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A B S T R A C T   

The present study evaluated the effect of five feeding programmes (AL, ad libitum feeding; DF, 
daylight access to feed followed by fast full refeeding; NF, nightly access to feed and fast full 
refeeding; NS, nightly access to feed and slow full refeeding; NI, night access to feed until the end 
of the trial) on growth, nutrient digestibility, caecal fermentative activity, and carcass and meat 
quality of 400 crossbred rabbits housed in 40 open-top pens (10 rabbits/pen) from weaning to 
slaughter (28–70 days of age). In all feed-restricted rabbits, feeding time decreased from 14 to 9 
h/day during the 1st week, it stood at 8 h/day during the 2nd week, and it increased from the 
beginning of the 3rd week according to three refeeding systems: i) fast until ad libitum (+4 h/day 
until 24 h/day) for the DF and NF groups; ii) slow until ad libitum (+1 h/day until 24 h/day) for 
the NS group; and iii) very slow and until 12-h-restriction (+30 min/day until 12 h/day) for the 
NI group. During the restriction period, DF and NF programmes compared with the AL pro
gramme, improved the coefficient of total tract apparent digestibility (CTTAD) for crude protein 
(+4.6%) and ether extract (+2.7%) (P < 0.001); NF programmes increased caecal volatile fatty 
acids (VFA) (79.7 vs 67.7 mmol/L; P = 0.034) and decreased pH (5.32 vs 5.46; P = 0.013) 
compared with AL. During the refeeding period, the NI programme increased the CTTAD of dry 
matter (+2.9%; P = 0.001), crude protein (+3.9%; P = 0.003), and gross energy (+2.6%; P =
0.001) compared with the DF and NF groups. The AL, DF, and NF treatments decreased caecal 
VFA compared with NS and NI (81.0 mmol/L vs. 95.4 mmol/L; P < 0.001). In the whole trial, the 
NI programme decreased feed intake (− 7.5%; P < 0.001) and feed conversion (− 6.7%; P = 0.002) 
compared with the AL programme, without differences in growth, final live weight, and slaughter 
traits among groups. Compared to AL feeding, feed restriction increased the mortality rate due to 
digestive disorders (9.0 vs 1.6%; P = 0.036), without affecting morbidity and health risk index. 
Slaughter weight (on average: 2608 g), carcass yield (60.2 g/100 g live weight at slaughter), and 
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carcass and meat quality traits were not affected. In conclusion, the NI programme improved feed 
efficiency without impairing growth, slaughter, and carcass traits.   

1. Introduction 

Feed restriction can be used to reduce mortality and morbidity due to digestive problems in growing rabbits (Gidenne et al., 2009, 
2012; De Blas et al., 2012) and to enhance farm feed efficiency (Knudsen et al., 2014; Gidenne et al., 2017; Birolo et al., 2020a). 
However, effective protection against the occurrence of enteric diseases such as epizootic rabbit enteropathy (ERE) has not been 
definitively proven. Indeed, during weaning and post-weaning periods, growing rabbits are subjected to important changes in digestive 
physiology, including caecal microflora, fermentation patterns, and gut enzymatic activity (Gidenne and Fortun–Lamothe, 2002; 
Gallois et al., 2008; Combes et al., 2017). Severe feed restriction (about 75–80% of ad libitum) during the first weeks after weaning can 
protect young rabbits against digestive disorders (Gidenne et al., 2009, 2012). Nevertheless, during the refeeding phase, digestive 
disturbances often reoccur, increasing morbidity and mortality rates during the fattening period, with even greater economic losses 
(Alabiso et al., 2017; Birolo et al., 2020a). In addition, feed conversion in rabbits can be impaired during the ad libitum feeding phase 
(Birolo et al., 2020b) depending on the intensity, timing, and duration of the restriction, as well as the technique and duration of 
refeeding. Nonetheless, to our knowledge, only one study compared different refeeding systems (Birolo et al., 2016), and a few studies 
have evaluated the effects of restricted access to feed during the entire rearing period on the health and growth performance of rabbits 
(Weissman et al., 2009; Salaun et al., 2011). 

The intake pattern of domestic rabbits fed ad libitum comprises several small meals over a 24-h period (Bellier et al., 1995; Gidenne 
et al., 2010). The amount of ingested feed is not constant throughout the day, increasing during the afternoon, reaching a maximum 
during the evening and night hours, and becoming minimal in the morning (Gidenne et al., 2010; Birolo et al., 2020b). Accordingly, 
withdrawing feed during the dark period could increase the restriction rate (Romero et al., 2010) and positively affect feed efficiency 
(Weissman et al., 2009). 

Thus, the present study aimed to evaluate the effect of feed restriction programs based on daily or nightly access to feed and 
different refeeding systems (fast, slow, very slow, or incomplete) on growth performance, nutrient digestibility, and caecal activity in 
growing rabbits. The effects of feed restriction programmes on slaughter traits, carcass, and meat quality were also evaluated. 

2. Materials and methods 

The study was approved by the Ethical Committee for Animal Experimentation (Organismo Preposto al Benessere degli Animali) of 
the University of Padova (Padua, Italy) (project 16/2016; Prot. no. 147681). All animals were handled according to the principles 
stated by the EU Directive 2010/63/EU regarding the protection of animals used for experimental and other scientific purposes (EU, 
2010). The research staff involved in animal handling were animal specialists (PhD or MS in Animal Science) and veterinary 
practitioners. 

2.1. Animals and experimental conditions 

The trial was conducted on the rabbit farm of the University of Padova (Legnaro, Padova, Italy), in a closed building, from February 
to March under a natural photoperiod (approximately 12 h of light/12 h of darkness). Extraction fans and an automatic heating system 
guaranteed air quality and maintained the temperature between 20 and 23 ◦C. 

At 28 days of age, a total of 400 crossbred rabbits (Hypharm, Groupe Grimaud, Roussay, France), 200 females and 200 males, were 
selected on a commercial farm from healthy litters of multiparous does (≥3 kindling) and moved to the experimental farm. The animals 
were individually identified using ear marks and allocated to five experimental groups, homogenous by sex, average live weight (LW) 
and standard deviation, according to a completely randomised design: AL, ad libitum feeding throughout the trial period; DF, daylight 
access to feed followed by fast refeeding until ad libitum; NF, night access to feed and fast refeeding until ad libitum; NS night access to 
feed and slow refeeding until ad libitum; NI, night access to feed and very slow refeeding until 12-h-access to feed maintained until 
slaughter (incomplete refeeding). 

