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ABSTRACT: The aim of the present study was to evaluate the influence of different dietary protein levels on 

the productive performance of unselected rabbit does and their litters during their first two lactations. For this 

purpose, fifty-two nulliparous rabbit does, 4.5 months of age and live weight of 3115 ± 71 g, were divided 

into three groups (17 or 18 females per group), kept in individual cages and each group received only one of 

the three experimental diets. These diets were iso-energetic (10.8 MJ DE/kg), but with increasing levels of 

crude protein (CP): 15%, 17% and 19 % for the low (L), medium (M) or high (H) diets, respectively. Breeding 

was carried out by natural copulation using 6 males of 5-6 months of age and 2865±21 g initial weight, 

controlled semi-intensive lactation and weaning at 35 days after birth. Female body weight, feed intake, milk 

production, litter size and weight were monitored at birth and weekly after parturition during the first two 

lactations. The protein intake of the rabbits increased with the amount of protein in the diet (L vs. M: +12.2%; 

L vs. H: +18.8%; p < 0.001), without any effect on milk production and feed intake. Milk production was 

unaffected by parity. Throughout the pre-weaning period, litter size and weight and maternal mortality were 

unaffected by dietary protein level. Dietary protein level had no effect on live weight, birth to weaning weight 

gain, milk production or feed intake during the first two consecutive lactations of rabbit does. 

Keywords: Feed Intake, Litter parameters, Milk production, Protein content, Unselected rabbit does, Weight 

gain. 
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INTRODUCTION   
 

The main cost in raising rabbits is feed, which accounts for more than 70% of the total production cost. Rabbits does are 

highly fertility and can be simultaneously be pregnant and suckling. The digestible protein consumed by rabbit does 

hence could be used both for body growth, milk production and fetal growth. A negative protein balance can result if the 

does are pregnant and lactating simultaneously, especially if the feed intake does not match demand (Parigi-Bini et al., 

1992; Martínez-Paredes et al., 2022).  

Previous studies have reported the significant effect of energy balance on rabbit does production (Xiccato, 1996; 

Xiccato et al., 1999), as well as the requirement for milk, in late pregnancy, body fat, energy and protein requirements 

also become relevant because of the development of the pregnant uterus and the fœtal protein turnover (Arias-Alvarez et 

al., 2009). Saidj et al. (2016) showed that there was no effect of the energy content of the feed neither on their weight or 

milk production of local Algerian does, nor on their litter. However, a significant decrease in feed intake in females fed 

most energetic diet was recorded. The protein content of the diet has a significant impact on the cost of feeding, which is 

the highest cost item in rabbit production - up to 70%. Diets with lower protein content allow for a significant reduction in 

feed costs and in excretion of nitrogen (Maertens, 1999). According to Mathika (2023), rabbits are likely to have a 

variable response to the level of protein in their diet. Recently, Martínez-Paredes et al. (2022) suggested that an excess of 

CP may increase the rate of stillbirth at first parturition.  

Therefore, the aim of the present work was to study the influence of different diet protein level on productive 

performances of local unselected rabbit does and their litters during their two first lactations. 

 

MATERIALS AND METHODS 
 

Ethical consideration 

The experiment was carried out in accordance with the guidelines for Experimental Animals approved by the 

Algerian Association of Animal Experimentation Sciences (58 AASEA: N°45/DGLPAG/DVA/SDA/19). 

 

Animals and experimental design  

A total of fifty-two (52) nulliparous local unselected rabbit does, 4.5 months old and 3115±71 g weight with variable 

phenotype, were individually weighed and subsequently kept in individual galvanized cages, disposed on flat deck system 
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and received one of the three experimental diets. Reproduction was performed by natural mating using six males (2 per 

group) of 5 to 6 months old and 2865±21 g initial weight with semi-intensive rhythm (mating between 10 to 12 days 

post-partum). The pregnancy diagnosis was made by abdominal palpation 10 days post coitum. Each cage was provided 

of nest box with a gate to isolate the females of their litters. Each group made up of 17 or 18 females and 2 males. All 

animals were subject to the same breeding conditions. Reproduction rhythm was semi-intensive, and the kits weaning 

done at 35 days postpartum. The live weight of does, feed intake, milk production and litters enumeration and weight 

were controlled at birth and weekly after partum during the two first lactations. The nest boxes were always closed except 

for the moment of lactation; the does were subjected to control nursing: they had access to their litter once a day 

(between 08.00 and 09.30). For milk yield measurement, differential weighing of does was performed immediately 

before and after suckling from parturition to 21d post-partum (Parigi-Bini et al., 1992).  

 

Experimental diets 

Does were divided into three groups and offered one of the three diets formulated to be isoenergetics and to meet 

the requirements (10.8 MJ DE/kg) according to De Blas and Mateos (2020) but with different and increasing crude 

protein (CP) content i.e.15, 17 or 19% CP for Low (L), Mean (M) or High (H) diet respectively. The ingredients and 

nutritional characteristics of the three diets are shown in Table 1. Diets were provided ad libitum between parturition and 

weaning. The chemical analyses were performed at alimentation laboratory of Higher National Veterinary School, Algiers, 

Algeria, according to ISO methods and considering the recommendations proposed by the EGRAN group (EGRAN, 2001): 

dry matter (ISO 6496:1999), crude ash (ISO 5984:2002), crude protein (N×6.25, Dumas method, ISO 16634-2:2009). 

The neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analyzed at nutritional laboratory of animal 

production department, Liège University, Belgium, according to sequential method of Van Soest, ashless, without sodium 

sulphite, and using crucibles (Tecator apparatus) (AFNOR 1997, ISO 16472: 2006 and ISO 13906: 2008). The gross 

energy (ISO 9831:1998) was analyzed at Animal production laboratory Agro-Bio Tech de Gembloux, Belgium. The 

digestible energy was estimated with Allix software (2002) when the feeds were formulated. 

