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a Department of Microbiology, Faculty of Biotechnology and Food Sciences, Slovak University of Agriculture, Nitra, Slovak Republic
b Department of Green’s Biotechnics, Horticulture and Landscape Engineering Faculty, Slovak University of Agriculture, Nitra, Slovak Republic
c Department of Poultry Science and Small Animal Husbandry, Slovak Agricultural University, Nitra, Slovak Republic
d Department of Animal Products Evaluation and Processing, Faculty of Biotechnology and Food Sciences, Slovak University of Agriculture, Nitra, Slovak Republic
e Department of Food Hygiene and Safety, Faculty of Biotechnology and Food Sciences, Slovak University of Agriculture, Nitra, Slovak Republic
f Department of Economy, University of Economics in Bratislava, The Faculty of Business Economics with Seat in Košice, Slovak Republic

a r t i c l e i n f o
Article history:
Received 26 June 2012
Accepted 27 February 2013

Keywords:
Intestinal microflora
Antimicrobial effect
Enterococci
Lactobacilli
Enterobacteriaceae genera
Pathogens
0034-5288/$ - see front matter � 2013 Elsevier Ltd. A
http://dx.doi.org/10.1016/j.rvsc.2013.02.022

⇑ Corresponding author. Address: Department o
Biotechnology and Food Sciences, Slovak University
Hlinku 2, 949 76 Nitra, Slovak Republic.

E-mail address: miroslava.kacaniova@gmail.com (
a b s t r a c t

The aim of this study was to investigate the effects of bee pollen ethanolic extracts on the in vivo gastro-
intestinal tract microflora colonization of broiler chickens. A completely randomized experiment based
on six treatments (different concentrations of bee pollen – 0, 5, 15, 25, 35 and 45 g kg�1 diet) was used
during 7 weeks. The highest count of faecal Enterococci was found in the experimental group with the
addition of 15 g of pollen (8.85 ± 0.87 log CFU g�1) per 1 kg of feed mixture. The highest count of Lacto-
bacilli was detected in the experimental group with 35 g of pollen per 1 kg of feed mixture and the high-
est number of the Enterobacteriaceae genera count was found in the control group (8.43 ± 0.15 log
CFU g�1). Moreover, the MALDI TOF MS Biotyper identified the following genera: Escherichia coli, Proteus
mirabilis, Klebsiella oxytoca, as well as Lactobacillus acidophilus, L. crispatus, L. fermentum and L. salivarius
from the Lactobacilli group and Enterococcus avium, E. casseliflavus, E. cecorum, E. faecalis, E. faecium,
E. gallinarum, E. hirae and E. malodoratus from the Enterococci group. Additionally, the in vitro antimicro-
bial activities of pollen against five bacteria species isolated from gastrointestinal tracts of chickens were
tested. The best antimicrobial effect of the pollen extract was detected against K. oxytoca.

� 2013 Elsevier Ltd. All rights reserved.
Introduction Furthermore, pollen is rich in carotenoids, flavonoids, phytos-
Natural supplements as a part of complementary and alterna-
tive medicine have been used increasingly in the general human
population, not only for their health and well-being aspects, but
also for their potential therapeutic effects on certain diseases or
conditions (Kennedy, 2005; Stanciu et al., 2009). However, many
of these therapies are not recognized or supported by conventional
health care providers. One of the main reasons for their disap-
proval by the conventional medicine is the lack of science-based
data from animal experiments and double – blind controlled hu-
man studies. Bee pollen is one of the widely used natural supple-
ments. It contains many essential nutritional elements important
for growth and development of animals and humans (Bell et al.,
1983; Orzaez Villanueva et al., 2002; Haščík et al., 2011; Capcarova
et al., 2012; Petruška et al., 2012). Bees use pollen as their nutri-
tional source of proteins (25–30%), carbohydrates (30–55%), lipids,
including fatty acids and sterols (1–20%), vitamins and minerals.
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terols, polyphenols and other beneficial compounds (Baltrusaityte
et al., 2007; Moreira et al., 2008). Stored pollen undergoes chemical
changes (Roulston, 2005), which are commonly associated with
microorganisms supposedly playing a role in the conversion of
pollen into a more digestible food for the bees (Human and
Nicolson, 2003). This association may contribute to the pollen’s
acquisition of certain organoleptic properties, which are specific
for each bee species (Fernandes de Silva and Serrao, 2000).

