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Effects of probiotic bacteria on the performance
of arctic foxes, pathomorphology and microflora
of their alimentary tracts
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ABSTRACT: Studies on the use of Enterococcus faecium and Lactobacillus acidophilus cultures in arctic fox nutrition
were performed on 80 foxes, in the period from weaning to the end of growth and fur development. Diets for the
experimental animals were supplemented with 1 g of a probiotic preparation that provided the supply of each
bacterial culture in the amount of 1 x 10° CFU (colony forming units) per day. The performance of the animals was
estimated on the basis of their body weights, conformation and pelt quality. Histopathological examinations of the
liver, kidneys and selected segments of the alimentary tract were also conducted. The results show that a mixture
of Enterococcus faecium and Lactobacillus acidophilus cultures had beneficial effects on the health of artic foxes. The
probiotic changed the composition of the alimentary tract microflora, which had a positive influence on the morphol-
ogy of the alimentary tract mucosa and allowed to reduce morphological damage to the liver and kidneys. The good
condition of foxes resulted in higher body weight gains and better parameters of conformation and pelt quality.
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Probiotics are preparations containing an
amount of strictly defined microorganisms that
colonize the alimentary tract, in this way improv-
ing the microflora of a given region in the host
organism, which has positive effects on health.
In the case of fur-bearing animals, such probiotic
microorganisms are first of all lactic acid bacteria:
Lactobacillus, Bifidobacterium and Enterococcus, as
well as yeast-like fungi Saccharomyces (Tauson,
1983, 1984; Jorgensen, 1988a,b; Jorgensen and
Pedersen, 1992; Pedersen and Jorgensen, 1992;
Balakiriev et al., 1994; Lorek et al., 2000). The
mechanism of their action is multi-directional.
They acidify the intestinal contents, inhibiting
the growth of pathogenic bacteria, compete with
other microorganisms for nutrients and receptors,
or adhere to epithelial cells, producing antibacte-
rial compounds, and affect the immune system.

The research results show that Enterococcus
faecium is most suitable for fur-bearing animals
(Jorgensen, 1988b; Jorgensen and Pedersen, 1992;
Pedersen and Jorgensen, 1992; Simon et al., 2001).
However, professional literature does not provide
a full description of the alimentary tract microflora
in carnivorous fur-bearing animals. Williams et al.
(1998) stressed that the alimentary tract microflora
of minks was different, compared to other animal
species. According to these authors, this is connect-
ed with their diet, including feed of animal origin,
and a considerable rate of its transportation in the
alimentary tract. They believe that the microflora
composition changes with age and depends on the
feed ration. It is important to maintain the right
proportions between particular groups of microor-
ganisms typical not only of particular species but
also of alimentary tract segments.
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MATERIAL AND METHODS

The experimental factors were lyophilised and
microcapsuled bacterial cultures of Enterococcus
faecium and Lactobacillus acidophilus contained in
the preparation ALL-LAC (manufacturer — Alltech
Biotechnology Center Inc., USA). The experiment
was performed on 80 arctic foxes, aged between
8 and 20 weeks, i.e. in the period from weaning to
the end of growth and fur development. They were
divided into two equal groups, taking into account
their sex and origin, and placed in conventional pro-
duction cages (four animals in each). The animals

Table 1. Performance indices in arctic foxes

were kept under good sanitary conditions in accord-
ance with welfare standards. The experimental and
control foxes were fed ad libitum, and the nutritive
value of diets fully satisfied their requirements. The
rations contained the following components: raw
meat offal (20-30%), preserved meat offal (0-5%),
hard poultry offal (30-35%), ground barley (18-
20%), wheat bran (2-3%), steamed potatoes (0-12%),
green forage and vegetables (11%). The proportions
of particular components changed in dependence
on the feeding period. The foxes from the control
group (I) were fed the same diets as the other ani-
mals on the farm. The foxes from the experimental

