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Abstract
Probiotic microorganisms gained the attention of breeders and veterinarians as an alternative following the ban on the use 

of antibiotics as growth stimulators in animals. Lactobacilli genus pertains to the dominant intestinal microbiota of poultry, and is a 
benefi cial component of the gut microbiome, having a great impact on the health status of these animals. In the present study, three 
Lactobacillus (L. crispatus MRS1, L. reuteri MRS3 and L. reuteri MRS5) were submitted to in vitro assays to evaluate their safety 
(antibiotic susceptibility, hemolytic and gelatinase activities), functional (resistance to acidic pH and bile salts), benefi cial (antagonism, 
exopolysaccharide production and co-aggregation of pathogens) and technological (resistance to lyophilization and storage, reactivation 
time, growth parameters) characteristics to be used as probiotics for laying hens. L. crispatus MRS3 was selected in this fi rst step and 
used in an in vivo trial which showed that its incorporation in diet improved the internal quality of the eggs of laying hens. Concluding, L. 
crispatus MRS3 presented promising probiotic properties without harmful characteristics to be used in diet for laying hens.
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INTRODUCTION
Th e poultry industry is one of the fastest growing segments of the 

livestock sector in the world. At the same time, due to high production 
effi  ciency, the dietary and health needs of poultry require particular 
care. Enteric disorders are one of the most important problems in 
the poultry industry, with necrotic enteritis, salmonellosis and 
colibacillosis regarded as the major bacterial diseases occurring in 
chicken.

Salmonella Enteritidis and Salmonella Typhimurium are major 
serovars accountable for foodborne illness, causing 74% of human 
zoonosis cases [1]. Pathogen resistance caused by wide application 
of various antibiotics in both the medical and veterinary fi elds has 
become a serious worldwide problem. Probiotic microorganisms 
gained the attention of breeders and veterinarians as an alternative 
following the ban issued in 2006 by the European Commission on the 
use of antibiotics as growth promotors in animals [2].

Bacteria of the Lactobacilli genus pertain to the dominant 
intestinal microbiota of birds and they have been isolated from the 
gastrointestinal tract of chickens, geese, ducks and pigeons. Th e most 
commonly identifi ed species are L. salivarius, L. johnsonii, L. crispatus, 
L. reuteri and L. agilis [3]. Lactobacilli, as benefi cial components of the 
gut microbiome, have a great impact on the health status of poultry, 
maintaining the microbial balance of the mucous membranes and 
providing protection against enteropathogenic infection. Based on to 
their health-promoting properties, Lactobacilli are used to produce 
probiotic preparations for humans and animals. Th e use of selected 
Lactobacillus strains as feed additives for poultry can produce similar 
eff ects to those of antibiotic growth promoters, as demonstrated 
by increases in weight and feed effi  ciency, as well as by higher 
resistance to pathogenic bacteria such as Salmonella sp., Escherichia 
coli and Campylobacter sp. However, various other bacterial genera 
(Lactobacillus, Bifi dobacterium, Bacillus, Enterococcus), and even 
bacteriophages, have been studied or commercialized for probiotic 
use in poultry production [4-9].

Before fi eld trials to evaluate the effi  cacy of a promising probiotic, 
preliminary in vitro screening is required to ensure the safety, 
functional, benefi cial and biotechnological aspects of the tested 
strains. Probiotic microorganism should be free of undesirable traits, 
such as transmissible antibiotic resistance (to avoid spreading of 
resistance determinants in intestinal pathogenic or opportunistic 
bacteria), and hemolytic and gelatinase activities. A next important 
criterion is its survival under gastrointestinal conditions to meet 
the classical defi nition of probiotic [10]. Such microorganism when 
orally administered must survive during the passage through the 

gastrointestinal tract to their site of function to be eff ective. Th e 
main challenge to be overcome during this transport are the survival 
in acidic pH of the pro-ventriculus and gizzard and to bile salts in 
the small intestine [11]. Th e demonstration of antagonistic activity 
towards pathogenic species in-vitro may be considered a desirable 
benefi cial attribute of probiotic bacteria, as well as the ability to trap 
pathogenic microorganism by co-aggregation and/or to stimulate 
the immune system or inhibit pathogen adhesion by production of 
Exopolysaccharides (EPS). Finally, a potential probiotic must present 
technological characteristics which allow an economical and practical 
viability, such as good growth yield, resistance to lyophilization and 
storage and fast reactivation ability when administered on lyophilized 
form. Once selected as a candidate for probiotic use, a microorganism 
must be submitted to fi eld trials to verify that the properties observed 
in vitro are confi rmed in vivo.

