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Abstract: This study aims to determine the effect of dietary inclusion of fenugreek seed gum (FSG), rich 
in galactomannans, on nutrient apparent digestibility and caecal environment, as well as on in vitro caecal 
fermentation of Tunisian growing rabbits. Three experimental diets were formulated, including 0, 0.25 and 
0.5% of FSG (FSG0, FSG0.25 and FSG0.5, respectively) for the in vivo trial and 0, 0.125, 0.25, 0.5 and 100% 
of FSG (FSG0, FSG0125, FSG0.25, FSG0.5 and FSG100, respectively) for the in vitro trial. In the in vivo trial, 
45 weaned rabbits 31 d old (15 per treatment) were housed in individual cages until 94 d of age. Apparent 
digestibility coefficients were determined at two ages, from 38 to 41 and from 56 to 59 d old, and caecal 
traits were recorded after slaughtering. In the in vitro trial, the five experimental diets were incubated with a 
rabbit caecal inoculum. Gas production was measured and modelled until 72 h and the fermentation traits 
were measured. Apparent faecal digestibility coefficients of main nutrients and main caecal environment 
traits were not significantly affected by the dietary inclusion of FSG (P>0.05). However, animals fed with FSG 
showed lower caecal pH (–0.15; P<0.05) values. Regarding the in  vitro fermentation, FSG100 increased 
asymptotic gas production (+11.25, P<0.001), sharpness of the switching characteristic of the profile (+1.98, 
P<0.001) and the maximum substrate degradation rate (RM) (+0.188, P<0.001), but decreasing the time 
after incubation at which half of the asymptotic amount of gas has been formed (–5.86, P<0.001) and at 
which RM occurs (–4.53, P<0.01). Likewise, FSG100 significantly decreased caecal pH (–1.035, P<0.001), 
lactic acid (–9.51, P<0.069) and N-NH3 concentrations (–12.81, P<0.001). Meanwhile, it increased the total 
volatile fatty acids (VFA) production (+43.15, P<0.001). Gradual dietary inclusion of FSG from 0 to 0.5% 
only significantly increased total VFA production in the caecum (+100 mmol/L per percentage point of FSG 
inclusion; P<0.05). In conclusion, FSG is highly and rapidly in  vitro fermented by rabbit caecal bacteria. 
However, dietary inclusion of FSG up to 0.5%, might be insufficient to affect the apparent digestibility and 
fermentation profile of growing rabbits to a great extent.
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INTRODUCTION

One of the main limitations and concerns in rabbit farming is the frequency of digestive disorders, especially after 
weaning. Rosell et al. (2009) reported that 54.1% of the urgent visits to commercial rabbit farms in Spain and Portugal 
during 1997 to 2007 were due to digestive tract diseases. Under these circumstances, increasing the dietary soluble 
fibre content has shown to be an effective strategy to improve the integrity of the intestinal mucosa and modulate the 
intestinal microbiota of rabbits (Gómez-Conde et al., 2007, 2009; Trocino et al., 2013a). Thus, the inclusion of 20 to 
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30% of beet pulp (rich in soluble fibre) promotes caecal fermentation, promoting butyrate proportion, which is usually 
related to a reduced mortality associated with digestive disorders (Martínez-Vallespín et al., 2011, 2013).

An alternative to a high inclusion of soluble fibre-rich raw materials, which also increases other fibrous fractions or 
could increase the amount of protein linked to fibre, is the direct inclusion of a small amount of an isolated soluble 
fibre so that, acting as a prebiotic, it could allow us to obtain these same effects (Falcão-e-Cunha et al., 2007). To 
this end, some works (Bónai et al., 2010; Volek and Marounek, 2011) have evaluated the dietary inclusion of inulin-
type fructans from chicory extracts, which seems to affect caecal fermentative activity in growing rabbits, but without 
relevant positive effects on the growing performance and digestive health of the animals. In other works, the inclusion 
of mannan-oligosaccharides (Bovera et al., 2010) afforded a reduction in rabbit mortality and an improvement in 
growth performance, whereas supplementation with gluco-oligosaccharides (Gidenne, 1995) had no effect on the 
caecal fermentation pattern and even a negative effect on morbidity and mortality. Lack of consistency in the results 
obtained with prebiotics could be explained by differences in the trial conditions, the nature of the prebiotic used or 
the amount of prebiotic added to feed (Falcão-e-Cunha et al., 2007).

