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RESEARCH ARTICLE
Abstract

The knowledge related to the fate of probiotics in the complex environment of the intestinal microbiota in broilers is
just beginning to be elucidated; however, it is not yet well understood. A good method to investigate the mechanisms
by which probiotics mediate their effects is to mark probiotic bacteria and trace them. The aim of this research was to
develop a new method to estimate in vivo fluorescein isothiocyanate (FITC)-labelled Lactobacillus salivarius DSPV
001P counts during passage through the gastrointestinal tract (GIT) of broilers. Forty-five, 1 d old Cobb broilers
were used in this trial. Programmed necropsies were performed 30 min, 6 h, and 12 h after the administration of
the probiotic bacterium, and samples of liver, crop, duodenum, caecum, and bursa of fabricius were collected. To
determine the spatial and temporal transit of L. salivarius DSPV 001P in broilers, the number of bacteria as well
as its respective fluorescent signal produced by FITC were measured. In order to observe the relationship between
the variables, a logistic regression analysis was applied. The amount of fluorescence could be used as an indicator
of fluorescent probiotic bacteria in the crop and duodenum 30 min after probiotic bacterium supplementation. In
addition, the fluorescent signal could be used to estimate bacterial counts in caecum 6 and 12 h after L. salivarius
DSPV 001P administration. To the best of our knowledge, this research is the first iz vivo trial to employ the bacterial
FITC-labelling technique in order to enumerate probiotic bacteria during gastrointestinal transit in broilers.

Keywords: FITC-labelling technique, lactic acid bacteria, gastrointestinal tract, monitoring

1. Introduction good method to investigate the mechanisms by which
probiotics mediate their effects is to mark probiotic bacteria
and trace them (Maldonado Galdeano and Perdigdn,

2004). Different types of substances have been applied

The utilisation of native microorganisms with probiotic
capacity could provide an efficient alternative for the

prevention of some animal illnesses (Rosmini et al., 2004b).
Probiotics could improve sanitary conditions and enhance
performance in broilers, being a reliable option to replace
antimicrobial growth promoters (Asghar et al., 2016;
Blajman et al., 2015b). It is imperative to understand the
interactions between the administered bacteria and the
host intestinal system. However, the knowledge related to
the fate of probiotics in the complex environment of the
intestinal microbiota is just beginning to be elucidated,
though it is not yet well understood (Yu et al., 2007). A

to label bacteria (Bloemberg et al., 2000; Edelman et al.,
2012; Zhang et al., 2010). Among them, fluorochromes
as FITC, rhodamine, and phycoerythrin (Bachner and
Bruner, 2002) are commonly used. FITC is a highly useful
fluorescent tag for studying the localisation of living cells
(Vinderola et al., 2004). So far, FITC was qualitatively
used to study the distribution of bacteria (Schmuch et al.,
2015). Nevertheless, the development of a new method
that enumerates administered bacteria would represent
an alternative to the reference technique (standard plate
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count), and facilitate the iz vivo monitoring in terms of both
spatial and temporal distribution. The aim of this research
was to develop a new method to estimate fluorescein
isothiocyanate (FITC)-labelled in vivo L. salivarius DSPV
001P counts in different sections of the GIT of broilers at
different time points to gastrointestinal content and tissue
fluorescent signal.

2. Materials and methods
Fluorescent labelling of bacteria

The indigenous bacterium L. salivarius DSPV 001P with in
vitro probiotic properties (Blajman et al., 2015a), had been
previously isolated from the gut of a healthy broiler and
identified and conserved at the Laboratory of Food Analysis,
Institute of Veterinary Science of the Litoral (ICIVET, Santa
Fe, Argentina). L. salivarius DSPV 001P was made resistant
to rifampicin in order to be able to trace down the bacteria
during the in vivo study (Blajman et al., 2015a).

Fresh cultures of the strain were obtained. Bacteria were
harvested by centrifugation at 5,000xg for 10 min and
washed twice with phosphate-buffered saline (PBS) solution
(pH 7.2). The pellet was resuspended in PBS solution with
FITC (Sigma, St. Louis, MO, USA) (1 mg/ml) and incubated
for 2 h at 37 °C in the dark. Labelled bacteria were washed
six times with PBS solution to remove unincorporated FITC.
The final pellet was resuspended in PBS to a concentration
of 10% cfu/ml (Burns, 2012; Medici et al., 2004).

