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Abstract

In dry-extruded canine diets, starch ileal digestibility varies with the starch source, amount and processing parameters. Starch that escapes

duodeno-ileal digestion can affect faecal quality by stimulating colonic bacterial fermentation. The aim of the present study was to assess

the effect of various resistant starch (RS) sources and levels on the faecal score of dogs of different breeds and sizes. A total of twenty-one

healthy adult female dogs (body weight ranging 5·0–30·6 kg) were used. The maintenance diet for the dogs was supplemented with

increasing amounts of RS from two sources: high-amylose starch from maize (to 2·5, 4·3 and 7·4 % RS) and raw potato starch (to 7·4

and 11·4 % RS). Each level of RS was tested over a 7 d period followed by a 7 d washout period. Faecal scores were evaluated by one

person using a scale ranging from 1 (for hard and dry faeces) to 5 (for liquid stools). Faeces were considered ‘optimal’ at scores of

2·5–3·0, ‘acceptable’ at scores of 3·0–3·75 and ‘unacceptable’ at scores .3·75. Small dogs showed very little sensitivity to RS based on

the faecal score, while large dogs were quite responsive to RS supplementation. These results suggest that small dogs are poor models

for assessing the effect of starch sources on ileal digestibility. They also indicate that a low RS content (strongly affected by source and

processing) is an important factor for ensuring an optimal faecal score in large breed dogs.
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Faecal characteristics are important parameters for dog bree-

ders and owners to assess diet quality and also digestibility.

Various factors such as the source, amount, and quality of

starches, proteins, fibres and minerals can affect the digestibil-

ity of dry-expanded diets(1). Among these factors, starch

digestibility is the most sensitive to extrusion processing.

Currently available in vitro methods to assess starch gelatinisa-

tion in a complex matrix are unreliable(2). Reports from the

field and work in our laboratory have indicated that large

breed dogs (.25 kg) are at a higher risk of exhibiting softer

and moister faeces than smaller dogs(3).

Starch represents 20–50 % of dry-extruded diets. Among

the nutrients, starch has one of the widest variabilities in

terms of digestibility and the flow of undigested material

into the colon. Resistant starch (RS) has been defined as

‘the sum of starch and starch degradation products not

absorbed in the small intestine of healthy individuals’(4).

Starch can be intrinsically resistant depending on its structure.

However, starch resistance also can result from configurational

changes during the processing or cooling of cooked starch

(retrogradation)(4).

The metabolic effects and potential health benefits of RS

have been studied extensively in human subjects(5). However,

few studies(6,7) have addressed the effects of RS on the canine

colonic ecosystem and faecal quality. To our knowledge, no

study has assessed the relationship between RS effects and

dog characteristics such as breed and size. Accordingly, the

aim of the present study was to assess the effects of various

amounts of RS on the faecal scores of dogs differing in

breed and size.

Materials and methods

Animals

A total of twenty-one adult female dogs (6·5 (SD 1·5) years)

were used in the present study: six miniature poodles

(5·0 (SD 1·0) kg body weight); six miniature schnauzers

(6·9 (SD 0·5) kg body weight); three giant schnauzers (30·5

(SD 3·5) kg body weight); six German shepherds (27·3

(SD 3·3) kg body weight). The study took place in the Nutrition

and Endocrinology Unit of the National College of Veterinary

Medicine, Food Science and Engineering, Nantes, France
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(Oniris). The dogs were housed individually or in groups

(with two to three animals of the same breed) in closed

indoor/outdoor enclosures. The experimental protocol

adhered to the European Union guidelines and was approved

by the Animal Use and Care Advisory Committee of Nantes

Veterinary School. The protocol was reviewed and approved

by the Royal Canin Ethics Committee.

Basal diet

The basal diet was a commercial diet intended for dog main-

tenance, consisting of 43·0 % total starch (TS; from maize

meal), 26·7 % protein, 14·9 % fat and 6·9 % total dietary fibre,

DM basis (Royal Canin Adult, Aimargues, France). This diet

contained 0·6 % RS, assayed as described below. Each dog

was fed an amount previously determined to maintain the

optimal body weight (602·4 (SD 25·1) kJ/kg body weight0·75

per d). Free access to water was available at all times. In the

present study, all nutrient concentrations are expressed on a

DM basis.

Resistant starch supplementations

Using different RS supplementations, three studies were

performed over a 3-month period. We used two sources of

starch to adjust the RS content in tested diets: high-amylose

maize starch (MS; Hi-Maize 260; National Starch, Bridgewater,

NJ, USA), wherein TS and RS contents were 94·6 and 42·9 %

DM, respectively; potato starch flour (PS; Roquette, Lestrem,

France), wherein TS and RS contents were 96·9 and 72·8 %

DM, respectively. Studies 1 and 2 intended to assess the

effects of increasing amounts of RS. In study 1, MS was

added to the basal diet so that the RS content (MS-RS, RS

from maize starch) was 0·6, 2·5, 4·3 and 7·4 % DM (addition

of 0, 5, 10 or 20 % (w/w) MS, respectively). All dogs were

used in this study. In study 2, PS was added to the basal

diet in order to increase the RS content (PS-RS) up to 11·4 %

DM (addition of 20 % (w/w) PS). Study 3 intended to compare

the effects of similar amounts of the two RS. In this study, sup-

plemented diet with PS was only tested on German shep-

herds. The RS content (PS-TS) was 7·4 % DM. It resulted

from 11·1 % (w/w) PS addition to the basal diet. This RS

amount was the same as that provided by the highest MS

addition in study 1. Results of both these studies were

compared together.

