We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists

6,100

167,000

185M

Open access books available

International authors and editors

Downloads

Our authors are among the

154

TOP 1%

12.2%

Countries delivered to

most cited scientists

Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Chapter 11

Efficiency of Probiotics in Farm Animals
Etleva Delia, Myqerem Tafaj and Klaus Männer
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/50055

1. Introduction
The first concept of probiotics was originally developed by [38]. He suggested that ingested
bacteria could have a positive influence on the normal microbial flora of the intestinal tract.
Probiotics are considered as growth and health stimulators and are used extensively in
animal feeding, especially in pig and poultry production.
Probiotics have been defined also by [6] as “a live microbial feed supplement which beneficially
affects the host animal by improving its intestinal balance”. There is a relatively large volume of
literature that supports the use of probiotics to prevent or treat intestinal disorders.
Currently, the best studied probiotics are the lactic acid bacteria, particularly Lactobacillus sp
and Bifidobacterium sp.
Therefore, an intensive research work is carrying out in this topic from many researcher
groups in different countries. Many years later, probiotics were determined as: viable
microbial feed supplements, which are believed to stimulate growth and the health as well
as to modify the ecology of the intestine in a beneficial manner for the host [3], [34], [54].
Probiotics should lead to beneficial effects for the host animal due to an improvement of the
intestinal microbial balance [12] or of the properties of the indigenous micro-flora [21]. There
are also many mechanisms by probiotics enhance intestinal health, including stimulation of
immunity, competition for limited nutrients, inhibition of epithelial and mucosal adherence,
inhibition of epithelial invasion and production of antimicrobial substances [47].
Possible modes of actions are the modification of the intestinal microorganisms and the
nutrient availability with response to the morphology and histology as well as the transport
physiology. Significant positive effects of probiotics on performance, health, vitality, gut
ecology as well digestibility are observed in many studies, although the mode of action of
probiotics is not still completely explained [24], [55], [25], [4]. Efficiency probiotic on a focus
of combined preparation have hardly been concluded.
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2. Efficiency of probiotic in farm animals
The claims made for probiotics are many and varied but it is not always possible to provide
good scientific evidence to support them. However the potential benefits that can arise from
applications of the probiotic concept are shown as below:
Potential beneficial effects of probiotics for farm animals by [13].












Greater resistance to infectious diseases
Increased growth rate
Improved feed conversion.
Improved digestion.
Better absorption of nutrients
Provision of essential nutrients
Improved milk yield
Improved milk quality.
Increased egg production.
Improved egg quality
Improved carcass quality and less contamination

Since probiotics are discussed as alternatives to antimicrobial growth promotors their
impact on performance of farm animals is of prime interest. For authorization of
microorganisms as feed additives it is also required to show significant effects on
performance data [54]. By far most experiments were performed with piglets. According
to a literature review by [61] no significant positive effects could be found from the
hitherto results with piglets and fattening pigs. Later, the evaluation of studies conducted
with raising piglets drew a different picture [11]. [61] was used the strict criteria of
biostatistics and only significant effects were documented. Today, trends without
statistical significance are also considered as positive effect by [54]. It is obvious that
majority of the experiments show trends toward positive effects, however the significance
level of p≤ 0,05 was reached only in 5% of experiments. Due to the complexity of the
intestine, individual variations of animals to probiotic inclusion may be the rule and not
the exception. Considering this concept, the range between no effect and significant
effects seem to be reasonable.
In a trial with 90 treated and 90 untreated Bacillus cereus –preparation weaned piglets; the
probiotic treated animals gained 7% more live weight during 6 weeks after weaning with a
reduced feed conversion ratio of 2.4%. Both results were not significant [25]. This point
towards a high variation in the response of the individual animals to this type of feed
additives [54].
With regard to the evaluation of animal performance, the same conclusion can be draw for
experiments with fattening chicken carried out by [53].This is also reflected by a series of
experiments with turkey, poultry under field conditions using three probiotics [34]. Again
none of the effects in performance were significant, on average weight gain was improved
by 1,5% (+0,1 to + 3,8) and feed conversion by –2% (-7 to –3,5). A further observation was a
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more pronounced effect of additive during weeks 1 to 5. However again no significance was
seen in the period’s week 1 plus 2 and 3 to 5, respectively [54].
Authors in [54] concluded that the inconsistency of the effectiveness of a feed additive is of
course not convenient, but on the other hand comprehensible for this type of feed additive.
Probiotic do not act like essential nutrients in term of a clear dose response until the
requirements are met. Due to the complexity of intestine, individual variations of animals to
probiotic inclusion may be the rule and not the exception. Considering this concept the
range between no effect and significant effects seem to be reasonable.

3. Mode of action of probiotics
The development of probiotics for farm animals is based on the knowledge that the gut
microflora is involved in resistance to disease. The gut microflora has been shown to be
involved in protection against a variety of pathogens including Escherichia coli, Salmonella
Camylobacter, Clostridium and Rotavirus. Hence the probiotic approach may be effective in the
prevention and therapy of these infections. No attempt will be made to summarize the
evidence available for all of these effects [13].
The one area where it is possible to arrive at some scientifically based conclusions is the
effect that the probiotics preparations have on resistance to infections.
The stressful conditions experienced by the young animal causes changes in the composition
and/or activity of the gut microflora. Probiotic supplementation seeks to repair these
deficiencies and provide the type of microflora which exists in feral animals uninfluenced
by modern farm rearing methods. The products available are of varying composition and
efficacy but the concept is scientifically-based and intellectually sound. Under the right
conditions the claims made for probiotic preparations can be realized [13].
Molecule
Lysozyme
Defensins
Mucus

MHC class I
MHC Class II

Defense function
Lyses bacterial cell walls
Form pores in bacterial cell wall
Prevents bacterial adhesion
made by goblet cells, a
specialized epithelial cell type.
Presents antigen to cytotoxic Tlymphocytes
Presents antigen to helper Tlymphocytes

References
[2], [46]
[2], [42]
[41]
[14]
[14]

Table 1. Defense functions of epithelial cells [37].

There are many proposed mechanisms by which probiotics may protect the host from
intestinal disorders. The sum of all processes by which bacteria inhibit colonization by other
strains is called colonization resistance. Much work remains to classify the mechanisms of
action of particular probiotics against particular pathogens. In addition, the same probiotic
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may inhibit different pathogens by different mechanisms. Listed below is a brief description
of mechanisms by which probiotics may protect the host against intestinal disease.
Possible mode of action of intestinal bacteria can be summarized as follows by [54]:








Increase of desired intestinal bacteria;
Competitive adhesion to epithelial receptors;
Production of specific substances (bacteriocins, dipicolinic acid, bioactive peptides)
Competition for nutrients between probiotic and undesired bacteria;
Micro-environmental pH reduction by production of acid;
Reduction of bacterial bile salt deconjugation;
Passive aggregation of probiotics and pathogenic bacteria;

4. Production of inhibitory substances
Probiotic bacteria can produce a variety of substances that are inhibitory to both grampositive and gram-negative bacteria. These inhibitory substances include organic acids,
hydrogen peroxide and bacteriocins. These compounds may reduce not only the number of
viable cells but may also affect bacterial metabolism or toxin production.

5. Blocking of adhesion sites
Competitive inhibition for bacterial adhesion sites on intestinal epithelial surfaces is another
mechanism of action for probiotics [18]. Consequently, some probiotic strains have been
chosen for their ability to adhere to epithelial cells. Gut bacteria prevent intestinal
colonization by pathogenic organisms directly by competing more successfully for essential
nutrients or for epithelial attachment sites [48].

6. Competition for nutrients
Competition for nutrients has been proposed as a mechanism of probiotics. Probiotics may
utilize nutrients otherwise consumed by pathogenic microorganisms. However, the
evidence that this occurs in vivo is lacking.

7. Degradation of toxin receptor
The postulated mechanism by which Sacchromyces boulardii protects animals against C.
difficile intestinal disease is through degradation of the toxin receptor on the intestinal
mucosa [5].