Experimental design

Forty-five, 1 d old Cobb broilers were randomly assigned
to five experimental groups of nine broilers: the control
group (C-G) and four inoculated probiotic groups (P-G).
Each P-G received the labelled probiotic strain through
gavage in different concentration: 10 log cfu, 9.5 log cfu,
8.5 log cfu, and 7.5 log cfu. The C-G fed 1 ml of PBS as
placebo. Broilers received a volume of 3.16 ml to achieve
a concentration of 10 log, and 1 ml for the remaining
concentrations. All procedures used in this study were
approved by the Ethics and Security Committee of the
Faculty of Veterinary Science, Universidad Nacional del
Litoral and consistent with the Guide for the Care and
Use of Agricultural Animals in Agricultural Research
and Teaching, Federation of Animal Sciences Societies
(FASS, 1999).

Necropsies

Programmed necropsies were performed in three broilers
from each experimental group (15 total broilers) 30 min,
6 h, and 12 h after the administration of the probiotic
bacterium. Broilers were euthanised by cervical dislocation.

The liver, crop, duodenum, caecum, and bursa of fabricius
were collected using sterile instruments.

Quantification of probiotic bacteria in gastrointestinal
content and tissue with standard plate count technique

Samples of 0.1 g (wet weight) from distal crop wall, crop
content, distal duodenum, distal caecum, and bursa of
fabricius were homogenised in 1/4 Ringer solution (Biokar,
Allonne, France), and De Man, Rogosa, Sharpe Broth (De
Man et al., 1960) with rifampicin (MRS ;) agar plates were
spread to recover only the administered probiotic strain.
Petri dishes were incubated at 37 °C for 72 h in anaerobic
conditions (10% CO, and 90% H,; Indura, Buenos Aires,
Argentina), and the characteristic colonies were counted.
To measure translocation in the internal medium, samples
of 0.1 g (wet weight) from the left lobe of the liver was
homogenised in 1/4 Ringer solution and spread in MRS .
Cfu counts among the liver and GIT of broilers were
expressed as the arithmetic mean + standard deviation
(SD). Differences between treatments were assessed using
a generalised linear model with doses (10, 9.5, 8.5, 7.5
log cfu, and control group), time (30 min, 6 h, and 12 h),
and GIT section (crop, duodenum, caecum, and bursa of
fabricius) as independent variables. Analysis was performed
using INFOSTAT version 2011 (InfoStat Group, FCA,
Universidad Nacional de Cérdoba, Argentina).

Quantification of probiotic bacteria in gastrointestinal
content and tissue with fluorescence technique

To determine the spatial and temporal transit of L. salivarius
DSPV 001P in broilers after a single oral administration,
the fluorescent signal produced by FITC was measured.
Samples of 0.1 g (wet weight) from the left lobe of the
liver, distal crop wall, crop content, distal duodenum, distal
caecum, and bursa of fabricius from each experimental
group were first added to the appropriate wells of a black 96
well microtiter microplate (Greiner Bio-One 655 076) and
read in a multimode microplate reader (Synergy HT; BioTek
Instruments, Inc., Winooski, VT, USA). A piece of each
organ was collected using sterile instruments, minimising
the possible bacterial contamination between samples, and
serous membrane was placed in contact with the microplate
bottom. The mucosa of hollow organs was exposed in the
microplate and reading was performed directly on it. The
relative fluorescence units (RFU) were quantified using
Genb5 software (BioTek) for Windows version 2.01. FITC
levels were measured at excitation wavelength of 485 nm
and emission wavelength of 528 nm (Tellez et al., 2015).
The fluorescence was determined by reading the top of
the well with a gain set of 35 and a ‘moderate shake’ for
3 s. Statistical analysis was carried out applying logistic
regression analysis, in order to observe the relationship
between the variables (RFU vs microbiological counts). The
evaluation of logistic parameters was performed and the
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coefficients of determination (R%) were estimated. When
results for RFU or microbiological counts were less than 1
log order cfu/g, data were excluded to relate the variables.
Analysis was performed using INFOSTAT version 2011.

