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SUMMARY

Contamination of feed with mycotoxins is a common problem encountered in animal
farming. Mycotoxin exposure can affect adversely the health of animals. In rabbits
caecal fermentation is an essential digestive process being indication of physiologi-
cal alterations. Deoxynivalenol (DON) is one of the most frequent contaminants of
grains which affect the growth of monogastric animals. Data about dietary DON
and its effect in rabbits are scarce. Medicinal plants are often used as feed addi-
tives to enhance the performance of the animals. Carduus marianus (milk thistle) is
known for its hepatoprotective and antioxidant effects (among others) but no data
are available about the effect on rabbit caecum. Considering the aforementioned,
the aim of this study was to assess the possible interactive effect of Carduus mari-
anus and DON on the caecum of growing rabbhits. 75 Pannon White rabbits were
reared for six weeks from 35 (after weaning) till 77 days of age. Rabbhits received
the following diets: control (C), control with DON (CT), control supplemented with
C. marianus in 0,5% (H1), control supplemented with C. marianus in 0,5% and DON
(H1T), control supplemented with C. marianus in 1% (H2) and control supplemented
with C. marianus in 1% and DON (H2T). On slaughter, caecum was collected for the
analysis of total volatile fatty acids (VFA) and the microbiota of the caecum, pH of
the caecum was also recorded. There was no significant difference in total VFA
concentration or individual VFA. Number of aerobic bacteria significantly differed
among toxin and non-toxin groups. DON affected adversely the number of aerobic
bacteria. An interactive effect of DON and Carduus marianus on E.coli number was
observed. There was no effect on total or individual VFA amounts.
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INTRODUCTION

Mycotoxin contamination of animal feed can pose
a serious problem for farm animals, such as pigs, poultry
and rabbits, since it frequently affects adversely their
health status. In rabbit physiology, caecal fermentation
is a very important digestive process that begins around
the weaning period (when solid feed is introduced in the
diet). The short chain fatty acids produced by fermenta-
tion are beneficial as additional source of energy, and
also because of their antibacterial effect (Bellier and
Gidenne, 1996). The physiological composition of caecal
microbiota is crucial for the preservation of the homeo-
stasis (Bagoné Vantus et al., 2014).
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Deoxynivalenol (DON) is a mycotoxin mainly pro-
duced by Fusarium graminearum and F. culmorum which
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are common contaminants of cereal grains (Bonnet et
al., 2012). Pestka and Smolinski (2005) stated that
monogastric animals’ growth and weight gain was
suppressed upon chronic or sub-chronic exposure of
DON with swine being the most sensitive among farm
animals. Data on the effect of dietary DON in rabbits
are scarce (Khera et al., 1986; Hewitt et al., 2012).
Mycotoxins are taken up mainly orally by consumption
of contaminated feed. As such, it can be proposed that
they may interact with the gut microbiota as it has been
shown in the case of ochratoxin A (Guo et al., 2014).

Medicinal plants are often used to improve the
health status of animals, especially after the antibiotics
have been banned in European Union (European Union
Commission, 2005). Carduus marianus (syn. Silybum
marianum) is a member of Asteraceae (Compositae)
family which contains several species used in herbal
medicine e.g. Echinacea (Gao et al., 2010). One of the
most popular colloquial names of C. marianus is milk
thistle (Dunnick and Nyska, 2012). C. marianus is known
for its hepatoprotective (Flora et al., 1998) as well as
for its antioxidant effect (Henning et al., 2014). Some
studies suggest a potential positive effect in inhibition
of chemically induced diabetes (Shakeel and Yar, 2014)
or anti-atherosclerotic effect (Biatecka, 1997). As far as
we are concerned there are no studies about the effect
of C. marianus on caecal microbiota of rabbits.

Considering the aforementioned the aim of this
study was to assess the possible interactive effect of C.
marianus and DON on the caecal microbiota and fermen-
tation of growing rabbits.

MATERIAL AND METHODS

Animals and diets

Seventy five Pannon White rabbits were reared in
mesh-wired cages from 35 till 77 days of age. The rabbits
had free access to water (pacifiers) and feed (ad libitum).
The temperature was 16-18°C and the photoperiod was
set to 16h of light and 8 hours of dark. The weight and
feed intake were recorded on a weekly basis whereas
the morbidity and mortality were daily monitored.