 

Table 1 - Nutritional characteristics of the experimental diets 

                                          Diets 

Ingredients (%)  
L M H 

Corn Grain 35.0 28.0 23.0 

Alfalfa meal 44.1 43.5 43.6 

Barley Grain 4.4 6.3 5.6 

Soybean Meal 11.7 17.1 22.5 

Wheat Bran 2.0 2.3 2.5 

Di-Calcium Phosphate  1.8 1.8 1.8 

Premix1 1.0 1.0 1.0 

Chemical composition (%) 

Dry matter 89.3 89.5 89.6 

Ash 7.71 10.07 8.40 

Crude protein 15.5 17.5 18.9 

Crude fibre 11.88 13.88 13.03 

ADF  15.89 17.14 16.01 

NDF  35.33 45.08 41.79 

Ether extract  1.67 2.0 2.33 

Gross energy (MJ/kg) 18.26 18.17 18.34 

Digestible Energy (MJ/kg) 10.9 10.9 10.9 
L: Low-protein content; M: Medium-protein content; H: High-protein content; 1 Composition of mineral-vitamin complement: vitamin B: 6.100 

mg; folic acid: 200mg; vitamin D1: 200mg; biotin: 4mg; Choline chloride: 18mg; Co :40 mg; Fe: 4000 mg; Cu: 1000 mg; Mn: 2000 mg; 

Iodine: 80 mg; Zn: 6000 mg; Se: 8 mg; Mg: 26000mg; Sulphur: 6800mg.  

 

Statistical analysis 

Statistical analysis of the data was performed using the Statistical Analysis Systems Software (SAS, 2005). The data 

were analyzed using the mixed model procedure of SAS software (SAS, 2005) to identify significant sources of variation. 

To test the effects on production performances, two fixed effects were considered: diet (L, M, and H) and parity (first and 

second). The litter size was considered as a covariate in the model for the live weight, milk yield, feed intake, and 

mortality rates. The least-squares means were compared using Tukey HSD tests (SAS, 2005). The number of kits was 

compared between groups using a non-parametric procedure (Kruskal-Wallis test) (SAS, 2005). The significance threshold 

was set at P<0.05. 

 

RESULTS  

 

Live weight, feed intake and milk production of does  

During the experimental period, the live weight of the does was not different regardless the protein level of the 

ingested feed (p>0.05). However, a significant difference in weight gain was noted at 21 days postpartum (p<0.05) and a 

trend towards significance in weight gain at weaning (p=0.09). Females that were fed the lowest protein diet tended to 

gain more weight (Table 2). 
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Table 2 - Effect of an increase in the protein content of the diet on the body weight of rabbit does and their feed intake (g) during their first two reproductive cycles (LSM ± SEM). 

Parameters 
Diets Parity P-value 

L M H P1 P2 Diet Parity Cov. 

Number of observations 31 32 33 50 46 - - - 

Live Weight at Parturition (g)A 3776±76.7 3859 ±74.0 3742±76.4 3640±62.6 3945±66.3 0.53 0.002 0.06 

Live Weight During Lactation (g) 

1st Week B 4085±92.1 4111±83.5 3914±87.3 4022±76.7 4052±76.0 0.23 0.79 0.55 

2nd Week C 4156 ±89.1 4124±78.6 3975±83.8 4068±72.0 4102 ±71.1 0.28 0.75 0.46 

3rd Week D 4219±94.0 4146±82.9 3998±88.3 4219±75.8 4023±74.8 0.22 0.08 0.47 

4th Week E 4280±86.6 4180±76.5 4054±81.4 4247±69.9 4095±69.1 0.17 0.14 0.085 

5th Week (Weaning) F 4281±92.4 4199 ±81.6 4060±86.8 4273±74.6 4086±73.7 0.22 0.09 0.26 

Weight Gain Parturition-3rd week D 407±51.5a 230±45.5b 328±48.4ab 491±41.5 153±50.0 0.04 <0.001 0.16 

Weight Gain Parturition-Weaning F 467±59.1a 284±52.1b 391±55.4ab 542±47.7 220±47.1 0.07 <0.001 0.04 

Feed Intake (g) 

1st Week B 1287±79.2       1414±69.9       1444±74.6       1364±64.3 1400±63.4 0.32 0.71 0.003 

2nd Week C 1831±82.5      1734±74.4    1810±77.5    1804±67.3 1780±65.6 0.64 0.81 0.023 

3rd Week D 1979±80.7       1943±72.8       1871±77.9      2067±65.8 1795±65.5 0.62 0.007 0.002 

Total Feed Intake 21 d D 5102±197.7 5088±178.4 5150±191.1 5234±161.1 4993±160.4 0.97 0.311 0.007 

4th Week E 2324±91.2 2251.58±82.3 2376±85.6 2416±74.4 2218±72.5 0.57 0.07 <0.001 

5th Week (Weaning) F 2913±130.5 2768±117.6 2935±122.3 2756±106.5 2987±103.8 0.57 0.14 <0.001 

Total Feed Intake 35 d F 10351±374.0 10090±337.3 10428±360.9 10414±305.2 10165±303.8 0.77 0.58 <0.001 

Daily Feed Intake F 295.7 ±10.7 288.3 ±9.6 297.9±10.3 298±8.7 290±8.7 0.77 0.58 <0.001 

Daily protein intake F 44.5±1.9a 50.7±1.8b 54.8±1.7c 50.4±1.6 49.5±1.6 <0.001 0,70 <0.001 

L: Low-protein content; M: Medium-protein content; H: High-protein content; P: parity; Cov.: covariate; SEM: standard error of the mean; a, b, c: Means with different letters on the same row between diets (Low, 

Medium and High) and parities (P1 and P2) differ significantly (P<0.05); A Covariate: Total litter size at partum; B Covariate: Total litter size at 07 days; C Covariate: Total litter size at 14 days; D Covariate: Total litter 

size at 21 days; E Covariate: Total litter size at 28 days; F Covariate: Total litter size at 35 days. 
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Table 3 - Effect of an increase in the protein (%) content of the diet on the milk production of local rabbits does during their first two reproductive cycles (LSM ± SEM) 

Parameters  

(g) 

Diets Parity P-value 

L M H P1 P2 Diet Parity Cov. 

