JNS
Downloaded from https://www.cambridge.org/core. IP address: 3.235.41.241, on 15 Apr 2021 at 02:05:41, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/jns.2014.45

JOURNAL OF NUTRITIONAL SCIENCE
WALTHAM SUPPLEMENT
Body condition of dogs fed diets containing soya hulls*
Tabyta T. Sabchuk, Mariana Scheraiber, Carolina P. Zanatta, Alex Maiorka, Ananda P. Félix† and Simone
G. Oliveira
Animal Science Department, Universidade Federal do Paraná, Rua dos Funcionários, 1540, Curitiba 80035-050, PR, Brazil
(Received 11 November 2014 – Final revision received 12 May 2014 – Accepted 5 June 2014)

Journal of Nutritional Science (2014), vol. 3, e42, page 1 of 4

doi:10.1017/jns.2014.45

Abstract
Obesity is a growing problem in dogs. Therefore, there is an increasing need of foods for obese dogs with high-ﬁbre content to dilute energies and to
reduce energy absorption. Soya hulls are cheap and are widely available as a ﬁbre source. We aimed at evaluating the body condition of dogs fed diets
containing 0 % soya hulls (0SH) or 16 % soya hulls (16SH) in replacement of maize. Twelve adult dogs, with 11·3 (SE 1·6) kg average body weight
(BW), 4·1 (SE 0·1) years old and body condition score (BCS) between 4 and 7, were completely randomised assigned (six per treatment) and were fed
the 0SH diet according to their maintenance energy requirements or the same amount in grams (g/kg BW0·75) of the 16SH diet once daily for 56 d.
The animals were evaluated on days 0 and 57 for BW, BCS (1, very thin to 9, obese), subcutaneous fat thickness in the L7 vertebra using ultrasound
(L7), canine BMI (CBMI) and body fat (BF). Data were analysed by the Student’s t test and Kruskal–Wallis test (P < 0·05). The change (ﬁnal – initial)
in BW (−0·58 v. −0·49 kg), BCS (−1 v. −1), L7 (−2 v. 0·35 mm), CBMI (−0·85 v. −0·63 kg/m2) and BF (−5·0 v. −5·4 %) of dogs fed the 0SH
and 16SH diets, respectively, were not different (P > 0·05). The 16SH diet, with 11·4 % restriction in metabolisable energy, did not change the BCS of
adult dogs. Further studies evaluating the supply of soya hulls only to overweight/obese dogs should to be carried out, because these dogs may respond
differently than the group evaluated, which had a BCS between 4 and 7 (ideal to overweight).
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Interestingly, studies in several regions of the world estimate
that 22–40 % of the dog population is obese or overweight(1).
Genetics may be an underlying cause of obesity, as some
breeds are more predisposed than other to be obese or overweight. In addition, very palatable diets may cause dogs to
ingest more energy than they need. Furthermore, the lack in
food supply control by the owners and sedentary lifestyles(2)
also contribute to dog obesity. Overweight and obese dogs
may suffer health problems, including orthopaedic and respiratory conditions, diabetes mellitus and other diseases(3).
Therefore, several methods have been attempted to prevent
and to mitigate obesity in dogs. According to German(3), these
include changing dog’s lifestyle by increasing physical activity,

monitoring dog’s weight and dietary energy restriction, which is
one of the most efﬁcient practices to make dogs lose weight.
Energy intake can be reduced by supplying food in quantities
below the requirements or by including ﬁbre sources to the diet.
Dietary ﬁbre may reduce body fat (BF), slow gastric emptying, lower blood lipids and glucose concentrations as well as
insulin concentrations(4), energy digestibility(5) and enhance
satiety(6). However, these effects depend on the physical–
chemical characteristics of the ﬁbre source and its inclusion
level in the diet.
Soya hulls, the ﬁbre source used in the present study, contains mainly insoluble ﬁbre (insoluble-to-soluble ﬁbre ratio
between 15·4:1 and 5·0:1(5)). It is widely available in the market