Experimental design

All diets were tested successively in all dogs over a 7 d period

followed by a 7 d washout period.

Measurements

The TS and RS contents in the supplements were measured

with the ‘TS’ and ‘RS’ enzymatic kits (Megazyme, Wicklow,

Ireland). The TS kit measured glucose products follow-

ing complete hydrolysis of the starch by a thermostable

a-amylase and amyloglucosidase. The RS kit measured

starch digestion by glucose analysis after digestion for 16 h

at 378C in a shaking water-bath with pancreatic a-amylase

and amyloglucosidase.

For each period, all stools were scored individually using a

faecal score ranging from 1 (hard, dry and crumbly stool) to

5 (liquid diarrhoea). Then, they were classified into three

categories: ‘optimal’, defined by a faecal score of 2·5

(well-formed stool, firm and sticky to touch) to 3 (moist-

formed stool leaving a definite mark on the floor when picked

up); ‘acceptable’, defined by a score of 3–3·75 (most stools

have no form and poor consistency); or ‘unacceptable’, defined

by a score $3·75. No faecal score was ,2·5. All individual

faeces produced by dogs of the same breed over a 7 d period

were used to evaluate the frequency of each score range.

Statistical analysis

Results are presented as the percentage of each score range

for each supplementation type and level. Statistical analyses

were performed using Statistica 8.0 software (StatSoft, Inc.,

Tulsa, OK, USA) with the McNemar (x 2) test to compare the

frequency of the ‘optimal’ range with and without supplemen-

tation. A P value ,0·05 was considered significant.

Results

Study 1 (four breeds; basal, 2·5, 4·3 and 7·4% resistant
starch from high-amylose maize starch)

Smaller dogs (miniature poodles and miniature schnauzers)

fed the basal diet (0·6 % RS) presented no unacceptable

stools. Faeces were always well formed, with an optimal

score frequency of .90 %. In larger dogs, stools with a poor

consistency were observed. The frequency of unacceptable

scores was 8·5 and 12·1 % in giant schnauzers and German

shepherds, respectively.

Regardless of the MS supplementation level (2·5–7·4 % RS),

the faecal scores were always optimal in miniature schnauzers

(Fig. 1). In miniature poodles, unacceptable scores (6·6 %)

appeared with the 4·3 % MS-RS diet. When miniature poodles

were fed a 7·4 % MS-RS diet, the frequencies of optimal, accep-

table and unacceptable scores were 66·0 , 18·7 and 15·3 %,

respectively.

In giant schnauzers and German shepherds, the frequency

of unacceptable soft stools was strongly linked to the level of

starch added to the diet. Compared with the unsupplemented

diet, the quantity of unacceptable scores was doubled

(P,0·0001) with the 2·5 % MS-RS diet (20·0 % frequency in

giant schnauzers and 24·1 % frequency in German shep-

herds). With 4·3 % MS-RS, optimal scores represented

,42·6 % of all scores. Only 15·0 % of faecal scores were opti-

mal among German shepherds fed a diet with 7·4 % MS-RS,

while 33·3 % were unacceptable. Feeding with the 7·4 %

MS-RS diet was discontinued in giant schnauzers due to

very poor faecal quality (i.e. diarrhoea) and the presence of

fresh blood and mucus in the stools.
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Study 2 (three breeds; 11·4% resistant starch from potato
starch)

When fed the 11·4 % PS-RS diet, the miniature poodles

and miniature schnauzers presented well-formed stools with

optimal score frequencies of 92·1 and 85 %, respectively.

In contrast, the frequency of optimal scores among German

shepherds was only 2·2 %, whereas the frequency of unaccep-

table scores was as high as 89·1 %.

Study 3 (German shepherds; 7·4% resistant starch from
potato starch)

When the 7·4 % PS-RS diet was given to German shepherds,

the frequency of unacceptable scores was 75·0 %. This fre-

quency was only 33·3 % when the same amount of RS was

provided by MS supplementation (7·4 % MS-RS in study 1).

Discussion

The results of the present study show that dogs respond to

indigestible starch differently depending on the size and/or

breed. Surprisingly, faecal scores were affected minimally in

small breeds (miniature schnauzers and poodles) at all levels

of RS supplementation. In contrast, the proportion of unac-

ceptable stools was high even at the lowest level (2·5 % RS)

of supplementation in large breed dogs (giant schnauzers

and German shepherds). In giant schnauzers fed a diet

supplemented with 7·4 % MS-RS, the study had to be discon-

tinued due to signs of colitis (presence of blood and

mucus in the faeces), a common complication of excessive

carbohydrate fermentation in the colon. This difference in

response between small and large dogs was observed with

both sources of RS, MS and PS (Fig. 1).