Number of observations 31 32 33 50 46 - - - 

1st Week B 703±33 739 ±31 741±32 699±28 756±27 0.664 0.174 <0.001 

2nd Week C 1083±46 1085±42 1063.±44 1062±38 1092±37 0.924 0.592 <0.001 

3rd Week D 1217±49 1300±45 1265±47 1241±41 1280±39 0.484 0.515 <0.001 

Lactation D 3016±122 3132±111 3080±116 3007±100 3144±97 0.785 0.352 <0.001 
L: Low-protein content; M: Medium-protein content; H: High-protein content; P: parity. Cov.: covariate; SEM: standard error of the mean; B Covariate: Total litter size at 07 days; C Covariate: Total litter size at 14 days; D 

Covariate: Total litter size at 21 days. 

 

 

Table 4 - Effect of increasing dietary protein (%) on rabbit litter performance over the first two reproductive cycles (LSM ± SEM) 

Parameters 
Diets Parity P-value 

L M H P1 P2 Diet Parity Cov. 

Number of observations 31 32 33 50 46 - - - 

Total Litter Size at 

Birth  6.74 6.91 7.00 6.02 7.83 0.890 <0.001 - 

Live at Birth 5.13 6.12 5.66 5.10 6.24 0.463 0.013 - 

1st Week  3.77 4.85 4.44 3.50 5.30 0.322 0.001 - 

2nd Week  3.71 4.76 4.34 3.42 5.22 0.361 0.001 - 

3rd Week  3.71 4.76 4.31 3.42 5.20 0.359 0.001 - 

4th Week  3.71 4.76 4.28 3.40 5.20 0.353 0.001 - 

5th Week (Weaning) 3.65 4.76 4.25 3.36 5.17 0.320 0.001 - 

Mortality (%) at 

Birth A 25.2±5.28 11.8±5.10 18.1±5.17 16±4.34 20.77±4.55 0.193 0.457 0.800 

Birth to Weaning E  31.1±7.06 24.8±6.49 30.7±6.82 34.9±5.39 22.85±5.71 0.990 0.823 <0.001 

Total litter weight (g) at 

Birth A 394±11.2 420 ±10.8 392±10.9 394±9.1 410±9.6 0.142 0.253 <0.001 

Live at Birth A 313±21.2a 382±19.9b 359±20.9ab 346±17.2 356±18.1 0.062 0.705 <0.001 

1st Week B 658±25.8 674±22.7 685±24.2 648±20.8 698±20.6 0.748 0.107 <0.001 

2nd Week C 1216±49.5 1172±43.3 1157±47 1132±40 1231±38.9 0.675 0.091 <0.001 

3rd Week D 1717±69.5 1724±61.2 1694±66.4 1665±56.4 1759±54.9 0.942 0.254 <0.001 

4th Week  E 2640±110.8 2573±97.6 2591±105.8 2528±90.1 2675±87.6 0.900 0.265 <0.001 

5th Week (Weaning) F 3835±149.2 3579±131.3 3786±142.3 3584±121.3 3883±118.1 0.380 0.091 <0.001 

L: Low-protein content; M: Medium-protein content; H: High-protein content; P: parity; Cov.: covariate. SEM: standard error of the mean; a,b,c, Means with different letters on the same row between diets (Low, 

Medium and High) and parities (P1 and P2) differ significantly (P<0.05); A Covariate: Total litter size at partum; B Covariate: Total litter size at 07 days; C Covariate: Total litter size at 14 days; D Covariate: Total litter 

size at 21 days.; E Covariate: Total litter size at 28 days; F Covariate: Total litter size at 35 days 
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Of the total number of 52 nulliparous rabbits, 100% of the females was receptive. Also, the fertility rate found in the 

trial was 100%. No effect of parity on the weight of does was observed (p>0.05). However, parity's effect on weight gain 

was significant (p<0.001). During the experiment, no significant interaction was detected between the dietary protein 

content and the parity on live weight and weight gain of the does (p>0.05). There was no effect of litter size at weaning, 

used as a covariate, on the weight of does between parturition and weaning (p>0.05). On the other hand, the effect of the 

covariate on the weight gain of does was significant (p<0.05) over the same period. The protein content of the diet did not 

influence the milk yield produced (p>0.05). The effect of parity on milk production was not significant, although the 

quantity produced in the second lactation was higher by +5.4% (Table 3). 

 

Litter size and weight 

Regardless of the feed distributed, litter size, litter weight and nest mortality showed no significant difference 

between birth and weaning (p>0.05), except for a trend towards significance in live litter weight at birth (p=0.06); live 

litters fed the M feed were significantly heavier than those fed the lower protein L feed (Table 4). The effect of parity on 

litter size was significant (p<0.05) between parturition and weaning. Litters from second pregnancy were larger than those 

from the first pregnancy. On the other hand, there was no significant difference due to parity on still birth, nest mortality 

and litter weight at pre-weaning (p>0.05). However, a statistical trend (p=0.09) was found on litter weight at weaning. The 

effect of litter size under the dam was highly significant (p<0.001) and taken into account as a covariate to eliminate its 

effect on litter weight. 

 

DISCUSSION 

 

The choice of this topic was motivated by the availability of a unique feed for rabbits in the local market, which is 

distributed to all rabbits of different sex and/or physiological stages. This work has already been initiated on local 

nulliparous pregnant rabbits from the same population (Saidj et al., 2019); the results showed that variations in the 

protein content of the feed had no effect neither on the weights and intakes of the females during their first 

management, nor on their metabolic profile. However, the bibliography showed a considerable variation in the nutritional 

needs of does according to their production and reproduction cycles (Parigi-Bini and Xiccato, 1993; Pascual et al., 2003, 

Maertens and Coudert, 2006; De Blas and Mateos, 2020). Of the total number of nulliparous rabbits, the receptivity was 

higher than that found by Ilés (2015) on the same population, estimated at 69.2%, but on a greater number of 

observations (253). Also, the fertility rate found was higher than that measured by Fellous et al. (2012) on the same local 

population which was 85.9% in first parity. These same authors emphasize that among the local population, the fertility 

rate decreased with parity. In the second parity during the present experiment, females were presented to male at the 

10th day post-partum and all the females were receptive. These results showed that the experimental breeding 

conditions were adequate with natural reproduction and without the use of synthetic hormones, but a number of does 

reduce. 

