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Summary. The effect on oro-caecal transit time of addition of 
soluble (guar gum) and insoluble (wheat bran) fibre to diets 
fed to seven healthy dogs at levels that have been shown to re- 
duce post-prandial hyperglycaemia was assessed. Oro-caecal 
transit time was measured by sequential analysis of exhaled 
breath hydrogen levels. Median oro-caecal transit times were 
105 min (range: 45 to 135), 113 min (range: 53 to 203) and 
105 min (range: 75 to 195) after administration of a 770 g 
standard meal of canned food alone, or with the addition of 

7.7 g wheat bran or guar gum, respectively. There was no sig- 
nificant difference between the oro-caecal transit times 
(p = 0.964) for the different diets when the results for all the 
dogs were pooled. The difference between diets was statisti- 
cally significant for both maximal post-prandial hypergly- 
caemia (p = 0.035) and area of post-prandial hyperglycaemia 
under the post-prandial glucose curve (p = 0.006). 
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Dietary fibre comprises a heterogeneous group of carbo- 
hydrate compounds derived from plant cell walls, includ- 
ing cellulose and hemicelluloses and a non-carbohydrate 
substance, lignin. Dietary fibre is not hydrolysed by 
enzymes of the gastrointestinal tract [1]. Certain substan- 
ces are also considered part of the dietary fibre complex 
because of their similar dietary effects, although they are 
not true fibres [1, 2]. These substances include guar gum, a 
gel-forming galactomannan obtained from the cluster 
bean (Cyanopsis tetragonal) and bran, which is derived 
from the outer layers of cereal grain seeds plus the inner, 
protein-rich aleurone layer. 

It is now well established that increasing the viscous 
fibre content of the diet can reduce post-prandial hyper- 
glycaemia in both humans [3, 4] and dogs [5]. The benefit 
of additional fibre in the long-term management of 
diabetes mellitus has been demonstrated in dogs with 
both experimentally-induced [6] and naturally-occurring 
diabetes [5]. The mechanism of this effect is still not clear, 
but may involve changes in intestinal transit times. Pro- 
longed transit time will reduce the rate and delay the ab- 
sorption of glucose from the small intestinal lumen [7]. 

Breath hydrogen analysis is a simple non-invasive tech- 
nique that has been used to assess oro-caecal transit time 
which has been used in humans [8-12] and cats [13]. Col- 
onic flora metabolize carbohydrate to produce hydrogen, 
some of which is absorbed into the circulation and re- 
leased in the expired air [14-16]. Oro-caecal transit time 

(OCTT) can therefore be assessed in healthy individuals 
by including non-absorbable carbohydrate in a test meal 
and determining the time taken for a sustained increase in 
exhaled hydrogen to occur [13, 17]. 

As manipulation of dietary fibre content has been 
shown to influence post-prandial hyperglycaemia in dogs 
with clinical diabetes [5], elucidation of the mechanism by 
which this occurs may provide important comparative in- 
formation for the disease in humans. The purpose of this 
study was to investigate the effect on OCTT in healthy 
dogs of the addition of soluble (guar gum) or insoluble 
(wheat bran) fibre to a standard meal of canned food at le- 
vels which were shown to reduce post-prandial hypergly- 
caemia. 

Materials and methods 

Animals 

Seven healthy Beagles of varying ages and sexes were used for the 
studies. The dogs had no recent history of gastrointestinal disease 
and ranged in weight from 10-15 kg. 

Test protocols 

Dogs were tested following an overnight fast. Post-prandial glucose 
levels and breath hydrogen concentrations were assessed after the 
administration of three different approximately isocalorific 
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Table 1. Nutritional analysis of the three test meals 

Test meal Dry Pro- Fat Ash Carbo- Dietary fibre 

matter tein hydrate soluble insoluble 
% % % % % % 

STD 15.9 7.6 4.2 1.5 1.5 1.1 
0.53 0.57 

S T D + 7 . 7 g  16.6 7.7 4.2 1.5 1.8 1.4 
wheat bran 0.58 0.83 

STD +7.7 g 16.6 7.6 4.2 1.5 1.5 1.8 
guar gum 1.04 0.76 

STD, Standard diet: 770 g Pedigree Chum Original, Pedigree Pet- 
foods 

Table 2. Oro-caecal transit times of different test meals in seven 
healthy dogs 

Test meal STD STD + 7.7 g STD + 7.7 g 
wheat bran guar gum 

Median (min) 105 113 105 
Range (rain) 45-135 53-203 75-195 

STD, Standard diet: 770 g Pedigree Chum Original, Pedigree Pet- 
foods; Friedman test, p = 0.964 

