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FEED INCORPORATION OF DEHYDRATED SAINFOIN: EFFECTS ON HEALTH AND
PERFORMANCES OF DOES AND GROWING RABBITS
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, Thierry Gidenne *

§

*GenPhySE, Université de Toulouse, INRAE, ENVT, F-31326, Castanet Tolosan, France.
†
Arrivé-Bellanné, Nueil-les-Aubiers, France.
‡Multifolia, Viapres-le-petit, France.
§
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Abstract: The performance and health of does and growing rabbits were compared over three consecutive
reproductive cycles for three groups of 20 nulliparous does and their litters (DS0, DS13, DS26) fed isonutritive
feeds containing 0, 13 or 26% dehydrated sainfoin (DS, Perly cultivar). Feed intake, live weight and fertility
of does were not affected by DS feed incorporation. The number of live kits at birth increased linearly with
increasing DS incorporation (+1.5 from DS0 to DS26, P=0.042) and the stillborn rate tended to linearly
decrease in groups fed DS (16.6 vs. 10.4%, P=0.086). Increasing the level of DS in feeds had no impact on
the growth of the kits before weaning, but led to a linear reduction in the post-weaning growth rate (P<0.01,
–2 for 26% DS), whereas the feed conversion ratio increased linearly with DS incorporation (P<0.01, 2.91 vs.
2.98, resp. for DS0 and DS26). No effect of DS feed incorporation was detectable on doe and kit mortality
rates. Excretion of coccidia by both does and growing rabbits was not affected by DS incorporation. For
70 d old rabbits, the levels of immunoglobulins A and G and of white blood cells were not significantly
different between groups and high levels of IgG (average: 8.1 mg/mL) were recorded, suggesting a coccidia
infestation. Overall doe mortality remained under 5% and was not affected by the reproductive cycle (P=0.24).
The stillborn rate decreased from 18 to 6%, (P<0.01) from cycle 1 to 2, and the number of live rabbits at birth
increased from 8.0 to 10.7 (P<0.01). Kit mortality remained low before weaning (under 2.5%), and very low
after weaning (<1%). Excretion of coccidia by does decreased from cycle 1 to cycle 3, whereas excretions
by growing rabbits remained stable.
Key Words: dehydrated sainfoin, rabbit feeding, growth, reproductive performance, coccidiosis, immunity.

INTRODUCTION
To cover the nutritional needs of rabbits, the feed must contain not only energy and protein, but also fibres, particularly
lignins, which are required for their digestive health (Gidenne et al., 2020). Sainfoin (Onobrychis viciifolia) is a legume
traditionally planted in pasture, and used as hay or silage for livestock (Aufrère et al., 2013). Sainfoin seems a good
candidate for rabbit feed, as it contains relatively high levels of digestible proteins and energy (Gayrard et al., 2021),
as well as a high concentration of fibre and especially of lignins (Legendre et al., 2018). Today, sainfoin is available as
dehydrated pellets (Multifolia company, Perly cultivar) and its nutritive value for growing rabbits was recently studied
according to the cut (Gayrard et al., 2021). However, no information is available on the optimal incorporation level
of dehydrated sainfoin (DS) pellets in balanced feed and its effect on the performance and health of growing rabbits
and does.
Correspondence: T. Gidenne, thierry.gidenne@inrae.fr . Received December 2021 - Accepted May 2022.
https://doi.org/10.4995/wrs.2022.16874
Cite as: Gayrard C., Bretaudeau A., Gombault P., Hoste H., Gidenne T. 2022. Feed incorporation of dehydrated
sainfoin: effects on health and performances of does and growing rabbits. World Rabbit Sci., 30: 107-118.
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Moreover, sainfoin could be an alternative to the alfalfa classically used as a fibre source. Sainfoin also contains
phenols, including condensed tannins (CTs), which could contribute to the control of digestive parasitism and thus
help reduce the use of anthelmintic and anticoccidials (Hoste et al., 2015). Two studies on the role of DS (Perly
cultivar) in controlling parasitic infestations in growing rabbits have shown encouraging results (Legendre et al.,
2017, 2018). Tannins also have antimicrobial properties and could influence immune responses (Mueller-Harvey
et al., 2019).
Thus, our study aimed to assess the effect of the DS incorporation rate (0, 13, 26%) in balanced diets on performance
and health of does and growing rabbits over three consecutive reproductive cycles.

MATERIALS AND METHODS
The experiments were conducted at the INRAE experimental farm (Pectoul, INRAE, Castanet-Tolosan, France) in
accordance with French legislation on animal experimentation and ethics (authorisation number: SSA_2019_008),
and the researchers were authorised by the French Ministry of Agriculture to conduct experiments on living animals.

Dehydrated sainfoin and experimental feed
DS was obtained from a first cut (Perly cultivar) harvested in May 2019, and provided as pellets by Multifolia company
(Viapres-le-Petit, France). Three reproductive “R” diets and three fattening “F” diets (Table 1) were formulated to meet
the requirements of reproductive does and growing rabbits, respectively (Gidenne et al., 2015). Within a category
(R or F), diets differed mainly in their DS incorporation rate (0, 13 or 26%, in R0 and F0, R13 and F13 or R26 and
F26, respectively) but were isonutritive (crude protein, fibres and digestible energy). The six feeds were manufactured
in one batch by Arrivé-Bellanné Company (Nueil-les-Aubiers, France). The diets contained no drugs or coccidiostat
supplementation.

Animals and experimental design
The trial was carried out in three consecutive reproductive cycles (Figure 1), starting with 70 nulliparous does
(genotype INRAE 0171) of similar weight at the start of the first cycle (insemination 1 at 20 weeks old). All the

Figure 1: Experimental design. R feed was given to does and their litters from D-10 to D25. Does and litters were
fed F feed from D25 to D32. From D32 to D70, growing rabbits were kept in fattening pens and fed F feed. At D32,
does began cycle 2 and were again fed R feed. Measurements made of does: live weight and feed intake measured
at D-10, D4, D14, D24 and D32; faecal samples collected at D-5, D2, D9, D16, D23 and D30. Measurement of
litters: live weight measured at D4, D14, D24 and D32. Measurements of growing rabbits: live weight measured at
D32, D49 and D70; intake refusal checked daily; faecal collections at D38, D45, D52, D59, D66. Cycle 1 started on
09/27/2019 (D-10); cycle 2 started on 11/08/2019; cycle 3 started on 12/20/2019. DS incorporation rate in feed
(0, 13 or 26%, in R0 and F0, R13 and F13 or R26 and F26, respectively) .
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Table 1: Ingredients and chemical composition of the diets and of dehydrated sainfoin.
Diets of reproducing does
Diets of growing rabbits
Ingredients (g/kg)
R0
R13
R26
F0
F13
F26
Dehydrated sainfoin
0
130
259
0
156
260
Wheat bran
217
249
250
110
223
269
Soft wheat
110
114
90
24
50
32
Beet pulp
106
94
88
242
196
158
Rapeseed meal
80
76
80
70
74
90
Sunflower meal
190
170
76
162
114
36
Alfalfa meal
60
0
0
100
0
0
Peas
56
44
58
30
0
0
Maize
30
30
30
30
0
0
Corn sprouts
30
20
30
20
0
0
Treacle
22
10
10
15
10
10
Grapeseed pulp
0
0
0
46
20
0
Lapilest a
58
24
0
114
136
132
Mineral and amino acids b
41
39
29
37
21
13
Chemical composition (g/kg as fed)
Dry matter
887
890
891
886
891
893
Organic matter
735
742
723
738
740
747
Crude ash
152
148
168
148
151
146
Crude protein
172
180
171
142
154
155
Neutral detergent fibre
400
370
374
466
460
452
Acid detergent fibre
158
167
167
227
223
227
Lignins
45
57
59
85
87
95
Digestible energy, kcal c
2618
2620
2621
2332
2335
2335
Total phenols d
10.2
9.8
11.8
9.0
11.8
12.0
Total tannins d
<5
<5
<5
<5
<5
<5

Dehydrated sainfoin
1st cut 2019

894
745
149
158
421
294
124
–
29.4
17.4

Lapilest® is a commercial product containing a mix of fibrous materials such as grape pulp, beet pulp, sunflower hulls, grape
seeds, dehydrated apple pomace, grape seed meal.
b
Mineral and amino acids provided per diet: Lysine (0.71%), methionine (0.23%), threonine (0.64%), tryptophan (0.22%), isoleucine
(0.74%), valine (0.85%), arginine (0.68%), phosphorus (0.28%), calcium (2.6%), sodium (0.03%) and potassium (2.42%).
c
Digestible energy in each feed was calculated from the concentration of digestible energy in each ingredient.
d
Analysed by Inovalys, Nantes, France.
a

animals (does and their litters) were housed in wire net cages (length: 68 cm, width: 62 cm, height: 48 cm). Ten extra
does were kept for cycle 2 or 3 to replace does that died or were infertile. Ten days (D-10) before parturition (D0,
Figure 1), 60 does were allotted to three equal groups based on diets: DS0 (control group), DS13 and DS26, with
ad libitum access respectively to the feeds R0, R13 and R26. Litters were equalised at 8 kits at D4 and had access to
“R” feed until they were 25 d old. At 25 d old (D25), litters and does of groups DS0, DS13 and DS26 fed R0, R13 and
R26 respectively were switched to a fattening “F” feed F0, F13 and F26, with ad libitum access until weaning (D32).
At weaning, the three groups of litters were moved to a fattening unit. They were housed collectively (6 rabbits per
cage: length: 68 cm, width: 62 cm, height: 48 cm) and were fed the same F feeds (according to their group) until
70 d old, but under a restriction programme: 90 g per rabbit during the week after weaning, then increased feed
distribution at a rate of +20 g/wk. At weaning, the does remained in their cage and were again fed R feed (with
respect to their group) to start their 2nd cycle (Figure 1). The third cycle was performed in the same conditions. At the
end of the third cycle, 20 growing rabbits per group (DS0, DS13 and DS26) were slaughtered at 70 d old.

Mortality and performance measurements
Mortality was checked daily. When a doe died, her entire litter was removed from the experiment. In each cycle,
the live weight of each doe was recorded at D-10, D4, D14, D24 and D32, while the litters (8 kits/doe=160 kits/
group) were weighed at D4, D14 and D24. Feed intake of doe and litters was checked on the same dates as
World Rabbit Sci. 30: 107-118
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doe live weight. The live weight of each growing rabbit (120 rabbits/group) was recorded at weaning (D32),
and at 49 and 70 d old. The feed intake of the growing rabbit was checked weekly in each cage. Reproductive
performances including insemination rate, the number of kits alive at birth, and the number of stillborn were
measured at each cycle.

Faecal sampling for coccidia concentration measurement
Faeces were collected once a week from a 1 cm mesh attached under the cages with 6 collections (at D-5, D2,
D9, D16, D23 and D30) from cages containing does, and 5 collections (at D38, D45, D52, D59, D66) from cages
containing growing rabbits. Faeces were collected from does (1 doe per cage=1 sample of faeces per doe) and for
10 does per group. Faeces from growing rabbits were collected from 10 cages, each cage containing 6 growing
rabbits (1 sample corresponded to faeces collected from 6 growing rabbits). Faeces were stored at 4°C for one day
prior to oocyst counting at the Toulouse National Veterinary School (ENVT, France). The concentration of faecal oocysts
(CFO) was assessed using the modified McMaster technique (Gibbons et al., 2005) and is expressed as the number
of oocysts per gram (OPG) of fresh faeces. A mean CFO value was calculated for each cage for the entire faecal
collection period (5 collections).

Sampling of blood and digesta from growing rabbits
Twenty healthy growing rabbits of similar weight per group (DS0, DS13 and DS26) in cycle 3 were sacrificed at 70 d
old by electrical stunning followed by exsanguination. Blood was collected from the aorta in two heparinised tubes
(Vacuette, 9ml NH Sodium Heparin) and immediately stored on ice. One tube was used to measure total white blood
cell counts and the diversity of white blood cell types with a haemocytometer (MS9-5 VET, Malet Schloesing, Osny,
France). The second tube was centrifuged, and plasmas were stored at –20°C until analysis of immunoglobulins.
Faeces were collected from the rectum of euthanised rabbits and stored at –20°C until analysis. Caeca were isolated,
weighed and sampled and then stored at –20°C for analysis.

Analysis of immunoglobulins: extraction and ELISA measurements
ELISA was used to quantify IgG in plasma and the concentration of IgA in caecum digesta and in faeces. In a
preliminary step, caecal content was diluted to 50 mg/mL in TBS buffer while a small amount of faecal matter
(200-600 mg) was diluted at 25 g/L in PBS buffer. After thorough shaking, the samples were centrifuged at 3000 g
for 10 min at 4°C. The supernatants were collected and stored at –20°C until analysis. Total IgG or IgA contents
were determined in triplicate by sandwich ELISA in 96-well plates coated with specific polyclonal goat anti-rabbit IgG
or IgA antibody (Bethyl Laboratories, Montgomery, Texas, USA). Appropriate sample dilutions were performed: from
1:64 000 to 1:128 000 for IgG, 1:10 for caecal IgA and from 1:7 to 1:50 for faecal IgA determination. Plates were
read at 450 nm using a GloMax® Discover plate reader (Promega, Madison, WI) to construct the standard curve
based on a four-parameter model. IgG in plasma was quantified using a reference IgG serum (Bethyl Laboratories,
Montgomery, Texas, USA). Regarding caecal and faecal IgA, respectively sixty caecal and faecal samples were pooled
to build a reference sample to construct standard curves. Relative IgA concentrations were then interpolated from this
curve. Only results with intra-assay coefficients of variation <10% were kept (Wong et al., 2004).

Chemical analyses of diets
Chemical analyses of dehydrated sainfoin and of the different feeds were performed at INRAE. Dry matter (DM)
content was determined after drying at 103°C for 24 h and ash content after heating at 550°C for 5 h. Crude proteins
were analysed using the Dumas combustion method. The “Van Soest” detergent procedure was used to analyse fibre
fractions (aNDFom, ADFom and lignins) (Van Soest et al., 1991) in the feed and in the dehydrated sainfoin. Total
phenols and tannins were analysed in the feed and in dehydrated sainfoin using the Folin-Ciocalteu method (Council
of Europe, 2007; Makkar, 2000) (Inovalys, Nantes, France). In sainfoin, total tannins correspond almost entirely to
condensed tannins (Wang et al., 2014; Mueller-Harvey et al., 2019).
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Statistical analyses
Data were first screened to detect outliers. No outlier was found for animal growth and feed intake. All data were
analysed using R (R Core Team, 2020). A Shapiro-Wilk test was used to check normality. A two-factor (group and
cycle, and interaction) variance analysis model was used to estimate the effect of the group (DS0, DS13, DS26)
and that of the cycle (cycle 1, 2 or 3) on performance (live weight and growth) and reproductive traits (number of
live rabbits). For each cycle, a single factor variance analysis was used to estimate the effect of diet on health traits
(proportion of blood cells and concentrations of immunoglobulins). A Tukey’s multiple means comparison test was
used to compare means between the different groups and cycles. A Chi-Square test was used on mortality and fertility
rates. A generalised linear model with the two above mentioned factors was used to analyse stillborn rates and faecal
oocyst concentrations. A linear regression model was used to check the effect of the DS incorporation rate (0, 13,
26%) on the number of live rabbits at birth, on the post-weaning daily weight gain, and on the feed conversion ratio.
Finally, another linear regression model was used to check the evolution of oocyst excretion in growing rabbits from
D38 to D66.

RESULTS
Diets and sainfoin chemical composition
We used a Perly sainfoin from a first cut harvested in 2019 (crude protein=158 g/kg, acid detergent fibre=294 g/kg,
crude fibre=17.4 g/kg) for F and R diets. The R and F diets were formulated to meet the requirements of reproductive
does and growing rabbits, respectively. Within each feed category (R or F) the diets were isonutritive and contained
similar levels of crude proteins, fibres, and digestible energy. Incorporation of dehydrated sainfoin in the R diets was
achieved mainly at the expense of sunflower meal, alfalfa meal and Lapilest®; whereas in the F diets, DS mainly
replaced beet pulp, sunflower meal, alfalfa meal and grapeseed pulp (Table 1). The F diets had higher concentrations
of ADFom (+27%) and lignins content (+39%) than the R diets. Diets for growing rabbits were 14% poorer in crude
proteins and 11% poorer in digestible energy than R diets. With increasing rates of sainfoin incorporation, the levels
of phenols logically increased from 10 to 12 g/kg and from 9 to 12 g/kg in the R and F feeds, respectively.

Reproductive performance
No interaction between cycles and diets was found for reproductive performance of does (Table 2). As expected, doe
live weight increased (except at D32) by 7% from cycle 1 to cycle 3 (Table 2, P<0.001), since they reached their adult
weight. Throughout the study, the live weight of the does was not affected by the diet. The feed intake of does (and
of litters before 25 d of age) increased by 20% (P<0.05) from cycle 1 to cycle 3 (Table 2), while it was not affected
by the diets and averaged 356 g/d. The fertility rate remained similar between cycles and diets and averaged 78%.
The number of live kits at birth was lower in cycle 1 (-2 live rabbits at birth) than in cycle 2 and 3 (P<0.001), and was
similar in all three groups (9.5 live kits per doe, P=0.067). However, the number of liveborn kits increased linearly
with the DS incorporation (P=0.042), resulting in +1.5 live rabbits at birth in DS26 group. From cycle 1 to cycle 2,
the stillborn rate decreased by 67%, then increased again by 13% in cycle 3. The stillborn rate was similar among
the three diets (P=0.18) and averaged 13%. However, when we compared groups with sainfoin diets (DS13+DS26)
with the control group (DS0) in a contrast analysis, the stillborn rate tended to be lower in groups (10.4%, P=0.086)
compared to DS0 (17%).
Feed intake by litters and does (D25-D33) increased by 15% from cycle 1 to cycle 3, and litter growth was 9% lower
in the first cycle than in the two others (P<0.05). Feed intake by the litter and the doe was not affected by the DS
dietary incorporation rate (mean: 799 g/d). Similarly, between 4 and 33 d of age, litter growth was not affected by
the diet and averaged 28.8 g/day.

Performance of growing rabbits after weaning.
No interaction between cycle and diet was found for the performance of the growing rabbits (Table 3). Growing rabbits
in all three groups were subject to similar restrictions from weaning (D33) until D70, and the feed intake averaged
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Table 2: Reproductive performances of does according to cycle and sainfoin dietary incorporation.
Cycles
Groups
P-value
Doe
Live weight (g)
D-101
D4
D32
Doe feed intake:
D-10 to D25 (g/d)
Litter+doe feed intake:
D25-D32 (g/d)
Fertility rate (%)
Live kits at birth
Stillborn rate (%)
Litter daily weight gain:
D4-D32 (g/d)

1

2

3

RSD

DS0

DS13 DS26

RSD

Cycle ×
Cycle Groups Groups

5168a 5454b 5560c 35.0
5031a 5298b 5408c 30.9
5225 5383 5348 37.5

5447 5372 5346
5296 5282 5159
5366 5358 5239

37.6 <0.001 0.45
33.4 <0.001 0.13
37.6 0.18 0.28

0.85
0.74
0.60

319a

3.83

364

352

351

4.48 <0.001 0.31

0.88

737a 796b 866c 6.7
80.0 71.9 81.4 3.02
8.0a 10.7b 10.0b 0.3
17.9b 5.9a 12.7ab 1.8

816
78.9
9.0
16.6

790
76.4
9.0
11.8

792
77.6
10.5
9.0

8.1 <0.001 0.18
3.03 0.40 0.95
0.3 <0.01 0.067
1.8 <0.01 0.18

0.44
0.99
0.61
0.47

27.2a 29.3b 30.2b

29.4

28.2

28.9

0.2

0.87

365b

384c

0.2

<0.001 0.10

D-10: 10 d before parturition (D0); D4: 4 d after parturition; D32: 32 d after parturition.
N=20 does/diet. RSD: Residual standard deviation.
abc
Means within a row and treatment with different superscript letters differ (P<0.05).
1

127 g/d/rabbit. No feed was refused whatever the diet. The growth rate and feed conversion improved from cycle 1 to
cycle 3, respectively +14 and –14%. Increasing the sainfoin incorporation in the diets linearly reduced the growth
rate (linear effect: P<0.01), resulting in a 2.3% lower growth rate (P<0.001) in the DS26 group compared to the
DS0 group (Table 3). Accordingly, the feed conversion ratio linearly increased with the DS incorporation (linear effect:
P<0.01), resulting in 2.3% higher feed conversion in group DS26.

Mortality of does and growing rabbits
Doe mortality was studied on a mean of 48 does per cycle instead of 60 does per cycle due to a 78% fertility
rate and to gestating does dying before beginning the trial (2%). Doe mortality was low (5%) and not affected
by the reproductive cycle (Table 4). However, doe mortality differed among groups, with higher mortality in group
DS13 (15%) than in DS0 (0%) or DS2p6 (2%). Indeed, when doe losses were cumulated over the 3 cycles, six does
out of the seven does that died belonged to group DS13. During cycle 1, four does died (at D0, D7 and D15) and
three out of the four belonged to group DS13; veterinary diagnosis identified two pathogenic agents: Escherichia
coli and Staphylococcus aureus. Consequently, from D18 to D24 (cycle 1), all the does were treated with 70 g/d
of doxycycline, and from D25 to D30 (cycle 1) does received 0.5 ml/L of colistin in their drinking water. Thereafter,
except for three does in group DS13 that died between 23 and 28 d in cycle 2, no more does died. The does that
died in cycle 1 died abruptly with no sign of poor sanitary status (normal live weight, intake and body condition) and

Table 3: Performances of growing rabbits after weaning, according to the cycle and sainfoin dietary incorporation.
Cycles
Groups
P-value
g/d
Cycle X
D32-D70
1
2
3
RSD
DS0 DS13 DS26 RSD Cycle Groups Groups
Feed intake
126.9 127.1 127.2 1.7 127.2 127.1 127.0 1.7 0.997 0.999
1
Daily weight gain
39.8a 44.7b 46.3c
0.1 44.2b 43.4ab 43.2a 0.2 <0.001 <0.001 0.76
Feed conversion ratio 3.22c 2.87b 2.76a 0.01 2.91a 2.97ab 2.98b 0.01 <0.001 <0.01 0.72
RSD: Residual standard deviation.
abc
Means within a row and treatment with different superscript letters differ (P<0.05).
N=104 in DS0, 70 in DS13 and 100 in DS26.
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Table 4: Mortality of does and growing rabbits according to the cycle and to sainfoin dietary incorporation.
Cycles
Groups
P-value
1
4/50

Does
Growing rabbits
Birth-weaning

2
3/46

3
0/48

DS0
0/52a

DS13
6/41b

DS26
1/51a

Cycle
0.24

11/392 9/368
3/384
8/408
8/320
7/416
0.11
(2.8%) (2.4%) (0.8%) (2.0%) (2.5%) (1.7%)
Weaning-70d old 1/294
1/276
3/288
1/312
2/240
2/306
0.42
ab
Means within a row and treatment with different superscript letters differ (P<0.05).

Groups
<0.01

Cycle ×
Groups
0.20

0.73

<0.001

0.72

0.28

with no possible relationship with the diet (or feed intake). Two does (out of three) that died in cycle 2 had lower live
weights (–10%, –21%) than healthy does.
The mortality rate of the kits before weaning (D4 to D33) was generally low (mean 2.0%, Table 4), but a significant
interaction was detected between the cycle and the diet (Figure 2). For instance, kit mortality in cycle 1 and cycle
3 averaged 2.6% and no significant difference was found among the diets. Reversely, during cycle 2, kit mortality
was higher in DS13 group (6.7%) than with the DS0 (0.7%) and DS26 (0.8%) groups (P=0.013). Accordingly, during
cycle 2, seven out of nine (77%) dead kits were in group DS13. Interestingly, most doe and kit mortality occurred
among animals fed the DS13 group.
Post-weaning mortality (from D33 to D70) was very low (<1%) and was not affected by either the cycle or the group.

Oocyst excretion by does and growing rabbits
The faecal concentration of oocysts (CFO) showed a tenfold reduction between cycle 1 and cycle 2 (P<0.001, Table 5).
In cycle 3, the mean concentration of faecal oocysts was almost null, but the CFO did not differ significantly from that
in cycle 1 and 2 due to a high oocyst excretion variability (LCL=1; UCL=4 000). Conversely, the faecal concentration
of oocysts in growing rabbits remained high throughout the study (cycle 1 to cycle 3, mean: 2 914 OPG). Throughout
the study, the CFO in growing rabbits was higher than in does (respectively 2914 vs. 1 399 OPG, P<0.05. The faecal
concentration of oocysts in does and growing rabbits was similar among the three groups (P>0.40, Table 5).

8
6.7

mortality rate (%)

7
6
5
4
3

3.1
2.1

2
1
0

1

4.4

0.8

0.8

0,75

0
Cycle 1

Cycle 2
DS0

DS13

0

Cycle 3

DS26

Figure 2: Kit mortality before weaning (D33) according to cycle and dehydrated sainfoin (DS) dietary incorporation.
a,b: Within a cycle, means with different superscript letters differ (P<0.05). DS0: Group fed a R0 control diet without
incorporation of dehydrated sainfoin pellets. DS13: Group fed a R13 diet containing 13% dehydrated sainfoin pellets.
DS26: Group fed a R26 diet containing 26% dehydrated sainfoin pellets. DS0; DS13; DS26.
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Table 5: Faecal concentration of oocysts in does and growing rabbits according to the cycle and sainfoin dietary
incorporation.
Cycles
Groups
P-value
Cycle X
1
2
3
RSD
DS0 DS13 DS26 RSD Cycle Groups Groups
OPG measures1
Does2
3844a 426b
67b
504 1539 2129 485
530 <0.001 0.30 0.64
3
Growing rabbits
2766 3871 2105 382 3556 2371 2815 387
0.15 0.42 0.79
Faecal concentration of oocysts expressed in oocysts per gram of faeces (OPG number).
N=10 does per diet group.
3
N=10 cages per diet group with 6 growing rabbits per group.
ab
Means within a row and treatment with different superscript letters differ (P<0.05).
1
2

When the OPG levels of all growing rabbits were cumulated independently of cycles and diets, the oocysts faecal
excretion showed a slight decrease (Figure 3) from D38 to D66, but without significance (P=0.14, R2=0.45,
RSD: 350).

Immune status of does and growing rabbits
White blood cell counts (WBC) were similar between diets (P=0.53, Table 6) and averaged 7.95 x 109/L. Among
white blood cells, the proportions of lymphocytes, neutrophil and monocytes were 56, 32 and 8.5% respectively. The
proportions of WBC types were similar in all three groups (P>0.05).
IgA levels measured in either caecal or faecal contents and plasmatic IgG levels were also similar among the three
groups (P>0.05, Table 6). Total plasma IgG concentrations averaged 8.07 mg/mL.

