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Dietary Fibres Requirements of Cane Rat (Thryonomys swinderianus) at the Growth and Fattening Stages
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ABSTRACT

	Aims: To demonstrate the importance of dietary fibre on young cane rats’ digestive health.
Study design:  Completely randomized controlled feeding trial.
Place and Duration of Study: Laboratory of Animal Science and Animal Production, Félix Houphouët-Boigny National Polytechnic Institute, Yamoussoukro.
Methodology: Thirty-six cane rats aged 42 ± 9 days with an average live weight of 393 ± 92 g were used. They were divided into three batches of 12 animals. Three complete iso-protein pelleted diets containing 16% crude protein with three levels of fibre (17, 19 and 21% Acid Detergent Lignin (ADF)) were tested on young cane rats, from weaning to 6 months of age. Each batch of animals was subjected to a diet. Health and zootechnical parameters as well as carcass characteristics were measured according to the diet.
Results: At the end of the experiment, there was no mortality or morbidity regardless of diet. The feed containing 21% ADF resulted in a reduction of animals’ weight gain by 25% (P=.007) and 12.5% (P=.04) during the growth and fattening phases, respectively. The feeds containing 17% and 19% ADF gave the best values for feed conversion (P=.007), average daily gain (P=3.6 x 10 -4) and carcass yields. 
Conclusion: It was concluded that the fibre contents for young cane rats fed on complete pelleted diets would be between 17% and 19 % ADF during the growth and fattening stages. 
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1. INTRODUCTION

The cane rat is a wild animal whose meat is very appreciated by the populations of sub-Saharan Africa. To limit poaching pressure on the wild species, the cane rat has been farmed for several decades (Teye et al., 2020). To feed this animal, breeders use fodder, the harvest of which constitutes a daily chore. In addition, fodder most often has poor nutritional value; and, the presence of parasites on it constitutes a risk for animal health (Mandey et al., 2017; Nyameasem et al., 2018). Thus, feeding cane rats on fodder leads to a low growth rate and significant mortality of up to 40% on farms (Yapi et al., 2021). 
In order to develop cane rat farming on a rational and more productive model, the feeding method based on fodder should be replaced by feeding in the form of complete pelleted feed (Marani, 2018). So, the cane rat dietary fibre requirements must be known as the digestive health of herbivores is largely dependent on fibre intake of the feed. While an excess of fibre can lead to a reduction in zootechnical performance, a deficit of fibre can lead to digestive dysfunction causing pathologies (Chen et al., 2019; Gidenne et al., 2019; Yapi et al., 2021). Previous studies have already shown the importance of dietary fibre on cane rats digestive health. In cane rats’ reproductive females, Alla et al. (2017) showed it is primordial to ensure the fibre content of the feed to be between 14 and 18% lignocellulose in order to guarantee good reproductive parameters. For the growing cane rat, it has been shown that the fibre content of the diet should be between 17 and 21% lignocellulose to both avoid serious digestive disorders such as hemorrhagic enteritis and guarantee a good growth rate of the animals (Yapi et al., 2021). However, carcass characteristics were not taken into account by these authors. 
This study aimed to specify, within a narrower range, dietary fibre requirements of the cane rat for the growth and fattening stages, with carcass characteristics measurement.


2. material and methods

2.1 Animals and housing 

The trial took place in Côte d’Ivoire, at the experimental farm of the Institut National Polytechnique Félix Houphouët-Boigny (INP-HB) in Yamoussoukro. 
Thirty-six (36) male cane rats weaned at 42 ± 9 days with an average weight of 393 ± 92 g were used for this study. They were divided into three groups of 12 animals and housed in individual mesh metabolic cages measuring 50 cm long, 40 cm wide and 30 cm high. Thus, each animal constituted an experimental unit. The three animal groups were constituted taking into account the weaning weight in order to constitute homogeneous batches.

