime
* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)
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Figure 13.2: : pH in faecal slurry. Values are nseaffive replicates + SEM.
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* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)

FOS, inulin, gluconic acid and lactitol significgntincreased total gas production,
compared with the control diet (+ 45%, + 50%, +68%d +26%, respectively). While FOS,
inulin, and gluconic acid increased velocity of ga®mduction (+ 33%,+37%, and +107%,
respectively), pectin resulted in lower velocitamhcontrol (- 30%). Pectin and lactitol determined
a significant increase in the duration of the Lbgge (+ 65%, and + 34%, respectively).

pH was significantly reduced by FOS throughout #tedy, while pectin, chicory, and
lactitol significantly reduced pH after 24 hoursfefmentation.

After 24 hours of fermentation total SCFA were #igantly increased by pectin, inulin,
and lactitol (+ 15%, +17%, and +19%, respectiveBgctin also increased acetic acid (+31%),
lactic + propionic acid (+63%), and n-butyric a€i#B6%) concentrations. Lactitol determined a
significant increase in acetic acid (+10%), whitegionic + lactic acid showed only a tendency to
increase R = 0.0537). The addition of inulin resulted in grsficant increase in n-butyric acid
(+34%) and in a tendency to increase of acetic @r 0.0876). FOS and chicory did not affect
SCFA concentrations. Gluconic acid determined aisa@nt reduction of propionic + lactic acid
concentration (-40%).

59



Figure 13.3: SCFA in faecal slurry (mmol/L). Valua® means of five replicates £ SEM.
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e a concentration of total SCFA in faecal slurry
* b: acetic acid concentration;
» ¢ lactic + propionic acid concentration;
» d:iso-butyric acid concentration;
» e nor-butyric acid concentration;
» f:iso-valerianic acid concentration
* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)
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Table 13.1: Molar proportion of major SCFA (acetapgopionate+lactate : butyrate). Values are

means of five replicates = DS.

Acetic Propionic+lactic Butyric
Control 55.7 +2.49 30.5+2.69 13.9+0.91
FOS 494 +218* 37.1+214~* 13.5+0.90
Pectin 57.2+1.79 28.0+1.99 14.8 +2.28
Inulin 52.6 +0.35 32.0 £0.28 15.4+0.16
Chicory 55.8 +2.69 30.8+2.94 13.3+0.73
Gluconic acid 55.8 £0.97 26.8 +0.81 17.5+0.80*
Lactitol 52.1+5.68* 36.2+6.53* 116+1.40*

* indicates significant differencd(< 0.05)

The addition of FOS and lactitol determined a digant decrease in the molar proportion
of acetic acid, while increased propionate + l&ctane; lactitol reduced also butyrate molar

proportion. Gluconic acid significantly increaseatysate molar proportion.

Figure 13.4: Ammonia concentration in faecal slufmpmol/L). Values are means of five

replicates + SEM.
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* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)

Ammonia concentration in the faecal slurry wasifféeted by the addition of any prebiotic
substance after 6 hours of fermentation, whileaswsignificantly increased by gluconic acid after
24 hours.
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Figure 13.5: Counts of viable coliforms (Log CFU/mL
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* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)

Figure 13.6: Counts of viable enterococci (Log QRU).
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* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)
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Figure 13.7: Counts of viable lactobacilli (Log CfatlL).
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Legend:
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* indicates significant differencd(< 0.05)
** indicates significant difference?(< 0.01)

Addition of FOS, after 6 and 24 h of fermentati@md pectin, after 6 h, significantly
increased enterococci counts. Lactitol, after 24€fhfermentation, determined a significant
reduction in coliforms; moreover, at the same tip@nt, lactitol significantly increased
lactobacilli. After 24 h of fermentation, the addit of inulin, while having no effect on
enterococci end coliforms counts, significantly @@sed lactobacilli counts. Lactobacilli counts
were higher than control with supplemented chicangl lactitol P < 0.05) after 24 hours of

fermentation, and tended to be grater after 6 holufsrmentation with lactitolf = 0.0701).
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14. Prebiotic study: Discussion

