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ABSTRACT 
 

To analyze the effect of dietary organic acids and essential oils supplementation 120 young rabbits 
(28 d old) were divided into three groups and submitted to the following dietary treatments: Control 
diet; Zinc Bacitracin diet (Control diet+150 ppm Zinc Bacitracine); FormaXol diet (Control 
diet+0.4% FormaXol - mixture of microincapsulated formic and citric acids and essential oils). At 38 
d of age, all rabbits were experimentally infected with Escherichia coli O103 and Clostridium 
perfringens type A and clinically monitored for 3 weeks. To evaluate the native serum immunity 
(lysozyme, haemolytic complement assay and serum bactericidal activity) haematic samples were 
collected by cardiac puncture at regular intervals. Twenty one days after infection, all rabbits were 
euthanized and intestinal swabs were collected from different tracts of the small intestine, colon and 
caecum to investigate the aerobic and anaerobic bacteria. A jejune portion was excised to analyze the 
height of the villi . The haemolytic complement values showed a drastic reduction after infection in 
Control and Zinc Bacitracine diet animals; on the contrary, animals of FormaXol diet showed a 
steady trend in the first period (9 d) and a drastic reduction in the final period (11 d) like the others 
group. The better immune response in animals of FormaXol diet could be lied to higher values of 
serum bactericidal activity and lower values of lysozyme. The Control diet showed higher increase of 
lysozyme values after infection. All the studied immune parameters are in homeostatic equilibrium 
being subject to opposite phenomenon as production and consume. A similar percentage of E. coli 
O103 and C. perfringens type A were found in the Zinc Bacitracin and FormaXol groups. The highest 
percentage of non-pathogen bacteria was found in the Zinc Bacitracin and FormaXol rabbits. The 
results obtained measuring the villi  height confirmed the previous analyses with a better value when 
FormaXol diet was used (P<0.05). Considered together these results show that 0.4% integration of 
microincapsulated formic acid and citric acids and essential oils reduces the damage of both Gram– 

and Gram+ pathogen bacteria permitting to obtain a better serum innate response in experimentally 
infected rabbits. 
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INTRODUCTION 
 
Digestive disorders constitute the main health problem in weaned rabbits and antibiotics are widely 
used for prevention of infections and as a growth promoter, altering the gut flora, suppressing 
bacterial catabolism and reducing bacterial fermentation (Pinheiro et al., 2004). Zinc bacitracin is the 
antibiotic most used in rabbits to prevent these syndromes. Organic acids are widely used as feed 
additives for the control of pathogenic bacteria (Hansen et al., 2007) and their effects are probably 
related to factors than their direct antimicrobial action (Skrivanovà and Marounek, 2007). Despite the 
above mentioned use of organic acids as feed additives to control pathogenic bacteria, the data 
available to improve gut health, innate immunity and intestinal environment in weaned rabbits with 
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enteric infections are insufficient. The immune system has a significant correlation with the health 
status of animals (Moscati et al., 2003). Anyway, the defence of mucous membrane against pathogen 
bacteria is ensured by many factors (Forthun-Lamothe et al., 2004). The mucosa of the small intestine 
has a major role in the digestion and absorption of nutrients and represents an important area of 
defence against antigenic aggressions in young rabbits (Gallois et al., 2005). The aim of this trial was 
to investigate the effect dietary supplementation of organic acids and essential oils on innate immune 
status and some intestinal characteristics of experimentally infected rabbits. 
 
 

MATERIALS AND METHODS 
 
Animals and experimental design  
 
The trial was carried out at the experimental station of the Istituto Zooprofilattico Sperimentale 
dell’Umbria e delle Marche (Italy). One hundred and twenty rabbits, immediately after weaning (28 
days old), were divided into three groups and submitted to the three different dietary treatments: 
Control diet (in Table 1 formulation and chemical composition); Zinc Bacitracin diet (Control diet + 
150 ppm zinc bacitracin); FormaXol diet (Control diet + 0.4% FormaXol – mixture of 
microencapsulated formic and citric acids and essential oil). At 38 days of age all rabbits were 
experimentally infected with Escherichia coli O103 and Clostridium perfringens type A and were 
clinically monitored for three weeks. To determine the innate immunity, blood samples from 5 
animals/group were collected by cardiac puncture each week. Animals sampled were randomly 
selected and from the second blood sampling attention was made in order to avoid already sampled 
rabbits. Twenty one days after infection, all rabbits were euthanized and intestinal swabs were 
collected from different tracts of the small intestine, colon and caecum to determine the aerobic and 
anaerobic bacteria. Three-cm samples from the middle part of the jejunum were also taken to estimate 
mucosa morphology and stored in formalin solution 10% until processed in the Animal Production 
Department of Polytechnic University of Madrid (Spain). 
 