Table 3. Maximal post-prandial hyperglycaemia in mmol/1 devia- 
tion from fasting glucose in seven dogs following three different test 
meals 

Dog number Test meal 

STD STD + 7.7 g STD + 7.7 g 
wheat bran guar gum 

1 0.65 0 0 
2 0.92 0 0.26 
3 1.08 0.62 0 
4 0.70 0.48 0 
5 0.74 0.06 0.22 
6 1.04 1.09 0.48 
7 0.40 0.83 0 

STD, Standard diet: 770 g Pedigree Chum Original, Pedigree Pet- 
foods 

Table 4. Area of hyperglycaemia under the post-prandial glucose 
curve in seven dogs following three different test meals (in c m  2 

where i cm = 10 rain or 0.2 retool/1 glucose deviation) 

Dog number Test meal 

STD STD + 7.7 g STD + 7.7 g 
wheat bran guar gum 

1 8.90 0 0 
2 53.90 0 1.79 
3 65.50 32.80 0 
4 35.20 0.30 0 
5 5.70 1.90 0.75 
6 49.30 20.70 4.98 
7 3.40 11.50 0 

STD, Standard diet: 770 g Pedigree Chum Original, Pedigree Pet- 
foods 

(616 kcal metabolizable energy) test meals which were ingested 
within 2 min. The analysis of the three test meals used are shown in 
Table 1. 

Assessment ofpost-prandial hyperglycaemia. On the day of trial an 
indwelling intravenous catheter was placed in each dog's cephalic 
vein. Blood samples were taken before and 10, 20, 30, 60, 90,120,180, 
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240 min after the test meal. Plasma glucose was assayed on each 
sample by a routine biochemical assay using a centrifugal analyser 
(Diagnostica Cobas Bio; Roche Products Ltd., Herts., UK) within 30 
to 240 rain of sampling. The coefficient of variation for glucose was 
4%. 

Assessment of oro-caecal transit time. Breath samples for hydrogen 
measurement were collected from each dog every 15 min for 3 h 
both in an unfed state and after the administration of the three test 
meals. The test protocol was completed twice for each meal in each 
dog, with a minimum of 48 h between tests. 

Collection of breath samples. Exhaled breath samples were collected 
using a semi-closed (chamber) system, previously described for use 
in cats [13] and adapted for dogs. During sampling, the clogs were 
confined in an acrylic plastic (Perspex; Amari Plastics, Bristol, UK) 
chamber measuring 50 x 70 x 50 cm. Holes were drilled around the 
base of the box to allow air flow into the chamber. Air was continu- 
ously extracted from the top of the chamber by means of an air pump 
with a flow meter and a flow rate adjuster (IP-30L; Sibata Scientific 
Technology Ltd, Tokyo, Japan). The dilution of expired air was mi- 
nimized and no respiratory distress was observed when an air flow 
rate of 10-15 litres per min was used. Air was passed from the outlet 
of the air pump through a flow transducer connected to a portable 
respiratory air monitor (Portable Respiratory Air Monitor; Harvard 
Apparatur Ltd, Edenbridge Kent, UK). The air monitor measures 
the volume of extracted air and automatically collects part of the air 
for a sampling period of 5 min, into a multilaminated plastic bag. 

Breath hydrogen excretion (ml/h) was calculated from the vol- 
ume of air recorded by the air monitor, the sampling time set on the 
monitor, and the hydrogen concentration in duplicate air samples 
taken into 20 ml plastic syringe from the collection bag. 

Gas analysis. The concentration of hydrogen in the air samples was 
measured by a hydrogen monitor (GMI Exhaled Hydrogen Moni- 
tor; GMI Medical Ltd., Renfrew, UK) with an electrochemical de- 
tector, calibrated with a standard gas mixture. 