Th erefore, in the present study, three Lactobacillus strains were 
submitted to a selective process in vitro to be used as probiotic for 
laying hens based on safety, functional, benefi cial and biotechnological 
criteria. Once this fi rst step was completed, the selected bacterium was 
administered to the laying hen ration to assess its ability to improve 
qualitative and quantitative parameters in egg production.

MATERIAL AND METHODS
Bacteria

Th e three Lactobacillus strains (L. crispatus MRS1, L. reuteri MRS3 
and L. reuteri MRS5) used in the present study have been isolated 
from the cecum of healthy Lohmann White laying hens (Gallus gallus 
domesticus) and identifi ed by MALDI-TOF mass spec trometry. Th ese 
Lactobacilli were grown in de Man, Rogosa and Sharp broth (MRS, 
Acumedia, Lansing, USA) by incubation at 37°C for 24 hours.

Th e pathogenic reference strains Escherichia coli ATCC 25723, 
Staphylococcus aureus ATCC 29213, Listeria monocytogenes ATCC 
15313, Salmonella enterica subsp. enterica serovar Typhimurium 
ATCC 14028 were used as indicator strains for the antagonistic 
assays, as well as the following bacterial strains isolated from cecum 
of laying hens and identifi ed at species level by MALDI-TOF mass 
spec trometry: Klebsiella oxytoca MAC, Klebsiella varicola MAC29, 
Escherichia fergusonii MAC16, Citrobacter freundii MAC17, 
Enterococcus faecalis MAC20 and Enterobacter aburiae MAC27. All 
these bacteria were grown in Brain Heart Infusion broth (BHI, Difco, 
Sparks, USA) by incubation for 24 hours at 37°C.

In vitro selection

Antibiotic susceptibility: Th e Lactobacillus strains were screened 
for susceptibility to 12 clinically and veterinary relevant antibiotics, 
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namely tetracycline 30 μg, ampicillin 10 μg, gentamicin 10 μg, amicacin 
30 μg, erythromycin 15 μg, ceft riaxone 30 μg, chloramphenicol 30 
μg, oxacillin 1 μg, penicillin 10 μg, amoxicillin 10 μg, vancomycin 
30 μg and nalixic acid 30 μg. Th e susceptibility to antimicrobials was 
determined by the disc diff usion method. Th e lactobacilli were grown 
in MRS broth, and aft er the incubation period they were inoculated 
on MRS agar and incubated at 37°C for 48 hours. Th en, using colonies 
from the culture in solid medium, a suspension of each sample was 
prepared and its turbidity was adjusted to a 0.5 value with sterile 
saline solution according to the McFarland scale equivalent to 108 
cells. Th en, aliquots of 100 μl of the adjusted suspensions were spread 
onto MRS agar with the aid of a sterile swab. Immediately aft er the 
antimicrobial impregnated disks were placed onto the surface of the 
plates which were incubated at 37°C for 24 hours. Th e inhibition zones 
were measured with a digital caliper (Mitutoyo, Digimatic Caliper, 
Sao Paulo, Brazil). For each antimicrobial tested, the lactobacilli were 
classifi ed as sensitive, moderately sensitive or resistant according to 
the cut-off  points suggested by Charteris [12].

Hemolytic activity: Hemolytic activity was determined aft er 
inoculation of the bacteria onto blood agar plates (5% defi brinated 
sheep blood). Th e results were analyzed aft er incubation at 37°C for 
48 hours, under aerobiose conditions. Th e hemolytic activity was 
detected by the formation of clear zones around the colony (positive 
for β-hemolysis) or absence of zone (negative).

Gelatinase activity: Test tubes containing MRS broth 
supplemented with 12% gelatin were inoculated with three colonies of 
each Lactobacillus, puncturing the medium with the aid of a platinum 
needle loop. Th ese tubes were incubated at 37°C for 72 hours. During 
this period, tubes were removed and refrigerated for 30 minutes. Aft er 
this time, it was checked whether the medium solidifi ed completely 
(gelatinase negative) or remained liquid (gelatinase positive).

Resistance to gastrointestinal conditions: Aft er incubation 
for 24 hours at 37°C, the bacteria were recovered by centrifugation 
for 5 minutes at 5,000 rpm, washed twice with phosphate buff ered 
saline (PBS, pH 7.5) and incubated in simulated gastric juice solution 
containing pepsin (3 g/l), NaCl (5 g/l) and pH adjusted to 2.0 and 
3.0 with 1M HCl. Sample plating was performed aft er serial decimal 
dilutions at times 0, 1.5 and 3 hours aft er inoculation. Th e number 
of Colony Forming Units (CFU) was determined aft er incubation at 
37°C on MRS agar.