The higher sensitivity of large dogs to RS confirms our

previous finding that large dogs fed the same diet at the

same energy allowance per kg metabolic body weight present

softer and moister faeces than small dogs(3,8). When the dogs

of the present study were fed the commercial unsupplemen-

ted diet (study 1), only large dogs presented any unacceptable

faecal scores. Large dogs also have been shown to be more

sensitive to undigested proteins than small dogs(1). Although

the reason for the higher frequency of lower consistency

and moister faeces in large breed dogs remains unclear, it

may be explained in part by a longer colonic transit time,

higher colonic permeability, proportionally larger colonic

volume or higher colonic fermentative activity(9–11). Alterna-

tively, this result could be related to the nature of the undi-

gested residues escaping from the small intestine and their

predisposition to ferment. These residues might be able to

generate greater biomass and fermentation, leading to higher

osmotic pressure and higher water content in the stool.
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Fig. 1. Influence of different levels of resistant starch (RS) on mean faecal scores in (a) six miniature schnauzers and (b) six German shepherds. Animals were

fed either a basal diet (0·6% RS) or diets supplemented with high-amylose maize starch (2·5, 4·3 and 7·4% RS) or potato starch (11·4 or 7·4% RS). , Optimal

score; , acceptable score; , unacceptable score.
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While RS supplementation was similar (7·4 % RS) with

MS-RS (study 1) or PS-RS (study 3), faecal quality was much

lower with PS supplementation. This observation suggests

that, as reported previously, PS induces a higher microflora

activity than MS(12). PS is composed of 60 % amylopectin

and its enzymatic resistance is conferred by a B-type

crystalline form(13,14). The MS used in the present study was

composed of .70 % amylose. The smaller molecule of

glucose units has less area for enzymatic activity(15) and its

glucose units are more active in hydrogen bonding than amy-

lopectin(16). These differences in starch structure also could be

responsible for differences in digestion kinetics or utilisation

by the microflora of the dog.

The extrusion processing settings (temperature, steam

incorporation, pressure and duration), recipe composition

(proportion of starch, protein and fat) and starch source

affect the outcome of starch cooking by modulating the

molecular changes in granular structure that induce loss of

crystallinity(17). As a result, these parameters affect the RS

content in the dry-expanded diet(18). Starch processing in

complex matrices such as dry-expanded diets is not assessed

easily by laboratory methods(1). In vivo tests, although

longer and more expensive, are the most appropriate

method to determine the response of the dog directly.

Given the relatively high digestive tolerance of miniature

schnauzer and poodle dogs despite the high RS concentration

used in the present study (11·4 % of measured RS), it appears

that small breed dogs would not be good in vivo models to

predict starch digestibility and cooking. To our knowledge,

the low sensitivity of small dogs to RS has not been reported

previously. Further studies are necessary to better understand

this phenomenon. In contrast, German shepherd dogs seem to

be a good model to discriminate starch cooking and to vali-

date diet processing for dogs in general and for sensitive

dogs in particular.

To simulate RS quantities that might be present in commer-

cial diets, supplementations with MS and PS were chosen in

the present study, with the final RS supplementation ranging

2·5–11·4 %, as measured by an RS kit. Nevertheless, we

cannot exclude that these RS concentrations could not be

representative of starch digestibility in the small intestine of

dogs and, therefore, would not be a good predictor of

faecal quality.

Indeed, principle of the assay method used in the study was

originally developed by Englyst et al.(13) who used a combi-

nation of pancreatin, invertase and amyloglucosidase. This

method was amended by McCleary et al.(19), who suggested

the use of pancreatic amylase and bacterial amyloglucosidase.

In addition, the results were correlated with those previously

obtained in ileostomised human subjects(20). This verification

ensured that the RS content assessed according to McCleary

et al. is representative of ‘starch resistance’ in the human

small intestine. We used the same method in the present

study, even though the intestinal physiology of dogs is not

similar to that of humans (carnivore v. omnivore). Therefore,

it can be hypothesised that humans and dogs would not

digest starch with the same efficiency. The assay method

might be unrepresentative of the ileal digestibility in dogs

and the measured RS quantities might be different from

those actually entering into the colon.

Moreover, the digestive physiology and efficiency vary

depending on age(21), dietary habits and, as we have shown,

on size or breed(3). Thus, the RS levels might be different

between dogs. This possibility could explain the different

responses observed in the present study between small and

large animals.

In conclusion, the present study confirms our previous find-

ings that large dogs pass softer faeces than small dogs when

fed the same diet. Based on our previous work, this obser-

vation might be linked in part to the higher colonic fermenta-

tive activity of large dogs. Surprisingly, the faecal score of

small dogs was quite insensitive to RS supplementation,

leading us to question the relevance of RS measurement. We

conclude that small dogs appear to be poor models for asses-

sing the effects of processing on starch ileal digestibility. The

present results also strongly suggest that low indigestible

starch content (affected by source and process) is an important

factor for ensuring optimal faecal score in large breed dogs.
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