 

Live weight, feed intake and milk production of does 

The use of high protein diets doesn’t show effect on local unselected rabbit doe’s weight at partum and between 

partum and weaning, and consecutively on does’ weight gain during lactation. Does given H diet showed significantly  

higher protein intake a day at lactation (58.08 g for H group vs. 52.94 g for M group vs. 44.34g for L group) (p<0.01), but 

no difference was detected in the feed intake a day between partum and weaning (294.5g for L group vs 311.1g for M 

group vs. 305.8 g for H group), the digestible energy intake a day and their milk yield. Brun and Lebas (1997) showed that 

the use of feed with high protein does not affect prolificacy. In this work, litter size and weight at partum and at weaning 

were not affected by the diets but the effect of litter size on milk production during 21 days post-partum was observed in 

all the three diets (p<0.001). Saidj et al. (2021) reported, on the same rabbit population and with the same diets, that 

lactation peak occurs at different times (16th, 20th and 20th day PP at first lactation and 15th, 17th and 20th days post-

partum at second lactation for L, M and H groups respectively) and lactation peak tended to occur later. 

Sanchez et al. (1985) reported that between 21 and 28 days of lactation, live weight was lower in rabbits fed a diet 

containing 17.5% CP than those fed a diet with 19 or 20.5% CP. According to Odi (1990), a decrease in body weight of 

rabbits could be expected at 21 days post-partum. Partridge et al. (1983) point out that the mobilization of body reserves 

starts at about 11 days and continues at the time of peak milk production between 18 and 21 days PP, coinciding with a 

period of catabolism of the body. This variation in female body weight at this time of reproduction is not always evident 

(Odi, 1990). The gradual increase in female body weight throughout the trial is not found by Sakr (2012) who observed a 

decrease in female rabbit body weight between the first parturition and day 25 postpartum. The results obtained in the 

present study showed that the female rabbits completed their growth progressively while ensuring their gestation and 

lactation simultaneously. 

In growing rabbits, Ouhayoun and Cheriet (1983) observed that for a given feed energy concentration, the variation 

of protein content (17.2 and 13.8%) had no significant effect on the growth rate and the slaughter yield, which is also 

found in growing piglets. Also, in growing piglets, Quiniou et al. (1994) did not notice any difference in the protein content 

of the feed (17.8, 15.5 and 13.6% BW) on weight gain and carcass characteristics. However, carcass fatness was reduced 

in rabbits fed the highest protein diets (Ouhayoun and Cheriet, 1983). On the other hand, Ouhayoun and Dalmas (1983) 
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found a significant increase in weight at 11 weeks of age and overall growth rate with increasing feed protein level (10.4, 

13.8, and 17.2%). 

According to Renouf et al. (2009), in fattening rabbits, the decrease in diet crude protein level from 16% to 14.5% 

had no effect on live weight, feed intake or animal mortality. However, with the highest phosphorus level, the decrease in 

protein level tended to reduce feed intake, while the opposite effect was observed with the lower phosphorus level. 

In rabbits fed diets containing different protein levels (13.5%, 17.5% and 21% CP/kg DM), Partridge and Allan 

(1982) recorded a decrease in feed intake in females fed the lowest protein diet (13.5%) and an increase in milk 

production with an increase in the protein content of the diet, without any change in the chemical composition of the 

milk; in contrast to The present study results which show no effect of the dietary protein content on milk performance or 

feed intake of does. 

In the present trial, the protein intake of rabbits increased with the protein level of the diet (L vs. M: +12.2%; L vs. H: 

+18.8%; p < 0.001) without affecting milk production. The present results corroborate those found in pigs. Indeed, studies 

have shown the absence of a significant influence of a severe protein ration on milk production and litter growth (Revell 

et al., 1998; Mejia-Guadarrama et al., 2002). Jang et al. (2014) tested on pregnant sows, 4 feeds with different protein 

contents (11%, 13%, 15% and 17%). The results showed no significant difference in the amount of milk produced, 

although the daily feed intake did not vary significantly during lactation, leading to a higher protein intake in sows fed the 

higher protein diet (+38% protein intake between the 11 and 17% CP diets). 

On the other hand, amino acids can vary milk production. In fact, in rabbits, Taboada et al. (1994) observed a 

positive and significant effect of the lysine content of the feed on milk production, with a better result in females fed the 

0.82% lysine feed compared to the 0.68% one, knowing that the protein content of the different feeds is 18% CP. In sows 

and rats, an intake of amino acids in the diet, during a period of growth when the mammary cells are still multiplying, 

stimulates the proliferation of these cells and consequently, increases the amount of milk produced (Knight and Peaker, 

1984; Jansen and Binard, 1991; Luise et al., 2023). This difference in milk production is thought to be related to dietary 

amino acid intake and is not due to hormonal secretion, as lysine and methionine do not stimulate galactopoietic 

hormone secretion to any great extent (Kuhara et al., 1991). According to Rulquin (1992), in dairy cows, supplementation 

with certain amino acids such as methionine and lysine (with a 14% crude protein feed), increased milk production at the 

beginning of lactation. However, in mid-lactation, no increase in milk production was observed. Partridge and Allan (1982) 

found no change in the chemical composition of milk in rabbits fed diets with different protein levels (13.5%, 17.5% and 

21%). On the other hand, in dairy cows, Rulquin (1992) has shown that the composition of milk, and more specifically the 

composition of milk proteins, can be improved by a complementary supply of certain amino acids such as methionine 

and lysine (14% of crude protein); during the beginning and middle of lactation, an increase in protein content is noticed. 