Chemical and Histological Analyses 
 
Lysozyme was measured according to the Osserman and Lawlor (1966) method in order to reveal a 
possible inflammatory status; haemolytic complement assay (HCA) was performed according to 
Barta and Barta (1993) to observe the animals ability to defend themselves against environmental 
pathogens; serum bactericidal activity (SBA) was determined according to Amadori et al. (1997) with 
the purpose of assessing the serum capacity to inhibit bacterial growth. Jejune specimens were first 
embedded in paraffin, sectioned at 6 µm and stained with hematoxylin and eosin. Mounted samples 
were magnified at 40× using an Olympus BX-40 light microscope and photographed for later analysis 
with a camera attached to a computer for image processing (P: Soft software, version 3.2 C4040Z, 
Olympus, Soft Imaging System GmbH, Germany). Villus heights were determined according to the 
procedure described by Hampson (1986). To screen aerobic bacteria, the intestinal swab samples 
were sown on 5% ram blood agar and Mac Conkey agar; the material was incubated for 24 hours at 
37°C. To identify anaerobic bacteria, incubation was performed with the same methods, but in 
anaerobic conditions. Macroscopic and microscopic morphological aspects of the colony were 
evaluated together with their biochemical characteristics to determine their genus and species. E. coli 
typification was made by agglutination with specific hyperimmune anti-O103 serum (IZSUM). In the 
case of C. perfringens, the characterization of 5 sero-types (A, B, C, D, E) was performed by 
multiplex PCR with specific primers to identify genes encoding the principal toxins (α, β, ε, ι) and the 
new β2 and CPE enterotoxins. The amplified products were examined by electrophoresis in 2% 
agarose gel and stained with ethidium bromide (0.25 µg/ml). 
 
Statistical Analysis 
 
Statistical analysis was carried out using a linear model (GLM/SAS, 1990) with the fixed effect of 
dietary treatment which took into account the repeated measures on the same animal. 
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Table 1: Diet ingredients and chemical composition of Control diet 
Diet ingredients Ingredients (%): 
Alfalfa meal 39.0 
Wheat bran 35.0 
Barley 9.0 
Soybean meal S.E. 48% 13.0 
Salt 0.5 
Limestone 1.0 
Ca phosphate 0.5 
Vitamin-mineral premix1 1.0 
Vegetal fat 1.0 
Chemical analysis (g/kg fresh matter) 
Moisture 108 
Crude protein 177 
Crude fiber 167 
Ether extract 39 
Ash 103 
NDF 294 
ADF 177 
ADL 37 
Starch2 153 
Soluble sugars2 126 
Digestible energy (MJ/kg f.m.)3 106 
1Premix provided per kg of diet: vitamin A, 11,000 IU; vitamin D3, 2,000 IU; vitamin B1, 2.5 mg; vitamin B2, 4 mg; vitamin 
B6, 1.25 mg; vitamin B12, 0.01 mg; vitamin E, 25 mg; biotin, 0.06 mg; vitamin K, 2.5 mg; niacin, 15mg; folic acid, 0.30 mg; 
D-pantothenic ac., 10 mg; choline, 600 mg; Mn, 60 mg; Cu, 3 mg; Fe, 50 mg; Zn, 15 mg; I, 0.5 mg; Co, 0.5 mg; lysine, 0.5 
mg and methionine, 0.5 mg. 2According to Castellini et al. (1997). 3According to Maertens et al. (1988) 
 
 

RESULTS AND DISCUSSION 
 

The chemical composition of the diets was consistent with the standard requirements for rabbits (De 
Blas and Wiseman, 1998). Supplementations with zinc-bacitracin and mixture of microencapsulated 
formic and citric acid and essential oil affected the innate immunity parameters in the experimentally 
infected rabbits (Table 2). The HCA is a measure which allows us to assess the risk of infectious 
disease onset or already existing pathologies. After infection HCA showed a different timing of 
reduction, but at the end of study a drastic reduction of HCA values was reached in all animals. The 
SBA is a major parameter of innate immunity, modulates concentration of natural antibodies targeted 
to different environmental bacteria, mainly Gram–. After infection this parameter showed a drastic 
decrease reaching very poor values at the end of the trial in all animals. Lysozyme is a strong 
antibacterial enzyme (against Gram+) which has a synergic action with the immune humoral response 
and the serum complement system (Carrol and Martínez, 1979). In contrast to the other groups, the 
Control diet rabbits showed a higher values of lysozyme after one week from infection probably to 
ascribe to the lack of any supplementation against bacteria. The Zinc Bacitracin and FormaXol diets 
groups, although with different trends, showed the lowest values of this parameter, probably related to 
the higher percentage of non pathogen bacteria and to the better health status. In the last experimental 
period, those immune parameters the drastic values reduction could demonstrate an unspecific serum 
defence reduction age depending effect. Moreover, it should be considered that all the immune 
parameters studied are homeostatic being subject to opposite phenomenon as production and 
consume, consequently their restoration time should to be deeply investigated. 
 