Fluorescent detection of probiotic bacterium in
histological slices

Samples from the left lobe of the liver, distal crop, distal
duodenum, distal caecum, and bursa of fabricius were
removed for histological preparation following Sainte-Marie
technique (Sainte-Marie, 1962) with some modifications
for paraffin inclusion. Initially, samples of 1x1 c¢m in
hollow organs and 1x1x0.3 cm in liver were removed
with scissors and dissecting forceps. Then, the samples
were immersed in 70% alcohol, stored overnight under
refrigeration, and reduced to 0.5x0.5 cm. Subsequently,
tissues were dehydrated by immersing through a series
of alcohol with increasing concentrations (from 70% to
absolute ethanol), infiltrated with xylene, and embedded in
paraffin. The blocks were properly trimmed and sections of
5 um thickness were sliced with microtome (Leica RM2245,
Nussloch, Germany) and examined for fluorescence
microscopy (CI Eclipse; Nikon, Tokyo, Japan). Fluorescence-
stained sections were examined at 400x magnification
using the following excitation/emission filter combinations
(filter set for FITC): 450~480 nm exciter filter and 515
nm barrier filter and 505 nm dichroic mirror (Heo and
Song, 2011). The images were taken with a digital camera
(DCM900, ScopeTek Opto-Electric Co., Ltd., Hangzhou,
China PR) using Minisee capture software for Windows
version 1.1.3.0. Interactions between observed ‘clusters;,
aggregates or isolated fluorescent bacteria and the different
tissue layers from the GIT of broilers were described.

3. Results

Quantification of probiotic bacteria with standard plate
count technique

Once the bacteria were administered, L. salivarius DSPV
001P values in crop, duodenum, caecum, and bursa of
fabricius of broilers from the P-G were monitored. The
administered bacterium was not present in the liver; neither
bacterial translocation to the internal medium was found.
After just 30 min of supplementation, strain was recovered
from broilers’ samples. In the crop, colonisation was 6.82
log cfu/0.1 g (SD 1.173 log cfu/0.1 g) for the wall and 7.35
log cfu/0.1 g (SD 1.07 log cfu/0.1 g) for the content. Total
probiotic counts in crop were higher 6 and 12 h after
bacterium administration. Throughout the studied period
the level of L. salivarius DSPV 001P in duodenum decreased
from 6.70 log cfu/0.1 g (SD 1.61 log cfu/0.1 g) to 4.75 log
cfu/0.1 g (SD 1.09 log cfu/0.1 g). No probiotic bacterium
was detected in the caecum of broilers who had received
9.5 log cfu, 8.5 log cfu, and 7.5 log cfu. However, in broilers

Quantification of FITC-labelled probiotic Lactobacillus salivarius

treated with 10 log cfu L. salivarius DSPV 001P, the strain
was found at levels of 4.52 log cfu/0.1 g caecum (SD 0.94
log cfu/0.1 g) 30 min after supplementation. Strain intake
resulted in an increase in the level of L. salivarius DSPV
001P to 6.57 log cfu/0.1 g (SD 1.14 log cfu/0.1 g) and 6.86 log
cfu/0.1 g (SD 0.88 log cfu/0.1 g) 6 and 12 h after probiotic
supplementation, respectively. L. salivarius DSPV 001P
could be recovered from bursa of fabricius 6 h following
probiotic administration with a maximum value of 4.10
log cfu/0.1g. Also, the strain reached a maximum value of
5.39 log cfu/0.1 g 12 h after bacterium supply. There were
significant differences between counts in terms of GIT
section, doses and time. Total cell counts of L. salivarius
DSPV 001P were significantly higher (P<0.05) in crop
wall and crop content in comparison with duodenum and
caecum. Regarding the administered dose, the highest cell
count was observed in broilers receiving 10 log/cfu (P<0.05).
Although the strain behaved differently in each assessed
organ, in general, counts were higher 12 h after bacterium
administration (P<0.05).