The animals received three different diets during
the first period (3 weeks). The control (C) diet was a
nonsupplemented basal diet formulated in such a way
to meet the nutritional needs of weaned rabbits, control
diet supplemented with the herb (C. marianus) in a con-
centration of 5 g/kg (H1) and control diet supplemented
with the herb in a concentration of 10 g/kg (H2; Table 1).
During the second period (3 weeks) the rabbits received
six different diets after the subdivision of the three
initial groups. The diets were formulated in a similar
way of the first period but this time supplemented with
the toxin (DON) as well (CT, H1 and H2T; Table 1). The
experimental protocol was authorized by the Food Chain
Safety and Animal Health Directorate of the Somogy
County Agricultural Office, under permission number
S0I/31/1679-11/2014.

Table 1. Chemical composition of the experimental
diets

Chemical composition g/kg of DM| C | H1 | H2 | CT | H1T | H2T
Dry matter (g/kg of feed; DM) | 91.2(90.4|91.0 [ 90.8 | 90.9 | 93.9
Crude protein (CP) 185)18.8|18.118.6|18.3(18.4
Crude fat (EE) 28| 29| 28| 29| 28| 27
Crude fibre 16.7[16.4|16.4|16.3|17.2| 16.3
Ash (ASH) 82| 86| 83| 82| 83| 83
Starch 18.818.6|19.8(18.5|18.0/18.6
Natural detergent fibre (NDF) 35.5(36.0 | 34.7|35.1|35.2 349
Acid detergent fibre (ADF) 2231224216221 (220|219
Acid detergent lignin (ADL) 6.1| 63| 57| 6.1| 6.2| 6.2
Acid insoluble ash (AIA) 1.2 14| 11| 1.0 16| 1.0

Mycotoxin production and plant purchase

Toxin was produced using Fusarium graminearum
strain number IFA 77 (from “Das Interuniversitdre
Department fiir Agrarbiotechnologie”, Tulln, Austria)
fungal culture (7 days old), grown on Potato Dextrose
Agar (PDA; Chemika-Biochemica, Basil, Switzerland).
The inoculated cultures were stored and incubated
at 28°C for 2 weeks. When the incubation time was
complete the fungus-infected cereal was dried at room
temperature and grounded.

LC-MS analysis was performed by a Shimadzu
Prominence UFLC separation system equipped with
a LC-MS-2020 single quadrupole (ultra-fast) liquid
chromatograph mass spectrometer (Shimadzu, Kyoto,
Japan) with electrospray source.

The homogenized fungal cultures contained DON
at concentration of 7140 mg/kg. Fungal cultures were
mixed into the feed of the experimental animals, based
on the dose presented in Table 2.

Table 2. Concentration of the toxin in the experimental
feeds in the different groups

Groups DON (mg/kg)
CT 10.1
H1T 11.5
H2T 10.6

The mycotoxin production as well as the deter-
mination of its concentration, were performed at the
Department of Physiology, Biochemistry and Animal
Health of Kaposvar University. Carduus marianus was
purchased from Parceval (Pty) Ltd Pharmaceuticals,
South Africa in powder form (seeds).

Determination of composition of caecal microbio-
ta and volatile fatty acids (vfa) concentrations

At 78 days of age 6 animals per group were slaugh-
tered. The digestive tract was removed immediately
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and the caecum was separated. The caecal contents’
pH values were determined using a pH meter (OP-110,
Radelkis, Hungary). One gram of caecal chyme was
used immediately after sampling for microbiological
culture, and anaerobic conditions were maintained by
the use of carbon dioxide. The rest of the caecal content
was weighed, freezed and stored at -80°C for further
volatile fatty acids (VFA) analysis.

The analyses for both procedures (microbiological
culture and analysis of the volatile fatty acids) were per-
formed as previously described respectively in Kovacs
etal. (2011).

Statistical analysis

Statistical analysis of the data was performed with
SPSS (version 19) statistical software package using
one way analysis of variance (ANOVA), LSD was used
for the Post Hoc test. T-test was also performed. In all
the cases the significance level was p<0.05.

RESULTS AND DISCUSSION

Production parameters were not affected adversely
by the consumption of the toxin (data not shown).
There was no significant difference in the total VFA

(mmol/kg) or the particular VFA (acetic, propionic and
butyric; Table 4).