Such immune parameters are mainly affected by management practices and environment as reported 
in pigs (Moscati et al., 2003) and dairy cows (Amadori et al., 1997), where reductions of immune 
defences affect both their health status and performance. The Zinc Bacitracin and FormaXol diets 
groups harboured similar percentages of E. coli O103 and C. perfringens type A (Figure 1). Rabbits 
fed Zinc Bacitracin and FormaXol diets harboured the highest percentage of non-pathogen bacteria. 
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Table 2: Effects of diets on serum immunity parameters 
Groups 

Days Control Zinc bacitracin FormaXol SED 
HCA 

37 84.8 84.9 82.0 4.7 
41 46.8a 40.4a 67.2b 3.4 
44 77.0b 69.7a 66.2a 3.0 
47 50.7a 56.6a 70.2b 6.9 
53 25.3 19.1 25.9 2.4 
58 21.7 16.7 20.4 2.0 

SBA 
37 16.1 14.3 15.1 1.9 
41 19.8a 19.3a 38.7b 4.8 
44 17.0a 30.6b 30.3b 2.9 
47 4.6a 7.6a 15.3b 2.4 
53 0.0a 0.6b 0.0a 0.8 
58 0.0a 1.0b 0.0a 0.2 

Lysozyme 
37 30.0 28.4 30.4 2.6 
41 31.3 29.2 36.9 3.3 
44 44.5b 30.7a 25.5a 2.9 
47 27.5 24.1 20.0 1.9 
53 26.0 18.7 18.1 2.3 
58 26.3 26.0 26.1 1.7 

 
 

Figure 1: Enteric bacteria of the 3 groups of rabbits 20 days after experimental infection 
 
Also mortality confirmed this trend (15 and 20 vs. 30%, in Zinc bacitracin, FormaXol and Control 
diet. Data not shown). Height of villi (Table 3) was greater in FormaXol diet than in the Control diet 
group. In all groups, the apical ridge of the villi  was damaged, with many lymphocytes concentrated 
in their tip and in lamina propria showing that the effect of infections was not completely overcame 
by dietetic treatment. Indeed, in healthy animals of the same age, Rebollar et al. (2004; 2006) and 
Gutiérrez et al. (2002) showed lower lymphocyte concentration and less histological damages. Our 
histological results are consistent with others where similar pathologic agents of diarrheic processes 
were studied (Heczo et al. 2000, Cialet et al. 1998; Hara-Kudo et al. 1997). 
 
Table 3: Height of villi  of rabbits 21 days after experimetal infection (Means ± s.d.) 

N Control = 28; N Zinc  bacitracin = 34; N FormaXol = 32 

Diets Control  Zinc bacitracin FormaXol  P 
Height of villus (µm) 269.43a ± 9.91 304.51ab ± 14.39 360.08b ± 12.7 0.05 
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CONCLUSIONS 
 
This trial allowed us to analyze the effect of a mixture of microencapsulated formic and citric acids 
and essential oil source on experimentally infected young rabbits. The innate immunity parameter of 
this animals helped us to understand the trend of the humoral response during infection and intestinal 
swab samples and height of villi  confirmed these results. Also the results about enteric bacteria 
demonstrates and confirms the efficacy of microencapsulated formic and citric acid and essential oils 
to reduce the damage caused by both Gram– and Gram+ pathogen bacteria in experimentally infected 
rabbits. 
 
 

ACKNOWLEDGEMENTS 
 
Funded by Soda Feed Ingredients. Histological analysis funded by CICYT (AGL-2005-0196).  
 