DISCUSSION
Effect of incorporating sainfoin in rabbit feed.
Compared to another first cut of sainfoin (Gayrard et al., 2021), our first cut sainfoin had a higher ADF concentration
(208 vs. 294 g/kg as fed) and a much higher lignins level (64 vs. 124 g/kg as fed, Table 1), but lower concentration
of crude proteins (200 vs. 158 g/kg as fed). However, compared to a sainfoin hay, our first cut sainfoin contained a
higher (+14%) of crude proteins (Feedipedia). The phenol and tannin levels of our first cut were respectively 18% and
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Figure 3: Number of coccidia oocysts excretion per gram of faeces according to age of the growing rabbit. Compiled
data for the three reproductive cycles and for the three groups. Standard deviation of the mean represented for each
mean excretion of oocysts/d. Linear regression model: P=0.14, and residual standard deviation: 350.
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Table 6: White blood cells and immunoglobulins in growing rabbits (70 days old, cycle 3) according to sainfoin dietary
incorporation.
Groups
DS0
DS13
DS26
RSD
P-value
White blood cells, (×109/L)
7.95
7.68
8.21
0.19
0.53
Lymphocytes (%)
57.16
55.54
54.38
0.88
0.41
Neutrophil (%)
30.45
31.81
34.24
0.91
0.21
Monocytes (%)
8.59
8.57
8.23
0.17
0.61
Eosinophil (%)
1.70
1.77
1.20
0.14
0.18
Basophil (%)
0.22
0.24
0.18
0.02
0.31
Immunoglobulins A and G
Caecal IgA (AU)
1.34±0.78
1.81±1.83
1.06±0.54
0.15
0.46
Faecal IgA (AU)
0.16±0.17
0.18±0.34
0.16±0.13
0.03
0.61
Plasmatic IgG levels (mg/ml) 8.19±6.04
6.97±4.56
9.05±6.18
0.77
0.59
AU=arbitrary unit. Immunoglobulin levels expressed as mean±standard deviation. RSD: Residual standard deviation.
N=20 growing rabbits per diet.
32% higher than for a first cut 2018 (Gayrard et al., 2021), whereas the level of condensed tannins in a sainfoin hay
was higher (30 g/kg, Feedipedia).
Sainfoin incorporation did not affect the fertility rate (mean 78%), which was in the normal range, and close to the
value recorded on French rabbit farms (83%; Coutelet, 2015). With increasing incorporation of sainfoin, the number of
live rabbits at birth increased linearly (P=0.042), while the stillborn rate decreased. This could be linked to the tannins
supplied by the sainfoin. Indeed, in ewes fed Lotus corniculatus (rich in tannins) Min et al. (2001) observed a higher
proportion of multiple ovulations and reduced embryonic loss, resulting in more lambs born per ewe.
Before weaning, neither feed intake (by the does and litters) nor litter growth rate were affected by the incorporation
of sainfoin, whereas post-weaning growth and feed conversion were slightly impaired by sainfoin, particularly at the
highest incorporation rate (26%). This effect could also be linked to the higher intake of total phenols and tannins that
reduced protein digestion (Gayrard et al., 2021).
Rabbits can be infected by several species of coccidia (hosted mainly in the digestive tract), and whether or not they
develop the associated disease depends on the level of infection. In our trial, both does and growing rabbits were
infected by coccidia, but with no visible signs of disease, such as diarrhoea or weight loss (Licois, 2004; Pakandl,
2009). In most coccidia species, the maximum number of oocysts per rabbit that can be excreted ranges from
1 to 5×108 (Pakandl, 2009), 105 times more than the coccidia excretion rate observed here (103). The antiparasitic
properties of sainfoin (Hoste et al., 2015) are related to its condensed tannin content (CTs) (Mueller-Harvey et al.,
2019; Wang et al., 2014). CTs have anthelmintic properties, as already shown in sheep and goats (Hoste et al., 2015),
and are known to help limit coccidia infections in small ruminants (Saratsis et al., 2012; Dykes et al., 2019). Studies
on growing rabbits fed a high percentage (40 and 34%) of pelleted dehydrated sainfoin reached similar conclusions
for helminth (Legendre et al., 2017) and coccidia control (Legendre et al., 2018). In our study, no variation in coccidia
infections was found as a result of a more moderate sainfoin incorporation. Considering that the level of infection in
our study was already low, higher tannin intake may be needed for detectable antiparasitic effects.
Incorporating sainfoin in the diet did not modify either the blood formula or the proportion of white cells, which were
within the physiological range (Moore et al., 2015). Eosinophil is involved in the innate immune system, in particular
in the phenomena of parasitism (Huang and Appleton, 2016). In the present study, despite the coccidia infection of
growing rabbits, eosinophil levels did not increase above the physiological range, which may be explained by the
relatively low level of coccidia infection. However, we could expect sainfoin intake to increase eosinophil levels, as
sainfoin appears to have enhanced the innate immunity reaction against the parasite Trichostrongylus colubriformis.
Indeed, in Trichostrongylus colubriformis-infested sheep fed sainfoin hay including 2% tannins, Ríos-de Álvarez et al.
(2008) observed an increase in the proportion of eosinophil cells compared to those in sheep fed only grass. In our
study, sainfoin diets had no effect on the proportions of eosinophil, which may be due to insufficient tannin intake.
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Immunoglobulins levels were not modified by intake of sainfoin. However, total plasma IgG concentrations were twice
as high as those measured by Knudsen et al. (2015). The similarly high level of IgG with normal IgA levels obtained in
all groups of growing rabbits could be explained by the presence of coccidia. This result is in agreement with that of
Pakandl et al. (2008), who observed an increase in IgG linked to IgG stimulation by parasite antigen with unchanged
levels of IgA.

Effects of the reproductive cycle (age)
As expected, the live weight and feed intake of nulliparous does (cycle 1) were lower than those of multiparous does
(cycle 2 and 3), but the fertility rate of nulliparous and multiparous does was similar. In commercial farms, nulliparous
does often have lower fertility rates due to their incomplete body growth (Paci et al., 2003), and Fortun-Lamothe
(2005) observed a more negative energy balance during first lactation in primiparous does than in multiparous does.
Thus, fertility rate would be better in primiparous does (not lactating) than in multiparous does that are inseminated
while lactating at the same time. Fewer live rabbits were born to nulliparous does than to multiparous does (8 vs. 10.4
in cycles 2 and 3). Similarly, Castellini et al. (2006) and Theau-Clément et al. (2016) observed that nulliparous
does had fewer live rabbits at birth (7 and 8.5 respectively) than multiparous does (8.3 and 11.0 respectively). In
our study, the stillborn rate was high in cycle 1 (18%) and lower in cycle 2 (6%), in contrast to a study by Guillen
et al. (2008), who observed a low stillborn rate at first parturition (11%) but an increase at the second parturition
(20%). Theau-Clément et al. (2016) reported a low stillborn rate for both nulliparous and primiparous does (0.4 and
0.6 respectively), but the rate was nevertheless higher for multiparous does (1.0).
The growth rate and feed conversion performance of kits and growing rabbits improved with each cycle. For instance,
Theau-Clément et al. (2016) reported a 15% lower growth rate for rabbits weaned by a primiparous doe compared
to rabbits weaned by a multiparous doe. This is related with the higher milk production of a multiparous compared
to a nulliparous doe.
In our experimental study, overall doe mortality was low (5%) from cycle 1 to cycle 3, close to the 3.8% mortality rate
of does found by Rosell and Fuente (2016). Similarly, kit mortality before weaning was very low (2.0%). However, kit
mortality in cycle 2 was unexpectedly higher and seemed related to the poorer health status of the does in this group.
Indeed, it has frequently been reported that poor doe health status has a negative impact on the health of the litter
(Rashwan and Marai, 2000). Surprisingly, in our study, kit mortality before weaning was higher than after weaning
(<1%), in contrast to most previous studies in which post-weaning mortality is reported to be higher (Fortun-Lamothe
and Gidenne, 2000; Theau-Clément et al., 2016).
The decrease in doe oocyst excretion from the cycle 1 to the cycle 3 was most probably related to the development of
immunity to oocyst infection. Norton et al. (1979) showed that a single inoculation with 100 oocysts of E. flavescens
or E. irresidua was able to provide animals with slight protection against a second infection. Faecal concentrations
of oocysts in growing rabbits were stable and moderate (<3000 OPG) throughout the trial, and remained below the
threshold (4000-5000 OPG) for prophylactic treatment against coccidia (Coudert et al., 2000). Indeed, young rabbits,
especially from one to three months old, have low immunity to coccidia infection (Duszynski and Couch, 2013).
Although coccidia infection was sharply reduced with doe age, this did not reduce the coccidia infestation of the
litters. In fact, only a small amount of coccidia (80 to 200 oocysts) is sufficient to provide a high faecal infestation
(1-5×108) as shown by Pakandl (2009).

CONCLUSIONS
The incorporation of first-cut dehydrated sainfoin pellets in the feed of reproducing does did not modify their body
status, feed intake or fertility rate. However, sainfoin in feed improved the number of live rabbits and tended to reduce
the stillborn rate. After weaning, feed containing sainfoin slightly impaired growth and feed conversion, without
affecting the health status. Incorporating sainfoin had no impact on the faecal concentration of coccidia or on immune
status. Independently of sainfoin, the reproductive performances of the does (number of live rabbits at birth, stillborn
rate) and growth of young rabbits improved from cycle 1 to cycle 3, while the excretion of coccidia decreased with
age of the doe.
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An incorporation of up to 26% sainfoin is thus possible in the feed of reproductive does. A moderate sainfoin
incorporation (≤13%) in the feed would be preferred for young rabbit. These first results need to be confirmed using
a larger number of rabbits raised in commercial conditions to assess the impact of incorporating sainfoin in feed on
doe and litter health and performance.
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FEEDING BEHAVIOUR OF THE GROWING RABBIT FED FREELY OR RESTRICTED, AND IMPACT
ON PERFORMANCE AND DIGESTIVE ORGANS
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Abstract: This study aimed to determine how rabbits’ feeding and drinking behaviour was influenced by a
feed restriction programme, and how performance and the morphometry of the digestive tract and lymphoid
organs were influenced. At weaning (28 d old), 432 rabbits were housed in cages of 6, and allotted to 2 groups
according to feed intake level: ad libitum feeding (AL group) from 28 to 72 d old, and feed intake (R group)
restricted to 70% of AL intake from 28 till 49 d old, followed by ad libitum feeding from 50 till 72 d old. During
the restriction, the R group intake was 36% lower than that of the AL group. When returning to an ad libitum
feeding, the R group intake increased by 270%, thus exceeding the AL intake by 26% (P=0.03). The daily
weight gain was reduced by 28% for R group during the restriction (40.0 vs. 55.7 g/d; P<0.001), whereas the
feed conversion was improved (−11%, 1.86 vs. 2.09; P<0.001). The restriction led to a shorter intestine (−15%,
202 vs. 233; P<0.05) and lighter spleen (−15%, 4.8 vs. 5.9; P<0.05), whereas the number of Peyer patches
was not influenced. Most of the growth delays of lymphoid tissues observed at the end of the restriction period
in the R rabbits remained until the end of the experiment. The feeding activity of AL rabbits mainly occurred
during the dark period (19:00-09:00), with 16% of rabbits eating. The R group strongly and massively started
their feeding activity at feed distribution time (8:30-09:00), with 65% of rabbit eating at the start, then 35% still
eating half an hour later. Feeding activity of R group remained high for 8 h after the feed distribution, with 28%
of rabbits having a feeding activity between 9:30 and 17:00. R group had a higher number of meals (+30%)
and drinks (+28%), and a longer meal duration (+30%) compared to AL group. R group consumed 63% of the
intake within 6-7 h compared to ad libitum fed rabbits, which spread their intake over 15 h. No changes in social
behaviour (access to feed or drinking, resting, aggressiveness) were detected, suggesting that this restriction
programme did not impair welfare compared to that of ad libitum fed animals.
Key Words: rabbits, feed intake limitation, feeding behaviour, lymphoid organs, digestive tract.

INTRODUCTION
Post-weaning feed restriction has been used in French rabbit breeding systems for 15 yr as an efficient method to
reduce the incidence of digestive disorders in the growing rabbit (for review, Gidenne et al., 2012) and to improve feed
efficiency, and finally the economical results of the farms (Knudsen et al., 2017; Gidenne, 2019). Recently, several
authors studied various feed restriction programmes (Alabiso et al., 2017; Birolo et al., 2017, 2020) to optimise
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performance or carcass quality. However, till now, no clear mechanism has been identified to explain the favourable
effects of a quantitative feed restriction on the digestive efficiency and health of the growing rabbit.
The feeding and drinking behaviour of the growing rabbit was studied in the past with adult or laboratory rabbits
(Prud’hon et al., 1972; Horton et al., 1974), but no recent studies have addressed the feeding behaviour of growing
rabbits under conventional collective housing, similar to commercial farms. As feed restriction programmes are
commonly used, studies on their impact on the feeding and drinking behaviour of restricted-fed rabbits and how they
re-adapt to ad libitum feeding continue to be of interest. Moreover, as feed restriction modifies the feeding rhythm,
this may impair the welfare of farmed rabbits, as recently suggested by EFSA (EFSA report, 2020).
Therefore, we studied the effects of a 3-week feed restriction after weaning, followed by three weeks of free
feeding, on the feeding and drinking behaviour in comparison to rabbits always fed ad libitum. We also described the
morphometry of the digestive tract and lymphoid organs, assuming that it may be associated with favourable effects
on digestive efficiency and health.

MATERIAL AND METHODS
Animals were handled according to the guidelines for animals used in experiments, according to EU 2010/63/EU and
in agreement with French legislation (NOR:AGRG1238753A 2013). The local ethic committee (ANSES, Ploufragan)
also approved the protocol.

Experimental design, animals and housing
This study involved 432 hybrid rabbits (Hycole®) produced at the ANSES experimental farm (Ploufragan, France). The
trial started at weaning (28 d old) and finished at 72 d old. Only rabbits weighing more than 510 g at weaning were
included in the trial. At weaning, rabbits from the same litter were randomly distributed in cages and the cages were
then allocated to two treatments, with the same weight at weaning and without considering rabbit gender. The two
groups corresponded to two feed intake levels: a control group “AL” fed ad libitum and a restricted-fed “R” group,
for which the intake was limited to 70% of the AL intake from 28 to 49 d old. The R group was fed daily with one
meal between 08:30 and 09:00, with a quantity of feed adjusted once a week according to the mean feed intake of
the AL group, using an intake prediction curve. Simultaneously, rabbits of AL groups were visited daily, to have the
same level of contact with human as the R group. From 50 d old to the end of the experiment, the rabbits of the two
groups (AL & R) were fed ad libitum. Free access to drinking water (nipple drinker) was provided throughout the trial.
Rabbits were housed in two rooms (same unit), each containing 2 rows of 18 collective cages (77×50 cm) with
6 animals (216 rabbits per room), and the density was kept at 15.6 rabbits per m². Each group of rabbits was equally
assigned to one of the two rooms of the same unit. Each row housed one group (AL or R). The breeding unit was
kept at a temperature of 20±2°C and under a 09:00 to 19:00 lighting schedule alternated with 14 h of darkness.
The experimental diet (Table 1) was formulated (and pelleted) to cover the nutritional requirements of the growing rabbit
fed ad libitum (Gidenne et al., 2015). No antibiotic was given either in feed or through drinking water throughout the trial.

Feed intake and growth measurements
Feed intake of the AL group was measured once a week, whereas feed intake of restricted rabbits (R) was checked
daily during the first period of the trial, then once a week during the second period (49-72 d old) when fed ad libitum.
Rabbits were individually weighed at weaning (28 d old) then at 49, 56 and 72 d old. Daily growth, feed intake and
feed conversion ratio were determined for the first period (28-49 d old), for the first week of the second period
(49-56 d old) to look at adaptation to free intake for R group, and for the remaining part of the second period (5672 d old).

Lesions and health status
All rabbits were individually examined at weaning (28 d old), at 49 and 72 d old, for severity of body scratches, lesions
and injuries. The lesions score would enable us to determine whether a restriction of the feed intake induces more
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aggressiveness than an ad libitum feeding. Morbidity and
mortality were also checked daily.

Behavioural traits: feeding and other activities
The first week (28-35 d old) was not considered for
the behavioural study, as it was an adaptation period to
maternal separation and new cages and new pelleted
feed. Then, four nychthemera of video were recorded at
35, 37, 42 and 44 d old. Then, only the first week of the
second period (free feeding) was studied for behavioural
traits, at 50 and 52 d old, to study the adaptation to
free access to food of previously restricted rabbits. Each
camera filmed 1 or 2 cages. At each nychthemeron,
6 cages per group, equally shared in both rooms, were
filmed for 24 h. Cameras were moved along rows of
cages, filming 24 cages per group for the first period.
The videos of the 50th and 52nd d of life recorded the same
cages and rabbits (for focal sampling) as those recorded
at 35 and 44 d old, respectively, for comparison of the
rabbits’ behaviour for restriction and ad libitum periods.
Instantaneous scans were carried out using all the video
recordings to study the rabbits’ feeding and resting
activities over 24 h. Feeding activities were determined
by instantaneous scans of 30 s at 30 min intervals,
i.e. 48 video-scans per nychthemeron. At each scan,
the number of rabbits eating (head in the feeder or in
front of it, or chewing food) and resting (lying on belly or
flank) were evaluated in the 6 cages filmed per group (AL
and R). Results are given averaging the number obtained
for the 24 cages considered per group for the restriction
period, and for the 6 cages observed at 50 d old then
52 d old for R group, and for the 12 cages considered for
the second period for AL group.
One rabbit per cage was identified using a coloured
pencil. It was followed over 24 h by focal sampling. In
addition to frequency of meals and drinking behaviours,
average duration of the meals and total meal duration
were registered. This was performed at 35, 42, 50 and
52 d old, i.e. 2 d per period. Our first observations by
scan sampling showed high variations of eating activity in
the course of a nychthemeron, so we decided to split the
24 h of focal observation into 2 phases: 1st phase from
08:30 to 21:30 (restricted rabbits’ feed consumption
phase) and 2nd phase from 21:30 to 08:30 (phase of no
feed intake for restricted rabbits).

Table 1: Ingredients and chemical composition of the
experimental diet.
Ingredients (g/kg as fed)
216.0
Wheat bran
177.0
Sunflower meal
177.0
Dehydrated alfalfa
137.0
Dehydrated sugar beet pulp
61.0
Barley
65.0
Wheat middling
28.0
Apple pomace
21.6
Sugar cane molasses
20.0
Citrus pulp
20.0
Kaolin
20.0
Oat
20.0
Rapeseed 00
12.0
Grape pulp
12.0
Soybean oil
10.0
Premix1
2.2
Lysine (0.5, liquide)
0.4
Methionine (0.9, liquide)
0.8
Choline chloride (0.75, liquide)
Analysed composition (g/kg as fed)
905
Dry matter
91
Ash
179
Crude protein
367
Neutral detergent fibre
210
Acid detergent fibre
54
Acid detergent lignine
2
Calculated composition (g/kg as fed)
74
Starch
169
Crude fibre
6.7
Lysine
2.8
Methionine
2.4
Cysteine
1
Vitamins: A: 1 500 000 UI/kg; D3: 200 000 UI/kg; E: 3000 mg/kg;
B1: 200 mg/kg; K3: 50 mg/kg and oligo elements: Cu2+: 800 mg/
kg; Fe2+: 8000 mg/kg; Zn2+: 20 000 mg/kg; Mn2+: 4000 mg/kg;
coccidiostat: robenidine.
2
Calculated values according to Feedipedia (http://www.
feedipedia.org/).

Digestive tract and lymphoid tissues morphometry
Eight rabbits per group were sacrificed by cervical dislocation (in agreement with AVMA, 2001) at the end of the
restriction period (49 d old) and at the end of the trial (72 d old). Rabbits were selected from the cages not videotaped.
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Digestive tract growth was compared between the R and AL rabbits by measuring the lengths of small intestine
(including duodenal ampoule, without sacculus rotundus), caecum (including sacculus rotundus and caecal appendix)
and colon (with rectum). Some lymphoid tissues growth were also assessed, considering spleen mass and length,
caecal appendix mass and length, sacculus rotundus mass, number of Peyer’s patches and unit mass. These organs
have various implications in the immune system (Drouet-Viard and Fortun-Lamothe, 2002). Caecal appendix is a
primary lymphoid organ allowing production and maturation of B lymphocytes of young rabbits. Moreover, it is a
secondary lymphoid organ inducing specific immune response, just as Peyer’s patches and sacculus rotundus.
Spleen is a lymphoid organ implicated in cell immunity.

Statistical analyses
All statistical analyses were performed using the R software. The data concerning feed intake, growth and feed
conversion ratio were analysed using a bifactorial model (ANOVA) including the effects of the breeding room and of the
group (AL or F) and considering their interaction. Since the effect of the breeding room was never significant, we did not
present this factor in the tables. Organ growth was analysed by ANOVA, using a model including two effects (feed intake
level and animal age and considering their interaction). In addition, because of the feed restriction strategy, the variances
of some criteria (live weight, intake or feed conversion) were logically lower in the restricted group compared to the ad
libitum one (Bartlett test). In these cases, a mixed model (FLM procedure) using the “repeated” option (for the variable
“cage within group) to consider the differences in variance between R and AL groups was applied.
For behavioural data from scan sampling, data obtained for the 6 rabbits of the 6 cages per group observed per day
(36 rabbits/group day) were averaged for the 4 d of restriction period that were videotaped. Regarding the second period
(ad libitum), to determine whether animals kept the activity rhythms they had shown during the first period (restriction)
or if they spontaneously adopted the feed intake and resting habits of ad libitum rabbits, the data collected from the AL
group during two days of the second period were averaged, whereas both days recorded during the second period were
considered separately for R rabbits. Data obtained by focal sampling for the 12 rabbits observed per period and per group
were averaged. These data were analysed by ANOVA using a model with two effects (feed intake level and phase of the
day) and considering their interaction. Moreover, data were presented according to both periods.

RESULTS
Health status and lesions
No morbidity or mortality were observed over the five weeks of the trial. Whatever the group considered, no severe
lesions (only a few scratched ears) were found at the end of the first period, as only one rabbit from R group showed
small lesions at one ear. At the end of the second period (72 d) only 8 rabbits (on 216) of the R group had slight lesions
on the ears. Three observations of aggressiveness were noticed only during the last week of fattening, for 3 cages of
the R group. Moreover, no aggressive behaviour was observed during the scan or focal observations.

Feed intake and growth
Over the first period (from 28 to 49 d old) the feed intake of the R group was 36% lower than the control AL group,
thus slightly over the expected restriction rate of –30% (Table 2). Over the first week after the restriction (49-56 d
old), the R group intake strongly increased by 270% to average 206 g/d, exceeding the intake of AL group by 26%
(P=0.03). This over-intake of the R group persisted for the following weeks, with a 9% higher intake between 56 and
72 d old for R group compared to AL (P<0.001). Finally, over the whole fattening period, the feed intake of the R
group was only 6% lower than for AL (P<0.001). Accordingly, the weight gain was reduced, whereafter we observed
a compensatory growth for R group compared to AL, with a 24% higher weight gain between 49 and 72 d old
(P<0.001). The feed conversion of restricted rabbits was improved (-11%; P<0.001) during the restriction period,
and this favourable effect was reinforced between 49 and 56 d old (-16%; P<0.001), when the compensatory growth
was the highest. At the end of the period, feed conversion of both groups was similar.
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Table 2: Intake and growth of rabbits fed ad libitum (AL) or restricted (R).
AL
R
Feed intake (g/d rabbit)1
Period 28 to 49 d old
116.3
74.1
Period 49 to 56 d old
162.5
205.9
Period 56 to 72 d old
151.1
165.1
Period 49 to 72 d old
154.6
177.5
Period 28 to 72 d old
136.3
128.2
Live weight (g)2
28 d old (weaning)
593
593
49 d old
1763
1433
56 d old
2095
1934
72 d old
2686
2571
Daily weight gain (g/d rabbit)2
Period 28 to 49 d old
55.7
40.0
Period 49 to 56 d old
47.1
71.6
Period 56 to 72 d old
36.9
39.8
Period 49 to 72 d old
40.0
49.5
Period 28 to 72 d old
47.5
45.0
Feed conversion ratio1
Period 28 to 49 d old
2.09
1.86
Period 49 to 56 d old
3.45
2.92
Period 56 to 72 d old
4.12
4.17
Period 49 to 72 d old
3.87
3.54
Period 28 to 72 d old
2.87
2.85

SEM

P-value3

2.5 4
2.8
1.3
1.6
0.7

ND
<0.001
<0.001
<0.001
<0.001

2
10
7
9

NS
<0.001
<0.001
<0.001

0.5
0.8
0.3
0.37
0.19

<0.001
<0.001
<0.001
<0.001
<0.001

0.02
0.05
0.04
0.04
0.01

<0.001
<0.001
NS
<0.001
NS

R: Intake restricted at 70% of the AL group; SEM: standard error of the mean; NS: no significant, P<0.10.
1
Measured on 2×36 cages of 6 rabbits.
2
Measured on 2×216 rabbits, and then on 2×208 rabbits (8 rabbits per group sacrificed).
3
P level of the group effect, but resulting from bifactorial variance analysis, including the effect of the breeding room and the
interaction, those two latter effects being non-significant for all parameters.
4
Standard deviation value for the group AL only; ND: Not Determined, σ² = 0 for R group.

Feeding and drinking behaviour
During the two weeks after weaning, most of the feeding activity of rabbits fed freely (AL group, Figure 1A) occurred
during the dark period (19:00–09:00), as the proportion of rabbits eating averaged 16% during dark compared to
light periods (11%). Moreover, two peaks of feeding activity were detected, first around the light switching off (19:00)
with 20% of rabbit eating, and the second before the light switched on (05:00-08:30) with 17% of rabbits eating. In
contrast, the lowest feeding activity occurred just after the light switched on (09:00-14:00), with only 5% of rabbits
presenting feeding activity (Figure 1A). Correspondingly, for AL group, the number of meals and drinks did not differ
according to the phase time (A vs. B, Table 3), and neither did the meal duration nor the cumulative time for feeding.
In return, restricted-fed rabbits (group R) strongly began their feeding activity at feed distribution time (8:30-09:00)
with 65% of rabbit eating, with 35% still eating half an hour later. Their feeding activity remained high for 8 h after
the feed distribution, with 28% of rabbits showing feeding activity between 9:30 and 17:00 (Figure 1A). This led to a
higher number of meals (+30%) and drinks (+28%), and a longer meal duration during this phase (+ 2 min = +30%,
Table 3) compared to the AL group. Then, from 21:00 to 8:30, we recorded a low feeding activity consisting of only
very short visits to the feeder without effective intake, as feeders were emptied from 15:30 and the meal duration was
null (Table 3). In parallel, the number of drinks was very low (n=5) for R rabbits compared to the AL group (n=22).
Over a nychthemeron, rabbits of R groups spent 150 min on feeding, compared to 197 min for AL groups (P<0.001).
From our feeding patterns (Figure 1), we also observed that the timing of feed distribution to R group did not interfere
(e.g. intake stimulation) with feeding behaviour of the AL group.
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Figure 1: Proportion* of rabbitsforeating
(A) and resting (B) over 24 h, during the restriction period (28-49 d old) for
restricted (R) and ad libitum (AL) fed rabbits. *mean proportions for 6 rabbits per cage, and 12 cages per group. Feed
distribution time for R group (8:30-9:00), –—: AL, – – –: R.

The 47 drinks/d rabbit of freely fed rabbits did not differ from the 38 drinks of the restricted group during the
restriction period (Table 3, P = 0.107). However, the drinks time allocation was different, with only 5 drinks during the
dark period for R group compared to 22 for the AL group.
Once R rabbits were fed freely (49-72 d), they showed a strong feeding activity during the light period, with a 60%
higher number of drinks and meals (P<0.01), and a 30% higher meal duration and feeding time (P<0.01). Moreover,
during the first week of the second period, we observed that the R rabbits still expressed the main part of their feeding
activity during the 1st phase of the nychthemeron (36 vs. 12 meals, P<0.001), as they did throughout the first period
(restriction), whereas AL rabbits presented an activity equally shared between both phases (Table 3). Scan sampling
data (Figure 2) showed that during the first nychthemeron of free feeding (50 d old) 90% of R rabbits were found
eating around 09:00 h, which was the feed supply time during the first period. Two days later, the circadian feeding
pattern of R group (Figure 2A, Rb) became similar to that of the AL group. On average for 50 and 52 d old rabbits
(Table 3, period 2), the number of daily meals was higher for R group compared to AL (48 vs. 38), still with a different
time allocation for R group at light period: twice longer meal duration for R group and 36 vs. 20 meals for R and AL
group, respectively).
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Table 3: Characteristics of drinks and meals according to feed intake level (AL, ad libitum vs. R, restricted) and to day
phase (08:30-21:30 and 21:30-08:30) during a restriction programme (first period) or after returning to ad libitum
feeding (second period).
Phase A: 08:30-21:30 Phase B: 21:30-08:30
P-value
Intake level:
AL
R
AL
R
SEM Intake Phase Interaction
First period (Restriction program, average of 35 and 42 d old)
Number of drinks1
25 bc
33 c
22 b
5a
1.9
NS
<0.001 <0.001
2
b
b
b
Number of meals
21
27
20
0a
1.8
0.003 <0.001 <0.001
Meal duration (min)
04.57 b
06.47 b
04.56 b
00.00 a 00.27 0.003 <0.001 <0.001
b
c
b
Cumulative feeding time (min) 102.14
150.09
95.04
00.00 a 08.14 <0.001 <0.001 <0.001
Second period (ad libitum feeding, average of 50 and 52 d old)
Number of drinks1
20 b
32 c
16 b
2
a
b
Number of meals
20
36
18 a
a
b
Meal duration (min)
03.53
06.06
04.26 a
a
b
Cumulative feeding time (min) 75.35
202.20
76.46 a

8a
12 a
04.50 ab
54.51 a

1.5
NS
<0.001 <0.001
1.7
0.038 <0.001 <0.001
00.14 0.002
NS
0.028
09.26 <0.001 <0.001 <0.001

With 12 replicates per period and per group; SEM: standard error of the mean.
Number of meals or drinks per rabbit and per day.
abc
Within a row, means not sharing superscript differ (P<0.05, for a monofactorial model holding both factors: intake level and
phase).
NS: no significant, P<0.10.
1
2

Resting and other behaviours
As expected, the resting activity patterns evolved inversely (with half an hour delay) to the feeding pattern, whatever
the group considered (Figure 1B and 2B). For instance, a high feeding activity occurred at the onset of darkness
(Figure 1A and 2A) and concurrently with a drop in the resting activity (Figure 1B and 2B), likewise for R rabbits with
the very high feeding activity around 09:00 (Figure 1A) corresponding to a strong drop in resting activity (Figure 1B).
Similarly, we observed that around 80% of R rabbits were resting throughout the darkness time, either during the first
period (Figure 1B) or at 50 d old (Figure 2B). Over the day, the time dedicated to resting reached 2/3 of the whole day.
In parallel with the feeding activities, we noted that for rabbits fed ad libitum, the resting periods were spread over the
whole day, with a decrease at the end of the day. In R group, the resting behaviour was more “concentrated” on the
“non-food” period. More rabbits were reported to be active in R group, especially for 6 h after emptying of the feeder.
We did not observe adverse behaviour or aggressiveness due to feed restriction, such as competitive access to the
feeder. We also did not see a significantly higher number of lesions in the restricted group. No abnormal behaviours
were noticed either in R or AL groups.