8. Influence on the immune system
The intestinal micro flora is an important component of host animal. A critical review of the
literature indicates that probiotic supplementation of the intestinal micro flora may enhance
defense, primarily by preventing colonization by pathogens and by indirect, adjuvant-like
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stimulation of innate and acquired immune functions [37]. The role of nonpathogenic
bacteria in the development of the intestinal immune system and in protecting the host from
pathogenic challenges has been studied.
Intestinal bacteria provide the host with several nutrients, including short-chain fatty acids,
vitamin K, some B vitamins and amino acids [49], [67]. Intestinal bacteria also protect the
host from pathogens, forming a front line of mucosal defense. The indigenous microflora
induces recruitment of lamina propria immune cells, which form a second tier of defense by
activation of appropriate inflammatory or immune mechanisms during infection.
Recent evidence suggests that stimulation of specific and nonspecific immunity may be
another mechanism by which probiotics can protect against intestinal disease [45]. For
example, per oral administration of Lactobacillus GG during acute rotavirus diarrhoea is
associated with an enhanced immune response to rotavirus [26]. This may account for the
shortened course of diarrhoea seen in treated patients. The underlying mechanisms of
immune stimulation are not well understood, but specific cell wall components or cell layers
may act as adjuvant and increase humoral immune responses.
Reduction of diarrhea by probiotics was studied frequently, because diarrhea is the main
problem of piglets during the first weeks after weaning with utmost importance for
production [54].

Probiotic
B. cereus
B. cereus
B. cereus
B. cereus
B. cereus
B. cereus
E faecium
E. faecium
P. acidilactici
P. acidilactici
S. cerevisiae

8 weeks
Day 1-85
Day 7-21
Day 24-66
25 kg Live weigh
2 weeks post weaning
Day 1-70
8 Days before/after weaning
Day 5-28

Incidence of
diarrhoea
Reduced
Reduced
Reduced
No effect
No effect
Reduced
Reduced
Reduced
Reduced

Statistical
significance
+
+
+
+
+
+
+

Day 5-28

Reduced

+

Age

Literature
[29]
[22]
[68]
[10]
[27]
[23]
[35]
[51]
[9]
[9]

Table 2. Incidence of diarrhoea in piglets fed probiotic supplemented feed (Effects compared to control
animals) [54].

The mucosal surface of the intestinal tract represents the largest interface between the body
and its environment. An effective local immune is necessary to protect the organism against
the invasion of noxious antigens and microbes [54]. No other organ of the body harbours
more immune cells than the gut –associated lymphoid tissue (GALT), and a tremendous
amount of antibodies is secreted into the intestinal lumen to neutralize and exclude harmful
antigens. In numerous studies it has been shown that bacterial colonization influences the
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function of immune cells belonging to the GALT and even affects the systemic immune
system [60].
Immune suppression has been observed after associating germfree rodents with defined
bacterial species [69], [50]. In some studies the inductions of immune suppressive cytokines
have been implicated in the so-called “by stander suppression” [7]. Moreover, it has been
shown that bacterial colonization contributes to the induction and maintenance of
immunological tolerance against nutritional antigens [39]. The mechanisms underlying oral
tolerance are largely unknown by [54].
The numerous studies have reported immune stimulating abilities for different bacterial
species. For example, in vitro cytokine production of macrophages was stimulated by
Bifidobacteria [36]. Bifidobacterium longum as well as several other lactic acid bacteria have
been found to increase the total amount of intestinal IgA [57], [65]. Lactobacillus casei was
reported to have immune adjuvant activity by [43] and Lactobacillus plantarum was shown to
increase antibody production against Escherichia coli. Induction of cytokine profiles by
lactobacilli is likely to be strain-dependent [31] and it probably also depends on the host
examined, since the autochthonous flora varies between different host species. Most of the
animal studies with such probiotic micro organisms have been carried out in rodents with
lactic acid bacteria with the goal of designing “functional food” for human consumption.
Such studies however, are not necessarily suitable or transferable for the supplementation of
animal feed in industrial settings [54]. Studies using swine as model system are few but,
seem to be promising.
Probiotic treatment using Bifidobacterium lactis HN019 reduced weanling diarrhea associated
with rotavirus and Escherichia coli infection in a piglet model [52]. Information from studies
is also available about the age-dependent development of different immune cells in the
intestine of the newborn and adult pigs [62], [55], [56]. Studies on these cells require large
amounts of intestinal tissue that can hardly be taken from rodents. The composition of the
different immune cells in the GALT is drastically changing during the first the first few
weeks of life. For instance, the proliferation rate of B cells in the Peyer’s Patches shows a 15fold increase between days 1 and 42 [56]. Very few observations have been made concerning
the influence of bacteria on the development of these immune cells which are the first line of
defense against Intestinal infections [54].
A group of authors [54] found a decrease in CD8+ intraepithelial lymphocytes in piglets after
treatment of sows and their piglets with Enterococcus faecium present in the feed. Neither
total IgG or IgA levels in the sera of sow and piglets was affected, nor were the amounts of
total IgG or IgA in the milk of the sows influenced by the probiotic treatment. Despite these
observations,while the total numbers of coliform bacteria was the same in both probiotic
and control herds, there appeared to be at least a 50% reduction in the numbers of
pathogenic serovars in piglets from the probiotic group although the rate of isolation of
these same serovars in sows was the same for both groups. ELISA-tests to detect specific
antibodies against certain pathogenic Escherichia coli serovars are still ongoing.
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9. Other effects of probiotics
Several studies indicate that in pig’s intestinal morphology and function of the epithelium
may be modified by probiotics [54]. In two trials significantly longer willi were measured in
the jejunum of pigs receiving diets supplemented with Bacillus cereus [28] and Bacillus cereus
toyoi or Saccharomyces boulardii respectively [17].
The probiotic product
Toyocérine
Paciflor
Adjulact standart
Adjulact 1000
Adjulact 2000
Yea -sacc
Lacto-sacc
Fermacton
Bio-Plus Porc
Lyobacter P1
Lyobacter SFL
Multigerm

Composition of microorganisms
Bacillus toyoi
Bacillus cereus CIP 5832
Enterococcus spp, Lb. lactis,
Lb. helveticus, Lb. acidophilus
Lb. helveticus, Enterococcus spp
Enterococcus spp, Lb. plantarum.
Saccharomyces cerevisiae
Saccharomyces cerevisiae
Lb. acidophilus Ec. faecium
Lactobacillus spp. Ec. faecium SF68
Pediococcus spp
Lactobacillus spp. Ec. faecium SF68
Pediococcus spp
Lb. plantarum. Ec. faecium
Lb. rhamnosus
Ec. faecium SFL
Lb. plantarum. Ec. faecium
Lb. acidophilus

Biosaf SC 47

Saccharomyces cerevisiae SC 47

Bio-Plus 2B

B. subtilis B. licheniformis
3 kind of Lactobacillus,
Enterococcus spp, Saccharomyces
Lb. acidophillus, Lb. lactis
Lb. casei, Str. thermophilus

Enteroferm
Degeferments
Bacteriolact

Utilization
In all animals
In all animals
Calfs, piglets
Calfs, piglets
Calfs,piglets
Ruminants
In all animals
In all animals
Pigs
In all animals
In all animals
Pigs
In all animals,
especially in ruminants
In all animals
In all animals
In all animals
Calfs, piglets, lamb

Table 3. Some probiotics used as feed additives in European countries [59 ]

The microstructure of the epithelium is of great functional importance for nutrient transport
(absorption and secretion) as well as maintenance of transcellular and paracellular barrier
functions. This structure inhibits uncontrolled passage of substances and provides a barrier
against infection with intestinal bacteria. Carbohydrate structures on the mucosal surface are
used for adhesion by pathogenic and non pathogenic bacteria. In vitro studies also indicate that
some probiotics Lactobacillus plantarum 299v and Lactobacillus rhamnosus GG have the ability to
inhibit adherence of attaching and effacing of pathogenic Escherichia coli HT 29 to intestinal
epithelial cells by increasing expression of the intestinal mucins MUC2 and MUC3, [32].
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A group of authors [3], [66] concluded that Intestinal mucosa from pigs which were adopted
to diets containing Bacillus cereus or Saccharomyces boulardii had an increased paracellular
barrier function and modified nutrient transport kinetics for glucose and amino acids. For
Lactobacillus plantarum 299v was shown, that pretreated rats were protected against increase
in intestinal permeability induced by Escherichia coli [33].