In in vitro systems, gas production is generally recognizead@educt, and an index, of the
activities of the total microflora present in therrhentors. The amount and composition of gas
produced could be affected by many variables ssdime chemical structure of the carbohydrate
(chain length, monosaccharide compositions) as aglithe composition of the fermentative
microflora (Spearet al, 2007). In literature few data exist about the geoduction properties of
prebiotic substances, and rarely data are comparaegative control. In a study by Ghodatsi
al. (2007), who evaluated the effects of differentbotuydrate sources on gas production by
human fecal inocula, inulin determined the highgsts production compared to other
carbohydrates, particularly if compared to FOS,chilproduced the lower amount of gas. Rycroft
et al. (2001), comparing the prebiotic properties of saveligosaccharides using human fecal
microflora, found the highest levels of gas productwith inulin, lactulose, FOS and XOS. In a
previous study by Pivat al. (1996) with swine cecal microflora, lactitol, cpared to a negative
control, determined a significant increase in theoant of gas produced when added to a low-
fiber diet. In our study, inulin, FOS, gluconic @ciand lactitol increased the amount of gas
produced, while pectins and chicory did not; cosedy, in anin vitro trial with a canine fecal
inoculum conducted by Swansenal (2001), pectins, when compared with fruits angetables
fibers, determined the highest amount of gas pribatuc

The discrepancy of some results obtained in thegotetrial with those reported from
previous studies could be explained taking intooaot two main factors. First of all, we have to
consider the “bifidogenic nature” of prebiotics whij in fact, selectively stimulate bifidobacteria
(Gibsonet al, 1994). Bifidobacteria are not frequently isothfeom dog faeces. King&. Adaki
(2007) screened 36 samples of dog faeces for lactat bacteria and bifidobacteria counts and
found bifidobacteria only in 6.8% of the samples. the study by Greetharat al. (2002)
bifidobacteria were not detectable at all in thecks of four dogs. Therefore, the inconstant
presence of bifidobacteria in the experimental dh@toculum could explain the different results
obtained in different studies.

Moreover, the different chemical structure of epogbiotic could affect the selectivity and
intensity of fermentation. Roberfroid (2001) congzhithe fermentation of inulin and FOS by
different bacterial specie; in his study, FOS werare intensely fermented by all the bacterial
species tested, resulting in a lower selectivityeomentation but in a higher intensity. A similar
comparison, between FOS and inulin, was conductedab de Wieleet al. (2007), who obtained

the same results of Roberfroid (2001). Fructantoonfier chain length, like inulin, are less (or
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more slowly) fermentable than compounds of shartetin length. However, if administered for
longer periods of time they show a more pronouroedeficial effect than oligofructoses of a
shorter chain length (van de Wiest al, 2007). Olano-Martiret al. (2002) investigated the
prebiotic properties of pectins and pectic-oligabarides (obtained from controlled hydrolysis of
pectins) with different degrees of esterificatidm.this case, too, molecules with shorter chain
length (pectic-oligosaccharides) were more intgng®inentable. Moreover, the authors detected
a clear influence of the degree of esterificationfermentation, with highly methylated carbon
sources giving lower growth rates than the lowethylated ones.

Among the substrates tested in the present stusltinp inulin, and lactitol significantly
increased total SCFA concentrations after 24 hadréermentation (Figure XX). It is well
konown that substrates (dietary fibre) which esagdigestion and reach the terminal tract of the
intestine are broken down by the resident micrafltr the SCFA acetate, propionate, butyrate
and the gases hydrogen and carbon dioxide (War@gjbson, 1993). Lactate is an intermediate
which is also converted to SCFA by the intestin&roflora (Humeet al, 1995). When SCFA
are produced by bacterial fermentation in the tmeshey are rapidly absorbed, with only 5% to
10% being excreted in the faeces (Rupgtiral, 1980). The role of SCFA comprehends various
local and systemic effects. Increases in intes®@FA results in decreased pH, which influences
the composition of colonic microflora, increases@bption of minerals (butyrate and propionate
stimulate fluid absorption of calcium, magnesiumg ather cations in the colon; Scholtz-Arhens
& Schrezenmeir, 2002) and reduces ammonia absotpfitime protonic dissociation of ammonia
and others amines (Cummings, 1981). Of the thrgem®&CFA produced (acetate, propionate,
and butyrate), butyrate is the major energy sofwcehe colonocytes and exerts an important
trophic effect increasing colonic crypt depth (\agjéezet al, 1997).