2.2 Experimental Design and Diets Assesment 

Three complete iso-protein pelleted diets containing 16% crude protein were used. The diets were formulated taking into account the range of fibre levels consistent with the digestive health of the growing cane rat.  So, the three experimental diets contained 17, 19, and 21% ADF (Van Soest et al., 1991), respectively. They consisted mainly of elephant grass (Pennisetum purpureum), cottonseed meal, wheat bran, corn grain, soybean meal, oyster shell flour, salt, vitamins and minerals mixture.  These ingredients were pelleted after mixing and grinding. The proportions of the ingredients as well as their chemical compositions are given in Table 1.

Table 1. Composition of experimental diets
	Diets
	ADF 17
	ADF 19
	ADF 21

	Proportions of ingredients (% raw product)

	Pennisetum purpureum
	39.2
	41.4
	47.5

	Wheat bran
	3
	15
	15

	Cottonseed meal
	7.6
	10
	10

	[bookmark: _Hlk160794964]Corn grain
	37.3
	24.4
	18.3

	Soybean meal
	10.9
	7.1
	7.2

	Oyster shell flour
	0.5
	0.5
	0.5

	Salt
	0.5
	0.5
	0.5

	Premix *
	1
	1
	1

	Total
	100
	100
	100

	Chemical composition (in % crude product)

	Dry matter
	89.8
	89.9
	90.2

	Crude Protein
	16.0
	16.0
	16.0

	Starch
	22.2
	16.9
	13.4

	NDF**
	33.7
	38.7
	42.1

	ADF**
	17.0
	19.0
	21.0

	ADL**
	2.5
	3.1
	3.4

	Crude fibre
	16.5
	18.3
	20.2

	Fat
	3.5
	3.4
	3.2

	Calcium
	0.3
	0.4
	0.4

	Phosphorus
	0.4
	0.5
	0.5

	Ca/P
	0.8
	0.8
	0.8

	Digestible energy (kcal/kg)
	2,538.4
	2,420.9
	2,344.3

	Digestible energy (MJ/kg)
	10.7
	10.2
	9.8


Note : 
* minerals and vitamins (/kg): Citric acid 9 mg; Propyl gallate; Mixture of aromatic substances; lives at 2,500,000 IU; vit D 3,250,000 IU; vit E 12,500 IU; vit, K 3 375 mg; vit B 1,500 mg; Choline chloride; 45,000 mg; lives B 2 ; D- calcium panthothenate ; lives B 6 ; lives B 12 ; Niacin / Niacinamide; Folic acid ; Biotin; Copper 2,000 mg; Iron 12,500 mg; Zinc 12,500 mg; Manganese 5,000 mg; Iodine 75 mg; Cobalt 25 mg; Selenium 25 mg; Support: calcium carbonate and magnesium oxide.
**NDF: Neutral Detergent Fibre; ADF: Acid Detergent Fibre; ADL: Acid Detergent Fibre

After a 15-day adaptation phase to cages and diets, feed intake and nutrients digestibility during the growth (from weaning to 4 months of age) and fattening (from 4 to 6 months of age) stages were measured. The digestibility coefficients of dry matter, organic matter, proteins and fibre were determined according to EGRAN (2001).
Morbidity and mortality checks were carried out daily on the animals. Animals’ live weights were checked once a week from weaning until 6 months of age. At the end of the feeding trial, all 18 grasscutters (9 animals per dietary treatment) were slaughtered. Prior to slaughter, animals were stunned to minimize pain and stress before bleeding. Stunning, slaughtering, and handling procedures were performed in accordance with the recommendations of the AVMA Guidelines for the Euthanasia of Animals 
(Leary et al., 2020). After slaughter, the weights (g) of the skin, the full digestive tract and the hot carcass were recorded. Then, the carcasses were stored in a cold room (2°C). After 24 hours, measurements of the lengths L1 (from the Atlas vertebra to the 7th lumbar vertebra) and L2 (from the 7th lumbar vertebra to the end of the ischium bone) were carried out. Each cold carcass was cut into three (3) pieces by cross sections, based on precise marks. These are: the front (1st cervical vertebra to the 7th thoracic vertebra), the saddle (from the 8th thoracic vertebra to the 6th lumbar vertebra) and the back (Blasco et al., 1993).
In this study, the hot carcass was defined as the rest of the cane rat without offal (liver, heart, lungs, spleen, digestive viscera, skin) and urogenital organs (Table 2). As for the commercial carcass, it is obtained after separation of the front (at the level of the small round carpal bones and rear (between the lower end of the tibia and the calcaneus bone of the heel) sleeves from the cold carcass. The mathematical expressions of the cane rat carcass yield variables are given in Table 2.