10. Experiments in extensive farm conditions
10.1. Material and methods
Two animal trials were carried out at the same private farm of pigs. Twenty four piglets
(White x Duroc) of four litters were transferred after weaning (35 days) to flat decks and
randomly allocated to 4 groups with 6 animals (3 male and 3 female). The basal diet (see
Table 4 and 5) was also supplemented with 1000mg, 1500mg and 2000mg/kg of the probiotic
preparation (three experiment groups) or without supplementation (control group). The
diets were offered ad-libidum and animals had free access to water. The probiotic
preparation included the following strains: Lactobacillus plantarum ATCC 4336 (5x109
CFU/kg), Lactobacillus fermentum DSM 20016 (5x109 CFU/kg) and Enterococcus faecium ATCC
19434 (5x1010 CFU/kg) (AKRON s.r.l-Milano). During the eight weeks experimental period
in the first experiment and six weeks experimental period in the second experiment, body
Diet composition (g/kg feed)
Maize
Soya bean meal
Sunflower meal
Fish meal
Limestone
Monocalcium phosphate
Vitamin -mineral premixa
L-Lysine

620
280
50
10
15
15
5
5

Nutrient concentration (g/kg feed)
ME (MJ/kg)
12,33
Crude protein
196.4
Crude fat
28,70
Crude fibre
42,90
Calcium
10,77
Phosphorus
6,50
Lysine
11,30
Methionine+Cystine
6,70

Table 4. Diet composition and calculated nutrient concentration on the first experiment.
Contents in 1 kg: 1,200,000 IE vit. A, 120,000 IE vit. D3, 4000 mg vit. E, 200 mg vit. B1, 600 mg Vit. B2,
2500 mg Niacin, 400 mg Vit. B6, 4500 µg Vit. B12, 20,000 µg Biotin, 1800 mg Pantothenic acid, 160 g Na,
50 g Mg,10,000 mg Zn, 7500 mg Fe, 7500 mg Mn, 150 mg J, 70 mg Co and 40 mg Se.
a

Diet composition (g/kg feed)
Maize
Soya bean meal
Fish meal
Limestone
Monocalcium phosphate
Vitamin-mineral premix
L-Lysine

630
320
10
10
15
10
5

Nutrient concentration (g/kg feed)
ME (MJ/kg)
12,90
Crude protein
197,1
Crude fat
28,08
Crude fibre
35,94
Calcium
8,60
Phosphorus
6,72
Lysine
10,65

Table 5. Diet composition and calculated nutrient concentration on the second experiment.
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weight (BW), daily weight gain (DWG) and feed conversion ratio (FCR), kg feed/kg body
weight gain were measured weekly. Data are presented as arithmetic means with standard
deviations (Mean ± SD). One-way analysis of variance and Student’s t-test (P< 0.05) were
performed to test the differences between levels of the probiotic in the diet.

Figure 1. Piglets in the first and second experiments, in extensive farm condition.

10.2. Results and discussions
Parameters

Probiotic Dose (mg/kg feed)
1000
1500
2000

0
Production
Initial BW, kg
Fourth weeks4
Eighth weeks
DWG, g 2
FCR 3

n
6

1

5.3 ± 0.65
12.59 ± 2.63
19.89 ± 2.05
260.7 ± 33.8
3.01 ± 0.68

5.4 ± 0.77
14.20 ± 1.62a
23.00 ± 2.73a
314.3 ± 62.9a
2.61 ± 0.25

5.6 ± 0.37
13.93 ± 0.82
22.26 ± 2.42
297.6 ± 71.6
2.67 ± 0.32

5.1 ± 0.17
10.97 ± 0.93b
18.84 ± 1.43b
245.4 ± 46.5b
2.94 ± 0.42

Table 6. Effects of probiotic preparation on performance parameters in the first experiment
(Mean ± SD).
1 Number of animals/every group
2 DWG for whole experimental period.
3 FCR for whole experimental period.
4 Significant differences, indicated with different superscripts.

Parameters
0
Production
Initial BW, kg
Sixth weeks
DWG, g2
FCR 3

n
6

Probiotic Dose (mg/kg feed)
1000
1500
2000

1

4.8 ± 0.65
16.37 ± 3.76
275.6 ± 46.7
3.20 ± 0.76

5.1 ± 0.77
17.37 ± 4.06
292.3 ± 57.3
2.80 ± 0.48

5.0 ± 0.37
16.98 ± 3.98
285.4 ± 51.8
2.87 ± 0.57

4.9 ± 0.17
16.25 ± 3.45
270.4 ± 43.7
2.93 ± 0.68

Table 7. Effects of probiotic preparation on performance parameters in the second experiment
(Mean ± SD).
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In last ten years, most of the experiments were performed with piglets. According to the
literature review, in many trials showed positive effects of probiotics on weaned piglets
and also there were no significant effects of growing and finishing pigs. In the first trial
the body weight gain was improved with graded levels (1000 and 1500 mg/kg feed) of the
probiotic preparation respectively 15% to 11%, compare to control group. In the fourth
and eighth weeks of this trial, a significant difference was documented. The body weight
gain, on the second experiment was improved with graded levels (1000-1500 mg/kg feed)
of the probiotic preparation from 3% to 6%, compare to control group, without
significance. The FCR (kg feed/kg weight gain) in the first trial was improved with graded
levels by up to 13.3%, 11.3% and 0.4% compare to control group and in the second trial
respectively 12.5%, 10.4% and 8.5% compare to control group. The tendency for increasing
of probiotic dose has not positive effects on performance parameters. Because of the low
dose-response between 1000 and 1500 mg/kg feed, the level of 1000 mg/kg feed seems to
be the optimal dose [64].
According to [20] on the experiments with weaned pigs and growing-finishing swine,
used 1g/kg Lactobacillus acidophilus, which contains 4x106 viable cells per gram.
Supplementation of the diet with 1g/kg Lactobacillus acidophilus on weaned pigs did not
improve daily gain, feed intake or feed efficiency. Daily weight gain and feed intake of
pigs, treated with 500 mg/kg Lactobacillus acidophilus showed non significant trends.
Reduction of diarrhoea by probiotics and vitality of piglets is one of the second topics in
this study, because diarrhoea is the main problem for weaned piglets, especially during
the first week after weaning. After two weeks of probiotic supplementation, we showed
a reduction of diarrhoea on three treated groups. Reduction of diarrhoea by probiotic
supplementation was study frequently by many scientist groups. Some of the trials
showed significant effects, but the others have collected not significant data. A group of
authors [29], [22], [68], [23] have used the same probiotic Bacillus cereus in different age of
piglets, respectively 8 weeks piglets, 1-85 day after birth, 7-21 day after birth and 2
weeks post weaning. They showed statistical significance of diarrhoea reduction.
[10] showed non significant effects, while they used Bacillus cereus in pigs 24-66 days of
life.

11. Experiment in intensive farm condition
11.1. Material and methods
The animal trials were carried out at the experimental station of the Institute of Animal
Nutrition of the Free University of Berlin, Germany. Thirty two piglets (White x Duroc) of
three litters were transferred after weaning (28 days) to flat-decks and randomly allocated to
4 groups with 8 animals (4 male and 4 female). The basal diet was either supplemented with
1000, 1500 and 2000 mg/kg of the probiotic preparation or without supplementation
(control).
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The diets were offered ad libitum and animals had free access to water. The probiotic
preparation included the following strains: Lactobacillus plantarum ATCC 14917 1x1011
CFU/kg, Lactobacillus fermentum DSM 20016 1x1011 CFU/kg and Enterococcus faecium ATCC
19434 1x1011 CFU/kg. During the six weeks period body weight (BW), daily weight gain
(DWG) and feed conversion ratio (FCR), kg feed/kg body weight gain were measured
weekly. Three piglets from each trial group were euthanized one week after probiotic
administration by intracardial injection of T61 (Fa. Hoechst) after sedation with Stresnil*.
Immediately after death, the abdomen was opened and ligatures were applied to collect
digesta samples for pH measurement in defined segments of the duodenum, jejunum,
ileum, caecum and colon. This operation was finished between 12-14 hours after death.