Trigonella foenum-graecum, known as fenugreek, is an annual herb of the Leguminosae family, originating in the 
Near East and widely produced in India and Northern Africa as a spice and forage crop. In Tunisia, fenugreek is widely 
cultivated in the North-western, Northern and North-eastern regions. However, despite its potential interest as forage, 
fenugreek use remains limited, perhaps because some works (Bartley et al., 1981; Sewell et al., 1999; Korman 
et al., 2001; Mazza et al., 2002) have associated its intake with an unpleasant taste in cattle’s meat and milk, as 
well as a strong odour in human sweat and urine. Fenugreek seeds contain 30.6 and 20.6% of soluble and insoluble 
dietary fibre, respectively (Naidu et al., 2011). The main component of its soluble fibre is a galactomannan, which 
is a polysaccharide structurally composed of a main chain of b- (1,4)-linked d-mannopyranose, where 83.3% of the 
main chain is substituted at C-6 with a single residue of a- (1,6)-D-galactopyranose (Jiang et al., 2007). Fenugreek 
seed gum (FSG), which corresponds to the soluble fibre fraction, is obtained by aqueous extraction followed by ethanol 
precipitation (Zemzmi et al., 2017), which eliminates the odour problems of the product. This FSG contains 63.5% of 
this galactomannan, which can be a potential prebiotic due to its resistance to acid and pancreatic digestion and its 
high fermentability (Majeed et al., 2018).

As an initial approach, the aim of this study was to determine the effect of dietary inclusion of FSG on the nutrient 
apparent digestibility and caecal environment of growing rabbits, as well as on in vitro caecal fermentation, to evaluate 
the potential of this product as a prebiotic for Tunisian growing rabbits.

MATERIALS AND METHODS

Galactomannan extraction

Following the recommendations of Zemzmi et al. (2017), fenugreek seeds were ground to pass a 2 mm diameter 
mesh, defatted in hexane-isopropanol (3/2, v/v), extracted in distilled water for 24 h and precipitated with ethanol 
95°. Then, the FSG extracted was washed with acetone and finally freeze-dried and ground into a white powder.

Diets

Experimental diets were obtained using as basis a commercial feed, including as main ingredients alfalfa hay, wheat 
bran, soybean meal and barley grain. Using this basal diet, three experimental diets were formulated and pelleted 
including 0, 0.25 and 0.5% of FSG (FSG0, FSG0.25 and FSG0.5, respectively) for the in vivo trial and 0, 0.125, 0.25, 0.5 
and 100% of FSG (FSG0, FSG0125, FSG0.25, FSG0.5 and FSG100, respectively) for the in vitro trial. Chemical composition 
of the experimental diets is presented in Table 1.

Animals and housing

The trial was carried out at the experimental farm of the Higher School of Agriculture of Mateur (Carthage University, 
Tunisia Republic). The experimental procedure was carried out following the recommendations of the European Group 
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on Rabbit Nutrition (Fernández-Carmona et al., 2005) and the experimental protocols followed the Spanish Royal 
Decree 53/2013 on the protection of animals used for scientific purposes.

Forty-five weaned crossbreed rabbits (New Zealand White×Californian), at 31 d of age, were randomly assigned to 
one of the three treatments (15 rabbits/group). Animals were housed in individual cages (78×46×23 cm) from 31 
to 94 d of age, equipped with a feeder and a drinker to provide free access to feed and water. The lighting schedule 
was 16 h light/8 h dark throughout the experimental trial. Weaned rabbits had a similar live weight at the beginning 
of the trial (552.12±12.72, 545±13.17 and 550.13±12.73 for FSG0, FSG0.25 and FSG0.5, respectively). Mortality 
and morbidity were controlled daily. Ten non-morbid rabbits per treatment with a similar live weight were used to 
determine the individual apparent faecal digestibility coefficients for dry matter (DM), organic matter, crude protein 
(CP), neutral detergent fibre (NDF) and acid detergent fibre (ADF). Apparent digestibility coefficients for ether extract 
(EE), total dietary fibre (TDF) and soluble fibre (SF) were determined from the pool of faeces from each treatment. The 
digestibility trial was performed at two ages using the same group of animals, from 38 to 41 and from 56 to 59 d of 
age. Following the recommendations of Perez et al. (1995), faeces and feed intake were controlled for 4 d, by covering 
the bottom of the cage with perforated plastic bags to eliminate urine. Faeces were stored in identified sealed plastic 
bags and frozen at −20°C until analysis. At 94 d of age, all animals were slaughtered between 8:00 and 10:00 am. 
After skin removal, pH value of caecal content was measured and an aliquot of caecal content was placed in a 45 mL 
plastic tube with 20 µL of 10% HgCl2 to stop caecal fermentation and stored at –20°C for subsequent determination 
of VFA profile, N-NH3 and lactic acid content.

