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Introduction

The Eurasian beaver (Castor fiber) is one of the 
largest herbivorous rodents adapted to the digestion 
of plant material. Like other herbivorous rodents and 
lagomorphs, beavers belong to hindgut fermenters. 
What is typical for these animals’ gastrointestinal 
tract is cecum and proximal colon that function to-
gether as fermentation chamber. The digesta consists 

of fluid and particle fractions. In the cecum, depend-
ing on the species, the digesta is mixed or mixed 
and separated by the colonic separation mechanism 
(CSM) (Bjӧrnhag, 1987) which yield retaining the 
fluid fraction longer than large particles. The bea-
ver diet is very diversified. Food diversity is strictly 
dependent on the vegetation period and shows sea-
sonal variations (Krojerová-Prokešová et al., 2010; 
Bełżecki et  al., 2018). Chemical analysis of diet
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composition also confirms such variability: winter 
food is characterized by a higher proportion of crude 
fibre than the summer diet (Bełżecki et al., 2018). 
Analysing the degradation of food particles in the 
digestive tract of dugongs (Dugong dugon), showed 
that low fibre food was degraded at a faster rate than 
high-fibre plants (Lanyon and Sanson, 2006). Like-
wise, it could be expected the beavers foraging in 
different seasons will have different digesta struc-
ture, more fragmented in summer than in winter. 
The digesta structure, especially particle size, has 
an effect on the distribution of food particles in the 
digestive tract (Gidenne, 1992), the rate of food di-
gestion and short-chain fatty acid (SCFA) produc-
tion (Clauss et al., 2009). Mahida and Perrin (1994) 
found that the concentration of SCFA in rodents was 
primarily affected by diet composition and its struc-
ture. During a study on the Mystromys albicauda-
tus diet, cited researchers have discovered that diet 
composition also affected the pH of digestive tract 
contents.

Therefore, we hypothesized that seasonal 
changes in the composition of diet will cause altera-
tions in the physicochemical parameters of beaver 
gastrointestinal (GI) tract contents. In order to verify 
this hypothesis the study was conducted to compare 
physicochemical characteristics of digesta from var-
ious segments of the GI tract of adult male beavers 
and to relate the obtained data to seasonal changes 
in the composition of diet.

Material and methods
Animals

The beavers were captured with the approval 
of the Regional Directorate of Environmental Pro-
tection in Olsztyn, Poland (ministerial approval: 
RDOS-28-OOP-6631-0007-638/09/10/pj), and the 
experimental protocol was reviewed and approved 
by III Local Ethical Commission for Experiments 
on Animals at Warsaw University of Life Sciences-
SGGW (Poland) before study initiation (permis-
sion no. 11/2010). The animals used for this study 
and the experimental and hunting procedures have 
been described by Bełżecki et al. (2018). Briefly, the 
experiment was performed on adult male beavers 
which were caught in winter, summer and autumn – 
12 individuals in each season (36 animals in total).

Sample collection and analysis
Immediately after delivery, beavers were de-

capitated under full anesthesia. Then sex was deter-

mined and GI tracts were removed, and then stom-
ach, small intestine, cecum and colon were isolated. 
The segments were emptied from the digesta, which 
was mixed and divided into two parts. One of them 
was stored frozen (−20  °C) for the distribution of 
food particles analysis, the second was filtered 
through four layers of gauze (1-mm pore size). In 
the obtained fluid fraction the pH and redox poten-
tial (Eh) was measured (pH meter 7011, ChemLand, 
Stargard Szczeciński, Poland), and then 5  ml of 
collected fluid was preserved with 0.5  ml of 85% 
formic acid in water, and stored at 4 °C for SCFA 
analysis. SCFA concentration was determined by 
gas chromatography (GC-2010 Shimadzu, Kyoto 
Japan) equipped with a flame ionization detector 
and a ZebronTM ZB-FFAP column (Phenomenex, 
Torrance, CA, USA) as described by Miltko et al. 
(2016b).

Food particle sizes were determined by wet 
sieving of 100-g digesta samples using a sieve stack 
on a sieve shaker (Analysette 3, Fritsch, Idar-Ober-
stein Germany). The digesta particles were separat-
ed into fractions according to size (<0.5 mm, 0.5 to 
1.0 mm, 1.0  to 2.0 mm, 2.0  to 4.0 mm, >4.0 mm) 
as described in Pająk et al. (1997). The dry matter 
(DM) of GI tract and digesta of each sieve fraction 
was determined by drying at 105 °C for 48 h. 

One-way analysis of variance (ANOVA) was 
used to determine effect of season on parameters of 
gut content. The significance of differences between 
seasons was calculated by Tukey’s test. The results 
were considered statistically significant at P < 0.01 
and P < 0.05. The Statistica 10.0 software package 
(StatSoft Inc, Tulsa, OK, USA) was used for statisti-
cal analysis.

Results

The values of pH, Eh, DM, SCFA and distribu-
tion of food particles varied among the different seg-
ments of the GI tract of beaver are shown in Table 1 
and Figure 1.