Diet composition (g/kg feed)
Maize
Soybean meal
Soya oil
Fish meal
Limestone
Monocalcium phosphate
Vitamin -mineral premixa
L-Lysine
Methionine+cystine
Threonine
Tryptophane

620
275
50
30
10
15
12
10
10
10
3

Nutrient concentration (g/kg feed)
ME (MJ/kg)
12.82
Crude protein
197.8
Crude fat
34.3
Crude fibre
31.4
Calcium
9.10
Posphorus
7.68
Lysine
11.77
Methionine+Cystine
7.64
Threonine
8.04
Tryptophane
2.37

Table 8. Diet composition and calculated nutrient concentration.
Contents in 1 kg: 1,200,000 IE vit. A, 120,000 IE vit. D3, 4000 mg vit. E, 200 mg vit. B1, 600 mg Vit. B2,
2500 mg Niacin, 400 mg Vit. B6, 4500 µg Vit. B12, 20,000 µg Biotin, 1800 mg Pantothenic acid, 160 g Na,
50 g Mg,10,000 mg Zn, 7500 mg Fe, 7500 mg Mn, 150 mg J, 70 mg Co and 40 mg Se.
a

For determination of intestinal bacteria, the “Selective Media” method was used (CATCagar (Citrat Acid Tween Carbonate - agar base) for Enterococci spp, MRS-agar (Lactobacillus
agar acc to Man Rogosa and Sharp) for Lactobacilli spp and Mac Conkey for Enterobacteria
spp). The colony of aerobe and anaerobe micro organisms by visual numbering were measured
on agar plate.
The apparent nutrient digestibility was determined by the indicator method during the last
week of the experiment using chromium (III) oxide (0.5%).
 % e indicator in feed x % e nutrient in faeces

Coeficient of digestibility  100  
x 100 
 % e indicator in faeces x % e nutrient in feed


Data are presented as arithmetic means with standard deviations (Mean ± SD). One-way
analysis of variance and Student’s t-test (P< 0.05) were performed to test the differences
between levels of the probiotic in the diet.
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12. The methodology for determination of microbiological charge of
faeces
Microbiological analyzes of faeces were performed in two periods:



Week 1-3
Week 5-7

In the first period, such analysis aim to consistently follow microbiological changes due to
the "probiotics" effect.
In the second period, such analysis aim to compare the microbiological changes in the
beginning and in the end of the experiment, as well as to judge on the duration of the
"probiotics" effect after its termination.
Microbiological analyses were carried out of as follows:
3-4 hours after the feed, fresh faeces was collected in plastic boxes. Faeces of all boxes were
gathered and placed in a separate box. 1 g of faeces was taken for each box, in three parallel
tests A, A1, A2.
9 ml Ringer solution was added to it, and the following dilutions were prepared:
10-1-10-9, MRS for identification of Lactobacillus spp
10-4-10-8, CATC for identification of Enterococcus spp
10-3-10-8, McK for identification of Enterobacteriaceae
Its cultivation in Agar plates and incubation at a temperature of 370C was conducted within
24 hours.

13. The physiological and microbiological parameters of intestinal
mucosa and digesta
A week after administration of probiotics, a total of 12 piglets were slaughtered, 3 piglets for
every group.
The slaughtering of pigs a week after administration of probiotics aimed at:



monitoring of the changes occurring in the pH digesta in the intestines.
monitoring of all microbiological changes in digesta and mucosa, reflecting Lactobacillus
spp, Enterococcus spp and Escherichia coli microbiological load as well as the total number
of anaerobic bacteria in the jejunum, ileum, caecum and colon.

The preparation of samples for microbiological analysis was carried out as follows:
A 2x10cm area from all parts of intestine and colon is taken. Then, it is washed away with
0.9% NaCl solution, is measured its length, is thorn with a fine scalpel, is weighed and
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finally is placed in plastic tubes. Since jejunum is relatively long, it is divided into three
parts for more convenience: jejunum 1, jejunum 2 and jejunum 3.
Measuring and weighing was done for the following parts:
Duodenum
Jejunum 1
Jejunum 2
Jejunum 3

Ileum
Caecum
Colon

Microbiological load was estimated at:
Middle of jejunum, ileum, caecum, beginning of colon

14. The determination of anaerobic bacteria (Lactobacillus spp).
Method of samples in ice
15 ml digesta is taken, is squeezed, and after is being cast into sterile plastic tubes and it is
placed in ice.
0.5 g of this digesta is taken, 500 ml Ringer solution is added, and then is placed on ice.
Dilutions are prepared by mixing what is taken from both beakers up to 100l.
20l is taken by pipette and is dripped in Agar plates prepared based on the following
dilutions:
MRS: 10-6 to 10-10 Columbia - Blut: 10-6 to 10-10

15. Methods of samples in ice
Parts of the intestines are cut and placed in 50ml tubes together Ringer solution. Later
solution is shaken and changed until no more digesta remains. The prepared solution is put
into a bottle and placed in ice. Intestine is placed on a plate, mucosa is thorn and mixed. 0.5
g mucosa is taken; 500l Ringer solution is added and placed on ice.
Dilutions are prepares as in the first case and are placed on ice.
20l is taken by pipette and transferred to Agar plates prepared according to the following
dilutions:
MRS: 10-5 to 10-9 Columbia –Blut: 10-5 to 10-10

16. The determination of aerobic bacteria (Enterobacteriaceae and
Enterococcus spp)
Digesta dilutions are prepared as above. 20l solution is taken and transferred to Agar
plates prepared according to the following dilutions:
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Mac Conkey: 10-6 to 10-10 CATC : 10-3 to 10-7
Mucosa dilutions are prepared. 20l solution is taken and transferred to Agar plates
prepared according to the following dilutions:
Mac Conkey : 10-3 to 10-7 CATC : 10-2 to 10-6
Microbiological load was estimated: Middle of jejunum, ileum, caecum, beginning of colon

Figure 2. Institute of Animal Nutrition, Free University, Berlin

Figure 3. The animal trial at the experimental station of the Institute of Animal Nutrition.
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17. Data about probiotic “Seberini suini”
17.1. Microbiological composition of probiotic
Lactobacillus plantarum
Lactobacillus fermentum
Enterococcus faecium

ATCC 14917 (LMG – S 16691) cfu 1x 1011
DSM 20016 (LMG- S 16517) cfu 1x 1011
ATCC 19434 (LMG- S 16690) cfu 1x 1011

Composition of the probiotic "Seb Suini”
Lactobacillus plantarum
Enterococcus faecium
Lactobacillus fermentum
Micronized soya extraction meal
Chemical compositon %
Dry matter 88
Crude protein 35
Crude fat 1
Crude fibre 5
Crude ash 28

25 %
10 %
15 %
50 %
Amino acids g/kg
Lysine 17
Leucine 17
Threonine 11
Arginine 10
Tryptophan 3
Izoleucine 11
Hystidine 6
Glycine 9
Cystine 2
Valine 13

Table 9. Chemical composition of the probiotic "Seb Suini" used in the experiment.