Quantification of probiotic bacteria with fluorescence
technique

In crop and duodenum, the fluorescent signal reached a peak
30 min after administration, whereas it declined after 6 and
12 h. It took more time for the strain to reach the caecum
and bursa of fabricius: 6 and 12 h after oral administration
fluorescent signal became intense throughout these organs.
The regression models and the R? obtained when comparing
the standard plate count technique and the fluorescence
technique are presented in Figure 1. The R? was 0.75 and
0.73 30 min after FITC labelled L. salivarius DSPV 001P
administration in crop wall and crop content, respectively.
The curve correctly describes the relationship between
fluorescence and the reference technique (Figure 1A, 1B). In
duodenum, results show an important correlation (R?>=0.88)
between RFU and microbiological counts 30 min after
probiotic supplementation (Figure 1C). This meant that
88% of the variability in the response could be explained
by the model. In caecum, we obtained a value of R?=0.80
and R?=0.72 6 h and 12 h after bacteria supply, indicative of
a strong relationship between the model and the response
variable (Figure 1D, 2E). In all cases mentioned the R? was
significant (P<0.05), which demonstrates the existence of
a good data concentration around the regression curve.
Thus, the calculated data is very close to the observed data
(Figure 2). However, no correlation between the standard
plate count technique and the fluorescence technique were
found in caecum 30 min after probiotic bacteria supply
and in crop and duodenum 6 h and 12 h after L. salivarius
DSPV 001P administration. No fluorescence was detected
in the caecum of broilers who had received 9.5 log cfu, 8.5
log cfu, and 7.5 log cfu. On average, the fluorescence in
broilers treated with 10 log cfu L. salivarius DSPV 001P was
25 RFU 30 min after supplementation. The fluorescence

Beneficial Microbes 8(1)
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Figure 1. Correlation between Lactobacillus salivarius DSPV 001P (log cfu/0.1 g) counts vs fluorescence (RFU) at different time
points and measured in different organs. Four dose trials (10 log cfu, 9.5 log cfu, 8.5 log cfu, and 7.5 log cfu) with 3 replicates
each one were performed. (A) Crop wall after 30 min FITC labelled L. salivarius DSPV 001P administration; (B) Crop content after
30 min FITC labelled L. salivarius DSPV 001P administration; (C) Duodenum after 30 min FITC labelled L. salivarius DSPV 001P
administration; (D) Caecum after 6 h FITC labelled L. salivarius DSPV 001P administration; (E) Caecum after 12 h FITC labelled

L. salivarius DSPV 001P administration.

obtained in bursa of fabricius was 54 RFU (6 h) and 60
RFU (12 h) in broilers treated with 10 log cfu. There was
no fluorescence at 30 min regardless of the dose used and
at 6 h and 12 h in broilers that received less than 10 log
cfu. In any case the fluorescent signal was found below
2.5 log cfu/0.1 g, this value being the lower quantification
limit of the technique.

Fluorescent detection of Lactobacillus salivarius DSPV
001P in histological samples

After 30 min of labelled probiotic bacterium administration,
‘clusters’ or bacterial aggregates were observed in the lumen
of crop, duodenum, and caecum. Fluorescent bacteria were
distinguished in the mucosa and submucosa of crop (Figure
3). In duodenum, fluorescent lactobacilli were embedded in
the intestinal mucus and in the lumen, even though some
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Figure 2. Lactobacillus salivarius DSPV 001P (log cfu/0.1 g) counts at different time points and measured in different organs.
Observed values from the plate count technique vs calculated values from the equation obtained by the logarithmic model.
Observed values are indicated by solid lines, while calculated values are indicated by circles.

bacteria seemed to be closely associated with epithelial
cells. Labelled bacterium internalised in lamina propria
and muscularis mucosae were also observed (Figure 4).
A greater amount of bacterial aggregates was observed in
broilers receiving 10 and 9.5 log cfu. Smaller aggregates
and isolated bacteria were visualised in those broilers
receiving 8.5 and 7.5 log cfu. Fluorescent bacteria were
detected in the caecum of broilers that received 10 log cfu
L. salivarius DSPV 001P. Meanwhile, only a few bacteria
were found in the caecum of those that received 9.5 log cfu
and no bacteria were observed in the caecum of broilers
that received a lower bacterial probiotic concentration
(Figure 5). No bacteria were found in the bursa of fabricius
30 min after probiotic supplementation (Figure 6). Bacterial
translocation to the liver was not found in either group
(Figure 6).

