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Abstract: The microbiome of animals, both in the digestive tract and in the skin, plays an important
role in protecting the host. The skin is one of the largest surface organs for animals; therefore, the
destabilization of the microbiota on its surface can increase the risk of diseases that may adversely af-
fect animals’ health and production rates, including poultry. The aim of this study was to evaluate the
effect of nutritional supplementation in the form of fermented rapeseed meal and housing conditions
on the level of selected bacteria phyla (Firmicutes, Actinobacteria, and family Lactobacillaceae). The
study was performed on 30 specimens of broiler chickens (Ross 308), individually kept in metabolic
cages for 36 days. They were divided into 5 groups depending on the feed received. On day 36, skin
swabs were individually collected. Temperature and humidity were measured in the room. The
temperature was measured every 2 days (18 measurements × 6 points). The results of Real-Time
PCR analysis have shown a significant effect of the feed additive on the level of Firmicutes phylum
on the skin. On the other hand, a variable level of the tested bacteria was shown depending on the
location of the cages. The Firmicutes phylum and Lactobacillaceae family achieved the highest level
in the top-window zone. However, in the case of the Actinobacteria phylum, the highest level was
found at the top-door and middle-door zones. The obtained results suggest that the conditions in
which animals live may affect the microbiota of their skin.

Keywords: skin microbiota; poultry; welfare; diet

1. Introduction

Poultry, and in particular domestic chickens (Gallus gallus domesticus), is one of the
main sources of animal protein due to one of the best feed/meat conversion ratios [1].
Due to humanitarian reasons and the production volume itself, it is important to maintain
adequate welfare when keeping animals [2]. One of the welfare aspects is avoiding animal
exposure to mechanical injuries possibility [3], which often result in disruption of the skin
continuity, which may lead to many bacterial diseases [4]. It is not, however, the only
circumstance related to the skin that we should pay attention to when keeping animals.

The skin of vertebrates is one of the largest organs in terms of surface, and for decades
it has been attributed mainly to the role of an insulator separating the internal system of
animals from the external environment. Over time, however, our knowledge about the skin
and the roles and mechanisms occurring within or on its surface has grown significantly [5].
We already know that the protective barrier function is maintained not only by ectoderm
cells but also by bacteria living on the surface of the skin, creating a specific ecosystem—a
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microbiota that, in order to fulfill its proper function, requires a balance both in terms of the
species composition itself and the prevailing physicochemical conditions [6,7]. Factors such
as nutrition, temperature, humidity and sunlight may affect the structure of the microbiota,
which may directly affect animal health, and therefore, generate higher breeding costs [6].
The microbiota consists of bacteria, protozoa, fungi and archaea. However, bacteria are the
most abundant both inside the body and on the skin. In mammals, the most numerous
groups of bacteria belong to the Firmicutes and Bacteroidetes phyla. Yet, on the skin itself,
bacteria from the Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria phyla are
largely present; however, it depends on the taxon and even the species of the animal or
the place where it lives [8]. Unfortunately, in the case of broiler chickens, no tests were
carried out to systematize the correct microbiological composition, which in the future may
provide additional information about their health status and thus their welfare.

The use of feed additives, including fermented feed, may affect the microbiological
composition of the digestive system, increasing the amount of, e.g., bacteria from the
Lactobacillaceae family. Changes in the gut can have an impact on overall health status [9]
and thus also on the skin [10]. However, this relationship has not yet been thoroughly
investigated for broiler chickens and should be undertaken in the future, and was also the
reason for conducting the research presented in this paper.

This research focuses on the effects of nutrition and the housing environment on the
levels of selected bacteria phyla on the skin of caged broiler chickens.

2. Materials and Methods
2.1. Animals

The research was conducted on 30 broiler chickens (Ross 308, male) kept in metabolic
cages (1 broiler chicken per cage). The animals were kept in cages from the first day of life.
They were divided into 5 food groups, 6 chickens per group (Table 1):

• A—control (no rapeseed meal);
• B—addition of 5% of standard rapeseed meal;
• C—addition of 10% of standard rapeseed meal;
• D—addition of 5% standard rapeseed meal and 5% fermented rapeseed meal;
• E—addition of 10% standard rapeseed meal and 10% fermented rapeseed meal.