Statistical analysis 

Postprandial hyperglycaemia. Maximal post-prandial hypergly- 
caemia and area of hyperglycaemia under the post-prandial glucose 
curve were calculated for each of the three test meals in the seven ani- 
mals. Deviations from fasting blood glucose were also plotted against 
time. Statistical analysis of differences between test meals were as- 
sessed using the Friedman test ("non-parametric ' ,  equivalent to two- 
way analysis of variance). Each dog was considered as a"block" which 
provided one estimate of maximal post-prandial hyperglycaemia and 
one of area of hyperglycaemia for each test meal. 

Oro-caecal transit time. Breath hydrogen concentrations follow an 
approximately log-normal distribution and were therefore lOgl0 
transformed [13] with results expressed as mean + SEM. Statistical 
analysis of differences between OCTT for each test meal were as- 
sessed using the Friedman test. Each dog was considered as a 
"block" which provided two estimates of transit time for each test 
meal. Using a previously described method [13], the OCTF was 
defined as the time from administration of the meal to the time when 
the cusum value for hydrogen excretion by the dog rose by 0.7 ml hy- 
drogen/h or more, sustained for at least three successive readings. 
Results for OCTT were expressed as median, with ranges (Table 2). 

R e s u l t s  

Post-prandial hyperglycaemia 

T h e  a d m i n i s t r a t i o n  o f  s t a n d a r d  m e a l  r e s u l t e d  in h y p e r g l y -  
c a e m i a  o v e r  60 m i n  f o l l o w e d  by  a r e l a t i v e  h y p o g l y c a e m i a  
f r o m  90 to  120 m i n  (Fig.  1). T h e  a d d i t i o n  o f  g u a r  g u m  abo l -  
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Fig.1. Deviation (mean) from fasting 
blood glucose (mmol/1) in seven dogs 
after three different test meals.--~-770 g 
standard meal,-o-standard meal and 
7.7 g guar gum, -e-standard meal and 
7.7 g wheat bran 
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Fig.2. Breath hydrogen con- 
centrations in seven dogs not 
fed or fed the different test 
meals. -e- Fed standard meal 
and 7.7 g guar gum,-o- Fed 
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Fig. 3. Orocaecal transit time after dif- 
ferent test meals, using the semi- 
closed (chamber) flow breath sample 
collection system. �9 OCTT after 
standard meal, [ ]  OCTT after stand- 
ard meal mad wheat bran, [ ]  OCTI" 
after standard meal an guar gum 
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ished post-prandial hyperglycaemia in four animals and 
reduced the extent of hyperglycaemia in the remaining 
three. With the addition of wheat bran the maximal post- 
prandial peak was also reduced, but to a lesser extent. The 
difference between diets (Tables 3 and 4) was statistically 
significant with p =0.035 for maximal post-prandial 
hyperglycaemia and p = 0.006 for area of post-prandial 
hyperglycaemia. Further examination of these groups 
showed that the main difference was between the test 
meal containing guar gum and the standard meal. 

Breath hydrogen excretion 

Breath hydrogen concentrations in fasted dogs did not ex- 
ceed 0.2 logI0ml/h (1.58 ml/h) during the 3-h monitoring 
period. After the administration of the standard meal 
alone, with wheat bran and with guar gum, breath hy- 
drogen excretion was significantly different from breath 
hydrogen excretion in fasting dogs (Fig. 2). 

Oro-caecal transit time 

Results of OCTYs following the different test meals are 
shown in Table 2. There was no significant difference be- 
tween the OCTTs (p = 0.964) for the different diets when 
the results of all the dogs were pooled. However, differen- 
ces were noted in some individual dogs. OCTTs in dog 1 
(135 vs 180 min), dog 2 (45 vs 128 min) and dog 3 (83 vs 
195 min) were clearly prolonged, after the administration 
of the standard meal with 7.7 g guar gum. OCTT was also 
prolonged in dog 4 (45 vs 203 min) after the standard meal 
with 7.7 g wheat bran (Fig. 3). 

Discussion 

Breath hydrogen excretion has been used to evaluate car- 
bohydrate malassimilation in dogs [18, 19] but this is the 
first study, to our knowledge, to use breath hydrogen ana- 
lysis to assess the effect of dietary fibre manipulation on 
OCTT in dogs. Earlier work investigating the effect of die- 
tary fibre on intestinal transit time has often measured 
mouth to anus transit time which may not accurately re- 
flect small intestinal transit time, since the former may be 
influenced by both gastric and colonic emptying times [20, 
21]. 