There was a noticeable increase in the number of fluorescent
bacteria observed in mucosa, submucosa, and muscular

layer of P-G caecum 6 h and 12 h post-administration
(Figure 5). In addition, bacteria were observed in the bursa
of fabricius of broilers receiving 10 log cfu (Figure 6). It
should be noted that lower amounts of fluorescent bacteria
were seen in the lumen of the crop. However, a higher
degree of labelled bacteria was visualised in mucosa and
submucosa of the crop 6 h after probiotic supplementation
(Figure 3). Moreover, only a few bacteria were noticed in
duodenum (Figure 4). There was no bacterial translocation
to the liver in either group (Figure 6). No labelled probiotic
bacterium was found in the C-G.

4. Discussion

In this study, a new method was used to estimate
microbiological counts in vivo in different sections of the
GIT of broilers. We monitored the number of L. salivarius
DSPV 001P as well as its respective fluorescent signal
in broilers’ GIT at different time points after the oral

Beneficial Microbes 8(1)
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Figure 3. Histological slices of crop of broilers (magnifica-
tion 400x) that received 10 log cfu FITC labelled bacteria.
Fluorescence in the crop 30 min (a, b); 6 h (c, d); and 12 h (e,
f) after Lactobacillus salivarius DSPV 001P administration.
Crop from control broiler (g, h (absence of labelled probiotic
bacterium)).

administration of probiotic bacterium. It was revealed
that the standard plate count technique can be simplified
on the microplate fluorescent technique. We have also
shown that the data obtained using an automated method
to estimate bacterial counts significantly correlated with the
reference technique. Importantly, LAB fluorescence could
be detected in broilers after a single oral administration of
labelled probiotic bacterium. The obtained curve described
appropriately the relation between the two variables.
However, the estimation curve adjustment depends on
the GIT section used, the doses and the time point. The
amount of fluorescence could be used as an indicator of
fluorescent probiotic bacteria in the crop and duodenum
30 min after probiotic bacterium supplementation. In
addition, the fluorescent signal could be used to estimate
bacterial counts in caecum 6 and 12 h after L. salivarius
DSPV 001P administration. At 30 min, the fluorescent
signal achieved a maximum in crop and then started to
decline. However, the number of viable bacteria increased
with time. In fact, the number of L. salivarius DSPV 001P

Figure 4. Histological slices of duodenum of broilers
(magnification 400x) that received 10 log cfu FITC labelled
bacteria. Fluorescence in the duodenum 30 min (a, b); 6 h (c,
d); and 12 h (e, f) after L. salivarius DSPV 001P administration.
Duodenum from control broiler (g, h) (absence of labelled
probiotic bacterium).

reached a peak in crop 12 h post administration, although
the fluorescent signal corresponded to a low level. This
means that externally administered LAB could not only
persist but also replicate actively or colonise permanently
the crop of broilers (Blajman et al., 2015a). Thirty min
post probiotic administration, a high fluorescent signal
associated with a significantly high number of bacteria was
observed in duodenum. Nevertheless, the signal weakened
and bacterial counts declined after 6 and 12 h. Due to the
low pH in stomach and rapid passage of intestinal contents,
duodenal bacterial counts are low (Rinttild and Apajalahti,
2013). These results may therefore be attributed, at least in
part, to the adverse conditions to which ingested probiotic
microorganisms are exposed in that compartment of the
GIT (Silva Rocha et al., 2014). At 30 min, fluorescence was
found in broilers’ caecum that received 10 log cfu. The
number of viable bacteria increased in caecum with time,
reaching its maximum level after 12 h. This peak correlated
perfectly with the maximum level of fluorescent signal. Due
to the infrequent emptying, retention time in the caecum
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Figure 5. Histological slices of caecum of broilers (magnification
400x) that received 10 log cfu FITC labelled bacteria.
Fluorescence in the caecum 30 min (a, b); 6 h (c, d); and 12 h
(e, f) after Lactobacillus salivarius DSPV 001P administration.
Caecum from control broiler (g, h) (absence of labelled probiotic
bacterium).

Quantification of FITC-labelled probiotic Lactobacillus salivarius

is usually long, as indicated by the fact that caecal content
was not significantly reduced after 24 h of feed deprivation
(Warris et al., 2004; Hinton et al., 2000). Another point to
be mentioned is that continuous antiperistaltic movements
of the colon have been observed, and those aforementioned
antiperistaltic movements will transport material into the
caecum in a very short time (Svihus et al., 2014).