The pH and Eh changed through the length 
of the digestive tract. The value of pH in stomach 
digesta was the lowest (1.8–2.1), increased rapidly 
in the small intestine (7.0–7.3) and then decreased 
in the colon (6.3–6.8) indicating no effect of the 
season. The Eh of digesta varied from 45.3  to 
281.6  mV. The highest value was observed in the 
stomach, while the lowest in the small intestine and 
cecum. These fluctuations were also not connected 
with the season.
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The percentage of digesta DM differed among 
segments. The most hydrated content was found 
in the stomach and in the small intestine, lower 

in the cecum, whereas the lowest in the colon.  
The percentage of the DM of the digesta contents 
can be described by the same pattern of fluctuation 
independent of seasons.

Changes in the concentrations of SCFA indicat-
ed that the highest value was observed in the sum-
mer in the cecum, whereas the lowest in the stomach 
during  winter. 

Comparison of GI tract contents in different sea-
sons indicated that the digesta in the winter is char-
acterized by the highest content of DM independent 
of the digestive segment, and furthermore showed a 
lowest value of pH in the stomach and the highest 
concentration of SCFA in the cecum, independent 
of seasons.

The profile of particle size distributions of 
digesta contents were examined to investigate the 
relationship between degree of food breakdown and 
the GI tract segment (Figure 1). The obtained results 
indicated that the food particle size distribution varied 
along digestive tract and was season-dependent. It 
was found that particles of <0.05 mm (the smallest-
sized fraction) were predominant in all parts of the 
digestive tract of beavers except for the stomach in 
winter and autumn seasons. The highest level of the 
fine-size fraction was observed in the summer in the 
small intestine (up to 70%), whereas the lowest 
was in the autumn in the stomach (about 30%). 
In addition, it was found that in the summer, the 
fraction of <0.5 mm was dominant in the stomach, 
which was 50% of the total DM of food particles, 

Figure 1. Particle size distributions of digesta in gastrointestinal tract segments of beavers, % total dry matter (DM)
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Table 1. Characterization of beaver digestive tract contents

Indices
Season

SEM P-value
winter summer autumn

DM, g
stomach 14.4A 10.0Ba 13.6b 0.549 0.001
small intestine 12.7A 9.2B 10.9 0.474 0.007
cecum 16.9a 13.2b 14.3 0.576 0.022
colon 28.1A 22.8B 22.9B 0.749 0.002

pH
stomach 1.8 2.1 2.1 0.088 0.321
small intestine 7.0 7.1 7.3 0.075 0.329
cecum 6.9A 6.2B 6.7 0.104 0.004
colon 6.8 6.3 6.5 0.087 0.072

Eh, mV
stomach 194.1A 144.5A 45.3B 13.434 <0.001
small intestine −195.8a −281.6 −271.0b 14.253 0.023
cecum −248.0 −259.0 −237.0 8.489 0.585
colon −11.1 −16.7 −16.0 5.545 0.909

SCFA, µM/g contents
stomach 6.1A 7.7B 6.7B 0.223 0.001
small intestine 8.2A 6.6B 8.6A 0.207 <0.001
cecum 125.3A 166.6B 135.0A 3.566 <0.001
colon 81.4A 135.5B 82.0A 4.481 <0.001

values in the row marked with different letters differ significantly  
A, B – P < 0.01; a, b – P  < 0.05; SEM – standard error of mean; DM – dry 
matter; Eh – redox potential; SCFA – short chain fatty acids
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while in the winter and autumn ranged from 27 to 
30%. The opposite effect was observed for the large-
size fraction (2–4 mm and >4 mm) where the highest 
level was observed in winter and autumn. In the small 
intestine a further increase in the fraction >0.5 mm 
and a decrease in the fraction 2–4 mm and > 4 mm 
were observed. In the cecum and colon a drop in 
< 0.5 mm particles and increase in particle fraction 
of 2–4 mm and >4 mm were noted. Additionally, the 
highest proportion of particle size >4 mm was found 
in the cecum.

Discussion

The structure of the GI tract of herbivorous 
animals is largely determined by the type of food. 
Large cecum (Bełżecki et al., 2018) is characteris-
tic for beavers and rabbits that are the best studied 
cecum fermenters, which suggests great similarities 
between these species. However, digestive physiol-
ogy of beavers is not comprehensively described and 
understood. Therefore the goal of this study was to 
compare chemical and physical parameters: pH, Eh, 
SCFA, DM, and describe the distribution of food 
particles in various segments of the GI tract of bea-
vers.

The results of current study showed that found 
differences could be attributed to changes of food 
composition, especially the fibre content of beaver 
diet (Bełżecki et al., 2018). It is worth mentioning 
that type of coastal vegetation can also affect the 
composition of a beaver’s diet (Janiszewski et  al., 
2017). However, in this study, this effect component 
was limited because all animal were derived from 
pounds where dominant of the coastal zone were 
willow.