 

REFERENCES 
 
Amadori M., Archetti I.L., Frassinelli M., Bagni M., Olzi E., Caronna G., Lanterni M. 1997. An immunological approach to 

the evaluation of welfare in Holstein frisian cattle. J. Vet. Med. B., 44, 321-327. 
Barta V., Barta O. 1993. Testing of hemolytic Complement and its components. In: Barta O., (ed.) Vet. Cl. Imm. Lab., Bar-

Lab, Blacksburg, USA. 
Carroll S.F., Martínez R.J. 1979. Role of rabbit lysozyme in in vitro serum and plasma serum bactericidal reactions against 

Bacillus subtilis infect. Immun., 25, 810–819. 
Castellini C., Cardinali R., Rebollar P.G., Dal Bosco A., Jimeno V., Cossu M.E. 2007. Feeling fresh chicory (Cicoria intybus) 

to young rabbits: performance, development of gastro-intestinal tract and immune functions of appendix and Peyer’s 
patch. Anim. Feed Sci. and Tec., 134, 56-65. 

Ciarlet M., Gilger M.A., Barone C., McArthur M., Estes M.K., Conner M.E. 1998. Rotavirus disease, but not infection and 
development of intestinal histopathological lesions, is age restricted in rabbits. Virology, 251, 343-360.  

De Blas C., Wisemann J. 1998. The Nutrition of the Rabbit, 197-213. CABI Publishing, Oxon, UK.  
Forthun-Lamothe L., Boullier S. 2004. Interaction between gut microflora and digestive mucosal immunity, and strategies to 

improve digestive health in young rabbits. In: Proc. 8 th World Rabbit Congress, Puebla, Mexico, 1035-1067. 
Gallois M., Gidenne T., Forthun-Lamothe L., Le Huerou-Luron I., Lallès J.P. 2005. An early stimulation of solid feed intake 

slightly influences the morphological gut maturation in the rabbit. Reprod. Nutr. Dev. 45, 109-122. 
Gutiérrez I., Espinosa A., García J., Carabaño R., De blas J.C. 2002. Effects of levels of starch, fiber and lactose on digestión 

and growth performance of early weaned rabbits. J. Anim. Sci., 80, 1029-1037. 
Hampson D.J. 1986. Alteration in piglet small intestine structure at weaning. Res. Vet. Sci., 40, 32-40. 
Hansen C.F., Riis A.L., Bresson S., Højbjerg O., Jensen B.B. 2007. Feeding organic acids enhances the barrier function 

against pathogenic bacteria of the piglet stomach. Livestock Science, doi: 10.1016/j.livsci.2007.01.059. 
Hara-Kudo Y., Ogura A., Noguchi Y., Terao K. 1997. Effect of hemorrhagic toxin produced by Clostridium sporogenes on 

rabbit ligated intestinal loop. Microbial pathogenesis, 22, 31-38. 
Heczko U., Abe A., Brett Finlay B. 2000. In vivo interactions of rabbit enteropathogenic Escherichia coli 0103 with its host: 

an electron microscopic and histopathologic study. Microbes and infection, 2, 5-16. 
Maertens L., Moermans R., Groote G. 1988. Prediction of the apparent digestible energy content of commercial pelleted 

feeds for rabbits. J. Appl. Rabbit Res., 11, 60-67. 
Moscati L., Stelletta C., Sensi M., Sonaglia L., Battistacci L. 2003. Studio di alcuni parametri immunologici per la 

valutazione dello stato di benessere nell’allevamento del suino all’ingrasso. In: Proc. V° Congr. Naz. S.I.Di.L.V., Italy, 
103-104. 

Ossermann E.F., Lawlor D.P. 1966. Serum and urinary lysozyme (muramidase) in monocytic and monomyelocitic leukemia. 
J. Exp. Med., 124, 921-952. 

Pinheiro V., Mourão J.L. Alves A., Rodrigues M., Saavedra M.J. 2004. Effects of zinc bacitracin on the performance, 
digestibility and caecal development of growing rabbits. In: Proc. 8th World Rabbit Congress, Puebla, Mexico, 942-947. 

Rebollar P.G., Espinosa A., Carabaño R. 2004. Transitory disturbances in growing lactating rabbits after transient doe-litter 
separation. Rep. Nut. Dev., 44, 437-447. 

Rebollar P.G., Pereda N., Villarroel M., Millán P., Lorenzo P.L. 2006. Oestrus synchronization of rabbit does at early post-
partum by dam-litter separation or eCG injection effect on kit mortality and growth. Livestock Science, 103, 13-22. 

SAS Institute 1999. User’s guide. Statistical Analysis System Institute Inc., Cary, NC, USA.  
Skrivanová E., Marounek M. 2007. Influence of pH on antimicrobial activity of organic acids against rabbit enteropathogenic 

strain of Escherichia coli. Folia Microbial (Praha), 52, 70-72. 



9th World Rabbit Congress – June 10-13, 2008 – Verona – Italy 
 

578 

 