Currently, there are no data regarding the effects of bee pollen
on the gastrointestinal microflora of broilers. Therefore, our study
suggests that the addition of bee pollen into poultry feed could re-
duce the number of the Enterobacteriaceae genera and increase the
quantity of Enterococci and Lactobacilli. Eventually, these expected
changes could help to improve welfare, health status and perfor-
mance of broiler chickens.
Materials and methods

Animals

Caecums of 49-day-old chickens (n = 196) were used for the
quantitative determination of the selected individual groups of

http://dx.doi.org/10.1016/j.rvsc.2013.02.022
mailto:miroslava.kacaniova@gmail.com
http://dx.doi.org/10.1016/j.rvsc.2013.02.022
http://www.sciencedirect.com/science/journal/00345288
http://www.elsevier.com/locate/rvsc
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microorganisms. Gastrointestinal tracts of 90 ROSS 308 hybrid
chicken broilers were used for the microbiological analysis. The
animals were kept in a thermoneutral hall (33 �C at the beginning,
19 �C at the end). The fattening was performed from day 1 to day
49 of the experiment. One-day-old broilers were randomly divided
into six groups and fed with a complete KKZ feed mixture (Biofeed,
a.s., Kollarovo, Slovak Republic) as follows: KKZ HYD-01 (powdery
form) from day 1 to day 21 of feeding and KKZ HYD-02 (granular
form) from day 22 to day 42 of feeding. The ingredients and the
nutrient composition of the diets are shown in Table 1. Feed and
water were provided ad libitum.

The chickens were healthy; the conditions of animal care,
manipulation and use corresponded to the instructions of the Eth-
ical Commission. Care and use of the animals as well as experimen-
tal devices met the requirements established in the Certificate of
Authorization to Experiment on Living Animals (State Veterinary
and Food Institute of Slovak Republic, No. SK PC 30008).

Pollen samples

Bee pollen was collected in the Nitra region, Slovakia, in sum-
mer 2011. Freshly collected bee pollen was dried at 40 �C with light
protection and ground into powder. The material (1 kg) was ex-
tracted with 70% ethanol three times under the reflux for 2 h. After
filtration and centrifugation (1700�g, 30 min), the solution was
concentrated under reduced pressure in a rotavatour at 45 �C to
evaporate the solvent and finally dried under high vacuum.

Dosage of feed additives

Pollen was administered to both feed mixtures in various con-
centrations (with the exception of the control group). The animals
were divided into the following groups:the control group (CG)-feed
mixture without bee pollen addition, the first experimental group
(EG1) with the addition of 5 g of bee pollen per 1 kg of feed mix-
ture, followed by the second experimental group (EG2)-15 g of
bee pollen kg�1, the third (EG3)-25 g kg�1, the fourth (EG4)-
35 g kg�1 and the fifth experimental group (EG5)-45 g kg�1.

Plate diluting method

The plate diluting method was applied for the quantitative CFU
counts determination of respective groups of microorganisms in
1 g of substrate. Gelatinous nutritive substrate was inoculated in
Petri dishes with 1 mL of chyme samples per plate method in three
replications. Homogenized samples of faecal chyme (chyme was
taken to sterile Petri dishes) were prepared in advance using
sequential diluting based on the decimal dilution system. Entero-
cocci were counted on the Slanetz–Bartleys agar (Biolife, Italy)
and incubated at 37 �C for 48–72 h, Lactobacilli were counted on
the Man, Rogosa and Sharpe agar (Biolife, Italy) and incubated at
37 �C for 48–72 h with 5% CO2 and coliform bacteria were counted
Table 1
Diet composition of feed mixtures KKZ HYD-01 and KKZ HYD-02.

Ingredient KKZ HYD-01 KKZ HYD-02

Dry mater (g kg�1) 917.3 913.3
Crude protein (g kg�1) 211.3 199.7
Fat (g kg�1) 25.5 23.0
Starch (g kg�1) 413.0 434.8
Total sugar (g kg�1) 49.5 31.7
ME (MJ) 11.7 11.6
Ca (g kg�1) 12.1 8.2
P (g kg�1) 7.8 6.8

ME – metabolized energy, Ca – calcium, P – phosphorus.
on the MacConkey agar (Biolife, Italy) and incubated at 37 �C for
24–48 h. We found several isolated species, genera and groups of
microorganisms and their fundamental identification was per-
formed according to the standard norms (Holt et al., 1994).