This physiological phenomenon could be explained, in part, by the availability of the different amino acids that make 

up milk at the mammary level. In pregnant sows, Jang et al. (2014) using 4 feeds of different protein levels (11%, 13%, 

15% and 17%) observed no difference in the chemical composition of colostrum (at day 01 postpartum), nor milk at day 

21 of lactation. On the other hand, Zhang et al. (2011) reported a positive and linear effect of the lysine level of iso-

protein feeds (13% crude protein and lysine levels of 0.46, 0.56, 0.65 and 0.74%) on the protein level of the colostrum 

(+5%), knowing that the females concerned ingested the same amount for the different groups. 

In the current study, there was no effect of parity on milk production. These results do not corroborate those found 

by Xiccato et al. (2004) who determined an increase in milk production by 8% and 10% respectively of the rabbits in the 

second and third litter compared to the first, while equalizing the litters involved in the experiment. In this work, litter 

equalization was not performed. However, litter size, which had a highly significant effect (p< 0.001), was taken into 

account as a covariate to eliminate its effect on milk production. 

Litter size has a strong influence on milk production during the two lactations studied (p<0.001). Indeed, according 

to Zerrouki et al. (2005), the milk production of the local population increases with the number of young until reaching 7 

kits / litter where a production plateau is reached. Chibah-Ait Bouziad et al. (2015) confirm that regardless of the litter 

size at birth and/or the genetic type of the females, the increase in milk production per day and per 21 days follows the 

number of kits breastfed, even if they are adopted, without any relation to the number of kits at birth. In addition, the 

increase in milk production following the number of lactations is known in mammals, which is due to various influencing 

factors such as physiology, weight and maturity of the udder. In other species as prolific as the rabbit (such as sows and 

rats), litter size and/or parity are directly correlated to milk production with the growth of the mammary gland during 

lactation, which would cause a direct effect on the intensity of the mother's milk production (Farmer and Palin, 2005; 

Hurley, 2001). 

 

Litter size and weight 

The results obtained herein are similar to those of Brun and Lebas (1997) who showed that in crossbred rabbits 

(2066 X 1077) an increase in dietary protein from 14.9% to 20.6% DM had no effect on litter size at birth or weaning. 

Likewise, Partridge and Allan (1982) did not find that weaned litter size varied with dietary protein levels (13.5, 17.5 and 

21 %). However, Brun and Lebas (1997) reported that the highest protein diet increased the average weight of a young 
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rabbit at weaning (29 days) by 8.2% and the average litter size by 6.5%, in contrast to the lack of effect in the present 

trial. Also, in the long term, female rabbits receiving the lower protein diet weaned more litters than females receiving the 

high crude protein diet (Brun and Lebas, 1997). 

In Rex rabbits, Ren et al. (2004) recommend the use of a diet with 10.5 MJ/Kg of digestible energy and 17.5% crude 

protein for pregnant rabbits, which is favorable for improving the size and weight of total and live litters at birth. On the 

other hand, these same authors indicate that in lactating rabbits, the crude protein content should reach 19.5% for an 

energy content of 10.7 MJ/Kg, in order to improve the size and weight of litters at weaning. As for the effect of parity on 

prolificacy and litter size traits, the obtained results corroborate those obtained by Zerrouki et al. (2005) on the same 

population concerning litter size at birth. However, these authors did not find an effect of litter size under the dam, 

contrary to the present work results which show a significant effect of parity on litter size during lactation (p<0.05).  

Furthermore, the positive effect of parity on litter weight at birth increased with the order of parity, with higher 

individual weanling weights in multiparous animals (Zerrouki et al., 2005). In crossbred rabbits (New Zealand X 

Californian), Xiccato et al. (2004) found no significant difference in litter size regardless of parity. On the other hand, litter 

weight at birth, at weaning and weight gain during the birth-weaning period increased significantly with parity (+7.7%, 

+10.3% and 6.7% respectively for the parameters mentioned). 

 

CONCLUSION  

 

The local unselected rabbit does don’t require high level of protein to meet the needs of reproduction and production. 

Similarly, the size and weight of live litters and the mortality rate under the dam are not affected by the protein content of 

the diet throughout the pre-weaning period. Although there are no overall effects of the protein content of the feed on the 

zootechnical parameters of the rabbits, the females gained more weight by receiving more proteins, which can have a 

positive effect on the longevity of their reproductive career, thus avoiding negative and harmful energy balance on their 

production career. 

 

 

DECLARATIONS 
 

Corresponding author 

Correspondence and requests for materials should be addressed to Dahia SAIDJ; E-mail: dyhiasdj1@yahoo.fr; ORCID: 

https://orcid.org/0000-0001-8380-6437 

 

Authors’ contribution 

All authors contributed equally to the study. 

 

Availability of data 

The datasets used and/or analyzed during the current study available from the corresponding author on reasonable 

request.  

 

Consent to publish 

All authors have reviewed and approved the final manuscript for publication. 

 

Competing interests  

The authors declare no competing interests in this research and publication.  

 

REFERENCES 

 

AFNOR (1997). Détermination Séquentielle des Constituants Pariétaux [Sequential determination of parietal constituents]. Norme Française NF 

V18-122. Paris: Afnor. https://www.boutique.afnor.org/fr-fr/norme/nf-v18122/aliments-des-animaux-determination-sequentielle-des-

constituants-parietaux-/fa179829/42103   

Allix software (2002). Formulation software and feed labeling software. A-SYSTEMS. https://www.a-systems.com/en/solutions-and-

services/logiciels/allix-feed-formulation-software/   

Arias-Alvarez M, Garcia-Garcia RM, Rebollar PG, Nicodemus N, Revuelta L, Millan P, and Lorenzo PL (2009). Effects of lignin-rich fibre diet on 

productive, reproductive and endocrine parameters in nulliparous rabbit does. Livestock Sciences, 123: 107-115. DOI: 

http://dx.doi.org/10.1016/j.livsci.2008.10.013   

Brun JM and Lebas F (1997). Interactions entre l'origine paternelle et le régime alimentaire sur les performances de reproduction des lapines 

[Interactions between paternal origin and diet on reproductive performance of does]. Annales de zootechnie, 46: 297-307. 