Digestive tract and lymphoid tissues growth
Restricted feed intake for three weeks after weaning did not affect the hindgut morphometry (Table 4, caecum or
proximal colon), while a 15% growth was observed at 72 d compared to 49 d old, as expected. In turn, the small
intestine length of the R rabbits was smaller (–15%) at 49 d old (P=0.003), but this deviation disappeared three
weeks later, causing a significant interaction between intake and age (Table 4).
All lymphoid tissues were affected by the feed intake level (R vs. AL, for the first period), except for the Sacculus
rotundus’ mass, which was only age-dependent (P<0.001, Table 4). The restriction programme led to a shorter
(–15%) and lighter (–15%) spleen (P=0.003 and 0.045, respectively). Unit mass of Peyer patches decreased by
almost 1/6 with feed restriction (P=0.006), whereas their number was not significantly influenced. Most of the growth
delays of lymphoid tissues observed at the end of the first period in the R rabbits remained until the end of the
experiment. In contrast, the caecal appendix mass of the AL rabbits showed a decrease of around 1/3 between
49 and 72 d old (P<0.001), which was not found in the R group.
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Figure 2: Proportion* of rabbitsforeating
(A) and resting (B) over 24 h, once restricted rabbits were fed freely (Ra, 50 d)
and 2 d after (Rb, 52 d old), and for ad libitum rabbits (AL, 50 and 52 d old). * mean proportions for 6 rabbits per
cage, and 6 cages per group. Feed distribution time for R group (8:30-9:00), –—: AL, – – –: R, ········: Rb.

DISCUSSION
Feeding behaviour of the growing rabbit
No study has described the circadian pattern of rabbit feeding behaviour, in conventional housing system for fattening
(i.e. collective cages) and for modern commercial hybrid rabbit lines. In the past, some studies have described the
pattern of drinking and feed intake for some individually housed adult or growing laboratory rabbits (Prud’hon et al.,
1972, 1975; Horton et al., 1974; Jolivet et al., 1983), or more recently for 6 growing rabbits housed individually in
metabolism cages (Bellier et al., 1995).
Our study thus provided original detailed description of the feeding and drinking behaviour of growing hybrid rabbits
housed similarly to those in commercial farms and fed freely. In agreement with the first descriptions (Prud’hon et al.,
1975; Bellier et al., 1995), the lighting schedule is the key driver of the feed intake, with an increasing feeding activity
during the 3 to 4 h before light switch off and also at the end of the dark period interval one or two hours before light
switch on. Restricted rabbits consumed within 6-7 h 63% of the intake of freely fed rabbits, which was spread over
15 h from 28 to 49 d old. Then, the low feeding activity in the “morning” corresponded to a resting and caecotrophy
period. This is coherent with the behaviour of the wild rabbit having a “crepuscular” activity for foraging and eating
(Gidenne et al., 2020).
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Table 4: Digestive tract and lymphoid tissues morphometry to the feed intake1 (AL, ad libitum vs. R, restricted) and
to age (49 or 72 d old).
49 d old (n=8)
72 d old (n=8)
P-value
Group:
AL
R
AL
R
SEM
Intake
Age
Interaction
Digestive tract length
Small intestine (cm)
233 b
202 a
293 c
294 c
7
0.021 <0.001
0.017
ab
a
b
Caecum (cm)
44
40
49
49 b
1
NS
0.001
NS
Colon (cm)
94 a
91 a
116 b
117 b
3
NS
<0.001
NS
Lymphoid tissues
Spleen
Length (cm)
5.9 ab
4.8 a
6.4 b
5.5 ab
0.2
0.002
0.062
NS
a
a
b
Mass (g)
1.3
0.9
2.3
1.4 ab
0.1
0.007
0.003
NS
Caecal appendix
Length (cm)
9.5 a
8.6 a
12.1 b
11.5 b
0.3
0.08 <0.001
NS
b
a
a
Mass (g)
5.7
3.9
3.9
4.0 a
0.2
0.013
0.015
0.006
Sacculus rotundus
Mass (g)
1.7 a
1.4 a
9.7 b
9.2 b
0.7
NS
<0.001
NS
Peyer patch
Number
5.9 ab
4.9 a
6.0 ab
7.5 b
0.3
NS
0.004
0.009
a
a
b
Unit mass (g)
0.17
0.14
0.26
0.23 b
0.01
0.006 <0.001
NS
Intake was restricted by 30% for R group between 28 and 49 d old.
Within a row, means without a common superscript differ (P<0.05, for a monofactorial model with 4 levels (intake×age)).
SEM: standard error of the mean (8 replicates).
NS: no significant, P<0.10.
1

abc

Besides, we observed relatively large variability (20 to 50%) in the feeding behaviour circadian pattern, indicating that
each individual probably had its own circadian clock. In fact, the domestic rabbit no longer has prolonged periods
without eating, as it has over 20 meals of dry feed a day (Gidenne et al., 2020) and consumes caecotrophes (early
in the light period). Past studies using commercial hybrid rabbit lines observed a high frequency of meals and drinks
averaging 40 per day, with a time budget of almost 3 h for eating activity (Prud’hon et al., 1972; Horton et al., 1974).
Only 13 to 19 drinks and 23 to 33 meals per day, with a time budget of 2 h for eating, were observed in old studies
with laboratory or domestic rabbits. As reported by Boisot et al. (2003), a quantitative feed restriction increased the
water intake. We here found that it also strongly increased the frequency of access to drinkers. However, we were not
able to measure the water intake, as large quantities of water were wasted (about 2 to 3 times the expected water
consumption) with nipple drinkers.
Contrarily to rabbits fed ad libitum, whose feed intake pattern depended on lighting schedule, the feeding behaviour
of restricted animals depended strictly on the time of the meal. Within 8 h, restricted rabbits emptied their feeder,
as observed previously for a similar restriction level (Gidenne et al., 2009; Gidenne and Feugier, 2009). A feed
distribution in the evening would certainly have led to a synchronisation of the restricted animals with freely fed ones,
and thus closer to the natural cycle. However, within two days after returning to a free feeding regime, previously
restricted rabbits have a feeding behaviour similar to those constantly fed freely.

Resting and other behaviours
The resting activity decreased simultaneously to the increase in eating activity, corresponding to a “classical” transfer
of activity. For freely fed growing rabbit, the time budget for resting (66% of the day) was close to the range of 5760% reported previously (Morisse et al., 1999; Postollec et al., 2006; Jordan et al., 2008; Princz et al., 2008). This
was regularly spread over the whole day, whereas for restricted rabbits the resting phase was more “concentrated”
after the acute feeding period just after the food was supplied. Moreover, caecotrophy, which corresponds to resting
and low feeding activity, occured around 8 h after the main period of feed intake, either for restricted or freely fed
World Rabbit Sci. 30: 119-130
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animals and as described previoulsy (Hörnicke et al., 1984). This suggests that our restriction programme did not
greatly perturb the digestive processes of the rabbit. Besides, we observed no abnormal behaviours (such repetitive
movements, aggressiveness, etc.) either in restricted or freely fed rabbits. Thus, we assumed that a quantitative feed
restriction did not fundamentally modify major behaviours (feeding, drinking, resting), but rather separated them over
time. However, under the favourable environmental conditions of our experimental farm, it remains difficult to affirm
that the modification of the feeding pattern of restricted rabbits could have a negative effect on the welfare compared
to that of freely fed animals.

Morphometry of the digestive tract and of lymphoid organs
Between 7 and 10 wk of age, intestinal length grew by 40% in freely fed rabbits to reach 3 metres, as previously
observed by Lebas and Laplace (1972). For the same period, caecum and proximal colon length increased by 10 and
20%, respectively. Our restriction programme mainly affected the development of the small intestine (−10% at 7 wk
old), but no further impact was detectable at the end of the fattening and whatever the digestive segment. Thus, the
improved feed conversion and digestion found in previous studies (Gidenne et al., 2012) would not be associated with
changes in digestive morphometry.
Similarly, the caecal appendix development was similar to that reported in previous studies (Lebas and Laplace,
1972), although we noticed a 12% decrease in the mass of this organ at 10 wk compared to 7 wk of age for freely
fed animals, while the restriction reduced the caecal appendix length and mass without a compensatory growth at
10 wk after returning to a free feeding. Spleen was also impaired by feed restriction. Therefore, lymphoid organs
development seemed not to be implicated in the favourable effect of a feed restriction on health status of the young
rabbit (Gidenne et al., 2012).
Besides, a feed intake limitation influenced the circadian timing system that interacted between the circadian molecular
clock and a variety of metabolic networks. Thus, further studies would be pertinent to describe the metabolic changes
associated with an intake limitation that could explain the favourable effects on health cited in the literature.

Feed restriction and fattening performance
Since a 36% feed restriction for 3 wk after weaning led to a 28% lower growth rate, we assumed that the impact
of the restriction on growth was not strictly proportional to the intake level, in agreement with the meta-analysis of
Gidenne et al. (2012). Returning to ad libitum feeding produced a “classical” compensatory growth (+24% for weight
gain), already described by several studies (Perrier, 1998; Gidenne et al., 2003, Tumová et al., 2003; Knudsen et al.,
2017). As shown by Gidenne et al. (2012) this compensatory growth is proportional to level of the feed restriction,
but did not fully compensate the loss of growth, since at 10 wk of age, the live weight remained 4.3% lower.
Compensatory growth was associated with a better feed conversion (−8.6 units between 49-72 d old), in agreement
with previous studies using a similar restriction programme (Gidenne et al., 2009; Martignon et al., 2010).

CONCLUSION
Feed restriction slowed the growth of the young rabbit, but improved its feed efficiency. In parallel, development of
the digestive tract and lymphoid organs was impaired and thus could hardly be implicated in the improved digestion
or health status as mentioned in the literature.
The feeding behaviour of the growing rabbit, housed conventionally in collective cages, followed a circadian rhythm
depending on the lighting schedule, and thus similar to that of the wild rabbit. Under a restricted feeding programme,
the feeding behaviour is locked to the time of the meal. However, the feeding and drinking behaviours were slightly
modified and separated throughout the day but not fundamentally modified. As no changes in social behaviour
(access to feed or drinking, resting, aggressiveness) were detected, we assumed that our restriction programme
would not impair the welfare compared to that of freely fed animals. Further studies more focused on the social and
feeding behaviour should be undertaken to detail the welfare status of the restricted rabbit.
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Abstract: Escherichia coli (E. coli) can cause diarrhoea in a wide range of hosts. Moreover, some strains with
high virulence and drug resistance pose a serious threat to public health and livestock products. Diarrhoea
caused by E. coli outbreaks in rabbitries result in serious economic losses. The aim of this study was to
investigate the distribution of virulence genes and molecular genetic characteristics of E. coli from diarrhoeal
rabbits in the main rearing areas of Sichuan province, China in 2015-2017. In total, 39 E. coli isolates were
identified and undivided divided into 17 sequence types by multilocus sequence typing (MLST) and grouped
in 22 clusters by pulsed-field gel electrophoresis. Polymerase chain reaction tests detected 6 virulence genes:
eae (41.0%), ler (41.0%), ral (33.3%), afr2 (10.3%), irp2 (15.4%) and astA (7.7%) of the tested 17 virulence
genes identifying 16 enteropathogenic E. coli (EPEC) isolates. The main sequence types U328, ST328 and
ST20 carried rabbit EPEC associated virulence genes (eae, ler, ral and afr2). The results showed that the
distribution of virulence genes varied by year and area; genotype had major types in local rearing areas but
was of high diversity in Sichuan province.
Key Words: Escherichia coli, genotyping, rabbit, virulence gene profiles, MLST, PFGE.

INTRODUCTION
Escherichia coli (E. coli ) is a widely distributed bacteria in the environment, animals and humans. E. coli strains can
be roughly divided into 3 categories: commensal strains, intestinal pathogenic (enteric or diarrhoeagenic) strains,
and extraintestinal pathogenic strains (Russo and Johnson, 2000). Moreover, six types of diarrhoea-related E. coli
are: Shiga toxin-producing Escherichia coli (STEC), Enterohaemorrhagic Escherichia coli (EHEC), Enterotoxigenic
Escherichia coli (ETEC), Enteropathogenic Escherichia coli (EPEC), Enteroinvasive Escherichia coli (EIEC) and
Enteroaggregative Escherichia. coli (EAEC) (Gomes et al., 2016). Diarrhoeagenic Escherichia coli (DEC) has been
found in surface water used to irrigate food products (Canizalez-Roman et al., 2019) and from cow’s milk, cheese and
dairy cattle farm environments (Rios et al., 2019). It has also been found in pigs (Yang et al., 2019), cattle, poultry,
diarrhoeic patients (Parvej et al., 2020) and so on. This means that DEC exists not only in the environment, but is also
pathogenic for several animal species and for humans.
Diarrhoeagenic E. coli in rabbits is an infectious disease primarily due to enteropathogenic E. coli (EPEC) characterised
with high morbidity and mortality (Pohl et al., 1993; Blanco et al., 1997; Milon et al., 1999; Dow et al., 2005; Solans
et al., 2019). EPEC was identified by testing the eae gene (Yang and Chai, 2004). It is more common in suckling
and weaning rabbits, frequently with poor therapeutic responses and a high fatality rate. The disease can also be
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secondary to coccidiosis and other diseases (Liu and Ning, 2006). In 2018, the output value of the rabbit industry
reached about $4.3 billion, accounting for 1.01% of the output value of animal husbandry, higher than that of 2017
(0.86%) in China (Wu and Qin, 2019). Intensive rabbitries are mainly concentrated in Sichuan, Chongqing and other
south-western regions, as well as Shandong and Henan provinces. In 2016, Sichuan ranked the first place in column
quantity of rabbits (43.75%) (Wu et al., 2019). Intensive breeding and rearing can easily lead to large-scale disease
epidemics (Solans et al., 2019). High mortality rate seriously affects the breeding of rabbits in rabbitries. Therefore,
the distribution of virulence gene profiles and genotype of rabbit diarrhoeagenic E. coli has attracted our attention.
In this study, samples were taken from diarrhoeal rabbits in five rearing areas (Chengdu, Deyang, Yaan, Zigong and
Mianyang) in Sichuan province, China, which were the main rabbit breeding areas. The areas were representative,
to explore the distribution of virulence genes and genotypes of rabbit E. coli in Sichuan province, China. The aim of
this study was to investigate the virulence genes of E. coli strains isolated from diarrhoeal rabbits in the main rearing
areas of Sichuan by using published polymerase chain reaction (PCR) systems. Moreover, multi-locus sequence
typing (MLST) and pulsed-field gel electrophoresis (PFGE) were also used to investigate the molecular epidemic
characteristics of rabbit E. coli.

MATERIALS AND METHODS
Bacterial sampling and identification
Diarrhoeal growing rabbits (>35 d old) (main types: meat-producing rabbits and wool-producing rabbits) were
randomly selected from rabbitries (intensive type and the number of livestock on hand more than 1000 rabbits)
in each region (Chengdu, Deyang, Yaan, Zigong and Mianyang) in Sichuan province from 2015 to 2017. The anal
swab samples were streaked on the surfaces of MacConkey agar (MAC) and cultured at 37°C for 16-18 h. The
Lactose-positive colony on MAC was cultured on the Eosin Methylene Blue agar (EMB) at 37°C for 16-18 h. EMB
cultured positive colonies were differentiated by a species-specific PCR. The species-specific PCR forward primer
was 5’-ATCAACCGAGATTCCCCCAGT-3’ and reverse primer was 5’-TCACTATCGGTCAGTCAGGAG-3’. The size of
product amplified was 232 bp (Riffon et al., 2001). Sequences were analysed using Basic Local Alignment Search
Tool (BLAST).

Multilocus sequence typing and phylogenetic analysis
MLST was carried out by amplifying and sequencing 7 housekeeping genes (adk, fumC, gyrB, icd, mdh, purA and
recA) as previously described (Wirth et al., 2006). PCR amplification followed the protocol detailed at EnteroBase
website (http://enterobase.warwick.ac.uk/species/index/ecoli). The PCR products were sequenced by TIANGEN
Biotech Inc. Beijing, then the sequences were contrasted with the Warwick data to determine the allele numbers and
sequence types.
The 7 housekeeping gene sequences were concatenated to generate a 3423 bp DNA sequence for phylogenetic
analysis. The phylogenetic tree was built by MEGA 6.0 software with maximum likelihood method, General Time
Reversible model and a bootstrapping of 1000 replications. SplitsTree4 software with Neighbour-Joining (NJ) method
was used to construct a dendrogram for visualisation of evolutionary relationship between different types of strains.

Pulsed-field gel electrophoresis analysis
The experiment was carried out according to E. coli non-O157 PFGE standard procedure described by PulseNet
(http://www.cdc.gov/pulsenet/PDF/ecoli-shigella-salmonella-pfge-protocol-508c.pdf). DNA was digested with 50U
Xba I/sample (Thermo Fisher Scientific Co., Ltd, China) in agarose plug. Each sample was loaded in 1% Seakem Gold
agarose gel (Bio-Rad Laboratories. Beijing, China) for electrophoresis by CHEF Mapper® XA (Bio-Rad Laboratories.
Beijing, China). Comparison of PFGE profiles was done with Quantity One v.4.62 software. The dendrogram was
constructed by the unweighted pair group method using average linkages (UPGMA) method and simples which band
similarity ≥85% were clustered in one group.
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Virulence genes determination
All 39 strains were tested for virulence genes by conventional PCR: for the presence of enterotoxin genes (LT, STa,
STb and astA), Shiga toxin genes (stx1 and stx2), invasive factor genes (IpaH), EAEC-associated virulence genes
(aggR, aap, aggA and aaf), LEE pathogenicity island genes (eae and ler), HPI gene (irp2) and rabbit fimbrial adhesin
genes (afr1, afr2 and ral). Published primers were used to amplify all virulence genes (Table 1). Each virulence
gene fragment sequence amplified by PCR was compared with the data from the National Center of Biotechnology
Information (NCBI): https://blast.ncbi.nlm.nih.gov/Blast.cgi.

Table 1: Primers used for detection of E. coli virulence genes by PCR amplification.
Virulence
Annealing
Amplicon
gene
Primer and sequence (5’-3’)
Temperature (°C) size (bp)
STa
F-TCCGTGAAACAACATGACGG
55-57
244
R-ATAACATCCAGCACAGGCAG
STb
F-GCCTATGCATCTACACAATC
53-55
279
R-TGAGAAATGGACAATGTCCG
LT
F-GCACACGGAGCTCCTCAGTC
61-63
218
R-TCCTTCATCCTTTCAATGGCTTT
astA
F-CCATCAACACAGTATATCCGA
55
111
R-GGTCGCGAGTGACGGCTTTGT
stx1
F-CAGTTAATGTGGTGGCGAAGG
64
348
R-CACCAGACAATGTAACCGCTG
stx2
F-ATCCTATTCCCGGGAGTTTACG
64
584
R-GCGTCATCGTATACACAGGAGC
IpaH
F-GTTCCTTGACCGCCTTTCCGATACCGTC
50-52
619
R-GCCGGTCAGCCACCCTCTGAGAGTAC
aggR
F-CTAATTGTACAATCGATGTA
55
457
R-AGAGTCCATCTCTTTGATAAG
eae
F-CCAGCAGCCAGGCTTCGTCA
57
833
R-AATCTTCTGCGTACTGTGTTC
ler
F-CGCACACAACAAGCCCATAC
58
195
R-GATGAGTTCCGGCGAGCAA
irp2
F-AAGGATTCGCTGTTACCGGAC
60
280
R-TCGTCGGGCAGCGTTTCTTCT
afr1
F-TACCGTTACTGCGAAGACCT
60
280
R-CGTGCTGTTAATCGCCACTA
afr2
F-AAGTTAGGGGACGCCATTAC
57
518
R-CCAGGACTTATTCTGACCAG
ral
F-GATCTTTGGCAGTGGACAC
58
577
R-CGGCAACAGTTCCTTTTGAA
aap
F-CTTGGGTATCAGCCTGAATG
55
310
R-AACCCATTCGGTTAGAGCAC
aggA
F-GCTAACGCTGCGTTAGAAAGACC
60
352
R-GGAGTATCATTCTATATTCGCC
aaf
F-GACAACCGCAACGCTGCGCTG
60
301
R-GATAGCCGGTGTAATTGAGCC

Reference
(Ojeniyi et al., 1994)
(Ojeniyi et al., 1994)
(Vidal et al., 2004)
(Yamamoto and
Nakazawa, 1997)
(Cebula et al., 1995)
(Cebula et al., 1995)
(Sethabutr et al., 1993)
(Cerna et al., 2003)
(Yang et al., 2006)
(Zhang et al., 2015)
(Cheng et al., 2006)
(Dow et al., 2005)
(Dow et al., 2005)
(Dow et al., 2005)
(Cerna et al., 2003)
(Gomes et al., 2016)
(Piva et al., 2003)
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Statistical analysis
Significance was established by Fisher’s exact test with SPSS 19.0 software. The threshold for statistical significance
was P-values of <0.05.

RESULTS
MLST analysis and phylogenetic relationships of the rabbit E. coli isolates
In total, 39 E. coli isolates were identified (Table 2), which belonged to 17 sequence types. 11 (U328, U316, U1196,
and U218) of 39 isolates could not be referred to the existing sequence types in Warwick database, but had their
allele numbers (Table 3). The most frequent sequence type was U328 (n=8, 20.5%) from Chengdu in 2017, followed
by ST162 from Deyang, Yaan, and Zigong in 2015-2016 (n=6, 15.4%).
A SplitsTree graph showed the relative distances between sequence types. Most sequence types were classified in
one branch alone, such as ST328 and U328, ST1196 and U1196 etc. (Figure 1), except for a few sequence types.
The genetic relationship between ST328 and U328 was quite close, but they did not belong to the same area and
the same year. Furthermore, ST162 was gathered alone into one branch; they were all from the same year but not
the same area.

Diversity of PFGE genotypes
As shown in the PFGE clustering tree (Figure 2), samples with 85% similarity to the electropherogram were clustered
into one class. PFGE divided 39 strains of E. coli into 22 types and the samples showed high diversity. The largest
cluster population, XVIII, had 5 strains of the same type: XB1, XB2, XB4, XB5 and XB6. Types I, IX, X, XVI and XXII
each had three strains. Types II, IV and XIX each had two strains. The remaining 13 samples each contained one type.
The strains of type I, IX, XVI, XVIII and XXII were each obtained from the same area, respectively. Among them, 50%
(5/10) of the strains in 2017, Chengdu were XVIII type and 67% (6/9) strains in 2017, Deyang were I and XXII.
Furthermore, X and XIX which appeared in two areas (Zigong, Deyang; Yaan, Zigong) were more prevalent. The
genotypes were different in Chengdu and Deyang in 2015-2016 and 2017 and the types are most abundant in
Deyang.

Distribution of virulence genes
Seventeen virulence genes were tested. Six virulence genes were positive: 41.0% for eae, 41.0% for ler, 33.3% for
ral, 15.4% for irp2, 7.7% for astA, while none of the other 11 genes (aggR, aap, aaf, aggA, IpaH, STa, STb, LT, stx1,
stx2, afr1) were detected. The 16 (41.0%) eae+ strains were designated as EPEC. All EPEC strains harboured ler gene
(Figure 2). Moreover, one rabbit fimbrial adhesin gene (afr2 or ral) was also distributed in the majority of EPEC strains
(15/ 16, 93.75%). Both afr2 and ral gene was detected in strain XB2. 8 strains (20.5%) harboured irp2 or/ and astA
genes. None of the virulence genes were detected in the remaining 15 strains (38.4%).

