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Abstract The impact of probiotic supplementation of
canine-derived strain Lactobacillus fermentum ADI-
CCM7421 in freeze-dried form on quantitative composition
of microbiota and short-chain fatty acid profile in feces of
dogs was demonstrated by two independent studies
(straightforward repeated-measures model; study I: a dose
of 2 g per dog for 2 weeks, 10® CFU/g, n=12; study II: 1 g
per dog for 1 week, 10’ CFU/g, n=11. The results revealed a
significant increase of lactic acid bacteria population persist-
ing also after the cessation of probiotic application in both
studies. A reduction of clostridia (study I, pg,,<0.01) and
tested Gram-negative bacterial genera (coliforms, Aeromonas
sp., Pseudomonas sp., study II, p<0.05) was also detected.
The strain ADI-CCM7421 colonized the canine digestive
tract in sufficient numbers (10°-10° CFU/g) and it persisted
in the majority of dogs after cessation of probiotic application.
An increase of short-chain fatty acid concentrations (study I:
butyric, succinic, valeric, formic acid) especially in the early
post-treatment phase (p< 0.05) most likely led to a decrease of
fecal pH value (p<0.05) without negative influence on fecal
consistency throughout the studies.

The importance of balancing or improving intestinal micro-
biota also in dogs is supported by the current evidence of
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frequent medical problems connected with the gastrointesti-
nal tract which are reported to be at the 3rd and 4th place in
canine health problems (Vet Pet Insurance 2011). The use of
probiotic microorganisms could be of great benefit to dogs,
also taking into account the low microbial supply by cur-
rently preferred commercial food products (expansion—ex-
trusion process above 100 °C).

In this study, the effect of lyophilized form of probiotic,
canine-derived Lactobacillus fermentum AD1-CCM 7421
strain was evaluated (our isolate, deposited in the Czech
Collection of Microorganisms in Brno, Czech Republic,
protected as the Utility model no. 4914 by Industrial Prop-
erty Office of the Slovak Republic) in relation to microbi-
ology, consistency and short-chain fatty acids (SCFA)
detected in fecal samples of healthy dogs.

Materials and methods
Animals and diet

Two independent canine studies (straightforward repeated-
measures experimental design) with different time of treat-
ment period and sample collections were carried out. Ex-
periment I: 14-day application (n=12, rifampicin-marked
strain L. fermentum AD1-CCM7421 2 g per dog, 10°
CFU/g of milk powder); experiment II: 7-day application
(n=11, 1 g per dog, 10’ CFU/g). Dogs were housed indi-
vidually in a fully environmental but covered facility sized
3.0%x3.0 m with a 1.5%0.8 m box. They had access to fresh
water at all times and received commercial extruded dry dog
food twice a day (Purina Pro Plan Dog Adult Medium
Breed; Nestlé Purina PetCare Company, USA; crude protein
27.0 %, crude fat 17.0 %, crude fiber 2.0 %, ash 7.0 %,
15 MJ (3,580 kcal) metabolizable energy per kg).
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Experimental procedures were approved by the Ethic Com-
mission of the Institute of Animal Physiology, Slovak Acad-
emy of Sciences (Kosice, Slovakia).

Sampling procedures

The fresh fecal samples were collected (study I: days 0, 7,
14, 21, 28, 49; study II: days 0, 7, 21) during morning
individual walking. The determination of fecal score (visu-
ally: 1=hard, dry feces; 2=hard, formed; 3=soft, formed,
moist; 4=soft, unformed; 5=watery liquid) and pH mea-
surement were performed immediately.

Microbiological analysis

The samples of feces (1 g) were mixed with sterile Ringer
buffer (pH 7.0; Merck, Germany) and homogenized using a
stomacher (IUL Instruments, Spain). Microbial populations
were determined according to the standard microbiological
method by serial dilution onto the following selective media:
MacConkey agar (Becton Dickinson, USA), Mannitol salt agar
(Oxoid, UK), M-Enterococcus agar (Becton Dickinson), MRS
agar (Becton Dickinson), MRS agar with rifampicin (100 pg/
ml) for L. fermentum ADI1-CCM 7421, Pseudomonas agar
(Biomark, India), Aeromonas medium base (Oxoid) and Clos-
tridium difficile agar base (Oxoid). Plates were incubated aer-
obically at 37 °C for 2448 h except for Aeromonas and
Pseudomonas plates incubated at 25 °C for 4872 h. Clostridia
were cultivated at 37 °C for 48 h using anaerobic conditions.
The results were expressed as log;o CFU per gram of feces.