https://hal.science/hal-00889696/document   

Chibah-Ait Bouziad K and Zerrouki-Daoudi N (2015). Effect of litter size at birth and the number of suckled kits on the milk production of two 

genotypes and on growth of their young rabbits during the birth to weaning phase. Livestock Research for Rural Development, 27:  224. 

http://www.lrrd.org/lrrd27/11/zerr27224.html    

De Blas C and Mateos GG (2020). Feed Formulation. In: DeBlas C. and Wiseman J (Editors), Nutrition of the Rabbit, 3rd Edition. pp. 243-253 

https://www.boutique.afnor.org/fr-fr/norme/nf-v18122/aliments-des-animaux-determination-sequentielle-des-constituants-parietaux-/fa179829/42103
https://www.boutique.afnor.org/fr-fr/norme/nf-v18122/aliments-des-animaux-determination-sequentielle-des-constituants-parietaux-/fa179829/42103
https://www.a-systems.com/en/solutions-and-services/logiciels/allix-feed-formulation-software/
https://www.a-systems.com/en/solutions-and-services/logiciels/allix-feed-formulation-software/
http://dx.doi.org/10.1016/j.livsci.2008.10.013
https://hal.science/hal-00889696/document
http://www.lrrd.org/lrrd27/11/zerr27224.html


Saidj et al., 2024 

 
 

307 

EGRAN (2001). attempts to harmonize chemical analyses of feeds and faeces for rabbit feed evaluation. World Rabbit Science, 9: 57-64.  

https://doi.org/10.4995/wrs.2001.446  

Farmer C and Palin MF (2005). Exogenous prolactin stimulates mammary development and alters expression of prolactin-related genes in 

prepubertal gilts. Journal of Animal Science, 83: 825-32. https://doi.org/10.2527/2005.834825x     

Fellous N, Bereksi Reguig K and Ain Baziz H (2012). Reproductive performance of local breed of Algerian rabbits raised in experimental station. 

Livestock Research for Rural Development, 24: 51. https://www.lrrd.org/lrrd24/3/fell24051.htm    

Hurley WL (2001). Mammary gland growth in the lactating sow. Livestock Production Science, 70: 149-57. https://doi.org/10.1016/S0301-

6226(01)00208-1  

Ilés I (2015). Induction de l’œstrus par les méthodes de biostimulation chez la lapine de population locale: effets comportementaux, hormonaux, 

métaboliques et impact sur les performances de reproduction [Induction of estrus by biostimulation methods in local population rabbits: 

behavioral, hormonal, metabolic effects and impact on reproductive performance]. Doctoral dissertation, ENSV, 226p. 

International Standarization Organization (1998). Animal feeding stuffs animal products, and faeces or urine - Determination of gross calorific 

value. Bomb calorimeter method. Norme international ISO 9831. Available at: https://www.iso.org  

ISO (1999). Animal feeding stuffs. Determination of moisture and other volatile matter content. Norme international ISO 6496. Available at: 

https://www.iso.org   

ISO (2002). Animal feeding stuffs. Determination of crude ash. Norme international ISO 5984 Available at: https://www.iso.org. 

ISO (2006). Animal feeding stuffs Determination of amylase-treated neutral detergent fibre content (aNDF). Norme international ISO 16472. 

Available at: https://www.iso.org   

ISO (2008). Animal feeding stuffs Determination of acid detergent fibre (ADF) and acid detergent lignin (ADL) contents. Norme international ISO 

13906. Available at: https://www.iso.org   

ISO (2009). Food products. Determination of the total nitrogen content by combustion according to the Dumas principle and calculation of the 

crude protein content. Part 2: Cereals, pulses and milled cereal products. Norme international ISO 16634-2. Available at: 

https://www.iso.org   

Jang YD, Jang SK, Kim DH, Oh HK and Kim YY (2014). Effects of dietary protein levels for gestating gilts on reproductive performance, blood 

metabolites and milk composition. Asian-Australasian journal of animal sciences, 27(1): 83-92. https://doi.org/10.5713/ajas.2013.13369   

Jansen GR and Binard R (1991). Effect of dietary protein and environmental factors on lactation performance in rats. Physiology and behavior, 

50(2): 297-304. https://doi.org/10.1016/0031-9384(91)90069-Z  

Knight CH and Peaker M (1984). Mammary development and regression during lactation in goats in relation to milk secretion. Quartely Journal 

of Experimental Physiology, 69: 331-338. http://doi:10.1113/expphysiol.1984. sp002809.   

Kuhara T, Ikeda S, Ohneda A and Sasaki Y (1991). Effects of intravenous infusion of 17 amino acids on the secretion of GH, glucagon, and insulin 

in sheep. American Journal of Physiology-endocrinology and Metabolism, 260(1): E21-E26. https://doi.org/10.1152/ajpendo.1991.260.1.E21   

Luise D, Correa F, Stefanelli C, Simongiovanni A, Chalvon-Demersay T, and Zini M (2023). Productive and physiological implications of top-dress 

addition of branched-chain amino acids and arginine on lactating sows and offspring. Journal of Animal Science and Biotechnology, 14(1): 

40. https://doi.org/10.1186/s40104-022-00819-8  

Maertens L (1999). Towards reduced feeding costs, dietary safety and minimal mineral excretion in rabbits: a review. World Rabbit Science, 7(2): 

65-74. https://doi.org/10.4995/wrs.1999.382  

Maertens L and Coudert P (2006). Recent advances in rabbit sciences. ILVO edition, Melle (Belgium), 309p. http://world-rabbit-

science.com/Documents/Cost848.pdf  

Martínez-Paredes E, Nicodemus N, Pascual JJ and García J (2022). Challenges in rabbit doe feeding, including the young doe. World Rabbit 

Science, 30(1): 13-34.  http://doi.org/10.4995/wrs.2022.15562  

Mathika Z (2023). Response of growing rabbits in growth performance and carcass composition to balanced dietary protein. Doctoral 

dissertation. University of KwaZulu-Nata, South Africa, p. 99. https://researchspace.ukzn.ac.za/bitstreams/07994e1f-75ad-4763-b361-

571c970a041e/download  

Mejia-Guadarrama CA, Pasquier A, Dourmad JY, Prunier A, Quesnel H (2002). Protein (lysine) restriction in primiparous lactating sows: Effects on 

metabolic state, somatotropic axis, and reproductive performance after weaning. Journal of Animal Science, 80: 3286–3300. 

https://doi.org/10.2527/2002.80123286x    

Odi HB (1990). The effect of dietary protein levels on the reproduction performance of rabbit does-a review. Paper presented at the Animal 

Science Department. A.B.U. Zaria, Nigeria. 1st November, 1990. 