Table 2. Mathematical expressions of cane rat carcass yield variables

	Variables
	Formulas

	Yield (in % live weight)

	Raw carcass yield
Net carcass yield
Skin performance
Yield of full digestive tract
	Hot carcass weight / live weight
Hot carcass weight / (live weight – full digestive tract)
Skin weight / live weight
Full digestive tract weight / live weight

	Commercial carcass yield
Yield of the edible fraction
	weight / live weight
Weight (Liver + front + saddle) / live weight

	Yield (in % hot carcass)

	Refrigeration losses
	Weight (hot carcass – cold carcass) / hot carcass weight

	Yield (in % commercial carcass)

	Yield of edible organs
Head performance
Forward performance
Saddle yield
Rear performance
	Weight (liver + kidneys) / commercial carcass weight
Head weight / commercial carcass weight
Front weight / commercial carcass weight
Saddle weight / commercial carcass weight
Rear weight / commercial carcass weight



2.3 Chemical analyzes 

The dry matter (DM) level (24 h at 103°C) was determined on feed, refusals, wasted feed and feces. Fibrous residues NDF (neutral detergent fibre), ADF (acid detergent fibre) and ADL (acid detergent lignin) were measured on diets and feces according to Van Soest et al. (1991) sequential method, with an alpha amylase pretreatment for feed samples. Gross energy (kcal/kg DM) was determined for feed and feces using a calorimeter adiabiatic (PARR 1281, Illinois, USA). The principle is based on determining the amount of heat released by a sample during complete combustion. Nitrogen content was determined for feed and feces according to the Dumas combustion method using a Leco autoanalyzer (FP-428 model, Leco Corporation, St Joseph, MI, USA) and converted to crude protein (CP = N x 6.25).

2.4 Statistical analyzes 

Data Analysis was carried out using R Development Core Team (2022). Average feed intake, daily gain, feed conversion ratio and carcass characteristics were compared using one-way analysis of variance (diet). Nutrients digestibility means were analyzed using two-way analysis of variance (diet and animal age). When a significant difference was identified, the means were compared using a Tukey test.

3. results and discussion

3.1 Results

3.1.1 Animal Health
Throughout the experiment, no mortality or morbidity was observed on the animals whatever the diet.

[bookmark: _Hlk162252743]3.1.2 Effect of Dietary Fibre Level on Feed Intake
Animals feed intake is presented in Table 3. During the growth phase (from weaning to 4 months of age), there was no significant difference between feed intake of the three diets (P=.65). During the fattening phase (from 4 to 6 months of age), feed intake of the ADF21 diet was higher compared to the ADF17 and ADF19 diets (P=.02). There was no significant difference between the last two diets for feed intake values. Over the entire duration of the trial, feed intake of the ADF21 diet was higher (+13%) than those of the other two diets (P=2.5 x 10 -7).

3.1.3. Effect of Dietary Fibre Level on Growth and Feed Conversion
Table 3 shows that the ADF21 diet resulted in animal weight gain reduction during the growth phase (-25%; P=.007) and the fattening phase (-12.5%; P=.04) compared to the other diets. There was no significant difference between the weight gains achieved by the ADF17 and ADF19 diets. 
For feed conversion ratio, the ADF21 diet gave the worst value compared to the other diets while there was no significant difference between the ADF17 and ADF19 diets (P=.007).