For bile salts resistance, Lactobacilli were cultured in MRS broth 
aft er inoculation and incubation for 24 hours at 37°C. Th en, they 
were washed and resuspended in sterile PBS and samples subjected 
to serial decimal dilutions. Th ese dilutions were then inoculated onto 
MRS agar plates supplemented with increasing concentrations of bile 
salts (Oxgall, Difco 0.15%, 0.3%, 0.6% and 1.0%), and incubated for 
48 hours at 37°C. Aft er incubation, the resistance was evaluated as the 
remaining number of CFU/ml.

Co-aggregation: Lactobacilli were activated in MRS broth 
for 24 hours at 37ºC and the indicator bacteria under the same 
conditions, but in BHI broth. Th en, indicator and Lactobacillus 
strains were centrifuged at 5,000 rpm for 5 minutes, washed twice and 
resuspended in PBS. Aft er this process, volumes containing 2 ml of 
the indicator plus 2 ml of Lactobacillus were transferred to tubes and 
shaken for 2 minutes. As controls, tubes containing only the indicator 
or the Lactobacillus were used were. OD600nm reading was performed 
at time zero and 5 hours aft er rest. Gram staining of the best results 
was performed. Th e following formula was used to calculate the co-

aggregation percentage: ((Ax + Ay) - A (x + y)) / (Ax + Ay) / 2 * 100, 
in which Ax and Ay correspond to the OD600 nm of the control tubes 
and (x + y) corresponds to the OD600nm of the tube containing the 
mixture [13].

Antagonism assay: Th e detection of the production of diff usive 
inhibitory substances was carried out by the agar double-layer 
diff usion method. Initially, a micro-drop of 5 μl of each culture of 
Lactobacillus previously grown in MRS broth for 24 hours at 37°C 
was spot inoculated in the center of plates containing MRS agar. 
Th ese plates were incubated at 37°C for 48 hours. To stop microbial 
multiplication, the culture was exposed to chloroform vapor for 30 
minutes and then, the plates were then opened for the same time for 
evaporation of the residual solvent. Following, a 3.5 ml overlay of 
semi-solid BHI agar (0.75%) inoculated with 200 μl of the indicator 
bacteria culture was spread over the MRS agar. Th e plates were again 
incubated at 37°C for 24 hours and, when present, the inhibition 
zones were measured with a digital caliper (Mitutoyo).

EPS production: To detect EPS production, lactobacilli were 
grown in MRS broth in aerobiose during 24 hours at 37°C. Aft er 
incubation, bacteria were inoculated in streaks onto MRS agar plates 
containing 2% glucose (MRS), 8% sucrose (sMRS) or 5% lactose 
(1MRS) which were incubated for 48 hours at 37°C. EPS production 
was detected by the viscous appearance of the inoculated colonies. 
Th e strains were classifi ed qualitatively in producer (EPS +) and non-
producer (EPS -) [14].

Growth curves: To determine the growth kinetics of the 
Lactobacillus strains, the cell quantifi cation was estimated by both 
OD600 nm and CFU determinations. Isolated colonies of the bacteria 
on MRS agar were used to inoculate an Erlenmeyer fl ask containing 
150 ml of MRS broth. Aft er inoculation, samples were taken every 
three hours to determine OD600 nm as well as CFU counts by serial 
decimal dilutions in sterile saline solution followed by plating on 
MRS agar and incubation during 24 hours at 37°C. During the growth 
period and at the same sampling times, the pH of the medium was 
determined to evaluate acid production.

Resistance to lyophilization and storage: Th e freeze-drying 
technique was performed according to the methodology described 
by Bolla et al. [15] with modifi cations. Each Lactobacillus was grown 
in 200 ml of MRS broth for 24 hours at 37°C. Aft er incubation, 
culture was aliquoted into Falcon tubes, centrifuged at 5,000 
rpm for 5 minutes and washed twice with sterile saline solution. 
Th en, pellets were resuspended in 10% (w/v) skim milk (Difco) as 
cryoprotectant or saline solution as the control. Bacterial cell biomass 
was resuspended in the cryoprotective or control suspension to 
make up an initial minimum concentration of 109 CFU/ml. From 
each bacterial suspension in skim milk or saline, glass vials with a 
volume of 1.0 ml were prepared in liquid nitrogen and dehydrated 
in a lyophilizer for 24 hours at a temperature of -98°C and a pressure 
of 10 mm Hg. Aft er lyophilization process, vials were sealed with a 
rubber stopper and parafi lm. Th e samples were divided and stored 
under refrigeration at 5°C or in BOD incubator at 25°C considered as 
equivalent to room temperature.