SCFA analysis

Feces (1 g) was diluted in 100 ml deionized water, homog-
enized (stomacher; IUL Instruments) and filtered through a
filter paper. A sample of 30 pl was used for analysis of
SCFA (formic, lactic, succinic, acetic, propionic, butyric,
valeric acids) by capillary isotachophoresis (Isotachopho-
retic analyser ZKI 01; Radioecological Institute, KoSice,
Slovakia). A leading electrolyte of the following composi-
tion was used in the pre-separatory capillary: 10 mmol/
1 HCI+22 mmol/l e-aminocaproic acid+0.1 % methyl-
hydroxyethylcellulosic acid, pH=4.3. A solution of
5 mmol/l caproic acid+20 mol/l histidine was used as a
finishing electrolyte. This electrolytic system worked at
250 pA in the pre-separatory and 50 pA in the analytic
capillary.

Statistical analysis
The repeated-measures analysis of variance (ANOVA; Dun-

nett’s post-test) with the level of significance set at p<0.05
was used to evaluate each experiment.
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Results and discussion

The microbial analysis of fecal samples revealed a significant
increase of lactic acid bacterial (LAB) population during the
treatment phase in both canine experiments differing in the
length of L. fermentum CCM 7421 application (pgy,<0.05
and pgum<0.001, respectively; Table 1). In addition, higher
counts of LAB were also noted after cessation of probiotic
supplementation. The probiotic strain CCM 7421 was
detected in fecal levels up to 10°~10° CFU/g during the
treatment phase and in the amount of 10°~10* CFU/g in the
post-treatment phase (days 21, 28 and 49). The significant
decrease of clostridial population (monitored only in study I)
of up to 2 log cycle on day 14 (pgu,,<0.01) may be beneficial
to the dog because it can provide prevention against diseases
caused by C. difficile or C. perfringens.

A similar decrease of clostridia was detected also by
Baillon et al. (2004) after L. acidophilus DSM 13241 appli-
cation to healthy dogs for 4 weeks. However, the possible
mechanisms of this effect are not well understood; animal
and cell culture studies demonstrated that some probiotic
strains can stimulate immune function, resist C. difficile
colonisation, and hydrolyze C. difficile toxin (Castagliuolo
et al. 1996; Buts 2009).

The counts of tested Gram-negative bacterial genera
tended to decrease especially when the probiotic strain
CCM ADI1-7421 was supplemented to dogs for 1 week
(study II; Table 1). In detail, the fecal populations of Aero-
monas Sp. (Psum<0.05), Escherichia coli (pg,n<0.05) and
Pseudomonas sp. (psum<0.05) were significantly lower after
1 week of application (day 7). A similar decreasing tenden-
cy was also indicated in the study I but the changes were not
significant. Consistency of feces was not changed during the
experiments (according to the fecal score; Table 1).

A significant decrease of fecal pH was observed in both
experiments on day 21 (p<0.05; Table 1). The pH value
continued to decrease in the post-treatment phase with a
maximum decrease 2 weeks after the end of the probiotic
application.

This interesting fact supports the results of the fecal
concentration of tested SCFA, most of which reached the
highest concentration just on day 21 (or on day 28; Table 2).
The total concentration of SCFA (lactic, acetic, propionic
and butyric acid) was also the highest on day 21. According
to Hoshi et al. (1994), lactic and succinic acids, but not
SCFA, are major determinants of lumen pH in the large
intestine. The concentrations of the following acids in-
creased significantly: formic (p<0.01, day 21), succinic (p
<0.05, days 21 and 49), butyric (p<0.05, day 28) and
valeric acid (pgum<0.001). An increase of SCFA in the
post-treatment phase may be due to an accumulation ability
(slower absorption) of some acids in the intestinal lumen
(Umesaki et al. 1979) produced by bacterial fermentation
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Table 1 Selected fecal microbiota (mean log;o CFU/g+SEM) of dogs fed L. fermentum AD1-CCM 7421 for 2 weeks (study I, n=12) and for