Ouhayoun J and Cheriet S (1983). Valorisation comparée d’aliments à niveaux protéiques différents par des lapins sélectionnés sur la vitesse de 

croissance et par des lapins provenant d’élevage traditionnels: étude des performances de croissance et de la composition du gain de poids 

[Comparative evaluation of feeds with different protein levels by rabbits selected on growth rate and by rabbits from traditional breeding: 

study of growth performance and composition of weight gain]. Annales de Zootechnie, 32: 257-276. 

https://doi.org/10.1051/animres:19830301  

Ouhayoun J and Dalmas D (1983). Valorisation comparée d’aliments à niveaux protéiques différents par des lapins sélectionnés sur la vitesse de 

croissance et par des lapins provenant d’élevages traditionnels [Comparative evaluation of foods with different protein levels by rabbits 

selected on growth rate and by rabbits from traditional farms]. II - Étude de la composition azotée et du métabolisme énergétique des 

muscles L. dorsi et B. femoris. Annales de Zootechnie, 32 (3): 277-286. https://hal.science/hal-00888213   

Parigi-Bini R, Xiccato G, Cinetto M and Dalle-Zotte A (1992). Energy and protein utilization and partition in rabbit does concurrently pregnant and 

lactating. Animal Production, 55: 153-162. https://doi.org/10.1017/S0003356100037387     

Parigi-Bini R and Xiccato G (1993). Recherches sur l’interaction entre alimentation, reproduction et lactation chez la lapine. World Rabbit 

Science, 1(4): 155-161.  https://doi.org/10.4995/wrs.1993.209       

Partridge GG and Allan SF (1982). The effects of different intakes of crude protein on nitrogen utilization in the pregnant and lactating rabbit. 

Animal Science, 35(1): 145-155.  https://doi.org/10.1017/S000335610000091X  

Partridge GG, Fuller MF, Puller JD (1983). Energy and nitrogen metabolism of lactating rabbits. British Journal of Nutrition, 49(3): 507-516.  
https://doi.org/10.1079/bjn19830059    

Pascual JJ, Cervera C, Blas E and Fernández-Carmona J (2003). High energy diets for reproductive rabbit does: effect of energy source. Nutrition 

Abstracts and Reviews. Series B. Livestock Feeds and Feeding, 73: 27R-39R. https://www.cabidigitallibrary.org/doi/full/10.5555/20033079666  

Quiniou N, Dourmad JY, Henry Y, Bourdon D and Guillou D (1994). Influence du potentiel de croissance et du taux protéique du régime sur les 

performances et les rejets azotés des porcs en croissance-finition, alimentés à volonté [Influence of growth potential and protein content of 

https://doi.org/10.4995/wrs.2001.446
https://doi.org/10.2527/2005.834825x
https://www.lrrd.org/lrrd24/3/fell24051.htm
https://doi.org/10.1016/S0301-6226(01)00208-1
https://doi.org/10.1016/S0301-6226(01)00208-1
https://www.iso.org/
https://www.iso.org/
https://www.iso.org/
https://www.iso.org/
https://www.iso.org/
https://www.iso.org/
https://doi.org/10.5713/ajas.2013.13369
https://doi.org/10.1016/0031-9384(91)90069-Z
http://doi:10.1113/expphysiol.1984.%20sp002809
https://doi.org/10.1152/ajpendo.1991.260.1.E21
https://doi.org/10.1186/s40104-022-00819-8
https://doi.org/10.4995/wrs.1999.382
http://world-rabbit-science.com/Documents/Cost848.pdf
http://world-rabbit-science.com/Documents/Cost848.pdf
http://doi.org/10.4995/wrs.2022.15562
https://researchspace.ukzn.ac.za/bitstreams/07994e1f-75ad-4763-b361-571c970a041e/download
https://researchspace.ukzn.ac.za/bitstreams/07994e1f-75ad-4763-b361-571c970a041e/download
https://doi.org/10.2527/2002.80123286x
https://doi.org/10.1051/animres:19830301
https://hal.science/hal-00888213
https://doi.org/10.1017/S0003356100037387
https://doi.org/10.4995/wrs.1993.209
https://doi.org/10.1017/S000335610000091X
https://doi.org/10.1079/bjn19830059
https://www.cabidigitallibrary.org/doi/full/10.5555/20033079666


Online J. Anim. Feed Res., 14(5): 300-308. 

 

 

308 

the diet on performance and nitrogen discharges of growing-finishing pigs, fed ad libitum]. Journées de Recherche Porcine en France, 26: 

287-294. https://www.journees-recherche-porcine.com/texte/1994/94txtEnv/En9402.pdf  

Ren KL, Li YP, Ren JL, He DC and Liang QZ (2004). Study of the dietary energy and protein levels for reproducing Rex rabbits. In: Proceedings of 

the 8th World Rabbit Congress, September 7-10, 2004, Puebla, Mexico. 964-967. http://world-rabbit-science.com/WRSA-

Proceedings/Congress-2004-Puebla/Papers/Feeding-&-Nutrition/N-Ren-2.pdf  

Renouf B, Mascot N and Picot A (2009). Réduction des apports de phosphore et de protéines dans l'alimentation des lapins en engraissement: 

Intérêt zootechnique et environnemental [Réduction des apports de phosphore et de protéines dans l'alimentation des lapins en 

engraissement : Intérêt zootechnique et environnemental]. Cuniculture Magazine, 36: 9-11.  