Th e viable cell count of each lyophilized culture was performed 
before (T0) and aft er lyophilization (T1), as well as at diff erent storage 
times (15, 45, 60 and 90 days) for both temperatures. At these diff erent 
times, lyophilized cultures were submitted to serial decimal dilutions 
in sterile saline solution followed by plating onto MRS agar. Th e 
number of viable cells was determined aft er 48 hours of incubation at 
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37°C. Th e number of UFC/ml at T0 was considered to be 100%. Th e 
percentage of viable cells was calculated as: log10 CFU per gram at T1, 
T15, T45, T60 or T90/log10 CFU per gram at T0 x100.

Reactivation kinetics: Th e reactivation capacity of the lyophilized 
bacteria was determined as described by Martins et al. [16]. MRS 
broth were 2% inoculated with lyophilized cultures T0, T1, T15, 
T45, T60 and T90 aft er storage at 5°C or 25°C. Aliquots of 200 μl of 
inoculated media were distributed into wells of 96-well microplates 
which were incubated in an ELISA reader (Microplate SpectroMax 
340) at 37°C. Growth of cultures was monitored by OD600nm reading 
every 30 min during 24 hours.

In vivo trial

Animals and diet: Th e trial was conducted at the Experimental 
Farm Prof. Helio Barbosa of the Veterinary School of the Federal 
University of Minas Gerais (UFMG), located in the municipality of 
Igarape MG, during the fi rst semester of 2019. Four hundred and 
thirty two 60-week-old Hisex® laying hens were used and housed in 
experimental cages measuring 45 x 50 cm. In these cages equipped 
with gutter feeders and cup-type drinkers, four birds were housed 
per cage (375 cm2/bird). Th e light program adopted was 14 h of 
light/day (natural and artifi cial). Th e duration of the trial was of 10 
weeks and two weeks of adaptation. Water and feed were provided 
ad libitum. Th e experimental plots consisted of six cages, which had 
their feeders separated by wooden dividers, preventing birds from 
one experimental unit from having access to the feed of the other 
unit. Th e diet was formulated to meet the nutritional requirements 
of the layers according to age and production phase. Th e nutritional 
level calculations were made according to the chemical composition 
and the energetic values of the ingredients. Th e Lactobacillus was 
added to the diet in its lyophilized form to obtain 106 CFU per gram. 
Diet composition and its calculated nutritional values were shown in 
table 1.

Experimental design: Th e experimental design was completely 
randomized, consisting of three treatments with six replications of 24 
birds each, totaling 432 chickens. For egg quality analysis 24 eggs were 
used and each egg was considered as a repetition. Th e three following 
groups were formed: (CTL) control group received a standard diet; 
(ANT) received diet with antibiotic (avilamycin); and (PRO) received 
diet supplemented with probiotic.

Egg production and quality of eggs: At the end of the 
experimental period six eggs per repetition (96 per treatment) were 
used to determine specifi c weight. Initially each egg was weighed in 
analytical balance and then weighed in water. Th e specifi c weight 
will be obtained by the following formula: (egg weight in air / (egg 
weight in air - egg weight in water), and results expressed in (g/ml 
H2O). Th e same eggs used to determine specifi c weight were used to 
determine shell thickness, which was measured by using a Mitutoyo 
micrometer at three diff erent points of the shell (apical, equatorial 
and basal region). Th e result was obtained by averaging the three 
points, and expressed in millimeter. Six eggs per repetition (96 per 
treatment) were used to determine the percentages of shells. Th e eggs 
were weighed individually, its contents discarded, and the excess of 
the white removed in water. Th en, it was dried at room temperature 
for further weighing, determining the percentage of bark expressed 
as percentage. Haugh Unit (H.U.) was calculated using the formula: 
100 x log( h−1.7 w.0.37 + 7.6) where, h is albumen height in millimeters, 
measured by a spherometer, and w is the observed weight of the egg 
in grams.

Ethics of biological experiments: All experimental procedures 
were carried out according to the standards set forth by the Brazilian 
Society of Laboratory Animal Science/Brazilian College for Animal 
Experimentation. Th e study was approved by the Ethics Committee 
in Animal Experimentation (CEUA/UFMG).

Statistical analysis: All experiments were performed in triplicate. 
Bacterial numbers were represented as the average of log10 CFU 
± SEM, or average values of absorbance ± SEM per well of 96-well 
polystyrene microtiter plates. Th e t-test was used for statistical 
analysis. Qualitative data of the eggs were analyzed using the ANOVA 
procedure and means compared by Tukey test. Values of p <0.05 were 
considered as statistically signifi cant.