In vitro fermentation

The gas production kinetics of FSG diets were determined in an in vitro fermentation trial. Two New Zealand 70 d 
old rabbits were fasted overnight, with free access to water, before their slaughter between 8:00 and 10:00 am. 
Caecal contents from both animals were collected, mixed and stirred for few minutes. Finally, 100 mL of the mixed 
caecal content were homogenised under CO2 bubbling in 400 mL of solution A (including 10 g/L KH2PO4, 0.5 g/L 
Mg2SO4·7H2O, 0.5 g/L NaCl and 0.1 g/L CaCl2·2H2O) and 8 mL of solution B (including 15 g/L Na2CO3 and 0.25 g 
Cysteine-HCl) and the inoculum solution obtained was filtered through six layers of cheesecloth (Marten and Barnes, 
1980). Propylene sterile syringes of 60  mL were used for the incubation. Twenty  mL of inoculum solution was 
included in each syringe with 200 mg of treatment (FSG0, FSG0125, FSG0.25, FSG0.5 and FSG100). A total of 24 syringes 
were used in this trial, four syringes for each of the five treatments, as well as another four for the blanks (inoculum 
solution without substrate). Syringes were quickly placed in an oven and incubated at 39°C for 72 h. Gas production 

Table 1: Chemical composition of the experimental diets (% dry matter), including different levels of fenugreek seed 
gum (FSG), used both in the in vivo and in vitro fermentation trials.

In vivo trial diets In vitro fermentation trial diets
FSG0 FSG0.25 FSG0.5 FSG0 FSG0.125 FSG0.25 FSG0.5 FSG100

FSG (g/kg) 0.00 2.50 5.00 0.00 1.25 2.50 5.00 1000
Dry matter (DM, %) 90.2 89.5 88.7 93.7 92.4 92.9 93.02 91.3
Ash 10.1 9.82 10.1 9.48 9.36 9.47 9.55 1.27
Crude protein 17.1 16.9 17.2 17.0 17.1 16.8 16.9 22.2
Neutral detergent fibre 42.0 42.4 43.4 41.7 43.0 43.1 41.6 73.1
Acid detergent fibre 24.6 24.5 25.3 24.7 25.9 26.0 25.1 13.3
Lignin detergent fibre 3.30 3.15 3.50 4.92 4.06 3.81 3.30 0.00
Starch 12.4 11.4 12.0 12.3 14.3 14.3 13.6 0.00
Total dietary fibre 46.0 46.2 48.8 – – – – –
Soluble fibre 6.90 6.56 6.89 – – – – –
Ether extract 2.65 2.63 2.73 – – – – –
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was recorded at 1, 3, 6, 8, 12, 18, 22, 30, 36, 42, 48, 54, 60, 66, and 72 h post inoculation. At the end of incubation 
(72 h), 0.1 mL of HgCl2 10% was added to each syringe to stop fermentation. After direct measurement of pH, 
syringe content was transferred to 45 mL plastic tubes and centrifuged at 3000 rpm for 10 min. Supernatant was 
transferred in another tube and stored at 4°C to determine total VFA, N-NH3 and lactic acid concentration, as well as 
the VFA profile. Gas production values at each measurement time were corrected for gas produced at this time by 
the corresponding blanks. Gas production data were fitted to the monophasic model described by Groot et al. (1996):

	

A  
G = 

C  B1+ t �
(1)

In this equation, G (mL g–1 DM) is the amount of gas produced per gram of DM incubated, at time t after incubation; 
A (mL g–1 DM) is the asymptotic gas production; B (h) is the time after incubation at which half of the asymptotic 
amount of gas has been formed; and C is the constant determining the sharpness of the switching characteristic of 
the profile. Maximum substrate degradation rate (RM) and the time after the start of the incubation at which RM occurs 
(tRM) were also calculated as:

	
tRM=B(C–1)1/C         → RM=

CtRM
(C–1)

BC+tRM
C � (2)