The lactulose breath hydrogen test has been widely 
used as a non-invasive and simple method of determining 
small-intestine transit time [13, 22-25]. The validity of this 
test for assessing OCTT has been established in com- 
parative studies using radiography (barium sulphate 
meal) [24], scintigraphy [26] or radiopaque plastic mar- 
kers [27]. Concentrations of breath hydrogen measured in 
fasted dogs were low which is in agreement with previous 
reports in man [28], dogs [18] and cats [13]. Mucus glyco- 
proteins are believed to be a substrate for hydrogen pro- 
duction by colonic flora and the source of these low con- 
centrations in the fasting state in man [29]. Breath 
hydrogen excretion increased after feeding the standard 
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meal of canned food due to colonic fermentation of carbo- 
hydrates which had not been completely absorbed [19]. In 
previous studies lactulose has been added to test diets to 
ensure that identifiable increases in the quantity of hy- 
drogen occur but this itself may accelerate OCTT [17, 30, 
31] and therefore these results would be less physiological. 

Jenkins et al. [7] employed the breath hydrogen test to 
assess the OCTT in man using a basic meal consisting of 
50 g glucose, 25 g xylose, 15 g lactulose and 40 g pure 
lemon juice in 400 mt water and compared this with the 
OCTT after the addition of 14.5 g guar or 41.5 g wheat 
bran. Guar was found to delay and wheat bran to accel- 
erate OCTT. In another study [32], dogs were fitted with 
jejunal cannulae and jejunal transit time was determined, 
after feeding a meal of canned food (500 g), from a dye- 
dilution curve of phenosulphonphthalein in samples 
taken from the cannula. Wheat bran or guar gum (30 g) 
was added and comparison of jejunal transit times showed 
delay after feeding both these dietary fibres. 

The quantities of dietary fibres used in our study pro- 
duced significant decreases in post-prandial glucose con- 
centrations. Our findings however, did not demonstrate 
any significant difference on OCTTs after feeding these 
dietary fibres. This may be explained by the higher doses 
of fibres and the different method for the assessment of 
OCTT that was used in the previous study of dogs [7] and 
the differences in the composition and viscosity of the test 
meals that were used in the study in man [32]. The meas- 
urement of breath hydrogen excretion every 15 min in our 
study may not have been sufficiently sensitive to detect 
small changes in OCTT, which did lead to a reduction in 
post-prandial hyperglycaemia. However, alteration in 
small intestinal transit time is not the only mechanism 
which might be responsible for reduction in post-prandial 
glucose concentrations. Guar and other soluble fibres can 
delay glucose absorption by increasing the thickness of 
the unstirred water layer [33, 34], a layer immediately ad- 
jacent to the intestinal wall, which consists of a series of 
poorly mixed stationary lamellae [35] which many investi- 
gators consider to be composed mainly of mucin [36]. 
Feeding soluble fibres can also reduce the rate of glucose 
absorption in the small intestine by influencing small in- 
testinal morphology and function, including decreasing 
brushborder sucrase and lactase concentrations [37]. Sol- 
uble fibres may also enhance tissue sensitivity to circulat- 
ing insulin and through this mechanism reduce glucose 
concentrations [3]. Changes in mucin content or composi- 
tion at the mucosal surface may lead to slowing of glucose 
absorption after feeding insoluble fibres such as wheat 
bran [32]. Wheat bran and other foods rich in insoluble 
fibre can also delay glucose absorption by reducing the 
rate of penetration of the food by digestive enzymes or in- 
hibiting digestive enzymes, decreasing the rate of supply 
of glucose for absorption [38]. 

Dogs make a useful model for comparative studies of 
diabetes. Dietary modification with increased fibre levels 
has been shown to reduce post-prandial hyperglycaemia 
in dogs with naturally-occurring [5] and experimentally- 
induced [6] diabetes. Dietary intake in dogs can be care- 
fully controlled avoiding the problems of compliance that 
often occur in human studies. Dogs are prepared to accept 
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restricted, m o n o t o n o u s  diets over p ro longed  per iods of 
t ime enab l ing  long- te rm studies to be  conducted.  They  
therefore  provide a va luable  mode l  for the invest igat ion 
of the gast rointes t inal  mechanisms  involved in al terat ions 
of pos t -prandia l  hyperglycaemia  induced  by dietary modi-  
fications. 
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