Table 1. Nutritional composition of experimental diets.

Mixture Group Dry Matter
(%)

Ash
(%)

Protein
(%) Fat (%) Fiber

(%)

Gross
Energy
(kcal)

Starter
(Day:
1–7)

A 87.94 4.46 21.90 7.63 7.24 4275.29
B 87.90 3.99 20.77 7.45 7.39 4252.56
C 87.70 4.17 22.78 7.81 7.67 4306.74
D 87.63 4.41 22.37 7.72 7.53 4293.92
E 87.99 4.83 24.07 7.41 7.10 4243.74

Grower 1
(Day:
8–28)

A 89.17 6.33 19.98 8.11 7.62 4268.95
B 89.03 5.95 19.25 7.80 6.92 4247.90
C 89.37 6.41 19.83 8.27 6.61 4246.39
D 89.16 5.90 20.67 8.60 6.55 4294.93
E 89.59 5.92 20.23 7.87 7.41 4308.50

Grower 2
(Day:
28–35)

A 89.76 6.58 20.85 8.90 6.01 4356.83
B 89.90 5.98 20.77 9.89 6.17 4398.55
C 89.58 6.02 20.22 9.62 8.11 4364.70
D 89.74 6.40 20.61 9.02 6.31 4358.05
E 89.57 6.62 20.90 8.86 8.61 4327.62
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They received feed and water ad libitum.
The composition of the additive fermented rapeseed meal: protein 29%, fiber 10%,

lactic acid 6%, LAB(lactic acid bacteria) log 6–7, glucosinolate reduction.
The room temperature from day 1 was about 32 ◦C; then it was gradually lowered

by about 0.5 to 1 ◦C until the 20th day to obtain the temperature of 21 ◦C, at which it was
kept until the sampling and weighing day. Humidity in the rooms during their rearing
ranged from 60–70%. During the day, they had no access to external light. The only source
of light was automatic lighting from 6.00 to 23.00 throughout the entire period of their
maintenance. The lighting on both sides of the cages ranged between 24 to 20 lux from top
to bottom; LED lighting was used.

The condition of the tested animals was good, and they did not show any symp-
toms, such as diarrhea, skin problems, increased body temperature, lack of appetite, and
apathy, etc.

The authors confirm that the ethical policies of the journal were adhered to. All
animals that qualified for the study were subjected to standard procedures without any
harm or discomfort. The study did not require the consent of the Local Ethical Committee
for Animal Experiments (Act of 15 January 2015 on protection animals used for scientific
or educational purposes), OJ 2015, 266, implementing the Directive 2010/63/EU of the
European Parliament and the Council of 22 September 2010 on the protection of animals
used for scientific purposes.

2.2. Sampling

Samples were collected on the 36th day of age individually from each animal in the
area around the neck. Feathers were trimmed on a small area so the swabs would not have
contact with them. Skin swabs were collected with sterile brushes, placed in test tubes with
sterile water, and then frozen at −26 ◦C until analysis (5 days).

2.3. Assessment of the Housing Environment

Throughout the experimental period, the maintenance conditions were assessed, the
differences in temperature between the arrangement of the cages (top, middle and bottom
of the cages, as well as on the door and window side) were examined (Table 2). The
temperature was measured every 2 days (18 measurements×6 points). The arrangement
of the cages in the room is shown in the diagram below (Figure 1). Additionally, the
room humidity was measured at the same points, but its range was constant-SD (Standard
Deviation) = 5.25.

Table 2. Average differences in room temperature depending on the arrangement of cages (◦C) in
relation to the general room temperature.

Cage
Position

Top/
Window Top/ Door Middle/

Door
Middle/
Window

Bottom/
Window

Bottom/
Door

Mean +1.05 +/−0.42 +/−0.31 +0.61 −0.65 −0.44
SD 0.30 0.28 0.34 0.15 0.15 0.35

SD-Standard devation.
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Figure 1. Diagram presenting arrangement of individual digestibility cages.