The rabbits were housed in 40 open-top pens (0.64 m × 0.78 m; area: 0.5 m2) with 10 animals (5 females and 5 males) per pen (8 
pens, 80 animals per group) and monitored from 28 to 70 days of age. The pen floor was made of plastic slats (hole dimensions: 70 mm 
long × 10 mm wide; distance between holes: 7 mm), which guaranteed the complete removal of faeces from the pens. All pens were 
equipped with automatic nipple drinkers (two per pen) and a feeder (600 mm wide) for the manual distribution of feed and an 
automatic continuous recording system of feed consumption. 

2.2. Diets and feeding programs 

All animals had ad libitum access to water during the trial which lasted from 28 to 70 days of age. Due to the occurrence of a severe 
enteric disease at the commercial farm where the rabbits were born, and according to the therapeutic programme adopted at the farm, 
from 28 to 53 days of age, all rabbits were fed with a post-weaning diet (diet P) supplemented with an antibiotic (active substance 
oxytetracycline, 1450 mg/kg diet; obtained by the inclusion over feed mixture preparation of 7250 mg/kg diet of Oxiter 200 BMP – 
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200 mg oxytetracycline/g - Dox-Al Italia S.p.A., Milan, Italy) and a coccidiostat (active substance diclazuril, 1 mg/kg diet; obtained by 
the dietary inclusion of 0.5 g/kg diet of Coxirill® 0.2% - Huvepharma, Sofia, Bulgaria). From 54 days of age until slaughter at 70 days 
of age, a fattening diet (diet F) without antibiotics and coccidiostats was provided to all groups. The pelleted diets (diameter: 3.5 mm; 
length: 10–11 mm) were formulated to satisfy the nutritional requirements of rabbits during the post-weaning and fattening periods 
(De Blas and Mateos, 2010). The ingredients and chemical composition of the experimental diets are listed in Table 1. 

Feed restriction was implemented by varying the access time to the feeders according to the programs shown in Fig. 1. The pro
grams were designed based on previous studies (Foubert et al., 2007; Birolo et al., 2020a, 2020b) to decrease the feeding level of all 
feed-restricted groups from 80% to 70% of the ad libitum level in the 1st week of the trial and then increased from 70% to 80% in the 
2nd week of the trial. In detail, the feeding time for all restricted rabbits decreased from 14 to 9 h/day during the 1st week (28–34 days 
of age) and was set at 8 h/day during the 2nd week (35–42 days of age). Subsequently, the access time to feed increased from the 43rd 
day of age onward as follows: i) fast refeeding (+4 h/day) until 24 h/day of access to the feeders (groups DF and NF); ii) slow refeeding 
(+1 then +2 h/day) until 24 h/day of access to the feeders (group NS); iii) very slow refeeding (+30 min/day) until 12 h/day of access 
to the feeders (group NI) and then maintained until slaughter at 70 days of age (incomplete refeeding). Thus, the DF and NF groups 
reached 24 h/day of access to feed at 46 days of age, the NS group at 56 days, and the NI group at a rate of 12 h/day at 50 days of age. 
The feeding programmes were implemented by shortening and then extending the access time to feeders during the day (NF, NS, and 
NI groups) or the night (DF group). Access to feeders was managed by closing them off with a removable partition. 

2.3. Growth performance, mortality, and morbidity rates 

During the trial, individual live weights were recorded once a week; feed intake (at a pen level) was measured daily through a 
computerised weighing system connected to all feeders, from the rabbits’ arrival until the day before commercial slaughtering. In fact, 
the last recordings for growth performance was set at 69 days of age since recordings on the slaughtering day (at 70 days) were made 
under different conditions (i.e. earlier in the morning and after 4-h fasting period before animal loading). 

During the trial, morbidity and mortality were monitored daily, and rabbits were considered ill when they had diarrhoea and/or 
mucus in faeces or a live weight loss during a week. In the morbidity calculation, the ill rabbits were counted once, even if symptoms 
lasted several days. The dead animals were considered only in the calculation of mortality. The health risk index was calculated as the 

Table 1 
Ingredients and chemical composition of the experimental diets.   

Diets 

Items Post-weaning (28–53 days) Fattening (54–70 days) 

Ingredients, g/kg   
Dehydrated alfalfa meal (160 g CP/kg) 340 253 
Wheat bran 190 240 
Barley meal (6 row) 120 160 
Dried beet pulp 190 160 
Soybean meal (490 g CP/kg) 50 40 
Sunflower meal (300 g CP/kg) 70 100 
Sunflower oil 10 15 
Cane molasses 15 15 
Calcium carbonate 1.0 4.0 
Dicalcium phosphate 3.5 2.5 
Salt 4.0 4.0 
L–lysine HCl (70 g lysine/100 g) 1.0 1.0 
DL–methionine (95 g methionine/100 g) 1.0 1.0 
Vitamin–mineral premixa 4.0 4.0 
Coccidiostatb 0.5 – 
Oxytetracyclineb, mg/kg 1450  

Chemical composition, g/kg as fed   
Gross energy, MJ/kg as fed 16.5 16.6 
Dry matter 902 902 
Crude protein 159 160 
Ether extract 32 38 
aNDF 376 366 
ADF 210 196 
Lignin (sa) 59 53 
Starch 107 132 
Ash 78 73  

a Premix provided per kg of complete diet: vit. A, 12000 UI; vit. D3, 1000 UI; vit. E acetate, 50 mg; vit. K3, 2 mg; Biotin, 0.1 mg; Thiamine, 2 
mg; Riboflavin, 4 mg; vit. B6, 2 mg; vit. B12, 0.1 mg; Niacin, 40 mg; Pantothenic acid, 12 mg; Folic acid, 1 mg; Fe, 100 mg; Cu, 20 mg; Mn, 50 mg; 
Co, 2 mg; I, 1 mg; Zn, 100 mg; Se, 0.1 mg. 

b Coccidiostat: Coxirill® 0.2% (Huvepharma, Sofia, Bulgaria) (active substance diclazuril, 2 g/kg product; 1 mg diclazuril/kg diet). 
Oxytetracycline (active substance): 7250 mg Oxiter 200 BMP (200 mg oxytetracycline/g; DOX-AL Italia S.p.A., Milano, Italy)/kg diet included 
over feed mixture preparation corresponding to 1450 mg oxytetracycline/kg diet. 
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Fig. 1. Daily access time to the feeders in rabbits subjected to daylight access to feed with fast refeeding until ad libitum (DF programme), night feed access with fast refeeding until ad libitum (NF 
programme), night access to feed with slow refeeding until ad libitum (NS programme), night access to feed with very slow refeeding and 12 h/day of restriction until the end of fattening 
(NI programme). 