18. Physical -chemical characteristics of the probiotic
Smell
Apparent densities after shaking
Point of degradability
Density
Water solubility
Granulometry
Value of pH

tipical, not bad
0,45 kg/liter.
> 2500C
450 gr/liter
non digestible, hydrodispersible.
90% e grimcave kalojnë sitën 200 micron.
6,5 (10 gr on 100 ml in temperature 200C)

Microbiological characteristics
Total not lactic flora
Enterobacteriaceae
Coliformes
Enterococcus
Yeasts and moulds

maximum 5 x 103 UFC/gr
absent
absent
maximum 5 x 102 UFC/gr
maximum 1 x 102 UFC/gr
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According to the analyzes made in the Institute of Soil Chemistry, "Universitá Cattolica del
Sacro Cuore"- Piacenza, results heavy metal contain
Pb
Cd
Ni
Cr
As
Hg

<0,6
94
11
15
1, 18
112

ppm
ppm
ppm
ppm
ppm
ppm

It does not contain Alfa-toxine B1, B2, G1, G2, Zearalenone, Ocratoxine, Fumosine B1,
Deossinivalenolo

122,0g / Kg tq

19. Results and discussions
Parameters
Control
Production
-Initial BW, kg
-BW 6th week 2
Feed intake, kg
DWG, g ³
FCR 4

n1
8
5

5.6 ± 1.11
19.5 ± 5.10
24.5 ± 7.49
325 ± 153
1.79 ± 0.48

Probiotic Dose (mg/kg feed)
1000
1500
2000
5.5 ± 1.07
19.8 ± 5.83
25.4 ± 6.44
341 ± 128
1.78 ± 0.31

5.6 ± 1.17
23.1 ± 3.17
29.79 ± 5.42
427 ± 71
1.65 ± 0.05

5.6 ± 1.02
22.3 ± 7.01
30.4 ± 7.47
436 ± 123
1.66 ± 0.15

Table 10. Effects of probiotic preparation on performance parameters (Mean ± SD).
Number of animals, (8 piglets/ every group, at the beginning of the experiment)
2 Number of animals, (5 piglets/every group, one week after probiotic supplementation). n = 4 at
treatment 1500 mg/kg in 6th week.
³DWG for whole experimental period.
4FCR for whole experimental period.
1

The body weight gain was improved with graded levels of the probiotic preparation from
4.9 up to 31.7%. Caused by the high coefficient of variation the differences were not
significant. The FCR (kg feed/kg weight gain) was improved with graded levels by 0.6 up to
7.3%. The differences were not significant. Because of the low dose-response between 1500
and 2000 mg/kg feed, the level of 1500 mg/kg feed seems to be the optimal dose.
The same results showed [30] on the experiments with weaned piglets, used LFPLactobacillus-Fermentation-Product. This probiotic contents Lactobacillus bulgaricus,
Lactobacillus casei, Streptococcus thermophilus, produced in Quebec, Canada. The basal diet
was supplemented with 100 mg LFP/kg feed.
The feed intake and the daily weight gain (DWG) were increased respectivly 11.8% and
10.4%, compared with the control group. The feed conversion ratio (FCR) was in the same
level.
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Two authors [19] used the same probiotic LFP (Lactobacillus-fermentation-product) on the
weaned piglets. Pigs fed a diet with 0.36 ml/kg LFP required nearly 10% less feed per unit of
weight gain than the control group. Also the incidence of scouring decreased (P< 0.05) in
pigs fed with different levels of LFP. Overall improvement occurred up through the
addition of 0.36 ml/kg LFP with no additional benefit from greater amounts. Another group
of authors [44] showed the effects of microbial feed additives on performance of starter and
growing-finishing pigs. One of the experimental group with weaned piglets was fed with
750 mg Lactobacillus acidophilus/kg feed. The second experimental group was supplemented
with 1250 mg Streptococcus faecium/kg feed.
The addition of Lactobacillus acidophilus to the feed of young pigs improved average daily
weight gain by 9.7 % and the feed conversion ratio by 21.4%, whereas the addition of
Streptococcus faecium decreased average daily weight gain. The addition of acid lactic
improved feed conversion, suggesting that lactic acid as a metabolite produced during
fermentation might be the reason for the improvement in performance. The probiotics had
no effect on growing-finishing pigs.
In a trial with 90 untreated and 90 treated (Bacillus cereus-preparation) weaned piglets, the
probiotic treated animals gained 7% more live weight during 6 weeks after weaning with a
reduced feed conversion ratio of 2.4%. However, both results were not significant. This
points towards a high variation in the response of the individual animals to this type of feed
additives [23].
Parameters

Probiotic Dose (mg/kg feed)
N1

Digestibility
(in %)
Dry matter
Crude fat
Crude fibre
Digesta pH
Duodenum
Jejunum
Ileum3
Caecum
Colon

Control

1000

1500

2000

76.4 ± 6.90
75.1 ± 5.48
51.1 ± 7.82

73.2 ± 10.39
71.2 ± 2.60
54.5 ± 7.48

67.2 ± 2.22
69.0 ± 9.11
52.3 ± 5.79

75.7 ± 9.52
70.0 ± 3.77
56.4 ± 2.31

5.54 ± 0.96
6.24 ± 0.38
7.05 ± 0.43a
5.62 ± 0.13
5.87 ± 0.27

5.74 ± 0.68
6.17 ± 0.66
6.43 ± 0.77b
5.65 ± 0.20
6.19 ± 0.38

5.87 ± 0.83
6.29 ± 0.51
6.41 ± 0.16b
5.79 ± 0.39
6.27 ± 0.37

6.51 ± 0.77
6.56 ± 0.85
5.25 ± 0.12c
5.55 ± 0.09
6.18 ± 0.43

2

5

3

Table 11. Effects of probiotic preparation on apparent nutrient digestibility and digesta pH of defined
intestinal segments (Mean ± SD).
1 Number of animals.
2 Crude nutrients were determined by Weende scheme.
3 Significant differences, indicated with different superscripts.

Feeding probiotic preparation slightly increased the crude fiber digestibility compared to
the control group in the range of 3.4%, 1.2% and 5.4% at supplementations with 1000, 1500
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and 2000 mg/kg feed, respectively. With graded levels of the probiotic preparation pH of the
chyme of ileum and caecum was slightly decreased, in contrast the pH of duodenum and
jejunum was slightly increased [63]. The low effect of pH was agreement with digestibility
results. The pH results in the duodenum and jejunum is in contrast to former results
reported by [35]. This is possibly caused by the combination of different strains used in this
study.
Two authors [19] supplemented the diets of growing pigs with LFP preparation
(Lactobacillus Fermentation Produced) and observed that a supplementation of 0.72 mg LFP/kg
feed increased the crude fibber digestibility with 14.2% compared to the control group (P<
0.05).
These authors assumed that the rate of passage of feed through the digestive tract was
decreased by feeding LFP, which allowed more time for digestion of crude fiber. Also the
urinary nitrogen excretion was greater than faecal excretion but both combined were less
then intake, thus resulting in a positive nitrogen balance. In total, the digestibility of dry
matter was decreased 0.4% and the digestibility of crude protein did not change, compared
to the control. Another author [58] showed the influence of Lactobacillus acidophilus in broïler
chicks on growth, feed conversion and crude fat digestibility. The addition of Lactobacillus
acidophilus in broïler chicks diet decreased the digestibility of crude fat.

Control
1 week
of trial

Probiotic Dose (mg/kg feed)
1000
1500
2000

st

6th weeks
of trial

Lactobacilli spp.

95

120

150

170

Enterococci spp.
Escherichia coli.

0.01
10

0.94
10

1.12
32

1.23
2

Lactobacilli spp.

683 ± 584

223 ± 191

345 ± 403

767 ± 306

Enterococci spp.
Escherichia coli.

0.018 ± 0.031
2.35 ± 3.60

0.1 ± 0.131
15 ± 21.8

0.011 ± 0.01
0.05 ± 0

0.028 ± 0.02
0.083 ± 0.057

Table 12. The effect of probiotic preparation on the microbial composition of faeces (CFU*106/g wet
weight) (Mean ± SD).
* Four faeces samples/every group were collected/every week, during the experimental period.