2.4. DNA (Deoxyrybonucleic acid) Isolation

A genomic bacteria AX Mini (A&A Biotechnology, Gdansk, Poland) was used for
DNA isolation. The quality of DNA obtained as a result of isolation was verified using
the NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, NC, USA). The
average DNA content was 90–110 µg/µL. The level of impurities in the samples was as
follows: for parameter 260/230:2.0–2.2 and for parameter 260/280:1.8–2.0 (in accordance
with the guidelines from Thermo Scientific). When high levels of impurity or low-quality
DNA were found, the samples were isolated again or purified using a clean-up concentrator
(A&A Biotechnology, Gdansk, Poland).

2.5. Real-Time PCR Analysis

Bio-Rad CFX Connect 96 Touch apparatus was used to perform real-time PCR (Poly-
merase Chain Reaction) analysis. Bio-Rad SsoAdvanced™ Universal SYBR® Green Super-
mix kit (Bio-Rad Laboratories, Inc., Hercules CA, USA) at a volume of 10 µL was applied
in 3 technical repetitions (Table 3). A NTC test (no template control) was additionally
performed for each gene. The strategy of RT–PCR analysis involved the amplification of
genes specific for the examined phyla in the presence of the reference gene for all bacteria
(Table 4) [10,11].
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Table 3. PCR mix components.

Component Volume in 10 µL of Reaction

SsoAdvanced™ Universal SYBR® Green
Supermix

5 µL

Starter (Foward + Reverse) 1 µL (0.8 µM)
Matrix DNA 2 µL (0.04 − 0.015 × 10−4)
Sterile water 2 µL

PCR-Polymerase Chain Reaction.

Table 4. Primers used during RT–PCR.

Name Forward (5′–3′) Reverse (5′–3′) Source

Universal Eubacterial
genes

530F (5′-GTC CCA
GCM GCN GCG G)

1100R (5′-GGG TTN
CGN TCG TTG) [12]

Firmicutes
928F-Firm (5′-TGA

AAC TYA AAG GAA
TTG ACG)

1040FirmR (5′-ACC
ATG CAC CTG TC) [13]

Actinobacteria Act1159R TCCGAGT-
TRACCCCGGC

Eub338F ACGGGCG-
GTGTGTACA [14]

Lactobacillaceae
lac1 forward (5′-AGC
AGT AGG GAA TCT

TCC A)

Lac2Seq (5′-
ATTTCACCGCTACACATG) [15]

RT-PCR-Real Time Polymerase Chain Recation.

In order to determine the performance of individual genes, a standard curve was
drawn for the genes under the study. A sample dilution of 10−3 was selected for analysis
(from the 10−1 to 10−7 series). The analysis was performed in accordance with a 40 cycles
protocol: polymerase activation and DNA denaturation 95 ◦C (3 min), denaturation 95 ◦C
(15 s), annealing 60.5 ◦C (15 s), extension and plate reading at 72 ◦C (40 s). The melting
curves analysis for the samples was performed at temperatures ranging from 65 ◦C (5 s) to
95 ◦C (0.5 ◦C increments in 2 s).

The data obtained were then processed using the CFX Maestro software v. 1.1 (Bio-Rad
Laboratories, Inc., Hercules CA, USA). The sample with a DNA level of 100 µg/µL and
impurities at a level consistent with the standards was an arbitrary calibrator. The efficiency
of individual primers was normal (in accordance with the standards established by Bio-Rad)
and amounted to 89.4% for Firmicutes, 93.6% for Actinobacteria, 97.7% for Lactobacillaceae;
Universal—94.4. CFX Maestro calculated the results from the number of the reference gene
matrix and the differences at the relative normalized expression (RNE = ∆∆Cq) phylum’s
level, taking into account the amplification efficiency of individual genes [10].