RESULTS 
Safety aspects

Hemolysis and gelatinase activities were not detected in the 
Lactobacillus strains. Table 2 shows the sensitivity of the three 
lactobacilli to 12 antimicrobials. Th e three lactobacilli were sensitive 
to most of the antimicrobials except vancomycin, amicacin, nalidixic 
acid and oxacillin.

Functional aspects

Table 3 shows that all the Lactobacillus strains were similarly 
quite resistant to the simulated acidic conditions of the gastric 
environment, as well as to diff erent concentrations of bile salts. 
However, the two L. reuteri strains showed a slightly better resistance 
when high bile salts concentrations where tested.

Table 1: Percentage composition and calculated nutritional values of die.

Components Basal diet (%)

Ground corn 65.71

Soybean meal (45% PB) 18.91

Calcitic limestone (38.5%) 10.03

Meat and bone meal (40% PB) 4.67

Common salt 0.37

DL-methionine 0.20

Choline chloride 60% 0.076

Lysine 0.03

Total 100.00

Nutritional levels
EMAn (kcal/kg)

Crude protein (%)
Calcium (%)

Available phosphor (%)
Digestible lysine (%)

Digestible met + cys (%)
Digestible methionine (%)
Digestible threonine (%)

Sodium (%)
FDN (%)
Fat (%)

2728
15.7
4.20
035
0.68
0.51
0.29
0.52
0,18

11.64
3.39

Premix (composition per kg of product): Vit. At 10,000,000 IU, Vit. D3 2,500,000 
IU, Vit E 15,000 IU, Vit. K3 2000 mg, Vit. B1 2,000 mg, Vit. B2 4,000 mg, Vit. 
B6 4,000 mg, Vit. B12 15,000 mg, Vit. C 50,000 mg, niacin 30,000 mg, folic 
acid 500 mg, pantothenic acid 16,000 mg, biotin 60 mg and BHT 125 mg. 
manganese 200,000 mg, zinc 125,000 mg, iron 50,000 mg, copper 15,000 mg, 
iodine 1,880 mg, selenium 400 mg.
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Benefi cial aspects

Table 4 shows that the three lactobacilli were able to produce 
diff usible inhibitory compounds against most of the indicator 
bacteria tested in the in vitro assay, with a similar exception for E. 
fergusonii 16 and E. aburiae 27.

In the co-aggregation assays, L. reuteri MRS3 showed the best 
ability to aggregate and deposit with most of the bacterial strain tested 
(Table 4).

All the three Lactobacillus strains produced EPS onto MRS agar 
supplemented with sucrose, but not onto MRS added with glucose 
or lactose.

Biotechnological aspects

Table 5 shows a high resistance of the three lactobacilli to the 
lyophilization process when skim milk was used as cryoprotectant.

On its lyophilized form, using skim milk as cryoprotectant, the 
three lactobacilli maintained a similar high viability, in particular 
when storage was performed at 5°C and during the initial 60 days. 
As expected, when bacterial cells were lyophilized in saline solution, 
a high loss in viability was observed during the storage, particularly at 
25°C aft er 90 days of storage (Figure 1).

When the reactivation kinetic of the three lactobacilli on their 
frozen or lyophilized forms was evaluated, a similar behavior was 
observed for the three lactobacilli. During the storage, a decrease in 
reactivation speed was observed only for bacterial cells lyophilized in 
saline solution (Figure 2).

Figure 3 shows similar growth rates for the three Lactobacillus 
strains, with a stationary phase reached between 9 and 12 hours. 
During the growth, the culture pH evolved in a similar way for the 
three lactobacilli from 5.5 to 4.2.

In vivo trial

Th e results of egg weight, specifi c weight, shell percentage and 
shell thickness were not infl uenced by the treatments (p >0.05). 
Results of Haugh Units were infl uenced by treatments (p <0.05). 
Birds fed the PRO diet had better results when compared to the other 
two treatments (Table 6).

DISCUSSION
Probiotics have been used in poultry for decades and have 

become common in the pet bird industry [17]. Benefi ts attributed to 
probiotic use in birds are disease prevention, promotion of growth, 
and reduction of excreta noxious gas emission [18]. With regards to 

Table 2: Susceptibility to antimicrobial of the three Lactobacillus strains isolated 
from laying hens.

 Lactobacillus 
strains  

Antimicrobials L. crispatus 
MRS1 L. reuteri MRS3 L. reuteri MRS5

Erythromycin S S S

Tetracycline S S S

Vancomycin R R R

Chloramphenicol S S S

Ceftriaxone S S S

Amoxicillin S S S

Amicacin R R R

Nalixic acid R R R

Ampicillin S S S

Gentamicin S S S

Penicillin S S S

Oxacillin R R R

S = Sensitive e R = Resistant.