The effect of probiotic preparation on the microbial composition of faeces was examined
early, one week after supplementation, because the first week after weaning is critical period
for tends to shift the balance of the gut microflora away from beneficial bacteria towards
pathogenic bacteria. One week after weaning piglets fed with the probiotic preparation
showed increased the concentration of Lactobacilli spp. and Enterococci spp. compared to the
control treatment. Feeding 2000 mg probiotic preparation/kg feed induced a reduction of
Escherichia coli. At the end of the experiment piglets fed with 1500 and 2000 mg probiotic
preparation/kg feed had reduced Escherichia coli compared to the control. These results
indicate that the probiotic preparation may be less suppressive to the Escherichia coli. [40]
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observed the similar microbial changes in the faeces of weaned piglets, fed with the same
combined probiotic preparation.

Jejunum

Ileum

Caecum

Colon

Anaerobe bacteria.
Lactobacilli spp.
Enterococci spp.
Escherichia coli.
Anaerobe bacteria.
Lactobacilli spp.
Enterococci spp.
Escherichia coli.
Anaerobe bacteria.
Lactobacilli spp.
Enterococci spp.
Escherichia coli.
Anaerobe bacteria.
Lactobacilli spp.
Enterococci spp.
Escherichia coli.

Control
13.92 ±14.15
10.24 ± 10.44
7.02 ± 6.98
7.57 ± 7.74
13.17 ± 13.36
12.87 ± 13.11
6.00 ± 0.00
8.17 ± 8.17
13.90 ± 13.85
13.28 ± 13.48
6.86 ± 7.04
12.69 ± 12.93
14.72 ± 14.92
12.55 ± 12.49
8.82 ± 9.06
13.44 ± 13.68

Probiotic Dose (mg/kg feed)
1000
1500
2000
12.22 ± 12.45 8.75 ± 8.60
12.98 ± 13.07
12.58 ± 12.78 8.36 ± 8.38
11.60 ± 11.55
8.03 ± 8.22
7.00 ± 7.19
7.01 ± 6.97
8.60 ± 8.72
6.00 ± 0.00
7.90 ± 8.02
13.21 ± 13.20 13.21 ± 13.20 12.60 ± 12.72
12.69 ± 12.73 12.72 ± 12.95 13.68 ± 13.89
8.82 ± 9.06
7.33 ± 7.55
7.02 ± 7.22
11.00 ± 11.23 12.01 ± 12.25 12.05 ± 12.23
12.69 ± 12.84 13.75 ± 13.87 13.98 ±14.12
12.60 ± 12.84 13.43 ± 13.65 13.83 ± 14.05
10.00 ± 10.23 7.80 ± 8.03
6.84 ± 6.70
10.00 ± 10.23 10.82 ± 11.06 10.86 ± 11.04
13.04 ± 13.06 13.95 ± 14.18 13.93 ± 14.15
13.01 ± 13.23 13.84 ± 14.08 13.92 ± 14.10
9.00 ± 9.23 12.01 ± 12.25
9.12 ± 9.36
11.30 ± 11.53 12.69 ± 12.93 12.39 ± 12.59

Table 13. The effect of probiotic preparation on the microbial composition of digesta, one week after
probiotic supplementation. (log CFU/g wet weight), (Mean ± SD; n = 3).

The effects of the probiotic preparation on the microbial composition of the chyme showed
no dose–depended effects. However there was a tendency for increasing of the
concentration of Lactobacilli spp. and Enterococci spp. in the colon compared to the control.
A group of authors [1] supplemented the pig diets with a combination of Lactobacillus
fermentum 14 and Streptococcus salivarius 312 for 4 days and observed a significant reduction
in the Escherichia coli count in both the stomach and duodenum. A significant reduction of
Escherichia coli number in the stomach was also found, when Lactobacillus fermentum was
supplemented separate. In cases of diarrhoea caused by Escherichia coli the treatment as
described here was not effective because the count of Escherichia coli in the duodenum of
culture-fed pigs was still greater than 106/g. However, if the antibacterial effect of strain 14
could be increased some effect on scouring due to Escherichia coli should follow. This might
be accomplished by the feeding of large numbers of organisms or by the administration in a
concentrated form of the inhibitory factors produced by Lactobacillus fermentum strain 14.
[15] showed that the application of 108 colony forming units (CFU) of a Bacillus cereus
preparation/kg feed to piglets reduced counts for Lactobacilli spp. Bifidobacteria, Eubacteria
and Escherichia coli in the duodenum and jejunum, but increased respective CFU in the
ileum, caecum and colon.
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Two authors [35] showed a significant reduction of Escherichia coli CFU in the small intestine
of piglets was also noted when an Enterococcus faecium preparation was applied. However,
at the same time Lactobacilli spp. and Enterococci spp. counts increased as a trend and
statistically significant, respectively [24].
The results of studies on the ability of probiotic bacteria to reduce the colonization of
pathogenic bacteria are ambiguous. Challenge studies with piglets and Escherichia coli
O141:K85 showed no influence on clinical symptoms, mortality or excretion of hemolytic
Escherichia coli [8]. A group of authors [24] showed that the colonization with mucosa
associated Enterobacteria spp. was reduced when a probiotic Bacillus cereus preparation was
supplemented.
The probiotic had no influence on the occurrence of pathogenic Escherichia coli as measured
with a PCR assay [16]. These results point to the fact that hygienic conditions in scientific
institutes may sometimes be too favorable to investigate effects of pathogenic bacteria
without challenge trials [54].
These and the other studies imply that probiotics are able to reduce/enhance specific
bacterial groups, but the reduction of total bacterial cell numbers as recorded for antibiotics
is probably not a probiotic mode of action. In order to understand the casual relationships
which lead to the observed improvements in weight gain and feed conversion or general
health of animals, possible interactions between bacteria in the intestine and host animal
must be studied. Of special significance are interactions between the metabolism of the host
and metabolic activity of intestinal bacterial populations [54].

20. Conclusions
The supplementation of the combined probiotic preparation induced slightly the
performance data. In extensive farm condition, a significant difference of daily weight gain
(DWG) was documented four weeks after probiotic supplementation. A positive effect of the
probiotic on feed conversion ratio (FCR), kg feed/kg weight gain and vitality was observed,
also. We recommend the level of 1000mg/kg feed combined probiotic as the optimal dose.
Combined probiotic preparation induced slightly the performance data in intensive farm
condition, also. However the differences were not significant. Feeding probiotic preparation
slightly increased the crude fibre digestibility in all treated groups. With graded levels of the
probiotic preparation pH of the chyme of ileum and caecum was slightly decreased, in
contrast the pH of duodenum and jejunum was slightly increased. The probiotic preparation
showed increased the concentration of Lactobacilli spp. and Enterococci spp. compared to the
control. The results indicate that the probiotic preparation may be less suppressive to the
Escherichia coli. The effects of the probiotic preparation on the microbial composition of the
chyme showed no dose–depended effects. However there was a tendency for increasing of
the concentration of Lactobacilli spp. and Enterococci spp. in the colon compared to the control.
Possibly this was due to the combined probiotic preparation. At the end, we recommend the
level of 1500 mg/kg feed combined probiotic as the optimal dose.

Efficiency of Probiotics in Farm Animals 267

Approved by competent authority according to Council Directive 86/609/EEC of 24
November1986 on the approximation of laws, regulations and administrative provisions of
the Member States, regarding the protection of animals used for experimental and other
scientific purposes.

*

Author details
Etleva Delia and Myqerem Tafaj
Faculty of Agriculture and Environment, Agricultural University of Tirana, Albania
Klaus Männer
Institut fur Tierernährung, Freie Universität Berlin, Germany

Acknowledgement
The authors are grateful to Dr. K. Schäffer and all technicians stuff for technical assistance.
Research stay of Dr. E. Delia in Institut für Tierernährung, Freie Universität, Berlin,
Germany was financial supported by Deutsche Gesellschaft für Technische Zusammenarbeit
(GTZ) and Tempus Phare Project “Animal Science Albania” AC_JEP-14123-1999.