Table 3. Animals zootechnical parameters at growth (weaning to 4 months) and fattening (4 to 6 months of age) stages according to diet

	Parameters
	Physiological stages
	Diets
	SEM
	P value

	
	
	ADF 17
	ADF 19
	ADF 21
	
	

	Feed intake 
(g DM/d)
	Growth
	46.4a​
	47.4a​
	48.0a​
	1.4
	.65

	
	Fattening
	68.0a​
	73.8a​
	79.3b
	1.8
	.02

	
	Average feed intake
(From weaning to 6 months of age)
	57.3a
	60.7a
	66.8b
	1.7
	2.5 x 10 -7

	Animal live weight (g)
	Weaning
At 4 months of age
At 6 months of age
	386a
1551b​
2497b​
	391a
1480ab
2327ab
	402a
1238a
2021a
	46.9
70.4
158.5
	.95
.04
.04

	Average daily gain (g/d)
	Growth
Fattening
From weaning to 6 months of age
	15.1b​
15.0b​
15.1b​
	14.2b​
13.4ab
13.8b
	10.9a​
12.4a​
11.6a​
	1.3
1.0
0.8
	.007
.04
3.6 x 10 -4

	Feed conversion
	Growth
Fattening
From weaning to 6 months of age
	2.83a​
4.61a​
3.63a​
	3.27a​
5.71ab
4.37ab
	4.18b
6.14b
5.06b
	0.4
0.5
0.1
	.003
.002
.007


Note: ADF: Acid Detergent Fibre or lignocellulose; SEM: Standard error of the mean; 
a, b: the values of a line having different superscript letters are different at the threshold of 5%

3.1.4. Effect of Dietary Fibre Level on Nutrient Digestibility
Table 4 presents the digestibility coefficients of feeds. For all nutrients, digestibility decreased with increasing in fibre content of the diet. Thus, cane rats digested better the diet containing 17% ADF, followed by the ADF 19 then ADF 21 feed.
Regarding the physiological stage, there was no significant difference between the growth and the fattening stages. The digestibility coefficients obtained were 70%, 64%, 88% and 31% respectively for dry matter (DM), organic matter (OM), crude protein (CP) and dietary fibre (ADF).

Table 4. Apparent digestive coefficients (ADC) of nutrients according to diet and animals’ physiological stage

	Apparent Digestive Coefficient (ADC) %
	Diets
	SEM
	Stages
	SEM
	P

	
	ADF17
	ADF19
	ADF21
	
	Growth
	Fattening
	
	Diet
	Stage
	Diet x Stage

	Dry Matter
	73.1c 
	69.9b 
	67.0a 
	0.9
	70.6
	69.5
	0.6
	3.3 x 10 -6
	.38
	.11

	Organic Matter
	68.3c 
	64.6b
	59.1a 
	0.7
	64.4
	63.6
	0.4
	7.2 x 10 -12
	.60
	.10

	Crude Protein
	88.5b 
	88.1b 
	87a
	0.4
	88.2
	87.6
	0.3
	0.001
	.08
	.54

	Acid Detergent Fibre
	32.1b
	31.5b
	29.1a 
	0.3
	30.9
	31.0
	0.1
	2.8 x 10 -9
	.96
	.89


Note: SEM: Standard error of the mean; 
a, b, c: for a given factor, the values of a line having different superscript letters are different at the 5% threshold

3.1.5. Effect of Dietary Fibre Level on Carcass Parameters
Table 5 presents the data on the carcass yield variables. With the exception of a few parameters, animals fed diets containing 17 and 19% ADF recorded the best carcass yield variables compared to the ADF21 diet. Thus, for these two batches, the live weight, the weight of the hot carcass, the cold carcass, the commercial carcass, the liver, the front, the saddle and the rear were on average 2,412 g, 1503 g, 1491 g, 1404 g, 32.15 g, 376 g, 253 g and 562 g, respectively. The same applies to the raw carcass yield (62.28%), the cold carcass yield (61.77%), the commercial carcass yield (58.14%), the edible fraction yield (27.40%) and the percentage of hind limb meat (75.03%). However, the yield of the full digestive tract was higher in animals fed the most fibrous diet (ADF21).