The composition of caecal microbiota showed no
significant differences regarding anaerobic bacteria and
bacteroides (Table 3). Coliforms’ numbers were very low
in all the samples (colonies<100; data not shown). On
the other hand, there were significant differences in the
number of aerobic bacteria. More specifically, groups
C and H1 had significantly lower number of aerobic
bacteria compared to all toxin groups (i.e. CT, H1T and
H2T; Table 3) suggesting an effect of DON on aerobic
bacteria regardless the supplementation with the herb.
This is confirmed by the T test performed using as factor
the consumption of mycotoxin solely (C, H1, H2 and CT,
H1T, H2T respectively). Escherichia coli (E. coli) num-
ber significantly differed between H2 and all the toxin
groups which can suggest a possible positive effect of
the herb in 1% concentration (data not shown).

The pH of the caecal content didn't differ signifi-
cantly among the groups (Table 4). There was a corre-
lation of VFA and pH, the correlation coefficient was
-0.593 and the significance p=0.01.

Table 3. Compositon of caecal microbiota (CFU log10/g, mean=SD, p<0.05)

Microbiota c cT H1 HIT H2 H2T
Aerobic 4.9 + 0.3 5.8 + 0.6° 5.3 + 0.63° 5.7 + 0.6° 5.2 + 0.2%b 5.7 + 0.6°
Anaerobic 8.9 + 0.4 9.1+ 0.4 8.8 0.3 9.0 + 0.6 8.7+05 9.0+ 05
Bacteroides 8.3+ 05 8.5 + 0.2 8.5 + 0.3 8.4+05 83 +05 8.6 + 0.4
Table 4. Volatile fatty acids of the caecal chyme (% of total fatty acid content) and caecal pH (mean+SD)

Volatile fatty acids C CT H1 H1T H2 H2T
Total VFA 46.6 + 7.7 48.9 = 1.7 458 + 11.9 39.8 + 18.8 46.6 + 16.0 43.4 =126
mmol/kg

Acetic acid (%) 786 + 1.5 78.7 3.7 78.1 2.9 77.2 + 2.6 79.8 £2.4 78.6 + 2.8
Propionic acid (%) 7.2 0.8 70«12 6.2 + 0.6 8.0+ 1.1 71+ 1.8 7.0 £ 1.1
Butyric acid (%) 143+ 15 143 +3.7 143 + 1.1 147 + 2.1 132+12 14.4 + 2.1
pH 6.04 = 0.15 6.05 = 0.39 6.06 = 0.14 6.08 = 0.22 5.88 = 0.15 6.01 = 0.23

CONCLUSION

This was a preliminary study on the possible inter-
active effect of C. marianus and DON on caecal micro-
biota and fermentation. DON increased the number of
aerobic bacteria in the caecum of rabbits which is an
undesirable situation due to the anaerobic conditions
(in physiological state) of caecum. The effect of DON
was slightly influenced by the 1% herbal supplemantion
regarding E. coli. More studies should be conducted
with more animals to ensure if there is truly interactive
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effect. There was no interaction of DON and C. marianus
on total VFA amount.

ACKNOWLEDGEMENT

The research was supported by the Hungarian
Academy of Sciences (within the frame of the MTA-KE
“Mycotoxins in the food chain” Research Group), the
Bolyai Janos research grant (BO_499 13 to J. Sz-F) and
the FP7 Marie Curie project (PIRSES-GA-2012-316067).



M. Kachlek et al.: ASSESSING THE POSSIBLE INTERACTION BETWEEN CARDUUS MARIANUS ... 189

REFERENCES

1.

Bagoéné Vantus, V., Kovéacs, M., Zsolnai, A. (2014): The
rabbit caecal microbiota: development, composition and
its role in the prevention of digestive diseases-a review
on recent literature in the light of molecular genetic met-
hods. Acta Agraria Kaposvariensis, 18(1): 55-65.

Bellier, R., Gidenne, J.R. (1996): Consequence of reduced
fibre intake on digestion, rate of passage and caecal
microbial activity in the young rabbit. British Journal of
Nutrition, 75: 353-363.

doi: http://dx.doi.org/10.1079/BJN19960139

Biatecka, M. (1997): The effect of bioflavonoids and
lecithin on the course of experimental atherosclerosis
in rabbits. Annales Academiae Medicae Stetinensis, 43:
41-56.