M
. Birolo et al.                                                                                                                                                                                                         



Animal Feed Science and Technology 282 (2021) 115128

5

sum of morbidity and mortality rates (Gidenne et al., 2009). To prevent ill animals from affecting the digestibility trial, growth 
performance recordings, and carcass and meat quality, when the symptoms of digestive diseases (diarrhoea, presence of mucus, 
constipation, loss of weight) occurred for more than five days, ill rabbits were moved from the pens to infirmary cages 
(0.64 m × 0.78 m; area: 0.5 m2) and excluded from the trial. In total, 90 rabbits (17 in group AL, 22 in group DF, 14 in group NF, 20 in 
group NS, and 17 in group NI) were excluded (Table 2). Only data of animals that reached the end of the trial were retained for 
evaluating performance at any time of the trial. 

2.4. Digestibility trials 

The coefficients of total tract apparent digestibility (CTTAD) of dry matter (DM) and nutrients and the digestible energy (DE) 
contents of the P and F diets were measured in vivo in two digestibility trials. The pens (where rabbits were housed) were equipped with 
a wire net (2 mm mesh) under the floor to collect all hard faeces excreted daily by rabbits. 

Digestibility trials were performed according to the European standardised method (Perez et al., 1995). The first trial was carried 
out in 12 pens (10 animals per pen, 5 females and 5 males; 4 pens per group; AL, DF, and NF groups) from 38 to 42 days of age when 
rabbits were fed diet P. Only the NF rabbits were subjected to the digestibility trial because all the groups with nightly access to feed 
(NF, NI, and NS groups) had the same feeding schedule from 28 to 42 days of age. The second trial was performed in 20 pens (8 animals 
per pen, 4 females and 4 males; 4 pens per group; AL, DF, NF, NS, and NI groups) from 60 to 64 days of age when rabbits were fed diet F. 
Animals showing any sign of disease were promptly taken out of the pens. 

2.5. Sampling of caecal content 

At 42 days, when the restricted groups had 8 h/day of access to the feeders, 24 rabbits (8 rabbits per group, 4 females and 4 males; 1 
per pen; AL, DF, and NF groups), representative of the corresponding experimental groups in terms of average live weight and standard 
deviation, were slaughtered to sample their caecal content. Only NF rabbits were used out of those subjected to nightly access to feed 
(as explained above) for the first digestibility trial. Slaughtering was performed twice daily, one hour after the closure of feeders for 
both DF and NF groups (to limit the variability of the weight and composition of caecal content depending on the previous fasting 
period). In detail, eight rabbits belonging to the NF group were slaughtered in the morning (between 07:00 and 08:00), while eight 
rabbits belonging to the DF group were slaughtered in the evening (between 19:00 and 20:00). The eight rabbits belonging to the AL 
group were divided into two groups of four and slaughtered in the morning or evening just after the restricted animals. 

The rabbits were weighed immediately before slaughter and executed by cervical dislocation. The stomach and gut were then 
removed and weighed. The caecum was removed, weighed, and the pH of the caecal contents was immediately measured. The caecal 
contents were then diluted with a 15% HPO3 solution (25% wt/wt) and stored at − 20 ◦C until further chemical analyses (Trocino et al., 
2011). In the NS and NI groups, one rabbit per pen was removed and excluded from the trial to maintain the same group size (9 
rabbits/pen) and stocking density in all experimental groups. 

At 51 days of age, when the DF, NF, NS, and NI groups reached 24 h/day, 24 h/day, 18 h/day, and 12 h/day of access to the 
feeders, respectively, an additional 40 rabbits (8 rabbits per group, 4 females and 4 males; AL, DF, NF, NS, and NI groups) were 
slaughtered to sample caecal contents as described above. The rabbits in the NI group were slaughtered between 08:00 and 08:30 (one 
h after the closure of the feeders); AL, DF, and NF rabbits (now ad libitum) were slaughtered between 08:30 and 09:30. NS rabbits were 
slaughtered between 10:00 and 10:30 (one h after the closure of the feeders). 

Table 2 
Number of rabbits at the beginning, excluded, and slaughtered during the trial—mortality, morbidity, and health risk.   

Feeding programmes    

AL DF NF NS NI Total P-value 

Rabbits, no.               
Housed at 28 days of age  80  80  80  80  80  400   
Slaughtered/excluded at 42 days of age  8  8  8  8  8  40   
Slaughtered at 51 days of age  8  8  8  8  8  40   
On trial  64  64  64  64  64  320   
Dead  1  2  8  7  6  24   
Excluded due to illness  17  22  14  20  17  90   
Slaughtered at 70 days of age  46  40  42  37  41  206   
Mortalitya, %  1.56  3.12  12.5  10.9  9.38    0.137 
Morbidity, %  26.6  34.4  21.9  31.3  26.5    0.612 
Health risk indexb, %  28.2  37.5  34.4  42.2  35.9    0.667 

AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum; NS rabbits subjected to night feed access with slow refeeding until ad libitum; NI: rabbits subjected to night feed 
access with very slow refeeding and 12 h/day of restriction until the end of fattening. 

a Contrast: AL vs. DF + NF + NS + NI; P = 0.04. 
b Calculated as Mortality + Morbidity (Gidenne et al., 2009). 
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2.6. Commercial slaughter and carcass and meat quality recordings 

At 70 days of age, the rabbits in the trial [206 overall (105 females and 101 males); 46 from group AL (22 females and 24 males), 40 
from DF (21 females and 19 males), 42 from NF (23 females and 19 males), 37 from NS (19 females and 18 males), and 41 from NI (20 
females and 21 males)] were weighed at the experimental farm after a 4-h fasting period, according to slaughterhouse practices, 
properly caged and transported to a commercial slaughterhouse in an authorised truck, which took approximately 1 h. Slaughter took 
place approximately 1 h after arrival at the slaughterhouse, where the rabbits were individually weighed, stunned by electro- 
anaesthesia, and killed by jugulation. After 2.5 h of chilling, the commercial carcasses were weighed to calculate the individual 
carcass yield. The carcasses were then transported to the department laboratory and stored at 3–4 ◦C for 24 h. The reference carcass 
was obtained by removing the head, the thoracic organs, and the kidneys according to the procedures described by Blasco et al. (1993). 
Later, the carcasses were dissected (Blasco and Ouhayoun, 1996). 