Table 5. Carcass yield variables

	Carcass parameters
	Diets
	ESM
	P value

	
	ADF 17
	ADF 19
	ADF 21
	
	

	Live weight (g)
Hot carcass weight (g)
Cold carcass weight (g)
	2497b   
1582b
1569b
	2327ab   
1424ab
1413ab
	2021a
1198a
1189a
	158.5
97.1
96.4
	.04
.01
.01

	Raw carcass yield (%)
Net carcass yield (%)
Skin yield (%)
Yield of full digestive tract (%)
Cold carcass yield (%)
Refrigeration losses (%)
Commercial carcass weight (g)
Commercial carcass yield (%)
Edible fraction yield (%)
Yield of edible organs (%)
Head yield (%)
L1 (cm)
L2 (cm)
Liver weight (g)
	63.4c​
73.7a​
17.8a​
14.0a
62.8c​
0.9a​
1475b
59.1b
28.1b​
2.8a​
9a
21.9b​
6.8a​
33.2b​
	61.2b​
73.5a​
16.7a​
16.8b​
60.7b​
0.8a​
1332ab
57.2b​
26.7ab
2.9a​
9.3a​
21.5b​
7.0a
31.1b​
	59.3a​
73.3a​
16.5a​
19.1c​
58.9a​
0.8a​
1104a
54.6a​
26.3a​
2.8a​
9.8a​
19.4a​
6.8a​
23.7a​
	0.6
0.9
0.6
0.6
0.6
0.1
94.3
0.7
0.6
0.2
0.5
0.7
1.0
1.6
	1.9 x 10 -4
.91
.09
4.8 x 10 -5
4.2 x 10 -4
.71
.01
4.3 x 10 -4
.04
.56
.24
.03
.97
4.8 x 10 -4

	Spleen weight (g)
Kidney weight (g)
Front weight (g)
Forward Yield (%)
Saddle weight (g)
Saddle yield (%)
Rear weight (g)
Rear Efficiency (%)
limb meat (%)
	3.0a​
7.8a​
399.6b​
27.1a
269.6b​ 
18.3a​
601.3b
40.8a​
74.9b​ 
	2.9a​
7.8a​
353.2 ab
26.5a​
237.3 ab
17.9a​
523.5ab
40.0a​
75.1b​
	2.7a​
6.9a​
298.1 a 
27.0a​
209.1a 
19.0a​
432.7a​
39.1a​
72.3a​
	0.3
0.6
28.9
0.7
18.9
0.9
37.7
1.1
0.5
	.52
.34
.02
.69
.03
.49
5.2 x 10 -3
.31
2.7 x 10 -4


Note: L1: From the Atlas vertebra to the 7th lumbar vertebra; L2: From the 7th lumbar vertebra to the end of the ischium bone;
SEM: Standard Error of the Mean
a , b : the values of a line having different superscript letters are different at the threshold of 5%