Chemical analysis

The AOAC (2002) methods were used for DM (934.01), ash (942.05), CP (990.03, Dumas method, CN628 Elemental 
Analyzer, LECO, St. Joseph, MI, USA) and EE (920.39, with acid-hydrolysis of samples prior to the extraction). Starch 
content was determined according to Batey (1982) in a two-step enzymatic procedure with solubilisation and hydrolysis 
to maltodextrins with thermo-stable α-amylase followed by complete hydrolysis with amyloglucosidase (both enzymes 
from Sigma-Aldrich, Steinheim, Germany), and the resulting D-glucose was measured by the hexokinase/glucose-6 
phosphate dehydrogenase/NADP system (kit D-glucose-HK Megazyme Int. Ireland Ltd., Wicklow, Ireland). The TDF 
content was determined by a gravimetric-enzymatic method, procedure 991.43 of Van Soest et al. (1991), with 
α-amylase, protease and amyloglucosidase treatments (Megazyme TDF R.30.K-TDFR-100A/200A), correcting for 
ash and CP. The NDF, ADF and lignin detergent fibre (ADL) fractions were analysed sequentially according to Mertens 
(2002), AOAC procedure 973.18 (2002) and Robertson and Van Soest (1981), respectively, with a thermo-stable 
α-amylase pre-treatment and expressed exclusive of residual ash, using a nylon filter bag system (Ankom, Macedon, 
NY, USA). The SF content was determined as proposed by Van Soest et al. (1991), by subtracting the NDF corrected 
for CP from the TDF content. Determination of VFA was based on the method described by Jouany (1982). Samples 
were filtered through 0.45  µm cellulose syringe filters. Next, 100  µL of an internal standard solution (0.4  g of 
4-methylvaleric acid diluted in 100 mL of deionised water) and 0.1 mL of a preservative (5% H3PO4 and 1% HgCl2 in 
deionised water) were added to 0.9 mL of filtrate. One µL from each sample was injected into a gas chromatograph 
(Fisons 8000 series, Milan, Italy) equipped with a split/split less injector and FID detector. The separation of VFA was 
done in a DB-FFAP capillary column (30 m×0.25 mm×0.25 µm of film thickness, J&W Scientific, Folson, CA, USA). 
The carrier gas was N2 at a constant pressure of 120 kPa. Injector and detector temperatures were set at 200°C 
and 245°C respectively. The initial oven temperature was set at 110°C held for 5 min and increased to 230°C at 
8.5°C/min and finally maintained at that temperature for 10 min. Finally, VFA were identified by comparing their 
retention times with a standard (46975-U from Supelco®, Bellefonte, PA, USA). N-NH3 concentration was determined 
using the nesslerisation spectrophotometric method adapted by Koroleff (1966). The VFA and N-NH3 concentrations 
were expressed as mmol/L of the liquid phase of caecal digesta. Lactic acid was determined according to the 
method of Borshchevskaya et al. (2016), where an aliquot of the samples was diluted 20 times with deionised water, 
50 µL from the dilution was added to 2 mL of a 0.2% solution of FeCl3, the mixture was stirred and absorbance was 
measured at 390 nm against a reference solution (2 mL of a 0.2% FeCl3). Colour solution was stable for 15 min. All 
in vitro traits values were corrected by their corresponding blanks.
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Statistical analysis

All the traits in this work were statistically analysed with a General Linear Model (GLM) procedure from SAS 
(2009). For the digestibility traits, the model included the effect of FSG inclusion (0, 0.25 and 0.5%), the age (38 
and 56 d) and their interaction as main effects. However, for the caecal environment and in vitro traits, the model 
only included the effect of FSG inclusion (0, 0.25 and 0.5%, or 0, 0.125, 0.25 and 0.5%, respectively) as main 
effect. An orthogonal contrast to evaluate the effect of FSG inclusion [FSG0–(FSG0.25+FSG0.5)/2] was performed 
for digestibility and caecal traits, while possible linear effect of FSG inclusion (from 0 to 0.5%) was evaluated for 
the in vitro traits.