Table 2: Origin of E. coli strains isolated from diarrhoeal rabbits in parts of Sichuan Province.
Strain
Year
Region
XA1, XA2, XA3, XB1, XB2, XB3, XB4, XB5, XB6, XB7
2017
Chengdu
DA1, DA2, DA3, DA4, DA5, DA6, DA7, DA8, DB1
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2017

Deyang

XJ1, XJ2, XJ3, XJ4

2015-2016

Chengdu

DY1, DY2, DY3, DY4, DY5, DY6

2015-2016

Deyang

YA1, YA2, YA3, YA4

2015-2016

Yaan

ZG1, ZG2, ZG3, ZG4, ZG5
MY1

2015-2016
2015-2016

Zigong
Mianyang
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6

6

6

6

6

6

6

6

155(155)

200(40)

1463

U316*

2144

U1196*

1196

10 11

3107

U218*

3

18

7

26

7

8

8

22 12

5

4
8

7

8

33 16 11

33 26 11

33 26 11

15 56 11

81 18 11

4 222 7

5

14 16 24

15 18 24

7

8

219

8

8

8

26

26

8

7

8

8

26

2

2

2

6

2

2

6

8

7

14

14

7

6

6

6

* The sequence type of ST number was not obtained in Warwick database

Total:17 types, 39 strains

10 11

10(10)

4

6

10 11

224

6

6

6

23

95

4

4

4

4

8

8

1(XB7)

1(ZG4)

1(DY2)

1(DB1)

1(DA5)

1(ZG5)

1(DA6)

1(XA3)

1(XJ3)

2(DY3;XJ1)

2(XJ2/4)

2(YA3;ZG3)

3(DY4-6)

3(DA2/7/8)

4(DA1/3/4;MY1)

1

1

2

6

18 11

6(DY1;YA1/2/4;ZG1/2)

1125

5

81 18 11

6

20(20)

11

23

13

6

9

9

1

380

5

328(278)

65

9

162(469)

U328*

adk fumC gyrB icd mdh purA recA Number of isolates(n) 2015-2016
9 23 81 18 11 8
8 8(XA1;XA2;XB1-XB6)

Chengdu

ST (ST Complex)

Allele number

1

1

2017
8

Chengdu

Deyang

Yaan

Zigong

Mianyang

1

1

3

1

1

1

1

3

3

1

3

1

1

1

2
1

2015-2016 2017 2015-2016 2015-2016 2015-2016

Deyang

Table 3: Multilocus sequence typing sequence types and allele number of 39 E. coli isolates from diarrhoeal rabbits in Sichuan Province.
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ST1125

U328
ST328

U316

ST1196

U1196
ST2144
ST20

ST200
ST380

ST224
ST10
ST155

U218
ST3107

ST1463
ST162
0,001

Figure 1: Genetic evolution profile of 39 E. coli strains isolated from diarrhoeal rabbits in parts of Sichuan Province
constructed by SplitsTree. Remark: The circle size represented the number of the sequence type in the sample. The
red dotted line surrounded represents the sequence of similar genetic relationships.
The frequencies and association of 6 virulence genes with sequence types are summarised in Figure 2. Virulence
genes distribution in disparate years and regions were different. In 2015-2016 and 2017 in Chengdu, Deyang
(Table 4), statistically highly significant difference was in the presence of ral and irp2: ral was only identified in 2017
(P<0.01), while irp2 was only identified in 2015-2016 (P<0.01). In 2015-2016 (Table 5), there was a statistically
significant difference in the presence of eae, ler, and ral from five different regions.
Based on an 85% cut-off-value, 22 different PFGE clusters (I-XXII) were identified in the 39 E. coli isolates (Figure 2)
and roughly showed a high degree of consistency with MLST. Four sequence types of U328, ST20, ST162 and ST200
corresponded to incomplete aggregation of PFGE spectrum, indicating that the resolution of PFGE typing is slightly
higher than that of MLST.
The prevalence of virulence genes among different MLST sequence types suggested some regularity (Figure 2).
The distribution of EPEC strains from Deyang (2015-2016), Deyang (2017) and Chengdu (2017) seemed to be
characteristic. There was only one MLST type of EPEC strain in each area (except XA3-U316 strain) and each MLST
Table 4: Differences of virulence genes distribution of rabbit E. coli between 2015-2016 and 2017 from Chengdu
and Deyang.
The year of Chengdu and Deyang
2017
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Number of strains
19

2015-2016

10

Total
P

29
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eae
12
63.2%
3
30.0%

ler
12
63.2%
3
30.0%

afr2
1
5.3%
3
30.0%

astA
1
5.3%
1
10.0%

ral
12
63.2%
0

0.128

0.128

0.105

1

0.001

irp2
0
4
40.0%
0.009

Rabbit E. coli genotypes and virulence genes

Figure 2: Genotypes and virulence genes distribution of 39 E. coli isolated from diarrhoeal rabbits in Sichuan Province.
Remark: From left to right, they were the clustering tree (pulsed-field gel electrophoresis [PFGE] clustering tree: red dotted line;
Multilocus sequence typing (MLST) clustering tree: approximate green solid line), PFGE profiles, the number of PFGE types (marked
with I-XXII), strain names (the names of the strains related to the areas where the E. coli isolated from; blue background marked:
strains from 2017; white background marked: strains from 2015-2016), MLST sequence type number and the prevalence of
virulence genes (eae, ler, ral, afr2, irp2 and astA) (black square: the presence of virulence genes).

type only harboured one rabbit fimbrial adhesin gene (except XB2-U328 strain). The proportion of EPEC in E. coli from
diarrhoea rabbits was high in each area (50.0% in 2015-2016, Deyang; 90.0% in 2017, Chengdu; 33.3% in 2017,
Deyang).
Chengdu (2015-2016) contained three different sequence types (ST115, ST200 and ST1463) and the type ST1125
also existed in Yaan and Zigong. 6 strains of ST162 could distribute in three areas (Yaan, Zigong and Deyang), but
none of virulence genes were detected. There was an obvious corresponding relationship between rabbit EPEC
associated virulence genes (eae, ler, afr2 and ral) and MLST sequence types (ST20, ST328 and U328) in the research.
There did not seem to be an association between sequence types and irp2 positive strains.

DISCUSSION
In China, the usual typing method for rabbit E. coli is O serotyping (Wang et al., 2000), but in recent years, PFGE and
multilocus sequence typing (MLST) has become the common molecular typing method used for suspected pathogenic
World Rabbit Sci. 30: 131-140
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Table 5: Differences of virulence genes distribution of rabbit E. coli among different regions in 2015-2016.
The region of 2015-2016 Number of strains
eae
ler
afr2
astA
ral
irp2
Chengdu
4
0
0
0
0
0
3(75.0%)
Deyang
6
3(50%)
3(50%)
3(50%) 1(16.7%)
0
1(16.7%)
Yaan
4
0
0
0
0
0
1(25.0%)
Zigong
5
0
0
0
1(20.0%)
0
1(20.0%)
Mianyang
1
1(100%) 1(100%)
0
0
1(100%)
0
Total
20
P
0.027
0.027
0.115
1
0.05
0.39
E. coli. MLST is usually applied to characterise bacterial isolates based on the sequence of several housekeeping
genes and is established for long-term global epidemiology (Rajkhowa et al., 2010). PFGE has been used in the
investigation and control of food-borne infection outbreaks for decades due to the demonstration of reproducibility,
high discriminatory power and good epidemiological concordance (Nadon et al., 2017). In short, PFGE and MLST are
more feasible to type and compare various E. coli strains.
EAEC has not been proven to be present in animals (Cassar et al., 2004). Regarding EPEC, the first Chinese report on
rabbit EPEC was on E. coli from diarrhoeal weaned rabbits (Yang and Chai, 2004) without characterisation of strains
for virulence genes or by MLST or PFGE. The EPEC-ST328 and EPEC-ST20 strains, which were frequent here, were
also recorded by the Warwick database as originating from diarrhoeic rabbits and hares. The relationship between
U328-EPEC and ST328-EPEC was close and the number of two sequence types occupied a considerable percentage.
High-pathogenicity Island (HPI) mediates biosynthesis and uptake of the siderophore yersiniabactin and a mouse-lethal
phenotype. Its core area is composed of irp2, irpl and fyuA genes, among which irp2 can be used as the detection
marker of HPI virulence island (Rakin et al., 1999). It was first described in pathogenic Yersinia strains (Karch et al.,
1999). HPI was also widely distributed in human pathogenic members of the family of Enterobacteriaceae, above all in
extraintestinal pathogenic Escherichia coli (ExPEC). It has demonstrated a highly significant correlation of a functional
HPI and extraintestinal virulence in E. coli. Moreover, using a mouse infection model, it also has showed that the
HPI contributes to the virulence of ExPEC (Schubert et al., 2002). In this research, HPI virulence gene irp2 was first
detected in diarrhoeic rabbit E. coli in 2015-2016 (6/20, 30.0%). Thus, the role of HPI virulence gene irp2 in rabbit
diarrhoeal E. coli is unclear.
No virulence genes were detected in 14 strains of E. coli (14/39). Since no animal regression test has been conducted,
further confirmation is needed to determine whether they cause diarrhoea. As for E. coli with virulence genes
(25/39), statistically significant differences were observed in the prevalence of ral (P=0.001) and irp2 (P=0.009)
genes between strains in 2015-2016 and 2017 from Chengdu and Deyang, respectively. Besides the prevalence
of eae (P=0.027), ler (P=0.027) and ral (P=0.050) genes among strains from Chengdu, Deyang, Yaan, Zigong and
Mianyang in 2015-2016 were significantly different, respectively. Distribution of virulence genes of E. coli was diverse
on the whole and had major types in local rearing areas, while there were multiple genotypes in some areas.
Distribution of virulence gene profiles was significantly correlated with MLST sequence types in UPEC (uropathogenic
E. coli). Frequently occurring sequence types contained closely related virulence genotypes and the similarity of
the virulence genotype of each strain within the sequence type was up to 65%-100% (Gibreel et al., 2012). Wirth
et al. used the global MLST database to analyse the genetic relationship between pathogenic E. coli and found that
specific pathogen types (EHEC, EPEC, EIEC, K1 and Shigella) have arisen independently and repeatedly in several
lineages. These data indicate the correlation between virulence gene profiles and E. coli genotypes. On the basis of
this correlation, we may predict the pathogenicity of some E. coli bacteria by genotype. The relationship between
MLST sequence types and virulence have been analysed in this research and it was found that rabbit EPEC associated
virulence genes eae, ler, afr2 and ral have a corresponding relationship with U328, ST328 and ST20.
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CONCLUSION
The 39 E. coli strains from diarrhoeal rabbits in Sichuan were divided into 17 sequence types by MLST and grouped
in 22 clusters by PFGE. The most frequent genotypes were MLST-U328 and PFGE-XVIII, respectively. The results
showed there was a high genetic diversity of E. coli from rabbits in Sichuan province, but the genotype had major
types in local rearing areas. There were 6 kinds of virulence genes (eae, ler, ral, afr2, irp2 and astA) detected in these
E. coli isolates and the virulence gene profiles varied in time and areas. The 16 EPEC isolates were identified. The
main sequence types U328, ST328 and ST20 carried rabbit EPEC associated virulence genes (eae, ler, ral and afr2),
suggesting that the virulence genes appeared to be related to specific sequence types of rabbit EPEC.
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Abstract: A total of 625 progenies of New Zealand White rabbits, kept at Sakha Experimental Rabbits, KafrEl-Sheikh, Government, belonging to Animal Production Research Institute, Ministry of Agriculture, Dokki,
Cairo, Egypt, during 2010-2017 were used to estimate the genetic parameters and phenotypic and genetic
trends for some reproductive and productive traits. Traits studied were litter size at birth (LSB), litter weight
at birth (LWB), kit body weight at 4 wk (BW4), body weight at 6 wk (BW6), body weight at 8 wk (BW8)
and body weight at 10 wk or marketing weight (BW10). Data were analysed using a multivariate animal
model. Direct heritability estimates were 0.05, 0.20, 0.23, 0.24, 0.31 and 0.34 for LSB, LWB, BW4, BW6,
BW8 and BW10, respectively. All phenotypic and genetic correlations among traits studied were positive
and ranged from 0.21 to 0.90 for phenotypic correlations and from 0.04 to 0.78 for genetic correlations.
Annual phenotypic changes for LSB, LWB, BW4, BW6, BW8 and BW10 were positive and equal to 0.06,
15.96 g, 18.70 g, 23.15 g, 27.72 g and 50.69 g, respectively. Genetic changes for LSB, LWB, BW4, BW6,
BW8, and BW10 were 0.20, 12.50 g, 14.20 g, 16.25 g, 20.09, and 40.10 g, respectively. The moderate
estimates of heritability for body weights confirmed that improvement of these traits can be achieved by
genetic selection. Positive and significant phenotypic and genetic trends for the studied traits implied that
current breeding programmes are efficient in this rabbit population. Likewise, positive genetic trends along
with positive genetic correlations among traits indicated that improvement of production and reproduction
traits of New Zealand White rabbits seems feasible in selection programmes.
Key Words: Genetic evaluation, genetic trend, New Zealand White rabbits, performance traits.

INTRODUCTION
Egypt is the fourth country in rabbit production, with 70 thousand tons of carcass and 7.6 million head of rabbits
(FAO, 2013). In Egypt, smallholders mainly carry out rabbit production, and according to the Economic Affairs Sector,
Ministry of Agriculture and Land Reclamation, 83.4% of rabbit production farms are located in the strip of Lower
Egypt. Economic traits in rabbits, such as litter size at birth (LSB), litter weight at birth (LWB), and body weights at
different ages are affected by non-genetic factors (year and month of birth, sex and dams’ parity) and genetic effects.
Estimates of heritability for LSB were very low and ranged from 0.01 to 0.08 (Rastogi et al., 2000; Khattab et al.,
2006; Abdel-Kafy et al., 2012; El-Deghadi, 2019; Rabie et al., 2020), while heritability estimates for body weight
at different ages were medium and ranged from 0.20 to 0.40 (Khattab et al., 2006; Iraqi, 2008; El-Deghadi, 2019;
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Rabie et al., 2020). Therefore, improvement of litter size at birth can be achieved through improved management and
feeding system, while genetic improvement of body weight can be achieved through the selection of bucks and does.
The genetic trend is defined as a change in performance per unit of time due to a change in mean breeding value
and it is derived by comparing the average levels in the doe population for each year. The understanding of trends
in genetic progress will help establish future genetic direction by defining specific goals for profitable breeding.
Therefore, in any genetic improvement programme, there is a need to track the results to evaluate their progress,
make adjustments aiming to optimise genetic gain, and increase farm profitability in the future. One of the ways to
monitor this is by assessing genetic trends over time, which evaluates the changes brought about by the selection
process.
The present study aimed to (1) study some of the non-genetic factors affecting LSB, LWB and kit body weight at
four (BW4), six (BW6), eight (BW8) and 10 (BW10), (2) estimate genetic parameters and (3) estimate phenotypic and
genetic trends for the above traits studied in New Zealand White Rabbits (NZW), kept at Sakha Farm, belonging to the
Animal Production Research Institute, Ministry of Agriculture, Dokki, Cairo, Egypt.

MATERIALS AND METHODS
Data used in the present study were collected from a total of 625 progenies of New Zealand White (NZW) rabbits
at the Sakha Experimental Farm, in Kafr-Sheikh Governorate, Egypt, from 2010 to 2017. This experimental station
belongs to the Animal Production Research Institute, Agricultural Research Centre, Ministry of Agriculture, Dokki,
Cairo, Egypt.
At the time of breeding, each doe was transferred to the cage of her assigned buck to be hand mated and returned
to her cage after mating. Each doe was palpated 10 d thereafter to determine pregnancy and those that failed to
conceive were returned to the same mating buck to be remated.
Kits were weaned at four weeks, sexed and transferred to standard progeny wire cages (equipped with feeding
hoppers and drinking nipples) with groups of 3-4 per cage for the fattening period till 12 wk of age. All year round,
rabbits were fed ad libitum on pelleted rations. Each pellet was 1 cm in length and 4 mm in diameter. The ration
was composed of 16.3% crude protein (CP), 13.2 crude fibre and 2.5% fat (digestible energy=2600 kcal/kg ration).
The ration ingredients were 32% barley, 21% wheat bran, 10% soya bean meal (44% CP), 22% hay, 6% berseem
straw, 3% corticated cottonseed meal, 3% molasses, 1% limestone, 0.34% total salt, 0.3% minerals and vitamins,
and 0.06% methionine.
Data included LSB, LWB, BW4, BW6, BW8 and BW10. The choice of fixed effects to be considered was made after
testing whether the effects were statistically significant with a linear fixed effects model analysed with the GLM
procedure of Statistical Analysis System (SAS, 2000) version 8.2. The final model of analysis for BW4, BW6, BW8 and
BW10 included the fixed class effects of the birth year (eight levels) and month (12 levels), random genetic effect of
the animal and random common environmental effect of litter. Dam’s parity and sex had no significant effect on body
weight at different ages and were excluded from the final models of analysis. The final model of analysis for LSB and
LWB also included the fixed class effects of the year and month of kindling, parity of the individual doe and the random
genetic effect of the doe and random permanent environmental effect of the individual doe.
The univariate genetic analysis was conducted using the multi-trait derivate free restricted maximum likelihood
(MTDFREML) program of Boldman et al. (1995). In addition, bivariate or pairwise analyses were carried out for
every pair of the studied traits. The models applied in pairwise analyses were those fitted for each of the traits in the
univariate analyses.
The annual phenotypic changes for different traits studied were estimated using the linear regression of LSB, LWB,
BW4, BW6, BW8 and BW10) on the year of kindling. Genetic trends were also obtained by regressing the means of
predicted breeding values on the year of kindling.
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RESULTS AND DISCUSSION
Means
The overall means, standard deviation (SD) and coefficient of variation (CV) for different traits studied are presented in
Table 1. Moderate values of CV for LSB, LWB and body weights at different ages (22.25 to 35.03%, Table 1) confirm
that these traits are subjected to many effects such as genetic makeup of the does, non-genetic effects (year-season,
parity) and management of the flock. Moreover, the CV values indicate the higher variation between kits in body
weight traits and these results reflect great variations in such economic traits.

Genetic parameter estimates
Estimates of h2 for LSB, LWB, BW4, BW6, BW8 and BW10 were 0.05, 0.20, 0.23, 0.24, 0.31 and 0.34, respectively
(Table 2). Low h2 estimates for LSB may be due to the high phenotypic variance arising from large environmental
variations. This therefore implies that much of the improvement in LSB could be attained by improving the production
environment rather than genetic selection. Rastogi et al. (2000), in a study based on 1120 litters of the New Zealand
White X Checkered Giant, concluded that the low heritability of litter size is further reflected in the low response to
direct selection. Likewise, Abdel-Kafy et al. (2012) analysed 111 litters of Baladi Black and found that h2 estimates
for litter size at birth, litter size at 21 d and litter size at weaning were 0.03, 0.01, and 0.01, respectively. Besides,
Garreau et al. (2000), Moura et al. (2001), Garcia and Baselga (2002a), Garcia and Baselga (2002b), Khattab et al.
(2006), Youssef et al. (2008), El-Deghadi (2019), and Rabie et al. (2020) studied different breeds of rabbits and
reported that h2 estimates for LSB ranged from 0.01 and 0.153. The present estimates showed that h2 estimates for
body weights increased with increasing age. Anous (2001), in a study based on 193 Burundi local breed of rabbits
in Egypt, found that h2 estimates for body weights at 4, 6, 8 and 10 wk of age were 0.67, 0.819, 0.98 and 0.67,
respectively. These results indicated that h2 estimates for body weights increased with increasing age up to 8 wk of
age, and which it decreased. Contrary to the results of this study, Anous (2001) concluded that selection for body
weight at earlier ages may be a useful method for improving early rabbit growth.
The moderate estimates of h2 for LWB, BW4, BW6, BW8 and BW10 (Table 2) indicated that improvement of body
weight at one month, body weight at two months and weaning weight could be possible by selection in a short period
and these traits could be used as selection criteria in NZW rabbits. Moreover, these results indicated that mass
selection of does for litter weight at birth was more effective to improve pre-weaning traits in NZW rabbits. Besides,
the moderate h2 estimates of BW10 indicated that weaning weight is partly controlled by maternal effects, as the trait
is affected by litter size, kit viability, mothering and milking ability as well.
Phenotypic correlation estimates among all different traits studied were significantly positive and ranged from 0.21 to
0.90 (Table 2). The present results indicated that heavy body litter weight at birth and heavy body weight at one
month will give heavy body weight at marketing. Likewise, these results indicated the importance of permanent
environmental effects on litter size at birth, litter weight at birth and kit body weights at different ages. The present
estimates agree with those obtained in other breeds (Anous, 2001; Iraqi et al., 2007; Youssef et al., 2008; Rojan
et al., 2009; Egena et al., 2012; Rabie et al., 2020) and varied from 0.11 to 0.98.
Table 1: Mean, standard deviation (SD), and coefficient of variation (CV%) for litter size at birth (LSB), litter weight at
birth (LWB), kit weight at one month (BW4), body weight at 6 wk (BW6), body weight at 8 wk (BW8), and body weight
at 10 wk or marketing age (BW10) for New Zealand White rabbits.
Trait
N
Mean
SD
CV%
LSB
625
6.93
1.54
22.25
LWB (g)
625
361.55
108.58
35.03
BW4 (g)
625
372.88
109.70
29.42
BW6 (g)
625
533.26
153.12
28.71
BW8 (g)
625
723.01
214.56
29.68
BW10 (g)
625
1020.20
244.30
23.95
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Table 2: Estimates of heritability±standard error (SE) (bold on diagonal), genetic correlations±SE (below diagonal),
and phenotypic correlations (above diagonal) among litter size at birth (LSB), litter weight at birth (LWB), kit weight at
one month (BW4), body weight at 6 wk (BW6), body weight at 8 wk (BW8), and body weight at 10 wk or marketing
age (BW10).
Trait
LSB
LSW
BW1
BW2
BW3
BW4
LSB
0.05±0.01
0.2
0.23
0.30
0.21
0.23
LSW
0.04±0.01
0.20±0.05
0.40
0.45
0.45
0.56
BW4
0.04±0.01
0.14±0.02
0.23±0.08
0.34
0.60
0.66
BW6
0.12±0.02
0.20±0.01
0.50±0.09
0.24±0.09
0.89
0.88
BW8
0.15±0.09
0.24±0.09
0.56±0.09
0.70±0.09
0.31±0.01
0.90
BW10
0.35±0.10
0.34±0.0
0.45±0.09
0.78±0.09
0.70±0.02
0.34±0.01

Estimates of genetic correlations between LSB with LWB and BW4 were positive and low (0.04 and 0.04, respectively)
(Table 2). Genetic correlations between LSB with BW6, BW8 and BW10 were positive and significant (P<0.01), being
0.12, 0.15, and 0.35, respectively (Table 2). The genetic correlation between LSB and other traits was not high.
Therefore, these traits should be used in an index to improve the response to selection in litter weight at birth, which is
the most important trait in the rabbit population. Moreover, the genetic correlations between body weights at different
ages were positive and ranged from 0.14 and 0.78 (Table 2). The present results indicated that selection for heavier
weights of birth in kits causes a correlated increase in body weight at one and two months and at weaning weight.
Moreover, positive genetic correlations were found between body weight at one month and other traits, so weight
at one month could be considered in the selection programme when the aim is to improve weaning weight at two
months. A positive genetic correlation between weaning weight (as a selection criterion) and other body weight traits
indicates that similar relative improvement could also be expected in all traits. Besides, selection for body weight at
market age would be expected to improve the growth rate effectively. In other words, the genes that affect birth weight
also influence BW4, BW6, BW8 and BW10. Moreover, a breeding programme using a selection index combining
total litter weight at birth, weaning weight and body weight at marketing would be expected to optimise the overall
improvement achieved in litter traits and growth rate. Similar results were reported by Bianospino et al. (2006) who
worked on the growth, carcass and meat quality traits of straightbred and crossbred Botucatu rabbits. In line with the
results of this study, Garreau et al. (2000) reported that the genetic correlation between LSB and growth traits was
positive but low in the White Pannon breed, selected for growth rate. Garcia and Baselga (2002c) obtained a positive
genetic correlation between litter size at weaning with weaning weight (0.049), but a negative genetic correlation with
weight at slaughter (–0.025), in a line of rabbits selected on litter size at weaning for 21 generations. In contrast to
the current results, Ezzeroug et al. (2020) estimated the genetic correlations between LSB with weaning weight and
weight at the end of the fattening period were negative and high. Likewise, Gomez et al. (1998) reported a negative
and low genetic correlation between LSB and individual weaning weight in a specialised dam line of rabbits. In this
respect, Rojan et al. (2009) found that genetic correlation between weight at second and 8th wk of age was 0.892 and
indicated that selection of body weight at the second week also improved the body weight at the 8th wk. The same
authors also pointed out the synergistic control of the same additive genes for both traits. Anous (2001) analysed
the data on Burundi local rabbits and found that genetic correlation among body weight at 4, 6, 8, and 10 wk of
age ranged from 0.90 to 0.99 and indicated that rabbits heavier at a given age also tended to be heavier at any
later age. Iraqi (2008), with Gabali rabbits, found that genetic correlation between body weights at 4, 8, and 12 wk
of age ranged from 0.08 to 0.89. Due to the highest genetic correlation (0.89) obtained between body weights at
8 and 12 wk of age, it can be concluded that selection for body weight is more effective at 8 wk of age to improve
post-weaning growth in Gabali rabbits. Hekil et al. (2011), Abdel-Kafy et al. (2012), and Rabie et al. (2020) arrived at
the same results in different strains of rabbits. Generally, several factors such as the animal breed, genetic variation
within the population, environmental and management situations and the parameter estimation method would have
influenced the differences between genetic parameter estimates (Ghavi Hossein-Zadeh, 2017).
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Phenotypic and genetic trends
Phenotypic trends for LSB, LWB, BW4, BW6, BW8 and
BW10 were positive and equal to 0.06, 15.96, 18.70,
23.15, 27.72 and 50.69 g, respectively (Table 3). Genetic
trend estimates for different traits studied, are presented
in Table 3. The values of genetic trends were low, positive
and equal to 0.20, 12.50 g, 14.20 g, 16.25 g, 20.09 g
and 40.10 g, for LSB, LWB, BW4, BW6, BW8 and BW10,
respectively. These results are in agreement with ElDeghadi (2019), who reported that genetic trends for
LSB and LWB significantly increased with the advantage
of generation number. They may reflect the improvement
in performance of NZW rabbits through increasing their
mothering abilities to take more care of their kits during
the suckling period, year by year. Besides, Hassan et al.
(2015) concluded that epigenetic trends (EP) for litter
weight traits under study suggested that it is possible to
achieve slow but simultaneous improvement of litter traits
with a selection programme in rabbits. LW traits generally
recorded a negative EP with parities, and the high LW
response was postponed to the later parities.

Table 3: Genetic and phenotypic trends for litter
size at birth (LSB), litter weight at birth (LWB), kit
weight at one month (BW4), body weight at 6 wk
(BW6), body weight at 8 wk (BW8), and body weight
at 10 wk or marketing age (BW10) in New Zealand
White rabbits.
Trait
LSB

Phenotypic trend
0.06 ±0.021

Genetic trend
0.20±0.01

LWB

15.96±1.35

12.50±0.02

BW4

18.70±1.45

14.20±0.09

BW6

23.15±2.10

16.25±0.10

BW8

27.72±2.90

20.09±0.20

BW10

50.69±3.09

40.10±0.10

Consistently with positive genetic trends for body weight traits in this study, Abou Khadiga et al. (2010) analysed
the data on the V line and the crosses between the V line and Baladi red rabbits and estimated the genetic trend by
regressing the mean of the predicted additive values on generation number. They found that genetic trends for litter
birth weight were 6.1 g and 5.7 g for two breeds, respectively, and the corresponding estimates for litter weaning
weight were 32.5 g and 34.2 g, respectively. Differences in genetic trends throughout the experiments could be
attributed to different populations and surrounding conditions. Mefti Korteby et al. (2014), with two lines of rabbits,
reported that the genetic progress in body weight was equal to 72.24, 133.44 and 179.27 g vs. 37.09, 68.73, and
13.23 g, in line C (selected for growth rate) and line P (selected for litter size), respectively. Moreover, Hekil et al.
(2011) found that the expected genetic gain per generation for body weight traits in the NZW breed would be 21.69 g
in body weight at 4 wk of age, 40.55 g in body weight at 8 wk of age and 50.68 g in body weight at 12 wk of age. The
expected genetic progress in the Cal breed would be 16.20 g in body weight at 4 wk of age, 21.43 g in body weight
at 8 wk of age, and 24.59 g in body weight at 12 wk of age. On the other hand, negative genetic trends could be due
to improvements in environmental conditions, such as the nutrient composition of diet and management (El- Deghadi,
2019). Significant genetic trends for litter size traits in rabbits have been reported in several experiments. Garcia
and Baselga (2002a) obtained a genetic trend of 0.161 for total litter size in a maternal line of rabbits. Garcia and
Baselga (2002b) reported the genetic trend of 0.11 for total litter size at birth in a line of rabbits selected on litter size
at weaning for 21 generations.

CONCLUSION
Current genetic parameter estimates for growth and reproduction traits of New Zealand White rabbits could be used
in designing selection programmes and constructing selection indices in this population. The moderate estimates
of heritability for litter birth weight, body weight at 4, 6, 8 and 10 wk of age confirmed that improvement of body
weight traits can be achieved by selection programmes. Positive and significant phenotypic and genetic trends for
the studied traits implied that current breeding programmes are efficient in this population of rabbits. Likewise,
positive genetic trends along with positive genetic correlations among traits indicated that improvement of production
and reproduction traits of New Zealand White rabbits seems feasible in selection programmes. This will help rabbit
production systems to increase their production and profits.
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Abstract: In this study, we describe a case of severe toxicity by lincomycin contamination in feed on a farm
housing 1800 rabbit does. The farm used a two-batch system, with parities 24 and 3 d ago, respectively.
The rabbits that had consumed the feed developed anorexia 24-48 h later, followed by enteritis-diarrhoea
and death. Mortality was >70 % in does, >50 % in 28-day-old kits. None of the 7-day-old kits died from
this cause. A total of 125 non-lactating does that had consumed another type of feed from the same
supplier were not affected; 10 of them were given the contaminated feed and the same problem occurred.
Treatment based on presumptive diagnosis was unsuccessful. Microbiological and histopathological studies
identified Clostridium spiroforme, which predominated over coliform bacteria. Toxicology studies requested
by the producers verified the existence of 1.6 ppm amoxicillin in the first place; weeks later, further analyses
determined 410 ppm lincomycin in doe feed. It also contained the prescribed quantity of 199 ppm tilmicosin.
We recommended the stamping-out on the farm.
Key Words: animal welfare, Clostridium spiroforme, lincomycin, rabbit, toxicity.