The pH value of the right Longissimus lumborum muscles was measured in duplicate using a pH meter (Basic 20; Crison Instruments 
Sa, Carpi, Italy) equipped with a specific electrode (cat. 5232; Crison Instruments Sa, Carpi, Italy). Duplicate measurements of the 
L*a*b* colour indices (Commission International de l′Eclairage, 1976) were obtained from the same muscle using a Minolta CM-508 C 
spectrophotometer (Minolta Corp., Ramsey, NJ, USA). The hind legs and L. lumborum muscles were dissected, and the meat-to-bone 
ratio of the hind legs was measured (Blasco and Ouhayoun, 1996). The right L. lumborum muscles were stored at − 18 ◦C in 
vacuum-sealed plastic bags until downstream meat analyses, wherein thawing and cooking losses were measured. After thawing, the 
L. lumborum muscles were kept in plastic bags and cooked in a water bath until an internal temperature of 80 ◦C was achieved. After 1 h 
of cooling, the L. lumborum was cut into three parts (length: 40 mm; thickness: 10–30 mm). The maximum shear force was measured on 
these sections with a TA.HDI dynamometer (Stable Micro Systems Ltd., Godalming, Surrey, UK) using an Allo-Kramer (10 blades) 
probe (load cell: 500 kg; distance between the blades: 5 mm; thickness: 2 mm; cutting speed: 500 mm/min) (Bianchi et al., 2007). 

2.7. Chemical analyses 

The diets and the faeces were analysed to determine the dry matter (method 934.01), ash (967.05), crude protein (2001.11), and 
starch contents (amyloglucosidase α amylase method, 996.11) using AOAC (2000) methods following harmonised procedures 
(EGRAN, 2001). The ether extract was analysed after acid hydrolysis (EC, 1998). Neutral detergent fibre (aNDF) was analysed ac
cording to Mertens (2002), assayed using a heat-stable amylase without sodium sulphite and expressed inclusive of residual ash. Acid 
detergent fibre (ADF), expressed inclusive of residual ash, was analysed according to the AOAC method (2000, method 973.187). 

Fig. 2. Daily feed intake (a) and feeding level (b) (% of ad libitum rabbits) in rabbits fed ad libitum (AL); rabbits subjected to daylight access to feed 
with fast refeeding until ad libitum (DF); rabbits subjected to night feed access with fast refeeding until ad libitum (NF); rabbits subjected to night feed 
access with slow refeeding until ad libitum (NS); rabbits subjected to night feed access with very slow refeeding and 12 h/day of restriction until the 
end of fattening (NI). 
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Lignin (determined by the solubilisation of cellulose with sulphuric acid) was analysed according to Van Soest et al. (1991). The 
sequential procedure and filter bag system (Ankom Technology, Macedon, NY, USA) were used in the analyses. The gross energy 
contents of the diets and faeces were measured using an adiabatic bomb calorimeter (IKAC200, Staufen, Germany). 

The thawed caecal content samples were centrifuged at 9000 rpm for 10 min. Caecal N ammonia was determined in the super
natant using a pH meter (Crison GLP 22, Barcelona, Spain) equipped with an ammonia-specific electrode (mod. 9663, combined with 
the reference electrode mod. 5044) (Crison Instruments S.A., Barcelona, Spain). Volatile fatty acid (VFA) molar contents were 
measured in the supernatant by gas chromatography (Agilent 7820 A, equipped with a flame ionisation detector FID, split-splitless 
injection system, programmable oven) on an Agilent J&W cross bond capillary column DB-FFAP (30 m × 0.25 mm I.D., 0.25 µm 
film thickness) (Agilent Technologies, Santa Clara, CA, USA) according to the method described by Osl (1988). 

2.8. Statistical analyses 

Individual data of live weight, daily growth, caecal VFA content, slaughter results, and meat quality were analysed by two-way 
ANOVA using the PROC MIXED of SAS (2013). The model used the animal as experimental unit and included the feeding pro
gramme set as a fixed effect and the pen as a random effect. Pen data on feed intake, feed conversion, and CTTAD were analysed using 
the PROC GLM of SAS, with the feeding programme as a fixed effect and the pen as experimental unit. As for mortality and morbidity, 
the PROC CATMOD was used, with the feeding programme as a fixed effect. Least-squares means were compared using the Bonferroni 
test. Differences among means were considered statistically significant at P ≤ 0.05. 

3. Results 

3.1. Health and growth performance 

During the first four weeks of the trial, no health problems were recorded. In the last two weeks, a severe enteric disease, char
acterised by the typical symptoms of ERE (distension of the gastrointestinal tract and diarrhoea with the presence of mucus), appeared 
and spread in all pens. Mortality in the whole trial was 7.5% and was not affected by the feeding programme (Table 2), but it was 
significantly lower in the AL group (1.6%) than in all other feed-restricted groups (9.0% on average) (contrast AL vs feed-restricted 

Table 3 
Growth performance from weaning to the day before slaughter (28–69 days of age).   