Isolation of Enterococci

Several typical colonies of Enterococci were transferred to the
bile esculin azide agar (Biolife, Italy) and served for the species
identification. The following tests based on positive growth (escu-
lin hydrolysis) were carried out for presumptive identification of
the isolates: microscopic characteristic of colonies (conformation,
motility, cleanness of cultures), Gram staining, production of
catalase and pyrolidonylarylamidase PYRA (Pliva-Lachema, Czech
Republic), and pigmentation. Selected Gram positive, catalase neg-
ative, and PYRA test positive isolates were subjected to the growth
test in the presence of 6.5% NaCl and pH 9.6. The isolates were
identified to the species level using the biochemical EN-COCCUS
test (Pliva-Lachema, Czech Republic).

Isolation and identification of Lactobacilli

Well-isolated colonies with typical characteristics-pure white,
small (2–3 mm diameter) and with entire margins were picked
from each plate and transferred to the Man, Rogosa and Sharpe
broth (Biolife, Italy). Purity of the culture was confirmed by the
Gram staining. Pure colonies were additionally cultured on specific
media used for Lactobacilli. After obtaining a pure culture, the
following biochemical tests were performed for identification
purposes: catalase test, Gram’s staining, motility, acidification of
sugars (sugar tests), growth in 4.0% and 6.5% NaCl, growth on
0.3% methylene blue, temperature tolerance test.

Biochemical identification of the Enterobacteriacea genera

Triple sugar iron agar (Biolife, Italy) was used for the basic bio-
chemical identification of Enterobacteriacea genera. Furthermore,
the ENTEROtest 24 (Pliva-Lachema, Czech Republic), including
TNW Lite 7.0 identification software (Pliva-Lachema, Czech Repub-
lic) were applied for a more detailed biochemical identification.
Preparation of the ENTEROtest 24 identification plates was done
inside the Laminaire box (ADS Laminaire, Le Pre-Saint Gervais) to
ensure a higher sterility, a lower risk of contamination from the
air and precise results. The working scheme of the ENTEROtest
24 is described in the manual provided by the manufacturer.

MALDI TOF MS Biotyper identification

MALDI TOF Biotyper was used for a more precise specification
of the genera after the biochemical identification of different
groups of microorganisms in cooperation with Institute of Animal
Physiology in Kosice. The assessment methodology is described by
Pipová et al. (2011).

Antimicrobial activity in vitro study

Bee pollen and ethanol (70%) were mixed (1:2) (w/v) and left to
macerate at room temperature for 72 h. Subsequently, the solution
was filtered using the Whatman filter paper No. 4 and the solid
residue was re-extracted. The ethanolic extracts were mixed and
evaporated in a vacuum evaporator. Finally, the dried extract of
pollen was stored for further analysis in the dark at room
temperature. The isolated bee pollen extracts were studied for
their antimicrobial activity. Solutions of bee pollen were prepared
at 50% (v/v). Each sample was diluted in DMSO (10%) to final con-
centrations of 6.25%, 12.5%, 25% and 50%. The same concentrations



Table 3
Statistical summary of the Enterobacteriaceae genera number in GIT (log CFU g�1).

Values/Groups CG EG1 EG2 EG3 EG4 EG5

Number of chicken GIT samples 15 15 15 15 15 15
Mean 8.43 7.80 7.64 7.52 7.22 7.09
Standard deviation 0.15 0.26 0.24 0.13 0.20 0.29
Coefficient of variation (%) 1.78 3.36 3.24 1.81 2.75 4.13
Minimum 8.25 7.56 7.25 7.25 6.95 6.78
Maximum 8.58 8.25 7.95 7.63 7.52 7.62

CG – control group; EG1 – pollen 5 g kg�1; EG2 – pollen 15 g kg�1; EG3 – pollen
25 g kg�1; EG4 – pollen 35 g kg�1; EG5 – pollen 45 g kg�1.
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were used as controls diluting water in DMSO. In vitro antimicro-
bial studies were carried out by the disc dilution method against
five G-strains (Escherichia coli three different strains, Klebsiella
oxytoca, Proteus mirabilis). The isolations were tested for antibiotic
resistance before the antimicrobial assay. All the bacteria were
resistant to the following antibiotics: oxytetracycline (30 lg per
disc) and ampicillin (10 lg per disc). The bacterial strains were iso-
lated and identified from the gastrointestinal tract of the chickens
from all experimental groups. The microbial suspensions contained
approximately 105 CFU mL�1. The suspensions (100 lL) were inoc-
ulated in the plates containing agar medium. The sterilized Muller
Hinton agar was cooled to 48 �C and poured into plastic Petri
dishes ( = 90 mm diameter), 10 mL in each. Three holes were
cut per Petri dish using a cork borer ( = 9 mm) after agar solidifi-
cation. Each hole was filled with pollen extract of a certain dilution
(50%, 25%, 12.5% and 6.5%). The Petri dishes were placed in the
fridge for 24 h, giving the pollen enough time to diffuse. Finally,
the plates were incubated at 37 �C for 24–48 h and the inhibition
zones were measured. Each concentration of pollen samples was
investigated in three Petri dishes with three holes per Petri dish.