Mean pH values of stomach digesta varied from 
1.8 to 2.1 independently to season and were typical 
for this part of GI tract (Marounek et al., 2005; Żary-
Sikorska et  al., 2016). These results are consistent 
with the findings of Kohl et al. (2013). In the small 
intestine the pH value was significantly higher than in 
the stomach, and also in accordance with the results 
obtained by Juśkiewicz et  al. (2012), Marounek 
et  al. (2005) and Żary-Sikorska et  al. (2016). This 
significant increase is caused by the secretion of the 
strongly alkaline pancreatic juice. The pH values in 
cecum and colon were reduced in the summer when 
the amount of fibre from food is the lowest (Bełżecki 
et al., 2018). 

The mean values of the Eh detected in cecum of 
beaver varied from −237 to −259 mV, and were lower 

in comparison to the value of Eh found in cecum 
of rabbits. The low Eh value is necessary to obtain 
optimal conditions for development of anaerobic 
population of microorganisms (Michelland et  al., 
2010) and intensive digestive as well as fermentation 
processes (Miltko et al., 2016a).

The fluctuations of DM of the GI tract contents 
of the beavers was consistent with the results of 
Marounek et  al. (2005) who worked on digestive 
physiology of coypu and rabbits. Investigating the 
impact of the season on digesta composition, it was 
found that digesta DM content increased in winter. 
It can be the result of a different diet composition, 
associated with the domination of easily digested 
grasses and herbs in summer and woody shoots in 
autumn and winter (Bełżecki et al., 2018).

SCFA were present in all segments of the 
digestive tract of beavers. The SCFA concentration 
in stomach was relatively low; the similar results 
were obtained by Mahida and Perrin (1994) during 
the studies on Mystromys albicaudatus. The stomach 
of this species is divided in two parts. In the first 
called ‘forestomach’, the pH value is relatively high 
(Kohl et al., 2013) and so microbial growth and SCFA 
production are possible. In the second part named 
‘glandular’, the pH value is too low to maintain 
microbial development, thus all SCFA present in the 
stomach are produced by the microorganisms living 
in ‘forestomach’. In contrast to M.  albicaudatus, 
the beaver stomach is composed of single chamber 
of large volume (Bełżecki et al., 2018). There, it is 
possible that there is an area where the pH value 
is suitable for growth of microbial population and 
microbial fermentation. Moreover, the measurement 
of SCFA concentration in GI tract of beaver indicated 
the highest concentration in cecum and then in colon. 

In addition, it was found that the concentrations 
of SCFA were influenced by season. Significant 
increase of concentration in the cecum and the colon 
was observed during the summer. It was probably 
caused by differences in the food composition. 
It was also observed that cecum to colon ratio of 
SCFA concentration changed from 1.6 in winter and 
autumn to 1.2 in summer. This shift could result from 
more intensive fermentation in the colon and could 
be affected by higher contents of easily digestible 
carbohydrates in this part of GI tract.

The distribution of food particles in the beaver 
GI tract varies along its length. Such differences 
have been previously observed in hares (Naumova 
et  al., 2015) and dugongs (Lanyon and Sanson, 
2006). In the beaver stomach particles of <1  mm 
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were dominant and constituted up to 60% of total 
DM particles. The similar proportion was found in 
hares (Naumova et al., 2015). The opposite pattern 
was observed in dugongs, where particles of >1 mm 
were the most common (Lanyon and Sanson, 
2006). Probably, this disappearance is connected 
with different structure of dental apparatus and the 
technique of foraging of the dugongs (Lanyon and 
Sanson, 2006) and lagomorphs (Müller et al., 2014). 
Secondly, these animals represent different food 
preferences. The dugong diet is composed mainly 
of aquatic plants, which are less fibrous then plants 
in the diets of rodents and lagomorphs (Lanyon and 
Sanson, 2006).

In the second part of the digestive tract of bea-
ver, i.e. in the small intestine, increased amount of the 
fine-size fraction (<0.5 mm) was found. Enzymes pro-
duced by the cells lining the gut and associated organs 
as well as faster transfer of larger particles could be 
responsible for the observed reduction of particle size.

The proportion of large-sized particles (>4.00 mm) 
was the highest in cecum in comparison to small in-
testine and colon. It presumably suggests that bea-
vers belong to moderate selective type of cecum 
fermenters (Sakaguchi, 2003). However, further 
experiments should be carried out to confirm this 
assumption.

In addition, it was shown that percentage of 
fine-size particles (<0.5 mm) was the highest in the 
summer when fresh, green grass or herbs predomi-
nated, while in autumn and winter the fraction of 
>0.5 mm particles increased and it was associated 
with large consumption of woody shoots (Bełżecki 
et al., 2018).

Conclusions
In summary, the current study indicated the 

effect of food composition on physicochemical 
features of the digesta of beaver gastrointestinal (GI) 
tract. Moreover, the observed seasonal variations 
suggest that food components exert an influence 
on activity of microorganisms inhabiting beaver GI 
tract. Nonetheless, further research is required to 
confirm this assumption.
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