Feeding programmes P-value RMSE1  

AL DF NF NS NI 

Rabbits2, no. 46 40 42 37 41     
Live weight, g          

At 28 days 647 633 638 638 634  0.785  66 
At 42 days 1387a 1172c 1276b 1249b 1258b  <0.001  122 
At 56 days 2113a 2014c 2088ab 2027bc 2035bc  0.029  172 
At 69 days 2696 2645 2727 2645 2673  0.279  202 

Restriction period (28–42 days)          
Weight gain, g/day 52.8a 38.7c 45.9b 43.6b 44.5b  <0.001  5.6 
Feed intake, g/day 102a 74c 79b 78b 79b  <0.001  2 
Feed conversion2 1.93a 1.96a 1.71c 1.81bc 1.78c  <0.001  0.09 

Refeeding period (43–56 days)          
Weight gain, g/day 51.8c 60.0a 57.7ab 55.4b 55.4b  <0.001  5.7 
Feed intake, g/day 140b 152a 148a 140b 135b  <0.001  5 
Feed conversion2 2.70a 2.57ab 2.56ab 2.56ab 2.44b  0.025  0.15 

Fattening period (57–69 days)          
Weight gain, g/day 45.3b 49.0a 49.7a 48.0ab 49.5a  0.019  7.0 
Feed intake, g/day 162b 169ab 176a 168ab 162b  <0.001  5 
Feed conversion2 3.58 3.54 3.58 3.52 3.31  0.101  0.26 

Whole period (28–69 days)          
Weight gain, g/day 49.9 49.1 49.7 48.9 51.0  0.164  4.2 
Feed intake, g/day 134a 131ab 133ab 128bc 124c  <0.001  3 
Feed conversion2 2.68a 2.71a 2.60ab 2.63ab 2.50b  0.002  0.10 

The experimental unit is the animal for live weight and weight gain (number of replicate per group = number of rabbits per group). The experimental 
unit is the pen for feed intake and feed conversion (number of replicates per group = 8). 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum; NS rabbits subjected to night feed access with slow refeeding until ad libitum; NI: rabbits subjected to night feed 
access with very slow refeeding and 12 h/day of restriction until the end of fattening. 

1 Root mean square error. 
2 All data in the table refer to rabbits that reached the end of the trial and were slaughtered at 70 days of age [206 overall (105 females and 101 

males); 46 from group AL (22 females and 24 males), 40 from DF (21 females and 19 males), 42 from NF (23 females and 19 males), 37 from NS (19 
females and 18 males), and 41 from NI (20 females and 21 males)]. 
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rabbits, P < 0.05). Morbidity and health risk indices did not differ between groups (Table 2). 
Regarding feeding behaviour, the daily feed intake of rabbits in the different groups and the corresponding feed restriction levels 

are shown in Fig. 2. During the first two weeks of the trial (28–42 days of age), feed intake was 79% of AL on average in rabbits 
subjected to nightly feed restriction programmes, which reached 74% in the DF group. At the start of refeeding (43 days), with an 
access time to the feeders of 12 h/day, DF and NF rabbits exceeded the intake level of the AL group by 11% and 7%, respectively. In the 
following two days, the DF and NF groups showed several fluctuations in feed intake, which remained higher than that of the AL group 
(+8% on average) until the end of the trial. Slow refeeding in the NS and NI groups allowed a more progressive transition from 
restricted to ad libitum feeding. The NS rabbits reached the feeding level of AL rabbits at 47 days of age and 13 h feeding/day, while NI 
rabbits did so at 48 days of age and 11 h feeding/day. 

Regarding growth performance, in the first two weeks of the trial, AL rabbits exhibited higher daily weight gain (52.8 vs 43.2 g/day 
on average; P < 0.001) and feed intake (102 vs 78 g/day on average; P < 0.001) compared with rabbits subjected to feed restriction 
(Table 3) for which the former reached a heavier live weight at 49 days of age compared with the latter (1387 vs 1239 g on average; 
P < 0.001). The DF rabbits exhibited the lowest weight gain and feed intake, and the worst feed conversion (1.96), whereas nightly 
restriction programs improved feed conversion (1.77 for NF, NS, and NI groups) compared with the AL group (1.93; P < 0.001). 

During the refeeding period (3rd and 4th week of trial), previously restricted rabbits exhibited higher daily weight gain (+10.3%; 
P < 0.001) than the AL ones, with the highest values seen in DF and NF groups (58.9 g/day on average). The DF and NF groups also 
showed a higher feed intake than the AL group and the other feed restriction programmes (150 vs 138 g/day, respectively; P < 0.001). 
Feed conversion was lower in NI than AL rabbits (− 9.6%; P = 0.025). 

In the last two weeks of fattening, the DF, NF, NS, and NI groups still had a higher daily weight gain (+8.3%; P = 0.019) than the AL 
group. NF rabbits showed the highest feed intake, while AL and NI rabbits showed the lowest feed intake (176 vs 162 g/day, 
respectively: P < 0.001). 

In the whole trial, the feeding programmes did not affect daily weight gain (49.7 g/day on average) for a similar final live weight 
(2677 g). The NS and NI groups had a lower feed intake than the AL group (− 6.0% on average; P < 0.001), whereas the NI programme 
had the lowest feed conversion ratio compared with the AL and DF groups (P = 0.002). 

3.2. Digestibility and nutritive value of experimental diets 

Eight days after the beginning of the trial, with 8 h feeding/day for the restricted programmes, both DF and NF programmes 
increased the CTTAD of crude protein (+4.6%; P < 0.001) and ether extract (+2.7%; P < 0.001) as well as dry matter and gross energy 
(+2.5 and +2.9%, respectively; P ≤ 0.05) with respect to the AL group (Table 4). The CTTAD of starch was higher in the NF group than 
in the AL group (P = 0.030). 

During the refeeding period, when DF, NF, and NS rabbits had 24 h feeding/day and NI rabbits had 12 h/day, the DF and NF groups 
showed the highest feed intake and the lowest CTTAD of dry matter, crude protein, and gross energy (Table 5). The NI group had the 
lowest feed intake (P = 0.001) and the highest CTTAD for dry matter (P = 0.001), crude protein (P = 0.003), and gross energy 
(P = 0.001), whereas intermediate values were recorded in the AL and NS groups. 

3.3. Caecal content and caecal fermentative activity 

At 42 days of age, the proportion of full gut (including its content) was lower in AL rabbits than in feed-restricted rabbits (22.1 vs 

Table 4 
Coefficients of total tract apparent digestibility (CTTAD) and nutritive value of diet P measured during the restriction period (digestibility trial from 
38 to 42 days of age).   