3.2. Discussion

From the beginning to the end of the experiment, no mortality was recorded in the three groups of animals. This result confirms that the range of fibre levels considered in this study is favorable to good digestive health of young cane rat. Yapi et al. (2021) noted several cases of morbidity and mortality of young cane rats for diets containing less than 12% ADF. Indeed, the enzymatic hydrolysis of fibres produces metabolites which influence the environment through a prebiotic effect. Fibres create advantageous conditions for non-pathogenic microorganisms while limiting the proliferation of pathogenic microorganisms (Lu et al., 2016). The health of the animal is thus improved. Rao et al. (2024) found that dietary supplementation with xylo-oligosaccharides (XOS), metabolites derived from xylan hydrolysis, improves growth performance, gut health and exerts positive effects on immune parameters in broilers. 
The cane rat increased its feed intake when the fibre level increased in the diet. The increase in feed intake with the increase in the fibre level in the diet is justified by the reduction in digestible energy. When the feed contains enough energy and low fibre content, animals consume little feed to meet their energy needs. If necessary, they increase their feed intake to compensate for the low energy concentration of the feed (Mandey et al., 2017; Gidenne et al., 2019; Lee et al., 2024). The feed intake values recorded in this study are similar to those obtained by Yapi et al. (2021). In addition, they are lower than those recorded by Alla et al. (2017) (111 to 119 g). This author used pelleted feeds containing more fibre (22 to 24% ADF) than in this study. 
Nutrient digestibility decreased with increasing fibre levels in the feed. Indeed, the structure of the fibres reduces the access of substrates to digestive enzymes through an encapsulation effect. Also, increasing the level of fibre accelerates digestive transit and accentuates enzymatic secretions in the digestive tract during digestion. This increase in transit causes an endogenous loss of some nutrients; thus, affecting their digestibility (Bedford et al., 2024). This observation is in agreement with the remarks made by other authors in the cane rat (Yapi et al., 2021), the rabbit (Chen et al., 2019), the chicken  (Jha et al., 2021) and the pig (Han et al., 2023 ; Zhang et al., 2024).
Animals that consumed feeds containing 17 and 19% ADF recorded the best growth rate compared to the ADF21 diet. This result can be explained by the reduction of nutrients digestibility in the ADF 21 diet, and the loss of some nutrients, particularly amino acids (Bedford et al., 2024). 
[bookmark: _Hlk529194132]The weights and ADG recorded in this study are similar to those reported by Yapi et al. (2021). However, our results are higher than those recorded by Aizoun et al. (2017). Indeed, growth performance is influenced by parameters intrinsic and extrinsic to the animal (Birolo et al., 2022). In addition, it should be specified that weaned cane rats used by Aizoun et al. (2017) were fed mash feed compared to those in this study (pelleted diet). 
Animals feed themselves to meet their nutritional needs and obtain good production (meat, milk, eggs, etc.). This fact is reflected in feed conversion ratio which was better with ADF 17 and ADF 19 diets throughout the trial. Regarding the growth stage, the feed conversion ratios obtained in this study are similar to those obtained by (Yapi et al., 2021). They are better than those obtained by Nyameasem et al. (2018). They obtained values ranging from 4.1 to 7.2. Indeed, these authors used pelleted feeds with fibre levels between 9 and 9.5% crude fibre (half of the crude fiber level used in our study).
[bookmark: _Hlk529194908]Although the carcass yields determined in this study are identical and lower respectively than those recorded by Marani (2018) and Aizoun et al. (2016). Our results remain better than those reported by Aizoun et al. (2016). Indeed, in the definition of the carcass yield, these authors took into account the skin of the cane rat which represents 17% of the live weight. This was not the case in our study. Also, the yield of the full digestive tract was higher with the most fibrous ration (ADF21). These findings would be linked on to the fibre content of the pelleted feed used. In fact, fibres have an abrasive effect on the animal's intestinal mucosa. This action stimulates the development of the digestive system; thus, increasing the weight of the viscera (Jha et al., 2021; Tejeda et al., 2021). Furthermore, refrigeration losses did not vary depending on the diets. This fact could be explained by the non-variation in the post-mortem pH of the carcasses; as the rise in muscle pH leads to an increase in the meat's water retention capacity (Zhang et al., 2023).

4. Conclusion

The study showed that dietary fibre level influenced feed intake, growth performance, nutrient digestibility and carcass characteristics in young cane rats fed complete pelleted diets. No mortality or morbidity occurred across the tested diets, suggesting that 17–21% ADF was compatible with digestive health under the experimental conditions. However, the 21% ADF diet increased feed intake and reduced growth performance, feed efficiency and several carcass-yield traits. Diets containing 17% and 19% ADF produced better feed conversion, average daily gain and carcass outcomes. Therefore, the suitable fibre level for young cane rats during growth and fattening appears to be between 17% and 19% ADF.
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