Table 3: Resistance to simulated gastric juice and diff erent concentrations of 
bile salts of the three Lactobacillus strains isolated from laying hens.

Time of contact with 
gastric juice (min)

Lactobacillus strains (log10 CFU/ml)

L. crispatus 
MRS1

L. reuteri 
MRS3

L. reuteri 
MRS5

0 9.61 ± 1.15 9.44 ± 0.58 9.26 ± 1.00
90 8.76 ± 1.00 8.82 ± 1.53 8.87 ± 0.50
180 8.01 ± 0.58 8.60 ± 1.00 8.00 ± 1.00

Bile salts concentrations 
(%)

Control 6.83 ± 1.00 6.88 ± 1.52 6.87 ± 1.00
0.15 6.80 ± 2.00 6.76 ± 1.00 6.80 ± 1.00
0.30 5.97 ± 1.52 6,72 ± 1.00 6.73 ± 0.57
0.60 5.76 ± 1.00 6.71 ± 0.57 6.70 ± 1.15
1.0 5.66 ± 1.73 5.72 ± 1.00 5.76 ± 1.00

Table 4: In-vitro antagonism (A)* and co-aggregation (CA - %) of the three 
Lactobacillus strains isolated from laying hens against pathogenic reference 
strains and strains isolated from laying hens.

Tested strains
L. crispatus 

MRS1 L. reuteri MRS3 L. reuteri MRS5

A CA A CA A CA
K. oxytoca 15 ++ 32.1 ± 0.07 ++ 65.2 ± 0.35 + 47.6 ± 0.71

E. fergusonii 16  – 38.9 ± 0.21  – 62.5 ± 0.42 – 39.9 ± 0.28

C. freundii 17 +++ 31.6 ± 0.49 + 84.7 ± 0.14 ++ 39.5 ± 0.57
E. faecalis 20 + 41.5 ± 0.42 ++ 82.8 ± 0.64 ++ 48.2 ± 0.28
E. aburiae 27  – 15.0 ± 0.92 – 70.3 ± 0.42  – 37.9 ± 0.35
K. varicola 29 + 49.8 ± 0.14 + 52.3 ± 0.49 + 29.5 ± 0.35

S. Typhimurium 
ATCC 14023

++ 27.8 ± 0.64 ++ 70.6 ± 0.85 + 60.6 ± 0.57

E. coli 
ATCC25723

+ 33.9 ± 0.92 +++ 71.0 ± 0.42 +++ 54.4 ± 0.78

S. aureus ATCC 
29213

+ 35.8 ± 0.85 + 66.7 ± 0.35 + 23.3 ± 0.21

L. 
monocytogenes 

ATCC 15313
+ 20.6 ± 0.71 + 54.4 ± 0.28 + 56.8 ± 0.57

*Diameter of inhibition zone: (+) between 3 e 4 cm; (++) between 4 e 5 cm; 
(+++) more than 5 cm; – no inhibition.

Table 5: Viability (log10 CFU/ml) of the three Lactobacillus strains isolated from 
laying hens during lyophilization using a cryoprotectant (skim milk) or in saline 
solution.

Skim milk

L. crispatus MRS1 L. reuteri MRS3 L. reuteri MRS5

T0 9.51 ± 0.71v 9.53 ± 0.14 9.70 ± 1.41

T1 9.46 ± 1.41 9.46 ± 0.71 9.48 ± 1.41

Saline solution

L. crispatus MRS1 L. reuteri MRS3 L. reuteri MRS5

T0 9.51 ± 0.71 9.53 ± 0.14 9.51 ± 0.73

T1 7.88 ± 0.71 8.26 ± 0.85 8.04 ± 1.06

T0: before lyophilization; T1: after lyophilization.
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disease prevention, probiotics can competitively exclude gut pathogen 
adhesion, modulate gastrointestinal immune responses, and produce 
metabolites that inhibit or kill pathogenic bacteria. For promotion 
of growth, probiotics can counteract dysbiosis, maintaining and 
replenishing normal microbiota balance, leading to normal nutrient 
absorption, especially aft er antibiotic therapy. Probiotics may also be 
able to modulate excreta noxious gas emission.