Feeding programmes    

AL DF NF P-value RMSE1 

Pens, no. 4 4 4   
Feed intake, g/day 117a 93b 96b < 0.001 3 
Gross energy 0.619b 0.639a 0.635ab 0.046 0.010 
Dry matter 0.612b 0.632a 0.623ab 0.044 0.010 
Crude protein 0.769b 0.807a 0.801a < 0.001 0.008 
Ether extract 0.814b 0.838a 0.834a < 0.001 0.004 
aNDF 0.311 0.337 0.334 0.086 0.013 
ADF 0.201 0.224 0.221 0.311 0.017 
Starch 0.989b 0.991ab 0.993a 0.030 0.001 
Digestible protein (DP), g/kg 120 126 125 – – 
Digestible energy (DE), MJ/kg 10.03 10.36 10.29 – – 
DP to DE ratio, g/MJ 11.96 12.13 12.11 – – 

The experimental unit is the pen (number of replicates per group = 4). 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum. 

1 Root mean square error. 
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26.4% on average; P < 0.001), as was the proportion of full stomach (6.08 vs 9.21 g/100 g LW on average; P < 0.001) and full caecum 
(6.98 vs 8.37 g/100 g LW on average; P = 0.001) (Table 6). The total caecal content of VFA was the lowest (P = 0.034), and the caecal 
pH highest (5.46 vs 5.34 on average; P = 0.013) in the AL group compared with feed-restricted ones. The N-ammonia content in the 
caecum was higher in AL than in DF rabbits (6.32 vs 3.74 mmol/L; P = 0.053). NF rabbits showed the lowest molar proportion of 
valeric acid (P = 0.001). 

At 51 days, when DF, NF, NS, and NI rabbits had 24, 24, 18, and 12 h/day feedings, respectively, the proportion of full gut was 
lower in AL rabbits than in feed-restricted rabbits (20.6 vs 23.6 g/100 g LW, on average; P < 0.001; Table 7). The proportion of the full 
stomach was lower in the AL, DF, and NF groups than in the NS and NI groups (7.20 vs 8.61 g/100 g LW, on average; P < 0.001), 
whereas the proportion of full caecum was the highest in NI rabbits and the lowest in AL rabbits (7.65 vs 6.57 g/100 g LW; P = 0.021). 
The caecal content had similar pH and N-ammonia values in all groups, whereas the total VFA content in the cecum was higher in the 
NS and NI groups than in the AL, DF, and NF groups (+17.8%; P < 0.001). 

3.4. Slaughter results, carcass traits and meat quality 

All experimental groups achieved similar slaughter weights (2667 g on average), cold carcass weights (1571 g on average), and 

Table 5 
Coefficients of total tract apparent digestibility (CTTAD) and nutritive value of diet F measured during the fattening period (digestibility trial from 60 
to 64 days of age).   

Feeding programmes    

AL DF NF NS NI P-value RMSE1 

Pens, no. 4 4 4 4 4   
Feed intake, g/day 165bc 178a 178a 170ab 157c 0.001 5 
Gross energy 0.615ab 0.607b 0.605b 0.615ab 0.622a 0.001 0.005 
Dry matter 0.606ab 0.595b 0.597b 0.607ab 0.613a 0.001 0.005 
Crude protein 0.729ab 0.714b 0.715b 0.731ab 0.743a 0.003 0.010 
Ether extract 0.808 0.810 0.811 0.812 0.825 0.335 0.013 
aNDF 0.308 0.306 0.308 0.319 0.317 0.231 0.009 
ADF 0.201 0.191 0.193 0.201 0.199 0.892 0.015 
Starch 0.987 0.988 0.988 0.988 0.990 0.062 0.001 
Digestible protein (DP), g/kg 113 111 111 113 115 – – 
Digestible energy (DE), MJ/kg 9.86 9.70 9.69 9.86 9.96 – – 
DP to DE ratio 11.43 11.44 11.41 11.47 11.54 – – 

The experimental unit is the pen (number of replicates per group = 4). 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum; NS rabbits subjected to night feed access with slow refeeding until ad libitum; NI: rabbits subjected to night feed 
access with very slow refeeding and 12 h/day of restriction until the end of fattening. 

1 Root mean square error. 

Table 6 
Caecal fermentative activity measured during the restriction period (42 days of age).   

Feeding programmes    

AL DF NF P-value RMSE1 

Rabbits, no. 8 8 8     
Live weight (LW), g 1446a 1310b 1337ab  0.042  106 
Full gut, g/100 g LW 22.1b 26.4a 26.3a  < 0.001  1.2 
Full stomach, g/100 g LW 6.08b 9.36a 9.05a  < 0.001  1.03 
Full caecum, g/100 g LW 6.98b 8.41a 8.32a  0.001  0.74 

Caecal content        
pH 5.46a 5.36b 5.32b  0.013  0.08 
N–NH3, mmol/L 6.32a 3.74b 5.28ab  0.053  2.22 
Total VFA, mmol/L 67.7b 75.4ab 79.7a  0.034  8.6 
Acetic acid, mol/100 mol total VFA 83.8 84.9 85.1  0.480  2.3 
Propionic acid, mol/100 mol total VFA 5.30 4.54 4.54  0.139  0.84 
Butyric acid, mol/100 mol total VFA 10.25 9.98 10.02  0.939  1.68 
Valeric acid, mol/100 mol total VFA 0.62a 0.56a 0.36b  0.001  0.12 
Propionic acid/butyric acid ratio 0.52 0.46 0.46  0.159  0.08 

The experimental unit is the animal (number of replicates per group = 8, 4 females and 4 males). 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum. 

1 Root mean square error. 
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carcass yield (60.2 g/100 g LW at slaughter on average) (Table 8). The liver proportion was higher in feed-restricted rabbits than in AL 
and reached the highest value in the NI group (P = 0.001). The feeding program did not affect carcass muscularity, fatness, or meat 
quality traits (Table 8). 

4. Discussion 

The nightly feeding restriction programs tested in the present trial were designed considering the feeding behaviour of rabbits, 
which show a low feeding activity during the day (Gidenne et al., 2010; Birolo et al., 2020b), especially in the morning when cae
cotrophy occurs (Gidenne and Lebas, 2005). In fact, during the first two weeks of the trial, the nightly feeding restriction programmes 
had a less severe feed intake reduction compared with the DF programme, for which rabbits required a longer adaptation period (about 
one week) after the start of the trial to reach the intake level of the other feed-restricted groups (Fig. 2). Unexpectedly, the nightly 
programmes improved feed efficiency compared with the AL and DF groups. For the latter, a lower feed intake resulted in a pro
portionally lower growth with no positive effect on feed conversion. 