Group
Specification Statistical measures . I
Body weight
Initial body weight (kg) n 40 40
X 1.92 1.94
v 10.27 12.22
Final body weight (kg) X 6.94 7.21
v 10.75 11.77
Results of conformation evaluation
Trunk length (cm) X 63.75 64.45
v 4.50 3.42
Animal size and constitution (points) x 4.75 5.30
v 32.60 21.13
Colour type (points) X 2.97 3.00
v 5.31 0.00
Colour purity (points) x 2.55P 2.874
v 19.76 11.65
Fur quality (points) x 5.978 6.474
v 17.57 16.02
Total score (points) X 16.248 17.644
v 13.03 9.89
Pelt evaluation and classification
Size (cm) x 107 109
v 6.76 4.71
Fur category X 2.03 1.76
v 36.57 44.26

3PP <(.05; ~#BP < 0.01; n = number of animals; ¥ = mean; v = coefficient of variation (%)
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group (II) were given diets supplemented with 1
g of a probiotic preparation, which provided the
supply of each bacterial culture in the amount of
1 x 10° CFU (colony forming units) per day. The
body weights of the animals were determined at
the beginning and at the end of the experimental
period by individual weighing. Their conforma-
tion was evaluated at the end of fur development,
according to the Standards of Conformation
Evaluation in Arctic Foxes (1998). Pelt evaluation
and classification by size and fur category (Polish
Standard, 1984) were made after slaughter and pelt
processing. Histopathological examinations were
conducted on three males and three females from
each group. Sections of the liver, kidneys, stomach,
duodenum, jejunum and colon were fixed in 10%
formalin and paraffin embedded. The microtome
sections were haematoxylin and eosin (HE) and
PAS stained (according to McManus). Samples
of the stomach, jejunum and colon were taken for
examinations of the alimentary tract microflora.2 g
of tissue from each sample was homogenized to
make a 20% suspension in sterile physiologic saline.
Each sample was diluted 10 times in sterile broth
and inoculated in two replications. The Mueller-
Hinton agar and agar with glucose were used to
determine the total count of aerobic bacteria. The
Edwards medium was used for the determination
of the enterococcus count, and blood agar - for
the isolation of Escherichia coli. The Wrzosek broth
— to isolate anaerobic bacteria. The cultures were
incubated in a thermostat at 37°C for 18-72 hours.
After incubation the number of colonies on the me-
dia was determined, together with the geometric
mean bacterial count per g of the examined tissue.
The numerical data were analysed statistically by
an analysis of variance for one-factor orthogonal
designs (Statistica 6.0 Software PL).

RESULTS AND DISCUSSION

The initial body weights were similar in both
groups (Table 1). The final body weights of the ex-
perimental animals were by 0.27 kg higher, but this
difference was statistically insignificant. In her stud-
ies on minks and foxes Tauson (1983, 1984) observed
higher body weight gains in groups given probiot-
ics. Balakiriev et al. (1994) also reported positive
effects of probiotic cultures on body weight gains
in minks and foxes. Dahle and Holstad (1988) did
not note any influence of lyophilised Enterococcus

faecium cultures added to pellets on body weights
of arctic foxes. The results of conformation evalua-
tion (Table 1) confirm that the experimental animals
received more points for size and body constitution.
They were also longer (measurements taken with
a tape) than the control ones. This indicates that
higher body weights of the experimental foxes, al-
though not confirmed statistically, were correlated
with their size and trunk length. The colour type
did not show any statistical differences. The fur col-
our purity was higher in the experimental group.
The colour type is determined genetically, whereas
the fur colour purity depends on environmental
factors, including diet. The fur quality in group II
was statistically highly significantly better than in
group L. The total score for conformation was also
statistically highly significantly higher in group II
It was connected with better fur quality and big-
ger size. The pelt length was higher in group II,
which was correlated with the final body weight
and conformation. As regards fur quality, the pelts
of the experimental foxes (group II) were close to
the first category. This result was consistent with
those obtained in the case of conformation evalua-
tion. This is natural, as the conformation evaluation
is based on fur parameters that also decide about
pelt quality. Jorgensen (1988a) reported better pelt
quality in minks given Enterococcus faecium cultures.
Balakiriev et al. (1994) observed positive effects of
Bifidubakterin on pelt quality in arctic foxes, com-
mon fixes and minks. Lorek et al. (2000) noted no
influence of probiotic bacteria and yeast on the size
and quality of mink pelts. Histopathological exami-
nations of the liver (Table 2) showed congestion,
parenchymatous and vacuolar degeneration of he-
patic cells. These changes were observed in a larger
number of animals in the control group. A similar
direction of changes was also found in the kidneys.
The investigations conducted by Lorek et al. (2000)
indicated that the internal organs of minks fed diets
with a probiotic preparation were better supplied
with blood, and their liver showed lower tendencies
towards fat deposition. In the animals from both
groups the gastric mucosa was congested. Other
changes were more intensive in group 1. Acute ca-
tarrhal inflammation of the mucosa was observed
in the duodenum. Some of the control animals
showed excessive exfoliation of epithelial cells and
deformed villi. In the experimental animals they
were usually regular and longer. The inflammation
was less intense in the further segments of the small
intestine, especially in the experimental group. Also
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Table 2. Results of morphological and histopathological examination of selected internal organs and selected seg-