RESULTS

All animals were perfectly adapted to the experimental diets and no morbidity or mortality problems were recorded 
throughout the growing period. No significant differences were observed for the final body weights at 94 d of age, 
which were 2360±32, 2428±32 and 2376±32 for FSG0, FSG0.25 and FSG0.5, respectively. During the digestibility 
trial, daily feed intake obviously increased with the age of the growing rabbits (+28% from 38 to 56 d; P<0.001), 
but was not affected by the inclusion level of FSG in the diet (Table 2). Apparent faecal digestibility coefficients 
(d) of main nutrients were not significantly affected by the dietary inclusion of FSG. However, dNDF and dADF 
values at 56 d were significantly higher than those observed at 38 d of age (+0.049 and +0.048 percentage 
points, respectively; P<0.05), which could explain the higher dDM with the age observed (+0.021; P=0.051). No 
significant interaction was observed between the inclusion of FSG and age during the digestibility trial. The effect 
of dietary inclusion of FSG on the caecal traits is presented in Table 3. No significant effect of the dietary inclusion 
of FSG on any of the traits related to the caecal environment was observed. However, animals fed with FSG 
showed lower caecal pH (–0.15; P=0.037) and slightly higher caproic acid concentration in the caecum (+0.48%; 
P=0.093) than those fed with FS0. Table 4 shows the effect of dietary inclusion of FSG on the gas production 
parameters estimated throughout incubation and the in  vitro traits controlled at the end of this incubation. In 
comparison to the experimental diets, pure FSG (FSG100) significantly affected the main gas kinetic parameters 
(Figure 1a), increasing A, C and RM traits, but decreasing B and tRM traits (P<0.001). However, gradual dietary 
inclusion of FSG (from 0 to 0.5%) had no effect on any of these kinetic parameters (Figure 1b). Similarly, FSG100 
significantly decreased caecal pH and total VFA production, as well as lactic acid and N-NH3 concentrations 
compared to the values observed with the experimental diets (P<0.001). Finally, gradual dietary inclusion of FSG 
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Figure 1: Evolution of gas production during the in vitro incubation of fenugreek seed gum (FSG) and the experimental 
diets with caecal inocula: (a) Comparison of pure FSG (FSG100) with the basal diet (FSG0); (b) Comparison of the four 
experimental diets including 0, 0.125, 0.25 and 0.5% of FSG (FSG0, FSG0.125, FSG0.25 and FSG0.5, respectively). Curves 
fitted to the monophasic model of Groot et al., 1996 [Gt = A/(1+(B/t)·C)]. For coefficients description see Table 4.
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from 0 to 0.5% significantly increased total VFA production (+100 mmol/L per percentage point of FSG inclusion; 
P=0.038) and slightly decreased lactic acid concentration in the caecum (–14 mmol/L per percentage point of 
FSG inclusion; P=0.091).

DISCUSSION

The results of this work show that FSG inclusion in diet up to 0.5% does not produce any significant effect on the 
apparent faecal digestibility of DM or its main components. However, we did observe that the values obtained for 
the digestibility of all fibrous fractions (TDF, SF, NDF and ADF) were always between 2 and 3% higher when the diets 
included FSG. Although galactomannan is not expected to affect the digestibility of the dietary components that are 
mainly digested in the small intestine, it could be expected that high fermentability of galactomannans in the caecum 

Table 3: Effect of fenugreek seed gum (FSG) dietary inclusion on caecal pH, total volatile fatty acids production (VFA), 
VFA profile, lactic acid and the ammonia N in growing rabbits.

FSG level (%)
SEM P-valueFSG0 FSG0.25 FSG0.5

Caecal pH* 5.82 5.69 5.65 0.0581 0.096
Caecal VFA (mmol/L) 50.8 46.6 50.01 2.77 0.534
VFA profile (% of total VFA):
Acetic acid 75.9 76.2 76.3 0.944 0.915
Butyric acid 12.5 12.7 13.0 0.639 0.868
Propionic acid 7.96 7.01 6.79 0.538 0.264
Isobutyric acid 0.350 0.423 0.339 0.0544 0.519
Valeric acid 1.54 1.40 1.34 0.109 0.428
Isovaleric acid 0.853 0.957 0.823 0.104 0.649
Caproic acid* 0.790 1.25 1.29 0.231 0.234
Heptanoic acid 0.0436 0.0637 0.0743 0.0143 0.304
Lactic acid (mmol/L) 0.0589 0.0636 0.0578 0.00503 0.690
Propionic/butyric ratio 0.637 0.529 0.591 0.0495 0.375
Caecal N-NH3 (mmol/L) 5.70 5.43 5.71 0.192 0.528
SEM: Standard error of the means; * Contrast FSG0 –[FSG0.25+FSG0.5]/2: Caecal pH (P=0.037) and caproic acid (P=0.093).