Indeed, during the restriction phase, a positive effect on feed efficiency has been previously reported by applying either quanti
tative or time-based restriction programmes ranging from 63% to 75% of ad libitum (Foubert et al., 2007; Knudsen et al., 2014). 
Increased digestibility of most nutrients could partially account for this result (Knudsen et al., 2014, 2017), whereas the mean 
retention time of digesta increased in rabbits subjected to quantitative feed restriction compared with ad libitum feeding regimes 
(Gidenne and Feugier, 2009). Duperray and Guyonvarch (2013) reported that feed efficiency in growing rabbits fed 14 h/day was 
better than that in rabbits fed ad libitum. 

In the present trial, this worked only in the case of nightly restriction programs, indicating that these programmes better fit rabbit 
feeding behaviour and digestive physiology compared with a daily restriction programme. This result is consistent with the findings of 
Weissman et al. (2009), who measured a better feed efficiency (during the first three weeks after weaning) in rabbits fed during the 
night rather than during the day. 

As for the refeeding phase, previously feed-restricted rabbits usually exhibit compensatory growth, which is linearly related to the 
previous feed restriction rate (Gidenne et al., 2009) and is associated with improved feed efficiency (Gidenne et al., 2012, 2017). In the 
present study, the compensatory growth of restricted rabbits was confirmed both in the refeeding and fattening periods, whereas DF 
rabbits, showing the greatest compensatory growth during refeeding, decreased growth rate during fattening. However, a better feed 
efficiency was observed only in the group restricted until the end of the trial (NI). In fact, during refeeding, the diet digestibility did not 
differ between the ad libitum and previously restricted groups (present trial; Tůmová et al., 2016; Knudsen et al., 2014; Uhlí̌rová et al., 
2015; Birolo et al., 2017) because the mean retention time of digesta in the gut, the enzyme/substrate ratio, and nutrient absorption are 
expected to be the same in all groups (Gidenne and Feugier, 2009). 

Over the entire rearing period, the effect of feed restriction on the performance and feed efficiency of growing rabbits can vary 
widely depending on the restriction rate and the duration of both restriction and refeeding phases (Xiccato, 1999; Gidenne et al., 
2012). Compared with ad libitum feeding, quantitative feed restriction from 70% to 90% of AL during the first three weeks after 
weaning, followed by two weeks of refeeding, decreased the growth rate from 5% to 10%, but improved feed conversion from 10% to 
15% (Gidenne et al., 2012, 2017). Consistent with the results observed for NI rabbits in the present study, Salaun et al. (2011) reported 
that adhering to 12 h feeding/day from weaning to 66 days of age helped decrease the feed conversion by 4.4% compared with ad 

Table 7 
Caecal fermentative activity measured during the refeeding period (51 days of age).   

Feeding programmes    

AL DF NF NS NI P-value RMSE1 

Rabbits, no. 8 8 8 8 8     
Live weight (LW), g 1844 1721 1778 1761 1779  0.734  159 
Full gut, g/100 g LW 20.6b 22.9a 22.7a 24.0a 24.7a  <0.001  1.5 
Full stomach, g/100 g LW 6.31b 7.23b 7.20b 8.75a 8.47a  <0.001  0.92 
Full caecum, g/100 g LW 6.57b 7.53ab 7.50ab 7.03ab 7.65a  0.021  0.71 

Caecal content          
pH 5.85 5.84 5.79 5.64 5.56  0.277  0.33 
N–NH3, mmol/L 6.42 8.18 8.29 10.7 8.22  0.150  3.50 
Total VFA, mmol/L 76.5b 83.0b 83.4b 96.2a 94.6a  <0.001  7.2 
Acetic acid, mol/100 mol total VFA 83.8 83.5 84.0 83.1 82.0  0.078  1.6 
Propionic acid, mol/100 mol total VFA 4.86 4.66 4.60 4.58 4.41  0.644  0.71 
Butyric acid, mol/100 mol total VFA 10.66b 10.78b 10.80b 11.68ab 12.97a  0.031  1.63 
Valeric acid, mol/100 mol total VFA 0.54 0.54 0.53 0.52 0.49  0.619  0.08 
Propionic acid/butyric acid ratio 0.45 0.43 0.42 0.39 0.34  0.808  0.10 

The experimental unit is the animal (number of replicates per group = 8, 4 females and 4 males). 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum; NS rabbits subjected to night feed access with slow refeeding until ad libitum; NI: rabbits subjected to night feed 
access with very slow refeeding and 12 h/day of restriction until the end of fattening. 

1 Root mean square error. 
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libitum feeding, whereas growth rates and final live weights were not affected. Foubert et al. (2007) observed that feed conversion 
significantly decreased in rabbits fed from 6 to 10 h/day in the first three weeks after weaning and then fed ad libitum during the last 
two weeks. However, in the latter study, the growth rate and final live weight of feed-restricted rabbits were also reduced. In contrast, 
in a previous study (Birolo et al., 2020b), growth performance and feed conversion were not affected when feeding time increased from 
10 to 24 h/day during the first four weeks post-weaning, as observed in the present trial for rabbits allowed ad libitum feeding (24 h 
feeding/day) after restriction. 

Surely, either quantitative or time-based feed restriction strategies produce significant changes in the feeding behaviour of rabbits, 
which ingest a high quantity of feed in a short time as soon as feed is provided (Gidenne et al., 2010; Birolo et al., 2020b). Conse
quently, a peak in fermentation is expected to occur in the caecum because of the high flow of digesta (Bellier et al., 1995). In the 
present trial, an increased fermentation rate was also observed when feeding was prevented both during the restriction and refeeding 
periods when the caecal sampling was performed one hour after closing the feeders. 

Gidenne and Feugier (2009) observed that caecal VFA concentration was significantly higher in severely restricted rabbits (60% of 
ad libitum) than in the ad libitum group and that caecal pH values also decreased with a moderate feed restriction (80% of ad libitum). 
According to De Blas et al. (2012), a higher caecal VFA concentration and a lower caecal pH might limit the proliferation of pathogens 
in the gut and protect feed-restricted rabbits against digestive diseases. However, how the changes in the fermentation activity pro
duced by feed restriction can affect rabbit health has not been elucidated. 

