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Abstract – The effect of nursing method and ingestion of maternal faeces on the development of
the bacteroides, lactobacillus and coliform flora of the caecum in the first 10 days of life were examined in freely nursed pups having access to maternal faeces (Group FF), pups nursed once a day
and having access (Group CF), or having no access (Group CN) to maternal faeces. Colonisation of
the caecum by Bacteroides commenced already on day 3 after birth. On day 2 the bacteroides counts
were below 100, while on day 4 they were already between 100 and 10 000. In Group CN, the Bacteroides counts were lower (by 14 to 40%) throughout the 10-day period studied than in the groups
having access to maternal faeces. Differences between groups were significant only on days 4 and 6.
The average number of maternal faecal pellets left behind the doe in Group CN was 3–4 (between
0.5 and 6.4 per doe). In Groups FF and CF the pellets became smaller, crumbled and finally disappeared from the nest box, they were consumed by the pups and could be found in their gastric content.
The lactobacillus counts decreased in all three groups with age, from 6.0 to 3.5 log10 CFU·g–1 (FF),
4.6 to 2.8 log10 CFU·g–1 (CF) and 5.1 to 3.1 log10 CFU·g–1 (CN), respectively. The coliform counts
were higher in the first 4 days in FF (5.6 log10 CFU·g–1) than in CF (< 2 log10 CFU·g–1) and CN
(2–3.6 log10 CFU·g–1) animals. Bacteroides could be cultured from the surface of the vulvar labia
(max. 1000 colony count) and the vagina (max. 190 colony count), so young rabbits could become
“infected” by them already in the doe’s vagina. Thus prevention of ingestion of maternal faeces only
slightly influenced the development of the bacteroides flora, the faeces left behind by the doe did
not play an exclusive role in their colonisation.
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1. INTRODUCTION
The caecal microflora and the fermentation processes taking place in the caecum
play a key role in the digestion of rabbits.
Imbalance of the intestinal microflora (dys-

biosis) often plays a direct or indirect role
in the development of digestive disturbances
or diseases.
According to data of the literature [1–4],
the concentration of the caecal bacterial
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flora is 109–1011·g–1, with the predominance of non-spore-forming, Gram-negative obligate anaerobes bacteroides, and the
absence of the genera Lactobacillus and
Straptococcus. Gouet and Fonty [5] found
no or extremely reduced microflora during
the first three days after birth, and observed
a large population (107–109 bacteria·g–1) in
the caecum only after one week. Similar
results were published by Smith [1] who did
not isolate any bacteria in rabbits less than
four days old.
According to observations [6] colonisation of bacteroides may be triggered by
ingestion of the maternal faecal pellets,
which are deposited by the doe towards the
end of nursing. During the second week
pups start eating these pellets which suggest
that this can be beneficial regarding colonisation of the flora. However in our previous
investigations [7, 8] we consistently found
bacteroides in the caecum in a large amount
(109) already on the 7th day after birth. This
suggests that pups start eating faecal pellets
early, a few days after birth, or, bacteria getting into the alimentary tract are from different origin.
In free nest-access conditions, domestic
doe normally suckle their young only once
a day, although she can visit the nest by several times (but without nursing). However,
some doe may nurse two (or even three)
times [9, 10]. Compared to a controlled
nursing (once a day with nest closing), free
nursing may result in visiting more frequently the nest and may result in more faecal pellets left in the nest which can
presumably effect the rate of colonisation
of the digestive tract by the flora.
The objective of the experiment was
therefore to study the rate of development
of some bacterial species of the caecal
microflora in newborn rabbits after birth
(between days 2–10) and the effect of nursing method (free or controlled nursing) and
ingestion of maternal faeces on the colonisation of the caecum by bacteria.