Abbreviations: 0SH, 0 % soya hulls; 16SH, 16 % soya hulls; BCS, body condition score; BF, body fat; CBMI, canine BMI; BW, body weight; ME, metabolisable energy; MER,
metabolisable energy requirements.
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and may reduce costs for the pet food industry. Therefore, the
present study aimed at evaluating the body condition of dogs
fed diets containing or not soya hulls.
Materials and methods

The experiment was approved by the Committee of Ethics on
Animal Use of the sector of Agrarian Sciences of the Federal
University of Paraná, Curitiba, PR, Brazil, under protocol no.
019/2012.
Animals and facilities

Twelve adult beagles (six males and six females), with 11·3
(SE 1·6) kg average body weight (BW), with body condition
score (BCS) between 4 and 7, and 4·1 (SE 0·1) years of age,
were studied. All dogs were previously submitted to clinical
and physical examinations, vaccinated and dewormed. Dogs
were individually housed in concrete kennels with solarium
(5 m long × 2 m wide).
Diets

with 16 % soya hulls (16SH), as shown in Table 1. The diets
were ground in a mill using 1·0 mm mesh, and were extruded
in a single-screw extruder (E-130; Ferraz). Diets were analysed
for DM, crude protein, diethyl ether extract in acid hydrolysis,
crude ﬁbre, ash, calcium and phosphorus contents, according
to the AOAC(7). Dietary contents of total dietary ﬁbre, soluble
ﬁbre and insoluble ﬁbre were determined according to the
methods of Prosky et al.(8). Gross energy was determined in
a bomb calorimeter (Parr Instrument Co. model 1261), and
metabolisable energy (ME) was determined in vivo in a previous total faecal collection digestibility trial with eight adult
Beagle dogs, with eight replicates per treatment (unpublished
results, Tabyta Tamara Sabchuk, 2013), according to the
Association of American Feed Control Ofﬁcials (AAFCO)(7).
Dogs were offered the 0SH diet in sufﬁcient amount to try
supply their metabolisable energy requirements (MER; MJ/d),
calculated by the equation: MER = 0·54 × BW0·75, according
to the NRC(9). The allowance of the 16SH diet was calculated
as a function of the ME value of the 0SH diet. This calculation
was used to restrict only energies, allowing the dogs to ingest
the same volume of feed in grams of the 0SH diet. Dogs were
fed once daily, at 08:00 hours. Food intake was measured daily
and water was offered ad libitum.

Soya hulls were included in the diet at the expense of maize.
Two diets were formulated: without soya hulls (0SH) or
Body condition scoring
Table 1. Ingredients and analysed chemical composition of soya hulls
and of the diets without (0SH) and with soya hulls (16SH)
Ingredients (%)
Maize
Poultry fat
Maize gluten
Poultry by-product meal
Salt
Poultry hydrolysate
BHA
BHT
Citric acid
Calcium propionate
Choline chloride
Mineral and vitamin supplement*
Calcium carbonate
Potassium chloride
Soya hulls
Total
Chemical composition (% of DM)
DM
Crude protein
Diethyl ether extract in acid
hydrolysis
Crude fibre
Total dietary fibre
Insoluble fibre
Soluble fibre
Insoluble fibre: soluble fibre ratio
Ash
Calcium
Total phosphorus
Metabolisable energy (MJ/kg)

Soya hulls

0SH

16SH

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

56·3
3·0
6·0
30·0
0·5
2·0
0·015
0·015
0·05
0·4
0·4
0·5
0·303
0·514
0·0
100

40·5
3·0
6·0
30·0
0·5
2·0
0·015
0·015
0·05
0·4
0·4
0·5
0·0
0·577
16·0
100

89·79
13·01
5·88

93·44
28·05
14·84

93·38
29·33
12·8

38·45
72·08
65·51
6·57
9:1
–
–
–
–

2·99
14·4
14·16
0·24
59 : 1
7·69
1·01
1·14
17·91

7·42
24·98
18·73
6·25
3·0 : 1
7·96
0·73
1·09
15·78

*Enrichment.kg of food−1: Vit. A, 2000 IU; Vit. D3, 2000 IU; Vit. E, 480 IU; Vit. K3, 48
mg; Vit. B1, 4 mg; Vit. B2, 32 mg; B12, 0·2 mg; pantothenic acid, 16 mg; niacin, 56
mg; choline, 800 mg; zinc, 150 mg; iron, 100 mg; copper, 15 mg; iodine,1·5 mg; manganese, 30 mg; selenium, 0·2 mg and antioxidant 240 mg.