Th e search for new probiotic strains is driven by the growing 
demand for reducing the antimicrobials use in food-production 
animals. Th e initial selection criteria for a new probiotic strain 
include a series of in vitro experiments which are used to evaluate 
safety (antibiotic susceptibility, hemolytic and gelatinase activities), 
functional (resistance to acidic pH and bile, hydrophobicity, 
auto-aggregation), benefi cial (antagonism, EPS production and 

Figure 1: Viability of the three Lactobacillus strains (log CFU/mL) isolated from laying hens soon after lyophilization in skim milk or saline solution (1) and after 
15 (2), 45(3), 60 (4) and 90 (5) days of storage at 5°C (▼) or 25°C (■). L. crispatus MRS1 in skim milk (A) or saline (B); L. reuteri MRS3 in skim milk (C) or 
saline (D); L. reuteri MRS5 in skim milk (E) or saline (F).
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co-aggregation of pathogens) and technological (resistance to 
lyophilization and storage, reactivation time, growth parameters) 
characteristics of candidates to probiotic use. Th e present study was 
designed to select in a fi rst stage and in vitro a potentially probiotic 
Lactobacillus that was tested posteriorly in a fi eld trial.

Safety aspects

Th e determination of hemolysin and gelatinase are pathogenic 
factors which have been widely used in determining the potential 
pathogenicity of microorganisms [19]. Th ese extracellular compounds 
can cause host cell damage and degeneration and would facilitate in 
invading the host and establishing infection. Th ese activities were not 
detected in the lactobacilli tested.

Studies on antibiotic resistance of microorganisms used as 
probiotic agents are an area of growing concern [20]. In Europe, for 

example, the absence of acquired or transferable resistance factors 
must be established for a candidate probiotic in order to achieve 
Qualifi ed Presumption of Safety (QPS) status recommended by 
the European Food Safety Authority [21]. It is believed that low 
antibiotic levels used for food-producing animals can promote the 
emergence of acquired antibiotic resistance in bacteria present in 
the intestinal microbiota. Th en, the antibiotic-resistant bacteria can 
transfer the resistance factor to other pathogenic bacteria through the 
exchange of genetic material [22]. Despite their safety status, many 
lactobacilli have been reported as being antibiotic resistant, and 
resistance to vancomycin is one of the best-characterized intrinsic 
mechanisms [23]. Most of the Lactobacillus is intrinsically resistant 
to gentamicin, kanamycin, streptomycin, neomycin, ciprofl oxacin 
and trimethoprim, and sensitive to penicillin, chloramphenicol, 
tetracycline, and erythromycin [24]. Th e three lactobacilli tested in 

Figure 2: Reactivation speed of the three Lactobacillus strains isolated from laying hens before (frozen) and soon after lyophilization in saline solution or skim 
milk and after 90 days of storage at 5°C or 25°C. 
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the present study presented such pattern of susceptibility, except for 
its sensitivity to gentamicin.

Functional aspects

Survival of probiotic bacteria during passage through the 
gastrointestinal tract is an indispensable property to reach alive the 
intestine and provide potentially benefi cial eff ect. For this reason, 
screening of potential probiotic is focused on the selection of acid and 
bile salts tolerant isolates. A study of Lee et al. [25], using real-time 

Figure 3: Growth curves (log10 CFU/ml and OD600 nm) in MRS broth of the 
three Lactobacillus strains isolated from laying hens.

pH measurements, showed that pH can fl uctuate between pH 0.6 and 
3.8 in the gizzard of broilers depending on the type of diet. Th e study 
presently done indicated that the tested bacterial strains were resistant 
to pH 2.0 even aft er 3 hours of exposure. Th ese results are similar with 
those obtained from other studies, where Lactobacillus strains were 
able to retain their viability when exposed to pH values of 2.5 [11,26]. 
However, it has also been observed that some other strains did not 
survive in vitro in gastric juice with pH 2.0 for more than 15 min, but 
reached the colon in viable state and exerted a benefi cial eff ect in in 
vivo experiments. In these last cases, it is important to consider also 
the buff ering capacity of the ingested food which can protect acid-
sensitive strain during gastrointestinal transit. 

Resistance to bile salts is generally considered as an essential 
property for probiotic strains to survive the conditions in the small 
intestine. Th us, it is necessary that effi  cient probiotic bacteria should 
be able to grow when exposed to the physiological concentrations 
of bile which range from 0.10 to 0.30% (w/v). Th e L. reuteri strains 
tested in the present study were quite resistant to high bile salts 
concentrations, and various mechanisms can be responsible for 
this characteristic. Bile Salt Hydrolase (BSH) genes are particularly 
abundant in lactic acid producing bacteria, such as lactobacilli and 
bifi dobacteria. Jones et al. [27] have determined that BSH enzymes 
are restricted to intestinal microorganisms, and this characteristic 
may be explained as an adaptive resistance to the antimicrobial nature 
of bile salts [28]. However, BSH activity can has a negative impact on 
host fat digestion and energy harvest, and for this reason, the impact 
of the BSH activity must be evaluated before the use of lactobacilli or 
bifi dobacteria as probiotics.