Histological samples led us to check that probiotic
bacterium used in this work were able to interact in
different degrees with the gastrointestinal mucosal cells
and in some cases to make contact with submucosa and
muscular layer cells, on the basis of a visual evaluation
of the slices (Vinderola et al., 2004). It could be useful to
understand the behaviour of microorganisms and their
influence on host, considering that little is known about
the fate of lactobacilli when administered in a complex
microbial environment iz vivo (Hashemzadeh et al., 2015).

Colony counts indicated that this strain was not able to
translocate to liver or, in case it did, the host immune
system may eliminate bacteria before they could be detected
(Frizzo et al., 2010). Also, the translocation phenomenon
to liver was not observed in the histological slices after the
probiotic administration during the different periods of time
assayed, thus strengthening the hypothesis that the strain
is probably safe to be added as feed additive in the broilers’
diet (Blajman et al., 2015a). However, considering that the
limit of quantification of the fluorescence technique is not
so low (2.5 log cfu/0.1 g), absence of translocation could
not be confirmed by this method.

On the one hand, the fate of the labelled probiotic strain
could be monitored through GIT of broilers, whereas on the
other hand, the short time during which the new method of

Figure 6. Histological slices of bursa of fabricius of broilers (magnification 400x) that received 10 log cfu FITC labelled bacteria.
Fluorescence in the bursa of fabricius 30 min (a); 6 h (b); and 12 h (c) after Lactobacillus salivarius DSPV 001P administration.
Bursa of fabricius from control broiler (d) (absence of labelled probiotic bacterium). Histological slices of liver of broilers that

received 10 log cfu FITC labelled bacteria (e, f, g).
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quantification is effective represents a limitation that can
be improved. FITC has a short half-life in living systems
(Kasugai et al., 2000) and it gradually loses its signal as
bacteria growth. This explains what happened in crop and
duodenum 12 h post probiotic administration. Tracing
labelled L. salivarius DSPV 001P for an extended period
could be interesting to complement the data generated.
Considering our information, a possible support of more
stable fluorophores that can be transmitted to replicate
probiotic bacteria in the GIT should be evaluated. In this
regard, it would be very useful to test this quantification
method for a longer time using probiotic strains expressing
green fluorescent protein (GFP) (Hashemzadeh ez al., 2015;
Schultz et al., 2005). Furthermore, the use of different
fluorophores at each probiotic strain could enable an in
vivo monitoring of a multi-strain inoculum.

Based upon the speediness, results in the microplate
fluorescent technique are available within only 30 min
from the moment of sampling, in contrast to the tedious
preparation media and the 72 h of incubation required
for the standard plate count method (Davis, 2014).
Furthermore, the fluorescence technique allows the analysis
of a high number of samples within a short period of time.
This is especially useful when the number of samples to
be analysed is large and laboratory human resources are
limited (Rosmini et al., 2004a). The method could be
preferred when availability of results is critical, as only
30 min are required for the analysis but a multimode
microplate reader is necessary.

5. Conclusion

To the best of our knowledge, this research is the first
in vivo trial to employ the bacterial FITC-labelling
technique in order to enumerate probiotic bacteria during
gastrointestinal transit in broilers. This model may be
useful to monitor the fate of a strain when administered to
broilers, simplifying and automating the analysis of bacterial
probiotic counts through the GIT. More studies should be
conducted in order to test the effectiveness of the method
on the study of different microorganism-host interactions.

Acknowledgements

This study was financed by Universidad Nacional del Litoral
(project N° 501 201101 00006 LI). Maria V. Zbrun, Lorena P.
Soto, and Laureano S. Frizzo are Research Career Members
from National Council of Scientific and Technical Research
(CONICET, Argentina). Jesica E. Blajman is a doctoral
fellow from Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET, Argentina). We also thank Professor
Liliana Silber for her proof-reading in English and Natalia
Salvetti PhD for her cooperation in histological techniques.

References

Asghar, S., Arif, M., Nawaz, M., Muhammad, K., Ali, M.A., Ahmad,
M.D,, Igbal, S., Anjum, A.A., Khan, M. and Nazir, J. 2016. Selection,
characterisation and evaluation of potential probiotic Lactobacillus
spp. isolated from poultry droppings. Beneficial Microbes 7: 35-44.