2. MATERIALS AND METHODS
2.1. Experimental animals
Pannon White does and their progeny
were used in the experiments. The does were
kept in wirenet cages. At one end of the cage
there was a nest box, with a creep-hole that
could be closed. The nest box contained a
nest tray. The rabbits were fed a commercial pelleted diet (crude protein: 17%, crude
fibre: 15.5%, energy: 11 DE MJ·kg–1) ad
libitum. Drinking water was available from
nipple drinkers ad libitum. The temperature
of the room was 20–23 °C and the daily
lighting period was 16 h.
The one-day-old pups of average birth
weight were distributed into litters of eight,
and these litters (11 litters/group) were randomly divided into the following three
groups: Group ‘FF’ (free nursing and free
access to faeces): freely nursed pups having
access to maternal faeces. In this group the
nest box was continuously open; thus, the
doe could enter the nest box and nurse freely
according to the natural diurnal rhythm.
Group ‘CF’ (controlled nursing and free
access to faeces): pups nursed once a day (in
the morning) and having access to maternal
faeces. In this group the nest box was closed
and the does were allowed to enter the nest
box and nurse only once a day, at 9:00 a.m.
for 20–30 min. Group ‘CN’ (controlled
nursing and no access to faeces): pups
nursed once a day (in the morning) and having no access to maternal faeces. Also in
this group, the does were allowed to enter
the nest box and nurse only once a day, at
9:00 a.m. For the time of nursing the pups
were removed from the nest and placed into
a nest bowl bedded with clean wood shavings to ensure that no maternal faecal pellets
remain in the nest and the pups have no
opportunity to ingest them. The does were
watched continuously and pups were
placed back into the nest immediately after
the doe finished nursing, then the maternal
faecal pellets left in each nest bowl were
collected and counted.
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The period during and shortly after dusk
is related to an increase in nursing activity
in the case of free nursing (Group FF). During this, the does usually leave some faecal
pellets in the nest. However in this case it
is impossible to prevent pups from consuming the faeces. So creation of Group CN was
needed, where nursing was restricted to 20–
30 min in the morning, so collection and
counting of the pellets became possible. By
controlled nursing postponement between
nursing and defecation may occur. Therefore another group (CF) was needed where
the similar nursing method would result
presumably in similar amount of faecal pellets left in the nest, than in Group CN.
2.2. Experimental design
Six young rabbits were examined by
group on days 2, 4, 6, 8 and 10 after birth.
The pups were euthanised (between 11:00
and 12:00 a.m.) by an overdose of carbon
dioxide and bled. After opening the abdominal cavity and isolating the caecum, samples were taken from the caecal content
with sterile precautions and subjected to
microbiological analysis.
After kindling, swab samples were taken
from the vagina of six does from each
group, from the surface of the vulva, from
the skin of the nipples and the surrounding
fur, and then these samples were also subjected to microbiological analysis. The surface of the organs examined was swabbed
with a sterile cotton swab dampened with
0.9% NaCl (physiological saline) solution.
The content of the swab was immediately
smeared on Schaedler’s agar and then put
into anaerobic conditions (see below).
We had the permit necessary for performing the animal experiment (MÁB-10/
2002).
2.3. Microbiological examinations
The microbiological examinations
included the determination of the number of
Bacteroides as the main component of the
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caecal microflora in rabbits [1, 2, 5], lactobacilli and coliforms as the flora which is
introduced first after birth into the GI tract
by suckling, from the vagina during birth
or from the environment in many species
[11, 12].
From one gram of caecal chyme serial
dilutions (with 0.9% NaCl) were made
immediately after sampling and used for
determination of the bacteroides, lactobacillus and coliform counts. The different
dilutions (106–7–8 for bacteroides, 102–3–4
for lactobacilli and 103–4–5 for coliforms)
were smeared onto the surface of the selective culture media.
The obligate anaerobe Bacteroides organisms were cultured on Schaedler’s agar (Sharlan Chemie, Barcelona, Spain), the selectivity
of which was increased by the addition of
esculin (Merck, Darmstadt, Germany), neomycin (Merck, Darmstadt, Germany) and
Fe-ammonium citrate (Sharlan Chemie, Barcelona, Spain). The gamma sterile Petri
dishes (Biolab, Budapest) were placed into
Anaerocult culture dishes (Merck, Darmstadt, Germany), in which the anaerobic
conditions were ensured with the help of an
“Anaerocult A” (Merck, Darmstadt, Germany) gasifying bag. Subsequently the
samples were incubated in an LP 104 type
thermostat (LMIM, Esztergom, Hungary)
at 37 °C for 96 h. Lactobacilli were cultured
on MRS agar (Sharlan Chemie, Barcelona,
Spain). The cultures were incubated in an
LP 116 type facultative anaerobic thermostat (LMIM, Esztergom, Hungary) at 37 °C
for 48 h. Coliforms (incl. E. coli) were cultured on a Chromocult differentiation medium
(Merck, Darmstadt, Germany). The samples were incubated in thermostat at 37 °C,
under aerobic conditions, for 24 h. After the
incubation time had elapsed, the colonies
were counted with a Titriplaque colony
counter (LMIM, Esztergom, Hungary). The
colony counts were expressed in log10 colony forming units (CFU) related to 1 g of
sample.
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Table I. Number of bacteroides, lactobacilli and coliforms expressed in log10 germ count·g–1 chyme
(average, minimum and maximum values).
Group