2.6. Statistical Analysis

The results were analyzed with the use of the Statistica software (v. 13.3, StatSoft Inc.,
Tulsa, OK, USA). The data distribution was checked with the Shapiro–Wilk test. The data
relating to the bodyweight of the chickens were analyzed using the ANOVA (analysis of
variance) test, while the remaining data (no normal distribution) using the Wilcoxon pair
test and the Friedman ANOVA (p > 0.05). The differences in the case of the ANOVA test
were determined using Tukey’s test.

3. Results

The weighing performed on the 36th day of life showed that the group with the
addition of 5% standard rapeseed meal and 5% fermented rapeseed meal (D) had the
highest body weight. On the other hand, the lowest body weight was found in individuals
from the group with the addition of 5% of standard rapeseed meal (Table 5). Additionally,
the performed statistical analysis in terms of the arrangement of cages (level and side-
window/door) did not show any significant statistical differences.



Agriculture 2021, 11, 287 6 of 11

Table 5. Bodyweight of broiler chickens at 36 days of age (g).

Group A B C D E

Mean 1729.92 a 1615.83 A 1707.29 A 1920.76 B,b 1642.57 A

SD 79.17 66.05 129.68 83.98 33.18
p > 0.05—a,b; p > 0.01—A,B.

The analysis of the RT–PCR results showed that the group fed with 10% standard
rapeseed meal (C) had a significantly higher RNE level of Firmicutes compared to the
group fed with 10% fermented rapeseed meal and 10% standard (E). In addition, this level
was generally the highest also compared to the other nutritional groups; similar trends are
also visible in the comparison of the level of Actinobacteria and the Lactobacillaceae family.
The lowest level of the Actinobacteria phylum was characteristic for the control group
(A), and the highest, the aforementioned group C. The lowest level of the Lactobacillaceae
family was characteristic for group B—5% addition of standard rapeseed meal (Figure 2).
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Figure 2. Level of relative normalized expression (RNE) of Firmicutes, Actinobacteria phyla and Lactobacillaceae family
depending on the nutritional supplement. * p = 0.048. (A)—control (no rapeseed meal); (B)—addition of 5% of standard
rapeseed meal; (C)—addition of 10% of standard rapeseed meal; (D)—addition of 5% standard rapeseed meal and 5%
fermented rapeseed meal; (E)—addition of 10% standard rapeseed meal and 10% fermented rapeseed meal.

The analysis of the level of selected bacterial phyla also showed differences depending
on the arrangement of the cages. The animals placed in the highest cages differed in the
level of the Firmicutes phylum depending on the side of the location—doors or windows. In
the window-up zone, animals were characterized by a much higher level (about 3 times) of
this phylum compared to the up-door zone (Figure 3). Additionally, the temperature in the
window-top sector was on average higher by 1.05 ◦C, and on the door side by 0.4 ◦C. Similar
results were also obtained in the case of the Lactobacillaceae family, where the difference
between the RNE level was more than twofold (Figure 4). Significant differences were also
observed for the Actinobacteria phylum (Figure 5). The most significant differences in the
level of the phyla were between the top-window and top-door zones. The highest RNE
level was found in the middle cages in the middle-door zone, while the lowest in the upper
part in the top-window zone.
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Figure 3. Level of relative normalized expression (RNE) of Firmicutes depending on the cage setting. ** p = 0.00427.
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Figure 4. Level of relative normalized expression (RNE) of Lactobacillaceae family depending on the cage setting.
* p = 0.0428.

However, when analyzing only the position of the cages in terms of height, significant
differences were shown only in the level of the Firmicutes phylum (Figure 6). The highest
level of this phylum was characterized by the groups staying in the upper cages and
the lowest in the lowest cages. There is also a downward trend in RNE levels in the
Lactobacillaceae family. On the other hand, in the case of the Actinobacteria phylum,
there is a slight upward trend between individuals housed in the upper and lower cages.
However, the highest level occurred in the middle frames. On the other hand, when
analyzing the level of the tested bacteria broken down into the window and door zones
only, no significant differences in the RNE level were found.
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4. Discussion