Statistical analysis

The STATGRAPHICS 5 software was used for the statistical pro-
cessing of the data obtained from the number of microorganisms.
The experimental results were expressed as mean, standard devia-
tion (SD) and coefficient of variability (CV). Statistical analysis was
performed with the Student’s t-test. The confidence limits were set
at P < 0.05; P < 0.01; P < 0.001.

Results

Influence of bee pollen to the Lactobacilli in the in vivo study

The results of the impact of bee pollen on the Lactobacilli num-
ber in the chicken gastrointestinal tract are shown in Table 2. Sta-
tistically significant differences (P < 0.05) were found between the
control and EG1 (P = 0.0418). The lowest count was detected in the
control group. The highest count was detected in EG4 with 35 g of
bee pollen added to 1 kg of the feed mixture. MALDI TOF MS
Biotyper was used for the identification of Lactobacilli L. acidophi-
lus, L. crispatus, L. fermentum and L. salivarius. All isolates accounted
for 25%.

Influence of bee pollen to the Enterobacteriaceae genera in the in vivo
study

The number of the Enterobacteriaceae genera after the bee
pollen application in chicken gastrointestinal tract is shown in Ta-
ble 3. No statistically significant differences were detected. The
number of bacteria of the Enterobacteriaceae genera ranged from
8.25 to 8.58 log CFU g�1 in the control group, from 7.56 to
8.25 log CFU g�1 in EG1, from 7.25 to 7.95 log CFU g�1 in EG2, from
Table 2
Statistical summary of the Lactobacillus spp. number in GIT (log CFU g�1).

Values/groups CG EG1 EG2 EG3 EG4 EG5

Number of chicken GIT samples 15 15 15 15 15 15
Mean 6.86 8.51 8.57 8.75 8.76 8.73
Standard deviation 0.23 0.13 0.32 0.28 0.20 0.34
Coefficient of variation (%) 3.34 1.55 3.77 3.25 2.28 3.94
Minimum 6.48 8.25 8.00 8.25 8.48 8.30
Maximum 7.12 8.60 8.95 9.11 8.95 9.00

CG – control group; EG1 – pollen 5 g kg�1; EG2 – pollen 15 g kg�1; EG3 – pollen
25 g kg�1; EG4 – pollen 35 g kg�1; EG5 – pollen 45 g kg�1.
7.25 to 7.63 log CFU g�1 in EG3, from 6.95 to 7.52 log CFU g�1 in
EG4 and from 6.78 to 7.62 log CFU g�1 in EG5. The highest count
of the Enterobacteriaceae genera was found in the control group.
The lowest count of the Enterobacteriaceae genera was found in
EG5 with the addition of 45 g of bee pollen per 1 kg of feed mix-
ture. We identified E. coli (35%), K. oxytoca (20%) and P. mirabilis
(10%) from the Enterobacteriaceae genera as well as Acinetobacter
radioresistens (5%), Staphylococcus vitulinus (5%), S. succinus (5%),
S. warneri (5%), S. epidermis (5%). Pseudomonas oryzihabitans (5%)
and Micrococcus luteus (5%) as representants of non-Enterobacteri-
aceae species.
Influence of bee pollen to the Enterococci in the in vivo study

The effects of bee pollen on the faecal Enterococci of chickens
are shown in Table 4. Statistically significant differences
(P < 0.05; P < 0.01) were found between EG2 and EG5, as well as
EG3 (P = 0.0315) and between the EG2 and EG5 (P = 0.0075) in
experiments with chickens after application of bee pollen. The
highest count of faecal Enterococci was found in the EG2 with
the addition 15 g of bee pollen to 1 kg feed mixture. The lowest
count of faecal Enterococci was found in the control group. Overall
135 strains of Enterococci were collected from the chickens but
only 115 strains were identified. We detected species from the
genus Enterococcus: E. avium (26.2%), E. casseliflavus (4.2%), E. ceco-
rum (8.0%), E. faecalis (16.0%), E. faecium (20.5%), E. gallinarum
(10.8%), E. hirae (8.3%) and E. malodoratus (6.0%). The most frequent
species were E. avium, E. faecium and E. Faecalis, found in the exper-
imental groups (caecal samples).
In vitro antimicrobial effect of bee pollen to microorganisms of the
Enterobacteriaceae genera isolated from gastrointestinal tract of
chickens