The experimental period was 57 d. Fasted BW and BCS were
evaluated on the ﬁrst and the last day of the experiment. BCS
was determined according to the method of Laﬂamme(10), in a
1–9 scale (1, very thin; 9, obese) and subcutaneous fat thickness (mm) was measured at L7 lumbar vertebra by ultrasound
in transversal plane using a 7·5 MHz linear transducer, as proposed by Morooka et al.(11). Canine BMI (CBMI) was calculated as proposed by Muller et al.(12), according to the
equation: CBMI = BW/height2. Height was measured from
the base of the neck to the base of the tail.
BF % was calculated by the following equations, as proposed by Burkholder & Toll(13):
BF of males (%) = −1 · 4 (LRH cm) + 0 · 77 (WC cm) + 4,
BF of females (%) = −1 · 7 (LRH cm) + 0 · 93 (WC cm) + 5,
where LRH is the length of the right posterior limb, from the
tuberosity of the calcaneus to the medium patellar ligament.
WC is the waist circumference (from the middle point between
the iliac crest and the last thoracic vertebra, measured with the
dog in standing position).
The methodologies applied in the present study were based
on previously published studies(11–14), which demonstrated
their efﬁcacy to determine BCS.

Statistical analysis

The differences between the measurements made at the beginning and at the end of the experimental period (end–beginning) were analysed. A completely randomised experimental
design was adopted. Data were tested for normality, and
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Table 2. Food intake (g), metabolisable energy intake (ME; kJ ME/kg BW0·75 per d), initial (0 d) and change from baseline (final–initial) in the body weight
(BW; kg), body condition score (BCS), ultrasound assessment at L7 (L7; mm), canine BMI (CBMI) and body fat (BF; %) of dogs (six per treatment) fed a
control diet (0SH) or a diet containing 16 % soya hulls (16SH) for 57 d
Treatment

Food intake

ME intake

BW

BCS*

L7

CBMI

BF

0SH (initial – i)
0SH (final – f)
P
16SH (initial)
16SH (final)
P
0SH (f–i)
16SH (f–i)

–
–

–
–

–
–
–
206·67
205·00
4·344
0·858

–
–
–
621·86
518·44
16·878
<0·001

11·525
11·075
0·321
11·465
10·952
0·450
−0·450
−0·545
0·046
0·329

5·50
4·50
0·124
6·5
5·5
0·091
−1
−1
–
0·830

21·382
20·845
0·258
21·441
20·561
0·625
−0·537
−0·880
0·548
0·771

16·440
15·725
0·247
17·922
17·247
0·133
−0·715
−0·675
0·071
0·168

24·499
22·108
0·152
26·148
24·358
0·074
−3·881
−4·844
1·045
0·708

SEM

P†

*BCS, 1 (very thin) to 9 (obese) scale; SEM, standard error of the mean.
†Differences are significant when P < 0·05 between means by the Student’s t test and between medians by the Kruskal–Wallis test (BCS).

then Student’s t test was applied to parametric data and
Kruskal–Wallis test for non-parametric data. In both tests, differences with P < 0·05 were considered signiﬁcant. All analyses
were carried out using SAS statistical package (Statistical
Analysis System, version 8.2; SAS Inst. Inc.).
Results

In the beginning of the experiment, dogs presented an average
BW of 11·31 (SE 1·59) kg and BCS between 4 and 7. Most
dogs had BCS of 4–6, which are considered normal. Diet
intake in grams of the diet 0SH (206·67 g) and diet 16SH
(205·0 g) did not differ (P > 0·05), whereas ME intake was
lower in dogs fed the 16SH diet (518 kJ ME/kg BW0·75 per
d) than diet 0SH (621·86 kJ ME/kg BW0·75 per d) (P >
0·05; Table 2). The change from baseline (ﬁnal–initial) in
BW (−0·58 v. −0·49 kg), BCS (−1 v. −1), L7 (−2 v. 0·35
mm), CBMI (−0·85 v. −0·63 kg/m2) and BF (−5·0 v.
−5·4 %) of dogs fed diets 0SH and 16SH, respectively, did
not differ (P > 0·05; Table 2).
Discussion