INTRODUCTION
Digestive diseases of farmed rabbits account for 49 % of urgent farm visits by vets (Rosell et al., 2009). The aetiology
of digestive disorders in rabbits is often complex (Peeters et al., 1984). Although the aetiopathogenesis of Epizootic
Rabbit Enteropathy (ERE; similar to mucoid enteropathy) is unknown, Clostridium spiroforme is not related to it (Marlier
et al., 2006). Antimicrobials and other medicines are used to control some digestive disorders in rabbits. Due to
difficulties encountered in treatment, such as the highly complex aetiology (Agnoletti, 2012), antimicrobial resistance
of bacteria (EFSA, 2021) and, finally, the restricted use of antimicrobials, preventive measures have been reinforced
on farms.
Some antibiotics are harmful to rabbits because they produce changes in the intestinal microbiota, with the
proliferation of Escherichia coli or Clostridium spp. such as C. spiroforme (Licois, 1996). Rabbit females at peak
lactation are predisposed to intoxication via feed as they ingest >400 g/d (Lebas, 2020). External factors enable
intestinal dysbiosis, as do some antibiotics. For example, amoxicillin or penicillin are toxic when administered orally,
but less so parenterally. These and other molecules were administered parenterally at parturition on 70% of farms
(Rosell and de la Fuente, 2018). Lincomycin is another example; orally administered alone, it causes gut dysbiosis in
Correspondence: J.M. Rosell, jmrosellp@cunivetservice.com. Received December 2021 - Accepted May 2022.
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rabbits (Gray and Lewis, 1966). In our practice, low doses of soluble lincomycin associated with spectinomycin were
orally administered in weaned rabbits to control ERE (1 and 2 mg/kg body weight/d, respectively, 5 d), subcutaneously
in lactating does (5 mg and 10 mg/kg body weight, single dose, respectively). Fesce et al. (1977) used it via the oral
route combined with other molecules such as gentamycin.
In meat rabbits, Thilsted et al (1981) observed an adverse effect caused by feed contaminated with 8.4 ppm
lincomycin, which also contained undetermined doses of penicillin. They isolated coliforms from caecal samples.
With regard to disorders caused by antibiotics, clostridial enterotoxaemia is often observed in sick rabbits (Fisher and
Graham, 2018), e.g., due to the proliferation of C. spiroforme and its toxins (Carman and Borriello, 1984). In 2006,
there was a serious case of intoxication in does via feed containing 300 ppm of lincomycin (Rosell and de la Fuente,
2016). Six years later, we visited an insemination centre where a second episode of lincomycin contamination in feed
had taken place.
Our objectives were to describe an outbreak of lincomycin toxicity in rabbit feed in January 2021, (1) explaining the
process followed for interpretation of the case, and (2) showing the results of the field and laboratory work carried out.

MATERIALS AND METHODS
The farm and affected does
Our study comprises the period between 5th January and 3rd July, 2021. The farm housed 1800 breeding does,
100 of which were maternal pure line to obtain the crossbred does for replacement. They were distributed in two
independent barns, each with a single batch. The barns were equipped with mechanical ventilation as well as heating
(minimum temperature: 18°C, when it reached -5°C outdoors) and cooling (maximum temperature: 29°C, when it
reached 37°C outdoors). Drinking water was chlorinated. The does were served by insemination 11 d postpartum,
with 21 d difference between the 2 barns. Semen was obtained from an external supplier, who we visited once a year.
Kits were weaned at 32-33 d and moved to another two buildings.
The problem began on 31st December, 2020, after the does had been fed. In one barn, there were 740 does with
parities 24 d previously and in the other, 589 parities 3 d previously. Two days later, farm staff noticed that they had
stopped eating; the following day, losses began to occur. The supplier’s veterinary team were informed and took
charge of the situation. They also decided to withdraw the feed. Our work began on the 5th January after receiving
notification of the problem, and we visited the farm over the course of 6 mo.

Description of the problem
The first deaths occurred on 4th January: a total of 8 does from the two barns and 150 kits in one barn with
740 lactating does and 6700 kits in 28 d. In the other barn, no losses occurred amongst the 7-day-old kits. A large
number of does in both barns were affected; they developed anorexia, prostration and enteritis-diarrhoea. Kits that
consumed the feed became sick, except for the 7-day-old ones; unlike other episodes in previous years, none of the
kits of sick does developed enteritis. On 5th January, we found a total of 48 females and over 286 29-day-old kits. On
the 6th, 111 does, 45 of which were on the 9th day of lactation, >500 of the 5500 kits in this barn died of inanition.
By 19th January, the problem in does had been alleviated; there were fewer than 500 does left.

Diagnostic procedures used on the farm
Different types of feed from the same supplier were used on the farm. In the barn housing 740 24-day-old lactating
does, 125 non-lactating does were set apart and manually given another type of feed. None of these does died, and
feed consumption was normal. This is what made us suspicious of the food. The following objective was to focus on
the feed. Our main hypothesis was crossed contamination with a beta-lactam antibiotic.
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Sample collection and analysis
On 5th January, we necropsied the acute cases. Lesions were found mainly in the digestive tract. Macroscopic
examination confirmed a full stomach and haemorrhagic typhlitis (Figure 1a). Transmural wall thickening, with
detachment of the mucosa and moderate, slightly reddish liquid content were observed in the caecum (Figure 1b).
We took samples of the caecum, liver and kidney of lactating does and kits for histopathological study; they were
fixed in 10 % buffered formaldehyde for 48 h and sent to the Servei de Diagnòstic de Patología Veterinària (SDPV) at
the Universitat Autónoma of Barcelona Veterinary Faculty. The samples were routinely processed using alcohol and
paraffin baths and then cut into 3 µm sections, stained with haematoxylin and eosin (HE) and Gram staining.
The first samples for microbiological testing were sent on 5th January by the supplier. On 11th January, we sent caecal
samples from does that had developed diarrhoea to a Microbiology laboratory (Exopol) and the analysis techniques
used were described by Solans et al. (2019); concerning Real-Time PCR, they used detection with EXOone qPCR kits,
considering a sample positive if it had a Cq value ≤38. In addition, we sent samples from kits and females to another
laboratory, also for microbiological testing (Analítica Veterinaria). They were tested using cultures: blood agar and
MacConkey agar under aerobic and anaerobic conditions, as well as selenite broth and Salmonella-Shigella agar in
aerobiosis; lastly, Gram staining for C. spiroforme. The first feed samples were taken from the feed distribution tubes.
The Agrolab Ibérica group carried out an analysis for amoxicillin in the first two batches of samples. The third analysis
was to determine the presence of tilmicosin; the prescribed dose was 200 ppm. The fourth and fifth analyses were to
determine the presence of lincomycin. All analyses were performed in this laboratory or by collaborating laboratories,
using accredited techniques. Tilmicosin was determined by high-performance liquid chromatography with DiodeArray Detection and lincomycin was determined by liquid chromatography-mass spectrometry.

RESULTS AND DISCUSSION
Analyses carried out
There was no microbial identification in the case of the first sampling. Exopol provided us with results for the RealTime PCR test on the second batch of samples in 24 h: E. coli positive (Cq 28), but eae gen negative, C. spiroforme
positive (bacterial bodies, excluding toxins, with Cq=22) and Clostridium perfringens negative. The results from
Analítica Veterinaria included mainly E. coli, followed by Enterococcus gallinarum and, lastly, C. spiroforme for the
does, and mostly Enterococcus spp. and C. spiroforme, for the 37-day-old kits. Mixed isolations of enterobacteria,
clostridia, Eimeria spp. (including E. magna and E. media, pathogenic species, among others) or rotavirus are frequent
on affected farms (Peeters et al., 1986), although age is an influencing factor; e.g., Solans et al. (2019), found few
C. spiroforme isolations in kits <15 d old with enteropathy.

a)

b)

Figure 1: Post-mortem findings in does that ingested feed containing 410 ppm lincomycin. a) full stomach and
haemorrhagic typhlitis. b: caecal mucosa and contents.
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Figure 2: (HE 10X) Caecal section with necrohaemorrhagic
typhlitis, with loss of mucosa, intense oedema and
submucosal haemorrhage.

Intense haemorrhagic and necrotic typhlitis were
predominant in the histopathological study. Nearly total
loss of the mucosal layer, replaced by lytic necrosis, fibrin,
degenerate cells, haemorrhage, a considerable amount
of viable and degenerate heterophil cells, were observed.
The deepest layers of the lamina propria presented a few
blood vessels with vasculitis and hyaline degeneration in
the vessel wall. Intense interstitial oedema with moderate
haemorrhage was observed in the submucosa (Figure 2).
Gram staining revealed moderate presence of Grampositive spiral-shaped bacilli in the intestinal contents;
some were adhered to the surface of the area of lytic
necrosis, compatible with C. spiroforme (Figure 3).

The feed contained 1.6 ppm amoxicillin. In 1997, we
attended a case of severe amoxicillin toxicities (4 ppm in
feed) on a farm housing 1400 does; C. spiroforme was
identified in the laboratory (results not presented, but
available). Lafargue-Hauret et al., (1994) demonstrated that 2 ppm amoxicillin resulted in refusal to eat and enteritis.
However, in another severe case in 2005 (Figure 5b), on that occasion due to amoxicillin administered in water,
coliforms were isolated. In relation to the current case, on 7th January, does and kits were given feed containing
14.5 % protein and 20 % crude fibre treated with 100 ppm apramycin (5d), based on the presumptive diagnosis; they
were also administered a liver protector supplement in oral solution (3d). According to Morisse et al (1989), 8 tons of
feed with 1.6 ppm amoxicillin could cause damage, but contamination was small-scale and difficult to explain in such
a large amount of feed; it seemed reasonable to consider the possibility of another toxic element. The third analysis
was to determine the presence of tilmicosin; the feed contained the prescribed amount: 199 ppm. The fourth and
fifth analyses were to determine lincomycin. In the fourth analysis, the amount of lincomycin exceeded the expected
trace level. In the fifth, 410±100 ppm lincomycin was found.

Evolution of the problem
Presumptive treatment against coliform bacteria with apramycin was not effective. This, together with absence of
enteritis in 7-day-old kits and the first microbiological results, pointed to clostridiosis caused by C. spiroforme. Agnoletti
et al (2009) showed that this pathogen was resistant to different antimicrobials, including sometimes lincomycin. Le
Guennec et al (2007) tested 31 isolated kit strains and only found sensitivity to orally administered zinc bacitracin
and tiamulin. Doxycycline would be an antimicrobial of choice according to the Istituto Zooprofilattico Sperimentale
delle Venezie (EFSA, 2021). Clostridiosis by C spiroforme occurs as a result of previous treatments, as indicated by
Glenn Songer and Uzal (2016). We did not resolve the
serious problem; in fact, we probably made it worse, in
accordance with Harkness et al. (2010). Does and kits
died over a period of 15 d. In the control of enteropathies
on farm rabbits, we use different technical and financial
criteria to those used for pet rabbits. In a sick individual,
other supportive therapy is used; if it is timely, it has a
favourable prognosis (Harcourt-Brown, 2002). Also, some
molecules are effective against enterotoxaemia caused
by C. spiroforme, such as dimetridazole, described by
Whitney (1974), or metronidazole (Oglesbee and Lord,
2021), but they are not authorised in meat rabbits.
Figure 3: (Gram-stain 40X). Ileum with multiple spiralshaped structures and Gram- positives intermixed with
contents.
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A trial was carried out on the affected farm in midFebruary. Two groups of 10/125 does that had not had
contact with the test feed were housed individually. One

Lincomycin toxicity in farm rabbits

a)

b)

Figure 5: a) post-mortem findings in a buck (left) that died after ingesting lincomycin in feed. b): a doe intoxicated by
amoxicillin in water.
group was given normal feed and the other test feed. Again, they stopped eating and 10 d later only 6 does with
cachexia remained; we decided to end the test for animal welfare reasons. The dead does had the same lesions as
those observed when the problem arose. We took samples from their feeders and tested for tilmicosin and lincomycin.

Interpreting the problem
Six months after the onset of the problem, now technically resolved, and having formalised an agreement between
the parties, our perspective is as follows. Firstly, it was severe for the rabbits. It was also a very hard situation
for the farm staff, who had to cope with seeing sick rabbits non-stop for 15 d and culling >4000 orphaned kits.
We recommend that surviving does also be culled. Experience of previous cases has shown us that opportunistic
pathogens (Staphylococcus aureus, Pasteurella multocida, amongst others), thrive in survivors, probably because
their immune system breaks down.
Concerning the presumptive diagnosis, we attach images of a buck that died after ingesting lincomycin in the feed
(Figure 5a) and a doe that had ingested amoxicillin in water (Figure 5b). Haemorrhagic typhlitis was observed in both
cases, compatible with clostridiosis and colibacillosis, respectively. The lesions were macroscopically similar, as
shown by Licois (2009).
Based on experience in beta-lactam antibiotics or lincomycin toxicity in farm rabbits, the macroscopic lesions observed
were similar. Therefore, diagnosis needs to be complemented by microbiological, histopathological and toxicological
analyses, among others. According to our experience, the prognosis for toxicities due to ingestion of lincomycin, with
enterotoxaemia caused by C. spiroforme on rabbit farms, is guarded.

CONCLUSIONS
This is a retrospective study of a case of toxicity on a commercial rabbit farm housing 1800 does that were given feed
contaminated with 410 ppm lincomycin. Viability in the rabbits that ingested the contaminated feed was less than
50 %. They died due to gut dysbiosis and Clostridium spiroforme-mediated enterotoxaemia, which was predominant
by comparison with other bacteria. Treatment was ineffective and rabbits died over the course of 15 d. The 7-day-old
World Rabbit Sci. 30: 147-152
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kits, born to does with enteritis-diarrhoea, were not affected by enteritis; they developed inanition. In our experience,
cases of toxicity by feed contaminated with toxic antibiotics are not common on rabbit farms, but the consequences
are severe and feed manufacturers and rabbit breeders must therefore remain vigilant in this respect.
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Abstract: The pharmacokinetic variables of a new formulation of florfenicol included in dried bean of alginate
(FADBs), its acceptance as in food medication, and its relationship with theoretical minimum inhibitory
concentration (MIC) values of the main pathogens in rabbits, are presented. FADBs sought to mask the
unpleasant taste of florfenicol while enhancing sustained absorption in a day to facilitate and optimise its
dosage in this species. The entrapment efficiency was determined to be 94-98% and 73.56±3.26% of drug
loading. No reduction in food consumption was detected, nor selectivity when choosing from their usual
food. The elimination half-life was 1.23 to 2.4 h slower than the one previously reported in the literature.
Possible flip-flop pharmacokinetics is proposed for FADBs in rabbits, thus complying better with the key
pharmacokinetics/pharmacodynamics (PK/PD) ratio of t≥MIC. Also, if a MIC2.0 µg/mL is taken as the cut-off point
for florfenicol in rabbits, then ad libitum intake of FADBs in their standard diet is sufficient to maintain plasma
concentrations of florfenicol above this level during the whole dosing interval of 24 h. Additionally, FADBs are a
low-cost and attractive drug delivery system for the oral controlled release of florfenicol in rabbits.
Key Words: florfenicol, alginate, dried beads, rabbits, pharmacokinetics.

INTRODUCTION
Florfenicol is a potent antibacterial drug derivative of chloramphenicol and is considered a time-dependent (t-d)
antibiotic from the pharmacokinetics/pharmacodynamics perspective (Martínez et al., 2013; Toutain et al., 2019).
Hence, optimal antibacterial efficacy in vivo occurs when the drug is administered in a pharmaceutical presentation
capable of achieving initial serum concentrations of 2 to 4 times the minimum inhibitory concentration (MIC) of the
pathogen to be treated and remain at or above the MIC level for at least 50-90% of the dosing interval. This active
principle is found undissociated in a pH range of 3 to 9. It is almost insoluble in acidic or alkaline aqueous media
and is soluble in polar organic solvents such as polyethylene glycols and N-methyl pyrrolidone, as it has a high
solubility in lipid matrices (Wang et al., 2011). It acts against Gram+ and Gram– microorganisms and exhibits superior
antibacterial activity as compared to thiamphenicol and chloramphenicol. It is active vs. the main bacterial pathogens
that affect rabbits such as Pasteurella multocida, Staphylococcus aureus, Bordetella bronchiseptica, Moraxella
catarrhalis, Salmonella sp., Yersinia enterocolitica and Streptococcus spp. (Espinoza et al., 2020). In most species,
florfenicol is efficiently absorbed from the GI tube and is widely distributed in tissues and organs such as the lung,
heart, pancreas, skeletal muscle, spleen and synovial fluid. Concentrations are relatively high in bile, kidney, small
intestine and urine. It can be considered a drug with zero-order kinetics, with a very moderate tissue accumulation
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rate (Adams et al., 1987). The pharmacokinetic studies of florfenicol that have been carried out in rabbits were done
by administration of the drug by intravenous and intramuscular routes (Koc et al., 2009), and after a single forced oral
bolus dose (Park et al., 2007). These studies were aimed at defining the basic pharmacokinetics (PK) of the drug,
but their pragmatic value was not tested, as only on rare occasions individual oral dosing is chosen in rabbits, even in
those considered pets. Administration of florfenicol ad libitum through drinking water is difficult given the unpleasant
taste of florfenicol, and rabbits tend to diminish water intake or even reject it completely. Likewise, a certain reduction
in food intake is observed if florfenicol is administered as in-feed medication. Rabbits are known to have extra taste
buds compared to humans and it has been proposed that rabbits have well-developed taste buds to detect badtasting, potentially toxic food (McBridge et al., 2004; Brewer, 2006). These predicaments diminish the usefulness
of florfenicol in rabbit medicine and were the impetus to develop a pharmaceutical preparation of florfenicol as dried
beads of alginate (FADB) and to define its oral pharmacokinetics when administered as a bolus dose or ad libitum
within their ration.

MATERIAL AND METHODS
Materials
Alginate sodium salt (C6H9NaO7) and calcium chloride (CaCl2) were obtained from Sigma-Aldrich and used as
received. Florfenicol was obtained from Hangzhou Think Chemical Co., Ltd. (Hangzhou, China). The in vitro release
study was performed with regenerate cellulose dialysis bags (MWCS 12-14 kDa) obtained from Spectra/Por, USA.
All solutions were prepared with ultrapure water of quality 18.2 MΩ cm at 25.0±1°C, obtained from distilled water
with a Barnstead Nanopure diamond system. All reagents and solvents were analytical grade and all solutions were
prepared according to the USP30-NF25.

Preparation of alginate beads
Alginate sodium salt and calcium chloride were purchased from Sigma-Aldrich and used as received. Enrofloxacin
was obtained from HiMedia Laboratories Pvt. Ltd., India. Ultrapure water of quality 18.2 MΩ cm at 25.0±1°C was
obtained from distilled water with a Barnstead Nanopure diamond system. All solutions were prepared according to
the USP30-NF25 and all other reagents and solvents were analytical grade. A sodium alginate solution (2.5% w/v)
was prepared containing enrofloxacin (5 and 7% w/v). The solution was dispersed by constant stirring and dropped
through a syringe needle into a 2.5% (w/v) CaCl2 solution with constant magnetic stirring to produce alginate beads.
The fully formed beads were collected by filtration and air-dried at room temperature for 48 h.

Characterization of Alginate beads
Entrapment efficiency (EE %) and drug loading (%DL)
Entrapment efficiency (%) of florfenicol was determined by direct and indirect methods. For the indirect method,
freshly prepared alginate beads were separated from the aqueous solution by filtration through a hydrophilic cellulose
esters 0.45 µm filter, and the supernatant was analysed by UV-VIS spectrophotometric method. The direct method
was performed analysing the drug content in the dried alginate beads. The florfenicol beads were dispersed in
a monobasic potassium phosphate buffer solution pH 7.8±0.1 with gentle magnetic stirring for 24 h to release
the entire entrapped drug. The solution was filtered through a 0.22 µm filter and the florfenicol concentration was
determined in the supernatant by UV-VIS spectrophotometric method. This experimental method was also used for
the drug loading (%DL) determination. All the UV-VIS spectrophotometric determinations were made with an S2000
spectrometer using a DT1000 deuterium light source, a SAD500 serial port interface (Ocean Optics, Inc.), with
10 mm path length quartz cuvette (Prolab, Mexico City, MX). All measurements were performed in triplicate at room
temperature and the data were presented in mean±standard deviation (SD). The entrapment efficiency (%) was
calculated as follows:
Entrapment Efficiency (%)=(Amount Florfenicol)/(Total amount of Florfenicol)×100
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(1)

Pharmacokinetics of florfenicol-loaded alginate beads
The drug loading (%) (Equation 2) was expressed as the mass fraction of the entrapped drug relative to the mass of
the dried alginate beads, and was calculated as follows:
Drug Loading (%)=(Mass of loaded florfenicol)/(Mass of alginate beads)×100

(2)

Fourier-transform infrared (ATR-FTIR) spectroscopy
Florfenicol-alginate beads and their compounds (florfenicol powder and alginate sodium salt) were characterized by
ATR-FTIR spectroscopy. The infrared spectra were measured over a wavelength range of 400-4000 cm–1 with an
FTIR-FIR Spectrum 400 spectrophotometer (Perkin Elmer de México S.A. de C.V., Mexico City MX).

Differential scanning calorimeter (DSC)
DSC scans were performed using a DSC1 Mettler Toledo system from 25 to 400°C with a scan rate of 10°C/min. The
samples were crimped in a standard aluminium pan under a nitrogen atmosphere.

In vitro drug release studies
The in vitro release studies were conducted by the dialysis bag method. An amount of florfenicol-loaded alginate
beads was loaded into a pre-swelled dialysis bag. The dialysis assembly was suspended in a hydrochloric acid buffer
solution pH 3.0±0.1 and kept for 1.5 h to simulate gastric conditions. Then, it was transferred into a phosphate buffer
solution pH 7.8±0.1 and kept for 7.5 h to simulate intestinal conditions. During all the studies, the release medium
was maintained with constant magnetic stirring (500 rpm) at 37.0±1°C, and at determined time intervals (0.25, 0.5,
0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 3.0, 3.5, 4.0, 4.5, 5.5, 6.5, 7.5, 9.0 h), a volume of the release medium
(10.0 mL) was withdrawn and an equal amount of fresh medium was added after each sample drawing. All the
experiments were performed in triplicate and the data were presented in mean±1 SD. A spectrophotometric UV-VIS
analysis of florfenicol was carried out at a wavelength of maximum absorbance (λmax=267.67 nm) (Elimam et al.,
2016). The analysis was performed in an S2000 spectrometer using a DT1000 deuterium light source, SAD500
serial port interface (Ocean Optics, Inc. FL, USA), and 10 mm path length quartz cuvette (Prolab, Mexico City, MX).
The profile release from alginate dried beads was analysed to evaluate the release kinetics and mechanism, through
fitting the experimental data to zero-order, first order, Higuchi and Korsmeyer-Peppas model according to the following
equations:
Zero-order

Mt=M0+K0t(3)

First-order

ln Mt=ln M0–Kt / 2.303

Higuchi

Mt=KHt (5)

Korsmeyer-Peppas

Mt /M∞=KKP tn(6)

(4)

1/2

Where Mt and Mt /M∞ is the drug fraction released at time t, M0 is the initial amount of the drug, K is the release rate
constant according to each model and in the Korsmeyer-Peppas model n is the release exponent, which indicates
information on whether the release mechanism is Fickian (n=0.5), non-Fickian (0.5>n<1.0), or case-II transport
mechanism (n≥1.0) (Jitendra and Ashwini, 2014). The drug content to determine the entrapment efficiency (EE%),
drug loading (%DL) and profile release was quantified by referring to a florfenicol calibration curve. A florfenicol
calibration curve was prepared in triplicate, and it was linear over the concentration range of 0.03-0.3 mg/mL in
water (R2=0.9999) (n=3). Another calibration curve was prepared in hydrochloric acid buffer solution pH 3.0±0.1
(R2=0.9998) (n=3), and phosphate buffer solution pH 7.8±0.1 (R2=1) (n=3) at room conditions.

Pharmacokinetics (PK) set-up
All study procedures and animal care activities were carried out following the Institutional Committee for Research,
Care and Use of Experimental Animals of the National Autonomous University of Mexico (UNAM), under Official
Mexican Regulation NOM-062-ZOO-1999 with a project approval number of MMVZ-2018/2-1. A group of 24 healthy
New Zealand rabbits (12 males and 12 females) was included in this trial. All rabbits were from 15 to 17 wk old,
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weighed a mean of 3.2±0.4 kg, and were clinically healthy based on physical examination, complete blood count and
serum chemistry panel results. Animals were then randomly divided into two groups, blocking their sex to end up with
the same number of males and females. Groups were: bolus dose (FADBbd) and ad libitum (FADBal). Considering that
the FADBs have an inclusion rate of 0.8 mg of florfenicol/dried bead, an approximate dose of 20 mg/kg of florfenicol
was administered as follows: for FADBbd the dose was forced administered by two persons, one of them restraining the
rabbit tightly wrapped with a towel, while the other delivered the dose of FADBs in shredded alfalfa as with a morsel,
added by a plastic dozer. The aspect of this paste-like medicated morsel is shown in Figure 1. After dosing, food
was allowed immediately after treatment and water was freely available at all times. When rabbits were medicated
ad libitum, FADBs were also included in shredded alfalfa and then mixed with half their standard commercial pelleted
food. When food was completely consumed, they were given the rest of their daily food assignment. This was
repeated for three days. Rabbits destined to be part of the single forced-dose were caged individually and their floor
was slotted to avoid re-ingestion of their caecotrophs and rabbits that were part of the ad libitum group were housed
in groups of 5 and their droppings were removed only after 24 h (McBridge et al., 2004; Brewer, 2006).
Blood samples were taken from the marginal ear vein, sampling each rabbit no more than 3 to 4 times using a
paediatric needle-wing Gauge 23 (Becton Dickinson, Mexico City) attached to a 3 mL syringe containing 10 IU of
heparin as an anticoagulant (Inhepar®, Pisa Pharmaceutics, Guadalajara, Mexico). For the bolus dose, samplings
were performed before florfenicol administration and at 1, 2, 4, 5, 8, 12, and 24 h after FADBs administration, and
for the group receiving florfenicol ad libitum, blood samplings were carried out at 4 h intervals up to 12 h and at 24 h
for 3 consecutive days.
Non-compartmental PK analysis was performed with Phoenix WinNonlin (Certara, Ma, USA) software. Results
presented include Cmax, maximum plasma concentration; Tmax, time to reach Cmax; T½λ, elimination half-life; AUC0–24,
area under the plasma concentrations versus time curve in 24 hr; AUC0–∞, area under the plasma concentrations
versus time curve from 0 to ∞; AUMC0–∞, area under the moment curve from 0 to ∞; MRT, mean residence time.
Also, the most relevant pharmacokinetics/pharmacodynamics (PK/PD) ratio for florfenicol was established i.e.,
T≥MIC. This is the time at which plasma concentrations are at or above the MIC considered as a breakpoint for
florfenicol and florfenicol-amine, which in this case was 2.0 µg/mL (Bretzlaff et al., 1987; Ueda and Suenaga, 1995;
Park et al., 2007).

Analytical procedure
Concentrations of florfenicol and its active metabolite florfenicol-amine were determined in plasma samples by
HPLC, using the method described by Kowalski et al. (2005), with thiamphenicol as an internal standard. Briefly,
the extraction procedure was initiated by thawing the plasma samples at 20-25°C laboratory temperature. Then, to
0.5 mL plasma aliquots thiamphenicol was added as internal standard (0.5 µg in 0.2 mL), as well as 0.2 mL of 1.0 M

Figure 1: Optical microscope aspect of florfenicol-loaded alginate dried beads.
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sodium hydroxide, and 3 mL of ethyl acetate. Each sample was vortex mixed and centrifuged at 5000 g for 15 min,
and the organic layer was carefully transferred to another tube. The supernatant was dissolved in 0.5 mL of the mobile
phase. Then, the samples were filtered through a membrane (nylon 0.45 μm) and injected into the high performance
liquid chromatography (HPLC), with a 0.6 mL/min flow. Acetonitrile–water (25:75, v/v) adjusted to a pH of 2.7 with
85% orthophosphoric acid, was utilised as mobile phase. Detection and quantitation were performed at 224 nm for
excitation wavelength and 290 nm for emission wavelength. Calibration curves for florfenicol and florfenicol-amine
were prepared from 0.05 to 20.48 µg/mL (n=5).
The apparatus used was a Jasco XLC HPLC system (LC-2000Plus; Jasco Benelux, the Netherlands) with a Symmetry-C18
column (4.6 mm×100 mm, 3.5 μm; Waters, USA) and equipped with a fluorescence detector. Data were analysed
using Empower-3 software from Waters (Mexico). The chromatographic method was validated and the analytical
procedure was demonstrated as specific. The method produced a linear result from 0.05 to 20.48 μg/mL (r2=0.984;
y=500030x−107 046). Recovery of florfenicol and florfenicol-amine was calculated by applying linear regression
analysis. Precision was demonstrated by the inter-day coefficient of variance (3.0) and inter-assay error value (<3.8).
The lower quantification limit for florfenicol and florfenicol-amine in plasma was 0.05 μg/mL with a detection limit of
0.008 μg/mL, and linearity was established from 0.05 to 20.48 µg/mL for both drug analytes.