Bachner, P. and Bruner, K., 2002. Clinical Laboratory Medicine, ond
ed. Lippincott Williams Wilkins, Philadelphia, PA, USA.

Blajman, J.E., Gaziano, C., Zbrun, M.V., Soto, L.P,, Astesana, D.M.,
Berisvil, A.P, Romero Scharpen, A., Signorini, M.L. and Frizzo, L.S.,
2015a. In vitro and in vivo screening of native lactic acid bacteria
towards their selection as a probiotic in broiler chickens. Research
in Veterinary Science 101: 50-56.

Blajman, J.E., Zbrun, M.V., Astesana, D.M., Berisvil, A.P., Romero
Scharpen, A., Fusari, M.L., Soto, L.P,, Signorini, M.L., Rosmini,
M.R. and Frizzo, L.S., 2015b. Probidticos en pollos parrilleros:
una estrategia para los modelos productivos intensivos. Revista
Argentina de Microbiologia 47: 360-367.

Bloemberg, G.V., Wijfjes, A.H.M., Lamers, G.E.M., Stuurman, N. and
Lugtenberg, B.J.J., 2000. Simultaneous imaging of Pseudomonas
fluorescens WCS365 populations expressing three different
autofluorescent proteins in the rhizosphere: new perspectives
for studying microbial communities. Molecular Plant-Microbe
Interactions 13: 1270-1276.

Burns, P.G., 2012. Cultivos probidticos para productos lacteos.
Respuesta a nuevos desafios tecnoldgicos y estrategias para mejorar
cepas. Tesis doctoral. Universidad Nacional del Litoral, Santa Fe,
Argentina.

Davis, C., 2014. Enumeration of probiotic strains: review of culture-
dependent and alternative techniques to quantify viable bacteria.
Journal of Microbiological Methods 103: 9-17.

De Man, J.C., Rogosa, M. and Sharpe, M.E., 1960. A medium for
the cultivation of Lactobacilli. Journal of Applied Bacteriology
23:130-135.

Edelman, S.M., Lehti, T.A., Kainulainen, V., Antikainen, J., Kylvijg, R.,
Baumann, M., Westerlund-Wikstréom, B. and Korhonen, T.K., 2012.
Identification of a high-molecular-mass Lactobacillus epithelium
adhesin (LEA) of Lactobacillus crispatus ST1 that binds to stratified
squamous epithelium. Microbiology 158: 1713-1722.

Federation of Animal Sciences Societies (FASS), 1999. Guide for the
care and use of agricultural animals in agricultural research and
teaching, 1t ed. FASS, Champaign, IL, USA.

Frizzo, L.S., Bertozzi, E., Soto, L.P, Sequeira, G., Rodriguez Armesto,
R. and Rosmini, M.R., 2010. Studies on translocation, acute oral
toxicity and intestinal colonization of potentially probiotic lactic
acid bacteria administered during calf rearing. Livestock Science
128: 28-35.

Hashemzadeh, F.,, Rahimi, S., Karimi Torshizi, M.A. and Masoudi,
M.M,, 2015. Usage of green fluorescent protein for tracing probiotic
bacteria in alimentary tract and efficacy evaluation of different
probiotic administration methods in broilers. Journal of Agricultural
Science and Technology 17: 345-356.

Heo, Y.S. and Song, H.J., 2011. Characterizing cutaneous elastic fibers
by eosin fluorescence detected by fluorescence microscopy. Annals
of Dermatology 23: 44-52.

62

Beneficial Microbes 8(1)



Hinton, A., Buhr, R.J. and Ingram, K.D., 2000. Physical, chemical, and
microbiological changes in the ceca of broiler chickens subjected to
incremental feed withdrawal. Poultry Science 79: 483-488.

Kasugali, S., Fujisawa, R., Yoshihiro, W., Miyamoto, K. and Ohya, K.,
2000. Selective drug delivery system to bone: small peptide (Asp),
conjugation. Journal of Bone and Mineral Research 15: 936-943.

Kurzak, P, 2000. Development of pathogen suppressive poultry feed
supplements containing lactic acid bacteria from ducks. PhD thesis,
Technische Universitat Munchen, Munchen, Germany.