The prevention and reduction of pet obesity through the diet
has been widely studied(4,13,14). According to Borne et al.(4), the
most effective method for weight control and weight loss is
energy restriction, which can be achieved by diluting dietary
energy by the use of ﬁbres and/or by reducing food allowance.
In the present study, the diet 16SH was calculated to restrict
only energies to allow the same amount of food intake (in g) as
the dogs that were fed the 0SH diet. In a previous study
(unpublished results, Tabyta Tamara Sabchuk, 2013), food
allowance was 50 % in excess of the MER, but dogs did not
stop eating when their ME requirements were met, but only
when the physical capacity of their gastrointestinal tract was
exceeded.
Several authors evaluated the effect of dietary ﬁbre inclusion
on the satiety of dogs. However, results were contradictory(15),
because the protocol to assess satiety in dogs is not well
deﬁned. Palumbo(15) found that the dietary inclusion of ﬁbre
did not promote satiety in dogs. Bosch et al.(6), on the other
hand, observed that dogs fed a diet with high-ﬁbre content

presented lower intake than a diet offered 6 h after the morning meal, suggesting that ﬁbre may be related with enhanced
satiety.
Another important issue is the perception of the person
responsible for the dog, who may be concerned with the
dog’s wellbeing, believing that the dog may be hungry if a
smaller amount of food is supplied. Therefore, the inclusion
of ﬁbre in the diet dilutes dietary energy, but does not change
food allowance, and consequently the dog will be fed the
same amount it is used to. This effect was observed in the
present study as the dogs fed the diet with high-ﬁbre content
(16SH) had lower energy intake, but the same amount of food
intake (in g) as those fed the 0SH diet, as shown in Table 2.
Consistent results were observed by Jewell et al.(16), i.e. lower
energy intake in dogs fed a high-ﬁbre diet (19·4 % CF) compared with a low-ﬁbre diet (1·7 % CF).
Despite using two different methods of energy restriction by
means of dietary ﬁbre inclusion (diets with soluble and
insoluble ﬁbres) or food restriction (45 % of the MER),
Butterwick & Markwell(14) did not ﬁnd any effect on dog
BCS. However, Fritsch et al.(17) found that dogs lost weight
faster when fed a high-ﬁbre diet, as well as Borne et al.(4),
who veriﬁed that dogs fed a high-ﬁbre (26·5 % CF) and lowfat (7·0 %) diet restricted to 60 % of the ME requirements lost
more weight than those fed a low-ﬁbre (2·9 % CF) and highfat (17·9 %) diet.
In the present study, the inclusion of soya hulls did not
change the BCS of the dogs during the 8-week period, whereas
Borne et al.(4), using dogs between 11·8 and 21·7 kg, observed
changes in body condition when dogs were fed a high-ﬁbre
diet for 7 weeks. Therefore, it seems that time was not a limiting factor in the present experiment. However, several other
factors may inﬂuence BCS assessment in dogs. In addition
to evaluation time, dog nutritional status if they are obese or
overweight, and age should also be considered, and may render different results. Therefore, caution must be taken when
interpreting the results of studies evaluating ﬁbre sources for
dogs. For instance, Fritsch et al.(17) observed that older dogs
lost weight slower than young dogs. Also, overweight or
obese dogs lose weight easier than those with normal BW
because they have more BF to mobilise to compensate energy
intake deﬁcits.
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The BCS of most dogs in the present study was considered
normal, according to Laﬂamme(10) (average BCS: 6), which
was an important limitation, in addition to the small number
of animals evaluated. However, it was not possible to use
obese dogs because it is not ethical to fatten experimental
dogs. Another possibility was to use naturally obese dogs,
but these are not habituated to experimental conditions and
their owners may interfere with their individual management.
Therefore, the obtained results can only be applied to dogs
with normal BCS. It is suggested that further studies on the
inclusion of soyabean hulls in dog foods be performed with
obese dogs. However, despite the lack of statistical difference
in dogs BW at the end of the experimental period, there was a
numerical reduction in those fed according to the MER of the
NRC. The equation of the NRC calculates dogs’ MER in general, and does not take into account the effect of each individual, i.e. its actual MER. Therefore, it is suggested to apply the
equation only to calculate initial food allowance, subsequently
adjusting it if dogs’ weight changes.
Moreover, further energy restriction, either through dilution
or restricted allowance, are probably required to obtain weight
reduction, considering that the diet with soya hulls contained
only 11·0 % less ME than the diet without soya hulls.