Table 2: Effect of the dietary inclusion of fenugreek seed gum (FSG) and the age of growing rabbits on feed intake 
(g dry matter/d) and in vivo apparent digestibility coefficients of nutrients.

FSG level (%) Age (d) P-value
FSG0 FSG0.25 FSG0.5 SEM 38 56 SEM FSG Age FSG×Age

Feed intake 105 102 103 1.50 91.0 116. 1.20 0.349 0.001 0.279
Digestibility coefficients

Dry matter 0.527 0.538 0.526 0.007 0.520 0.541 0.007 0.430 0.051 0.517
Organic matter 0.528 0.542 0.526 0.007 0.524 0.539 0.006 0.269 0.129 0.512
Crude protein 0.634 0.658 0.647 0.010 0.649 0.644 0.009 0.262 0.655 0.262
Neutral detergent fibre 0.209 0.224 0.234 0.010 0.198 0.247 0.010 0.239 0.006 0.751
Acid detergent fibre 0.057 0.062 0.083 0.012 0.043 0.091 0.011 0.273 0.017 0.827
Ether extract 0.859 0.859 0.859 – 0.865 0.853 – – – –
Total dietary fibre 0.252 0.270 0.267 – 0.250 0.276 – – – –
Soluble fibre 0.534 0.574 0.559 – 0.568 0.543 – – – –

SEM: standard error of the means.
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could promote the fibrolytic microbiota of the caecum, having an effect on the use of the rest of the fibrous fractions. 
In fact, Trocino et al. (2013b), in a meta-study on soluble fibre in rabbits, showed that an increase in dietary SF is 
positively correlated with an improvement in the digestibility of the remaining fibrous fractions. However, contrary 
to expectations, other studies have observed a lower cellulose digestibility in rabbits (Volek et al., 2007) and pigs 
(Lipinski et al., 2005) when mannan-oligosaccharides were included in the diet. On the other hand, although the 
faecal digestibility of NDF and ADF increased with the age of growing rabbits, no interaction with FSG inclusion was 
observed. Increasing digestive efficacy with age is a well-known effect. Evans and Jebelian (1982) observed that the 
digestibility of ADF increased by 0.95 percentage points per week between 5 and 12 wk of age. Moreover, comparing 
nutrient digestibility of growing rabbits and rabbit females (Read et al., 2017), digestibility of NDF and ADF was higher 
in rabbit females due to the higher digestive capacity of adult animals.

Most of the water-soluble polysaccharides and oligosaccharides are not digested in the small intestine but are rapidly 
fermented in the hindgut (Volek and Marounek., 2011). In our work, we observed that the dietary inclusion of FSG 
up to 0.5% did not lead to major significant changes in the caecal environment of growing rabbits at 94 d of age. 
The only changes observed were a slight reduction in the caecal pH and a non-significant increase in some VFA, 
especially caproic acid. Some previous studies have observed that a reduction in caecal pH could inhibit the growth of 
some pathogenic bacteria, such as E. coli in rabbits (Gidenne and Licois, 2005), and an increase in the concentration 
of caproic acid in the caecum could also help to reduce the count of E. coli and C. perfringens (Skrivanova et al., 
2006; 2008). For that reason, it would be interesting to continue exploring the possible effect of FSG on the caecal 
environment with a greater inclusion in the diet, as inclusion up to 0.5% has not been able to produce relevant 
changes. In vitro gas production can reflect the extent to which substrates are fermented by gut microorganisms 
(Schofield, 2000). Water-soluble fibres, like the galactomannan of FSG, seem to be highly fermentable in the rabbit 
caecum, leading to high gas production, the production of a greater amount of VFA and reduction of the N-NH3 free at 
the final inoculum. Compared to the rabbit diets used in this work (Figure 1a), kinetic traits obtained for the pure FSG 
were characterised by higher substrate degradation rate, lower time to achieve the maximum rate of degradation and 

Table 4: Effect of fenugreek seed gum (FSG) dietary inclusion in rabbit diets and pure FSG on the gas production 
parameters of monophasic model [Groot et al., 1996; Gt = A/(1+(B/t)·C)]1 and some in vitro traits after incubation.