1 week (study II, n=11)*

Microorganism Study Time (day) Psum value
0 7 14 21 28 49
Aeromonas sp. 1 5324042  4.8440.52  4.89+0.25 5194033  4.70+0.34  550+0.62  0.6659
I 6.03£0.33*  4.96+029° nt 5.50+0.18"° nt nt 0.0339
Clostridium-like 1 5324026  5.36+032  3.36+0.59 447+£043  451+£043 5724026  0.0035
1I nt nt nt nt nt nt nt
Enterococcus sp. I 456+£033  4.89+026  4.69+0.34 4.94+036  4.99+0.40  5.11+042  0.8247
I 6.67+0.28  5.99+0.32  nt 6.58+0.19  nt nt 0.1770
Escherichia coli I 6.10£0.34  5.14+0.45  5.56+0.27 5.69+0.35 5374045  6.11+0.59  0.3029
I 6.82+0.32  5.49+037  nt 5594036  nt nt 0.0199
Lactic acid bacteria I 6.49+0.43  7.86+0.42  6.72+0.39 6.55+0.52  7.76+0.68  7.87+0.26  0.0189
I 5.15+£0.33%  6.73+0.25® nt 6.36+0.20% nt nt <0.0001
L. fermentum AD1-CCM 7421 1 nt 5.73+0.28%  4.69+0.35®  4.00+0.44% 2.95+034% 2.17+0.24®  <0.0001
11 nt nt nt nt nt nt nt
Pseudomonas sp. I 5.93+0.38"  6.45+0.54" 5424038  5.87+0.45® 528+0.52" 7.64+0.36° 0.0018
I 6.44+0.23*  5.30+0.35° nt 5.65+£0.29°° nt nt 0.0173
Fecal pH 1 6.25+0.24*  6.02+0.18"® 5.83+0.11%"°  5.74+0.13° 5.85+0.14"° 6.18+0.12°° 0.0435
i 6.36+0.21*  6.08+0.18" nt 5.77+0.15°  nt nt 0.0796
Fecal score 1 3.17+0.11  3.29+0.11  3.21+0.10 333+0.13  3.25+0.10  3.25+0.10  0.8827
I 3.36+0.14  3.23+0.08  nt 3.41+0.11  nt nt 0.4642

nt not tested

#Means in a row with different superscript differ (** p<0.05, “B p<0.01) according to repeated-measures ANOVA (Dunnett's post-test)

stimulated by the addition of the probiotic. These SCFA,
especially propionic, formic, butyric and lactic acids, which
have a broad antimicrobial spectrum including also yeasts
and fungi, could contribute to the observed antimicrobial
effect (Naughton and Jensen 2001).

In summary, L. fermentum CCM 7421 strain brought
about a positive shift in intestinal microbial community in
favor of lactic acid bacteria at the expense of unfavorable
Gram-negative genera together with an increase of SCFA
important in the colonic ecology and in various systemic

Table 2 Concentration of SCFA in feces (mean=SEM) of dogs fed L. fermentum AD1-CCM 7421 for 2 weeks (study I, n=12)¥

Acid (mmol/l) Day Psum value
0 7 14 21 28 49
Formic 5.39+1.06% 4.42+0.66"P 5.63+0.374B 11.92+2.46° 92441218 5.20+0.497B 0.0001
Lactic 11.31£1.35 19.97+4.90 12.60+1.24 17.07+5.23 18.34+5.69 15.45+3.28 0.5561
Acetic 134.50+7.08 131.0£9.72 133.9£9.90 161.2+10.5 130.3+13.9 124.2+10.94 0.1046
Propionic 66.09+5.82 59.31+7.65 55.70+5.71 70.33+7.62 51.46+8.62 55.1145.05 0.3715
Butyric 29.02+2.02° 40.55+3.32% 28.77+3.54* 37.88+5.17% 48.09+9.36° 27.24+3 22 0.0157
Valeric 11.38+1.59 10.86+2.79 11.45+2.20 14.21+2.54 16.91+3.97 13.50+2.26 0.0002
Succinic 6.58+0.95" 10.13+1.22% 8.52+1.11%° 10.41+1.16° 10.12+1.34% 11.18+1.46° 0.0379
o-Ketoglutaric 2.95+0.14 2.83+0.63 4.02+0.29 3.84+0.42 2.77+0.11 nt 0.0912
Acetacetic 137.0+21.7 111.7£14.2 164.4+42.9 156.5+27.06 129.6+17.1 140.7+28.1 0.3524
Total SCFA 240.9+12.5 250.8+14.9 231.0+16.1 286.5+19.8 248.2+25.7 222.0+15.0 0.1195

nt not tested

*Means in a row with different superscript differ (** p<0.05, “B p<0.01) according to repeated-measures ANOVA (Dunnett's post-test)
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metabolic functions. This effect was more pronounced in the
study in which a lower dose and shorter length of probiotic
treatment was used.
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