References
1.

2.

3.
4.

5.
6.

7.
8.

9.
10.

11.

Conclusions

12.

Dietary energy reduction by including soya hulls in the diet did
not change the dogs’ BCS. However, further studies on the
effect of dietary ﬁbre on dog obesity, considering specially duration of supply and food allowance, are needed.

13.

Acknowledgements

15.

This paper was published as part of the WALTHAM
International Nutritional Sciences Symposium Proceedings
2013, publication of which was supported by an unrestricted
educational grant from Mars Incorporated. The papers
included in these proceedings were invited by the Guest
Editor and have undergone the standard journal formal review
process. They may be cited.

16.

14.

17.

McGreevy PD, Thomson PC, Pride C, et al. (2005) Prevalence of
obesity in dogs examined by Australian veterinary practices and
the risk factors involved. Vet Rec 156, 695–702.
Bland IM, Guthrie-Jones A, Taylor RD, et al. (2010) Dog obesity:
veterinary practices’ and owners’ opinions on cause and management. Prev Vet Med 94, 310–315.
German AJ (2006) The growing problem of obesity in dogs and
cats. J Nutr 136, Suppl., 1940–1946.
Borne AT, Wolfsheimer KJ, Truett AA, et al. (1996) Differential
metabolic effects of energy restriction in dogs using diets varying
in fat and ﬁber content. Obes Res 4, 337–345.
Cole JT, Fahey GC, Merchen NR, et al. (1999) Soybean hulls as a
dietary ﬁber source for dogs. J Anim Sci 77, 917–924.
Bosch G, Verbrugghe A, Hesta M, et al. (2009) The effects of dietary ﬁbre type on satiety-related hormones and voluntary food
intake in dogs. Br J Nutr 102, 318–325.
Association of the Ofﬁcial Analytical Chemists (1995) Ofﬁcial
Methods of Analysis, 16 ed. Washington, DC, USA: AOAC.
Prosky L, Asp NG, Schweizer TF, et al. (1994) Determination of
soluble dietary ﬁber in foods and food products. J AOAC Int 77,
690–694.
National Research Council (2006) Nutrient Requirements of Dogs and
Cats. Washington, DC, USA: NRC, National Academy Press.
Laﬂamme DP (1997) Development and validation of a body
condition score system for dogs. Eur Pub Med Cent Canine Pract
22, 10–15.
Morooka T, Niiyama M & Saito M (2001) Measurement of the back
fat laver in beagles for estimation of obesik using. J Small Anim Pract
42, 56–59.
Muller DCM, Schossler JE & Pineiros M (2008) Adaptação do
índice de massa corporal humano para cães. Cienc Rural 38,
1038–1043.
Burkholder W & Toll P (2000) Small Animal Clinical Nutrition,
Mark Morris Institute, p. 1192.
Butterwick RF & Markwell PJ (1997) Effect of amount and type of
dietary ﬁbre on food intake in energy-restricted dogs. Am J Vet Res
58, 272–276.
Palumbo GR (2009) Efeito da ingestão de amido, ﬁbra e energia na
resposta glicêmica efeito da ingestão de amido, ﬁbra e energia na
resposta glicêmica pós-prandial e saciedade em cães, p. 62,
Dissertação de mestrado, Universidade Estadual Paulista,
Jaboticaboal, São Paulo, Brasil.
Jewell DE, Toll PW, Novotny BJ (2000) Satiety reduces adiposity in
dogs. Vet Ther: Res Appl Vet Med 1, 17–23.
Fritsch DA, Ahle NW, Jewell DE, et al. (2010) A high-ﬁber food
improves weight loss compared to a high-protein, high-fat food
in pet dogs in a home setting. Int J Appl Res Vet Med 8, 138–145.

4