Maldonado Galdeano, C.M. and Perdigén, G., 2004. Role of viability
of probiotic strains in their persistence in the gut and in mucosal
immune stimulation. Journal of Applied Microbiology 97: 673-681.

Medici, M., Vinderola, C.G. and Perdigén, G., 2004. Gut mucosal
immunomodulation by probiotic fresh cheese. International Dairy
Journal 14: 611-618.

Rinttild, T. and Apajalahti, J., 2013. Intestinal microbiota and
metabolites — implications for broiler chicken health and
performance. Journal of Applied Poultry Research 22: 647-658.

Rocha, T.S., Baptista, A.A., Donato, T.C., Milbradt, E.L., Okamoto,
A.S. and Andreatti Filho, R.L., 2014. Identification and adhesion
profile of Lactobacillus spp. strains isolated from poultry. Brazilian
Journal of Microbiology 45: 1065-1073.

Rosmini, M.R,, Signorini, M.L., Schneider, R. and Bonazza, ].C., 2004a.
Evaluation of two alternative techniques for counting mesophilic
aerobic bacteria in raw milk. Food Control. 15: 39-44.

Rosmini, M.R., Sequeira, G., Guerrero Legarreta, 1., Marti, L., Dalla
Santina, R., Frizzo, L. and Bonazza, J.C., 2004b. Produccién de
probiéticos para animales de abasto: importancia del uso de la
microbiota intestinal indigena. Revista Mexicana de Ingenieria
Quimica 3: 187-197.

Sainte-Marie, G., 1962. A paraffin embedding technique for studies
employing immunofluorescence. Journal of Histochemistry &
Cytochemistry 10: 250-256.

Quantification of FITC-labelled probiotic Lactobacillus salivarius

Schmuch, J., Beckert, S., Brandt, S., Lohr, G., Hermann, F,, Schmidt, T.J.,
Beikler, T. and Hensel, A., 2015. Extract from Rumex acetosa L. for
prophylaxis of periodontitis: inhibition of bacterial in vitro adhesion
and of gingipains of porphyromonas gingivalis by epicatechin-3-
O-(4p—8)-Epicatechin-3-O-Gallate (Procyanidin-B2-Di-Gallate).
PLoS One 10: e0120130.

Schultz, M., Watzla, S., Oelschlaegerd, T.A., Ratha, H.C., Géttla, C.,
Lehnc, N, Schélmericha, J. and Lindec, H., 2005. Green fluorescent
protein for detection of the probiotic microorganism Escherichia
coli strain Nissle 1917 (EcN) in vivo. Journal of Microbiological
Methods 61: 389-398.

Svihus, B., 2014. Function of the digestive system. Journal of Applied
Poultry Research 23: 1-9.

Tellez, G., Latorre, ].D., Kuttappan, V.A., Hargis, B.M. and Hernandez-
Velasco, X., 2015. Rye affects bacterial translocation, intestinal
viscosity, microbiota composition and bone mineralization in turkey
poults. PLoS One 10: €0122390.

Vinderola, C.G., Medici, M. and Perdigén, G., 2004. Relationship
between interaction sites in the gut, hydrophobicity, mucosal
immunomodulating capacities and cell wall protein profiles in
indigenous and exogenous bacteria. Journal of Applied Microbiology
96: 230-243.

Warris, P.D., Wilkins, L.J., Brown, S.N., Phillips, A.J. and Allen, V.,
2004. Defaecation and weight of the gastrointestinal tract contents
after feed and water withdrawal in broilers. British Poultry Science
45: 61-66.

Yu, Q., Dong, S., Zhu, W. and Yang, Q., 2007. Use of green fluorescent
protein to monitor Lactobacillus in the gastrointestinal tract of
chicken. FEMS Microbiology Letters 275: 207-213.

Zhang, N., Hou, X, Yu, L., Wang, G., Zhao, Z. and Gao, Y., 2010.
Colonization and distribution of recombinant Lactobacillus casei
with green fluorescent protein in mice intestine. Wei Sheng Wu
Xue Bao 50: 1232-1238.

Beneficial Microbes 8(1)

63



J.E. Blajman et al.

Beneficial Microbes 8(1)