FSG level (%)

SEM P-valueFSG0 FSG0.125 FSG0.25 FSG0.5 FSG100

Gas kinetic parameters:
A (mL/g DM) 12.3a 11.9a 11.6a 11.7a 23.1b 0.72 <0.001
B (h) 15.3b 15.5b 14.6b 15.8b 9.44a 0.72 <0.001
C 2.28a 2.24a 2.28a 2.29a 4.25b 0.07 <0.001
tRM (h)3 17.0b 17.1b 16.2b 17.6b 12.5a 0.94 0.010
RM (h-1)2 0.07a 0.07a 0.08a 0.07a 0.26b 0.01 <0.001

In vitro traits4:
∆pH –0.52b –0.49b –0.49b –0.48b –1.53a 0.026 <0.001
∆VFA (mmol/L)5 56.7a 46.7a 75.9ab 106.9b 114.7b 17.7 <0.001
∆Lactic acid (mmol/L)6 14.0b 9.73b 5.89ab 6.64ab –0.43a 3.23 0.069
∆N-NH3 (mmol/L) 2.91b 2.96b 2.76b 2.76b –9.96a 0.362 <0.001

1Gt (mL/g DM), amount of gas produced per gram of DM at t time of incubation, A (mL/g DM), asymptotic gas production; B (h), 
time to achieve half of the asymptotic amount of gas; C, constant determining the sharpness of the switching characteristic of the 
profile.
2RM: maximum substrate degradation at time.
3Time after the start of the incubation at which RM occurs.
4Change with respect to the blank (caecal inoculum without treatment).
5Total volatile fatty acids.
6Lineal effect of FSG dietary inclusion: VFA (P=0.038) and lactic acid (P=0.091).
a.b Means in a row not sharing the same letter are significantly different at P<0.05.
SEM: standard error of the means.
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clearly higher asymptotic gas production, which confirms the potential of FSG to be used by the fibrolytic microbiota 
of the rabbit’s caecum. Recently, Ocasio-Vega et al. (2018) compared gas production kinetics and in vitro traits of 
different fibrous substrates (cellobiose, pectin, sugar beet pulp and wheat bran). When compared to a highly insoluble 
fibre (wheat straw), the other fibrous substrates lead to a higher gas production after in vitro incubation with a rabbit 
caecal inoculum, and the higher the SF content, the higher the gas production. Similar results were observed by 
Abad-Guamán et al. (2018) when comparing gas production of different substrates (pectin, sugar beet pulp and 
wheat straw) in a caecal inoculum for 28 h, where the volume of gas was proportional to the amount of substrate 
fermented. The higher microbial activity associated with the increased availability of a fermentable substrate is also 
usually associated with promoted microbial protein synthesis and reduced N-NH3 level in the caecum (Carabaño 
et al., 2009; Trocino et al., 2013a). However, dietary inclusion of FSG up to 0.5% did not affect any of the kinetic 
parameters of the gas production model (Figure 1b). Bovera et al. (2010), comparing in vitro gas production of rabbit 
diets including mannan-oligosaccharides (MOS) up to 0.15% or supplemented with antibiotics, observed higher gas 
production and fermentation rate of MOS diets compared to the diet with antibiotics when gas production was fitted 
to the same model used in the present work (Groot et al., 1996). However, a lineal increase in MOS inclusion from 
0.05 to 0.15% did not affect gas production, although it seems to increase RM and reduce. These results seem to 
indicate that the inclusion of low levels of fermentable substrates does not excessively affect in vitro gas production. 
The lack of differences in the kinetics traits observed with the inclusion of FSG may be due to a higher dilution of the 
inoculum in this work (2:1 and 4:1 in Bovera et al. (2010) and this work, respectively). In any case, dietary inclusion 
of FSG up to 0.5% caused a linear increase in the observed increase in the VFA content of the caecum during in vitro 
fermentation, due to its high fermentability, but without any relevant effect on the VFA profile. It can be concluded 
that pure FSG is highly and rapidly fermented in the rabbit caecum, decreasing the pH and N-NH3 concentration and 
increasing total VFA level when it was in vitro incubated in a caecal inoculum. However, dietary inclusion of FSG up to 
0.5%, although it linearly increased the total VFA level after in vitro incubation and decreased the caecal pH of young 
rabbits, did not affect the apparent digestibility and fermentation profile of the animals to any great extent. Based on 
these results, it would be convenient to carry out more studies on the fermentation pattern of this galactomannan, 
and on how its greater inclusion can affect growth performance, digestive health and microbiota in growing rabbits.
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