RESULTS
Entrapment efficiency (EE %) and drug loading (%DL)
The EE% determined by the direct method was 94.56±6.276% (n=3) and 98.32±0.21% (n=3) by indirect method.
The %DL was 73.56±3.26% (n=3), indicating the % mass of the bead that is due to florfenicol.

Fourier-transform infrared (ATR-FTIR) spectroscopy
The ATR-FTIR spectra of different samples are displayed in Figure 2. The alginate spectrum, black line, presents
broadband at 3278 cm–1 for OH–, and two bands at 1596 cm–1 and 1397 cm–1 for COO–, symmetric and asymmetric
stretching vibration (Sarmento, 2006; Karp, 2019). For florfenicol, red line in Figure 2b, we can see the typical
signal: 3447 cm–1 for OH–, stretching vibration; 3312 cm–1 for –NH, stretching vibration; 2900 cm-1 for –CH2 and
–CH3 vibration; 1676 cm–1 for –C=O, stretching vibration; 1531 cm–1 for –NH, bending vibration and –CN, stretching
vibration; 1268 cm–1 -CN, bending vibration and –NH stretching vibration (Zhang, 2020; Arriagada, 2019; Marciniec,
2008; Sun, 2014). The blue line in Figure 2c corresponds to florfenicol-loaded alginate dried beads spectra. It
presents signals that correspond to both components: florfenicol (red arrows) and alginate (black arrows).

(c)

(b)

(a)

4000

3000

2000

Wavenumber / cm-1
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Figure 2: Fourier-transform infrared spectra of (a) alginate, (b) florfenicol, and (d) florfenicol-loaded alginate dried beads.
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Figure 3: Differential scanning calorimeter thermograms
of (a) alginate, (b) florfenicol, and (c) florfenicol-loaded
alginate dried beads.

Figure 3, presents the thermograms of different samples.
The typical thermogram for pure alginate is present in
the black line; the endothermic peak at 88.86°C has
been correlated with dehydration of hydrophobic groups
of the polymer; the second and third exothermic peaks,
247°C and 365°C, were of degradation of biopolymer
due to polymerization reactions. The florfenicol
thermogram (red line) presents an endothermic peak
near 150°C, corresponding to the melting point, and
two broad exothermic peaks at 250°C, corresponding to
thermal decomposition (Karp et al., 2019). Finally, the
thermogram corresponding to florfenicol-loaded alginate
dried beads is shown with a blue line.

In vitro drug release studies
The drug release behaviour of alginate dried beads was
studied to simulate the orally administered conditions
including pH, temperature, and transit time during 9 h.
In vitro release profile is shown in Figure 4. The dried
beads displayed a biphasic pattern with a slow-release in
gastric conditions, releasing only 13.83±0.86% within
1.5 h. At intestinal condition, it showed a controlled
release of 83.16±6.99% for 5% w/w within 7.5 h.
No rejection of the FADBs concealed in alfalfa morsels
was detected when the mixture was force-fed to the
rabbits. Also, no rejection of the FADBs-medicated feed
was detected and the animals consumed their ration
without differentiating the FADBs from the rest of the
food.

Figure 4: In vitro release profile of florfenicol-alginate
dried beads (FADBs) (x±1SD; η = 3). Symbols correspond
to experimental data; blue line corresponds to Zeroorder, green line corresponds to First-order, black line
corresponds to Higuchi model, and red line corresponds
to the 60% drug release fitted to Korsmeyer-Peppas
model.

Pharmacokinetics
Figures 5 and 6 present the plasma concentrations
of florfenicol and florfenicol-amine after the bolus
dose of FADBs concealed in alfalfa shredding and
after the ad libitum consumption of FADBs-medicated
food, respectively. Table 1 shows the pharmacokinetic
parameters obtained, including the PK/PD ratio of
T≥MIC0.2µg/mL, considering a dosing interval (DI) of 24 h.

DISCUSSION
Alginate is a polysaccharide extracted from brown seaweed, with several advantages such as ease of preparation,
biocompatibility, biodegradability and non-toxicity. Alginate is one of the most popular polymers for hydrogel drug
delivery systems, typically processing through crosslinking by ionotropic gelation with divalent cations like Ca2+,
making the typical “egg-box” model (Hariyadi and Islam, 2020). Alginate hydrogels for drug delivery systems can
be formulated in several physical forms such as microparticles, nanoparticles, films and beads (Lupo et al., 2015;
Arriagada et al., 2019; Zhang et al., 2020). The air-dried alginate beads were prepared using the method according
to Gutierrez et al. (2020) based on a combination of extrusion and ionic gel formation, where a florfenicol/alginate
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Entrapment efficiency (EE%) and drug loading (%DL)
play an important role in the preparation of drug delivery
systems and affect their therapeutic effect, since a high
EE% and %DL are desirable to minimise the number of
dried beads required to deliver the antibacterial drug.
In this study, high efficacy to load florfenicol (EE%=9498% and %DL=73.56±3.26%), was obtained. The
high drug loading and entrapment efficiency may be
due to the preferential localisation of the drug inside the
polymer matrix which is less hydrophilic than the external
aqueous environment since florfenicol has been reported
as a broad-spectrum antibiotic with the drawback of
poor aqueous solubility (Wang et al., 2011). Other
authors suggested that the poor solubility allowed drug
precipitation inside the beads leading to an increased
%EE (Tønnesen and Karlsen, 2002; Karp et al., 2019).
In this study, the EE% obtained was higher as compared
to the florfenicol-loaded alginate-Eudragit®RS blended
matrix with an EE%=60-80% (Karp et al., 2019) and
doxycycline/florfenicol PVP microparticles with an EE%
~89% (Li et al., 2016).

8
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Figure 5: Plasma profiles of florfenicol and florfenicolamine in New Zealand rabbits after administration of
the antibiotic orally as a forced bolus and at a dose
of 20 mg/kg and as florfenicol-alginate dried beads
(FADBs) and concealed in fresh alfalfa shredding (bars:
standard deviation).
6

Florfenicol
Florfenicol amine

5

Plasma concentrations
(µg/mL)

solution is dropped using a syringe into a CaCl2 solution
under gentle stirring. The beads are formed immediately
as ionic induced gelation occurs. Alginate thus forms
the polymeric matrix, trapping the florfenicol inside
(Lupo et al., 2015; Gutierrez et al., 2020). Florfenicol
has been formulated in several drug delivery systems
for veterinary medicine such as chitosan nanoparticles,
solid lipid nanoparticles and silica nanoparticles (Li et al.,
2016; Karp et al., 2019; Youssef et al., 2019). However,
alginate beads have been demonstrated to be an easy
and low-cost method to prepare a controlled release
delivery system (Tønnesen and Karlsen, 2002; Gutierrez
et al., 2020).
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To study the drug release mechanism, the release
Hours on treatment with florfenicol from FADBs
profile was fitted to zero-order (R2 = 0.9074), first-order
(R2=0.9312), Higuchi (R2=0.8099), and KorsmeyerFigure 6: Plasma profiles of florfenicol and florfenicolPeppas (R2=0.9428) equation. The highest R2 value was
amine in New Zealand rabbits receiving an approximate
obtained for the Korsmeyer-Peppas model (0.9428),
dose of 20 mg/kg of florfenicol administered as in-feed
and an n value of 1.26 was attributed to the case-II
medication employing florfenicol-alginate dried beads
transport mechanism (n≥1.0). The case-II anomalous
(FADBs), concealed in fresh alfalfa shredding and their
transport considers relaxational mechanism, which may
standard food assignment in pellets (bars: standard
refer to a combination of mechanisms, as the alginate
deviation).
beads are exposed to the dissolution medium and the
drug release system undergoes a swelling-dissolutionerosion process, where the osmotic pressure gradient and the pH of the release medium comprise important factors
in the swelling process (Sarmento et al., 2006). In this study, gastric conditions were mimicked (pH=3.0±0.1),
and swelling is limited due to the protonated carboxyl groups, and this causes a releasing of only 13.83±0.86%
under this condition. At this point, the florfenicol release will be mainly related to its diffusion through the insoluble
matrix. However, in intestinal conditions (pH=7.8±0.1) the matrix is structurally more relaxed because of carboxylate
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Table 1: Pharmacokinetic variables of florfenicol in New Zealand rabbits after its administration in food (calculated
dose of 20 mg/kg) using florfenicol-loaded alginate in dried beads (FADBs).
Parameter
Florfenicol
Florfenicol-amine
AUC0–∞ (µg·h)/mL)
76.3±5.6
32.08±3.1
AUC0–24 (µg·h)/mL)
48.4±1.8
26.44±0.4
λ (1/h)
2.2±0.1
2.4±0.6
T½λ (h)
3.8±0.6
4.1±0.08
Cmax (µg/mL)
6.08±0.3
2.4±0.6
Tmax (h)
2.06±0.4
2.45±0.04
MRT (h)
6.90±1.4
7.2±1.4
PK/PD ratio
%T>MIC2.0 µg/mL (ID24h)1
100%
almost zero
η=14 New Zealand rabbits weighing approximately 2 kg; Cmax=maximum plasma concentration; Tmax=time to reach Cmax; λ=elimination
rate constant; T½λ=elimination half-life; AUC0-24=area under the curve of plasma concentrations vs. time in 24 h; AUC0-∞=area
under plasma concentrations vs. time from 0 to ∞; MRT=mean residence time; MIC=minimum inhibitory concentration.
1
MIC2.0 µg/mL=cut-off point for most pathogens of importance in veterinary medicine (Bretzlaff et al., 1987; Ueda and Suenaga, 1995¸
Park et al., 2007).

ionisation and high chain repulsion. In consequence, polymer chains gain flexibility, and mean porous size increases,
releasing ~70% of the drug. Due to the high lipid solubility of florfenicol, absorption occurs easily in the intestinal
region (USP, 2007). It is then here proposed that the dried beads allow a controlled release of florfenicol lasting 9 h,
with a pH-dependent pattern. Consequently, possible flip-flop pharmacokinetics is occurring in the gastrointestinal
tract of the rabbit. In turn, this may comply better with the key PK/PD ratio of t≥MIC as pharmacokinetic analysis
revealed as T½λ of 3.8±0.6 for florfenicol and 4.1±0.08 for florfenicol-amine. In contrast, a parenteral dose of
florfenicol resulted in a T½β of 1.49±0.23 h (Koc et al., 2009), and T½λ after a forced oral bolus dose of florfenicol
was reported to be 1.42±0.56 h (Park et al., 2007) or 2.57 h (Abd EL-Aty et al., 2004).
Administering an antibacterial drug with such an unpleasant taste as florfenicol to rabbits can be frustrating, because
food consumption is reduced and with it, the calculated dose, hampering the clinical outcome (McBridge et al.,
2004; Brewer, 2006). With FADBs, no reduction in food consumption was detected, nor was any selectivity detected
concerning their usual food. This aspect is of great importance to achieve therapeutic or metaphylactic efficacy in
rabbits, particularly at the commercial level where large populations require proper antibacterial medication. When
a respiratory disease outbreak is diagnosed in a rabbit farm, rapid metaphylactic medication through water or food
can solve the problem, as rabbits’ health rapidly deteriorates (Lennox, 2010). Injected antibacterial drugs can cause
considerable stress and rabbits often suffer muscular lesions (Lennox, 2010; Sailer-Fleeger, 2021). Hence, oral
dosing of antibacterial drugs is preferred and appropriate dosing is essential to succeed. The FADBs described here
may be adequate, considering that affected animals are likely to reduce food consumption and water intake. So, the
tasteless or amiable nature of FADBs for rabbits may become important. Favourable unpublished results in clinical
outbreaks have already been obtained, but formal-controlled trials are now needed.

CONCLUSIONS
The florfenicol-loaded alginate beads (FADBs) were prepared with high drug entrapment efficiency (>94%) and high
drug loading (>70%). Composition, interactions and stability of the components were defined, and FADBs showed
an in vitro controlled drug release of florfenicol during 9 h pH-dependant following swelling–dissolution-erosion
sequence of alginate. FADBs are a low-cost and attractive drug delivery system for oral controlled release and
pharmacokinetic parameters confirm good bioavailability and a longer half-life as compared to previous studies in
which conventional florfenicol as a solution was force-administered. Considering a MIC2.0 µg/mL as the cut-off point for
florfenicol in rabbits, ad libitum intake of FADBs in their standard diet maintained plasma concentrations of florfenicol
above this level during the whole dosing interval of 24 h.
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Abstract: As in many African countries, the rabbit meat sector in Algeria lacks a structured market system.
Very few studies have approached this issue. Thus, this paper aims to investigate the main parameters of
rabbit meat marketing. To meet this objective, a descriptive survey method was provided, using a structured
questionnaire, literature review and direct observation. Our study has covered the key areas of rabbit
production including ten wilayas (i.e. geopolitical districts, regions, provinces, areas) situated in the northeastern part of Algeria. A survey was carried out among 32 butchers. Data were obtained through a field
survey using face-to-face interviews. The result shows that the butchers are mostly men, belonging to six main
wilayas; the majority of them are married, with an average age of 45 yr, and most have secondary school level
or baccalaureate educational qualifications. Cross tabulations have shown a significant coefficient between
location of butchers and four marketing factors i.e. rabbit selling criteria, sales volume per week, type of meat
sold, and type of clientele. Hierarchical cluster analysis (HCA) and principal component analysis (PCA) allow
us to classify and to show the correlation between the different wilayas and the influential marketing factors.
Rabbit meat market seems to be modest, fragmented and not organised, due to many obstacles, mainly
lack of knowledge and awareness of rabbit meat, high cost production, high selling price and unavailability.
Despite these setbacks, there is an opportunity to enhance rabbit marketing by increasing production,
supporting breeders, reducing the selling price of rabbit and educating people about the nutritional quality
of this kind of meat. To the best of our knowledge, this research is the first to create the sociogeographic
profile of rabbit butchers and investigate the association between the different aspects and factors linked to
rabbit meat marketing.
Key Words: rabbit meat, butcher sociogeographic profile, marketing factors, Algeria.

INTRODUCTION
Meat consumption has been part of human culture for millennia; in addition, it has historically been driven by the
pleasurable experience of eating meat and its high nutritional value (Aboah and Lees, 2020). Rabbit meat appears to
be able to satisfy consumers’ nutritional needs (Wood et al., 2008) and status as an important resource that may solve
part of the food shortage problem around the world (El-Sabrout, 2018). Additionally, this type of meat is preferred as a
sustainable source of proteins in an era where climate change, population and changing meat consumption patterns
are growing in developing countries (Mutsami and Karl, 2020). Rabbit has a relatively low production cost and high
nutritional meat quality, including low fat, sodium and cholesterol levels (Lukefahr, 2010). Other qualities include the
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immense potential and good attributes which include high growth rate, short gestation period and high prolificacy
comparable to that of broiler chicken, (Baruwa, 2014). With good husbandry, rabbits can produce over 40 kits per
annum compared to one calf for cattle and up to two kids in goats (Dairo et al., 2012). Rabbits are considered odourfree, noiseless, and can adapt to many ecosystems, unlike many of the larger ruminants (Muriithi and Matz, 2015).
The rabbit has also the ability to thrive on green forage, food wastes and agricultural by-products, with potential
income generation and limited competition with humans for similar food (Ensminger, 1991; Egbo, 2001). Rabbit meat
also had a negligible fraction of enteric methane production (2.3%) compared to beef (65.5%), dairy (26.2%) and
pork (6.1%). Furthermore, amongst the animals, rabbits have the highest feed conversion efficiency (Vayssieres et al.,
2010), which is considered to be a key factor in the prediction of environmental sustainability and economic success
(Cesari et al., 2018). Rabbit meat consumption is not popular worldwide. It is thus considered a speciality market,
and is mainly limited to the Mediterranean region, namely Italy, Spain, France, Portugal, Egypt, Algeria, Cyprus and
Malta, as well as some other European countries such as Germany, Belgium, the Czech Republic and Luxembourg
(Dalle Zotte and Cullere, 2019). Based on the international literature, the FAO (2019) reports that in Algeria, rabbit
meat production accounted for 0.9% i.e. 8569 ton of the global world production (883 936 ton). Like many developing
countries in Africa, Algeria is still in the initial stages of developing a vibrant rabbit sector. Rabbit farming remains a
marginal production activity. In rural areas, it still takes the form of individual farms and smallholdings (Merad et al.,
2015). In recent years, rabbit breeding in Algeria has been marked by a new relaunch. This development is supported
by the various financing mechanisms for the development of rabbit farms set up by the authorities to promote animal
production and diversify the supply of animal protein (Mouhous et al., 2020), as well as state aid for the establishment
of new rabbit breeders (Mouhous et al., 2019). The global food market is undergoing many transformations. In many
developing countries, the rabbit is purposely bred to achieve self-sufficiency in home protein. Unfortunately, rabbit
production, introduced as an alternative to remedy the shortage of protein, has not received sufficient attention (Nina
et al., 2020). As in Algeria, the rabbit meat production sector is still characterised by a lack of organisation and
structure that affects all its segments, feed, breeding and commercialisation (Mouhous et al., 2019).
It is important to remember that meat marketing is the most important part when farming with rabbits, and it is
also the most difficult and time-consuming. The issues underlying the marketing strategies include the increasing
importance of quality, organoleptic and sensory properties of food in general, as well as issues relating to food safety
and human health (Hoffman et al., 2004).
In addition, raising rabbits for meat production must include several considerations, among others availability of
processing facilities, market requirements, transportation cost and potential buyers. In the Algerian market, rabbit
meat is still rarely found compared to chicken, turkey, sheep and beef. In fact, there is scant knowledge regarding
the marketing factors that affect the purchasing of rabbit meat. It should be noted that there are very few studies
that have focused on rabbit meat marketing. Much of the existing literature has also analysed subjects in relation to
feed and feeding, nutritional requirements and growth (Berchiche et al., 2000; Kadi, 2012; Mouhous et al., 2017,
Harouz-Cherifi et al., 2018) or reproduction (Gacem and Lebas, 2000; Zerrouki et al., 2005; Gacem et al., 2009). In
this situation, it is worth investigating the attributes and the various intrinsic and extrinsic quality cues of rabbit meat
that affect its purchasing and the socio-geographical variables which characterise butchers and butchery activity. So,
the overall aim of this research is to determine the main parameters and factors that affect rabbit meat marketing in
north-eastern Algeria from the viewpoint of the butchers.

MATERIAL AND METHODS
Scope and information sources
In order to characterise the features of rabbit meat butchery in north-eastern Algeria, searching for butchers to take
part in the survey was carried out in varying ways: in the first step we used the literature review, i.e. publications and
also local technical reports. The second step revolved around gathering contact details and addresses of butchers from
the Technical Institute Of Animal Production, some producer organisations, the trade office and personal contacts.
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Study area and sample selection
To meet the objective of this study, the descriptive survey method was used. Data were obtained through a field
survey using face-to-face interviews, combined with structured questionnaire. Personal observations during the
fieldwork helped us in gathering information about carcass presentation at butcheries and rabbit slaughter, butchering
and preparation steps at the slaughterhouse. The survey data were gathered during a period that lasted from October
2016 to March 2017, whereas the data concerning the slaughterhouse were collected in 2020.
Our study has covered the north-eastern regions of Algeria, including ten wilayas (Figure 1), also called as governorates
or provinces. The study areas are located between latitude 34°44 and 36°59 North and longitude 4°8 and 8°4 East.
It covers 48 766 km2 with 8.6 million in habitants (Figure 1).
The questionnaire was pretested with ten butchers —one butcher from each region— in order to gather first-hand
information about rabbit meat marketing in the study areas. Relevant changes were then made to the questionnaire
based on these findings, which helped validate our questionnaire. The simple random sampling method was used
to select the targeted respondents at different location such as shopping malls, daily markets and butchers’ shops.
All the butchers found were contacted and invited to participate in the study voluntarily. The sample used consisted
of 32 butchers. Data were obtained through a field survey using face-to-face interviews. This required only a few
minutes to be completed by the participants who were willing to take part in the survey. A dual-language structured
questionnaire was developed in Arabic and French to make it easier for the participants to understand and provide
responses.
The survey form was divided into two sections and included 19 questions (questionnaire) which are explained by
closed questions with multiple choice and open-ended questions that allow the butchers to choose a specific answer
or give their opinion freely. The data obtained from the questionnaire were organised by coding the questions to
prepare them for data collection.
The questionnaire introduced questions to gather information regarding butchers’ socio-geographical characteristics
such as age, marital status, educational level, seniority, geographical location and general information concerning
marketing policy, such as the type of meat sold, supply, rabbit selling criteria (age and weight of slaughter, slaughter
yield, price, etc.), purchasing format, sales volume per week, etc. In addition to this, the trade circuit, marketing
obstacles and proposed solutions were discussed.

Figure 1: Geographical map showing the distribution of the wilayas surveyed (the study area).
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Conceptual framework
In our study the conceptual framework is provided using dependent variables and independent variables, as well as
their relationship, as illustrated in Figure 2. Examples of this methodology can be found in (Hoffman et al., 2004; Kadi
et al., 2013; Baviera-Puig et al., 2017; Benabdelaziz et al., 2020).

Statistical analysis
Depending on the target, a different statistical analysis was used. First, a Chi-square (χ2) test was used to find the
relationship between dependent and independent variables using XLSTAT 5.03. Version 2014. Second, in order to
classify the different wilayas and establish the correlation between geographical location areas and rabbit marketing
factors. Hierarchical cluster analysis (HCA) (HAC using the Ward method) followed by principal component analysis
(PCA) were carried out. HCA and PCA were performed using the statistical software JMP Trial 15 (SAS Institute Inc.
Cary, NC, USA). A p-value less than 0.05 was considered statistically significant.

RESULTS AND DISCUSSION
Sociogeographic profile of butchers
The butchers’ sociogeographic data are given in Table 1. The survey revealed that our participants are mostly men,
and 62.5% were married. The average age of the surveyed participants was 45.25 yr. The majority of the participants
(24) belonged to the 40-59 yr old age group and accounted for 75% of total responses, whereas participants between
18-39 yr of age (7) accounted for 21.87% of responses. Only 3.12% were older than 60. In terms of educational level,
a large percentage (53.12%) of participants had secondary school level or baccalaureate, 34.37% were educated at
primary school or vocational training school, while 6.25% had postgraduate degrees, and only 6.25% of the sample
had no studies. Most of the participants (71.87%) were not new to butchery activity (more than 5 yr of experience). As
for the geographic distribution, the majority of butchers’ shops (27; 84.36%) were located in six main wilayas: Bordj
Bou Arreridj, Sétif, Mila, Constantine, Batna, and Béjaïa. These are the main areas where rabbit breeding units are
present (Sanah et al., 2020); the remaining wilayas such as Sekikda, Oum El Bouaghi, Guelma and Annaba presented
a low number of butchery shops (5; 15.64%).
Our survey revealed that butchers selling rabbit meat are mainly located in urban areas, specifically in poultry shops.
Those shops are generally located in municipal markets and malls. This observation agrees with those of Kadi et al.
(2013) and Mezali et al. (2014), who conducted similar studies in other regions of Algeria. The results show that the
Rabbit meat

Dependent variables

Independent variables

Geographical location of butchers

Independent variables

10 geopolitical districts: Mila, Sétif,
Bordj Bou Arredidj, Constantine, Batna,
Oum El Bouaghi, Béjaïa, Skikda,
Guelma, and Annaba.

- Type of sold meat at butchers shop
-Rabbit sources of provisioning
-Selling rabbit criteria (Age, weight,
price, health state, breed and sex
of rabbit)
-Purchasing format
-Frequency of selling
-Type of clientele

Figure 2: Conceptual framework of the study, depicting the independent and dependent variables.
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marketing of rabbit meat takes place in very specific butchers located in the metropolitan and municipal markets and
malls. Therefore, urban citizens who like rabbit meat can buy it only in a few stores at the level of the urban centre,
often several kilometres away from their place of residence (Kadi et al., 2008).