Age (days)
2

4

FF
(n = 6)
CF
(n = 6)
CN
(n = 6)

<2

4.7aA
(< 2–6.0)
4.2aA
(3–5.2)
2.4bA
(< 2–2.6)

FF
(n = 6)
CF
(n = 6)
CN
(n = 6)

6.0A

4.0aB

(4.2–7.7)
4.6A
(3.6–5.7)
5.1A
(4.5–5.4)

(3.3–4.3)
3.9abAB
(2.7–5.3)
3.6bB
(3.1–4.1)

5.6ABC

5.6ABC

(3.5–7.7)
<2

(4.8–6.0)
<2

<2

3.6A
(< 2–6.7)

<2
<2

6
bacteroides
7.2aB
(6.5–7.7)
6.0abB
(4.8–7.1)
4.3bB
(4.0–5.0)

8

10

8.2C
(7.8–8.5)
7.8C
(6.4–9.2)
6.3C
(2.0–8.0)

8.5C
(8.1–9.0)
8.6C
(8.3–8.9)
7.3C
(6.0–8.5)

4.1B
(3.4–5.5)
3.7AB
(2.3–6.1)
3.1B
(2.0–4.3)

3.5B
(< 2–4.7)
2.8B
(< 2–4.3)
3.1B
(< 2–4.1)

6.4B
(5.2–7.0)
4.2
(3.1–6.1)
6.4BC
(5.2–7.0)

4.3AC
(3.0–6.4)
3.8
(< 2–5.3)
5.4ABC
(< 2–7.7)

lactobacilli
4.8AB
(3.2–6.2)
3.1AB
(2.0–3.7)
2.7B
(2.5–2.9)
coliforms
FF
(n = 6)
CF
(n = 6)
CN
(n = 6)

4.1aA
(3.4–6.8)
4.0a
(< 2–5.9)
6.7bB
(6.5–7.0)

Significant (P < 0.05) difference between a,b groups and A,B dates.
FF: free nursing and free access to faeces, CF: controlled nursing and free access to faeces, CN: controlled
nursing and no access to faeces.

Swab samples taken from the does were
cultured only for bacteroides (see above)
and the colonies formed were counted.
2.4. Statistical analysis
Statistical analysis of the data obtained
was carried out by the SPSS for Windows
statistical software package using the version 7.5 [13]. Effect of treatment, age and
their interaction was analyzed by the following general linear model:
yijk = µ + Ti + Aj + TAij + eijk,