Bonnet, M.S., Roux, J., Mounien, L., Dallaporta, M.,
Troadec, J.D. (2012): Advances in Deoxynivalenol
Toxicity Mechanisms: The Brain as a Target. Toxins,
4:1120-1138.

doi: http://dx.doi.org/10.3390/toxins4111120

Dunnick, J.K., Nyska, A. (2012). The Toxicity and
Pathology of Selected Dietary Herbal Medicines.
Toxicologic Pathology, 41: 374-386.

doi: http://dx.doi.org/10.1177/0192623312466451

European Union Commission (2005): Ban on antibiotics
as growth promoters in animal feed enters into effect.
Regulation 1831/2003/EC on additives for use in animal
nutrition, replacing Directive 70/524/EEC on additives in
feed-stuffs, Brussels, 22 December.

Flora, K., Hahn, M., Rosen, H., Benner, K. (1998): Milk
thistle (Silybum marianum) for the therapy of liver dis-
ease. The American Journal of Gastroenterology, 93(2):
139-143.

doi: http://dx.doi.org/10.1111/j.1572-0241.1999.00545.x

Gao, T., Yao, H., Song, J., Zhuy, Y., Liu, C., Chen, S. (2010):
Evaluating the feasibility of using candidate DNA bar-
codes in discriminating species of the large Asteraceae
family. Biomed Central Evolutionary Biology, 10(1): 324.
doi: http://dx.doi.org/10.1186/1471-2148-10-324

Guo, M., Huang, K., Chen, S., Qi, X., He, X., Cheng,
W.H., Luo, Y., Xia, K., Xu, W. (2014): Combination of
Metagenomics and Culture-Based Methods to Study the

Interaction Between Ochrotoxin A and Gut Microbiota.
Toxicological Sciences, 141(1): 314-323.
doi: http://dx.doi.org/10.1093/toxsci/kfu12

10. Henning, S.M., Zhang, Y., Rontoyanni, V.G., Huang, J.,
Lee, R.P, Trang, A., Nuernberg, G., Heber, D. (2014):
Variability in the Antioxidant Activity of Dietary
Supplements from Pomegranate, Milk Thistle, Green
Tea, Grape Seed, Goji, and Acai: Effects of on in Vitro
Digestion. Journal of Agricultural and Food Chemistry,
62: 4313-4321.
doi: http://dx.doi.org/10.1021/jf500106r

11.  Hewitt, M.A., Girgis, G.N., Brash, M., Smith, T.K. (2012):
Effects of feed-borne Fusarium mycotoxins on perfor-
mance, serum chemistry, and intestinal histology of New
Zealand White fryer rabbits. Journal of Animal Science,
90: 4833-4838.
doi: http://dx.doi.org/10.2527/jas.2012-5264

12. Khera, K.S., Whalen, C., Angers, G. (1986): A teratology
study on vomitoxin (4-deoxynivalenol) in rabbits. Food
and Chemical Toxicology, 24(5): 421-424.
doi: http://dx.doi.org/10.1016/0278-6915(86)90207-3

13. Kovéacs, M., Bonai, A., Szendrd, Zs., Milisits, G., Lukacs,
H., Szabd-Fodor, J., Tornyds, G., Matics, Zs., Kovécs, F,
Horn, P. (2011): Effect of different weaning ages (21, 28
or 35 days) on production, growth and certain param-
eters of the digestive tract in rabbits. Animal, 6: 1-8.
doi: http://dx.doi.org/10.1017/S1751731111002254

14. Pestka, J.J., Smolinski, A.T. (2005): Deoxynivalenol:
Toxicology and Potential Effects on Humans. Journal
of Toxicology and Environmental Health, Part B: Critical
Reviews, 8: 39-69.
doi: http://dx.doi.org/10.1080/10937400590889458

15. Shakeel, A.H., Yar, A.K. (2014): Effect of milk thistle
(Silybum marianum) plant parts (seeds and leaves) to
control the alloxan induced diabetes in rabbits. Global
Journal of Research on Medicinal Plants and Indigenous
Medicine, 3(1): 1-7.

(Received on 29 April 2015; accepted on 30 July 2015)

POLJOPRIVREDA 21:2015(1) Supplement, 186-189