Relation between rabbit meat marketing factors and geographical location
Cross tabulations for rabbit meat marketing factors (dependent variables) according to sociogeographic characteristics
of butchers (independent variables) have shown statistically significant coefficients between geographical location of
butchers and some marketing factors (Table 2). Chi-square test confirms that geographical location (district) has a
significant association with four dependent variables: type of meat sold (χ2=54.49; P=0.001), rabbit selling criteria
(χ2=83.71; P=0.000), sales volume per week (χ2= 64.00; P<0.0001) and type of clientele (χ2=46.31; P=0.012). In
contrast, geographical area is invariant to the remaining factors such as rabbit sources of provisioning and purchasing
format.
Type of meat sold
When asking butchers about the type of meat sold in their
shops, more than 65% of them are poultry shops, i.e. they
specialise in selling chicken and turkey meat. Meanwhile,
in the rest of butchers we have observed other types of
meat, basically sheep, beef or rarely goat meat. Chisquare test confirms that the type of meat sold in these
shops has a significant association with geographical
location of the butchers (χ2=54.49; P=0.001), which can
be explained on one hand by the fact that rabbit meat is
considered among white meats. On the other hand, the
diet in Algeria generally consists of poultry, eggs, sheep
and beef, whereas the consumption of goat and camel
meat is much lower and each region is characterised by
one or two major types of animal (livestock) production
(Sadoud, 2011; Chikhi and Bencharif, 2016).
Rabbit selling criteria
Regarding the question: What are the purchasing criteria
for rabbit that you require? The results showed that the
main attributes that butchers consider when purchasing
rabbit are as follows: age (41%), weight (15%), selling
price (15%), health state (15%), breed (9%) and sex of
the rabbit (3%).
Age and weight of the rabbit for sale. Our survey revealed
that the selling weight is around 1.5 to 3 kg, and the age
at slaughter is 10 to 14 wk, with slaughter yield around
65%. These results are very close to those observed
in other geographical regions. In a recent paper by
Benabdelaziz et al. (2020), the selling weight observed
in Algiers region was around 2.45 kg. In another recent
paper published by Dalle Zotte and Cullere (2019), the
authors pointed out that rabbits farmed for meat purposes
in intensive systems are specialised hybrids slaughtered
at 11 to 13 wk of age, and, therefore, characterised by
uniformity in carcass traits. In Western Cap, Hoffman

Table 1: Socio-geographic profile of butchers (n=32).
Variable
Frequency
%
Total respondents
32
100
Gender
Male
32
100
Female
0
0
Age (yr)
18–29
4
12.5
30–39
3
9.37
40–49
12
37.5
50–59
12
37.5
>60
1
3.12
Marital status
Single
12
37.5
Married
20
62.5
Educational level
No studies
2
6.25
Primary school
4
12.5
Vocational training school
7
21.87
Secondary school
6
18.75
Bachelor
11
34.37
Other (Master, doctorate,…)
2
6.25
Seniority (yr)
1-5
9
28.12
>5
23
71.87
Wilaya (districts)
Bordj Bou Arreridj
6
18.75
Sétif
6
18.75
Mila
5
15.62
Constantine
4
12.5
Batna
3
9.37
Béjaïa
3
9.37
Sekikda
2
6.25
Oum El Bouaghi
1
3.12
Guelma
1
3.12
Annaba
1
3.12
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Table 2: Cross tabulations of rabbit meat marketing factors according to socio-geographic characteristics of butchers.
Selling rabbit criteria
Frequency of selling
<20 20-60 >60
Dependant Variables We Ag Pr He Br Se χ 2 P-value car/wk car/wk car/wk χ 2 P-value
BBA
1
1
1
2
0
0 83,7 <0,0001 0
5
0
64 <0,0001
Sétif
0
0
4
0
0
0
0
0
4
Mila
3
0
0
0
0
0
0
3
0
Cne
6
0
0
0
0
0
0
0
6
Batna
0
3
0
1
1
1
0
0
6
Béjaïa
2
1
0
0
0
0
0
0
3
Sekikda
0
0
0
0
2
0
0
2
0
OB
0
0
0
1
0
0
0
1
0
Guelma
1
0
0
0
0
0
1
0
0
Annaba
0
0
0
1
0
0
1
0
0
Total
13 5
5
5
3
1
2
11
19
%
40 16 16 16 9
3
6
34
60
Dependant Variables
BBA
Sétif
Mila
Cne
Batna
Béjaïa
Sekikda
OB
Guelma
Annaba
Total
%

Type of meat sold
Type of clients
Ch & Tu Sh Be Goat χ 2 P-value Ho Ho+ht+Re P.I
3
2
0
0 54,49 0,001 0
2
0
4
0
0
0
2
2
0
3
0
0
0
0
3
3
6
0
0
0
6
0
0
0
0
5
1
3
1
0
3
0
0
0
0
3
0
0
2
0
0
1
1
0
0
1
0
0
1
0
0
1
0
0
0
0
1
0
1
0
0
0
1
0
0
21
5
5
1
14
13
3
65
16 16
3
44
41
9

Ba
0
2
0
0
0
0
0
0
0
0
2
6

χ 2 P-value
46,31 0,012

BBA: Bordj Bou Arreridj; Cne: Constantine; OB: Oum el Bouaghi; W:Weight; A:Age; P: Price; Br:Breed; Sex: Se; car/wk:carcass/
week; Ch & Tu: Chiken & turkey; Sh: Sheep; Be: Beef; Go: Goat; Ho: Households; Ho+Ht+Re: Households+hotels+restaurants;
P.I: private individuals; Ba: Bars.

et al. (2004) argue that a commercial producer should consider table rabbits that are likely to weigh 2 kg at an age
of 9 to 10 wk, and which will produce the greatest amount of profit. According to the Australian market demand, a
previous study reported by Eady and Prayaga (2000) stated that rabbits sold as a whole carcass in butcher shops are
slaughtered at 1.0 to 1.3 kg, while those portioned for the restaurant trade are slaughtered at 1.4 to 1.7 kg. These
authors added that the differences in slaughter weight are associated with differences in growth period on the farm.
In Spain, the average rabbit live weight at slaughter in 2012 was 2.190 kg (Pascual et al., 2014). Meanwhile, in
France and Italy, the rabbit live weight at slaughter is 2.5 to 2.6 kg (Xiccato and Trocino, 2007; Coutelet and Hurand,
2016). In the same context, Dalle Zotte (2014) stated that slaughter age, which typically ranges between 9 and 13 wk
and a slaughter weight from 2.0 to more than 2.6 kg, is dependent on market requirements. Similar observations
were made by Moreki et al. (2019) in their survey in Botswana with rabbit breeders, as they found that rabbits were
sold from six weeks of age. Moreover, forty-five percent (45%) of the respondents said they used age and weight to
set prices for their rabbits, followed by 25% who used a combination of age, sex and weight, and 10% who used age
only. Heavy rabbits fetched a better price than lighter rabbits.
Selling price of rabbit meat. As regards the selling price of rabbit meat, it varies between 700 and 900 AD/kg,
(4.35 and 5.59 €/kg) (1 Euro=160.98 AD). The live rabbit is sold at between 300 and 400 AD (1.86 and 2.48 €/
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kg). In previous studies, Mezali et al. (2014) found an average price around 750 AD/kg for a purchasing price varying
between 400 and 500 AD/kg. This result is also confirmed by Merad et al. (2015).
In a recent paper by Benabdelaziz et al. (2020) the living rabbit is sold for a price that varies between 360 and
400 AD/kg (2.70 and 3.00 €/kg) for wholesale and between 500 and 550 AD/kg (3.75€ and 4.12 €/kg) for retail,
whereas the slaughtered rabbit is sold at a price that varies between 650 and 800 AD/kg (4.87€ and 6.00 €/kg).
It was found that the price of one kilogram of rabbit meat is more expensive for sale than that one of white meat
i.e. poultry 298 AD (2.23€/kg), and turkey 405 AD (2.51 €/kg), but lower than that of red meat i.e. beef 1251 AD
(7.77 €/kg), and sheep 1486 AD/kg (9.23 €/kg) (Benabdelaziz et al., 2020).
It appears that the price of rabbit meat varies in each country, but can cost between 4-8 €. For example, in Greece,
the price of 1 kg of rabbit meat is 8 € (Spilioti et al., 2017). Another recent study in Vietnam, by Thu (2019) found
that the price of meat rabbit sold to intermediaries has recently been varied, from 2.3 to 2.75 USD/kg live weight;
however, it has been around 7.0 USD/kg carcass weight when sold to the consumers. The price of reproductive
rabbits has been much higher and depends on the breed quality. In Abidjan, the price of a kilogram of live rabbit is
3000 to 5000 CFA franc (US$ 5.05 to 8.42) for Ivorian producers. However, the price of one 1 kg of live rabbit is
more expensive in Côte d’Ivoire than in Senegal (2500 to 3000 CFA franc/kg or US$4.21 to 5.05) (Nina et al., 2020).
It should be noted that in Algeria, the price of one kg of this meat in butchers increases over the years. According to
Kadi et al. (2013), the price increased considerably because of the increase in the price of the raw materials on the
world market and which constitute the feed of the rabbits, as many of their main ingredients such as soybean meal,
dehydrated alfalfa, corn and other micro ingredients are imported from overseas.
Similar observations were made by Pascual et al. (2014) where the variation in prices of raw materials for
manufacturing feed in recent years has been one of the most influential factors in the accounting results of rabbit
farms and one of the main causes of their lack of profitability, as no notable increase in earnings for rabbit producers
has been reported. These raw materials are mainly of European origin, but despite this, their prices have been
affected by swings in feed costs in general (CESFAC, 2012).
Breed, health state and rabbit sex. As noted in the interviews, type of breed, health state and rabbit sex seem to be
less important criteria when selling rabbit. The most common breeds observed in this study are synthetic rabbit line
(ITELV 2006) which has been reared in Algeria since 2003, New Zealand White and Californian rabbit; these last two
breeds have also been reported to be the most popular breeds for meat production in other parts of the world due
to their good growth characteristics and a high meat: bone ratio (Serem et al., 2013). In Spain, Baviera-Puig et al.
(2017) had also observed similar trends where rabbits raised for meat are generally the New Zealand White breed.
This observation is also made by Iheukwumere et al. (2018) in Nigeria, where the two most popular breeds reared
are New Zealand and the Californian.
Based on the analysis presented earlier, it appears that rabbit selling criteria such as age, weight, and selling price of
rabbit are almost the same among European and African countries.

Purchasing format of rabbit and main selling sources of provisioning
Most of the butchers interviewed (75% of them) buy their rabbits either alive or slaughtered directly from the farmers
(at farm level), while 25% of butchers buy their rabbits from local markets.
It should be noted that the butchers who buy their animals alive usually set aside a place around the butcher shop
to sacrifice their rabbits without any veterinarian inspection, as there were no slaughterhouses specialised in rabbit.
This observation agrees with those of Benabdelaziz et al. (2020), who conducted a similar study in Tizi-Ouzou area
(Algeria). They found that the slaughtering at farm level is carried out without any sanitary control by an approved
veterinarian, and that farmers use these practices to increase their profits.
In the same context, our results are in agreement also with those of Kadi et al. (2013), who found in Tizi-Ouzou that
rabbits are marketed live or killed to butcheries, poultries and restaurants. They are bought from producers generally
as whole carcasses in 86.49% of cases.
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Similarly, in Benin, it was also found that rabbits are marketed either alive (31% of cases) or in the form of a carcass
(69% of cases) (FAO, 2018). In Botswana, rabbits were sold alive or dressed. As there are no rabbit slaughter
facilities in this country, rabbits were slaughtered and dressed in home kitchens prior to delivery to retailers, hotels
and individual buyers (Moreki et al., 2019). Our findings are also similar to those in a previous study conducted by
Bodnár (2009) in Hungary, who reported that clients bought live rabbits, whole carcasses or different rabbit meat cuts.
In the present study, rabbits are marketed in butcheries generally as whole carcasses. Whole carcasses include the
head, thoracic content (heart, lungs, …), liver, kidneys and extremities of the legs and the corresponding skin. The
offal is discarded (Figure 3).
Algerian legislation relating to the presentation and marketing of fresh rabbit carcass requires that carcasses must
be completely dressed except for the head, ears and the hind leg tips; the carcass must be completely eviscerated
and the finished product must be packaged and labelled (Benabdelaziz et al., 2020). For an average carcass weight
that varies between 0.9 and 1.9 kg. This carcass weight is similar to that reported in several studies carried out in
Algeria (Guermah et al., 2011; Kadi et al., 2013, 2016; Hannach-Rabia et al., 2017; Harouz-Cherifi et al., 2018;
Benabdelaziz et al., 2020). Our results are similar to those obtained by FAO (2018) in Benin, where they found that
the weight of a rabbit carcass varies between 1 and 1.4 kg and the live rabbit weighs on average 2 kg.

Sales volume per week
Sales volume of rabbit meat per week differs significantly according the region (χ 2= 64.00; P<0.0001) (Table 2).
Generally, between 20 to 200 carcass per week are sold, with an average amount of 63 carcasses. Sétif, Bordj Bou
Arreridj, Béjaïa, and Constantine are wilayas which present high numbers of sold carcass with more than 60 carcasses
per week, whereas Batna, Mila, Oum El Bouaghi, and Skikda represent 20 to 60 carcasses per week. The remaining
regions, such as Guelma, and Annaba present less than 20 carcasses per week. Our results are higher than those
obtained by Kadi et al. (2008) in their survey in Tizi-Ouzou, where they found that the total quantities sold amount to
44.56 kg per week or an average of 32 carcasses per week.
In our study, differences in sale volumes of rabbit meat per week are probably due to a variety of reasons, such as
culinary traditions or eating habits of consumers in each wilaya; the availability of rabbit meat in local markets, which
is related to the number of breeding units and farmers established in each wilaya. Moreover, we have observed that
sales frequency is related to higher income groups of consumers who are generally found in large wilayas like Sétif,
Bordj Bou Arreridj, Béjaïa and Constantine.

Rabbit meat customers
Our results show that the type of rabbit meat customers varied significantly with the geographical areas (χ2=46.31;
P=0.012) (Table 2). The buyers of rabbit meat are householders (43.75%), restaurant managers with householders
and luxury hotels (40.62%), private individuals (9.38%) and bars (6.25%). Our findings coincide with those obtained

A

B

C

Figure 3: Rabbit purchasing format in the chicken store. (A) in Constantine; (B) in Algiers area (B) (Algeria); (C) rabbit
cooked format in the restaurant.
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by Mezali et al. (2014) in their sociocultural and economic research conducted with sellers and consumers of rabbit
meat in the region of Algiers (capital of Algeria). They found that the householders are the main buyers of rabbit
meat (90% of cases). In Benin, a study by the Food and Agriculture Organization of the United Nations (FAO, 2018)
showed that rabbit meat buyers consist mainly of restaurants (79% of cases), individuals and/or households (82%
of cases), and traders (39% of cases). A similar result was obtained in a recent study in Botswana, where 46% of
the respondents said their clients were restaurants, hotels and supermarkets, individuals (39%) and government
institutions (5%) such as schools (Moreki et al., 2019). Another recent research work by Nina et al. (2020) in Côte
d’Ivoire found that the main customers for rabbit meat are restaurant managers (35%) and households (35%), while
supermarkets and ranchers are the other customers, with 15% each.

Hierarchical cluster analysis (HCA) and principal component analysis (PCA)
In order to identity and classify the study area i.e. 10 geopolitical districts (wilayas) which share the same marketing
factors, a constellation diagram was drawn up. This diagram (Figure 4) consisted of three clusters. Cluster one (C1)
included only one wilaya: Sétif. Cluster (C2) contained three wilayas: Bordj Bou Arreridj (BBA), Constantine (Cne) and
Béjaïa. Cluster (C3) contained the highest number of similar wilayas, which are: Mila, Batna, Sekikda, Guelma, Oum
el Bouaghi and Annaba. It is clear that the wilayas that belong in the same cluster have some similarities. Therefore,
the principal component analysis (PCA) was carried out to show the correlation between rabbit meat marketing
factors and geographical location of butchers. The first two PCA axes described 71.8% of the total variation. The first
axis explained that 41.9% of the variance was strongly correlated with the following factors: selling rabbit criteria
especially (weight, age and selling price), type of meat sold and type of clientele. The second axis explained 29.9%
of the variability that is mainly represented by one factor i.e. frequency of selling. It clearly shows that each cluster
regrouped one or many wilayas which have similarities concerning the rabbit marketing factors, for instance: cluster
(C2) includes three wilayas: Cne, BBA, and Béjaïa, which have a high selling frequency. Sétif district is associated with
the type of meat sold, it was observed that in this wilaya the rabbit meat is sold along with beef and goat meat. The
remaining neighbouring wilayas share two main factors: rabbit selling criteria and type of clientele.

Rabbit slaughterhouse and processing
The slaughterhouse represents the processing industry, as it takes in live animals and, after slaughter and butchering,
leaves them ready for consumption in several different types of presentation. Slaughterhouses usually integrate the
cutting rooms and preparation of the various packaging or presentation options (Baviera-Puig et al., 2017).

Figure 4: Hierarchical cluster analysis (HCA) and principal component analysis (PCA) between geographical location
of butchers and rabbit meat marketing factors. C1 :Cluster 1 ; C2 :Cluster 2 ; C3 :Cluster 3 ; Cne : Constantine; BBA :
Bordj Bou Arreridj; OB : Oum el Bouaghi.
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Unlike in other types of livestock such as cattle, sheep, turkey or poultry, in the eastern part of Algeria there was no
slaughterhouse specialised for rabbits. In the course of our research we had the chance to visit the first slaughterhouse
in Algeria specialised in rabbit slaughtering implanted in 2020, located in the industrial area of Bekira, about 3 km
from Constantine (Wilaya of Algeria). Cirta abattoir is a small, modern well-equipped rabbit slaughterhouse which
was constructed by Boumali brothers with a capacity of 200 rabbits/d (about 5 Qx per day). The main aim of the
slaughterhouse is to increase rabbit meat production, ensuring veterinary control and traceability of production and
consumption, in order to finally obtain a packaged and labelled meat product. With collection of the living animals
from the different farms, the slaughterhouse sacrifice process takes place on the same day the rabbits are collected
from their place of origin. The rabbits are slaughtered by cutting the jugular vein with a sharp knife; the rabbit is held
firmly by the rear legs and head and is stretched full length. Logically, by law the slaughterhouse is systematically
monitored by veterinary inspectors, as are the qualitative requirements. Based primarily on visual meat inspections,
these checks determine aspects such as abnormal odours and colours, malformations, presence of traumatic injuries,
bruising and any other serious anomaly or emaciation whose presence qualifies the affected item as unfit for sale
(Baviera-Puig et al., 2017). According to slaughterhouse managers, handling of the meat is done under strict security
and hygiene measures to ensure products with the maximum quality and freshness. Before packaging, the carcasses
are cleaned to remove hair and any soil or debris. In the final packaging zone, the required weight of the carcasses
will be controlled depending on each client, always between 1-1.2 kg. Dressed rabbits may be sold as whole carcass,
half carcass or quartered and cut into pieces, then bagged or tray-packaged with their own brand.
Finally, the rabbit carcasses are stored at a cold temperature, preferably at 4°C, before delivery and are distributed
to different consumers in refrigerated trucks. The slaughterhouse distributes the rabbit meat especially to butchers
and private individuals at a price of 800 DA per kg (Figure 5). As noted in the interviews, the managers use different
methods to market their products and these are through social media (Facebook), breeders’ association, participation
in national and local fairs and exhibitions. It should be noted that the whole carcass with high weight is more attractive
for Algerian consumers according to the experts interviewed. In contrast, a different situation is present among Greek
consumers. The sale of rabbit meat as a whole carcass and not in pieces of meat, did not appeal much to consumers,
as its cooking method is complex and time-consuming. Young consumers prefer eating food that requires only a
short preparation time (Spilioti et al., 2017). The first steps in modern processing are slaughtering, evisceration and

Figure 5: Slaughter and processing steps at rabbit slaughterhouse in Constantine areas (Algeria). (A): Collect of alive
animals; (B): Rabbit slaughter; (C): Rabbit skinning and evisceration; (D): Rabbit carcass sweating ; (E): Whole carcass
packaging; (F): Cut-up parts carcass packaging ;(G): Marketing of packaged and labeled meat in the butcher shop.
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chilling of carcasses (Cavani and Petracci, 2004). Further processing can be referred to as the operations ranging
from cutting of the carcass into parts, packaging of raw consumer products, deboning and portioning to formulation
of specific products (shaping, marinating, coating, etc.), cooking and packaging (Petracci and Cavani, 2013). It should
be remembered that processed rabbit meat products (deboned, marinated, cooked, etc.) are still non-existent in the
Algerian markets compared to other types of meat like chicken, sheep or beef. This is in agreement with the results
of a recent study by Moumen et al. (2016) in the Aures region (Algeria). They found that rabbit meat is consumed at
home without processing, and the final quality of the product mainly depends on the raw material, i.e. the chemical
composition of the muscle. In this regard, many studies have found a similar situation. Cavani et al. (2009) in their
paper reported that the majority of rabbit meat is sold as whole carcass and cut-up, strictly remaining a commodity
in which almost all consumption is based on home preparation. In contrast, the market share of processed poultry
meat products has seen a tremendous increase in recent decades. Our results are also similar to those obtained by
Petracci and Cavani (2013), which reported that rabbit meat is still currently sold worldwide as whole carcass or at
least as cut-up parts, while very low quantities are marketed as processed products (i.e. ready-to-cook, ready-to-eat
meals, etc.). Falahudin et al. (2020) also confirmed that processed meat products of rabbit meat are still rarely found
in the market compared to chicken or beef. In Spain, similar observations were made by Baviera-Puig et al. (2017),
where the sales by presentation type are usually around 80% in carcass and 20% quartered, as reported by different
respondent wholesalers and slaughterhouse managers.
It should also be noted that, in Algeria and for the first time, two breeders’ associations, nationally and locally, were
created between 2018 and 2019. Thus, many rabbit breeders wanted to structure themselves in an organisation
to develop this sector and benefit from government facilitations. As recommended by Benabdelaziz et al. (2020),
rabbit farmers should form active and efficient associations and cooperatives in order to allow a better structure and
organisation of the sector for the eradication of the constraints.

Rabbit meat marketing circuit
Commercial distribution represents the last link in the rabbit meat value chain, before reaching the final consumer
(Sabora, 2009). In Eastern Algeria, the upstream of cuniculture sector is made up of breeders and resellers, whereas
the downstream consists of butchers and consumers.
The breeders who constitute the first link in the rabbit commercial chain sell their rabbits to four types of buyers,
namely consumers, butchers, resellers and recently to the slaughterhouse. Rabbits distribution follows the following
different channels (Figure 6):
-

Channel 1. Consumers, the last link in the chain, will buy rabbits (alive or slaughtered) directly from the breeder
(the farm). This is found to be the most common method for 56% of consumers (Sanah et al.,2020).

-

Channel 2. The consumer (14% of them) can also buy rabbit from the butcher (Sanah et al.,2020).

-

Channel 3. The butcher will source rabbits from
resellers (markets), with the aim of selling it to the
consumer.

-

Farmer
6

Channel 4. Resellers or intermediaries come to get
their supplies of live rabbits from breeders in order
to sell them at a higher price in commercial areas
(markets, butchers).

-

Channel 5. Recently, some consumers prefer to
buy rabbits directly from the slaughterhouse.

-

Channel 6. Finally, the breeders can buy rabbits
from resellers (a two-way distribution) in order to
renew their livestock.

Similarly, in Tunisia a survey carried out by Besbes et al.
(2003) showed that the distribution system of rabbit is

Resellers

(Daily and weekly markets)

Slaughterhouse
5

Butchers
1

2

3

4

Final consumer

(Householders, Restaurants, Hotels, Diabetics and Bars…)

Figure 6: Proposal diagram of rabbit meat marketing
channels in eastern part of Algeria.
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dominated by the sale of live rabbits (73%) via multiple trade channels, such as municipal markets and specific points
of rabbit sales in conglomerations, as well as in the weekly markets.
This proposed diagram of rabbit meat marketing channels can provide an overview of the sector and enables us to
understand the relations between its components and its positioning towards the final consumer. Knowledge of this
mechanism is therefore a deciding factor when it comes to understanding the manner in which rabbit meat reaches
the end consumer (Baviera-Puig et al., 2017).

Rabbit sector obstacles
Participants were asked to express their opinions about the marketing situation of rabbit meat. The rate of sale of
rabbit meat is estimated to be fair according to most of the butchers questioned (44%). However, 37% of them said
that it is good, and the remaining butchers considered it bad (19%). It should be noted that in Algeria, rabbit meat
consumption is related to certain periods of the year or events. Thus, rabbit meat consumption peaks are mostly in
winter and during the month of Ramadhan. Nevertheless, periods of low consumption are the religious festivals such
as Aïd El Fitre, the year-end holidays (Sanah et al., 2020).
Participants were asked to rate the main obstacles that hinder rabbit meat marketing; the results obtained are
illustrated in Figure 7. The lack of knowledge and awareness of rabbit meat was highlighted and expressed by the
majority of interviewees, followed by high cost production, high selling price, and finally the scarcity of rabbit meat
in the market.
Our results agree with several studies in Algeria and in other regions around the world. A previous survey conducted
by Kadi et al. (2008) in Tizi-Ouzou with the consumers has shown two main obstacles: the lack of demand (75.44% of
respondents) and its unavailability (10.78%). Indeed, the lack of consumer acceptance of the product has little impact
upon the market because rabbit production has not saturated the market. Current demand for rabbit meat exceeds
supply, so consumer acceptance is not a problem. The same study also indicated that the marketing for rabbit meat
in this region stays neglected. The marketing is fragmented and inefficient, so the distribution chain of this meat is
disorganised. This inefficient marketing system has resulted in higher costs and low availability of rabbit meat with a
possibility for expansion through appropriate promotion.
In Algiers region, the investigation of Mezali et al. (2014) highlighted the complexity and bad organisation of the rabbit
network in Algeria. The results revealed a weak marketing and consumption of rabbit meat, due particularly to its
production status remaining mainly traditional, which makes the product unavailable at the retail level.
Another recent research paper in Tizi-Ouzou area (Algeria) made by Benabdelaziz et al. (2020) has shown that the
obstacles to rabbit meat marketing include the lack of stable markets, the absence of a fluid distribution network, the
lack of transparency of transactions and price setting, expensive delivery costs and late payments.
In Georgia, Wolfe et al. (2002) reported that the retail rabbit meat market (supermarkets and grocery stores) is
underdeveloped and as a result, consumers are unaware of the health benefits associated with eating this low-fat
meat and are unaware that supermarkets carry these products.
In Kenya, Borter and Mwanza (2011) observed that rabbit production is not structured, resulting in farmers not able
to ascertain the number of rabbits they can make available to the market at any given time. The authors also reported

Scarcity of rabbit meat in the market

12%

High Selling price

13%

High cost production

19%

Lack of information on nutritional value

56%
0%
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40%

50%

60%

Figure 7: Obstacles hindering rabbit meat marketing according to butchers’ point of view (n=32).
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that the market is not clearly defined, as many people do not know that rabbit meat can adequately replace other
protein sources.
In Botswana, Moreki et al. (2019) have cited four major challenges, namely the unreliable market, limited technical
information, the lack of government support and high feed expenses.
In Abidjan, (Côte d’Ivoire). The results obtained by Nina et al. (2020) revealed the main reasons for non-consumption
of rabbit meat, which are unavailability (49%), absence in eating habits (22%) and high cost (20%). In Majalengka
area (Indonesia), Falahudin et al. (2020) argue that the lack of information about the benefits of rabbit meat is one of
the reasons people do not consume it.

Proposal solutions for enhancing rabbit meat marketability
Concerning the question related to the proposal solutions for enhancing rabbit meat marketability, from the point
of view of butchers, the answers were varied: 53% of them said that raising public awareness about the health
benefits of rabbit meat is necessary, whereas 28% of them focused on supporting rabbit farming, and finally, 19%
of respondents proposed increasing production vs. price decreasing (19%). These suggestions confirm those of
previous studies in other geographical contexts. To illustrate, in Algeria Kadi et al. (2008) noted that the ultimate aim
is to educate the public about the high nutritional quality of rabbit meat. More attention must be given to the market
outlets and promotions of rabbit meat in the Tizi-Ouzou area.
Mezali et al. (2014) reported that to increase rabbit meat consumption, many actions must be undertaken, for
instance encouraging rational breeding (genetic improvement, control of reproduction and feeding), production
organised in professional groups and restructuring of distribution channels. Benabdelaziz et al. (2020) indicated that
the current marketing system based on individual initiatives of rabbit farmers cannot, under any circumstances, allow
the evolution and development of this sector. It is necessary to opt for a common strategy, developed by advertising
and communication professionals. He added that a national promotional campaign is needed to promote rabbit meat
and encourage its consumption; this will increase demand and enhance the product’s marketability.
Similar suggestions were made in Georgia by Wolfe et al. (2002), reporting that the first step towards creating a
successful retail rabbit meat market will be informing and educating consumers about the health benefits of eating
rabbit, as well as increasing consumer awareness about product availability. Additionally, creating a successful brand.
In South Africa, Hoffman et al. (2005) pointed out that in order to increase a demand for rabbit meat, an effort is
needed to educate people regarding the benefits of rabbit meat. This can be achieved by planning a long-term
consumer education campaign to familiarise people with the various aspects and multiple benefits of rabbit meat.
Leroy and Petracci (2021) confirmed that rabbit meat consumption can only be boosted by introducing rabbit meat
as an ingredient in processed food products (i.e. ready meals, ready-to-cook, etc.). Otherwise, consumption is bound
to become even more marginal, even in major rabbit meat consuming countries. In Abidjan, (Ivory Coast), Nina
et al. (2020) noted that commercial rabbit operations may be encouraged. Indeed, a more sophisticated market
infrastructure may involve product diversification such as tanned skins and processed meat forms, as well as
entrepreneurial training, promotion in mass media, competitive pricing and market diversification. By adopting such
a logistical development approach, a greater assurance of the sustainable increase of rabbit meat can be achieved.

CONCLUSION
Based on the results of this study, a number of important points are revealed. Butchers in the North-East of Algeria
are men, generally married with an average age of 45 yr. The majority of them had secondary school level or
baccalaureate. Mostly, they were not new to butchery activity. The majority of butchers’ shops are located at the main
urban areas where rabbit breeding units are present. Our results have also shown a significant statistical coefficient
between geographical location of butchers and some marketing factors, such as type of meat sold, rabbit selling
criteria, sales volume per week and type of clientele.
As in many developing countries, rabbit marketing in Algeria is still modest, not organised or structured. It is practiced
on a small scale in all the wilayas surveyed. Rabbit meat is still currently sold as whole carcass. The lack of knowledge
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and awareness of rabbit meat, high cost production, high selling price, and unavailability of rabbit meat are the most
factors that limit rabbit meat marketing.
In order to develop rabbit trade in Algerian markets, increasing production is the first step; this can be achieved by
encouraging genetic improvement, improving farming strategies and developing feeding resources. It is also essential
to increase good government policies by supporting the breeders, improved research results, setting clear veterinary
procedures in processing of rabbits in order to enhance the chain, as well as restructuring of distribution channels,
and mainly reducing the selling price of rabbit. It is therefore advisable to educate people regarding the benefits of
rabbit meat, focusing on its nutritional attributes by using mass media and the national rabbit breeders’ associations.
Finally, it should be emphasised that the new slaughterhouse can play an important role in enhancing rabbit meat
commercialisation by offering a healthy, packaged and labelled product with different cut-up parts possibilities.
Subsequently, it can develop innovative products such as smoked and marinated meat. This may encourage the
Algerian consumers to include rabbit meat more in their recipes.
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Descriptive analysis of rabbit meat marketing parameters in the north-east of Algeria

QUESTIONNAIRE

Questionnaire
Date of survey:…. /…. /..…

Questionnaire N°…..……..