where µ = mean, Ti = effect of treatment,
Aj = effect of age, TAij = interaction of treatment and age, eijk = random error.
The significance of between groups differences was tested by the LSD post hoc
test.
3. RESULTS
Results of the microbiological examination of the caecal content indicate that colonisation of the caecum by Bacteroides
microorganisms commences already on
day 3 after birth (Tab. I). The most expressed
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increase was observed between days 4–8,
when significant differences were found
between sapling dates. In Group CN, the
bacteroides counts were substantially lower
throughout the 10-day period studied than
in the groups having access to maternal faeces. On day 6 the bacteroides counts were
slightly lower in Group CF than in Group FF.
This not significant difference was still
present on day 8 but then disappeared by
day 10 after birth.
In Group CN, the faecal pellets left
behind by the does in the nest bowl were
collected and counted. On the second day,
maternal faeces was found in only 2 out of
the 11 nest bowls examined. However,
from the subsequent day all the nest bowls
contained maternal faecal pellets, with the
exception of only one or two cases. The
average number of maternal faecal pellets
was 3; however, this was subject to great
variation by doe: some does regularly left
behind 0–2 (in average 0.5) while others 5–
12 (in average 6.4) faecal pellets in the nest
bowl.
In Groups FF and CF all pups were taken
out of the nest for a few minutes and the fate
of the faecal pellets was controlled in every
2–3 h. We found that the pellets became
smaller, crumbled and finally disappeared
from the nest box, possibly because the
young pups had ingested them. The examination of the stomach supported that pups
have effectively eaten faeces, as it could be
found in the gastric content.
In this experiment the lactobacillus
counts decreased in all three groups with
age. The number of lactobacilli was slightly
(but not significantly) higher in the freely
nursed group (Group FF) throughout (Tab. I).
The coliform counts were higher in the
first 4 days in Group FF than in Group CF
and CN (Tab. I). In Group CN a marked
increase in the coliform counts could be
found on day 6 and on day 10 the coliform
counts were still higher in this group than
in the other two groups, however differences
were not significant. In this group a high
negative correlation was found between
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coliforms and lactobacilli. In Group FF a
transient germ count increase was observed
on day 8. We have never found significant
interaction between age and treatment.
The results of the microbiological examination of samples taken from the does indicated that Bacteroides organisms were
present in the highest number on the surface
of the vulvar labia and in the vagina (190–
1000 colonies), a few bacteria (2–9 colonies) could also be cultured from the nipples
and the fur.

4. DISCUSSION
The results of the present experiment
demonstrate that the type of nursing (oncea-day or free nursing) and access to maternal faeces exert an influence on the development and composition of the caecal
microflora in the first ten days of life.
In Groups FF and CF the young pups of
a few days of age began to ingest the faecal
pellets left behind by their doe, and this
accounted for early and rapid colonisation
of the caecum by bacteroides. This assumption seemed to be reinforced by the observation of the gastric content of the pups and
finding solid parts of faeces in it. The low
number of the pellets left sometimes behind
the CN does may indicate that in case of
controlled nursing there is a postponement
between nursing and defecation.
The slightly slower bacteroides and coliform colonisation observed in Group CF
compared to FF may have been due to the
fact that at the given nursing time the does
excreted fewer faecal pellets than does having free access to the nest box. Recent
results showed that after parturition 20–
30% of does go into the next box more a day
and may patiently wait as long as ten minutes to nurse their young [9, 14]. So they
spend more time in the nest and may leave
more faecal pellets behind.
In CN pups bacteria could get into the
digestive tract from the does’ genital organs,
fur or nipples or from the environment (i.e.
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from the nest) in numbers sufficient to trigger colonisation.
Free nursing resulted in higher lactobacillus counts throughout, presumably because
the does had more time for nursing and they
could nurse their pups twice or more times
a day. Presumably the initially higher coliform count found in Group FF was also due
to free nursing and more faecal pellets left
behind the doe. Previous studies [7, 15, 16]
showed that twice-a-day nursing resulted in
higher coliform counts in addition to the
higher lactobacillus counts. The higher coliform counts found in Group CN between
days 6 and 10 were probably attributable to
the slower development of the bacteroides
and lactobacillus flora.
In conclusion it can be established that
colonisation of the caecum by bacteroides
occurred at a faster rate in freely nursed
pups having unlimited access to the doe’s
faecal pellets. The use of once-a-day nursing (in the morning) did not result in significant differences. Prevention of the ingestion
of maternal faeces only slightly influenced
the development of the bacteroides flora.
These findings prove that the faeces left
behind by the doe does not play an exclusive role in colonisation of the caecum by
Bacteroides.
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