Revell DK, Williams IH, Mullan BP, Ranford JL and Smits RJ (1998). Body composition at farrowing and nutrition during lactation affect the 

performance of primiparous sows: II. Milk composition, milk yield, and pig growth. Journal of Animal Science, 76(7): 1738-1743. 

http://doi.org/10.2527/1998.7671738x   

Rulquin H (1992). Intérêts et limites d’un apport de méthionine et de lysine dans l’alimentation des vaches laitières [Benefits and limits of 

adding methionine and lysine to the diet of dairy cows]. INRAE Productions Animales, 5(1): 29-36. https://doi.org/10.20870/productions-

animales.1992.5.1.4219   

Sakr O (2012). Biostimulation methods associated with early weaning and reproductive rhythms in primiparous rabbit does. PhD Thesis. UPM, 

Madrid, Spain. p. 153. https://oa.upm.es/14895/1/OSAMA_GALAL_SAKR_B.pdf  

SAS (2005). SAS/STAT User’s guide, version, 9.1. SAS Institute Inc., Cary, NC, USA.  

Saidj D, Ainbaziz H, Dahmani Y, Iles I, Kadi SA, Hornick JL and Moula N (2021). Effect of protein level in diet on milk production of Algerian local 

rabbit does. 12th World Rabbit Congress - November 3-5: 2021 - Nantes, France, Communication 38, pp. 4. 

https://orbi.uliege.be/bitstream/2268/268278/1/SaidjD2021.pdf   

Saidj D, Ainbaziz H, Iles I, Dahmani Y, Hornick JL and Moula N (2019). Productive performance, metabolic and hematologic parameters of 

gestating nulliparous rabbit does according to dietary protein level. Journal of Advanced Veterinary and Animal Research, 6(1): 18–24. 

http://doi.org/10.5455/javar.2019.f307     

Saidj D, Ainbaziz H, Salhi O, Hornick JL and Moula N (2016). Effect of dietary energy on productive and reproductive performance of algerian 

local rabbit does and their litters. Animal Nutrition and Feed Technology, 16(1): 107-118. http://DOI.org/10.5958/0974-

181X.2016.00010.X   

Sanchez WK, Cheeke PR and Patton NM (1985). Effect of dietary crude protein level on the reproductive performance and growth of New 

Zealand White rabbits. Journal of Animal Science, 60(4): 1029-1039. https://doi.org/10.2527/jas1985.6041029x  

Taboada E, Mendez J, Mateos GG andDe Blas JC (1994). The response of highly productive rabbits to dietary lysine content. Livestock Production 

Science, 40(3): 329-337. https://doi.org/10.1016/0301-6226(94)90099-X   

Xiccato G (1996). Nutrition of lactating does Proceeding of 6th world rabbit congress, Toulouse, France, 1: 29-47. http://world-rabbit-

science.com/WRSA-Proceedings/Congress-1996-Toulouse/Papers-pdf/01-Nutrition/02-XICCATO.pdf   

Xiccato G, Bernadini M, Castellini C, Dalle-Zotte A, Queaque PL and Trocino A (1999). Effect of post-weaning feeding on performance and energy 

balance of female rabbit at different physiological states. Journal of Animal Science (77): 416-426. 

https://doi.org/10.2527/1999.772416x  

Xiccato G, Trocino A, Sartori A and Queaque PI (2004). Effect of doe parity order and litter weaning age on the performance and body energy 

deficit of rabbit does. Livestock Production Sciences, 85(2-3), 239-251. https://doi.org/10.1016/S0301-6226(03)00125-8  

Zerrouki N, Lebas F, Berchiche M and Bolet G (2005). Evaluation of milk production of an Algerian local rabbit population raised in the Tizi-Ouzou 

area (Kabylia). World Rabbit Science, 13 (1): 39-47. http://doi.org/10.4995/wrs.2005.530   

Zhang RF, Hu Q, Li PF, Xue LF, Piao XS and Li DF (2011). Effects of lysine intake during middle to late gestation (day 30 to 110) on reproductive 

performance, colostrum composition, blood metabolites and hormones of multiparous sows. Asian-Australasian journal of animal sciences, 

24(8): 1142-1147. https://doi.org/10.5713/ajas.2011.10449   

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and 

institutional affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which 

permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 

appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 

changes were made. The images or other third party material in this article are included in the article’s Creative Commons 

licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons 

licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 

permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2024  

 

https://www.journees-recherche-porcine.com/texte/1994/94txtEnv/En9402.pdf
http://world-rabbit-science.com/WRSA-Proceedings/Congress-2004-Puebla/Papers/Feeding-&-Nutrition/N-Ren-2.pdf
http://world-rabbit-science.com/WRSA-Proceedings/Congress-2004-Puebla/Papers/Feeding-&-Nutrition/N-Ren-2.pdf
http://doi.org/10.2527/1998.7671738x
https://doi.org/10.20870/productions-animales.1992.5.1.4219
https://doi.org/10.20870/productions-animales.1992.5.1.4219
https://oa.upm.es/14895/1/OSAMA_GALAL_SAKR_B.pdf
https://orbi.uliege.be/bitstream/2268/268278/1/SaidjD2021.pdf
http://doi.org/10.5455/javar.2019.f307
http://doi.org/10.5958/0974-181X.2016.00010.X
http://doi.org/10.5958/0974-181X.2016.00010.X
https://doi.org/10.2527/jas1985.6041029x
https://doi.org/10.1016/0301-6226(94)90099-X
http://world-rabbit-science.com/WRSA-Proceedings/Congress-1996-Toulouse/Papers-pdf/01-Nutrition/02-XICCATO.pdf
http://world-rabbit-science.com/WRSA-Proceedings/Congress-1996-Toulouse/Papers-pdf/01-Nutrition/02-XICCATO.pdf
https://doi.org/10.2527/1999.772416x
https://doi.org/10.1016/S0301-6226(03)00125-8
http://doi.org/10.4995/wrs.2005.530
https://doi.org/10.5713/ajas.2011.10449
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