Published data about the influence on SCFA prodonctf the addition of prebiotic
substances in dog are contrasting and, abovesallworks reported a direct comparison against a
control (no supplemental prebiotic) on SCFA product Flickinger and co-workers (2003) and
Propst and co-workers (2003) studied the effectthefaddition of oligofructose in the diet of
dogs. Propset al. (2003) detected a significant increase of all$i@&FA produced, compared to
the control group, while Flickingeat al. (2003) reported a significant increase only inpiwoate
concentration. The different results could be exgld by differences in the intestinal microbial
population of the dogs that have been used. Otiueies (Sunvoldet al, 1995; Vickerset al,
2001; Swansoret al, 2001) reported in literature compare the effeatsseveral prebiotic
substances without any control group. These reanétshardly interpretable because none of the
studies provide a “no addition effect” to which quemne “prebiotic” results.
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Molar proportion of SCFA can provide additional anhation about the quality of the
substrate. In our study, molar proportions of hatycid were low, compared with average data
from the literature (60:20:20) (Cummingsal, 1979), for all substrates tested. The carbohligdra
present in the diet could influence not only theoant but also the molar proportion of the acid
produced during fermentation. Carbohydrates that raported in literature to stimulate the
formation of butyric acid are resistant starch ticats andp-glucans, while pectin and xylan are
associated with low butyrate-high acetate produac{iénudsenet al, 2003). In our study, FOS
and lactitol determined a significant increasehs molar proportion of propionic + lactic acid,
accompanied by a proportional reduction of acetid.a=OS behaviour was in agreement with
data from the literature. In fact, Vickess al. (2003) and Liongk Shah (2005) reported a similar
variation in SCFA molar proportion after the adultiof FOS. Conversely, lactitol data are in
disagreement with the findings of Nilss& Nyman (2005) who reported different molar
proportions. Macfarlane& Gibson (1995) demonstrated that environmental emdrobial
variables, particularly carbonium availability agcbwth rate, could affect SCFA production by
pure cultures of colonic microorganism. Their réswhowed that, in different experimental
conditions, the same bacterial specie can prodiféeraht SCFA molar ratios from the same
substrate..

After 24 hours of fermentation, BCFA were lowered the addition of FOS, inulin,
gluconic acid, and lactitol. Branched SCFAs (istybate and iso-valerate) are, together with
ammonia, phenols and amines, the end-productedketimentation of dietary proteins and amino
acids by proteolytic bacteria and are responsibtetiie odour of faeces. At 24 h, FOS, inulin,
gluconic acid and lactitol significantly reduced-sutyrate concentration® & 0.001) and FOS
and gluconic acid also reduced iso-valerate conagon ( < 0.001).

Gluconic acid significantly increased ammonia caoiaion after 24 h of fermentation,
while the other treatments did not affect ammoniacentration. Literature data about the
ammonia concentration during prebiotic trials aomtrasting. Propset al. (2003) detected a
significant increase in ammonia concentration i fikeces of dogs fed oligofructose and inulin
enriched diets, while in a study by Flickinget al. (2003) ammonia concentration tended to
decrease in the faeces of dogs fed the oligofrecsoapplemented diet. Ammonia is a product of
protein catabolism by bacteria. In close systeriks, fermentors, energy sources such as starch
and other fermentable carbohydrate are rapidlyedeglin the initial phase of the fermentation,
and protein becomes an energy source for bactagtdbolism.