Butchers’ socio-geographical profile
- Butcher's address (Wilaya /municipalitie): ………………….…
- Sex : Male

Female

- Age :……. Year
- Marital status : Married

Single

- Educational level: No studies
Secondary school
> 5 yr

- Seniority : 1-5 yr

Primary school

Vocational training school

Bachelor

Other (Master, doctorate,…)

(How long have you been established ?)

I/ General information on supply, rabbit slaughter
1/What are the other types of meat sold in your shop?
Beef

Sheep

Goat

Turkey

Chicken

2/ Where do you currently buy rabbit from ?
Farms (breeders)

Local markets

3/ What are the purchasing criteria for rabbit, which you require ?
Weight

Price

Sex

Age

Breed

Health

4/Where do you carry out the slaughter operation ?
Farms (breeders)

Butcher’s shop

Slaughterhouse

Any where

5/At what age and weight do you usually slaughter ?
-

Age: …….month

-Weight: …….kg

6/What is the slaughter yield do you get usually ?
-

……..%

7/ Do the carcasses undergo veterinary inspection ?
Yes

No

8/What is the purchasing format of rabbit ?
Whole carcass

Portion cuts
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II/General information about selling and marketing of rabbit meat
9/ Who are your clientele ?
Householders

Restaurants + Householders + Hotels

Private individuals

Bars

10/ What is the price of one kilogram of rabbit meat ?……………………DA/kg.
11/What is the number of carcasses sold per week?
-

……….. carcass/week

12/ In which periods the marketing of rabbit meat increase?
Ramadhan

Summer

Winter

Ramadhan+winter

Religious festivals / year-end holidays

13/ What do you think about the marketing situation of rabbit meat?
Bad

Fair

Good

14/ According to you, what are the main obstacles of rabbit meat marketing ?
Unavailability of rabbit meat
High selling price
High cost production
Lack of knowledge and awareness
15/According to you, what are the proposal solutions for enhancing rabbit meat marketability ?
………………………………………………………………………………………………………………

THANK YOU FOR YOUR KIND COLLABORATION.
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ABSTRACTS OF THE WEBINAR ON CUNICULTURE, WEBIASESCU 2020
Online Meeting, Spain, 11th-24th November and 17th December, 2020

The first Webinar on Cuniculture, WebiAsescu 2020, organised by the Spanish Association of Cuniculture (ASESCU),
was held online 11st and 24th November, and 17th December, 2020, co-organised with Grupo Editorial Agricola and
Henar Comunicación Agroalimentaria. This meeting was scheduled to replace the annual edition of the Cuniculture
Symposium cancelled due to the COVID-19 pandemic. The webinar series was arranged in thee editions, each
consisting of two main talks and 5-6 oral communications. The first webinar focused on “Marketing of rabbit meat
and new consumer trends” and included two main talks: “How to improve the marketing of rabbit meat” (by María
Luz de Santos, from Intercun) and “Analysis of the status and future perspectives of rabbit meat production and
industry in Spain” (by Luis Montero, from the Polytechnic University of Valencia). The second webinar was related
to “Pathology: coronavirus and control of myxomatosis and viral haemorrhagic disease” and included two main
talks: “Coronavirus and rabbit farming” (by Francisco Parra, from University of Oviedo) and “Myxomatosis and viral
haemorrhagic disease: key aspects of its control” (by Juan M. Rosell, from Cunivetservice). This third webinar was
devoted to “Present and future of the sector: Legislation, certification and animal welfare” and two main talks were
given: “EFSA conclusions and recommendations: Health and welfare of rabbits on farms” (by Angela Trocino, from
the University of Padova) and “Indicators of animal welfare in rabbits. How to do a full assessment” (by Antoni
Dalmau, from IRTA). Moreover, a total of 16 oral communications were presented by research teams from Spain,
Algeria, Mexico, France and the United Kingdom. Each webinar was attended by more than 300 participants from
several European, American and African countries. Abstracts of the contributions presented are reported below.

MAIN PAPERS
ANALYSIS OF THE STATUS AND FUTURE
PERSPECTIVES OF RABBIT MEAT PRODUCTION
AND INDUSTRY IN SPAIN

their commercial options. To improve this situation, new
organisational trends are proposed, such as farmers
joining strategies with slaughterhouses or integrating with
them to coordinate production.

Dept. Economía y Ciencias Sociales, Universitat Politècnica de
València, Camino de Vera s/n 46022 València, Spain.

INTRODUCTION TO AN ANIMAL WELFARE
ASSESSMENT PROTOCOL FOR DOES, BUCKS, AND
GROWING AND KIT RABBITS

luimonvi@esp.upv.es

Dalmau A.

Spanish cuniculture has not been characterised by
approaching integration processes as in other meat sectors.
The main aim of the study is to identify the relationships
between the two main actors in the sector, farmers and
slaughterhouses, in order to propose organisational trends
in the future. Databases of the Ministry of Agriculture,
Fisheries and Food were used to carry out a geographical
analysis of the data. The analysis shows a concentration
of rabbit farms around the slaughterhouses, which
leads to the conclusion that most producers depend on
a single slaughterhouse as a customer, which limits

Programa de Bienestar Animal, IRTA, Monells, Veinat de sies
s/n, 17121 Girona, Spain.
antoni.dalmau@irta.es

Montero-de Vicente L., Lopez-Navarro R.

Animal welfare assessment protocols allow us to
understand the level of welfare and identify the main
parameters to improve on farms. Accordingly, farmers have
the option of using these tools for implementing corrective
measures. Rabbits are the third species in number of
heads reared for meat production in the world. However,
in comparison to other species, very few studies have
focused on their welfare. The European projects Welfare
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Quality and Awin developed a multidimensional approach
for the development of animal welfare assessment
protocols containing an important number of animal-based
measures. Nevertheless, rabbits were not addressed in
these projects. The aim of the present communication
is to present two animal welfare assessment protocols
inspired by the Welfare Quality for adults (bucks, does and
kit rabbits) and growing rabbits. The protocol is divided
into four principles. In adult animals, the Good Feeding
principle includes eight parameters (one animal-based);
Good Housing includes 15 parameters (six animal-based),
Good Health includes 26 parameters (16 animal-based)
and Appropriate Behaviour contains nine parameters
(four animal-based). In growing rabbits Good Feeding
includes six parameters (one animal-based); Good housing
includes eight parameters (two animal-based), Good
Health includes 18 parameters (13 animal-based) and
Appropriate Behaviour contains four parameters (three
animal-based).

COMMUNICATIONS
GRAPE POMACE SUPPLEMENTATION IN
NON-MEDICATED DIETS FOR FATTENING RABBITS.
EFFECT ON INSTRUMENTAL AND SENSORY
QUALITY OF THE MEAT
Bouzaida M.D.*, Resconi V.C.*, Barahona M.*, Romero
J.V.*, Olleta J.L.*, Miranda-de la Lama G.C.*, Asenjo B.†,
María G.A.*
*Dept. Producción Animal y Ciencia de Los Alimentos,
Universidad de Zaragoza, 50013 Zaragoza, Spain.
Escuela Universitaria de Ingenierías Agrarias, Universidad de
Valladolid, 42004 Soria, Spain.
†

resconi@unizar.es, levrino@unizar.es

This study aimed to investigate the effect of the inclusion of
grape pomace in fattening rabbit diets on the instrumental
and sensory quality of the meat. Thirty-six New Zealand
white rabbits were weaned at 35 d, allotted to two
groups in cages with 6 animals each and fed ad libitum
for 30 d, either commercial control pellets, medicated
plus withdrawal (CO), or non-medicated pellets with 20%
of added grape pomace (OV). Meat from OV group had
a higher pH, and lower lightness and thawing losses
compared to the control group. No significant differences
were detected in the other CIELAB colour parameters (a*
and b*), cooking losses and shear force (Warner-Bratzler)
between the two treatments. A trained panel found subtle
differences in liver odour and metallic flavour, which were
more intense in the control group, but similar sensory
characteristics in the rest of the attributes evaluated,
including overall liking. In conclusion, the supplementation
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of unmedicated feed with 20% of grape pomace could
represent a viable alternative which does not deteriorate
meat quality.

FITTING DIGESTIBLE PROTEIN TO DIGESTIBLE
ENERGY RATIO IN GROWING RABBITS SELECTED
BY GROWTH RATE
Gonçalves C., Della Badia A., Martínez-Paredes E.,
Ródenas L., Pascual J.J., Blas E.
Instituto de Ciencia y Tecnología Animal. Universitat Politècnica
de València. Camino de Vera, s/n. 46022 Valencia, Spain.
eblas@dca.upv.es

To evaluate the consequences of genetic selection
programmes on the protein requirements of growing rabbits,
two experimental diets, differing in their digestible protein
(DP) to digestible energy (DE) ratio, were evaluated in rabbits
selected by average daily gain during the growing period
(line R). Diet B (low DP/DE) was formulated to obtain the
current recommendations of DP/DE for fattening rabbits
(10.7 g/MJ), while diet A (high DP/DE) had a higher ratio
(12.2 g/MJ). A total of 180 weaned rabbits (28 d of age)
were divided into two experimental groups (90 animals to
each feed) and housed in individual cages until 63 d of
age. Animals fed with diet A showed higher feed intake
(+14±2 g dry matter/day; P<0.001) and average daily gain
(+4.3±0.7 g/day; P<0.001) during the experimental period
than animals fed with diet B. No significant differences in
mortality and morbidity were observed between diets.
Animals fed with diet A showed better feed conversion rate
during the first week (–0.10±0.03; P<0.05), while those
fed with diet B showed better results during the last two
weeks (–0.17±0.03; P<0.05), suggesting that the proper
DP/DE ratio changes with age. In conclusion, the use of a
higher DP/DE ratio in the first weeks after weaning could
help improve the performance of these animals, without
compromising their digestive health.

INFLUENCE OF MANAGEMENT FACTORS ON THE
COMPOSITION AND DIVERSITY OF CAECAL
BACTERIAL COMMUNITIES OF A RABBIT PATERNAL
LINE
Velasco-Galilea M.*, Guivernau M.†, Piles M.*, Viñas M.†,
Rafel O.*, Ramayo-Caldas Y.*, González-Rodríguez O.*,
Sánchez J.P.*
*Dept. Genética y Mejora Animal, Instituto de Investigación
y Tecnología Agroalimentarias (IRTA), Torre Marimón, 08140
Caldes de Montbui, Spain.
†
Dept. Gestión Integral de Residuos Orgánicos, Instituto de
Investigación y Tecnología Agroalimentarias (IRTA), Torre
Marimón, 08140 Caldes de Montbui, Spain.
maria.velasco@irta.es

Webinar on Cuniculture, WEBIASESCU
Aiming to study the effect of different management factors
on rabbit caecal microbial composition and diversity, a
16S rDNA-based assessment through the MiSeq platform
was performed. Caecal samples were collected from
425 rabbits raised in two different facilities, fed under
two feeding regimes (ad libitum or restricted) with food
supplemented or free of antibiotics. QIIME 1.9.0 software
was used to process the 16S sequences to generate a
table containing the counts of each OTU for each sample.
The influence of the different management factors on
microbial alpha diversity was assessed by computing
Shannon and the number of observed OTUs indexes from
the rarefied OTU table. A multivariate approach (sPLS-DA)
was chosen to evaluate the influence of these factors
on microbial composition. Our results revealed that the
largest modification of rabbit caecal microbial diversity and
composition is exerted by the breeding farm. The feeding
regime and the presence of antibiotics do not modify
the global diversity of the caecal microbial communities.
However, these factors influence the abundance of
some OTUs, as multivariate analyses evidenced a
certain classification power on the different levels of the
management factors studied.

CORRELATED RESPONSE IN REPRODUCTIVE
TRAITS DURING LACTATION IN A LINE SELECTED
FOR LITTER SIZE AT WEANING
Pascual M.*, Peiró R.†, Sánchez J.P.*, Perucho O.*, Piles
M.*
*Programa de Mejora y Genética Animal, Instituto de
Investigación y Tecnología Agroalimentarias (IRTA). Torre
Marimón, 08140 Caldes de Montbui, Barcelona, Spain.
†
Instituto de Conservación y Mejora de la Agrodiversidad
Valenciana (COMAV), Universitat Politècnica de València (UPV).
Camino de Vera s/n, 46022 Valencia, Spain.
mariam.pascual@irta.es

The genetic parameters of litter size at birth and at 7 and
31 (weaning) days of age were estimated in line Prat,
selected for litter size at weaning for 35 generations.
Mean values for litter size were 9.4 kits born alive (NBA),
8.9 alive at 7 d of age (N7), and 7.9 rabbits weaned (NW).
The estimated heritabilities were 0.06 (NBA), 0.05 (N7),
and 0.04 (NW). Genetic and phenotypic correlations
between NW and the rest of the characters were at least
0.86 and 0.74, respectively. Genetic trends were 0.10 kits
born alive, 0.09 alive at 7 d of life, and 0.08 kits weaned
per generation. Results show that the improvement in NW
is due to the improvement in NBA.

PITUITARY AND OVARIAN HORMONES IN
PRIMIPAROUS RABBIT DOES: DOES LITTER SIZE
AFFECT THEIR SECRETION?
Fernández-Pacheco C.*, Millán P.*, Velasco B.†,
Rebollar P.G.†
*Dept. Fisiología Animal, Facultad de Veterinaria Universidad
Complutense de Madrid, Avda. Puerta de Hierro s/n, 28040
Madrid, Spain.
†
Dept. Producción Agraria, ETSI Agronómica, Alimentaria y
de Biosistemas. Universidad Politécnica de Madrid, Ciudad
Universitaria s/n, 28040 Madrid, Spain.
cafpmartorell@ucm.es

The aim of this study was to determine if litter size (LS)
of primiparous rabbit does during their first lactation had
any influence on the plasma concentration of Prolactin
(PRL), LH (luteinizing hormone) and progesterone (P4),
as well as on the main productive parameters of their
second pregnancy. The pregnant does were divided after
parturition into two different experimental groups according
to a LS adjustment: Group TcA, with high LS (10-12 kits;
n=21) and Group TcB, with low LS (7-9 kits; n=28). Blood
samples were taken weekly throughout lactation starting
on day 4 postpartum, until day 32 postpartum, before and
after suckling. After weaning (day 32 post-partum) the
does were re-inseminated, taking samples at 0 and 60 min
after ovulation induction to determine the peak of LH and
P4 concentrations. Does were also sampled on days
1 and 5 post-weaning. All hormones were determined
by enzyme-immunoassay. After second parturition, some
productive parameters were recorded: fertility, prolificacy,
number of weaned, mortality and litter weight at weaning.
Statistical analysis of the results revealed that LS did not
significantly affect the hormonal plasma concentrations
or productive performance of the females during second
pregnancy.

PATHOGENS ASSOCIATED WITH DIGESTIVE
DISORDERS IN COMMERCIAL RABBITRIES
Solans L., Arnal J.L., Sanz C., Benito A.A., Muñoz A.,
Alzuguren O., Fernández A.
EXOPOL, Pol. Río Gállego, 50840 San Mateo
Zaragoza, Spain.
afernandez@exopol.es

de

Gállego,

Digestive disorders are the main cause of economic losses
in rabbit farms. This article provides a global and updated
overview since 757 recent clinical cases were studied
(95 from suckling rabbits, 117 from pre-weaning rabbits
and 545 from fattening rabbits). Etiological diagnosis was
carried out by bacteriological culture and a set of qPCR
tests for detection of EPEC, Clostridium spiroforme, C.
perfringens, rotavirus A, enterotoxigenic Bacteroides
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fragilis and Eimeria spp. EPEC is the most prevalent agent
in suckling rabbits. C. spiroforme and EPEC are the more
frequently detected pathogens in pre-weaning rabbits,
but enterotoxigenic B. fragilis appears as a new possible
emergent pathogen. In fattening rabbits, diverse coinfections between C. spiroforme, Eimeria spp., EPEC and
rotavirus A are much more frequent than those infections
due to only one of them. Other pathogens detected in very
few cases have been Salmonella sp. and Enterococcus
hirae.

IS THE VACCINATION OF RABBITS AS COMPANION
ANIMALS MANDATORY IN ANDALUSIA?
Jaén Téllez J.A.
Consejería de Agricultura, Ganadería, Pesca y Desarrollo
Sostenible. Junta de Andalucía. 41013 Sevilla, Spain.
jantonio.jaen@juntadeandalucia.es

In recent years, the keeping of rabbits as companion
animals has increased. Diseases such as myxomatosis and
viral haemorrhagic disease are of great importance in wild
rabbit populations, in livestock farms and in companion
animals, with special relevance from the point of view of
animal welfare, health, economics and the environment.
A review of all current regulations at European, Spanish
and regional level that may be applicable is carried out. In
the Autonomous Region of Andalusia (Spain), companion
animals that do not belong to livestock farms have to
meet the same identification, health and animal welfare
requirements as animals of the same species used as
food producing animals. Rabbits as pets must comply
with a vaccination programme established and applied
by a licensed veterinarian against myxomatosis and viral
haemorrhagic disease.

EFFECT OF VACCINATION ON VIRAL LOAD AND
PROTECTION AGAINST RHDV2
Sánchez-Matamoros A., Woodward M., Navas E., Boix O.,
Valls L.
HIPRA, 17007 Amer, Girona, Spain.
almudena.sanchez@hipra.com

Vaccination against Rabbit haemorrhagic disease (RHD)
is the principal measure available for protection against
this lethal virus, although limited scientific information is
available. The aim of this study was to assess the clinical
course, viral load and survival rate of animals vaccinated
with ERAVAC® after experimental RHDV2 infection at
6 mo post-vaccination (mpv). To this end, 38 rabbits
were randomly distributed between two groups; one was
vaccinated with ERAVAC® and the other received PBS
(control). Control and vaccinated rabbits were challenged
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with a heterologous virulent RHDV2 strain at 6 mpv and
clinically monitored for 7 d. Animals were necropsied
and organs and faeces were sampled for detection of
the viral load. The results showed that vaccination with
ERAVAC® provides full protection against mortality after
experimental challenge and prevents the spread of RHDV
in faeces, as well as the persistence of the virus in major
target organs, in RHDV2 infected adult rabbits at 6 mpv.
This study contributed to describing the effect of the
vaccine on RHDV2 transmission, as the main alternative
for RHDV2 control on farms.

COMPARATIVE STUDY OF THE CASSETTE
CHROMOSOME MEC (SSCMEC) IN
STAPHYLOCOCCUS AUREUS STRAINS ISOLATED
FROM RABBITS
Moreno-Grúa E.*, Pérez-Fuentes S.*, Selva L.*, Arnau A.*,
Penadés J.R.†, Corpa J.M.*, Viana D.*
*Dept. de Producción y Sanidad Animal (PASAPTA),
Universidad Cardenal Herrera CEU, 46115 Alfara del Patriarca
Valencia, Spain.
MRC Centre for Molecular Bacteriology and Infection, Imperial
College London, SW7 2AZ, United Kingdom.
†

elena.moreno3@uchceu.es

The increase in antibiotic-resistant bacteria is a problem,
and specifically in Staphylococcus aureus one of the most
important resistances is to methicillin. This resistance
is caused by acquisition of the mobile genetic element
SCCmec (staphylococcal chromosomal cassette containing
the mec gene). In this study, a selection of isolated strains
of rabbits was carried out in order to sequence them and
examine the SCCmec element in depth. Five different
types of mec cassette (III, IVc, Vc, XI, new type) specific to
each ST genotype were obtained. The types of cassettes
IVc, Vc and XI found were similar to those described above.
However, we found a new type of cassette in a strain type
ST2855, and another type of cassette composed of this
new SCCmec and part of the SCCmec type III element.
In addition, within this element other resistance genes
such as blaZ and genes for resistance to bleomycin and
cadmium were found.

GROUP SIZE AND RELATIONSHIP EFFECT ON
GROWTH AND STRESS PARAMETERS OF GROWING
RABBITS
Ramón-Moragues A.*, Gonçalves C.†, Moreno-Pardo J.C.†,
Escribano D.‡, Romero T.†, Torres R.†, Martínez-Paredes E.†,
Villagrá A.*
*Centro de Investigación CITA-IVIA, 12400, Segorbe, Castellón,
Spain.

Webinar on Cuniculture, WEBIASESCU
Instituto de Ciencia y Tecnología Animal. Universitat
Politècnica de València. 46022 Valencia, Spain.
‡
Departamento de Medicina y Cirugía Animal. Universidad de
Murcia, 30100 Murcia, Spain.
adramo@etsiamn.upv.es
†

The search for alternatives to antibiotic use in the fattening
of meat rabbits is a need nowadays, as the abuse of
antibiotics has caused the appearance of antimicrobial
resistance. These alternatives can be related to feeding
alternatives, but also to management techniques. In this
work, 3 different management techniques have been
assessed: feed (with and without antibiotic), cage size
(8 animals and 32 animals) and relationships (siblings
and no siblings in the same cage). Productive parameters
(IC, GMD, IMD, motility, final weight) and haematological
parameters (erythrocytes, haemoglobin, haematocrit,
leukocytes, neutrophils, lymphocytes, lymphocytesneutrophils ratio, platelets) were analysed. Feed had
effect only on IC, GMD, IMD and mortality, and cage and
group size also affected productive and haematological
parameters, respectively.

PERINATAL FACTORS AFFECTING SURVIVAL OF KITS
Ezzeroug R.*, García M.L.†, Belabbas R.*, Berbar A.*,
Argente M.J.†
*University Blida1, Biotechnology Laboratory of Animal
Reproduction, Institute of Veterinary Sciences, Blida, Algeria.
†
Departamento de Tecnología Agroalimentaria, Universidad
Miguel Hernández de Elche, Ctra. Beniel km 3.2, 03312
Alicante, Spain.
arymvet@hotmail.com

The aim of this study was to examine the effect of parity
order, season, lactation status, quality of nest, sex and
kindling on cage, cannibalism, and kit weight at birth on
their survival in the early hours after delivery. A total of
1696 kits from 77 females of ITELV2006 synthetic line were
used in this study. Kindling on cage effect and kit weight
at birth were significant (P≤0.001), and cannibalism had a
significant effect on the survival of kits (P≤0.05). However,
lactation, sex (P=0.10), parity, season, and nest quality
(P>0.10) had no effect on kit survival. When birthweight
was 45 g, survival probability was 90%, and only 60% if
they were born outside the nest. Cannibalism also reduced
survival from 25 to 10% in kits with weights between 15 and
75 g. In conclusion, a high kit weight at birth increases their
survival in unfavourable conditions of maternal behaviour.
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The aim of this work was to study the uterine capacity
in females from synthetic line SS and local population
LP. In total, 27 ovariectomised females from SS and
25 from LP were used. Does were slaughtered on d
25 of third gestation. Ovulation rate, number of embryos
and alive foetuses, and embryonic, foetal and prenatal
survival were collected. Ovulation rate and the number of
implanted embryos were significantly higher in does from
SS group than in those from LP group (+2.87 ova and
+2.51 embryos, respectively, P<0.001). No differences
were found for number of implanted and live foetuses on
25 d of gestation between groups when ovulation rate was
included as covariable in model. Does from SS group had a
similar embryonic, foetal and prenatal survival, compared
to those from LP group. In conclusion, synthetic line SS
and local population LP had a similar uterine capacity.

INITIATION OF A SELECTION PROGRAMME OF A
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The ITELV2006 line has been selected for both litter size at
birth and weight at 75 d for 3 generations. Subsequently,
the line has been maintained in discrete generations
without selection. Recently, new selection strategies for
litter size are being studied. The aim of this study is the
reproductive characterisation of base population of the
maternal line. A total of 273 parities from 101 females were
measured. Litter size at birth, number born alive, number
of dead and weaned number were reordered. The model
included farm, season (summer and winter), physiological
status (nulliparous, lactating and non-lactating) and doe
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permanent effects. Bayesian methodology was used. Litter
size at birth, the number of kits born alive and at weaning
were lower in summer than in winter (–2.0, –2.0 and
–1.0 kits, respectively). Nulliparous and lactating does
at mating showed more total kits born (+0.8, +0.5 kits)
and born alive (+1.3, +0.8 kits) than non-lactating does.
The number of weaned was similar for all physiological
states. In conclusion, both season and physiological status
at mating affect litter size. These results imply that litter
size will have to be corrected for these effects for the
application of a genetic improvement programme.
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The effect of feed restriction and antimicrobials on
production performance during fattening was studied in
987 young rabbits reared at eight rabbits per cage in a
non-controlled environment farm. Between 35 (weaning)
and 63 d of age, animals were fed as follows: ad libitum
feeding with medicated feed (AdLibMed); ad libitum feeding
with no medicated feed (AdLibNoMed); restricted feeding
with medicated feed (RestrMed); or restricted feeding with
no medicated feed (RestrNoMed). All animals were fed
ad libitum with no medicated feed between 63 and 70 d
of age. The level of feed offered under restriction was
theoretically 80% of the feed intake observed in groups
fed ad libitum, but variations in environmental temperature
during the trial led to a final effective level of 84%. Overall
mortality was low (3.88% to 9.30%). Group AdLibNoMed
had lower average daily gain and not significant but
relevantly higher mortality than group AdLibMed. Group
RestrNoMed did not have a lower mortality rate than group
AdLibNoMed. Results indicate that feed restriction might
not be the best alternative to producing without antibiotics
when feed intake is highly conditioned to environmental
changes and mortality is low.
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This study aimed to analyse the factors influencing the
costs and income of rabbit production, with emphasis
on the adoption of Good Rabbit Practices (GRP). For
the analysis, the producer panels technique was used
and descriptive information was obtained from three
Representative Production Units (RPU) of 20, 40 and 80
reproductive rabbit does. Questionnaires were applied
to 30 rabbit farmers to determine the Good Practices
Adoption Index (GPAI). In the RPU analysed, feed is the
main cost item in production (65 to 83%); the mediumscale RPU (40 reproductive rabbit does) is the most
profitable. All three RPU are financially and economically
viable. The general GPAI is low (0.45), and rabbit farmers
adopt GP that facilitate production, feeding, durability of
housing materials and equipment. There are significant
differences (P<0.05) in the average GPAI of group I (0.22),
in relation to group II (0.45) and III (0.68). In conclusion, the
cost of feed is the main factor that directly influences the
profitability of farms. Rabbit farmers adopt GRP that have a
direct influence on production costs.

TABLE OF CONTENTS
Volume 30 (2)
Feed incorporation of dehydrated sainfoin: effects on health and performances of does
and growing rabbits
CeCile Gayrard, antoine Bretaudeau, PasCale GomBault, Hervé Hoste, tHierry Gidenne

107

Feeding behaviour of the growing rabbit fed freely or restricted, and impact on
performance and digestive organs
mélanie martiGnon, CHristine Burel, maryse GuineBretière, GilBert PostolleC, didier HuonniC,
eriC Boilletot, virGinie miCHel, tHierry Gidenne

119

Genetic diversity and virulence gene profiles of Escherichia coli from diarrhoeal rabbits
in Sichuan province, China
yuqinG yanG, sHizHen WanG, yi GenG, HanzHonG liu, zHenyanG qin, yanG FenG, zexiao yanG, Weimin lai

131

Genetic analysis of some productive and reproductive traits in New Zealand
White rabbits
sHimma moHamed Farouk, adel salaH kHattaB, amira noWeir, navid GHavi Hossein-zadeH

141

Lincomycin toxicity in farm rabbits: report on a severe case
Joan maria rosell, riCard GarriGa, Jordina Casas, natàlia maJó, Jaume alomar

147

Pharmaceutical characterization and pharmacokinetics of florfenicol-loaded alginate
dried beads in rabbits
lilia Gutierrez, xelHua marCos, Perla GarCía-Guzmán, minerva monroy-Barreto, HéCtor sumano

153

Descriptive analysis of rabbit meat marketing parameters in the north-east of Algeria
iBtissem sanaH, aBdelGHani BoudJellal, samira BeCila

163

Abstracts of the Webinar on Cuniculture, WebiAsescu 2020
sPain

181

www.wrs.upv.es