The inhibitory effect of the bee pollen extracts on the tested
microorganisms is shown in Table 5. A total inhibition zone
(2.83 ± 0.94 mm) was recorded against K. oxytoca. The in vitro anti-
bacterial activities of Slovak bee pollen extracts were investigated
against five different species of gastrointestinal bacterial patho-
gens isolated from chickens. The least effective concentrations
Table 4
Statistical summary of the Enterococcus spp. number in GIT (log CFU g�1).

Values/groups CG EG1 EG2 EG3 EG4 EG5

Number of chicken GIT samples 15 15 15 15 15 15
Mean 7.66 8.28 8.83 8.60 8.57 8.58
Standard deviation 0.25 0.19 0.57 0.76 0.41 0.49
Coefficient of variation (%) 3.22 2.28 6.48 8.81 4.73 5.73
Minimum 7.25 7.95 7.86 7.48 8.18 7.95
Maximum 7.86 8.54 9.44 9.39 9.25 9.02

CG – control group; EG1 – pollen 5 g kg�1; EG2 – pollen 15 g kg�1; EG3 – pollen
25 g kg�1; EG4 – pollen 35 g kg�1; EG5 – pollen 45 g kg�1.



Table 5
Antimicrobial activity of bee pollen evaluated by the inhibition zone diameter (mm,
mean ± SD).

Bacterial strains/
concentration of
pollen (%)

50 25 12.5 6.5

G negative bacteria
Escherichia coli 1 2.33 ± 0.58 3.33 ± 0.58 2.67 ± 1.15 2.67 ± 0.58
Escherichia coli 2 2.67 ± 0.58 2.33 ± 0.58 3.00 ± 0.00 2.33 ± 0.58
Escherichia coli 3 2.00 ± 0.00 3.33 ± 1.53 3.33 ± 0.58 2.33 ± 0.58
Klebsiela oxytoca 3.33 ± 1.53 2.00 ± 0.00 2.67 ± 0.58 3.33 ± 0.58
Proteus mirabilis 2.33 ± 0.58 3.00 ± 0.00 3.00 ± 0.00 1.67 ± 0.58
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towards the tested bacteria were at 6.25% of the bee pollen extract.
The bee pollen samples showed a potential activity against the
growth of Gram negative bacteria which were resistant to
antibiotics.
Discussion

The animal digestive system hosts several hundreds of bacterial
species. A complete understanding of the balance and composition
of the gut microflora in host animal species remains incomplete
(Apajalahti et al. 2001; Gong et al. 2002; Yan and Gilbert, 2004).

Several authors have found phenolic and flavonoid compounds
present in bee pollen (Nagai et al., 2004; Almeida-Muradian et al.,
2005; Basim et al., 2006). The flavonoids constitute a large group of
secondary plant metabolites. Recently, dietary flavonoids have
attracted a notable interest based on in vitro and in vivo studies
suggesting a variety of beneficial biological properties. Abouda
et al. (2011) found that samples of bee pollen and bee bread have
the capacity to inhibit the growth of a wide range of microorgan-
isms. Similar results were found in our study. To our knowledge,
the effect of bee pollen extract on the broiler chicken’s gastrointes-
tinal microflora is recorded for the first time.

Our results show that the bee pollen supplementation signifi-
cantly increases the number of Lactobacillus spp. and Enterococcus
spp. in the caecum of chickens. Bee pollen could be therefore used
as a potential feed additive with prebiotic activity to the poultry
diet. Positive effects of bee pollen on the chicken’s health is
supported by the findings of Wang et al. (2005, 2007) who report
an early development of thymus and cloacal bursa, a decrease in
the degeneration of the cloacal bursa and promotion of the splenic
immune response, as well as an early development of the small
intestine in broiler chicks. With respect to the pollen digestion
enhancement, Tekeli et al. (2010) propose the creation of a
fermented product, preserving the pollen composition, with the
inclusion of probiotic features and increased lactic acid concentra-
tion, as some studies have pointed out the limitations of the diges-
tive system of monogastric animals, largely due to the resistant
microstructure that coats pollen grains (exine).
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