When lactitol was used, lactobacilli tended to @ase after 6 hours and significantly

increased after 24 hours, while, at the same timetpcoliforms were significantly decreased.
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These results are in agreement with some data literature. Cheret al (2007) investigated the
effects of lactitol on intestinal microflora of Héey humans and reported a significant increase in
lactobacilli and bifidobacteria after three weekadministration. A similar study was conducted
by Ballongueet al. (1997), who detected an increase of probiotic dréectand a decrease of
putrefactive bacteria after the administrationaddtitol. Finneyet al. (2007), on the contrary, did
not find any significant effects of lactitol on tabacilli and enterobacteriaceae, but only a
significant increase in bifidobacteria. On the othand, other studies reported opposite results.
Probertet al (2004) investigated the effects of lactitol onmtan microflora using an in vitro
model. In their study, lactitol determined a sigraht decrease of bifidobacteria and bacteroides
and an increase in clostridia.

Chicory, apart from the absence of any sign oféased bacterial activity, determined a
significant increase of lactobacilli after 24 hows fermentation, while inulin determined a
significant decrease in lactobacilli at the sameetpoint. The latter is in disagreement with data
from literature (van de Wielet al, 2007) which report an increase in lactobacitiuwts in
presence of inulin. FOS significantly increasedeestocci after 6 and 24 hours of fermentation.
These findings could be explained by the lack d¢éevity of FOS, as previously reported by
Robertfroid (2001) and van de Wiede al. (2007). Also pectin determined a significant ease
in enterococci counts after 6 hours of fermentaticanghoutet al. (1999) tested the effects of
two differently methylated citrus pectins on theestinal microflora of broilers. The effects of
pectins varied on the basis of the degree of matioyl. The high-methylated one determined a
significant increase in enterococci, bacterioiddsstridia and E. coli; the low-methylated one
increased only the clostridia number. Gluconic a@termined a significant increase in coliforms
counts after 24 hours of fermentation. Few datapaesent in literature about the effects of
gluconic acid on intestinal microflora. In a prewsostudy, Biaget al (2006) evaluated the effects
of gluconic acid on swine intestinal microfloranggian n vitro system. The authors detected no
significant effect of gluconic acid on microfloraany concentration tested.

As previously stated, the initial bacterial popidatplays a major role in determining the
prebiotic results. In fact, bacterial populatiomgmsition at the beginning of the study could
affect the microbial balance reached at the endicpéarly in short-time studies, as vitro ones
are, which not supply an adequate adaptation pévitite microflora.

On the basis of data collected in the present diauctitol could be considered as a potential
prebiotic for dogs. Other substrates need to ltedds other trial to confirm the positive results

obtained in the present study and to further ingatt the doubtful results.
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15. Conclusions

Digestibility study

Results from the present study show thatithétro method developed to predict dog foods
digestibility can be considered as an affordabterahtive toin vivo digestibility trials, thus
reducing the utilization of dogs as experimentahabs. Nevertheless, further studies will be
needed to confirm the positive results observeadimtrial.

Probiotic study

The present study indicates that the isola@ctobacillus animalistrain (LA4) was able to
survive gastrointestinal passage and transitordiorized the dog intestindn vitro, the L.
animalis strain positively influenced composition and metedo of the intestinal microflora of
dogs. These results suggest thatnimalisLA4 can be considered as a potential probiotic for

dogs.

Prebiotic study

Among the tested substrates, lactitol reduced tindscoliforms and increased lactobacilli.
Moreover, lactitol promoted the production of SCBAd decreased the production of BCFA.
Further studies, in particular in vivo studies withgs, will be needed to confirm the prebiotic
properties of lactitol and to evaluate the optifeakl of its inclusion in a dog diet.

Furthermore, more investigation is needed to evaltlee properties of the other substrates
and achieve a better understanding of their efl@cthe dog intestinal ecosystem.
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