ments of the alimentary tract

Organs or segments of the alimentary tract Changes

Group

—
—
—

congestion, haemostasis

Liver

vacuolar degeneration

parenchymatous degeneration

congestion, haemostasis

Kidneys

vacuolar degeneration

parenchymatous degeneration

[~ O S I S O S I

congestion of the mucosa

congestion of the submucosa

Stomach

catarrhal inflammation of the mucosa

excessive exfoliation of epithelial cells

= o O U

congestion of the mucosa

congestion of the submucosa

Duodenum

deformed villi

excessive exfoliation of epithelial cells

catarrhal inflammation of the mucosa

congestion of the mucosa

congestion of the submucosa

Jejunum

deformed villi

excessive exfoliation of epithelial cells

catarrhal inflammation of the mucosa

congestion of the mucosa

Colon

catarrhal inflammation of the mucosa

congestion of the submucosa

N O O |k O WO B B[O 8 08 1 N|[H P OO 00O &
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the villi in the jejunum and ileum were more regular
and longer in this group. The colon submucosa was
congested in all animals from the control group. In
group Il its congestion was noted in four cases only.
The inflammatory process in the duodenum and
jejunum could be the reason for higher intensity of
morphological changes in the control foxes, in the
form of parenchymatous and vacuolar degenera-
tion of hepatic cells and renal tubule epithelium.
The results obtained by Lorek ef al. (2000) show
that there were no morphological changes in the
alimentary tracts of minks fed diets supplemented
with a probiotic preparation, except for increased
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exfoliation of intestinal mucosa epithelium. In the
group receiving probiotic supplementation the
count of potentially pathogenic Escherichia coli rods
was considerably lower (Table 3), whereas that of
Enterococcus — considered a natural antagonist of
Escherichia coli — was higher (Jorgensen, 1988b;
Simon et al., 2001). Such a microbiological state of
the alimentary tract may affect positively the gen-
eral health condition of foxes. The experiments per-
formed on dogs (whose alimentary tract resembles
that of foxes) indicate that diet supplementation
with Enterococcus faecium cultures causes an increase
in the count of enterococci in the ileum contents and
faeces (Molitor, 1996; Zentek et al., 1998).
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Table 3. Mean values of the algorithms of the microorganism count in selected segments of the alimentary tract

Segment of the

Spore-forming

Group alimentary tract Total aerobe count Coli bacteria Enterococcus anaerobes
stomach 3.3 2.3 1.7 -
I jejunum 4.2 3.6 21 -
colon 6.6 5.7 3.5 2.1
stomach 2.9 1.9 2.9 -
II jejunum 4.3 2.5 4.3 -
colon 6.5 4.3 59 2.3
CONCLUSIONS performance indices and health state in mink. In: Proc.

The obtained results show that a mixture of
Enterococcus faecium and Lactobacillus acidophilus
cultures had beneficial effects on the health of arctic
foxes. The probiotic changed the composition of the
alimentary tract microflora, which had a positive
influence on the morphology of the alimentary tract
mucosa and allowed to reduce morphological dam-
age to the liver and kidneys. Good condition of the
foxes resulted in higher body weight gains and bet-
ter parameters of conformation and pelt quality.

REFERENCES

Balakirev N.A., Drozdova E., Leonko N., Bevz N., Efi-
mova O., Kuzikov A., Abramov N., Bondarenko V.
(1994): Application of bifidobacterin in fur animal
husbandry. Zootekhnija, 7, 17-19.

Dahle H., Holstad G. (1988): Forsok med tilsetting av
melkesyrekultur pa torrfor til rev. Norsk Veterinaer-
tidsskrift, 100, 715-717.