21. References
[1] Barrow P.A, Brooker B.E, Fuller R, Newport M.J (1980) The attachment of bacteria to the
gastric epithelium of the pigs and its importance in the microecology of the intestine. J.
Appl. Bacteriol. 48: 147-154.
[2] Bernet-Camard M.F, Coconnier M.H, Haudault S, Servin A.L (1996) Differentiation associated antimicrobial functions in human colon adenocarcinoma cell lines. Exp. Cell.
Res, 226: 80-89.
[3] Breves G, Walter C, Burmeister M, Shröder B (2000) In vitro studies on the effects of
Saccharomyces boulardii and Bacillus cereus var. toyoi on nutrient transport in pig jejunum.
J. Anim. Physiol and Anim Nutrition. 84: 9-20.
[4] Brooks P.H, Beal J.D, Dmeckova V, Niven S. (2003) Probiotics for pigs and beyond. In:
Van Vooren and B. Rochet. Role of probiotics in animal nutrition and their link to the
demands of Europian consumers, ID-Lelystad, 49-59.
[5] Castagliuolo I, Riegler M.F, Valenick L, LaMont J.T, Pothoulakis C (1999) Saccharomyces
boulardii protease inhibits the effects of Clostridium difficile toxins A and B in human
colonic mucosa. Infect. Immun. 67: 302–307.
[6] Collins M.D, Gibson G.R (1999) Probiotics, prebiotics and synbiotics: approaches for
modulating the microbial ecology of the gut. Am. J. Clin Nutr. 69 (Suppl):1052S-1057S.
[7] Dahlman-Hoglund A, Hanson L.A, Ahlstedt S (1997) Induction of oral tolerance with
effects on numbers of IgE-carrying mast cells and on bystander suppression in young
rats. Clinical Experimental Immunology 108:128-137.

268 Probiotic in Animals

[8] De Cupere F, Deprez P, Demeulenaere D, Muylle E (1992) Evaluation of the effect of 3
probiotics on experimental Escherichia coli enterotoxaemia in weaned piglets. J. Vet.
Med. Bulletin. 39: 277-284.
[9] Durst L, Feldner M, Gedek B, Eckel B (1998) Bakterien als Probiotikum in der
Sauenfütterung und der Ferkelaufzucht. Kraftfutter 9: 356-364.
[10] Eidelsburger U, Kirchgessner M, Roth F.X (1992) Zum Einfluss von Fumarsäure,
Salzsäure, Natriumformiat, Tylosin und Toyocerin auf tagliche Zunahmen,
Futteraufnahme, Futterverwertung und Verdaulichkeit: 11. Mitt. Journal of Animal
Physiologie and Animal Nutrition. 68, 82-92.
[11] Freitag M, Hensche H-U, Schulte-Sienbeck H, Reichelt B, (1998) Kritische Betrachtung
des Einsatzes von Leistungsförderern in der Tierernährung. Forschungsberichte der
Universität Paderborn, Nr. 8.
[12] Fuller R (1989) Probiotics in man and animals. J. Appl. Bacteriol. 66: 365-378.
[13] Fuller R (1999) Probiotics for farm animals. Probiotics: A critical Review.
[14] Gaskins H.R (1996) Immunological aspects of host microbiota interactions at the
intestinal epithelium. Gastrointestinal microbiology, 2: 537-587.
[15] Gedek K, Kirchgessner M, Wiehler S, Bott A, Eidelsburger U, Roth F.X. (1993) Zur
Nutritiven Wirksamkeit von Bacillus cereus als probiotikum in der ferkelaufzucht.
Archiv Anim. Nut. 44: 215-226.
[16] Goebel S, Vahjen W, Jadamus A, Simon O (2000) PCR assay for detection of porcine
pathogenic Escherichia coli virulence factors in the gastrointestinal tract of piglets fed a
spore forming probiotic. Proc. 9th Society for Nutrition and Physiology. 64.
[17] Goerke B (2000) Untersuchungen zur Schleimhautmorphologie im Dünn-und Dickdarm
nach oraler Applikation von Saccharomyces boulardii und Bacillus cereus var.toyoi beim
Schwein. Doctor Thesis, Tierärtzliche Hochschule Hannover, Germany.
[18] Goldin B.R, Gorbach S.L, Saxelin M, Barakat S, Gualtieri L, Salminen S (1992) Survival
of Lactobacillus species (strain GG) in human gastrointestinal tract. Dig. Dis. Sci. 37: 121–
128.
[19] Hale O.M, Newton K.I (1979) Effetcs of a nonviable Lactobacillus species fermentation
product on performance of pigs. J. Anim. Sci. ;48(4):770-775
[20] Harper A.F, Kornegay E.T, Brayant K.L, Thoman H.R (1983) Efficacy of virginiamycin
and a commercially-available Lactobacillus probiotic in swine diets. Anim Feed Sci
Technol, 8: 69-76.
[21] Havernaar R, Ten Brink B, Huis in’t Veld J.H.J (1992) Selection of strains for probiotic
use. In: Probiotics. The scientific basis. R.Fuller (Ed.). Chapman& Hall, London, 209-224.
[22] Iben Ch Leibetseder J (1989) Untersuchung der leistungsfördernden Wirkung von
Toyocerin in der Ferkelaufzucht. Wien. Tierärztliche Monatsschrift 76: 363-366.
[23] Jadamus A (2001) Untersuchungen zur Wirksamkeit und Wirkungsweise des
sporenbildenden Bacillus cereus var. toyoi im Verdauungstrakt von Broilern und Ferkel.
Degree Dissertation, Free University, Berlin

Efficiency of Probiotics in Farm Animals 269

[24] Jadamus A, Vahjen W, Simon O (2000) Influence of the probiotic bacterial strain, Bacillus
cereus var. toyoi on the development of selected microbial groups adhering to intestinal
mucosal tissues of piglets. J. Anim. Feed Sci.;9: 347-362.
[25] Jadamus A, Vahjen W, Simon O (2001) Growth behaviour of a spore forming probiotic
strain in the gastrointestinal tract of broiler chicken and piglets. Archiv of Anim. Nut.
54: 1-17.
[26] Kaila M, Isolauri E, Soppi E, Virtanen E, Laine S, Arvilommi H (1992) Enhancement of
the circulating antibody secreting cell response in human diarrhea by a human
Lactobacillus strain. Pediatr. Res. 32: 141–144.
[27] Kirchgessner M, Roth R.X, Eidelsburger U, Gedek B (1993) Zur nutritiven Wirksamkeit
von Bacillus cereus als probiotikum in der Ferkelaufzucht. 1 mittelung Einfluss auf
Wachstumsparameter und gastrointestinales Milieu. Archives of Animal Nutrition 44:
111-121.
[28] Klein U, Schmidts H.L (1997) Zum Einfluss des Bioregulators Paciflor auf die
Morphologie der Dünndarmmukosa beim Schwein. Proceedings of the Society for
Nutrition and Physiology 6:41.
[29] Kyriakis S.C, Tsiloyiannis V.K, Vlemmas J, Sarris K, Tsinas A.C, Alexopoulos C,
Jansegers L (1999) The effect of probiotic LSP 122 on the control of post-weaning
diarrhea syndrome of piglets. Research Veterinary Science 67, 223-228.
[30] Lessard M, Brisson G.J, (1987) Effect of Lactobacillus Fermentation Product on growth
immume response and fecal enzyme activity in weaned pigs. Can. J. Anim. Sci. 67: 509516.
[31] Maassen, C.B., van Holten-Neelen, C., Balk, F., den Bak-Glashouwer, M. J., Leer, R. J.,
Laman, J.D., Boersma, W.J. and Claassen, E (2000): Strain-dependent induction of
cytokine profiles in the gut by orally administered Lactobacillus strains. Vaccine 18,
2613-2623.
[32] Mack D.R, Michael S, Wei S, McDougall L, Holligsworth M.A (1999) Probiotics inhibits
enteropathogenic E. coli adherence in vitro by inducing intestinal mucin gene
expression. American Journal of Physiology 276: G941-G950.
[33] Mangell P, Nejdfors P, Wang M, Ahrne S, Westrom B, Thorlacius I, Jeppsson B (2002)
Lactobacillus plantarum 299v inhibits Escherichia coli induced intestinal permeability.
Digestive Disease Science 47: 511-516.
[34] Männer K, Jadamus A, Vahjen W, Frackenpohl U, Simon O (2002) Effekte probiotischer
Zusätze auf Leistungsparameter und intestinale Mikroflora. Proc. 7. Tagung, Schweine
und Geflügelernährung;78-80.
[35] Männer K, Spieler A (1997) Probiotics in piglets, an alternative to traditional growth
promoters. Microecology and Therapy 26: 243-256.
[36] Marin M.L, Lee J.H, Murtha J, Ustunol Z, Petka J.J (1997) Differential cytokine
production in clonal macrophage and T-cell lines cultured with bifidobacteria. Journal
of Dairy Science 80, 2713-2720.