Benefi cial aspects

Th e results of the antagonism assays showed that Lactobacillus 
bacteria originated from laying hens have growth-inhibiting 
properties against the bacterial poultry pathogens tested. Th is antag-
onistic eff ect depends on the type of pathogen and is probably due to 
the production of antimicrobial diff usible substances, such as organic 
acids, hydrogen peroxide, carbon peroxide, diacetyl, or bacteriocins 
[29].

Exopolysaccharides (EPS) are polymers synthesized in substantial 
amounts during fermentation by Lactic Acid Bacteria (LAB) and 
bifi dobacteria [30]. In the present study, all the three lactobacilli were 
able to produce EPS in medium containing sucrose. Th e literature has 
demonstrated that EPS produced by lactobacilli may be responsible 
for their immunomodulatory actions, acting as immunostimulatory 
or immunosuppressive agents. Several carbohydrate recognition 
receptors located on the intestinal epithelium seems to be involved 
in the interaction between bacterial EPS and modulation of 
immunologic response [31]. Additionally, it has been demonstrated 
that EPS also play a role in the persistence of the producing bacteria 
in the intestinal tract [32].

Biotechnological aspects

In its metabolically active form, a probiotic maintain its viability 
during a relative short period (few months) and this is not a problem 
for probiotic administered as fermented or supplemented forms 
(yogurt, acidophilic milk) which have a short shelf life. However, 
for pharmaceutical products or probiotics to be incorporated in a 
ration, survival over long storage periods (some years) is necessary. 
In this case, the microorganism must be maintained alive but on a 
metabolically inactive form and for this lyophilization is one of the 

Table 6: Egg Production (EP), Egg Weight (EW), Egg Specifi c Weight (ESW), 
Eggshell Percentage (SP), Eggshell Thickness (ST) and Haugh Unit (HU) of 
laying eggs fed control diet (CTL), diet with antibiotic (avilamycin) (ANT) and diet 
with the probiotic (PRO).

Treatments
CTL ANT PRO P value

EP (%) 89.05 85.52 88.94 0.743
EW (g) 63.85 62.72 62.84 0.623

ESW (%) 1.09 1.09 1.09 0.734
SP (%) 9.30 9.59 9.33 0.870

ST (mm) 37.91 38.16 38.17 0.856
HU 92.87a 93.18a 95.85b 0.06

a,bIndicate signifi cant diff erence between the treatments.
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most effi  cient methods to be used [15]. But not all the microorganisms 
are able to resist to such a drastic process and an evaluation of 
the resistance to freeze-drying steps must be done. Addition of a 
cryoprotectant, such as skim milk, generally helps to maintain the 
cell viability during the lyophilization. In the present study, the three 
Lactobacilli showed a high resistance to lyophilization when skim 
milk was used, and maintain high viability levels during storage, even 
at room temperature.

Another desired biotechnological property for a probiotic in 
lyophilized form is a high speed of reactivation [16]. Aft er ingestion, 
the microorganism must return to its metabolically active form as 
soon as possible to be active even in the upper parts of the digestive 
tract. In this way, L. reuteri MRS3 showed the best reactivation 
kinetic, even aft er a long storage period at room temperature.

Finally, to be economically viable, a probiotic candidate must 
present high growth yields. In the present study, the three lactobacilli 
showed similar effi  cient growth curves that could allow rapid and 
high production of viable cells.

In vivo trial

In the literature, studies using probiotic supplementations 
containing Lactobacillus spp., Bifi dobacterium spp., Bacillus spp. 
and Enterococcus spp. reported contradictory results in relation to 
egg mass, production and quality when administered to laying hens. 
Yoruk et al. [33], Zeweil et al. [34], Panda et al. [35], Guo et al. [36] and 
Liu et al. [37] demonstrated that the Haugh unit was not infl uenced 
by feeding with probiotics, whereas eggshell strength increased 
signifi cantly. On the other hand, Ma et al. [38] and Zhang et al. [39] 
demonstrated that egg quality greatly improved when laying hens 
were fed with probiotic-supplemented diets. Th e diff erence in results 
among these various studies with probiotics may be attributed to 
the diff erence in strains, trial period, or environment. In the present 
study, a clear improvement in internal quality of the egg was observed 
with the bacterial supplementation in the diet.

CONCLUSION
Following the subtractive in vitro screening strategy, the strain L. 

crispatus MRS3 was selected based on promising probiotic properties 
without harmful characteristics. When ingested by laying hens in 
its lyophilized form added to the diet, this bacterium improved the 
internal quality of the eggs. In conclusion, L. crispatus MRS3 could be 
applied as a new probiotic strain in poultry feed supplements.
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