Undoubtedly, the claimed protective effect of feed restriction on gut health has been found to disappear during the refeeding phase 
(Alabiso et al., 2017; Knudsen et al., 2017). Additionally, Tůmová et al. (2016) reported no residual effects on the caecal VFA con
centration in previously feed-restricted rabbits, as was seen in the comparison between AL and NF groups in the present trial. Feed 
intake peaks are usually observed in feed-restricted rabbits when the restriction is abruptly interrupted for ad libitum feeding (Foubert 
et al., 2007; Knudsen et al., 2014, 2017), as evident in the present trial for rabbits subjected to fast refeeding. Peaks are usually 
associated with the appearance of digestive disorders. In contrast, a very slow (+30 min/day) and incomplete refeeding (until 12 h 
feeding/day), such as that used in the present trial, would allow rabbits to gradually reach the intake level of the AL group, preventing 
ingestion peaks and overconsumption during the refeeding and fattening phases, as previously reported (Birolo et al., 2020a). These 
facts did not reduce digestive troubles, however, under the conditions of the present trial and despite the use of a post-weaning diet 
containing antibiotics, the occurrence of ERE in the last two weeks rapidly increased and impaired health in more than one-third of the 
rabbits. Despite the absence of a significant effect on the feeding programme, a numerically higher mortality was observed in NF, NS, 
and NI rabbits compared to the other two groups, whereas the contrast analysis showed higher mortality in the restricted than in the 
non-restricted groups, which needs to be confirmed using a higher number of animals. 

Several authors have reported an increased proportion of the full gastrointestinal tract and the liver in feed-restricted rabbits, 

Table 8 
Slaughter data, main characteristics of 24 h chilled carcasses and meat quality of rabbits slaughtered at 70 days of age.   

Feeding programmes    

AL DF NF NS NI P-value RMSE1 

Rabbits, no. 46 40 42 37 41     
Live weight at farm2, g 2680 2684 2705 2629 2637  0.345  179 
Slaughter weight (SW), g 2628 2621 2643 2574 2574  0.261  174 
Transport losses, % 1.64 2.02 1.90 1.88 2.16  0.186  1.01 
Cold carcass (CC), g 1588 1572 1600 1550 1546  0.172  113 
Carcass yield, g/100 g SW 60.4 60.0 60.6 60.2 60.0  0.525  1.85 
Liver, g/100 g CC 4.07b 4.36ab 4.48ab 4.28b 4.78a  0.001  0.66 
Reference carcass3 (RC), g 1351 1316 1346 1316 1292  0.207  101 
Dissectible fat, g/100 g RC 2.08 2.19 2.11 2.10 1.71  0.310  0.68 
Hind leg muscle/bone ratio 5.65 5.44 5.57 5.44 5.64  0.542  0.47 
Longissimus lumborum          

pH 5.67 5.66 5.62 5.63 5.64  0.581  0.09 
L* 51.7 51.7 52.4 51.9 51.9  0.809  2.4 
a* –1.64 –1.81 –1.86 –2.05 –1.92  0.059  0.55 
b* 1.33 2.02 1.31 1.52 1.86  0.493  1.92 
Thawing losses, % 8.12 8.29 9.06 8.51 8.26  0.699  1.98 
Cooking losses, % 36.6 36.6 36.1 36.2 36.4  0.877  1.5 
Shear force, kg/g 6.38 6.15 6.07 6.36 6.55  0.805  1.22 

The experimental unit is the animal (number of replicates per group = number of rabbits per group). 
[206 overall (105 females and 101 males); 46 from group AL (22 females and 24 males), 40 from DF (21 females and 19 males), 42 from NF (23 
females and 19 males), 37 from NS (19 females and 18 males), and 41 from NI (20 females and 21 males)] 
Means with different superscript letters on the same row differ significantly (P < 0.05; Bonferroni test). 
AL, rabbits fed ad libitum; DF, rabbits subjected to daylight access to feed with fast refeeding until ad libitum; NF: rabbits subjected to night feed access 
with fast refeeding until ad libitum; NS rabbits subjected to night feed access with slow refeeding until ad libitum; NI: rabbits subjected to night feed 
access with very slow refeeding and 12 h/day of restriction until the end of fattening. 

1 Root mean square error. 
2 Live weight measured after 4 h of fasting. 
3 Reference carcass obtained by removing the head, the thoracic organs and the kidneys (Blasco et al., 1993). 
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mainly because of the speedy filling up of the digestive organs during the refeeding phase (Knudsen et al., 2014, 2017; Crespo et al., 
2020). Tůmová et al. (2016) described that the large intestine and caecum achieved a higher development and weight in feed-restricted 
rabbits, either during the restriction or refeeding phase. According to Knudsen et al. (2014), the higher proportion of liver in 
feed-restricted rabbits, which was also observed in our study, could be associated with an increased demand for glycogen storage. 
Additionally, the digestive tract’s increased weight may lead to an overestimation of growth and feed efficiency in the first refeeding 
period (Knudsen et al., 2014), as well as a decreased slaughter yield in feed-restricted rabbits (Xiccato, 1999). Nonetheless, none of the 
feed restriction programmes used in the present study affected the growth rate over the entire period and final live weight, for which 
neither slaughter results nor carcass and meat quality differred among groups. These findings agree with those of other studies in 
which mild feed restriction levels or prolonged refeeding phases were applied (Birolo et al., 2016, 2017; Alabiso et al., 2017). 
Moreover, Salaun et al. (2011) reported that rabbits fed for 12 h from 35 to 66 days of age reached similar slaughter yields as those of 
rabbits always fed ad libitum, as observed for NI rabbits in the present study. 

5. Conclusions 

Under the conditions of the present trial (that is, collective housing systems for growing rabbits), time-based feed restriction was 
confirmed to affect performance during the restriction period, but rabbits quickly adapted their feed intake to the available feeding 
time. Thus, at the end of the trial, differences among groups disappeared, with no residual effects on slaughter results, carcass, and 
meat quality. Nightly access to feed appeared closer to the natural feeding behaviour of rabbits and can be used until the end of the trial 
with positive results for feed conversion. The pattern of caecal fermentation changes during the day owing to feed restriction with the 
different programmes must be investigated further because of its possible relationship with rabbit gut health. 
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