270 Probiotic in Animals

[37] McCraken Vance J, Gaskins H Rex (1999) Probiotics and the immune system. Probiotics:
A critical review. 85-111.
[38] Metchnikoff E (1907) The prolongation of life. Heinemann, London, UK.
[39] Moreau M.C, Corthier G (1988) Effect of gastrointestinal microflora on induction and
maintenance of oral tolerance to ovalbumin in C3H/HeJ mice. Infection and Immunity,
56: 2766-2768.
[40] Morelli L (1995) Variations of Coliformes and Lactobacilli spp content in liquid or soft
faeces belonging at swines treaties and not treaties. Published by AKRON-firm, Milano.
on the mucosal IgA response of mice to dietary antigens. Bioscience Biotechnology
Biochemistry 62: 10-15.
[41] Neutra M.R, Forstner J.F (1987) Gastrointestinal mucus: Synthesis, secretion and
function 975-1009. In L.R. Johnson (ed), Physiology of the gastrointestinal tract, 2nd
edition. Raven Press, New York.
[42] Oullette A.J, Selsted M.E (1996) Paneth cell defensins: Endogenous peptide components
of intestinal host defense. FASEB journal 10: 1280-1289.
[43] Perdigon G, Alvarez S, de Ruiz P, Holgado A (1991) Immunoadjuvant activity of oral
Lactobacillus casei: influence of dose on the secretory immune response and protective
capacity in intestinal infections. Journal of Dairy Research 58, 485-496.
[44] Pollmann D.S, Danielson D.M, Peo E.R (1980) Effects of microbial feed additives on
performace of starter and growing-finishing pigs. J. Anim. Sci. 51(3): 577-581.
[45] Pouwels P.H, Leer R.J, Boersma W.J (1996) The potential of Lactobacillus as a carrier for
oral immunization: development and preliminary characterization of vector systems for
targeted delivery of antigens. J. Biotechnol. 44: 183–192.
[46] Qu X.D, Lloyd K.C, Walsh J.H, Lehrer R.I (1996) Secretion of type II phospholipase A
and cryptdin by rat small intestinal Paneth cells. Infect. Immun. 64: 5161-5165.
[47] Rolfe D.R (2000) The role of probiotic cultures in the control of gastrointestinal health.
Symposium: Probiotic bacteria: Implications for Human Health.
[48] Rolfe R (1996) Colonization resistance. In R I Mackie, B A White and R E Isaacson (ed),
Gastrointestinal microbiology. Gastrointestinal microbes and host interactions.
Chapman and Hall. New York. 2: 501-536.
[49] Savage, D. C. (1986) Gastrointestinal micro flora in mammalian nutrition. Ann. Rev.
Nutr, 6: 155-178.
[50] Scharek L, Hartmann L, Heinevette R.L, Blaut M (2000) Bifidobacterium adolescentis
modulates the specific immune response to another human gut bacterium, Bacteroides
thetaiotaomicron, in gnotobiotic rats. Immunobiology 202, 429-441.
[51] Scumm H, Pohl R, Willeke H (1990) Ergebnisse des Einsatzes von Suiferm bei
Absatzferkeln mit Durchfällen zur Aufrechterhaltung und Wiederherstellung der
gesunden Darmflora. Tierärztliche Umschau 45: 402-411.
[52] Shu Q, Qu F, Gill H.S (2001) Probiotic treatment using Bifidobacterium lactis HNO19
reduces weanling diarrhea associated lymphoid tissue in neonatal swine.
Immunological Methods 241, 185-199.

Efficiency of Probiotics in Farm Animals 271

[53] Simon O, Jadamus A, Vahjen W (2001) Probiotic feed additives–effectiveness and
expected modes of action. J. Anim. Sci. 10 Supp 11: 51-67
[54] Simon O, Vahjen W, Scharek L (2003) Microorganisms as Feed Additive-Probiotics.
Proc. 9 th International Symposium on Digestive Physiology in Pigs, Banff, Canada; Vol
1: 295-318.
[55] Solano-Aguilar G.I, Vengroski K.G, Beshah E, Lunney J.K (2000) Isolation and
purification of lymphocyte subset from gut-associated lymphoid tissue in neonatal
swine. Immunological Methods 241: 185-199.
[56] Stokes C:R, Bailey M, Wilson A.D (1994) Immunolofy of the porcine gastrointestinal
tract. Veterinary Immunology and Immunopathology 43: 143-150.
[57] Takahashi T, Nakagawa E, Nara T, Yajima T, Kuwata T (1998) Effects of orally ingested
Bifidobacterium longum
[58] Tortuer OF (1973) Influence of implantation of Lactobacillus acidophilus in chicks on the
growth, feed conversion, malabsorption of fats syndrome and intestinal flora. Poult. Sci.
2: 197-203.
[59] Tournut J (1989) Les probiotique en élevage: applications. Revue Scientifique et
Technique de l,Office International des Epizooties, 8: 533-549.
[60] Travnicek J, Mandel L, Trebichavsky I, Talafantova M (1989) Immunological state of
adult germfree miniature Minnesota pigs. Folia Microbiologia. 34, 157-164.
[61] Tuschy D (1986) Verwendung von’ Probiotika’ als Leistungsförderer in der
Tierernährung. Ǜbersichten Tierernährung 14, 157-178.
[62] Vega-Lopez M.A, Arenas-Contreras G, Bailey M, Gonzalez-Pozos S, Stokes C.R, Ortega
M.G, Mondragon-Flores R (2001) Development of intraepithelial cells in the porcine
small intestine. Dev Immunology 8, 147-158.
[63] Veizaj E, Tafaj M, Männer K (2008) The effect of the combined probiotic preparation on
growth performance, digestibility and microbial composition of faeces of weaned
piglets. Agricultura, 5: 37-41.
[64] Veizaj-Delia E, Piu Th. Lekaj P, Tafaj M (2010) Using combined probiotic to improve
growth performance of weaned piglets on extensive farm conditions. Livestock Science,
134, Issues 1-3, 249-251.
[65] Vitini E, Alvarez S, Medina M, Medici M, de Budeguer M.V, Perdigon G (2001) Gut
mucosal immunostimulation by lactic acid bacteria. Biocell 24, 223-232.
[66] Winckler C, Schröder B, Breves G (1998) Effects of Saccharomyces boulardii, Bacillus cereus
var. caron and Bacillus cereus var. toyoi on epithelial transport functions in pig jejunum.
Zeitschrift für Gastroenterologiy (Suppl. 1) 30-37.
[67] Wostmann B.S (1996) Nutrition. In B.S. Wostmann (ed), Germfree and gnotobiotic
animal models. CRC Press, Boca Raton Fl, 71-87.
[68] Zani J.K, Weykamp da Cruz F, Freitas dos Santos A, Gil-Turnes C (1998) Effect of
probiotic CenBiot on the control of diarrhoea and feed efficiency in pigs. Journal of
Applied Microbiology 84, 68-71.

272 Probiotic in Animals

[69] Zimmerman G, Bollinger R, McDonald J.C, (1970) Possible production of
immunosuppression in the host by exposure to microorganisms: observations in
germfree rats. Surgery Forum. 21: 236-238.