Jorgensen M. (1988a): Probiotic — a surve, an alternative
to antibiotics in the feed of fur-bearing animals. Scien-
tifur, 12, 247-249.

Jorgensen M. (1988b): Probioticum (Streptococcus faecium,
Cernelle 69-SF68) for improvement of health and well-
being with mink and fox. Scientifur, 12, 250-256.

Jorgensen M., Pedersen K. (1992): Spredning of Enterococ-
cus faecium Cernelle 68 fra minktaever til diende hvalpe.
Dansk Veterinaertidsskrift, 75, 9-11.

Lorek M.O., Gugolek A., Szarek J., Przezdziecka D. (2000):
Effect of new generation feed supplement on some

VII International Scientific Congress in Fur Animal
Production, Scientifur, 24, 86-88.

Molitor D. (1996): In vitro- und in vivo- Effekte eines Pro-
biotikums (Enterococcus faecium) als Futterzusatz bei
Hunden. Tierztliche Hochschule, Hanover, Germany,
133.

Pedersen K., Jorgensen M. (1992): Lactic acid bacteria for
mink. Colonization and persistence of Enterococcus
faecium Cernelle 68 in digestive tract of mink. Acta Vet.
Scand., 33, 95-103.

Polish Standard. Skéry liséw polarnych. 1984. PN-84/
P-22021.

Simon O., Jadamus A., Vahjen W. (2001): Probiotic feed
additives — effectiveness and expected modes of action.
J. Anim. Feed Sci., 10 Suppl. 1, 51-67.

Standards of Conformation Evaluation in Arctic Foxes
(1998): Centralna Stacja Hodowli Zwierzat. Warsza-
wa.

Tauson A.H. (1983): Mjolksyrajasade bakterier i foder till
mink under draktighets och digivningsperioden. Vara-
Palsdjur., 11, 316-318.

Tauson A.H. (1984): Effects of lactic acid bacteria as feed
additive on reproductive performance and early kit
growth rate in mink and blue foxes. Acta Agric. Scand.,
31, 227-236.

Williams C., Elnif J., Buddington R. (1998): The gastroin-
testinal bacteria of mink (Mustela vison L.): influence of
age and diet. Acta Vet. Scand., 39, 473-482.

Zentek J., Molitor D., Kamphues J. (1998): Prufung intr-
stinaler Effekte eines Probiotikums (Enterococcus fae-
cium) bei Hunden. Kleintierpraxis, 43, 187-197.

Received: 04-04-06
Accepted after corrections: 04-05-06

269



Original Paper Czech |. Anim. Sci., 49, 2004 (6): 265270

ABSTRAKT

Vliv probiotickych bakterii na uzitkovost polarnich liSek, patomorfologii a mikrofléru jejich travi-
ciho ustroji

V obdobi od odstavu do ukondéeni ristu a vytvofeni kozeSiny byl sledovan ucinek kultur Enterococcus faecium
a Lactobacillus acidophilus ve vyzivé arktickych lisek (n = 80). Do krmnych smési pro pokusna zvifata byl pfidan 1 g
probiotického preparatu, ktery zajistoval dadvku bakteridlni kultury v mnoZstvi 1 x 10° CFU (kolonu tvoficich jed-
notek) na den. Uzitkovost zvifat byla hodnocena na zakladé jejich télesné hmotnosti, exteriéru a kvality kozeSiny.
Rovnéz bylo provedeno vy3etteni jater, ledvin a vybranych ¢asti traviciho tstroji. Vysledky naznacuji, Ze smés kultur
Enterococcus faecium a Lactobacillus acidophilus méla blahodarné i¢inky na zdravotni stav polarnich liSek. Probioticum
zménilo sloZeni mikrofldry traviciho tstroji, coz mélo kladny vliv na morfologii mukoézy traviciho tstroji, a prispélo
ke sniZeni morfologického poskozenti jater a ledvin. Dobra télesna kondice lisek vedla k vy3sim pfiristktim télesné
hmotnosti a lepsim ukazatelm exteriéru i k vyssi kvalité kozeSiny.

Klic¢ova slova: polarni liSka; vyZziva; probiotikum; rtist; koZesina; travici tstroji; mikrofléra
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