The microbial composition of the skin and the digestive tract is important because
of its role in regulating the immune system and overall health status maintenance [16,17].
The skin microbiota changes with age but is somewhat stable in adult animals. In the
case of animals, the main factors influencing the composition of their skin microbiome are
environment, diet, livelihood, and geographical area [6,18,19]. In the experiment carried
out on adult animals, it was shown that depending on the feed supplement obtained; there
were differences in the level of the Firmicutes phylum on the skin surface. The group with
the addition of 10% rapeseed meal (C) had the highest level of this phylum, while the
group with the addition of 10% standard rapeseed meal and 10% fermented rapeseed meal
had the lowest level of this phylum. Statistical differences were observed only in the case
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of Firmicutes phylum. Such a phenomenon, diet affecting microbiota of the skin, has been
observed previously for felines and humans [20–22] but not for poultry.

The housing conditions and animal welfare of livestock, including poultry, can influ-
ence the microbiological composition of the organism. Research and analyses conducted
by, among others, Hoffman et al. [8] or Ross et al. [6] indicate that the environment in
which animals are kept may affect the skin microbiota. In the conducted study, there were
observed statistical differences between groups on the basis of the cage arrangement. The
highest level of the Firmicutes phylum has been observed in the case of individuals located
the highest from the side of the windows; similar results were obtained in the case of the
Lactobacillaceae family; in addition, the highest temperature was recorded in this place.
Taking into account the sensitivity of bacteria to changing environmental conditions, the
bacteria on the skin surface are the most sensitive to changes, because even despite the
constant internal temperature of the host, the temperature of the skin surface also depends
on the environment in which it lives [23–25]. However, for this phylum and family, no
significant differences were found in the lower and mid-level cages, which may have been
due to a more stable holding temperature.

On the other hand, the greatest differentiation occurred at the level of the Actinobac-
teria phylum. Its highest level occurred in the cages arranged in the middle part from
the side of the door, and an equally high-level occurred in the upper part of the cages on
the same side. The upper part from the window side had the highest temperature in the
room, and the middle part from the same side was also slightly higher than the general
temperature, which could have influenced the higher level of this phylum from the door
side, where the temperature was usually lower. Similar relationships also occurred at the
lower level; in this part, the temperature was generally slightly lower on the window side
and slightly higher on the door side. This indicates that this phylum is better kept at a
slightly lower temperature than the aforementioned bacteria and allows the conclusion
that its level, as in the case of the others, is also dependent on the temperature on the skin
surface [26–28]. As can be seen, despite the presence of the animals in the same room, the
studied phyla appeared at different levels, depending on the arrangement of the cages.
This indicates that the housing system in the case of poultry can significantly affect the
microbiological composition of its skin. Both Firmicutes and Actinobacteria phyla are
characterized by bacteria that have a positive effect on the condition of the skin and are
relatively pathogenic. In the Actinobacteria phylum, these include, but are not limited
to, C. amicolatum, C. striatum, C. jeikeium, C. urealyticum, and C. xerosis. In the case of
the Firmicutes phyla, these are, for example, Staphylococcus epidermidis. Disturbance of
homeostasis in the composition of the microbiota may result in an increased risk of skin
diseases [16,17,27,28].

Due to the lack of similar studies, it is not possible to unequivocally assess the impact
of individual factors included in the experiment. Most of the studies performed on broilers
were focusing only on microbiota associated with the digestive tract. There is a clearly
visible lack of studies focused on chicken skin microbiota; thus given issue requires further
research and analysis. In addition, in the future, this type of research should be performed
using sequencing to detect as many bacteria on the skin as possible, as was the case with
humans.

5. Conclusions

The conducted experiment showed that the diet had a significant effect on broilers’
skin microbiota in terms of Firmicutes phylum. Additionally, environmental factors related
to the keeping of animals—the location of cages—also had a significant impact on levels
of selected bacteria. It has been shown that, depending on their arrangement, there
may be changes in the level of Firmicutes (including the Lactobacillaceae family) and
Actinobacteria phyla, depending on the ambient temperature. These changes indicate that
normalizing the conditions in the room where animals are located may positively impact
their skin microbiota and thus their health.
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